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Synopsis 

This Review of Environmental Factors (REF) has been prepared by Advisian to document the 

environmental impact assessment for the Eden Safe Harbour Project at Snug Cove, Eden which is 

proposed to be carried out by the NSW Department of Industry (the Department). 

The REF has been prepared in accordance with Part 5 of the Environmental Planning and Assessment 

Act 1979 and Clause 228 of the Environmental Planning and Assessment Regulation 2000.   

Disclaimer 

Advisian operates as an independent business line of the WorleyParsons Group. This report has been 

prepared on behalf of and for the exclusive use of the Department, and is subject to and issued in 

accordance with the agreement between the Department and WorleyParsons.  

Advisian accepts no liability or responsibility whatsoever for it in respect of any use of or reliance upon 

this report by any third party. 

Copying this report without the permission of the Department and Advisian is not permitted. 
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Executive Summary   

Overview 

In July 2014, the then NSW Treasurer and Member for Bega, and the Minister for Roads, Maritime and 

Freight announced $10 million in funding for the Eden Safe Harbour Project (the Project) at Snug Cove 

at Eden, New South Wales (NSW).  

Since the announcement, NSW Department of Industry (the Department) has undertaken site 

investigations, stakeholder consultation activities and retained coastal engineering firm Royal 

HaskoningDHV (RHDHV) to develop the preliminary concept design options and cost estimates.   

This Review of Environmental Factors (REF) has been prepared to assess the potential impacts of the 

Project. For the purposes of this Project, the Department is the proponent and the determining 

authority under Part 5 of the Environmental Planning and Assessment Act 1979 (EP&A Act). 

Project Need and Objective  

The Port of Eden (the port) is an active working port which supports a variety of recreational, 

commercial and port vessel operations on the far south coast of NSW. On occasion the port is exposed 

to significant wind and wave conditions which can affect maritime safety in the port and increase the 

risk of damage to vessels that are moored in Snug Cove or berthed on either the mooring jetty or 

multi-purpose jetty. 

The objective of the Project is to provide a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden. 

Providing a safer harbour will enhance Eden’s reputation as a safe boating destination which is 

anticipated to result in flow on investment in the Eden region in the maritime and tourism sectors. 

Description of the Project 

The Project objective would be achieved by improving the wave climate in Snug Cove by the 

installation of a wave attenuator, approximately 343m in length, commencing from the end of the 

Multipurpose Jetty and extending into part of Cattle Bay.  Two options are being considered for the 

wave attenuator structure type, being either a fixed or floating type of structure.  

Subject to planning approval, construction is expected to commence in 2019 and is expected to take 

approximately six months to complete for a floating attenuator or nine months for a fixed attenuator. 

The wave attenuator would be owned and operated by the Department and is expected to have a 

minimum service life of 30 years, based on normal maintenance practices. 

The final wave attenuator alignment, length and structure type would be finalised following further 

design development and engagement with industry, however for the purpose of this REF, an 

environmental impact assessment has been carried out considering both wave attenuator options. 
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Statutory Considerations 

This REF has been prepared to assess the potential impacts of the Project. The purpose of this REF is to 

describe the Project, and assess the likely impacts of the Project having regard to the provisions of 

Section 111 of the EP&A Act, including the identification of mitigation measures to reduce the 

potential impacts of the Project. This REF has been prepared with consideration of Clause 228 of the 

Environment Planning and Assessment Regulation 2000 (the EP&A Regulation). 

This assessment has also considered the relevant provisions of other relevant NSW environmental 

legislation and environmental planning instruments, including the Biodiversity Conservation Act 2016 

(BC Act), Fisheries Management Act 1994 (FM Act) and State Environmental Planning Policy 

(Infrastructure) 2007 (ISEPP).  

Clause 68 of the ISEPP allows development for the purpose of “wharf or boating facilities” by or on 

behalf of a public authority without consent on any land (i.e. assessable under Part 5 of the EP&A Act).   

Having regard to the provisions of the Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) and based on the assessment in this REF, no EPBC Act Referral to 

DoEE is considered required for the Project. 

Community and Stakeholder Consultation 

A number of consultation activities pre-date the preparation of the REF and demonstrate the early 

engagement with key stakeholders and the community in the planning phase of the Project. The 

Department has involved a large range of stakeholders in the development of the Project since 2014 

and in managing expectations of its scope. Key issues raised by stakeholders have been identified and 

have been addressed in the REF. 

Consultation with Roads and Maritime Services has occurred in accordance with the provisions of 

Clause 16 of ISEPP. 

A Community and Stakeholder Engagement Strategy (the Strategy) has been developed by the 

Department for the Project for the period October 2017 to December 2018. The Strategy sets the 

communications and stakeholder and community engagement activities to be undertaken during the 

pre-construction phase. 

Display of the Review of Environmental Factors  

The REF will be on dispay and available for comment by the public in the region. Following public 

display, the Department will review and consider all submissions received in response to the REF and 

prepare a Submissions Report, if required. Following consideration of comments the Department will 

determine whether the Project is approved and should proceed as proposed, or whether any 

alterations to the Project are necessary. 
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Enviromental Impact Assessment 

Section 6 of this REF provides a description of the potential environmental and social impacts 

associated with the construction and operation of the Project. For each likely impact, the existing 

environment is characterised and then an assessment is undertaken as to how the Project would 

impact on the existing environment. 

The key potential impacts of the Project are as follows: 

 Temporary noise and vibration impacts during construction, particularly from impact piling. 

 Potential impacts to water quality and aquatic ecology during construction.   

 Temporary changes to foreshore vehicle and pedestrian access arrangements during 

construction.  

 Visual impacts associated with the Project. 

 Increased traffic movements (land and water based) for the construction phase of the Project. 

Permits and Approvals 

Prior to the commencement of construction, the Department is required to obtain: 

 A Harbour Master Approval from Port Authority of New South Wales (PANSW) under Clause 

67ZN of the Ports and Maritime Administration Regulation 2012 where disturbance of the bed 

of the port is proposed. 

 A Part 7 permit from NSW Department of Primary Industries (DPI) for harm to marine 

vegetation under Section 205 of the Fisheries Management Act 1994. 

Conclusion 

Based on the assessment contained in this REF and subject to adoption and implementation of the 

mitigation measures outlined in Section 7.2 of this REF, it is considered that the Project is not likely to 

have a significant impact upon the environment or any threatened species, populations or 

communities and accordingly an EIS is not required under Part 5.1 of the EP&A Act. 

The Project is justified to be approved under Part 5 of the EP&A Act as the potential environmental 

and social impacts would be able to be managed to an acceptable level.  In addition, the Project meets 

specific objectives of providing a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden. 
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1 Introduction 

Advisian has been commissioned by the NSW Department of Industry (the Department) to prepare a 

Review of Environmental Factors (REF) for the proposed Eden Safe Harbour Project (the Project) at 

Snug Cove at Eden, New South Wales (NSW). The Department is the proponent and determining 

authority for the Project.  

This REF has been prepared to assess the potential impacts of the Project. For the purposes of this 

Project, the Department is the proponent and the determining authority under Part 5 of the 

Environmental Planning and Assessment Act 1979 (EP&A Act). 

There are two types of attenuator arrangements being considered for the Project. This REF addresses 

the potential impacts of both a floating and fixed attenuator arrangement to provide a safer harbour 

for all vessels using the harbour.  The type of attenuator to be installed would be confirmed during the 

formal construction contractor Expression of Interest (EOI) phase. 

1.1 Overview of the Project 

1.1.1 Project Need 

The Port of Eden is an active working port which supports a variety of recreational, commercial and 

port vessel operations on the far south coast of NSW. On occasion the port is exposed to significant 

wind and wave conditions which can affect maritime safety in the port and increase the risk of damage 

to vessels that are moored in Snug Cove or berthed on either the mooring jetty or multi-purpose jetty. 

1.1.2 Project Objective 

The objective of the Project is to provide a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden. 

Providing a safer harbour will enhance Eden’s reputation as a safe boating destination which is 

anticipated to result in flow on investment in the Eden region in the maritime and tourism sectors. 

1.1.3 Project Funding 

In July 2014, the then NSW Treasurer and Member for Bega, and the Minister for Roads, Maritime and 

Freight announced $10 million in funding for the Eden Safe Harbour Project.  

Since the announcement, Department has undertaken site investigations, stakeholder consultation 

activities and retained coastal engineering firm Royal HaskoningDHV (RHDHV) to develop the 

preliminary concept design options and cost estimates.   

1.1.4 Project Location 

The Project site is located in Snug Cove, adjacent to the town of Eden (Figure 1-1). Snug Cove is part of 

the port which is a deep water harbour and the southern-most ‘declared port’ in NSW. The port is 

located in Twofold Bay approximately 40km north of the NSW and Victorian border and approximately 

470km south of Sydney. The port is located within the Bega Valley Shire Local Government Area (LGA). 

The site is located on land legally described as Part Lot 2 DP747363 and Part Lot 111 DP839683. The 

Crown is the land owner with the estate managed by the Department on behalf of the Crown. There is 
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a tenure over the land, being Crown Licence 199535 with Sydney Ports, now the Ports Authority of 

New South Wales (PANSW). The current bathymetry of Snug Cove at the Site is between -7m to -9m 

Australian Height Datum (AHD).  

The Snug Cove port infrastructure is owned by the Crown and managed by the Department. It 

comprises a current 125m long Breakwater Wharf and two jetties: the 195m long Multipurpose Jetty 

and the 162m long Mooring Jetty which are the base for a commercial tug operator, the local fishing 

fleet and tourism operators. Figure 1-2 and Figure 1-3 contain photographs of the existing maritime 

facilities and the proposed location of the wave attenuator. 

Dredging commenced in September 2017 adjacent to the Project location in Snug Cove as part of the 

State Significant Infrastructure (SSI) Breakwater Wharf Extension Project (SSI Application No. SSI 7734) 

to deepen the berth pocket and approach channel to enable cruise ships up to 325m in length to berth 

alongside the Breakwater Wharf that is to be extended by approximately 95m. Dredging is expected to 

be completed in November 2017 and will be followed by marine construction works. The 

commencement of operation of the wharf extension is planned for the first quarter of 2019. 

 

Figure 1-1 Location of the Project (Source: Spatial Information Exchange, 2016) 
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Figure 1-2 View looking west across Snug Cove from the Snug Cove foreshore (Source: Advisian, 2017) 

 

Figure 1-3 View looking north-west across Snug Cove from By Street (Source: Advisian, 2017) 
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1.1.5 Key Features 

The Project objective would be achieved by improving the wave climate in Snug Cove by the 

installation of a wave attenuator, approximately 343m in length, commencing from the end of the 

Multipurpose Jetty and extending into part of Cattle Bay (Figure 1-4).  

 

Figure 1-4 Layout of proposed wave attenuator (Source: WorleyParsons, 2017) 

Two options are being considered for the wave attenuator structure type, being either a fixed or 

floating type of structure.  

The final wave attenuator alignment, length and structure type would be finalised following further 

design development and engagement with industry, however for the purpose of this REF, an 

environmental impact assessment has been carried out considering both wave attenuator options. 

Subject to planning approval, construction is expected to commence in 2019 and is expected to take 

approximately six months to complete for a floating attenuator or nine months for a fixed attenuator. 

The wave attenuator would be owned and operated by the Department and is expected to have a 

minimum service life of 30 years, based on normal maintenance practices. 

A detailed description of the Project is contained in Section 3 of this REF. 

1.2 Purpose of the REF 

This REF has been prepared by Advisian on behalf of the Department to assess the potential impacts of 

the Project. For the purposes of this Project, the Department is the proponent and the determining 

authority under Part 5 of the EP&A Act. 

The purpose of this REF is to describe the Project, and assess the likely impacts of the Project having 

regard to the provisions of Section 111 of the EP&A Act, including the identification of mitigation 

measures to reduce the likely impacts of the Project. This REF has been prepared with consideration of 

Clause 228 of the Environment Planning and Assessment Regulation 2000 (the EP&A Regulation). 
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This assessment has also considered the relevant provisions of other relevant NSW environmental 

legislation and environmental planning instruments, including the Biodiversity Conservation Act 2016 

(BC Act), Fisheries Management Act 1994 (FM Act) and State Environmental Planning Policy 

(Infrastructure) 2007 (ISEPP). 

Having regard to the provisions of the Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act), this REF considers whether there is the potential for the Project to 

have a significant impact on Matters of National Environmental Significance (MNES) or Commonwealth 

land, and in turn any need to make a referral to the Commonwealth Department of the Environment 

and Energy (DoEE) for any necessary approvals under the EPBC Act. Further information regarding 

statutory considerations is provided in Section 4 of this REF.  
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2 Needs and Options Considered 

2.1 Strategic Need for the Project 

As discussed in Section 1.1.1, the Project’s main objective is to install a wave attenuator in Snug Cove, 

either a floating or fixed structure that provides a safer harbour for local and visiting vessels and 

improves the protection of existing infrastructure within Snug Cove. This would improve maritime 

safety in the port and reduce the risk of damage to vessels associated with significant wind and wave 

conditions that are occasionally experienced in the port.   

The relevant strategic planning context for the Project is discussed below. 

2.1.1 National 

Regional Development Australia Far South Coast Australia Strategic Regional Plan 2013-2018 

The Strategic Regional Plan identified the upgrade and expansion of the Port of Eden as an immediate 

priority/action. The construction of a wave attenuator to provide a safe harbour was identified as a 

project being developed through concept design and feasibility studies. 

2.1.2 State 

The State Government has identified the opportunity to promote economic development and 

investment by encouraging increased boating visitations to Eden and providing the greatest 

opportunity for potential future investment in maritime infrastructure and facilities in Snug Cove. 

NSW Making it Happen 

Through ‘NSW Making it Happen’, the NSW Government has introduced 30 reforms to grow the 

economy, deliver infrastructure, and improve health, education and other services across NSW. Twelve 

of the reforms are identified as Premier’s Priorities with the remainder known as State Priorities. The 

Project is directly aligned to a number of those priorities. They include two of the Premier’s Priorities - 

‘Creating Jobs’ and ‘Building Infrastructure’ and also the State Priorities of ‘strong budget and 

economy’ and ‘building infrastructure’. 

NSW Economic Development Framework 

The NSW Government has created the NSW Economic Development Framework to further support 

industry growth in all the major sectors of the NSW economy (NSW Government, no date (n.d.)). The 

Economic Development Strategy for Regional NSW has been developed as a priority action under the 

Framework (NSW Government, 2015) in which driving economic growth in Regional NSW is identified 

as a key goal to rebuilding the economy.  

Under the Framework, six Industry Action Plans have been developed including the NSW Government’s 

Visitor Economy Industry Action Plan, to which the project is critically aligned (NSW Government, n.d.). 

The target of this Plan is to double overnight visitor expenditure by 2020, which requires a focus on the 

supply side, including essential tourism infrastructure. The Plan recognises the need to encourage 

investment in new and improved visitor economy infrastructure, including accommodation, attractions, 

access, transport and general amenities. This Project is also aligned with this framework and plan. 
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South East and Tablelands Regional Plan 2036 

The NSW Government has approved in 2016 the 20 year regional blueprint for the NSW South East 

and Tablelands region. Direction 2 of the Plan relates to the actions to “enhance tourism and export 

opportunities through the Port of Eden” (NSW Government, 2016). Under this Direction it is noted that 

“a wave attenuator will improve safety within the harbour” (NSW Government, 2016). The Project is 

consistent with this direction and Action 2.5: 

“Continue to implement actions and prioritise investment in boating infrastructure as identified 

in relevant regional boating plans to improve boating safety, boat storage and waterway access, 

including better launching facilities for marine-based tourism.” 

Far South Coast Regional Boating Plan 

The Regional Boating Plan was developed in 2015 by the Maritime Management Centre in TfNSW in 

conjunction with Roads and Maritime Services (Roads and Maritime). The project supports a key action 

from Regional Boating Plan to help deliver projects that support strategic growth in boat storage 

capacity and improve harbour storage facilities including at Eden. The following key findings are stated 

in Section 6.2 of the Regional Boating Plan: 

“The $10 million Port of Eden Boating Infrastructure Improvement Program [Eden Safe Harbour 

Project] will not only improve the boating experience, but also help boost the local economy. In 

addition to improving vessel safety by addressing the exposure of the Harbour to certain ocean 

conditions, this project will also facilitate additional on water storage options by providing a safer 

anchorage. Crown Lands, which is leading this project, is working closely with other agencies 

including Transport for NSW and Roads and Maritime as part of the Port of Eden Project Control 

Group.” 

2.1.3 Local 

The Project is aligned with the following Bega Valley Shire Council (BVSC) plans and strategy: 

 Master Plan for Snug Cove, originally adopted in 2005 and amended in December 2013 – 

whilst a land-based Concept Plan with associated Character Statements, Principles and 

Controls it seeks to guide development proposals and encourage investment opportunities to 

benefit local business and the broader Eden community.   

 Community Strategic Plan – Bega Valley 2030 – in particular Community Ambition E2 

providing the foundations (infrastructure) to create a desirable and vibrant place through 

improved planning, infrastructure and services. 

 Economic Development Strategy (2015) – in particular the Strategic Action to “Support the 

Eden Safe Harbour Project”.  

2.2 Project End User Requirements 

The following relevant Project specific End User Requirements have been developed following the 

completion of site investigations, stakeholder consultation and preliminary engineering to guide the 

preliminary design concepts and scope of work: 
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1. The project scope must include a wave attenuator located in Snug Cove, Eden. 

2. The safer waterway area created by the wave attenuator should satisfy, as a minimum, the 

criteria for 'moderate' wave climate in accordance with AS 3962 - 2001, Guidelines for Design of 

Marinas. The protected area must also be suitable for small craft having regard to wash created 

by cruise ships and tugs. 

3. To the maximum extent possible, the wave attenuator shall provide protection to the Mooring 

Jetty. 

4. To the maximum extent possible, the wave attenuator shall provide protection to the 

Multipurpose jetty and not impact on current operations.  

5. The wave attenuator must not compromise the Eden Breakwater Wharf Extension Project and the 

safety of current and future operations at the Wharf. In particular, the position of the wave 

attenuator must be offset a minimum distance of 160m from the new fender face line of the 

cruise ship berth. 

6. The wave attenuator must be affordable. The capital cost budget is $10M and should include for, 

but not necessarily limited to, sunk costs, owners' costs, project management, engineering, 

planning approvals, environmental impact assessment, fabrication, installation, maintenance 

costs for a period of 5 years and contingency. 

7. The wave attenuator should have a minimum service life of 30 years, based on normal 

maintenance practices.  

8. The wave attenuator must not impact adversely on currents and wave climate elsewhere (eg due 

to reflected waves) and must withstand forces from ship and tug propulsion systems. 

9. The extent of the safe waterway area created by the wave attenuator must be maximised. There 

is no minimum extent of safe waterway that must be provided by the wave attenuator. 

10. The wave attenuator must not impact on the planned development of a potential marina and 

wave attenuator at Cattle Bay. 

2.3 Alternatives and Options Considered 

2.3.1 The ‘Do Nothing’ Scenario 

This scenario assumes that there is no wave attenuator installed in Snug Cove. This features lost 

opportunities to improve the safety of the Snug Cove anchorage for visiting and local vessels, to 

protect port infrastructure and for Eden to receive the potential economic benefits from a safer 

harbour. Further, if no attenuator structure is installed, the existing risk of damage to vessels associated 

with extreme wind and wave conditions that are occasionally experienced in the port would not be 

reduced. 

2.3.2 Positioning and Alignment Options 

GHD (2013) 

GHD considered five potential layouts 1A, 1B, 2, 3 and 4 for a proposed attenuator based on the one 

year and 50 year Average Recurrence Interval (ARI) conditions for both sea and swell. RHDHV (2015) 

reviewed the GHD options and found that none of these options would satisfy the End User 
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Requirements since they would likely worsen the wave climate and maritime safety for existing port 

users in areas adjacent to the proposed wave attenuator, such as the police jetty, and/or adversely 

affect adjacent shorelines such as Cocora Beach. These options were not pursed further. 

RHDHV (2015) Wide Options – Regional and Local 

A series of positioning and alignment options were considered by RHDHV from a regional (the broader 

Twofold Bay) and local context (within or in the vicinity of Snug Cove). The issues considered for the 

regional options were the length of the attenuator required, swell exposure and cost. Regarding the 

local options, multiple attenuators would be required to cover a range of incident sea directions and 

be dislocated to allow cruise ship access. For these reasons, these options were not pursed further.  

RHDHV (2015) Alternative Inshore Options 

Seven alternative inshore options within or in the vicinity of Snug Cove that included considerations of 

the Eden Resort Hotel Pty Ltd’s Cattle Bay Marina (approved on 1 December 2015) attenuator location, 

were then developed by RHDHV with the aim to better accommodate the End User Requirements, and 

specifically to: 

 Avoid / minimise impacts to Breakwater Wharf Extension Project. 

 Avoid adverse impacts on existing port infrastructure (for example waves and navigation). 

 Maximise extent of safer waterway. 

2.3.3 Attenuator Type Options 

Two options for the wave attenuator structure type have been considered and assessed in this REF 

comprising a fixed and floating wave attenuator. A description of each attenuator type is contained in 

Section 3.1.3. 

2.4 Preferred Option  

The preferred alignment option based on an approximately 343m long wave attenuator as shown on 

Figure 1-1 was selected following stakeholder and user group consultation and a value management 

process undertaken by RHDHV. This alignment was chosen based on the design which best meets the 

End User Requirements. The wave attenuator alignment assessed in this REF would be subject to minor 

refinement following further design development and engagement with industry.  

The length of the wave attenuator is limited by the $10 million in available Project funding. A staged 

construction approach is being considered that would allow as much of the wave attenuator length as 

possible to be built within the budget available for the available Project funding within the first stage. 

Subsequent stages may include extension of the wave attenuator if additional funding becomes 

available. 

The preferred option would be selected following: 

 Consideration of submissions received in response to the REF. 

 Engagement with industry via the EOI process. 
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3 Description of the Project 

Section 3 provides a detailed description of the construction and operation of the Project including a 

description of the two attenuator structure type options under consideration in this REF.  

3.1 Attenuator Structure Type Options 

Two options are being considered for the wave attenuator structure type, being either a fixed or 

floating type of structure. A description of each attenuator type is contained below. 

Fixed Wave Attenuator 

A fixed wave attenuator would generally comprise a pair of tubular steel piles (one vertical, one sub-

vertical) supporting precast concrete skirt panels. The pile pairs would be at 6m centres. The wave 

deflector panels would be around 5m high (approximately 2m above and 3m below Mean Sea Level 

(MSL)). A typical plan and section detail and an example are shown in Figure 3-1 and Figure 3-2. 

 

Figure 3-1 Typical plan and section for a fixed wave attenuator (Source: Royal HaskoningDHV, 2017) 
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Figure 3-2 Example of a fixed wave attenuator (Source: Tas Marine Construction) 

Floating Wave Attenuator  

A floating wave attenuator would generally comprise a series of 20m long by 6m wide concrete 

pontoons. The overall draft of the pontoons would be between 2.4m to 2.8m with a freeboard of 

approximately 0.8m to 1.0m. The pontoons would be restrained by steel tubular piles at each end (i.e. 

at 20m centres). Anchor lines may be used for part of the construction structure. A typical plan, 

elevation and section detail and an example are shown in Figure 3-3 and Figure 3-4. 

 

Figure 3-3 Typical plan, elevation and section for a floating wave attenuator (Source: Royal 

HaskoningDHV, 2017) 
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Figure 3-4 Example of a floating wave attenuator (Source: SF Marina) 

3.2 Construction Activities 

In the past 12 months, Roads and Maritime has arranged for the relocation of six swing moorings 

(WV035, WV046, WV052, WV063, WV069 and WV087). A further two swing moorings (WV022 and 

WV053) may require relocation by Roads and Maritime prior to construction commencing depending 

on the final alignment and length of the wave attenuator. A location plan of the swing moorings 

located within Twofold Bay is shown in Figure 3-5, note this figure was earlier prepared for the Eden 

Breakwater Wharf Extension Project. 

A contractor would mobilise to the site at the commencement of construction activities. Ancillary 

facilities transported to the site during the mobilisation period are expected to include temporary site 

offices, ablution facilities, workshops, material storage containers and laydown areas, where required 

and would be established within the land based contractor work area. This area is likely to be adjacent 

to the Breakwater Wharf that is the same area used for the Eden Breakwater Wharf Extension Project or 

other foreshore location owned by the Crown in the Snug Cove port precinct.  

Temporary fencing and Project signage would be erected around all ancillary facilities and a gate 

would be controlled by Contractor personnel in which construction traffic would enter and exit the site. 

Crew transfer and material load out would also take place within this land based contractor work area. 

Public access would be restricted where required to ensure that construction activities can be carried 

out safely. Access would be maintained to the Multipurpose Jetty and port commercial businesses 

during construction of the Project. 

For the construction of a floating attenuator as described in Section 2.3.3, the floating pontoon units 

and vertical piles would be manufactured and prefabricated offsite. The majority of pontoons and piles 

are likely to be too long for transportation to the site via road (turning circles too tight for pile length) 

and are likely to be delivered via water by bulk barge delivery. The floating units, once lowered into the 

water, would be floated to the installed restraining piles and connected using smaller floating plant 

and equipment. 
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Figure 3-5 Location plan of swing moorings (Source: Roads and Maritime, 2017) 
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For the construction of a fixed attenuator as described in Section 2.3.3, the pre-cast concrete units and 

vertical and raked piles would be manufactured and prefabricated offsite and transported to site by 

road. The units would be lowered from shore onto a barge and transported to the installed piles. A 

separate barge-mounted crane would lift the pre-cast concrete units into place where they would be 

fixed to the installed piles. 

All vertical steel piles required for either type of attenuator would be delivered to site by water by 

barge and driven to a design toe level (level into the seabed) by a piling hammer lifted by a crane 

mounted on a barge. Rock anchors may be installed in some piles, depending on pile refusal level by 

drilling down through the preinstalled steel tubular pile with a drill rig, installing steel reinforcement 

and then pouring in-situ concrete within the pile, to ensure there is a strong connection between the 

pile and the bedrock. 

Navigational hazard lighting is proposed to be installed to the selected attenuator including as a 

minimum at least one fixed (pole or pile mounted) light on the seaward end of the attenuator. 

Continuous lighting may be required along the length of either attenuator type. 

It is expected that there would be a limited volume of waste generated during the on-site construction. 

3.3 Construction Traffic 

It is estimated that on average there would be a total of approximately 10 to 20 heavy vehicles for 

both the mobilisation and demobilisation periods.   

There is potential delivery of construction materials by road and/or by water. 

Road deliveries are estimated to be one to two heavy vehicles per day during the delivery phase. Truck 

movements would also occur where rubbish/offcuts/waste materials are required to be removed from 

the site. Truck lengths employed would vary between small rigid (6.4m), medium rigid (8.8m), heavy 

rigid (12.5m), truck and dog (18m-19m) and/or semi (19m). 

Construction materials for either attenuator may also be delivered by water. It is estimated that on 

average there would be a total of one to two barge deliveries per day. All water borne vessels are to 

generally operate within a designated construction and mooring zones. Small work boats would also 

be active during construction for the transfer of crew, environmental monitoring and related 

construction activities. 

It is proposed that contractor parking would be located within the land based contractor work area; 

however there may be a need to allow overflow parking for light vehicles in the area immediately 

adjacent to the site during periods of peak work. 

3.4 Scheduling 

The estimated duration of the construction activities is as follows: 

 Floating wave attenuator – approximately six months excluding offsite fabrication. 

 Fixed wave attenuator – approximately nine months excluding offsite fabrication. 

Construction activities are expected to commence in the fourth quarter of 2019. 
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3.5 Construction Hours 

All construction activities would be undertaken within standard construction hours: 

 Weekdays – 7am-6pm. 

 Saturdays – 8am-1pm. 

 Sundays/Public Holidays – Nil. 

3.6 Workforce 

The estimated workforce is approximately 18 staff/workers for the construction activities. The 

workforce would be housed locally. 

3.7 Utilities 

Power, water, sewer and telecommunications for the construction phase of the Project will be procured 

through existing sources.  There are no additional requirements for utilities during the operational 

phase of the Project. 

3.8 Operation 

Regular maintenance would be undertaken by the contractor over the design life (minimum 30 years) 

of the attenuator and its navigational hazard lighting. 

Public access may be provided to either the floating or fixed attenuator. Any pedestrian access would 

require gangway access from the Multipurpose Jetty if the easternmost section of the wave attenuator 

alignment adjacent to the Multipurpose Jetty is constructed. 

Casual berthing directly along the lee side of the wave attenuator could be made possible with the 

installation of mooring bollards. Service pedestals supplying water and power could also be easily 

fitted to the wave attenuator. The provision of casual berthing with services could attract larger visiting 

vessels and enhance Eden as a boating destination. 
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4 Statutory Planning Framework 

4.1 Commonwealth Legislation and Regulations 

4.1.1 Environment Protection and Biodiversity Conservation Act 1999 

Table 4-1 below demonstrates the assessment of the MNES under the EPBC Act undertaken in order to 

determine whether the Project should be referred to DoEE. Based on this assessment, no EPBC Act 

Referral to DoEE is considered required for the Project. 

Table 4-1 Impacts on MNES 

Matter of National Environmental Significance Impacts 

Any impact on a World Heritage property? 

There are no World Heritage properties in the vicinity of the Project. 

Nil 

Any impact on a National Heritage place? 

There are no National Heritage properties in the vicinity of the 

Project. 

Nil 

Any impact on a wetland of international importance? 

There are no wetlands of international significance in the vicinity of 

the Project. 

Nil 

Any impact on a listed threatened species or communities? 

It is unlikely that the development of the Project would significantly 

affect any listed species or communities (refer to Section 6.1). 

Nil 

Any impacts on listed migratory species? 

It is unlikely that the development of the Project would significantly 

affect any listed migratory species (refer to Section 6.1). 

Nil 

Does the Project involve a nuclear action (including uranium 

mining)? 

The Project does not involve a nuclear action. 

Nil 

Any impact on a Commonwealth marine area? 

There are no Commonwealth marine areas in the vicinity of the 

Project. 

Nil 

Does the Proposal involve development of coal seam gas 

and/or large coal mine that has the potential to impact on 

water resources? 

The Project is not related to coal seam gas or mining. 

Nil 

Additionally, any impact (direct or indirect) on Commonwealth 

land? 

The Project would not be undertaken on or near any 

Commonwealth land. 

Nil 
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4.1.2 Environment Protection and Biodiversity Conservation Regulations 

2000 

The Environment Protection and Biodiversity Conservation Regulations 2000 (EPBC Regulations) is 

administered by DoEE and provides a national scheme of environment and heritage protection and 

biodiversity conservation.  

The EPBC Regulations holds jurisdiction over actions carried out on Commonwealth owned land or 

water. Part 8 of the EPBC Regulations provides for the protection and conservation of cetaceans. Part 8 

of the EPBC Regulation does not apply to State waters and would only apply to vessels transiting to 

the site where outside of State waters. 

4.1.3 Other Commonwealth Legislation and Regulations 

Table 4-2 considers other relevant Commonwealth legislation and regulations. 

Table 4-2 Consideration of other Commonwealth Legislation and Regulations 

Applicable legislation Considerations 

Aboriginal and Torres Strait 

Islander Heritage Protection Act 

1994 

The Aboriginal and Torres Strait Islander Heritage Protection Act 

1994 aims to protect and preserve any significant Aboriginal and 

Torres Strait Islander areas or objects. The Project would not 

impact any significant Aboriginal or Torres Strait Islander areas 

or objects.   

Disability Discrimination Act 

1992 and Disability Standards 

for Accessible Public Transport 

2002 

The Disability Discrimination Act 1992 and Disability Standards 

for Accessible Public Transport 2002 aim to eliminate 

discrimination against people relating to disability. Public access 

may be provided in the future to the attenuator structure but 

does not form part of the scope of the Project.  

Historical Shipwrecks Act 1976 The Historical Shipwrecks Act 1976 protects historic wrecks and 

associated relics that are more than 75 years old and located in 

Commonwealth Waters. The Project would not impact any 

known shipwrecks located in proximity to the Project site.  

Maritime Transport and 

Offshore Facilities Security Act 

2003 

The Maritime Transport and Offshore Facilities Security Act 2003 

aims to safeguard against unlawful interference with maritime 

transport or offshore facilities. All construction vessels associated 

with the Project would be subject to the provisions of this Act.   

Native Title Act 1993 The Native Title Act 1993 ensures the recognition, protection and 

management of native title and native title claims. No native title 

claim exists in the Project site. Any native title claim that may 

have existed on Lot 2 DP 747363 and Lot 111 DP839583 was 

extinguished via the acquisition of land in 1988.  

Navigation Act 2012 The Navigation Act 2012 regulates international ship and 

seafarer safety, shipping aspects of protecting the marine 

environment and the action of seafarers in Australian waters. All 

construction vessels associated with the Project would be subject 

to the safety provisions of this Act. 

Work Health and Safety Act The main objective of the Work Health and Safety Act 2011 and 
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Applicable legislation Considerations 

2011 and Work Health and 

Safety Regulations 2011 

Work Health and Safety Regulations 2011 are to provide for a 

balanced and nationally consistent framework to secure the 

health and safety of workers and workplaces. The Project would 

be upheld to the provisions of this Act and Regulations to ensure 

the safety and wellbeing of all construction and operation 

personnel.    

4.2 NSW Legislation and Regulations 

4.2.1 Environmental Planning and Assessment 1979 

Planning in NSW is governed by the EP&A Act, along with the EP&A Regulation, it establishes the 

system of environmental planning and assessment in NSW.  

Under Part 5 of the EPA Act, the Department is the determining authority for the Project. The 

determining authority must take into account to the fullest extent possible all matters which are likely 

to affect the environment if the ‘activity’, as defined in Section 110 of the EP&A Act, is to proceed. 

Under Section 112 of the EP&A Act, an Environmental Impact Statement (EIS) would be required if an 

activity is likely to have a significant effect on the environment. 

Consideration of the Project against the Section 5 Objects of the EP&A Act 1979 is set out in Table 4-3. 

Table 4-3 Objects of the EP&A Act 

Object Comment 

5(a)(i) To encourage the proper 

management, development and 

conservation of natural and artificial 

resources, including agricultural land, 

natural areas, forests, minerals, water,      

cities, towns and villages for the purpose of 

promoting the social and economic welfare 

of the community and a better 

environment. 

The proposed wave attenuator, fixed or floating, 

would significantly reduce wave energy. This would 

provide a safe harbour for local and visiting vessels 

and improve the protection of existing 

infrastructure. The Project would help conserve 

structures associated with the port, which promotes 

the social and economic welfare of the community 

of Eden.  

5(a)(ii) To encourage the promotion and co-

ordination of the orderly economic use and 

development of land. 

The Project is an appropriate use and development 

of Crown land which would provide a safe harbour 

for port users.  

5(a)(iii) To encourage the protection, 

provision and co-ordination of 

communication and utility services. 

Not relevant to the Project.  

5(a)(iv) To encourage the provision of land 

for public purposes. 

The Project site is existing Crown land within State 

waters. 

5(a)(v) To encourage the provision and co-

ordination of community services and 

facilities. 

Not relevant to the Project.  

5(a)(vi) To encourage the protection of the 

environment, including the protection and 

The port is on occasion exposed to extreme wind 

and wave conditions. Not only can such conditions 
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Object Comment 

conservation of native animals and plants, 

including threatened species, populations 

and ecological communities, and their 

habitats. 

compromise the safety of the port, but also impact 

marine populations and their habitat within the 

Port. The proposed wave attenuator would assist in 

significantly reducing wave energy.  

5(a)(vii) To encourage ecologically 

sustainable development.  

The proposed wave attenuator would significantly 

reduce wave energy entering the port. This would 

help conserve marine populations and their habitat 

within the port.  

5(a)(viii) To encourage the provision and 

maintenance of affordable housing. 

Not relevant to the Project.  

5(b) To promote the sharing of the 

responsibility for environmental planning 

between different levels of government in 

the State. 

The Department is the authoritative body under 

Part 5 of the EP&A Act. This requires the 

Department to adequately assess the likely 

environmental impact of the project under the 

relevant environmental planning pathway.   

4.2.2 Environment Planning and Assessment Regulation 2000 

Clause 228 Factors 

Clause 228 of the EP&A Regulation defines the factors which must be considered when determining if 

an activity assessed under Part 5 of the EP&A Act has a significant impact on the environment. 

Table 4-4 responds to the factors for consideration under Clause 228. 

Table 4-4 Consideration of Clause 228 Factors 

Factor Impacts 

(a) Any environmental impact 

on a community? 

 

The Project would result in temporary impacts to the 

community during construction, particularly in relation to 

noise and vibration from impact piling, movement of 

construction marine vessels in an existing port and the use of 

a part of the Snug Cove foreshore for a land based 

contractor’s work area. 

Mitigation measures outlined in Section 7.2 would be 

implemented to manage and minimise adverse impacts. 

The Project would have a positive benefit to the community 

by providing a safer harbour for local and visiting vessels and 

improving the protection of existing maritime infrastructure 

within Snug Cove. 

(b) Any transformation of a 

locality? 

 

The Project would result in the introduction of a new marine 

structure located within Snug Cove. The structure would be 

an evident change to the water landscape of Snug Cove; 

however the overall visual impact as assessed by Clouston 

Associates (2017) would not be significant nor substantially 

compromise the existing landscape character of the port or 

Eden.  

(c) Any environmental impact The Project may result in the generation of turbidity from 
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Factor Impacts 

on the ecosystem of the 

locality? 

 

impact piling, reduction in light availability to nearby marine 

ecosystems and seafloor habitat disturbance. Impacts are 

expected to be short lived and highly localised if appropriate 

mitigation measures are employed.    

(d) Any reduction of the 

aesthetic, recreational, scientific 

or other environmental quality 

or value of a locality? 

 

There would be some temporary impacts during construction 

in relation to noise, traffic, access and visual amenity.   

The operation of the Project would have a positive impact on 

the recreational and environmental quality or value of the 

locality, as the wave attenuator structure will significantly 

enhance the protection of Snug Cove, including marine 

vessels and foreshore infrastructure.  

(e) Any effect on a locality, 

place or building having 

aesthetic, anthropological, 

archaeological, architectural, 

cultural, historical, scientific or 

social significance or other 

special value for present or 

future generations? 

As discussed in Section 6.10.2, there are no Aboriginal objects 

in close proximity to the Project site. The Project site is 

greater than 400m in distance from any heritage item. There 

are no known archaeological relics or historic shipwrecks 

located in Snug Cove. The Project is not expected to have any 

impacts to present or future generations. 

(f) Any impact on the habitat of 

protected fauna (within the 

meaning of the National Parks 

and Wildlife Act 1974)? 

 

The Aquatic Ecology Assessment (Advisian, 2017) 

(Appendix A, and summarised in Section 6.1) has assessed 

that the Project would not remove or fragment any habitat 

for threatened species with the habitat that is proposed to be 

impacted is not considered to be of importance to the long 

term survival of any species or ecological communities in the 

locality. 

(g) Any endangering of any 

species of animal, plant or other 

form of life, whether living on 

land, in water or in the air? 

 

The Aquatic Ecology Assessment (Advisian, 2017) 

(Appendix A and summarised in Section 6.1) assessed the 

Project in terms of it being a Key Threatening Process (KTP). 

Advisian (2017) concluded that as a whole, the Project is not 

considered to be a KTP. However, two potential impacts of 

construction relating to the Project, being the introduction of 

marine species and injury / fatality caused by marine debris, 

are both considered KTPs. These impacts would be managed 

or minimised with the implementation of mitigation 

measures outlined in Section 7.2. 

 

(h) Any long-term effects on 

the environment? 

The Project is unlikely to have any long term effects on the 

environment. 

(i) Any degradation of the 

quality of the environment? 

 

During construction there is the potential for noise and 

vibration impacts. Appropriate mitigation measures would be 

implemented to minimise the impacts. 

There would be no operational impacts that degrade the 

quality of the environment. 

(j) Any risk to the safety of the 

environment? 

The Project is unlikely to cause any safety risks to the 

environment provided the recommended mitigation 
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Factor Impacts 

 measures are implemented. 

(k) Any reduction in the range 

of beneficial uses of the 

environment? 

The Project is unlikely to have any reduction in the range of 

beneficial uses of the environment. 

(l) Any pollution of the 

environment? 

 

The Project is unlikely to cause any significant pollution risks 

to the environment provided the recommended mitigation 

measures are implemented. 

(m) Any environmental 

problems associated with the 

disposal of waste? 

The Project is unlikely to cause any environmental problems 

associated with the disposal of waste provided the 

recommended mitigation measures are implemented. 

(n) Any increased demands on 

resources (natural or otherwise) 

that are, or are likely to 

become, in short supply? 

The Project is unlikely to increase demands on resources that 

are or are likely to become in short supply. 

(o) Any cumulative 

environmental effect with other 

existing or likely future 

activities? 

 

Cumulative impacts have been considered in Section 6.12. 

Where feasible, environmental management measures would 

be co-ordinated to reduce any cumulative construction 

impacts. The Project is unlikely to have any significant adverse 

long term impacts.  

(p) Any impact on coastal 

processes and coastal hazards, 

including those under projected 

climate change conditions? 

The Project is not anticipated to have any significant impacts 

to coastal processes and coastal hazards. 

Principles of Ecologically Sustainable Development 

Schedule 2 of the EP&A Regulation applies to the preparation of an EIS, however regard to the 

principles of Ecologically Sustainable Development (ESD) has been considered in this REF as shown in 

Table 4-5.  

Table 4-5 Consideration of the principles of ESD for the Project 

ESD principle Comment 

Precautionary principle 

The precautionary principle, namely, that if 

there are threats of serious or irreversible 

environmental damage, lack of full scientific 

certainty should not be used as a reason for 

postponing measures to prevent 

environmental degradation. In the application 

of the precautionary principle, public and 

private decisions should be guided by: 

(i)  careful evaluation to avoid, wherever 

practicable, serious or irreversible damage to 

the environment, and 

(ii)  an assessment of the risk-weighted 

Specialists have been engaged to carry out 

environmental assessments and evaluate key 

impacts for the Project for marine ecology, coastal 

processes, noise, vibration and visual impact. This 

helped to ensure a thorough understanding of the 

existing environment within the Project site, 

identify the potential impacts associated with the 

Project and develop measures to avoid or mitigate 

identified impacts. 

An assessment of ‘worst case’ impacts was carried 

out.  It is anticipated that through the 

implementation of mitigation measures and 

through continuation of detailed design, the 
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ESD principle Comment 

consequences of various options identified impacts would be further reduced. 

The precautionary principle has been implemented 

in determining the potential impacts of the Project. 

Inter-generational equity 

Inter-generational equity, namely, that the 

present generation should ensure that the 

health, diversity and productivity of the 

environment are maintained or enhanced for 

the benefit of future generations 

The Project would contribute to inter-generational 

equity by providing a safe harbour wave climate 

that would enhance Eden’s reputation as a safe 

boating destination for both local and visiting 

vessels with potential flow on investment into 

Eden.   

Mitigation measures are proposed to avoid or 

minimise identified impacts and enhance inter-

generational sustainability.  

The environmental impact assessment carried out 

for the Project has shown that the impacts 

identified in this REF would not result in a 

significant impact on the environment. 

Conservation of biological diversity and 

ecological integrity 

Conservation of biological diversity and 

ecological integrity, namely, that conservation 

of biological diversity and ecological integrity 

should be a fundamental consideration 

The Project has been designed to minimise 

impacts to areas of biodiversity significance to 

conserve biological diversity and ecology integrity.  

The mitigation measures proposed aim to 

minimise impacts to biodiversity throughout the 

lifecycle of the Project. 

Improved valuation, pricing and incentive 

mechanisms 

Improved valuation, pricing and incentive 

mechanisms, namely, that environmental 

factors should be included in the valuation of 

assets and services, such as: 

(i)  polluter pays, that is, those who generate 

pollution and waste should bear the cost of 

containment, avoidance or abatement, 

(ii)  the users of goods and services should pay 

prices based on the full life cycle of costs of 

providing goods and services, including the 

use of natural resources and assets and the 

ultimate disposal of any waste, 

(iii)  environmental goals, having been 

established, should be pursued in the most 

cost effective way, by establishing incentive 

structures, including market mechanisms that 

enable those best placed to maximise benefits 

or minimise costs to develop their own 

solutions and responses to environmental 

problems. 

The Project has been in the planning phase over 

the previous four years.  The design and associated 

environmental issues have been investigated and 

considered throughout this planning phase.   

Mitigation measures have been incorporated into 

the development of the Project to minimise 

impacts during construction and operation.  

Both attenuator types which have different 

environmental and cost implications have been 

considered in this REF. 
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4.2.3 Other NSW Legislation and Regulations 

Table 4-6 considers other relevant NSW legislation and regulations. 

Table 4-6 Consideration of other NSW Legislation and Regulations 

Applicable legislation Considerations 

Biodiversity Conservation Act 

2016 

The purpose of the BC Act is to maintain a healthy, productive and 

resilient environment for the greatest well-being of the community, 

now and into the future consistent with the principles of ESD.  An 

Aquatic Ecology Assessment was completed for the Project with 

reference to Part 7 of the Biodiversity Conservation Act 2016.   

Coastal Protection Act 1979 The objective of the Coastal Protection Act 1979 is to protect the 

coastal environment of the State for the benefit of both present 

and future generations. The concurrence of the Minister is not 

required for this Project.   

Contaminated Land 

Management Act 1997 

The Contaminated Land Management Act 1997 allows the 

Environmental Protection Authority (EPA) to investigate and 

regulate highly contaminated sites that warrant remediation. No 

known contaminated sediment or water is located in the Project 

site.  

Crown Lands Act 1989 The Crown Lands Act 1989 outlines objectives and provisions for 

the proper management of Crown lands for the benefit of the 

people of NSW. The Crown is the land owner with the estate 

managed by the Department on behalf of the Crown. There is a 

tenure over the land: Crown Licence 199535 with PANSW. 

Fisheries Management Act 1994 The objectives of the FM Act are to conserve, develop and share 

the fishery resources of the State for the benefit of present and 

future generations. A permit under Section 205 of the FM Act will 

be required for harm to marine vegetation (macroalgae) from 

construction of the proposed wave attenuator.    

Heritage Act 1977 The Heritage Act 1977 encourages the conservation, protection and 

reuse of the State’s heritage including historic shipwrecks. The 

Project would not impact any items or places subject of an interim 

heritage order, listed on the State Heritage Register or identified as 

a historic shipwreck.   

Marine Pollution Act 2012 The objective of the Marine Pollution Act 2012 is to prevent 

unlawful pollution of State waters and govern emergency pollution 

plans of vessels. The operation of construction vessels is to comply 

with the requirements of this Act to prevent pollution during 

construction of the wave attenuator.  

Marine Safety Act 1998 The Marine Safety Act 1998 ensures the safe operation of vessels in 

ports and other waterways. All construction vessels associated with 

the Project would be subject to the safety provisions of this Act.   

National Parks and Wildlife Act 

1974 

The National Parks and Wildlife Act 1974 (NPW Act) governs the 

care, control and management of national parks, historic sites, 

nature reserves, reserves, Aboriginal areas and State game 

reserves. The Project is not located within areas protected by the 



  
 

  

 

 

39 

 

Applicable legislation Considerations 

NPW Act.  

Protection of the Environment 

Administration Act 1991 

The Protection of the Environment Administration Act 1991 (PEA 

Act) gives constitution to the EPA, allowing the EPA to perform 

asks to ensure protection of the environment. The main objective 

of the EPA is to protect, restore and enhance the quality of the 

environment in NSW.  

Protection of the Environment 

Operations Act 1997 

The Protection of the Environment Operations Act 1997 (POEO Act) 

is the key piece of environment protection legislation administered 

by the EPA. The proposed construction of the wave attenuator 

does not require an Environment Protection Licence under Chapter 

3 of the POEO Act. 

Water Management Act 2000 The objective of the Water Management Act 2000 is to provide for 

the sustainable and integrated management of the water sources 

of the State for the benefit of both present and future generations. 

The Project would not adversely impact the State’s water sources.  

4.3 State Environmental Planning Policies 

4.3.1 State Environmental Planning Policy (Infrastructure) 2007 

The State Environmental Planning Policy (Infrastructure) 2007 (ISEPP) aims to facilitate the effective 

delivery of infrastructure across the State. ISEPP includes specific planning provisions and development 

controls for 25 types of infrastructure works or facilities.  

Clause 68 of the ISEPP allows development for the purpose of “wharf or boating facilities” by or on 

behalf of a public authority without consent on any land (i.e. assessable under Part 5 of the EP&A Act). 

Clause 67 defines “wharf or boating facilities” as “a wharf, or facilities associated with a wharf or 

boating, that are not port facilities”. 

Consequently, development consent is not required for the Project which is classified as a “wharf or 

boating facilities”; however the environmental impacts of the Project have been assessed under the 

provisions of Part 5 of the EP&A Act. 

Part 2 of the ISEPP contains provisions for public authorities to consult with local councils and other 

agencies prior to the commencement of certain types of development. Section 5.2 of this REF discusses 

the consultation undertaken under the requirements of ISEPP. 

It is noted that the ISEPP prevails over all other environmental planning instruments except where State 

Environmental Planning Policy (Major Development) 2005, State Environmental Planning Policy No 14 

– Coastal Wetlands or State Environmental Planning Policy No 26 – Littoral Rainforest applies. The 

Project does not require consideration under these SEPPs and therefore do not require further 

consideration as part of this REF. 
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4.4 Bega Valley Local Environmental Plan 2013 

Under the Bega Valley Local Environmental Plan 2013 (LEP), the Project site is zoned Unzoned Land 

(UL) as shown on Figure 4-1. Clause 2.4 of the LEP states development may be carried out on Unzoned 

Land only with development consent. The consent authority must consider the impacts of the 

development on adjoining land. This may involve considering the objectives of development in the 

zone of adjoining land. The Project is permissible without development consent under Clause 68 of 

ISEPP; therefore the permissibility and consent provisions of the LEP do not apply. 

 

Figure 4-1 Zoning Map of the port with approximate location of the wave attenuator (Source: Bega Valley 

Shire Council, 2013) 
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5 Stakeholder and Community Consultation 

5.1 Consultation Strategy 

This section details the stakeholder and community consultation activities undertaken for the Project. It 

is important to note that having regard to the background and history of the Project, a number of 

consultation activities pre-date the preparation of the REF and demonstrate the early engagement with 

key stakeholders and the community in the planning phase of the Project. The Department has 

involved a large range of stakeholders in the development of the Project since 2014 and in managing 

expectations of its scope. 

A Community and Stakeholder Engagement Strategy (the Strategy) has been developed by the 

Department for the Project for the period October 2017 to December 2018. The Strategy sets the 

communications and stakeholder and community engagement activities to be undertaken during the 

pre-construction phase.  

Keeping key stakeholders and the community informed of the status of the Project and implementing 

a number of engagement activities has been integral to identifying the key concerns and issues for 

assessment in the REF. 

5.2 Identification of Key Stakeholders 

The Strategy has identified the following key primary stakeholders as follows: 

 Port of Eden Marina Group. 

 Eden Cattle Bay Marina Pty Ltd and Eden Resort Hotel Pty Ltd (incorporating Advanced Marina 

Management and ConnexionPR). 

 Eden Safe Harbour Community Liaison Group (CLG). 

 Member for Bega. 

 Minister for Lands and Forestry. 

 Minister for Roads, Maritime and Freight. 

 Minister for Transport and Infrastructure. 

 Transport for NSW (TfNSW). 

 Department of Premier and Cabinet. 

 Local media – Eden Magnet, ABC. 

 Eden Sea Farms. 

 Eden port users (Water Police, Cat Balou, Freedom Charters and licensed fisherman). 

It is noted that some members of the key primary stakeholder groups belong to other groups and 

have shared membership. 
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Other key stakeholders (both internally and externally) are as follows: 

 Project Control Group. 

 Project Steering Committee. 

 Port Authority of NSW. 

 Bega Valley Shire Council. 

 Eden Local Aboriginal Land Council. 

 Local tourist organisations and operators. 

 Landholders and tenants in the Breakwater Wharf area. 

 Swing mooring licence holders. 

 Other Port of Eden users, including Pacific Tug and Svitzer. 

 Department’s Jetty fender replacement team. 

 Boating industry and user groups. 

 Eden and wider community. 

5.3 Summary of Consultation Activities 

A summary of consultation meetings since 2014 associated with the concept design options and 

environmental impact assessment of the Project is provided in Table 5-1.  

Table 5-1 Summary of consultation meetings 

Stakeholders Meeting Frequency Matters Discussed 

Port of Eden Project Control Group 

This Group is made up of representatives 

from the following agencies: 

 The Department 

 TfNSW 

 PANSW 

 Department of Premier and Cabinet 

 Department of Planning and 

Environment (DP&E) 

 Roads and Maritime  

As required Update relevant agencies 

on the Project and receive 

feedback as required. 

Project Steering Committee 

 Department 

 TfNSW 

 Infrastructure NSW 

 Department of Premier and Cabinet 

Monthly Oversight and governance 

of the project on behalf of 

NSW Government by 

providing strategic level 

direction and advice on 

project planning & delivery. 
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Stakeholders Meeting Frequency Matters Discussed 

Eden Safe Harbour CLG 

(Note: members are the same as for the Eden 

Breakwater Wharf Extension  Project  

Community Consultative Committee)  

Monthly 

(last Wednesday of 

the month)  

Eden Port development 

projects and community 

feedback on Project. 

Harbour User Group  

(Port of Eden Stakeholder Forum) 

Bi-annual  Safe Harbour Project, Port 

repairs, upgrade work and 

general business. 

Port of Eden Marina Group Monthly (at CLG 

meetings) and as 

required 

Development potential of 

future Snug Cove marina, 

preferences for attenuator 

alignment and type. 

Eden Cattle Bay Marina Pty Ltd and Eden 

Resort Hotel Pty Ltd 

Monthly (at CLG 

meetings) 

Cattle Bay hotel and marina 

development. 

Briefings/Workshops and other liaison with 

key stakeholders as identified in Section 5.2 

 

Regular Input into the Eden 

Harbour Safe Boating 

Option Study and design 

and user requirements for 

the positioning, alignment 

and type of attenuator. 

Community Information Sessions (open 

invite) hosted by BVSC and the Department 

Bi-annual Proposed developments in 

Eden Harbour and Eden 

town centre. 

Table 5-2 identifies important issues raised by key stakeholders over the consultation/engagement 

process and indicates where each matter has been addressed in the REF outlined in Table 5-1.   

Table 5-2 Key issues raised by stakeholders 

Matters Raised Section(s) of REF Where 

Addressed 

Attenuator type, alignment and length Sections 2.3, 2.4 and 3.1 

Environmental impacts including ecology and coastal processes Sections 6.1 and 0 

Visual and area amenity Section 6.5 

Geotechnical conditions Section 6.11 

Navigation and water depths Section 6.4 

Existing swing moorings impacts Sections 3.2 and 6.4 

Cattle Bay Marina and future Port of Eden Marina relationship 

including land-side development considerations 

Section 6.12 

Bundian Way, Breakwater Wharf extension and existing jetties, 

ramps, businesses interfaces 

Sections 6.4 and 6.5 



  
 

  

 

 

44 

 

5.4 Pre-Construction Consultation Activities 

A range of communication tools and targeted engagement activities are proposed during the pre-

construction phase as follows: 

 Ministerial and Agency Senior Executive briefings. 

 Project Steering Committee meetings. 

 CLG meetings. 

 Regular key stakeholder meetings and briefings. 

 Project website and email updates. 

 Quarterly updates, fact sheets and frequently asked questions. 

 Social media channels. 

 Media relations – proactive and reactive media opportunities. 

 Project information displays at local events and markets. 

 Community information sessions. 

 REF public exhibition (refer to Section 5.6 for further details). 

5.5 ISEPP Consultation Requirements 

Clause 16 of ISEPP requires a public authority (ie the Department) to give written notice to Roads and 

Maritime of the intention to carry out the development when the “development comprising a fixed or 

floating structure in or over navigable waters”. The Department is to then take into consideration any 

response to the notice that is received from Roads and Maritime within 21 days after the notice is 

given. 

Prior written notice was provided to Roads and Maritime on 9 September 2016 regarding relocation of 

swing moorings in Snug Cove that will be affected by the Eden Breakwater Wharf Extension and 

potentially this Project. Roads and Maritime provided its written response on 16 September 2016. 

During October 2017, further consultation with Roads and Maritime was carried out to confirm the 

number of swing moorings that have been relocated to date and whether two further moorings may 

require relocation depending on the final alignment and length of the wave attenuator (refer Section 

3.1). Copies of correspondence with Roads and Maritime are contained in Appendix F. 

It is noted that Roads and Maritime is a Government Agency that had represented in the currently 

inactive Port of Eden Project Control Group as outlined in Section 5.2 above.  

Based on the above, it is considered that the consultation requirements under Clause 16 of the ISEPP 

have been satisfied. 
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5.6 REF Public Display 

The REF public display strategy adopts a range of consultation mechanisms, including: 

 Public display of the REF at the Bega, Bermagui, Tura Beach, Merimbula and Eden libraries. 

 Advertisement of REF public display in local newspapers with a link to the Department’s 

Project website that would contain electronic copy of the REF. 

Following public display of the REF, the Department will review and consider submissions received in 

response to the REF and comments by the community, prepare a Submissions Report, if required. 

Following consideration of comments the Department will determine whether the Project should be 

approved and proceed as proposed, or whether any alterations to the Project are necessary. 
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6 Environmental Assessment  

Section 6 of this REF provides a description of the potential environmental and social impacts 

associated with the construction and operation of the Project. For each likely impact, the existing 

environment is characterised and then an assessment is undertaken as to how the Project would 

impact on the existing environment. 

This environmental impact assessment has been undertaken in accordance with Clause 228 of the 

EP&A Regulation. A checklist of the EP&A Regulation Clause 228 factors and how they have been 

specifically addressed in this REF is included at Section 4.2.2. 

6.1 Aquatic Ecology 

An Aquatic Ecology Assessment (Appendix A) was prepared by Advisian (2017) to provide an 

assessment of the Project’s feasibility in relation to aquatic ecological issues and determine whether 

any significant impacts on aquatic ecology are likely to result from the proposed construction and 

operation of the Project.  

The assessment includes an overview of the existing aquatic (marine) environment within Twofold Bay, 

specifically within the study area of Snug Cove, identification of potential impacts and measures to 

mitigate and/or manage those impacts are recommended.  

The assessment has considered the provisions of Part 7 of the BC Act which concluded that the Project 

is not likely to significantly affect any identified threatened species if the proposed mitigation 

measures to protect marine fauna are adopted.  

Background data was reviewed and an aquatic ecology field survey undertaken on 14 and 15 August 

2017 within the proposed wave attenuator footprint and in nearby foreshore and subtidal reef areas 

using a combination of diver survey and towed video were used in the preparation of the assessment. 

Figure 6-1 presents the proposed layout of the wave attenuator and the approximate area and route of 

the inshore snorkel and diver based surveys. It also shows the locations of infauna sampling 

undertaken during the survey. 
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Figure 6-1 Marine habitat field survey area (orange = proposed wave attenuator, yellow = video transects, green line = diver survey, blue = snorkel survey, red = infauna 

sampling) 
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6.1.1 Existing Environment 

Summary of Marine Habitats Background Data 

Based on the background data review and assessment the following was noted: 

 The proposed wave attenuator footprint would be classed as a mix of TYPE 2 – Moderately 

Sensitive Key Fish Habitat under the Fisheries NSW Policy and Guidelines for Fish Habitat 

Conservation and Management (DPI 2013), as some areas of the seafloor contains marine 

macroalgae and TYPE 3 – Minimally Sensitive Key Fish Habitat as it consists of unvegetated 

sandy substrate. 

 Twofold Bay is located within the South-East Marine Region of Australia and the Twofold Shelf 

Marine Bioregion. 

 The Upwelling East of Eden is a Key Ecological Marine Feature of the South-East Marine Region 

which is listed under the EPBC Act. 

 Twofold Bay is listed as nationally imported wetland under The Directory of Important 

Wetlands and is classified as a Marine and Coastal Zone Wetland. 

 There are no marine protected areas under the NPW Act that within the study area. 

 The SEPP 14 Coastal Wetlands of Lake Curalo would not be impacted in any way by the 

construction or operation of the Project. 

 The study area does not contain any land declared as Critical Habitat under the previous TSC 

Act, EPBC Act and FM Act or Areas of Outstanding Biodiversity Value (AOBV) under the BC Act.  

 Mapping by DPI in 2004 showed a large area of Zostera sp. seagrass is located within Cattle 

Bay, to the west of the proposed wave attenuator, with a smaller area of Zostera sp. occurring 

within Snug Cove, to the approximate north-east of the proposed structure. 

 Bathymetric surveys and benthic habitat mapping by Marine Solutions in 2014 of Cattle Bay 

identified that rocky reef was the dominant habitat present in shallow waters of Cattle Bay 

adjacent to the rocky foreshore with very sparse seagrass. 

 Marine field surveys were undertaken by Australasian Marine Associates (AMA) in 2015 of 

Snug Cove and Cattle Bay. On the northern side of Snug Cove a rocky intertidal foreshore 

occurs which AMA reported that subtidally, the rocky seafloor in this area is inhabited by the 

large brown macroalgae species, Sargassum spp. Large beds of macroalgae (kelp – Ecklonia 

spp.) near the Breakwater Wharf and Multipurpose Jetty were found. 

 Artificial structures within Snug Cove provide habitat for marine flora and fauna with the 

subtidal areas of the artificial rocky reef dominated by Ecklonia spp. 
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Marine Vertebrates 

Online database searches for threatened and protected species listed under the BC Act (previously the 

TSC Act) (via BioNet Atlas of NSW Wildlife) and the EPBC Act (via the Protected Matters Search Tool) 

were undertaken on 16 August 2017. A list of all threatened and protected marine species listed under 

these Acts is provided in Table 6-1 (excluding marine and migratory birds). 

Table 6-1 Threatened and protected marine species listed under the BC Act and EPBC Act with the potential 

to occur in the study area 

Common 

Name 

Species  

Name 

BC Act  

 

EPBC Act  

 

Likelihood of  

Occurrence  

Black Cod 
Epinephelus 

daemelii 
- V 

Species or species habitat 

may occur within area*. 

Little Penguin Eudyptula minor P - Known to occur within area. 

Loggerhead 

Turtle 
Caretta caretta - E, M, L 

Breeding likely to occur 

within area*. 

Green Turtle Chelonia mydas - V, M, L 

Foraging, feeding or related 

behaviour known to occur 

within area*. 

Leatherback 

Turtle 

Dermochelys 

coriacea 
- E, M, L 

Species or species habitat 

known to occur within area*. 

Hawksbill 

Turtle 

Eretmochelys 

imbricata 
- V, M, L 

Species or species habitat 

known to occur within area*. 

Grey Nurse 

Shark (east 

coast 

population) 

Carcharias taurus - CE 
Species or species habitat 

likely to occur within area*. 

Great White 

Shark 

Carcharodon 

carcharias 
- V, M 

Species or species habitat 

known to occur within area*. 

Whale Shark Rhincodon typus - V, M 
Species or species habitat 

may occur within area*. 

Porbeagle Lamna nasus - M 
Species or species habitat 

likely to occur within area*. 

Sei Whale 
Balaenoptera 

borealis 
- V, M, W 

Foraging, feeding or related 

behaviour likely to occur 

within area*. 

Blue Whale 
Balaenoptera 

musculus 
E1, P E, M, W 

Species or species habitat 

likely to occur within area*. 
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Common 

Name 

Species  

Name 

BC Act  

 

EPBC Act  

 

Likelihood of  

Occurrence  

Fin Whale 
Balaenoptera 

physalus 
- V, M, W 

Foraging, feeding or related 

behaviour likely to occur 

within area*. 

Southern 

Right Whale 

Eubalaena 

australis 
E1, P E, M, W 

Breeding likely to occur 

within area*. 

Humpback 

Whale 

Megaptera 

novaeangliae 
V, P V, M, W 

Foraging, feeding or related 

behaviour known to occur 

within area*. 

Pygmy Sperm 

Whale 
Kogia breviceps P - 

Species may occur within or 

pass by area on occasion. 

Killer Whale Orcinus orca P M 
Species or species habitat 

likely to occur within area*. 

Brydes Whale 
Balaenoptera 

edeni 
- M, W 

Species or species habitat 

may occur within area*. 

Pygmy Right 

Whale 

Caperea 

marginata 
- M, W 

Species or species habitat 

may occur within area*. 

Minke Whale 
Balaenoptera 

acutorostrata 
- W 

Species or species habitat 

may occur within area*. 

Indian Ocean 

Bottlenose 

Dolphin 

Tursiops aduncus - W 
Species or species habitat 

likely to occur within area*. 

Bottlenose 

Dolphin 

Tursiops 

truncatus s. str. 
- W 

Species or species habitat 

may occur within area*. 

Common 

Dolphin 
Delphinus delphis P W 

Species or species habitat 

may occur within area*. 

Dusky Dolphin 
Lagenorhynchus 

obscurus 
- M, W 

Species or species habitat 

may occur within area*. 

Risso's 

Dolphin 
Grampus griseus - W 

Species or species habitat 

may occur within area*. 

Dugong Dugong dugon E1, P - 

Not likely to occur in area - 

generally found in warmer 

waters. 

New Zealand 

Fur Seal 

Arctocephalus 

forsteri 
V, P L 

Species or species habitat 

may occur within area*. 
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Common 

Name 

Species  

Name 

BC Act  

 

EPBC Act  

 

Likelihood of  

Occurrence  

Australian Fur 

Seal 

Arctocephalus 

pusillus 
V, P L 

Species or species habitat 

may occur within area*. 

Syngnathids  28 sp. - L 
Species or species habitat 

may occur within area*. 

* Likelihood of occurrence as determined by the EPBC Act Protected Matters Search Tool. 

BC Act (TSC Act) Status – V = vulnerable, E1 = endangered species, P = protected. 

EPBC Act Status – L = listed marine species, V = vulnerable, E = endangered, CE = critically endangered, W = whales and other 

cetaceans, M = migratory. 

For species listed under the FM Act Schedules, considering the location of the site, habitats present in 

the study area and the required habitat and conservation status of each listed species, those species 

which are considered to have a moderate to high chance of occurring at or near the study site are: 

 Black cod (E. daemelii) – vulnerable (potential bony fish to be present around the inshore rocky 

reef and artificial rocky reef habitats). 

 Syngnathids – protected (potential to be present in nearby seagrass or macroalgae beds). Only 

one syngnathid, a potbelly seahorse (Hippocampus abdominalis) was previously recorded in 

2012 during a biological survey of damaged wharf piles in the port. 

The East Australian Current brings warm tropical and subtropical water into the cooler waters of 

southern NSW. This current, coupled with upwellings, eddies and counter currents influences 

concentrations of nutrients available to the marine food chain in offshore waters of Twofold Bay. 

Phytoplankton takes up these nutrients and makes them available to a wide range of organisms 

through the food chain. Excessive nutrients in the water column can cause phytoplankton to rapidly 

increase in abundance and in some instances cause algal blooms. 

While the study area provides suitable foraging and roosting habitat for a number of shorebirds, 

marine and/or migratory birds, little breeding habitat is available and no known breeding colonies of 

any listed threatened bird species are expected to be affected by the Project. Potential impacts of the 

Project on these birds are not expected to be significant and can largely be mitigated. 

Marine Invertebrates 

Mobile marine invertebrates of the subtidal reef communities in the Twofold Shelf Bioregion include 

algal grazers, mobile predators and sessile filter feeders. Mobile and sessile marine invertebrate species 

recorded in intertidal and subtidal habitats in Snug Cove during the August 2017 field surveys are 

discussed below. 

An infauna survey was undertaken within the Project site in August 2017. Polychaete worms were the 

most abundant taxonomic group with capitellids, orbiniids and spionids representing the most 

common of the families present. Polychaetes were the most abundant of the major taxa present 

representing between 72 and 82% of the total counts, the exception being Sites 10 and 12 where the 

proportion of polychaetes were closer to 60%. 
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Invasive Marine Species 

Invasive species pose one of the greatest threats to biodiversity and primary production in NSW (NSW 

DPI 2008). Marine pests are plants or animals that have a significant impact on Australia’s marine 

industries and environment. The following are the most notable invasive marine species which are 

found in NSW (and specifically from Twofold Bay): 

 Caulerpa (Caulerpa taxifolia). 

 Dinoflagellate (Alexandrium catenella). 

 European fan worm (Sabella spallanzanii). 

 European green crab (Carcinus maenas). 

 New Zealand screwshell (Maoricolpus roseus). 

 Pacific oyster (Crassostrea gigas). 

 Yellowfin goby (Acanthogobius flavimanus).  

 Japanese goby (Tridentiger trigonocephalus). 

No marine pest species were recorded during field surveys undertaken in August 2017. 

Mussel Aquaculture 

Commercial mussel farming of the blue mussel (Mytilus edulis) has been conducted in Twofold Bay 

since the mid-1970s.  The species is native to the area and prefers water temperatures between 5°C 

and 20°C.  In Twofold Bay (with average sea surface temperatures of approximately 19°C) the blue 

mussel has achieved fast growth rates and appears to reach a larger size than anywhere else in 

Australia. The blue mussel is farmed by Eden Sea Farms. An existing aquaculture area is located off 

Quarantine Bay with an alternate farm established within an existing aquaculture lease area at 

Boydtown.  

Mussels are very tolerant to elevated exposures of turbidity and total suspended solids (TSS) 

concentrations well in excess of 100mg/L. However, very thin veneers of sediment are known to 

adversely affect both settlement and recruitment of bivalve larvae. The settlement of mussel spat can 

therefore be affected if there is excessive settlement of fine sediments onto collection ropes or 

substrates. 

Marine Field Survey Results 

The marine habitats and biota present along the inshore sections of Snug Cove between the boat 

ramp and Mirare Point are typical of equivalent southern temperate environments elsewhere in 

southern NSW and other temperate coastlines throughout south-east Australia. 

Intertidal reefs were dominated by rock oysters, mobile molluscs and Neptune’s necklace in the upper 

zones. The diversity of macroalgae generally increased with increasing depth. The subtidal reefs are 

dominated by canopy forming algae that largely comprise large brown algal species, including Ecklonia 

radiata and species of Sargassum and Cystophora. The most common invertebrates present on the 

reefs are the black lip abalone (Haliotis rubra), the turban snail (Turbo torquatus), the triton (Cabestana 

spengleri), both compound (Botrylloides sp.) and solitary ascidians (Herdmania sp.) and the large sea 

urchin (Centrostephanus rodgersii). 
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The offshore subtidal seabed was largely composed of sandy silt with very few epibenthic species 

present. Common fauna species encountered include solitary ascidians. There were no large meadows 

of continuous seagrass, however large and small patches occur throughout the area surveyed. At least 

three species of seagrass are present and cover varies from sparse to dense. Most of the seagrass 

observed was present between the 2m to 5m depth. Macroalgae was present further towards the 

shoreline where the subtidal seabed included areas of patchy subtidal reef. 

Very few fish were recorded near the boat ramp and breakwater, whilst most of the fish observed were 

recorded from the deeper subtidal reefs (to approximately 5m depth) near Mirare Point. Sweep, rock 

cod and sea perch were locally abundant. No threatened or protected species including Black rock cod 

or any seahorses or pipefish were seen during the survey. 

6.1.2 Potential Construction Impacts 

6.1.2.1 Marine Habitats and Flora 

The following sections outline the potential impacts of construction on marine habitats and marine 

flora that have the potential to occur within the study area. 

Fish Habitat Types 

Classification of fish habitat under the Fisheries NSW Policy and Guidelines for Fish Habitat 

Conservation and Management (NSW DPI 2013) has been described in Section 5.1.2. There is the 

potential for indirect impacts of construction on TYPE 1 – Highly Sensitive Key Fish Habitat located 

outside of the construction footprint (i.e. within Cattle Bay and Snug Cove), direct and indirect impacts 

on TYPE 2 – Moderately Sensitive Key Fish Habitat located within the construction footprint and also on 

TYPE 3 – Minimally Sensitive Key Fish Habitat present within the construction footprint. In summary, 

these are: 

 Potential sedimentation of seagrass beds (ie TYPE 1 Fish Habitat) located outside of the 

immediate construction footprint in nearby areas of Snug Cove and Cattle Bay through piling 

activities which result in resuspension of seafloor sediment. This is likely to be negligible due 

to the generally coarse nature of sediments in the bay. 

 Potential sedimentation of and/or direct damage to macroalgae (i.e. TYPE 2 Fish Habitat) 

located within the immediate construction footprint and in nearby areas of Snug Cove through 

piling activities which result in resuspension of seafloor sediment and from piles being driven 

into the seafloor and activities of construction vessels (e.g. anchoring) where macroalgae may 

be present. This is likely to be negligible due to the generally coarse nature of sediments in the 

bay. See the following dot point for detail on expected number of piles and direct seafloor 

impact. 

 Direct impacts on areas of unvegetated subtidal soft sediments (i.e. TYPE 3 Fish Habitat) within 

the immediate construction footprint from piles being driven into the seafloor and the 

activities of construction vessels (e.g. anchoring). A floating wave attenuator of 343 m length 

would result in an estimated 19 piles (of 1200mm diameter) being driven into the seabed. A 

fixed wave attenuator of 343 m would result in an estimated 20 piles (60 pairs) of 610mm 

diameter being driven into the seabed so would have a greater direct impact on seafloor 

habitat (mainly unvegetated soft sediments) and associated fauna. 

 Potential water quality impacts on TYPE 1, 2 and 3 Fish Habitat within and outside of the 

immediate construction footprint resulting from the activities of construction vessels and 
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equipment (e.g. accidental spills and leaks of fuels and oils or incorrect disposal of waste, both 

general and construction related). 

 The potential impact of the Project on phytoplankton community structure and abundance is 

likely to be very low given that the low fines component in the sediment at the site and 

therefore nutrients. The constant flushing of Twofold Bay on a daily basis means any 

concentrations of nutrients are likely to be diluted and dissipated quickly into the oceanic 

waters. 

Marine Protected Areas and Environmentally Sensitive Lands 

The following provides discussion regarding potential impacts on marine protected areas and 

environmentally sensitive lands: 

 No marine protected areas occur within Twofold Bay or the immediate study area so there are 

no potential impacts are predicted due to the construction of the Project. 

 The SEPP 14 Coastal Wetlands of Lake Curalo do not occur within the proposed construction 

area so there are no potential impacts are predicted due to the construction of the Project. 

 Twofold Bay is listed on the Directory of Important Wetlands. Potential issues of construction 

on the aquatic flora and fauna of this wetland are discussed in the ensuing sections. 

 No areas of Critical Habitat or AOBVs would be impacted by the construction of the Project. 

 The Upwelling East of Eden is a Key Ecological Marine Feature listed under the EPBC Act which 

occurs offshore from Twofold Bay. The Upwelling East of Eden would not be impacted in any 

way by the construction of the Project. 

Marine Habitats in the Study Area 

Potential construction related impacts on marine habitats and flora within the immediate construction 

footprint and greater Snug Cove can be summarised as follows: 

 Sedimentation of seafloor habitats including seagrass, macroalgae and inshore subtidal reef 

from the settlement of sediments which may be generated during piling and from the action 

of construction vessels (if not contained appropriately). 

 Short term reductions in light availability in the immediate construction area (or greater area if 

suspended sediment is not contained) through increased turbidity levels caused by piling. 

 Direct harm to the soft sediment seafloor habitat and small areas of marine vegetation 

(macroalgae) in the immediate construction area through piling. 

 Direct harm to soft sediment seafloor habitats and small areas of marine vegetation 

(macroalgae) through the activities of construction vessels (e.g. anchoring during 

construction). 

 Impacts of water pollution on marine habitats from vessel activities (e.g. accidental spills of 

fuels and oils and incorrect disposal of general and construction waste). 

 Introduction of exotic marine species into Snug Cove which do not currently occur here from 

the movement of construction vessels and equipment into Twofold Bay from other areas. 
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6.1.2.2 Marine Fauna 

Marine Vertebrates 

A discussion of the general potential construction impacts on marine fauna is provided in Section 8.2.1 

of Appendix A, followed by tables for each of the species listed above providing an assessment as per 

Section 9.2 of the Framework for Biodiversity Assessment.  

Potential construction related impacts on marine fauna can be summarised as: 

 Entanglement / ingestion of marine debris. 

 Impacts of floating plant and cable strike. 

 Impacts of water pollution. 

 Lighting impacts. 

 Noise impacts.   

Key Threatening Processes 

The Project as a whole is not considered to be a Key Threatening Process (KTP) as listed under any of 

the BC Act, FM Act or EPBC Act. However, two potential impacts of construction relating to the Project, 

being the introduction of marine species and injury / fatality caused by marine debris, are both KTPs. 

These have been discussed in Section 6.1.2 of this REF and separately in Sections 8.2 and 9.2 of 

Appendix A. 

Marine Infauna 

Benthic marine infauna which are known to occur at the site have been described in Section 6.2.2.1 of 

Appendix A. During construction (i.e. piling), benthic marine infauna within the piling footprint would 

be directly impacted. The direct impacts on benthic marine infauna are unable to be mitigated due to 

the nature of the Project. However, there is an abundance of similar soft sediment habitat within 

Twofold Bay which is expected to support similar assemblages as those which would be lost and this 

impact is not thought to be significant. 

6.1.2.3 Invasive Species 

The most likely method of introduction of invasive species into Twofold Bay during construction is via 

transport of organisms or their eggs / cysts attached to the hulls of construction vessels, attached to 

construction equipment or in the ballast of vessels. A summary of the risk of translocation each of 

these exotic marine species into Twofold Bay considering their presently known distribution is 

provided in Table 8-14 of Appendix A. 

6.1.2.4 Mussel Aquaculture 

The risk to mussel aquaculture from the construction phase of the Project is considered to be very low. 
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6.1.3 Potential Operational Impacts 

No significant operational impacts of the Project on marine habitats and flora from seafloor shading or 

habitat creation are expected to occur. 

Operational impacts of the Project on marine fauna include habitat creation, entanglement / ingestion 

of marine debris, impacts of water pollution, lighting impacts, noise impact and vessel strike. These 

potential impacts would not be significant. 

There is the potential for new artificial habitat to be created by the Project that could be utilised by 

invasive marine species currently occurring or introduced into Snug Cove. The potential impacts of 

invasive marine species on marine environments are as per those described for the construction phase 

of the Project. 

No operational impacts on mussel aquaculture are expected to occur as a result of the Project. 

6.1.4 Mitigation Measures 

Table 6-2 lists the mitigation measures to be adopted as a minimum to reduce potential Project 

impacts on marine habitats and flora. 

Table 6-2 Proposed Aquatic Ecology Mitigation Measures 

No. Mitigation Measure Phase 

A1 To minimise damage to sensitive marine habitats (seagrass and 

subtidal rocky reef) in the immediate site, Snug Cove and Cattle Bay, 

all construction vessels will avoid anchoring over areas of sensitive 

habitat including mapped seagrass beds and areas of subtidal rocky 

reef, where practicable. 

Construction and 

Operation 

A2 To reduce the potential impacts of water quality on marine habitats 

during construction and operation the following measures will be 

adopted: 

 All construction vessels will be well maintained and regularly 

serviced to ensure they are in proper working order and reduce 

the likelihood of fuel / oil leaks and spills. 

 Contractors will ensure their vessels maintain their septic tanks 

and pumps so that they do not leak. No release of sewage into 

the waterway will be allowed. 

 Oil and sewage spill response kits will be readily available on the 

construction vessels and training should be provided to 

construction staff on their use. The location of these should be 

clearly marked. 

 Any ongoing washing of the wave attenuator following 

construction will be undertaken with marine environmentally 

friendly and biodegradable products only. 

 Contractors will adopt appropriate waste management, with all 

general waste contained of and disposed of onshore in waste 

collection devices and all construction waste removed from the 

site. Post construction a seabed clearance survey will be 

undertaken to ensure that this has occurred. 

Construction and 

Operation 

A3 To reduce the spread of suspended sediments generated during 

piling and the potential for sedimentation / smothering of sensitive 

Construction 
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No. Mitigation Measure Phase 

habitats and associated flora and fauna, silt curtains or similar will be 

used wherever possible around the immediate area of piling. 

 

Particularly to separate the construction areas from areas of sensitive 

habitat. If it is possible, the use of sleeves around piles during pile 

driving will also help to contain the spread of suspended sediment so 

it does not impact on the nearby areas of macroalgae during piling 

activities. 

A4 To reduce the potential for lighting related impacts on marine fauna 

construction activities will not be undertaken during the evening and 

night time to reduce the overall need for construction related artificial 

lighting (on vessels and the attenuator) and associated impacts. 

Construction and 

Operation 

A5 The risk of vessel strike during construction and operation may be 

reduced through the adoption of: 

 All vessels associated with construction will travel at speeds no 

higher than 10 knots within the port limits. 

 Vessels will maintain a 300m exclusion zone with all whales 

when travelling to site where practicable. 

 Site inductions and training. 

 Active management, such as regular information exchange on 

known marine mammal activity (e.g. via local residents, 

commercial fishers, mussel farmers, NPWS whale watch and Cat 

Balou Cruises). 

 Marine fauna awareness in the local waterway by vessel 

operators so appropriate speeds and clearance can be adopted 

when cetaceans are nearby. 

Construction and 

Operation 

A6 To reduce the potential for noise impacts on marine fauna 

(specifically marine mammals) the following should be applied: 

 

Piling Operation Procedures: 

a) Pre-start Observation: Marine mammal observers must visually 

monitor observation and shut-down zones for whales for a minimum 

of 30 minutes before the commencement of piling. 

b) Soft-Start Procedure: If after the 30 minute pre-start observation 

no whale/s have been spotted within the observation or shutdown 

zone a soft start procedure may commence with a gradual increase in 

piling impact energy of no more than 50% of full impact energy for 

10 minutes. The soft start procedure must be implemented after 

breaks in piling driving of 30 minutes or more. 

c) Stand by procedure: If a whale is spotted within the observation 

zone during the soft start procedure the operator of the piling 

equipment must be placed on standby to shut-down the piling rig 

and a trained crew member should continuously monitor the whale/s 

in sight at all times. 

d) Normal Piling Procedure: If no whale/s has been sighted during the 

soft-start procedure full impact piling may commence. 

The use of bubble curtains around areas of piling could also be 

adopted to reduce noise impacts on marine fauna. 

 

Shut-Down requirements: 

a) If visibility is poor and the marine mammal observer is unable to 

Construction 
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No. Mitigation Measure Phase 

clearly identify objects to the full observation zone distance, a vessel 

or aircraft search must be conducted or the action postponed until 

visibility has improved. 

b) Piling is not permitted between 6.00 pm and 7.00 am. 

c) If any whales are spotted within the shut-down zone, piling must 

cease immediately or as soon as safe to do so until the whale/s has 

moved outside of the shut-down zone. 

d) All piling must cease for a minimum of 1 hour after the last 

sighting of a whale within the observation zone. Piling must 

recommence at the prestart observation after the one hour shutdown 

has elapsed. 

A7 The goals of the NSW Invasive Species Plan 2008 – 2015 (NSW DPI 

2008) will be adopted for the Project. 

Construction and 

Operation 

A8 All Contractors will undertake a Vessel Risk Assessment (VRA) prior to 

mobilisation to the site. The VRA may be undertaken by the vessel 

owner / operator. All vessels, floating plant and equipment mobilised 

to site from any place inside or outside of Australia will be subject to 

VRA. The VRA will determine if a vessel inspection is required. 

Contractor(s) will provide the VRA to the Principal four weeks prior to 

mobilisation.   

Construction 

A9 The Contractor(s) will undertake an Invasive Marine Species (IMS) 

Inspection of all vessels assessed in the VRA as uncertain or high risk 

for introduction of invasive marine species. The IMS will be 

undertaken by an appropriately qualified marine scientist with 

experience in biosecurity of marine vessels, floating plant and 

equipment. The Contractor(s) is responsible for arranging the IMS 

inspection and attendance of Fisheries or other suitably qualified 

personnel. 

Construction 

A10 Construction vessel antifouling will be maintained to avoid the 

attachment and potential translocation of invasive species into and 

out of Twofold Bay. 

Construction 

A11 Ballast water management will be implemented: 

 Ballast water exchange by domestic vessels will be avoided. 

 Domestic vessels will manage ballast water in accordance with 

the Australian Ballast Water Management Requirements. 

(Department of Agriculture and Water Resources 2016). 

 Any ballast water exchange from international vessels will be 

undertaken in accordance with the International Convention for 

the Control and Management of Ships' Ballast Water and 

Sediments (BWM) (IMO 2016). 

Construction 

A12 Monitoring and inspection / surveillance of the construction vessels 

and barges will be undertaken in accordance with the Biosecurity Act 

2015. 

Construction 
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6.2 Coastal Processes 

A Coastal Processes Assessment (Appendix B) has been prepared by RHDHV to provide: 

 A description of the existing site conditions relevant to coastal processes. 

 An assessment of potential construction and operational impacts of the attenuator on existing 

key natural features such as Cocora Beach and on existing maritime infrastructure including 

the jetties and mussel farms. 

 Identification of any mitigation measures to reduce the potential impacts.  

6.2.1 Existing Environment 

There is a number of existing site conditions relevant to a consideration of the potential impacts of the 

Project on coastal processes as discussed below. 

Water Depths 

Based on the Aus Chart 192 prepared by the Australian Hydrographic Service, the following describes 

the existing water depths: 

 Water depths generally increase with distance offshore, to depths of about 10m below Chart 

Datum (CD) (-10m CD) off the end of Eden Breakwater. 

 Rocky reef systems extend off each end of Cocora Beach and off the headland east of Cattle 

Bay. 

 There are a number of isolated shallow spots off the headland east of Cattle Bay. These 

shallow spots are likely to be rock pinnacles, such as that observed during the diver inspection 

in January 2013 for a marine ecology survey for the proposed Cattle Bay Marina. 

 Along the proposed alignment of the wave attenuator vary between about -7m CD and -9m 

CD. 

Water Levels 

Still water levels are dominated by astronomical tide. Tidal planes at Eden are shown in Table 6-3, 

relative to both CD and AHD. 

Table 6-3 Tidal Planes at Eden 

Tidal Plane CD AHD 

Highest Astronomical Tide (HAT) 1.90m 0.98m 

Mean High Water Springs (MHWS) 1.40m 0.48m 

Mean High Water Neaps (MHWN) 1.20m 0.28m 

Mean Sea Level (MSL) 0.83m -0.09m 

Mean Low Water Neaps (MLWN) 0.46m -0.46m 

Mean Low Water Springs (MLWS) 0.26m -0.66m 

Lowest Astronomical Tide (LAT) -0.12m -1.04m 

At times of ocean storms, still water levels can be further elevated by the effects of storm surge 

(barometric setup and wind setup) and wave setup (caused by breaking waves). Individual waves also 
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cause temporary water level increases above still water level due to the process of wave run-up or 

uprush. In addition, sea level is also predicted to rise due to climate change (Global Warming). 

OEH has provided an estimate of design ocean still water levels (excluding wave setup and wave run-

up, but including sea level rise) for the NSW coastline for various average recurrence interval (ARI) 

ocean storm events and planning periods, relative to AHD. The values are set out in Table 6-4 for 

planning years 2010, 2050 and 2100. 

Table 6-4 Potential ocean still water levels (excluding wave setup and wave run-up) in NSW for various 

ARI’s and planning periods 

ARI (years) 
Design Still Water (m AHD) 

2010 2050 2100 

0.02 0.97 1.31 1.81 

0.05 1.05 1.39 1.89 

0.1 1.00 1.44 1.94 

1 1.24 1.58 2.08 

10 1.35 1.69 2.19 

50 1.41 1.75 2.25 

100 1.44 1.78 2.28 

Wind Climate 

Wind data is available from two automatic weather stations (AWS) operated by the Bureau of 

Meteorology at Merimbula Airport and at Green Cape. The winds of most significance for the wave 

climate in Snug Cove are those from the south to west sector which blow over the long fetch of up to 

more than 4km and create relatively high local wind waves (sea). 

Wave Climate 

Wave climate at the Project site comprises both local seas, due to winds blowing across Twofold Bay 

from the south to west sector, and ocean swell. Snug Cove is generally well protected from ocean swell 

activity, afforded by headlands at the mouth of Twofold Bay and by Eden Breakwater. The effects of 

ocean swell increase moving west from Snug Cove to Cattle Bay and to Cocora Beach. 

Table 6-5 sets out the one year ARI and 50 year ARI swell wave conditions at three numerical 

modelling output locations; namely the end of the Mooring Jetty, the end of the Cattle Bay Jetty, and 

the middle of Cocora Beach (all in approximately -5m CD water depth). The increase in swell wave 

climate with distance westwards is clearly evident. 

Table 6-5 Incident Wave Climate – Ocean Swell 

Location 

                                       ARI (years) 

1 2 Offshore 

Direction 

Hs(m) Tp(s) Hs(m) Tp(s)  

Mooring Jetty 0.03 13.4 0.05 14.9 ESE, E 

Cattle Bay Jetty 0.42 11.8 0.56 13.3 ESE, E 

Mid Cocora Beach 1.45 10.1 1.82 11.9 ESE 

Hs = significant wave height, which is the average height of the one-third highest waves of a given wave group 

Tp = peak spectral period, which is the wave period associated with the most energetic waves in the total wave 

spectrum 
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Generally, for small craft at a marina, the occurrence of longer period swell is not as critical as the 

shorter period local seas, since the natural period of motion of the smaller marina craft is similar to the 

period of the local seas, for example around three seconds, and thus local seas can accentuate the roll 

and pitch of marina craft. 

Geotechnical Conditions 

The geophysical/geotechnical information shows that the subsurface conditions in Snug Cove 

generally consist of three layers; an interbedded sand with some gravel, overlying a clayey silt, sand, 

silty or clayey sand, overlying a silty clay or weathered bedrock. The individual layer thicknesses are 

variable.  

Bedrock depth along the site appears to be highly variable, reflecting peaks and troughs in the 

bedrock profile resulting from structural reorientation and subsequent differential erosion and 

weathering of the moderately to steeply-dipping metasedimentary rocks. 

Refer to Section 6.11 for further information. 

Existing Structures 

Existing structures in the vicinity of the site include the Eden Breakwater Wharf (to be extended by 

approximately 95m), Mooring Jetty, Multipurpose Jetty and Water Police Jetty. 

There are 46 swing moorings located within Eden Harbour, comprising 41 private swing moorings and 

five commercial swing moorings. Access to the moorings is achieved by dinghies stored along the 

foreshore. Over the past 12 months, Roads and Maritime has arranged for the relocation of six swing 

moorings to facilitate dredging for the Breakwater Wharf Extension Project. 

Cocora Beach 

Cocora Beach is situated to the west of Snug Cove. It is approximately 460m long facing south-east 

and exposed to a low energy swell. The beach is backed by a foreshore reserve and car parking area. 

6.2.2 Potential Impacts 

There would be no construction impacts to coastal processes as a result of the Project. 

Assessment of Impact on Wave Climate 

Numerical modelling was undertaken to assess the impact of the proposed attenuator options on 

wave climate. Modelling has been carried out on behalf of RHDHV by Cardno using two model 

systems (SWAN and MIKE-21 BW). The wave modelling was carried out to address two main issues: 

 The impacts of the Project on Cocora Beach and the Twofold Bay Mussel Farm. 

 The impacts of the Project on the wave climate within Snug Cove. 

The numerical modelling results showed that the implementation of the wave attenuator (options) 

would have only minimal effects on wave height, direction and energy spectral density at both Cocora 

Beach and the Twofold Bay Mussel Farm.  
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The reasons for this are: 

 The proposed wave attenuator is situated in the lee of the Eden Breakwater and therefore is 

relatively sheltered from swell waves. Consequently, the magnitude and subsequent 

propagation of reflected swell is minimal. 

 The wave attenuator is situated farther away from Cocora Beach and the Twofold Bay Mussel 

Farm than the Cattle Bay wave attenuator. The effect of reflected sea waves at those locations 

from the proposed wave attenuator would potentially be less than or equal to reflected waves 

from the Cattle Bay wave attenuator, which previous investigations proved to be minimal. 

Generally, reflected wave heights diminish in proportion to the inverse square of distance from 

a finite-length, reflecting surface. 

The numerical modelling results in relation to wave climate within Snug Cove showed the following: 

 Wave heights at three locations: 

o Wave heights at the end of the Mooring Jetty under existing conditions exceed the 

moderate wave climate criteria but post-attenuator (both options) are reduced such 

that they would satisfy moderate or better. 

o Wave heights at the end of the Multipurpose Jetty under existing conditions exceed 

the moderate wave climate criteria but post-attenuator (both options) are reduced 

such that they would satisfy moderate or better. 

o The one year ARI wave height at the end of the Water Police Jetty under existing 

conditions exceeds the moderate wave climate criteria and essentially is unchanged 

post-attenuator (both options), being within 2%. In the case of the 50 year ARI wave 

height, there is a slight increase in height post-attenuator (both options), of around 

5%, however the wave climate remains ‘moderate. 

 Wave height decrease and increase: 

o The pattern of wave height decrease and increase is generally very similar for the 

floating wave attenuator option and the fixed wave attenuator option. 

o The proposed wave attenuator decreases wave height everywhere in the lee of the 

structure including areas to the south of the Multipurpose Jetty. 

o Wave heights are generally increased on the seaward side of the structure due to 

wave reflections. The most significant area of reflections is seaward of the eastern end 

of the attenuator structure, directed towards the Breakwater Wharf. 

o The reflection of waves (local seas) towards the Breakwater Wharf would not be 

expected to impact adversely on vessels using this structure since such vessels are 

typically large tugs and, in the future, would include cruise vessels, which do not 

respond to the short period local seas. Due to the wave reflections, recreational 

vessels should not be moored along the Breakwater Wharf during strong winds from 

the south to west sector. 

o Wave heights in the area of the Water Police Jetty are in the ‘white zone’ indicating 

changes of less than 10%. 
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 Wave height in the lee of the attenuator: 

o The transmitted wave heights are similar for the fixed and floating attenuator options, 

but that the floating attenuator provides slightly better protection for the area as a 

whole.  

o The above result can be attributed to the fact that the performance of the fixed 

attenuator is more dependent on the overall water (tide) level, and is more 

transmissive during low tides (particularly during spring tide periods). The attenuation 

performance of the fixed wave attenuator option could be improved, if required, by 

extending the pre-cast concrete panel units lower into the water column as part of 

further design development. 

Assessment of Impact on Currents 

Numerical modelling has been undertaken to assess the impact of the proposed wave attenuator 

options on currents (flow) in the vicinity of Cocora Beach and the Twofold Bay Mussel Farm, located 

approximately 500m west and southwest of the proposed attenuator. Modelling has been carried out 

by RHDHV. 

The results show that currents at the Twofold Bay Mussel Farm are unaffected by the presence of the 

proposed Eden wave attenuator (either fixed or floating). Relatively significant effects on currents 

(noting that in general current speeds are low, order of 0.05m/s) are largely confined to the immediate 

surroundings of the wave attenuator (depending on the tidal stage), where flow diverges around (and 

under) the attenuator and converges again some distance away from the attenuator and consequently 

a localised change in direction and increase in current speed occurs. 

Similarly, currents at Cocora Beach are virtually unaffected, showing only minor localised changes in 

current direction some distance away from the water line. It is reiterated that current speeds are very 

low (order 0.01m/s at Cocora Beach). 

6.2.3 Mitigation Measures 

Based on the findings of the assessment, no mitigation measures for the construction phase were 

recommended. Proposed mitigation measures to manage potential impacts are contained in  

Table 6-6 Proposed Coastal Processes Mitigation Measures 

No. Mitigation Measure Phase 

CP1 The loading from waves and, to a lesser extent, tidal and wind driven 

currents as well as propeller wash from tugs and possibly bow thrusters 

from cruise ships will need to be considered in the further design of the 

attenuator with consideration of the difference in magnitude with 

attenuator type (fixed or floating). 

Detailed Design 

CP2 Cocora Beach is sensitive to wave climate, therefore any wave 

attenuator must minimise any alteration to the wave climate along the 

beach, such as alteration to the wave direction (which governs 

alignment) and wave energy, and impact on the outlook from the 

beach. 

Detailed Design 

CP3 Recreational vessels should not be moored along the Breakwater Wharf 

during strong winds from the south to west sector due to expected 

significant levels of reflected wave energy (local seas) from the 

attenuator. 

Operation 
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No. Mitigation Measure Phase 

CP4 Monitoring of wave conditions in the area of the Water Police Jetty 

should be considered (visual) to assess the actual extent in practice of 

wave reflection from the attenuator towards this area, even though 

predicted changes in wave height here are marginal and within the 

order of accuracy of the modelling. 

Operation 

6.3 Water Quality 

6.3.1 Existing Environment 

Twofold Bay is an open oceanic embayment. It has a catchment area of approximately 11km
2
 at an 

average depth of approximately 10.9m (OEH, 2012), making it reputedly the third deepest natural 

harbour in the Southern Hemisphere. Water predominantly circulates around Twofold Bay in a 

clockwise direction, with prevailing winds in the area, in a south-west and north-east direction 

(Advisian, 2016).  

The bay is fed by three key fluvial systems; the Towamba, Nullica and Pallestine catchments. The most 

dominant of the three is the Towamba River, in which peak flows occur during February and March. 

However, average flows for the catchment are somewhat high all year round (ANRA 2009, as cited in 

Advisian, 2016). None of the three riverine systems carry sediment near the Project site, although 

during extreme meteorological events such as flooding as occurred in 2011, a mud plume discharge 

from Towamba River entered and remained at Twofold Bay for several days (A. Felton, 2011, pers. 

comm. cited in Advisian, 2016). The tidal range between Highest Astronomical Tide and Lowest 

Astronomical Tide in Snug Cove is approximately 2.03m (OEH 2015a). 

A baseline water quality monitoring program was undertaken at six sites in Snug Cove, Cattle Bay and 

Twofold Bay (refer to Figure 6-2) by Elgin Associates (2017) on behalf of the Department for the Eden 

Breakwater Wharf Extension Project . Eight rounds of water quality sampling and one round of post 

extreme weather event sampling were collected and analysed between September 2016 and January 

2017. The program provided a baseline of ambient water quality within Twofold Bay for a range of 

parameters.  



  
 

  

 

 

65 

 

 

Figure 6-2 Baseline water quality monitoring sites (Source: Elgin Associates, 2017) 

Elgin Associates (2017) found that turbidity was relatively low (<1.5 Nephelometric turbidity unit 

(NTU)) across all sites throughout the monitoring period with median site-specific turbidity ranging 

between 0.3NTU and 0.9NTU. Outer Twofold Bay (BAY2) consistently had the lowest turbidity (median 

0.3NTU), with waters of Cattle Bay (CB1) and inner Twofold Bay (BAY1) characterised by the highest 

turbidity (median 0.9NTU). Furthermore, surface waters were less turbid than bottom waters across all 

sites. 

Elevated levels of turbidity were observed across all sites during post-event sampling (undertaken on 

25 October 2016) and the subsequent sampling round (undertaken on 1 November 2016) due to 

residual weather effects on the water quality of Twofold Bay. Values in Cattle Bay were recorded as 

high as 7.4NTU during the post weather sampling period. TSS concentrations during this period were 

also in the order of 2mg/L to 3mg/l, whereas typical values of <1mg/l were recorded throughout the 

duration of the program. A single TSS value of 25mg/l was recorded in September 2016, however the 

value was considered anomalous (Elgin Associates 2017). The baseline water quality monitoring also 

confirmed from chemical analysis that tributyltin (TBT) concentrations are very low (<0.02µg/l) in the 

bay. 

Twofold Bay is a significant area for the farming of blue mussels, Mytilus edulis and as a result, several 

mussel lease areas are present. Routine water quality monitoring of temperature, salinity, faecal 

coliforms and phytoplankton is undertaken by Eden Sea Farms, including within Snug Cove, to monitor 

the status of waters nearby these aquaculture facilities. Results of the data collected at Snug Cove 
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between February 2010 and January 2015 was made available to and summarised by OEC (2015) as 

part of their Water Quality Management Plan prepared for the proposed Cattle Bay Marina and is 

presented in Table 6-7.  

Table 6-7 Summary of water quality data 2010-2015 (OEC, 2015) 

Element Values 

Water temperatures (range) 13˚C  to 20˚C 

Water temperatures (average) 18˚C 

Salinity (range) 33.5 parts per thousand (ppt) to 39.3ppt  

(Note: the later result is a seemingly abnormally high 

result recorded in March 2013) 

Salinity (average) 34.8ppt 

(Note: lower end of the normal range for marine waters) 

Faecal coliform levels (range) 83% of values below 10cfu/100ml and 

70% of values below 2cfu/100ml 

Faecal coliform levels (average) 12.4cfu/100ml  

(Note: with three extreme outliers removed, the average 

dropped to 3.9cfu/100ml) 

Baseline phytoplankton data for Twofold Bay, near the northern aquaculture leases is available as 

baseline information and appended to the Water Quality Management Plan (v2) for the proposed 

Cattle Bay Marina (OEC 2015). Natural algal blooms can occur in Twofold Bay, with only one published 

recording of a potentially harmful bloom of Dinophysis acuminata from April 2003 (Ajani et al. 2011 as 

cited in Advisian, 2016). 

Jacobs (2017) prepared a Harmful Algal Bloom (HAB) and Dredging Interaction Assessment following 

the detection in October 2016 of a phytoplankton bloom of Alexandrium sp. in Twofold Bay by the 

NSW Food Authority Shellfish Monitoring Programme. Jacobs (2017) advised that algal monitoring 

data from the past 10 years indicated multiple species of HABs are or have been present within the 

Twofold Bay area. However, there remains dispute over the exact species due to differences in 

taxonomic and molecular classification techniques. Jacobs (2017) concluded that risk of the dredging 

operation for the Eden Breakwater Wharf Extension Project stimulating a HAB is low. 

Marine waters near popular swimming beaches in Eden are routinely monitored under the NSW 

Government’s Beachwatch Program (OEH 2015b). Cocora Beach is the closest beach, approximately 

550m west, to the Project site. The report for 2014-2015 (OEH 2015b) shows Cocora Beach is rated in 

accordance National Health and Medical Research Council’s 2008 Guidelines for Managing Risks in 

Recreational Waters as “Good” quality, with microbial water quality classified as Category B and is 

suitable for swimming most of the time. 

The relevant water quality trigger objectives for the NSW Ocean Waters (South Coast) as they apply to 

protection of aquatic ecosystems, primary contact recreation and aquaculture activities are shown in 

Table 6-8. 
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Table 6-8 Water Quality Guidelines/Objectives relevant to the Project 

Water Quality Parameter 
ANZECC / ARMCANZ 

Guidelines (2000) 

NSW Water Quality 

Objective 

Aquatic Ecosystems 

Biological 

Frequency of algal blooms Not listed 
No change from natural 

conditions 

Bioaccumulation of contaminants Not listed 
No change from natural 

conditions 

Physico-chemical and Nutrients 

Dissolved oxygen 90-110% saturation Not listed 

pH 8.0-8.4 Not listed 

Turbidity 0.5-10NTU 0.5-10NTU 

Total Nitrogen 120µgN/L <120µg/L 

Total Phosphorous 25µgP/L <25µg/L 

Chlorophyll-a 1µg/L Not listed 

Toxicants (ANZECC / ARMCANZ Guideline trigger values are at the 95% protection level) 

Cadmium (Cd) 5.5µg/L Not listed 

Chromium (Cr) 4.4µg/L Not listed 

Copper (Cu) 1.3µg/L <1.3µg/L 

Nickel (Ni) 70µg/L Not listed 

Lead (Pb) 4.4µg/L <4.4µg/L 

Zinc (Zn) 15µg/L <15µg/L 

Mercury (Hg) (inorganic) 0.4µg/L Not listed 

Tributyltin 0.006µg/L Sn Not listed 

Primary contact recreation 

Biological 

Faecal coliforms Median over bathing season of 

less than 150 faecal 

coliforms/100 mL 

Median over bathing 

season of less than 150 

faecal coliforms/100mL with 

4 out of 5 samples 

<600/100mL (minimum of 

5 samples taken at regular 

intervals not exceeding one 

month) 

Enterococci Median over bathing season of 

less than 35 enterococci/100 mL 

Median over bathing 

season of less than 35 

enterococci/100 mL 

(maximum number in any 

one sample = 100 

organisms/100 mL) 

 

Physico-chemical 

Visual clarity Natural visual clarity should not 

be reduced by more than 20%. 

Horizontal sighting of a 200mm 

diameter black disc should 

200mm diameter black disc 

should be able to be 

sighted horizontally from a 

distance of more than 1.6m 
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Water Quality Parameter 
ANZECC / ARMCANZ 

Guidelines (2000) 

NSW Water Quality 

Objective 

exceed 1.6m (approximately 6NTU) 

pH pH of the water should be within 

the range of 5.0-9.0 assuming 

that the buffering capacity of 

the water is low near the 

extremes of the pH limits 

Not listed 

Temperature 15-35˚C (for prolonged 

exposure) 

Not listed 

Salinity (total dissolved solids) <1,000,000µg/L Not listed 

Surface films Oil and petrochemicals should 

not be noticeable as a visible 

film on the water nor should 

they be detectable by odour 

Not listed 

Toxicants 

Arsenic (As) 50µg/L Not listed 

Cadmium (Cd) 5µg/L Not listed 

Chromium (Cr) 50µg/L Not listed 

Copper (Cu) 1000µg/L Not listed 

Nickel (Ni) 100µg/L Not listed 

Lead (Pb) 5 µg/L Not listed 

Zinc (Zn) 5000µg/L Not listed 

Mercury (Hg) 1µg/L Not listed 

6.3.2 Potential Impacts 

Water-based construction activities that have the potential to affect water quality include: 

 Piling works, including rock socketing. 

 Drilling muds and cuttings excavated by piling activity releases. 

 Construction vessels movements and anchoring/mooring of, including barges and tug/tow 

vessels. 

 Wave attenuator infrastructure installation. 

 Site-based laydown area activities and water run-off from these areas. 

The primary water quality impacts which may arise during construction are localised and short term 

increases in turbidity in the immediate vicinity of piling activities which is proposed for both attenuator 

structures types and from the accidental release of drilling muds and cuttings. Any sandy sediment 

disturbed by piling is expected to be highly localised and fall rapidly to the seafloor (i.e. within hours of 

the work). No formal water quality monitoring is considered necessary for the Project. 

Rock socketing may also generate localised and short term increases in turbidity in the immediate 

vicinity of the piling activities. Any excess fine sediment generated by the socketing has the potential 
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to create small turbid plumes and should dissipate quickly and would not likely present a risk to the 

local marine environment. 

Any vessel-based activities may pose a risk of accidental hydrocarbon spills and associated 

environmental damage. These risks can be effectively mitigated and minimised where spills and leaks 

contingency plans are implemented, and rigorous training occurs and stringent operational practices 

(e.g. regular maintenance) and response planning are in place. The likelihood of a significant spill of 

fuel or oil in Snug Cove during construction is considered quite low, and the most likely scenario is an 

accidental spill of <20L should be able to be effectively contained and removed before impacting 

marine biota or settling to the seabed. Therefore with the recommended mitigation measures in place 

the overall level of risk of this impact is low.  

The risk of impact to mussels and the nearby aquaculture facilities associated with elevated levels of 

turbidity from construction activities, and spills from construction vessels is considered to be very low. 

Land-based activities also have the potential to affect water quality in the case of accidental spills into 

the waterway, or from storm-water runoff. The land-based component of the Project does not involve 

any earthworks or changes to existing structures. Where appropriate levels of education, housekeeping 

practices (including separation, management and disposal of waste) are implemented and waste and 

recycling depositories made available for the Project, the likelihood of contaminated stormwater as a 

result of the Project entering waters should be very low. 

There are no significant operational impacts expected to arise from the Project except for potential 

pollution from vessels used during maintenance of the wave attenuator. These risks would be 

effectively mitigated and minimised as part of the Operational Environmental Management Plan 

(OEMP) developed and implemented for Project.   

6.3.3 Mitigation Measures 

Proposed mitigation measures to manage potential impacts are contained in Table 6-9. Mitigation 

measures that are proposed to reduce potential waste impacts are contained in Section 6.14.3.    

Table 6-9 Proposed Water Quality Mitigation Measures 

No. Mitigation Measure Phase 

WQ1 The following general construction mitigation measures are to be 

adopted by the Contractor(s) to reduce impacts on water quality: 

 All construction equipment and vessels will be inspected by 

qualified personnel prior to commencement of work, to reduce 

the risk of hydrocarbon spills or leaks. 

 Containment measures will be utilised to minimise spillage 

associated with pile replacement or repair, grouting and 

concreting. 

 A turbidity curtain with a minimum drop of 4m will be used locally 

around the perimeter of pile drilling works to limit the spread of 

plumes generated by drilling activities. Drilling spoil and cuttings 

will be deposited at seabed level within the site and contained 

within the turbidity curtain. 

 Portable toilets will be emptied on a regular basis using licenced 

service provider and human waste disposed of to a local sewage 

treatment plant. 

 Spill response kits (including hydrocarbon booms) will be located 

around the construction site and on-board construction vessels to 

Construction 



  
 

  

 

 

70 

 

No. Mitigation Measure Phase 

facilitate containment of any water based spills. 

 The existing dedicated oil spill recovery area at the landward end 

of the Breakwater Wharf, containing spill containment booms and 

chemical absorbent materials will be maintained and operated by 

PANSW. 

 Environmentally friendly/water based drilling muds will be used 

for pile drilling activities. 

 Industry standards, PANSW and pollution prevention regulations 

will be adhered to during refuelling, transfer, storage and 

handling of hazardous materials. 

 The lowest volumes of hydrocarbons (oil, grease, petrol and 

diesel) practicable will be stored on-site. 

 Chemical storage areas will be bunded and chemicals will be 

stored in accordance with the products Safety Data Sheet (SDS) 

and AS 1940 on board construction and dredging vessels, and 

land-based construction areas. 

 Vessels (self-propelled and unpowered) will have adequate on-

board communication, containment, drainage, bunding and 

monitoring systems to prevent discharges of unauthorised 

effluents. 

 Bunkering standard operating procedures will be implemented. 

 Spill response strategy and procedures will include the contact 

details of the relevant authorities to be notified in the event of a 

spill, including the PANSW. 

 Appropriate sediment and erosion management controls to 

minimise water quality impacts from surface runoff are to be 

implemented by the Contractor(s) in accordance with Managing 

Urban Stormwater: Soils and Construction Volume 1 (Landcom, 

2004). All erosion and sediment controls are to be in place prior 

to the commencement of any landside works, inspected regularly 

and maintained throughout construction, and removed only once 

all disturbed areas have been reinstated. 

 Weather and tide forecasts will be checked regularly during 

construction. Where flooding is forecast to the work area, all 

equipment and materials will be removed from the landside 

construction zone or appropriately secured above expected flood 

levels in the area. 

WQ2 The following general mitigation measures are to be adopted by the 

Contractor(s) to reduce operational impacts on water quality: 

 Vessels (self-propelled and unpowered) will have adequate on-

board communication, containment, drainage, bunding and 

monitoring systems to prevent discharges of unauthorised 

effluents. 

 Appropriate site and project inductions/training will be performed 

detailing the potential water quality impacts and relevant spill and 

emergency response procedures. Contractor(s) to perform regular 

spill response drills. 

 Spill response strategy and procedures will include the contact 

details of the relevant authorities to be notified in the event of a 

spill, including the PANSW. 

Operation 
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6.4 Traffic and Access 

6.4.1 Existing Environment 

Land  

Vehicle access between Eden Town Centre and the Snug Cove port infrastructure is primarily by 

Weecoon Street, Imlay Street and Albert Terrace. A direct access road from Imlay Street connects to 

the Mooring Jetty and northern boat ramp.   

The main public car park located near the Breakwater Wharf consists of 160 parking spaces (including 

five accessible parking spaces) (Advisian, 2016). Additional car parking is located along the northern 

foreshore of Snug Cove. There is a designated cruise ship passenger pick up and drop off area, 

primarily utilised by Tour Operators and Eden Cruises located adjacent to the Gotcha Bait & Burley 

building.  

Pedestrian access between Eden Town Centre to the port is mainly by Warrens Walk, which runs along 

Albert Terrace and connects to the cul-de-sac on Imlay Street.   

Water  

PANSW controls the port and the operation of the Breakwater Wharf, Multipurpose Jetty and Mooring 

Jetty in Snug Cove and the Multi-user Wharf and Woodchip Terminal in Twofold Bay. PANSW has 

responsibility at the port for: 

 Maintenance of safe navigation for shipping. 

 Preservation of the marine environment through the execution of its Port Safety Operating 

Licence (PSOL). Other requirements of the PSOL include the maintenance of navigation aids, 

the provision of pilotage services where required and communication services. 

 Administration of the Dangerous Good regulations. 

 Emergency response for marine-based incidents. 

 Clean up of any environmental spills within the port and coastal waters. 

6.4.2 Potential Impacts 

Construction Impacts  

Land  

It is anticipated that the majority of construction materials would be delivered by water, therefore 

minimising the generation of land based construction traffic. Section 3.3 above provides an estimated 

for both land and water based construction traffic for the Project. 

Approximately 10 to 20 heavy vehicle movements are anticipated for the mobilisation and 

demobilisation periods, and potential delivery of some construction materials during the delivery 

phase. As part of the Breakwater Wharf Extension Project, permitted would to be implemented for this 

Project as follows: 
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1. Princes Highway, Imlay Street (subject to maximum load 20-22 tonnes), Albert Terrace and 

Weecoon Street. 

2. As per 1 above, except for alternative construction routes to detour from use of Imlay Street 

through Eden Town Centre (between Mitchell Street and Chandos Street), as required. 

The land based contractor’s work area would likely be located directly adjacent to the Breakwater 

Wharf. It is noted that the land based contractor’s work area identified adjacent to the Breakwater 

Wharf is the current cruise ship passenger pick up and drop off area. In the event the proposed work 

area is deemed not suitable another more suitable foreshore location owned by the Crown in the Snug 

Cove port precinct would be identified and approved for use prior to the start of work at the Project 

site. A Construction Environmental Management Plan (CEMP) would be prepared that incorporates 

measures to manage the control of traffic and pedestrians during construction works in this location 

during the cruise ship season. 

The land based contractor’s work area would also be used for parking by construction personnel. An 

overflow area for light vehicle parking may be established, if required, in the area immediately adjacent 

to the site. The level of private vehicle traffic in conjunction with the heavy vehicle traffic is considered 

relatively minor and is not expected to have a detrimental impact on the surrounding road network. 

Water  

Construction marine vessels would be confined to a Marine Construction Zone and Construction 

Vessel Mooring Zone to be defined by the Department in consultation with PANSW for the Project. 

The Marine Construction Zone and Construction Vessel Mooring Zone would be exclusively utilised by 

the Contractor during the works and the Contractor’s would be responsible for the co-ordination for 

the transit of other port user vessels through the designated areas including maintaining access to the 

Multipurpose Jetty.  

In the past 12 months, Roads and Maritime relocated six swing moorings (WV035, WV046, WV052, 

WV063, WV069 and WV087) located within Twofold Bay. Due to the proposed footprint of the wave 

attenuator, a further two swing moorings (WV022 and WV053) may need to be relocated. Consultation 

between The Department and Roads and Maritime would be carried out to confirm the relocation of 

the addition swing moorings prior to the commencement of construction. 

Operational Impacts  

The proposed location of the wave attenuator would not impact the movement of other marine vessels 

throughout Snug Cove. In accordance with the Project End User Requirements outlined in Section 2.2 

of this REF, the location of the wave attenuator is to be located a minimum distance of 160m from the 

fender face line of the Breakwater Wharf cruise ship berth to ensure that current and future operations 

are not impacted.  

The proposed wave attenuator would be fixed with navigation lighting for maritime safety purposes, to 

ensure operation of the wave attenuator does not adversely impact other port users.  

There will be a small number of vessel and private vehicle movements associated with maintenance of 

the wave attenuator once operational. 

6.4.3 Mitigation Measures 

Proposed mitigation measures to manage potential impacts are contained in Table 6-10.  
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Table 6-10 Proposed Traffic and Access Mitigation Measures 

No. Mitigation Measure Phase 

T1 The Contractor(s) will prepare and implement a CEMP addressing 

construction traffic and access management. The CEMP will contain 

measures to address the following:  

 Identify roads to be utilised as part of construction and 

measures to ensure construction vehicles follow the routes. The 

entry and egress routes for construction vehicles would be 

selected from the following permitted routes: 

1. Princes Highway, Imlay Street (subject to maximum load 20-

22 tonnes), Albert Terrace and Weecoon Street. 

2. As per 1 above, except for alternative construction routes to 

detour from use of Imlay Street through Eden Town Centre 

(between Mitchell Street and Chandos Street), as required. 

 Identify and implement marine construction and vessel mooring 

zones and measures to delineate these areas to ensure 

protection of construction vessels and existing and future port 

users where may be required by the Harbour Master. 

 Measures to maintain access to the Multipurpose Jetty or other 

arrangements for vessels utilising this jetty.  

 Measures for safe passenger access, if cruise ships moor in 

Twofold Bay and tenders to and from the Port of Eden operating 

during construction.  

 Measures to minimise disruption to Port businesses including 

maintenance for pedestrian and vehicle access and parking and 

provision of directional signage.  

 Measures, where required, to physically separate pedestrian and 

construction vehicle movements, such as temporary barriers. 

 Minimise traffic associated with construction activities. 

 Whilst construction vehicles use Council local roads: 

o Any Oversize/Overmass or Performance Based Standards 

permits required during the period of construction will be 

submitted to the National Heavy Vehicle Regulator (NHVR) 

for approval. 

o Where any part of the vehicle, including its load or any 

equipment, exceeds 4.9m in height, approval will be obtained 

in writing from Essential Energy. This approval will be 

obtained and complied with in addition to any other 

clearance requirements in force along the route. 

o Vehicles will remain on the sealed section of carriageway for 

the entirety of its journey when practical. 

o Trucks will enter and leave the Site in a forward direction 

where possible. 

o Exhaust brakes will not be used in built up areas. 

o For any over-dimension loads, two additional pilot vehicles 

will accompany the permit vehicle from the Mitchell 

Street/Princes Highway Roundabout to the site. 

 Erect direction and speed signage as required. 

 Ensure all vehicles are properly maintained so emissions are 

within legal limits. 

Pre-Construction 

and Construction 
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No. Mitigation Measure Phase 

 Ensure vehicles keep within legal and Site speed limits. 

 Retain access for existing commercial users of the port. 

 Use broadband reversing alarms on all vehicles where reversing 

alarms are fitted to muffle the noise. 

 Consultation with PANSW during construction to ensure 

maintenance of safe navigation for shipping. 

T2 The Contractor(s) will prepare and implement any management 

plan(s) that may be required in a Harbour Master Approval for the 

Project. 

Pre-Construction 

and Construction 

T3 The Principal will undertake an offsite Dilapidation Survey prior to 

construction and an offsite Dilapidation Survey post construction for 

roads outside of the site and that are within Eden that will be 

traversed by construction traffic. 

Pre-Construction 

and Post-

Construction 

T4 Movement of vessels will be in accordance with Harbour Masters 

directions. 

Construction and 

Operation 

6.5 Visual Amenity 

A Landscape Character and Visual Impact Assessment (LCVIA) was completed by Clouston Associates 

(CA) (2017) to determine if the proposed wave attenuator would result in any impacts to the visual 

catchment of Snug Cove and Twofold Bay, including to what extent any mitigation measures might be 

available and effective (refer Appendix C). CA (2017) assessed the potential impacts of both a fixed and 

floating wave attenuator. 

The LCVIA takes into account all possible effects of the proposed wave attenuator, including the 

change to landscape, views and visual amenity (CA, 2017). The significance of impact was determined 

by a process of reasoning, based upon analysis of the baseline conditions, identification of receptors 

(viewers) and assessment of their sensitivity, as well as the magnitude of the changes proposed (CA, 

2017).  

The methodologies utilised by CA (2017) to assess the visual impact of the Project are consistent with 

the Guidelines for Landscape Character and Visual Impact Assessment (EIA-N04) published by Roads 

and Maritime and Appendix D of the Sydney Harbour Foreshore and Waterways Area (SHFWA) 

Development Contribution Plan published by DP&E (CA, 2017). 

6.5.1 Existing Environment 

Snug Cove is a semi enclosed harbour landscape with elevated views across the harbour (CA, 2017). A 

number of public spaces adjoin the harbour, including streets, footpaths, elevated foreshore walks, 

parks and wharves (CA, 2017). The existing visual environment is identified to be a harbour foreshore 

(CA, 2017). 

The “Bundian Way” is a 265km shared historic pathway between Targangal (Kosciuszko) and Bilgalera 

(Fisheries Beach) (Advisian, 2016). A more accessible route has also been proposed called the Touring 

Route, which would follow the coastline through Cattle Bay and to the north of Snug Cove. It continues 

north via Aslings beach by crossing Imlay Street. The Touring Route would have a direct view to the 

visual catchment of Snug Cove.  

A portion of residential dwellings along By Street and Weecoon Street and northwest on Cocora Street, 

Imlay Street and Victoria Terrace would also have a viewpoint towards the footprint of the proposed 

wave attenuator (refer to Figure 3.1 of Appendix C) (CA, 2017).  
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6.5.2 Potential Impacts 

During the construction phase of the Project, construction machinery such as cranes, barges, laydown 

areas on land, hoarding, signage, fencing and additional vehicles would likely result in a visual impact 

to Snug Cove (CA, 2017).  However, such impacts would be temporary.  

CA (2017) identified nine viewpoints for the assessment of the operation of the proposed wave 

attenuator, including: 

1. Weecoon Street, looking west. 

2. By Street, looking north-west.  

3. Eden Wharf, looking north-west. 

4. Multipurpose Jetty, looking west.  

5. Mooring Jetty, looking south.  

6. Vitoria Terrace, looking south-west.  

7. Clifftop walk, looking south (Bundian Way).  

8. End of Foreshore Path, looking south.  

9. Cocora Beach, looking east.  

The visual impact of the Project is based on themes of magnitude and sensitivity, recorded using a six 

band scoring system from Negligible to High (CA, 2017) as shown in Figure 6-3.  

 

Figure 6-3 Visual impact rating scale (CA, 2017) 
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The visual impact of the proposed wave attenuator on each of the viewpoints is outlined in Table 6-11 

below. Figure 6-4 and Figure 6-5 provide a visual representation of the anticipated visual impact at 

each of the nine viewpoints across Snug Cove and Twofold Bay.  

Table 6-11 Visual impact of the proposed wave attenuator on typical viewpoints (CA, 2017) 

Viewpoint Receptor Type  Visual Impact  

1 Public Road Low 

2 Public Road Low 

3 Marine Facility Moderate/Low  

4 Marine Facility Moderate/High  

5 Marine Facility  Moderate  

6 Public Lookout Moderate/High 

7 Road/Residential Moderate/High 

8 Foreshore Pedestrian Moderate  

9 Public Domain  Moderate/Low 

 

Figure 6-4 Visual impact of the wave attenuator on the typical viewpoints across Snug Cove (Source: CA, 

2017) 
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Figure 6-5 Visual impact of the wave attenuator on the typical viewpoints across Twofold Bay (Source: CA, 

2017) 

The key findings of the LCVIA (CA, 2017) in relation to visual assessment of the proposed wave 

attenuator are as follows: 

 The Project would be visibly evident from a number of public domain views, principally from 

water based structures and shoreline and from elevated land to the northwest and southeast. 

 The wave attenuator, whether fixed or floating, would have varying impacts, ranging from Low 

to Moderate/High dependent on the viewpoint and the state of tide. 

 Based on viewer angle and tidal state neither attenuator type, floating or fixed, can be said to 

be of lesser or greater overall visual impact than the other. 
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 The higher visual impacts are generally those from the closest viewpoints, i.e. within 200m to 

500m of the site. 

 The level of sensitivity to visual change is greatest for public and private receptors in close 

proximity to the site. 

 The receptor types more likely to experience a higher level of visual impact would be tourists 

and holiday makers (on water and land), local recreational walkers and residents within the 

view catchment. 

 Navigational hazard lighting would not increase the visual impact of either attenuator type by 

day or night. 

 The overall visual impacts of the Project would be more contributory than primary and are not 

considered to be significant when considering cumulative impacts or would not substantially 

compromise the existing landscape character of the port and Eden. 

Photomontages indicating how the Project may look within the existing landscape were prepared for 

two selected viewpoints (4 and 5) for a floating and a fixed wave attenuator structure at the Project site 

and are contained in Appendix A of the LCVIA. 

6.5.3 Mitigation Measures 

Considering the key benefits of the Project outline in Section 1.1.2, avoidance measures are not 

considered applicable (CA 2017). Minimisation (or reduction) of the visual impact by refining or 

modifying the built form of the wave attenuator is also not considered applicable, due to the technical 

nature of the structure (CA 2017). Compensation measures, such as providing screening to key public 

domain viewpoints, is not recommended as this might exclude views to Snug Cove and Twofold Bay 

(CA, 2017).  

To alleviate the visual impact of the wave attenuator two mitigation measures are recommended by CA 

(2017) and are set out in Table 6-12.   

Table 6-12 Proposed Visual Amenity Mitigation Measures 

No. Mitigation Measure Phase 

V1 A standard grey Portland Cement will be employed for all concrete 

elements, which will eventually weather to more muted tones to 

blend with the background landscape. 

Detailed Design 

V2 The wave attenuator structure is constructed with minimal use of 

reflective materials. Where painted finishes are to be applied, it is 

recommended that these are of a matt finish where practical, 

including for white caps to pile heads, if these are required. 

Detailed Design 

6.6 Land Use and Property 

6.6.1 Existing Environment 

As described in Section 1.1.2, the location of the wave attenuator structure would be located in Snug 

Cove which is identified as Crown Reserve 180072, managed by the Department on behalf of the 

Crown. PANSW hold a tenure over land, which is Crown Licence 199535. 
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Figure 6-6 below identifies the location of various land tenures in Snug Cove, Cattle Bay and Cocora 

Beach with further details provided in Table 6-13. The Project site is located in reference numbers nine 

and ten (pink and blue sections of Figure 6-6).  

 

Figure 6-6 Map showing Crown and other land and relevant tenures adjacent to Snug Cove and Cattle Bay 

(Source: Department, 2014) 

Table 6-13 Details of Land Tenures in Snug Cove and Cattle Bay  

No.  Identification  Landowner  Tenure  

1 Lot 7010, DP 1071231 Crown Lands - Reserve Nil 

2 Lot 1, DP 1153513 Crown Lands - Reserve Nil 

3 Lot 7008, DP 1065550 Crown Lands - Reserve Nil 

4 Lot 7302, DP 1159036 Crown Lands - Reserve Nil 

5 Lot 7006, DP 1065549 Crown Lands - Reserve Nil 

6 Lot 4, DP 1138056 Bega Shire Council 

Reserve 

Nil 

7 Nil Crown land BMHWM Crown Licence 331336 (Jetty) Eden 

Resort Hotel 

8 Nil Crown land BMHWM Crown Licence 501913 Eden Resort 

Hotel. Note: this licence has 

expired. 

9 Lot 2, DP 747363 Crown land BMHWM Crown Licence 199535 Sydney Ports 

10 Lot 111, DP 839683 Crown land BMHWM Crown Licence 199535 Sydney Ports 
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Existing maritime facilities in Snug Cove include: 

 Breakwater Wharf. 

 Multipurpose Jetty. 

 Mooring Jetty. 

 NSW Water Police Mooring Facility.  

 Fisherman’s Co-Operative ‘T’ Jetty.  

 Cat-Balou Pontoon/Freedom Charters Berthing.  

 Northern boat launching ramp.  

 Southern boat launching ramp.  

 Eden Slipway Services slipway.  

 Commercial and private swing moorings.  

In relation to the Snug Cove foreshore areas, existing buildings and structures include: 

 One and two storey commercial building with shops, cafes, restaurants, art gallery, NSW Water 

Police office, Australian Border Force office and Marine Discovery Centre. 

 Two storey PANSW and NSW Maritime office. 

 Two storey South Coast and Eden Ice Supplies building. 

 Two storey main Gotcha Bait and Burley building. 

 Gotcha Bait and Burley building (pilchard factory). 

 Eden Slipway Services building and storage shed. 

 One storey public amenities building with toilets and showers. 

 Oil Recycling Depot (fenced). 

 Emergency assembly area (fenced). 

6.6.2 Potential Impacts 

Land  

Construction and operation of the proposed wave attenuator, fixed or floating, would not have a long 

term effect on land use and/or property. A temporary land based construction zone would be 

established adjacent to the Breakwater Wharf or a suitable alternate foreshore site would be used for 

the duration of construction of the Project. This would provide a designated area for such ancillary 

facilities as temporary site offices, ablution facilities, workshops, material storage containers and 

laydown areas.   
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Water  

The proposed wave attenuator is considered to be a new structure located on Crown land. The 

proximity and operations of existing maritime facilities has been considered to determine if the 

location of the proposed wave attenuator is the most appropriate use of Crown land.  

The location of the proposed wave attenuator has been selected to provide a safer harbour for local 

and visiting vessels and improve the protection of existing maritime infrastructure within Snug Cove. In 

turn, by providing a safer harbour, this has the potential to enhance Eden’s reputation as a safe 

boating destination which may result in a flow on investment into the Eden region in the maritime and 

tourism sectors. 

A Marine Construction Zone would be defined (refer to Section 6.4.2), which would restrict marine 

construction vessels to operate within the defined area. The Contractor would be required to 

coordinate the transit of other port user vessels through the defined area. A Construction Vessel 

Mooring Zone would also be established to restrict the mooring of marine construction vessels to a 

designated area, in order to limit the impact to other port user vessels.  

In the past 12 months, Roads and Maritime has relocated six swing moorings (WV035, WV046, WV052, 

WV063, WV069 and WV087) located within Twofold Bay. Due to the proposed footprint of the wave 

attenuator, a further two swing moorings (WV022 and WV053) may need to be relocated. The impacts 

of any further relocation would be managed by Roads and Maritime. 

6.6.3 Mitigation Measures 

Mitigation measures for potential land use and property impacts are outlined in Table 6-14. 

Table 6-14 Proposed Land Use and Property Mitigation Measures 

No. Mitigation Measure Phase 

L1 The CEMP will be prepared and implemented to manage the 

impacts of the construction works. 

Pre-Construction 

and Construction  

L2 Relocation of impacted swing moorings will be managed by Roads 

and Maritime within the designated timeframe.  

Pre-Construction  

L3 The defined Marine Construction Zone and Construction Vessel 

Mooring Zone will be implemented to ensure protection of 

construction vessels, aquatic habitats, marine fauna and other port 

users. 

Construction 

6.7 Socio-economic 

A desktop socio-economic impact assessment has been prepared to identify and evaluate the social 

and economic impacts and benefits of the Project. The assessment draws upon the other investigations 

and findings undertaken as part of this REF to understand and assess the potential social impacts, 

including noise and vibration, traffic, transport and access, visual amenity and property and land use. 

6.7.1 Existing Environment 

Population 

The total population of BVSC LGA in 2016 was 33,946 (Community ID, n.d). The total population of 

Eden in 2016 was 3,151 (ABS, 2017). The median age of Eden was 51 years, with people 65 years of age 
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or over making up 27.7% of the population (ABS, 2017). In total, 7.2% of the population is indigenous 

(ABS, 2017).   

Transport and Access  

Eden is located on the Princes Highway (A1). Imlay Street and Albert Terrace is the primary route from 

Eden Town Centre to Snug Cove. Princes Highway connects to Imlay Street, which then connects to 

Albert Terrace adjacent to Snug Cove. Public car parking located at Snug Cove facilitates 160 parking 

spaces.  

In 2016, 40.8% of the population of Eden owned one motor vehicle, 33.8% owned two motor vehicles 

and 12% owned three or more motor vehicles (ABS, 2017). 

As identified in the 2011 Census (2016 Census data to be released late 2017), common travel methods 

to work for the employed population of Eden are:  

 57.5% drove a car as driver. 

 8.0% drove in car as passenger.  

 7.3% walked.  

 2.7% drove in truck as driver.  

 2.0% caught public transport, specifically a bus. 

Economic Characteristics  

The unemployment rate of Eden is evidence of a struggling local economy. In 2011, the unemployment 

rate of Eden was 8% (Advisian, 2016). Unemployment of the Eden community fell by 3% between 2006 

and 2011 (Advisian, 2016). As identified in Table 6-15, three primary industries in Eden experienced 

poor growth from 2006 to 2011. Note that retail trade, the main employing industry of Eden, 

decreased in growth by 12% during 2006 to 2011.  

Table 6-15 Industry profile of local residents of Eden: 2006 – 2011 (ABS Census) 

Industry 2006 2011 Change 2006 – 

2011  

% Growth (2006 

– 2011)  

Agriculture, 

forestry & 

fishing  

136 83 -53 -39% 

Manufacturing  150 109 -41 -27% 

Retail trade 193 170 -23 -12% 

Tourism Industry  

From April 2016 to March 2017, the South Coast of NSW received approximately 3.6 million domestic 

and 162,000 international overnight visitors (Destination NSW, 2017). This represents a 2.3% increase 

from the previous year, and 15.7% increase from the previous four years (Destination NSW, 2017). In 

total, $1.9 billion was spent in the South Coast by domestic and international overnight visitors during 

this period (Destination NSW, 2017). Tourist visitation in Eden has increased by 13.8% during the years 

of 2009 to 2014 (Advisian, 2016). During 2016 to 2017, 14 cruise ships visited the port. The local Eden 
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community value the benefits from cruise ship tourism as it provides positive cash flow to the local 

economy (Advisian, 2016). Key measures for the LGA are outlined in Table 6-16.  

Table 6-16 Bega Valley Profile – Destination NSW Key Measures for 2016-2017 (Advisian, 2016) 

Key measures  BVSC LGA  NSW  

Total visitors (overnight and 

domestic daytrip) (000’s) 

797 80, 316 

Total overnight visitors (000’s) 433 28,105 

Total nights (000’s) 1,855 154,563 

Total spend (overnight and 

domestic day trip) ($M) 

262 26,503 

Total overnight visitor spend 

($M) 

231 20,955 

Snug Cove Infrastructure 

As identified in Section 1.1.1, Snug Cove is a dynamic water front with various existing water and land 

uses. The port acts as a base for government, commercial and recreational vessels. Existing social 

infrastructure located in the Port of Eden include: 

 Eden Town Centre including various retail and commercial outlets and holiday 

accommodation.  

 Public open spaces such as Rotary Park, Aslings Beach and Lake Curalo.  

 Eden Golf Course. 

 Eden Killer Whale Museum.  

 Sapphire Coast Marine Discovery Centre. 

 Eden Marine High School.  

 Eden Public School. 

6.7.2 Potential Impacts 

Potential socio-economic impacts resulting from construction of the Project include: 

 Positive impact on and benefit to the local economy as construction of the wave attenuator 

would bring employment (including increased diversity) to the local community and increased 

trade for commercial outlets. 

 Short-term reduction in local amenity due to increased noise and vibration from construction 

activities, such as impact piling as discussed further in Section 6.8.2.  

 Short-term reduction in visual amenity with the movement of construction plant, equipment 

and vehicles. 

 Temporary loss of pedestrian access, parking areas and nearby hardstand areas from the 

presence of a land-based contractor’s work area. 
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 Temporary impact to water vehicle traffic and government and commercial vessel operators 

during construction works. 

 Potential relocation of two further impacted swing moorings. 

Operational impacts of the proposed wave attenuator would be positive to the socio-economic status 

of Eden as it would provide a safer harbour for local and visiting vessels and improve the protection of 

existing maritime infrastructure within Snug Cove, Eden. In turn, by providing a safer harbour, this 

would enhance Eden’s reputation as a safe boating destination which is anticipated to result in flow on 

investment in the Eden region in the maritime and tourism sectors. 

6.7.3 Mitigation Measures 

Mitigation measures for potential socio-economic impacts are outlined in Table 6-17.  

Table 6-17 Proposed Socio-economic Mitigation Measures 

No. Mitigation Measure Phase 

S1 The defined Marine Construction Zone and Construction Vessel 

Mooring Zone will be implemented to ensure protection of 

construction vessels, aquatic habitats, marine fauna and other port 

users. 

Construction 

S2 PANSW will be consulted during construction and operation to 

ensure maintenance of safe navigation for shipping. 

Construction  

S3 Opportunities for local and Aboriginal workforce participation will be 

enhanced during the construction. 

Construction 

6.8 Noise and Vibration 

A noise and vibration assessment was undertaken by Pacific Environment Limited (PEL) and is 

presented as Appendix D. The assessment was based on a worst-case scenario of the Port of Eden 

Redevelopment comprising the Eden Breakwater Wharf Extension Project and a proposed floating 

wave attenuator, with construction and operation of both aspects occurring concurrently, though the 

timing is not expected to occur. 

6.8.1 Existing Environment 

Local Setting 

The Project site is located within the Port of Eden in Twofold Bay and is surrounded by the Eden 

Township to the immediate north, east and north-west. The nearest sensitive receivers are located to 

the east in the Snug Cove commercial area and along By Street. Residential and commercial properties, 

as well as industrial areas are also located nearby to the site. 

Noise Monitoring 

To outline the existing noise environment for the Project and surrounding areas two noise catchment 

areas (NCA) were defined for the Eden township and are shown on Figure 6-7. Attended and 

unattended background noise monitoring was completed by PEL between 10 December and 19 

December 2015. The monitoring was carried out at three separate locations that were considered 

representative of background noise conditions within proximity to the project site, including: 

 L1 – 7 Albert Terrace, Eden.   
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 L2 – 8 By Street, Eden. 

 L3 – 17 Victoria Terrace, Eden. 

Location 1 was selected to be representative of the existing traffic noise conditions as it is located 

adjacent to Albert Terrace. Locations 2 and 3 were in residential areas and were selected to be 

representative of NCA 1 and NCA 2. 

The local ambient noise level was found to consist of discontinuous road traffic and sporadic industrial 

and commercial noise (PEL, 2016). The ambient acoustic environment of Twofold Bay was identified to 

be characteristic of a semi-rural environment with intermitted noise from traffic and commercial and 

industrial activities (PEL, 2016). 

 

Figure 6-7 Noise catchment areas and noise monitoring locations (Source: PEL, 2016) 

Noise Assessment Criteria 

The NSW Industrial Noise Policy (INP) (EPA, 2000) ensures noise generated from industrial sources does 

not adversely impact the surrounding community. The INP suggests establishing an “intrusiveness and 

amenity criteria” when assessing the potential impact of construction noise on the surrounding 

environment. The intrusiveness criteria relates to noise that intrudes above the background noise level 
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and the amenity criteria is defined to protect or maintain noise levels for a particular land use 

(Advisian, 2016).  

The intrusiveness criteria for construction noise impacts can be summarised as follows (PEL, 2016): 

LAeq, 15 minute ≤ rating background noise level (RBL) plus 5 dB(A) 

The criteria applied to residential receivers for the Project is shown in Table 6-18. 

Table 6-18 Intrusiveness Criteria applied to nearby residential receivers (PEL, 2016) 

Period Noise Descriptor – 

dB(A) 

Noise Criteria residential receivers 

NCA 1 NCA 2 

Daytime 7:00am – 

6:00pm 

LAeq, 15 minute ≤RBL 

background noise level 

plus 5 dB(A) 

38 42 

Evening 6:00pm – 

10:00pm  

38 42 

Night 10:00pm – 

7:00am 

37 40 

The amenity criteria is specific to industrial type noise and provides maximum ambient LAeq noise levels 

acceptable within day, evening and night time periods as shown in Table 6-19.  

Table 6-19 Amenity Criteria for suburban, residential, commercial and industrial receivers (PEL, 2016) 

Period Recommended Residential LAeq Noise Level, dB(A) 

Acceptable  Recommended Maximum  

Daytime 7:00am – 6:00pm 55 60 

Evening 6:00pm – 10:00pm  45 50 

Night 10:00pm – 7:00am 40 45 

Period  Recommended Commercial LAeq Noise Level, dB(A) 

Acceptable  Recommended Maximum  

When in use  65 70 

Period  Recommended Industrial LAeq Noise Level, dB(A) 

Acceptable  Recommended Maximum  

When in use  70 75 

 Recommended Passive Recreation LAeq Noise Level, dB(A) 

Acceptable  Recommended Maximum  

When in use  50 55 

 Recommended Place of Worship LAeq Noise Level, dB(A) 

Acceptable  Recommended Maximum  

When in use (internal) 40 45 

When in use (external)*  50 55 

* 10dB correction has been applied to take in account building transmission loss between indoors-outdoors 

according note 4 within INP section 2.2.1. 

Construction Noise 

The NSW Interim Construction Noise Guideline (DECCW, 2009) (ICNG) outlines construction noise 

management levels which have the specific aim of minimising nuisance noise from construction 

activities. The construction noise levels are developed using the unattended measured background 
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noise levels. A summary of the Project specific construction noise management levels is presented in 

Table 6-20. 

Table 6-20 Project Specific Construction Noise Management Levels (PEL, 2016) 

 

Land Use 

Construction Noise Management Level, LAeq, 15 min, dB(A)  
Standard hours Outside of standard hours 

Residential (NCA 1)  43 37 

Residential (NCA 2)  47 40 

Passive recreation 

area  

60 60 

Commercial  70 70 

Industrial  75 75 

Passive recreation 

area  

60 60 

Place of worship  55 55 

Vibration 

Vibration impact can have an effect on both human comfort and building structure. The publication 

Assessing Vibration: A Technical Guideline (NSW EPA, 2006) provides acceptable vibration dose values 

for intermittent vibration such as with construction activities for building occupants. These values for 

locations relevant to the Project are presented in Table 6-21. 

Table 6-21 Acceptable Vibration Dose Values for Intermittent Vibration (m/s
1.75

) 

Location  Daytime
1 

Night Time
2
 

Preferred Value  Maximum Value  Preferred Value Maximum Value  

Critical areas
2
 0.10 0.20 0.10 0.20 

Residences  0.20 0.40 0.13 0.26 

Offices, schools, 

educational 

institutions and 

places of 

worship  

0.40 0.80 0.40 0.80 

Workshops  0.80 1.60 0.80 1.60 
1 Daytime is 7.00am to 10.00pm and night time is 10.00pm to 7.00am.  

 

2 Examples include hospital operating theatres and precision laboratories where sensitive operations are occurring. These criteria are only 

indicative, and there may be a need to assess intermittent values against the continuous or impulsive criteria for critical areas. Source BS 6472-

1992. 

The German Standard DIN 4150-3-1999 Structural Vibration – Part 3 Effects of Vibration on Structures 

is the current accepted guideline in the absence of an Australian Standard. The recommended 

vibration limits to ensure minimal risk of damage to buildings is presented in Table 6-22. 

Table 6-22 Vibration limits for structures 

 Guideline values for velocity (mm/s) 

Type of building 1 to 10 

Hz 

10 to 

50 Hz 

50 to 

100 Hz 

Vibration at horizontal plane of 

highest floor at all frequencies 

Commercial and industrial 

building 

20 20-40 40-50 40 

Dwellings and buildings of 5 5-15 15-20 15 
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 Guideline values for velocity (mm/s) 

similar occupancy or design 

Structures that are sensitive 

to vibration and are of great 

intrinsic value 

3 3-8 8-10 8 

Operational Phase Noise Modelling 

Noise modelling has been undertaken to predict operational noise associated with the Project. A 

summary of the Project specific operational noise management criteria for Scenario 3 (floating wave 

attenuator only with no cruise ship at port) is presented in Table 6-23. 

Table 6-23 Project Specific Operational Noise Management Levels for Scenario 3 (PEL, 2016) 

 

Land Use 

Operational Noise Management Level, LAeq, 15 min, dB(A) 

Standard hours Outside of standard hours 

Residential (NCA 1)  38 38 

Residential (NCA 2)  42 42 

Sensitive Places 50 50 

Commercial  65 65 

PEL (2016) anticipated that noise generated by a floating wave attenuator would comprise of wave slap 

from waves generated in high wind conditions and grinding noise between pontoon sections as the 

pontoon sections move with swells. It is considered that the potential main noise generator for a fixed 

wave attenuator would be wave slap from waves hitting the panels. A quantitative assessment of wave 

slap was not considered necessary mainly due to masking of the noise source. Estimates for the 

modelling of grinding noise were set using an overall sound power level of 83dB(A).  

6.8.2 Potential Impacts 

Construction 

For the purpose of construction noise modelling, PEL (2016) established four distinct scenarios. 

Scenario 3 includes impact piling for the purpose of the construction of the Breakwater Wharf 

Extension and a floating wave attenuator structure. The noise emission of impact piling was assessed 

during a 5.5 minute period for the worst case scenario (continuous operation). 

The duration of the construction phase would be approximately six months for a floating wave 

attenuator and approximately nine months for a fixed wave attenuator. All construction works would 

be undertaken during standard construction hours. It is anticipated that impact piling associated with 

the construction of either wave attenuator (fixed or floating) would have a limited duration during 

daytime periods that would provide surrounding residential receivers with adequate respite periods. In 

this REF, it has been assumed that the noise levels predicted by PEL (2016) can apply to both 

attenuator types, as noise levels are typically similar with the key differences being duration of the 

construction phase and number of piles likely required.  

Table 6.5 of Appendix D identifies the predicted construction noise levels for a floating wave 

attenuator (PEL, 2016) at the worst case (maximum sound levels) under the respective meteorological 

conditions evaluated. It is predicted that Scenario 3 (impact piling) would have the highest predicted 

noise level, where exceedances at a number of sensitive receivers are anticipated to be highly intrusive 

(i.e. >30dB(A)) and highly noise affected (i.e. >75dB(A)). 
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The predicted vibration levels to determine any building damage impacts for the Project are based on 

separation distance. The modelling predicted that vibration levels would not cause any structural 

damage at the nearest residential receiver, which is approximately 300m from the wave attenuator 

works. Vibration levels on adjacent hillsides could potentially reach between 2mm/s to 3mm/s during 

piling at refusal, however the typical levels expected would be less than 1mm/s which would not 

impact on existing structures. 

Two different pile driving scenarios have been assessed, these include normal pile driving and to 

refusal to calculate human comfort predicted values. Vibration levels for both scenarios are predicted 

to be below guideline levels and are expected to not have an adverse impact on nearby receivers in 

terms of human comfort. 

Predicted vibration levels for the Project are considered conservative. Predicted levels should be tested 

through monitoring trials at the commencement of the piling works. 

Road traffic generation from the construction works that would be undertaken during standard hours 

are expected to cause negligible noise impacts. 

Underwater noise emissions associated with mainly piling activities have the potential to adversely 

impact marine fauna. Potential impacts to marine fauna have been addressed in Section 6.1 of this REF. 

Operation 

PEL (2016) predicted that for Scenario 3, noise from the movement of the floating attenuator would 

potentially be audible from sensitive receptors nearby during periods of lower background ambient 

noise. Scenario 3 relating to grinding noise from the wave attenuator is predicted to reach a maximum 

of between 23dB(A) to 24dB(A). 

The operational noise modelling results by PEL (2016) indicate that a floating wave attenuator is not 

anticipated to result in adverse noise impacts to nearby sensitive receivers given the predicted 24dB(A) 

is below the operational noise criteria identified in Table 6-23. It is considered that this same 

conclusion can be expected for a fixed wave attenuator that would not be subject to grinding noise. 

6.8.3 Mitigation Measures 

Proposed mitigation measures to manage potential construction impacts are contained in Table 6-24. 

Mitigation measures that are proposed to reduce potential noise impacts for marine mammals are 

contained in Section 6.1.4.    

Table 6-24 Proposed Noise and Vibration Mitigation Measures 

No. Mitigation Measure Phase 

NV1 The Contractor(s) will prepare and implement a CEMP addressing 

construction noise and vibration management including detail for a 

targeted range of management and monitoring options of noise from 

construction activities. 

Pre-Construction 

and Construction 

NV2 The Contractor(s) will provide respite periods where noise exceeds 

the Highly Affected Noise level of 75dB LAeq, 15 minute. The timing of 

respite is to be determined by the Principal in consultation with the 

Community Liaison Group. 

Pre-Construction 

and Construction  

NV3 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

amenity through source controls: 

Construction 
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No. Mitigation Measure Phase 

 Where possible, plant and equipment will be selected that can 

be fitted with options to minimise noise such as covers, mufflers, 

shrouds and other noise suppression equipment.  

 Plant and equipment will be turned off and not left idling when 

not in use. Anchorages and moorings are to be used for boats 

or other water craft if necessary. 

 Plant and equipment will be operated in accordance with 

industry standards and have been serviced as per manufacturer 

specifications. 

 Noisy plant and equipment will be oriented away from sensitive 

receivers where possible. 

 Temporary screens or other items that provide a noise buffer 

(including plant and equipment) will be used proximate to noise 

sources. 

 Low noise emission plant and equipment will be selected where 

available. 

 Broadband reversing alarms or similar will be used as an 

alternative to a traditional beeper reversing alarm for vehicles 

permanently on-site.  

 Plant and equipment will be well maintained and serviced 

regularly to ensure it is not generating excessive noise. 

 Tools will not to be dropped from a height onto hard surfaces. 

NV4 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

amenity through administration controls: 

 The use of horns and alarms will be minimised. 

 The staff and visitor induction protocols will include awareness 

of noise generating activities and mitigation measures and 

techniques that should be implemented. 

 Training will be conducted for appropriate community 

behaviours when access/egress the site. 

Construction 

NV5 The following general construction mitigation measures will be 

implemented by the Principal to reduce the impacts on noise amenity 

through community management: 

 The community will be notified by the Principal one week prior 

to noise intensive activities commencing, such as piling.  

 The community will be informed by the Principal one week prior 

to any planned out of hours work commencing.  

 A complaints procedure will be implemented by the Principal 

and contact details provided to potentially affected residents 

and businesses in the area. 

 The Principal complaints procedure will include a record of 

complaints indicating cause and measures taken to 

resolve/minimise cause. 

Construction 

NV6 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

amenity through site controls: 

 Works will be scheduled to minimise the number of noisy plant 

and equipment operating at any one time. 

 Construction activities will be planned to minimise vehicular 

movements around the site.  

Construction 
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No. Mitigation Measure Phase 

 Arrange worksites will avoid or minimise reversing movements 

and where possible, ensure vehicles enter and exit work sites in 

a forward direction. 

NV7 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts of vibration: 

 High vibration methods will be substituted with lower vibration 

methods where possible. 

 Alternatives to high vibration plant and equipment will be used 

where possible. 

Construction 

NV8 The following general construction monitoring will be implemented 

by the Contractor(s) to reduce the impacts of vibration due to piling: 

 The Contractor(s) will monitor the piling-induced vibration at 

the nearest receivers at the commencement of piling works to 

ensure the actual vibration is within the limits in the Assessing 

Vibration: A Technical Guideline and the German Standard DIN 

4150-3-1999 Structural Vibration – Part 3 Effects of Vibration on 

Structures. 

Construction 

6.9 Air Quality 

An air quality assessment was completed by PEL (2016) part of the Noise, Vibration and Air Quality 

Assessment for the Port of Eden Redevelopment (2016) and is contained in Appendix D. This included 

an assessment of existing air quality data supplied by OEH.  

For the construction impacts to air quality, a qualitative approach was used rather than applying 

specific modelling techniques (PEL, 2016) as construction related activities are expected to have 

limited, and transient impacts on air quality.  

6.9.1 Existing Environment 

Meteorology 

Table 6-25 below provides meteorological data obtained from the Bureau of Meteorology’s Merimbula 

Airport AWSs from the period of 1998-2017. The Merimbula Airport AWS is the closest AWS to the 

Town of Eden (approximately 27 km), and therefore can be considered indicative to the weather 

experienced at the Project site.  

Table 6-25 Average monthly climatic conditions for Merimbula Airport AWS during the period of 1998 - 

2017 (Bureau of Meteorology, 2017) 

Month  Mean Daily Temperature  Mean Monthly 

Rainfall (mm)  

Mean Monthly Rain 

Days (≥ 1mm) Min (°C) Max (°C) 

January  15.2 24.8 62.6 6.5 

February  15.2 24.7 86.5 6.1 

March 13.6 23.6 75.5 5.9 

April  10.9 21.6 69.8 6.0 

May  7.6 19.2 49.7 3.9 

June 5.7 16.9 76.8 5.8 

July  4.1 16.6 47.2 4.2 

August 4.8 17.4 46.4 4.9 

September 6.9 19.4 33.6 6.2 
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Month  Mean Daily Temperature  Mean Monthly 

Rainfall (mm)  

Mean Monthly Rain 

Days (≥ 1mm) Min (°C) Max (°C) 

October 8.9 20.7 33.6 7.3 

November  11.8 21.6 26.0 7.9 

December   13.6 23.3 57.3 6.7 

Background Air Quality Concentrations 

An ambient air quality network is facilitated by OEH, which provides up to date information regarding 

air quality in Sydney and regional NSW. The closest air quality monitoring station to the Project site is 

Albion Park South station, located some 360km north of the Project site.  

PEL (2016) identify air quality of Albion Park South station to be good, however air quality can be 

impacted by isolated high pollution days or extreme weather events. The local air emission sources in 

proximity to the Project were also investigated using the web tool provided by the National Pollution 

Inventory (NPI) which found that the background air quality in the study area is anticipated to be 

without significant impact from human activities. 

Air quality data from Albion Park South station for 2015-2016 is provided in Table 6-26 below. This 

includes annual background air quality concentrations for particulates of Sulfur dioxide (SO2), Nitrogen 

dioxide (NO2), Particulate Matter ≤10µm (PM10) and Particulate Matter ≤2.5µm (PM2.5).   

Table 6-26 Air Quality at Albion Park 2015-2016 (Source: OEH, 2015) 

 Annual Average (ppm) 

Year  SO2 NO2 PM10 PM2.5 

2015 0.1 0.3 14 N/A 

2016 0.1 0.4 14.9 7.1 

6.9.2 Potential Impacts 

Impacts to air quality would primarily occur from exhaust emissions from the use of diesel powered 

construction vessels and fugitive refuelling emissions. Fugitive refuelling emissions are predicted to be 

minor (PEL, 2016) as a result of construction works at the site. Dust is not likely to be generated from 

the construction of the wave attenuator as a maritime structure, or for land-based activities and 

therefore was not considered to be a potential impact to air quality.  

There is no operational air quality impacts expected from either a fixed or floating wave attenuator. 

6.9.3 Mitigation Measures 

Proposed mitigation measures to manage potential construction impacts are contained in Table 6-27.  

Table 6-27 Proposed Air Quality Mitigation Measures 

No. Mitigation Measure Phase 

AQ1 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts to air 

quality: 

 All plant and equipment used during the construction works will 

be regularly maintained to comply with the relevant exhaust 

guidelines. 

 Any visible and persistent dark emissions from vessel exhausts 

Construction 



  
 

  

 

 

93 

 

No. Mitigation Measure Phase 

will be reported and the equipment repaired or replaced as soon 

as practicable. 

 All operations and activities occurring at the premises will be 

carried out in a manner that will minimise the emission of dust 

from the premises. 

AQ2 Comprehensive vessel/ship refuelling procedures will be 

implemented by the Contractor(s) to avoid or reduce the possibility 

of release. Include as a minimum requirements for: 

 Adhering to all PANSW pollution regulations. 

 Refuelling during daylight hours where possible, depending on 

sea conditions. 

 Training personnel involved with refuelling or fuel transfer in 

their roles, functions and responsibility, including emergency 

response. 

 Maintaining open communication channels. 

 Deploying spill prevention systems in accordance with 

established procedures and regulatory requirements 

 Maintaining emergency response equipment to ensure that it is 

readily available. 

Construction 

6.10 Heritage 

6.10.1 Existing Environment 

Aboriginal Heritage 

The Project site lies within the territory of the Thaua people, a sub-group of the Yuin Nation (Advisian, 

2016). Their land extends from Green Cape to the north of Merimbula, and west to the Great Dividing 

Range (Advisian, 2016). Occupation of the Thaua people is thought to extend to at least 6,000 years 

ago (Advisian, 2016).  

The first recorded contact between Indigenous Australians of the area and Europeans occurred when 

Matthew Flinders landed at Snug Cove in September 1798 (Advisian, 2016). During the 1930’s, a 

significant whaling industry was established at Twofold Bay. Local Aboriginal people played a key role 

in this industry by providing their hunting skills (Advisian, 2016). As European settlement expanded 

during the 1880’s, Aboriginal people primarily lived in fringe camps around the European settlements 

(Advisian, 2016). Throughout the 1940’s and 1950’s, Aboriginal people gained seasonal work in bean 

and pea fields and later the timber industry (Advisian, 2016).  

An extensive search of the Aboriginal Heritage Information Management System (AHIMS) was 

completed as part of the Eden Breakwater Wharf Extension EIS (2016) by Advisian. This was completed 

for a search area of latitude -37.0798 to -37.0643 and longitude 149.8955 to 149.9202 with a buffer of 

50m (Advisian, 2016). The search results are displayed in Table 6-28 below.  
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Table 6-28 Aboriginal sites recorded in AHIMS (Source: Advisian, 2016) 

Site ID Site Name  Site Types  Site Features  

63-3-0094 Shark Head 1 Midden Shell: Artefact 

63-3-0029 Twofold Bay, Cocora 

Beach 

Midden Shell: Artefact 

63-3-0058 Snug Cove Shelly Beach Midden Shell: Artefact 

63-3-0059 Snug Cove Shelly Beach Midden, Open Camp 

Site 

Shell: Artefact 

63-3-0204 Lookout Point - Aboriginal Resource 

and Gathering: Shell 

63-3-0257 Cattle Bay 1 - Artefact: 6 

63-3-0256 Lookout Point, Rotary 

Park, Eden 

- Non-Human Bone 

and Organic Material: 

1 

There are no Native Title Claims registered for the LGA (Advisian, 2016).  A Native Title Claim may have 

existed for a portion of the land/seabed located on Lot 111 DP839583, however this would have been 

extinguished when the land was acquired in 1988 (Advisian, 2016). 

Historic Heritage 

Twofold Bay and Snug Cove were first mapped by George Bass in 1798 (Advisian, 2016). The mainland 

whaling industry had firmly commenced by 1828 in Twofold Bay, eventually dying out by the 1930’s 

(Advisian, 2016). A notable family of the time was the Imlay brothers (Alexander, Peter and George) 

who ran a large pastoral enterprise and also developed a whaling station (Advisian, 2016). By 1840, 

pastoralism had steadily increased in Twofold Bay (Advisian, 2016).  

The Town of Eden was proclaimed in 1848, and named after the family name of Baron Auckland, 

George Eden, Governor-General of India and First Lord of the Admiralty (Advisian, 2016). In 1860, a 

timber jetty was constructed in Snug Cove, which facilitated trading for timber and livestock (Advisian, 

2016). Fishing soon became the main industry of the port, with establishment of the Eden Fishermen’s 

Co-operative in 1945 (Advisian, 2016).  In 1975, the Unloading Wharf (Breakwater Wharf) was 

constructed followed by the Mooring Jetty in 1981 (Advisian, 2016). The breakwater was constructed in 

1984 and the Multipurpose Jetty was constructed in 1984 to replace the original timber jetty (Advisian, 

2016). 

A search of the Australian Heritage Database was conducted on 22 September 2017. There are no 

items or sites of world heritage listed on the National Heritage List or the Commonwealth Heritage List 

located in proximity of the Project site.  

A search of the State Heritage Inventory and the LEP was completed on 28 September 2017. No State 

Heritage Register listed items, local heritage items or heritage conservation areas are listed within the 

Project site. Table 6-29 below outlines heritage items located within the vicinity of the Project site.  
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Table 6-29 Heritage Items within the vicinity of the Project site  

Item Number Address Register Listed  Approximate Distance 

from Site  

The Crown and 

Anchor Inn 

238 Imlay Street  LEP (No. I047) 400m 

Building 237 Imlay Street LEP (No. I046) 400m 

House 233 Imlay Street  LEP (No. I045) 420m  

House (former 

courthouse) 

2 Cocora Street  LEP (No. I043) 450m 

Eden Courthouse  231 Imlay Street  S170 (Attorney 

General’s Department) 

& LEP (No. I044) 

460m 

Eden Killer Whale 

Museum 

182 Imlay Street LEP (No. I762)* 460m  

Eden Police Station 

building  

229 Imlay Street LEP (No. I042) 500m 

Matt Howard’s store  178 Imlay street  LEP (No. I041) 560m 

Anchor  Imlay Street  LEP (No. I212) 440m  

St. Georges Uniting 

Church  

217 Imlay Street  LEP (No. I215) 650m  

St. Johns Anglican 

Church  

98 Calle Street LEP (No. I217) 680m  

Former Bank of NSW  Imlay street  LEP (No. I213) 680m  

Cottage  10 Chandos Street  LEP (No. I758) 720m  

*Not mapped on the LEP Heritage Map  

Historic shipwrecks are protected under part 3C of the Heritage Act 1977. A search of the NSW 

Maritime Heritage Database, facilitated by OEH, was conducted on 29 September 2017. There are 

sixteen historic shipwrecks located in Twofold Bay as shown in Table 6-30. 

Table 6-30 Shipwrecks known to be within Twofold Bay 

Ship Name Where Lost  When  

George Twofold Bay  1806 

Mary  Twofold Bay  1821 

Olivia  Twofold Bay, south of 1827 

Amelia  Twofold Bay  1828 

Teazer Twofold Bay, off 1854 

Lawrence Frost  Twofold Bay, on sand bank near 

Davidson Whaling Station Site  

1856 

Oliver Frost  Twofold Bay, 9miles south-east 

of, ashore (Goodburz Point) 

1856 

William Bowness Twofold Bay, ashore  1856 

Charles Webb Twofold Bay near Nine Mile 

Beach  

1859 

Unidentified  Twofold Bay  1861 

Mimmie Dyke  Twofold Bay, south of 1866 
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Dunkeld Twofold Bay, off 1870 

Ellen Twofold Bay, ashore 1872 

Lanercost  Twofold Bay, Mowarry Point  1872 

Jane Spiers  Twofold Bay, Jane Spiers Beach  1878 

Tea Tephi  Twofold Bay  1894 

6.10.2 Potential Impacts 

There are no known Aboriginal objects in close proximity to the Project site. Although there may be 

potential for Aboriginal objects to be embedded in the sea bed, this is anticipated to be unlikely 

primarily due to the deposition of very loose sand around the Project site. Considering no terrain 

would be impacted during the construction of the proposed wave attenuator, no risk of harm has been 

identified towards Aboriginal objects.  

Heritage items within the vicinity would not be impacted as the Project site is located within the 

waterway of Snug Cove. As identified in Table 6-29, heritage items are greater than 400m in distance 

from the Project site. There are no known archaeological relics or historic shipwrecks located in Snug 

Cove. The proposed location of the wave attenuator would not adversely impact known historic 

shipwrecks within Twofold Bay.  

The wave attenuator is considered appropriate within the existing waterside context and would make a 

positive contribution to the continuation of the historic values and use of Snug Cove for port facilities. 

6.10.3 Mitigation Measures 

Proposed mitigation measures to manage potential Project impacts are contained in Table 6-31.  

Table 6-31 Proposed Heritage Mitigation Measures 

No. Mitigation Measure Phase 

H1 Maximise opportunities for local and Aboriginal workforce 

participation during construction where possible. 

Construction  

H2 Project staff and Contractor(s) will be made aware of their statutory 

obligations for heritage under the National Parks and Wildlife Act 

1974 through the site induction and toolbox talks. The Contractor(s) 

are to include an Aboriginal Culture Awareness module in its 

induction training in which the local Aboriginal community will be 

invited to present. 

Construction 

H3 In the event that any Aboriginal objects are disturbed and identified 

within the area of works, works within the immediate vicinity of the 

Aboriginal object will cease forthwith and the OEH contacted so that 

appropriate management strategies can be identified and followed. 

Construction  

H4 In the event that skeletal remains are uncovered, works in the 

immediate area will cease, the area will be cordoned off and the NSW 

Police Coroner will be contacted to determine if the material is of 

Aboriginal origin. If determined to be Aboriginal, the OEH Enviroline 

131 555 and relevant Aboriginal stakeholders will be contacted to 

determine an action plan for the management of the skeletal remains 

prior to works re-commencing. 

Construction  

H5 All relevant staff and contractors will be trained regarding their 

statutory obligations and responsibilities under the Heritage Act 1977 

and best practice outlined in The Burra Charter 2013, through the site 

Construction  
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No. Mitigation Measure Phase 

induction and toolbox talks in the event suspected historical cultural 

material is uncovered. 

H6 In the event that any potential archaeological ‘relics’ or ‘historic 

shipwrecks’ are disturbed and identified within the site during 

construction works, all work in the area will cease forthwith and the 

Heritage Division and a qualified archaeologist will be consulted to 

determine an appropriate course of action prior to the 

recommencement of work in the area of the ‘relic’ or ‘historic 

shipwrecks’.  

Construction  

6.11 Contamination, Soils and Geology 

6.11.1 Existing Environment 

Contamination 

Five deep-water sand samples were collected within Cattle Bay as part of the Aquatic Ecology 

Assessment for the Cattle Bay Marina Project EIS (Marine Pollution Research Pty Ltd, 2013). These 

samples were analysed for metals, TBT and various organic contaminants and the levels of 

contaminants were compared to ANZECC (2000) guidelines for the protection of benthic (bottom 

dwelling) organisms (where available). The main findings are summarised as follows (Marine Pollution 

Research Pty Ltd, 2013):   

 Low Total Organic Carbon (TOC) values, with mean and median values of 0.5%. 

 All analyte concentrations were low, and for the metals, Total Petroleum Hydrocarbon (TPH), 

TBT and total Polycyclic Aromatic Hydrocarbons (PAH) for which ANZECC (2000) guideline 

values are available, all were well below the ISGQ Low values. 

 A possible contamination gradient was established away from the Port, as samples sites closer 

to the Port had higher concentrations of analytes compared to sample sites further away from 

the Port (except for TOC).   

 A possible gradient of biodeposition was established away from the mussel aquaculture farm, 

as samples sites closer to the mussel aquaculture farm had higher TOC compared to sample 

sites further away from the mussel aquaculture farm.  

 There was no north to south pattern in the concentrations of contaminants, which could have 

suggested a Cattle Bay stormwater source for contamination. 

Tectonic (2015) conducted an environmental (sediment contamination) assessment alongside the 

geotechnical investigation for the Project (refer Appendix E). This included vibrocoring at 15 locations 

within the dredge footprint associated with the Eden Wharf Extension Project. Sediment located within 

the dredging footprint is considered indicative of sediment found at the proposed location of the wave 

attenuator. Samples were taken from 0.5m and 1m depths and then analysed through organic and 

inorganic contaminant and particle size distribution. Results of the particle size distribution analysis are 

displayed in Table 6-32.   
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Table 6-32 Results of PSD analysis (Tectonic, 2015) 

 Sand Clay Silt  Gravel 

Percent (%) in 

top 1m of sea 

bed profile  

61% - 94% 1% - 8%   >5% 1% - 32%  

Sediment sampling undertaken by AMA (2016) confirm that all samples tested had concentrations 

within the National Environmental Protection Measure (NEPM) Health-based Investigation Levels for 

Residential Land Use (HIL-A). 

There are no buildings or other structures to be demolished and no land areas that require 

remediation of hazardous materials. 

Acid Sulfate Soils 

The adjoining foreshore land at Snug Cove has not been mapped as containing acid sulfate soils on 

the Acid Sulfate Soils Map of the LEP. 

Sediment sampling within the dredge location was completed by AMA in 2015 across two separate 

sampling campaigns. All of the sediment results returned a net acidity of <0.02 %, confirming that the 

acid production potential of the sediments at the site is low. 

Soil Salinity 

Routine water quality monitoring of temperature, salinity, faecal coliforms and phytoplankton is 

undertaken by Eden Sea Farms, including within Snug Cove, to monitor the status of waters nearby 

these aquaculture facilities. Results of the data collected at Snug Cove between February 2010 and 

January 2015 indicate that salinity ranges between 33.5 ppt (recorded in September 2012) to 39.3 ppt 

(a seemingly abnormally high result recorded in March 2013). Average salinity across months within 

the dataset was 34.8 ppt (which is at the lower end of the normal range for marine waters). 

Regional and Local Geology 

The site of the proposed wave attenuator is underlain by the Adaminaby Group, which consists of 

undifferentiated sediments, turbidites, sandstone, mudstone and shale of Cambrian to Early Silurian 

(Ordovician) age (Tectonic, 2015). The local geology of Snug Cove comprises of sedimentary rock, 

specifically metasandstone originating from the Adaminaby Group, located to the east of the existing 

Breakwater Wharf and Cattle Bay (Tectonic, 2015).  

Tectonic (2015) drilled four boreholes as part of site investigation field work for a wave attenuator, 

labelled BHT2, BHT7, BHT8 and BHT11 as shown on Figure 6-8. BHT7 and BHT8 encountered a distinct 

subsurface profile, including stiff to hard residual sandy/silty clay of low to medium plasticity overlain 

by very loose, fine to medium grained sand/silty sand (Tectonic, 2015).  
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Figure 6-8 Borehole locations (Source: Tectonic, 2015) 

BHT2 encountered mostly medium dense, fine to medium grained sand/silty sand, with some 

interbedded layers of loose sand, to depths of 9.1m and 12.8m below sea bed (Tectonic, 2015). BHT11 

encountered grey and black, soft to firm silty clay (medium plasticity)/clayey silt (low liquid limit) and 

very loose silty sand (find to medium grained) (Tectonic, 2015). The initial sea bed profile (1m) of Snug 

Cove consists of primarily sand with varied quantities of clay, silt and gravel. 

Original sedimentary rock formations have undergone significant folding and alteration, identified 

through folded metasandstone and slate layers (Tectonic, 2015). This has resulted in troughs and peaks 

of the sedimentary layers (Tectonic, 2015). Sediment at location BHT7 and BHT8 may be representative 

of peak areas and BHT2 and BHT11 of trough areas (Tectonic, 2015). Quartz seams were found in 

siltstone layers outcropping west of Cattle Bay (Tectonic, 2015). 

6.11.2 Potential Impacts 

Tectonic (2015) identified multiple geohazards associated with construction of a fixed wave attenuator 

which are also considered applicable for a floating attenuator that involves piling. Each four of the 

boreholes encountered loose to very loose sediment. Lateral variability in subsurface conditions may 

present a lack of lateral capacity and support to piles constructed as part of the wave attenuator 

structure (Tectonic, 2015). Loose sediment would limit controlled pile penetration, as piles may drop 

uncontrollably to the lack of base support (Tectonic, 2015). The presence of high strength quartz 

seams may limit the drillability of the rock beneath the proposed location of the wave attenuator 

structure, requiring rock cutting attachments (Tectonic, 2015).  
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Seabed debris such as discarded equipment may be present on the seabed which could cause 

obstructions to piling (Tectonic, 2015). The extent of disturbance to sediments would be contained to 

the alignment of the wave attenuator. The composition of the sediments at the site are not of a 

contamination level that is likely to put the local marine environment or local marine ecology at risk or 

cause significant impacts from settlement of resuspended sediments. 

The construction and operation of the Project would not disturb any landside areas and no 

remediation of contaminated soils is required. The risk of acid sulfate soils being oxidised is considered 

negligible. 

6.11.3 Mitigation Measures 

Proposed mitigation measures to manage potential Project impacts are contained in Table 6-33.  

Table 6-33 Proposed Contamination, Soils and Geology Mitigation Measures 

No. Mitigation Measure Phase 

C1 Table C1 in Appendix C of the Geotechnical Investigation Interpretive 

Report for the Wave Attenuator (Tectonic, 2015) provides 

geotechnical design parameters based upon the results of borehole 

and laboratory testing. Detailed design of either a fixed or floating 

wave attenuator will be completed according to geotechnical design 

parameters outlined by Tectonic (2015). 

Detailed Design 

6.12 Cumulative Impacts 

6.12.1 Existing Environment 

The cumulative impact of the Project involves a consideration of its interaction with other known 

developments in the surrounding area. This has been assessed in a qualitative manner. Currently, five 

other known major developments have been approved or are proposed in the vicinity of Snug Cove as 

discussed below. 

Eden Breakwater Wharf Extension 

The construction of SSI Eden Breakwater Wharf Extension commenced in September 2017 as noted in 

Sections 1.1.2 and 6.4.1. Construction for the Project is a two stage process in compliance with the 

approvals, permits and licences obtained for the Project. The commencement of operation of the wharf 

extension is planned for the first quarter of 2019.  The separated approach to construction for this 

Project has been designed to reduce the potential for any cumulative impacts that could include, but 

not be limited to, the following 

 Reduction in water and sediment quality from disturbance to the sea bed from dredging and 

marine structures works. 

 Impacts to marine ecology including aquatic habitats and marine fauna. 

 Increase in aboveground and underwater noise. 

 Increase in vessel movements in Snug Cove and Twofold Bay. 

 Impacts to visual amenity including light spill. 
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Cattle Bay Marina (Eden Marina) 

The approved Eden Marina involves the development of the former Heinz Cannery factory site and 

surrounding lands. The Minister for Planning issued a Major Project Concept Approval (05_0032) for a 

mixed tourist and residential development on 22 August 2008. In 2014, a Development Application 

(DA) was lodged by the same proponent with BVSC, which sought approval for the staged construction 

of a 154 berth marina with a fixed wave attenuator. This was approved by the Southern Region Joint 

Regional Planning Panel on 1 December 2015. The construction of this development has not yet 

commenced. 

Potential cumulative impacts identified by the proponent include: 

 Shipping and vessel movements.  

 Marine water quality and hydrodynamics.  

 Terrestrial noise.  

 Under water noise.  

 Visual amenity.  

 Lighting spill.  

 Coastal processes.  

 Air quality.  

 Fisheries.  

 Species and habitats.  

Port of Eden Marina  

The Port of Eden Marina was proposed by the Port of Eden Marina Inc. in 2010. It includes the 

development of a future marina consisting of 191 berths, wave attenuator, floating structures, piling 

and services, marina amenities, administration building, pump out facility and car parking spaces. At 

the time of publishing this REF there is no DA lodged for the proposed development.  

Redevelopment of former Mobil Eden site  

The former Mobil Eden distribution facility (located at By Street) was closed in 2002. The land was 

remediated in 2007 and currently remains vacant. Snug Cove Developments purchased the vacant lot 

in 2016 with plans to develop a new commercial and residential hub. Currently there was no DA 

lodged for the proposed development. 

6.12.2 Potential Impacts 

Construction  

Cumulative construction impacts would primarily result from construction phases of other 

developments in the vicinity to the Project site that may coincide with the proposed construction 

timing of the proposed wave attenuator. Currently work at the Project site is scheduled to commence 

in the fourth quarter of 2019.  
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The construction of the Eden Breakwater Wharf Extension would not be undertaken in the same 

timeframe as the construction of the proposed wave attenuator. The operational phase of the 

approved Eden Breakwater Wharf Extension would, however coincide with the construction of the 

proposed wave attenuator for six or nine months depending on the selected wave attenuator structure 

for the Project. It is expected that construction impacts relating particularly to traffic and access from 

contractor landside work areas and vessel movements would be managed by the Contractor(s) in 

accordance with a CEMP following approval of the Project.   

The construction of the Cattle Bay Marina (Eden Marina) could be undertaken in the same timeframe 

as the Project. Potential cumulative impacts identified include the following: 

 Reduction in water and sediment quality from disturbance to the sea bed from dredging and 

marine structures works.  

 Impacts to marine ecology including aquatic habitats and marine fauna. 

 Increase in terrestrial noise and underwater noise. 

 Increase in vessel movements in Snug Cove and Twofold Bay. 

 Impacts to visual amenity including light spill. 

It is unlikely that the timing of construction for Port of Eden Marina, if approved, would coincide with 

the construction of the Project and as such would not be anticipated to have any significant cumulative 

construction impacts. 

The timeframe for any redevelopment of the former Mobil Eden site has not been determined. Given it 

is a land-based site located adjacent to Snug Cove in By Street, the main potential cumulative impacts 

could include increased construction traffic on the road network around Eden, visual impacts from 

construction works at Snug Cove and noise impacts from construction works. It is not anticipated that 

there would be any significant cumulative construction impacts.  

Operation  

A potential cumulative impact resulting from the operation of the wave attenuator involves potential 

disruption to the maritime navigation of port users through Snug Cove. This potential impact would be 

mitigated through installing navigational hazard lighting on the wave attenuator and enforcing port 

speed limits when transiting through Snug Cove.  

6.12.3 Mitigation Measures 

It is considered that with the mitigation measures detailed in Table 6-34 and Section 7.2 of this REF, 

the construction activities of the Project and the Cattle Bay Marina are considered unlikely to affect the 

local environment. 

Table 6-34 Proposed Cumulative Impacts Mitigation Measures 

No. Mitigation Measure Phase 

CI1 Preparation and implementation of a CEMP to manage the impacts of 

the construction works. 

Pre-Construction 

and Construction  

CI2 Implementation and adherence to the defined “Marine Construction 

Zone” and “Construction Vessel Mooring Zone” to ensure protection 

of construction vessels, aquatic habitats, marine fauna and other port 

Construction 
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No. Mitigation Measure Phase 

users. 

CI3 Navigational hazard lighting fitted to the wave attenuator. Operation 

CI4 PANSW to manage enforcement of port speed limits when vessels 

transiting through Snug Cove. 

Operation 

6.13 Greenhouse Gas and Climate Change 

A qualitative desktop assessment has been completed in order to assess the potential impact from 

greenhouse gas (GHG) emissions and energy consumption during the construction and operation 

phases of the Project. The Greenhouse Gas Protocol (WRI & WBCSD, 2015) defines ‘direct GHG 

emissions’ to be emissions from sources that are owned or controlled by the reporting company. 

6.13.1 Existing Environment 

The National Greenhouse and Energy Reporting Act 2007 provides legislative framework for national 

reporting of information regarding GHG emissions and energy consumption. On a state level, the NSW 

Energy Efficiency Action Plan outlines the key objectives to contain electricity costs through the 

promotion of efficient energy use. The plan aims to realise annual energy savings of approximately 

16,000 gigawatt-hours by 2020.  

As identified in Section 6.9.1, Albion Park South Station is the closest air quality monitoring station to 

the Project site. OEH identify the air quality of Albion Park South Station to be good, however this can 

be impacted by isolated high pollution days or during extreme weather events. Multiple polluting air 

sources are located around the Albian Park South Station, therefore the air quality at the port is 

considered to be of higher quality.  

6.13.2 Potential Impacts 

Table 6-35 below identifies the emission types (direct or indirect) that would be generated from the 

construction and operation phases of the Project as per the Greenhouse Gas Protocol (WRI & WBCSD, 

2015). As identified in Table 6-35, no GHG emissions (direct or indirect) would be generated from the 

operation of the wave attenuator.  

Table 6-35 Emission types and probable sources of emissions 

Scope Type  Type of Emission  Source of Emission 

Construction Phase Operation Phase 

Scope 1 Direct GHG emissions that 

occur from sources that 

owned or controlled by 

the contractor   

Fugitive emissions 

during re-fuelling and 

fuel combustion during 

the operation of 

construction vehicles 

and marine vessels.  

No direct GHG emissions 

would likely be generated 

from operation of the 

wave attenuator.   

Scope 2 Indirect GHG emissions 

from the generation of 

purchased electricity 

consumed by the 

contractor  

Use of purchased 

electricity to power 

equipment, small hand 

tools and for use within 

site office.  

No indirect GHG 

emissions would likely be 

generated as navigational 

hazard lighting fitted to 

the wave attenuator 

would be solar powered 

LED lights.  

Scope 3 Indirect GHG emissions Indirect GHG emissions No indirect GHG 
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that are a consequence of 

the activities of the 

contractor but occur from 

sources not owned or 

controlled by the 

contractor  

generated from the 

transportation of 

construction waste.  

emissions would likely be 

generated from the 

operation of the wave 

attenuator.  

Primarily, GHG emissions would be generated from the use of combustion engine construction 

vehicles and marine vessels. This includes the generation of carbon dioxide, in association with carbon 

monoxide and nitrous oxide. Due to the temporary and minimal amount of construction vehicles and 

marine vessels that would be utilised during the construction phase of the Project, GHG emissions 

would likely be minimal.  

Navigational hazard lighting would consist of at least one fixed light. Consideration will be given for 

the lighting to be solar powered LED light types. Therefore, no GHG emissions would likely be 

generated from the operation of the proposed wave attenuator. 

Climate change impacts relating to coastal processes have been considered for the Project and are 

provided in Section 6.2. 

6.13.3 Mitigation Measures 

Mitigation measures outlined in Table 6-36 will act to reduce GHG emissions and energy consumption 

during the construction and operation phases of the Project.  

Table 6-36 Proposed Greenhouse Gas and Climate Change Mitigation Measures 

No. Mitigation Measure Phase 

G1 Sustainable practices will be implemented during the construction of 

the proposed wave attenuator, including: 

 Recycled construction materials will be used where possible.  

 Locally sourced construction material that is low maintenance 

and durable will be used where possible.  

 PVC plastic will only be used, as required. 

 Equipment and construction vehicles and marine vessels will not 

be left idling and switched off when not in use.  

 Equipment and construction vehicles and marine vessels will be 

regularly serviced (including preventative maintenance) and 

removed from site if not working properly (emitting excessive 

smoke). 

 Construction works will be planned to ensure minimal 

movement of equipment and construction vehicles and marine 

vessels.  

 Resource use and waste generation will be minimised and all 

waste will be reused, recycled or disposed of in accordance with 

best practice and relevant legislation. 

Construction  

G2 Navigational hazard lighting fitted to the wave attenuator will be 

solar powered LED light types, where practicable. 

Operation 
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6.14 Waste Management 

The POEO Act is the principal piece of legislation that addresses waste management and licencing in 

NSW. It defines ‘waste’ and outlines offences and penalties relating to waste management. Schedule 1 

of the POEO Act contains a list of waste definitions and classifications. The Protection of the 

Environment Operations (Waste) Regulation 2014 sets out provisions covering the transportation of 

waste, reporting and tracking of certain waste.  

The Waste Avoidance and Resource Recovery Act 2001 promotes the efficient use of resources to 

reduce environmental harm. It aims to ensure that resource management options are considered 

against a hierarchy of avoidance, resource recovery (including reuse, reprocessing, recycling and 

energy recovery) and disposal, and provides for a continual reduction in waste generation in line with 

the principles of ecologically sustainable development.  

These key pieces of waste legislation have been considered in the development of mitigation measures 

to reduce the potential impacts associated with waste from the Project.  

6.14.1 Existing Environment 

Existing waste management practices are in place for the handling of waste materials that are 

generated by land and water-based port users at Snug Cove. It is noted that waste generated as a 

result of existing cruise ship operations at the port is minimal as all wastes generated by the ship while 

offshore are held on the ship and discharged at another port.  

6.14.2 Potential Impacts 

Activities associated with the construction of the Project have the potential to generate liquid and solid 

waste materials. No gaseous wastes are anticipated to be generated during either the construction or 

operational phases of the Project. 

The key waste streams likely to be generated during the construction phase are: 

 Excess construction materials, that cannot be returned to supplier, such as pile offcuts 

(recyclable as scrap steel), timber pallets and packaging. 

 Drilling muds and cuttings from piling excavations. 

 Oils and lubricants, including oily rags used for site plant and equipment maintenance. 

 Human waste and wastewater that is collected in portable toilets. 

 Domestic waste, including food, packaging, paper and office waste. 

Waste streams generated during the construction phase have the potential to adversely impact the 

surrounding environment if not managed appropriately, including the following:  

 Soil, surface water and groundwater (including the water quality and aquatic habitat of Snug 

Cove) contamination resulting from spillages, inappropriate storage and transport of waste. 

 Excessive amounts of materials being ordered resulting in an inefficient use of resources. 

 Health and safety of port workers, local residents and visitors to the port area. 
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 Visual amenity and aesthetic quality of the port area which would remain an active port 

throughout the construction phase. 

 Waste that is incorrectly classified and disposed to landfill that otherwise could have been 

reused or recycled.  

Overall, it is expected that there would be a limited volume of waste generated during the on-site 

construction which minimises the risk of impacts to the surrounding environment. 

Potential operational impacts are likely to be minimal and limited to inappropriate handling of 

maintenance materials and effluent while vessels, plant and equipment are used for maintenance. 

6.14.3 Mitigation Measures 

Mitigation measures to address the generation of waste during both construction and operation 

phases of the Project have been developed (Table 6-37) to satisfy the waste management hierarchy of 

waste avoidance (highest priority), reuse and recycling/reprocessing with disposal as a last resort. 

Table 6-37 Proposed Waste Management Mitigation Measures 

No. Mitigation Measure Phase 

WM1 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce waste impacts: 

 All waste will be classified in accordance with the Waste Classification 

Guidelines (NSW EPA 2014). 

 No wastes will be disposed of off-shore. 

 Construction materials will be procured to minimise cut-off and 

wastage. 

 Excess construction material suitable for reuse will be returned to the 

supplier, or recycled, where practicable. 

 Waste streams will be kept separate onsite to reduce cross-

contamination and ensure the wastes are handled and treated 

appropriately.  

 Vehicles used for the transportation of waste will be covered to 

prevent loss of waste. 

 Waste to be disposed offsite will be disposed to a waste facility that 

is licenced to receive that type of waste stream. 

 Waste to be transported offsite would be recorded including type, 

quantity and destination. 

 Hazardous waste such as waste oil and lubricating oil will be recycled 

at an appropriately licenced recycling waste depot.  

 Portable toilets would be emptied on a regular basis and human 

waste disposed of to a local sewage treatment plant.  

 Recycling facilities (garbage bins or other suitable receptacles) would 

be provided to maximise recycling of waste materials such as plastic, 

glass, aluminium cans, and paper/cardboard. 

Construction  

WM2 The following general mitigation measures are to be adopted by the 

Contractor(s) to reduce operational impacts on waste management: 

 Vessels (self-propelled and unpowered) will have adequate on-board 

communication, containment, drainage, bunding and monitoring 

systems to prevent discharges of unauthorised effluents. 

 Maintenance materials including waste oil and lubricants would be 

disposed at an appropriately licenced facility. 

Operation 
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7 Environmental Management 

7.1 Framework Environmental Management Plans for 

Construction and Operation 

7.1.1 Construction 

A CEMP for the construction phase of the Project will be prepared by the Contractor(s) in accordance 

with the requirements of: 

 Guideline for the Preparation of Environmental Management Plans (Department of 

Infrastructure, Planning and Natural Resources, 2004). 

 Environmental Management System Guidelines (NSW Government, 3rd edition, August 2013).   

The CEMP will provide a centralised mechanism through which all potential environmental impacts 

relevant to the Project will be managed, and outline a framework of procedures and controls for 

managing environmental impacts for all construction activities.  

The CEMP will incorporate as a minimum all environmental mitigation measures identified in 

Section 7.2, any commitments made within this REF, any conditions from licences or approvals required 

by legislation, monitoring requirements, roles and responsibilities, and a process for demonstrating 

compliance with such mitigation measures and conditions. 

7.1.2 Operation 

An OEMP will be prepared and outline the environmental management framework and practices and 

procedures to be implemented during operational of the Project. The OEMP will be developed by the 

Department in consultation with PANSW to enable integration with PANSW’s existing port OEMPs. 

The OEMP relates to the ongoing maintenance and operation of the wave attenuator only and 

excludes the operation of Breakwater Wharf, Multipurpose Jetty and Mooring Jetty, maintenance 

dredging or any other activities undertaken by tenanted areas at the port.  

Public access or casual berthing at the proposed wave attenuator is unlikely be included in the OEMP 

and would need to be revised by the Department if introduced at the wave attenuator in order to 

manage any operational risks. 

7.2 Summary of Mitigation Measures 

The proposed mitigation measures to be implemented for the Project are summarised in Table 7-1. 
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Table 7-1 Summary of Proposed Mitigation Measures 

No. Mitigation Measure Phase 

A1 To minimise damage to sensitive marine habitats (seagrass and 

subtidal rocky reef) in the immediate site, Snug Cove and Cattle Bay, all 

construction vessels will avoid anchoring over areas of sensitive habitat 

including mapped seagrass beds and areas of subtidal rocky reef, 

where practicable. 

Construction and 

Operation 

A2 To reduce the potential impacts of water quality on marine habitats 

during construction and operation the following measures will be 

adopted: 

 All construction vessels will be well maintained and regularly 

serviced to ensure they are in proper working order and reduce 

the likelihood of fuel / oil leaks and spills. 

 Contractors will ensure their vessels maintain their septic tanks 

and pumps so that they do not leak. No release of sewage into 

the waterway will be allowed. 

 Oil and sewage spill response kits will be readily available on the 

construction vessels and training should be provided to 

construction staff on their use. The location of these should be 

clearly marked. 

 Any ongoing washing of the wave attenuator following 

construction will be undertaken with marine environmentally 

friendly and biodegradable products only. 

 

Contractors will adopt appropriate waste management, with all general 

waste contained of and disposed of onshore in waste collection devices 

and all construction waste removed from the site. Post construction a 

seabed clearance survey will be undertaken to ensure that this has 

occurred. 

Construction and 

Operation 

A3 To reduce the spread of suspended sediments generated during piling 

and the potential for sedimentation / smothering of sensitive habitats 

and associated flora and fauna, silt curtains or similar will be used 

wherever possible around the immediate area of piling. 

Particularly to separate the construction areas from areas of sensitive 

habitat. If it is possible, the use of sleeves around piles during pile 

driving will also help to contain the spread of suspended sediment so it 

does not impact on the nearby areas of macroalgae during piling 

activities. 

Construction 

A4 To reduce the potential for lighting related impacts on marine fauna 

construction activities will not be undertaken during the evening and 

night time to reduce the overall need for construction related artificial 

lighting (on vessels and the attenuator) and associated impacts. 

Construction and 

Operation 

A5 The risk of vessel strike during construction and operation may be 

reduced through the adoption of: 

 All vessels associated with construction will travel at speeds no 

higher than 10 knots within the port limits. 

 Vessels will maintain a 300m exclusion zone with all whales when 

travelling to site where practicable. 

 Site inductions and training. 

 Active management, such as regular information exchange on 

known marine mammal activity (e.g. via local residents, 

Construction and 

Operation 
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No. Mitigation Measure Phase 

commercial fishers, mussel farmers, NPWS whale watch and Cat 

Balou Cruises). 

 Marine fauna awareness in the local waterway by vessel operators 

so appropriate speeds and clearance can be adopted when 

cetaceans are nearby. 

A6 To reduce the potential for noise impacts on marine fauna (specifically 

marine mammals) the following should be applied: 

 

Piling Operation Procedures: 

a) Pre-start Observation: Marine mammal observers must visually 

monitor observation and shut-down zones for whales for a minimum of 

30 minutes before the commencement of piling. 

b) Soft-Start Procedure: If after the 30 minute pre-start observation no 

whale/s have been spotted within the observation or shutdown zone a 

soft start procedure may commence with a gradual increase in piling 

impact energy of no more than 50% of full impact energy for 10 

minutes. The soft start procedure must be implemented after breaks in 

piling driving of 30 minutes or more. 

c) Stand by procedure: If a whale is spotted within the observation 

zone during the soft start procedure the operator of the piling 

equipment must be placed on standby to shut-down the piling rig and 

a trained crew member should continuously monitor the whale/s in 

sight at all times. 

d) Normal Piling Procedure: If no whale/s has been sighted during the 

soft-start procedure full impact piling may commence. 

The use of bubble curtains around areas of piling could also be 

adopted to reduce noise impacts on marine fauna. 

 

Shut-Down requirements: 

a) If visibility is poor and the marine mammal observer is unable to 

clearly identify objects to the full observation zone distance, a vessel or 

aircraft search must be conducted or the action postponed until 

visibility has improved. 

b) Piling is not permitted between 6.00 pm and 7.00 am. 

c) If any whales are spotted within the shut-down zone, piling must 

cease immediately or as soon as safe to do so until the whale/s has 

moved outside of the shut-down zone. 

d) All piling must cease for a minimum of 1 hour after the last sighting 

of a whale within the observation zone. Piling must recommence at the 

prestart observation after the one hour shutdown has elapsed. 

Construction 

A7 The goals of the NSW Invasive Species Plan 2008 – 2015 (NSW DPI 

2008) will be adopted for the Project. 

Construction and 

Operation 

A8 All Contractors will undertake a Vessel Risk Assessment (VRA) prior to 

mobilisation to the site. The VRA may be undertaken by the vessel 

owner / operator. All vessels, floating plant and equipment mobilised 

to site from any place inside or outside of Australia will be subject to 

VRA. The VRA will determine if a vessel inspection is required. 

Contractor(s) will provide the VRA to the Principal four weeks prior to 

mobilisation.   

Construction 

A9 The Contractor(s) will undertake an Invasive Marine Species (IMS) 

Inspection of all vessels assessed in the VRA as uncertain or high risk 

Construction 
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No. Mitigation Measure Phase 

for introduction of invasive marine species. The IMS will be undertaken 

by an appropriately qualified marine scientist with experience in 

biosecurity of marine vessels, floating plant and equipment. The 

Contractor(s) is responsible for arranging the IMS inspection and 

attendance of Fisheries or other suitably qualified personnel. 

A10 Construction vessel antifouling will be maintained to avoid the 

attachment and potential translocation of invasive species into and out 

of Twofold Bay. 

Construction 

A11 Ballast water management will be implemented: 

 Ballast water exchange by domestic vessels will be avoided. 

 Domestic vessels will manage ballast water in accordance with the 

Australian Ballast Water Management Requirements. (Department 

of Agriculture and Water Resources 2016). 

 Any ballast water exchange from international vessels will be 

undertaken in accordance with the International Convention for 

the Control and Management of Ships' Ballast Water and 

Sediments (BWM) (IMO 2016). 

Construction 

A12 Monitoring and inspection / surveillance of the construction vessels 

and barges will be undertaken in accordance with the Biosecurity Act 

2015. 

Construction 

CP1 The loading from waves and, to a lesser extent, tidal and wind driven 

currents as well as propeller wash from tugs and possibly bow thrusters 

from cruise ships will need to be considered in the further design of the 

attenuator with consideration of the difference in magnitude with 

attenuator type (floating or fixed). 

Detailed Design 

CP2 Cocora Beach is sensitive to wave climate, therefore any wave 

attenuator must minimise any alteration to the wave climate along the 

beach, such as alteration to the wave direction (which governs 

alignment) and wave energy, and impact on the outlook from the 

beach. 

Detailed Design 

CP3 Recreational vessels should not be moored along the Breakwater Wharf 

during strong winds from the south to west sector due to expected 

significant levels of reflected wave energy (local seas) from the 

attenuator. 

Operation 

CP4 Monitoring of wave conditions in the area of the Water Police Jetty 

should be considered (visual) to assess the actual extent in practice of 

wave reflection from the attenuator towards this area, even though 

predicted changes in wave height here are marginal and within the 

order of accuracy of the modelling. 

Operation 

WQ1 The following general construction mitigation measures will be 

adopted by the Contractor(s) to reduce impacts on water quality: 

 All construction equipment and vessels will be inspected by 

qualified personnel prior to commencement of work, to reduce 

the risk of hydrocarbon spills or leaks. 

 Containment measures will be utilised to minimise spillage 

associated with pile replacement or repair, grouting and 

concreting. 

 A turbidity curtain with a minimum drop of 4m will be used locally 

around the perimeter of pile drilling works to limit the spread of 

plumes generated by drilling activities. Drilling spoil and cuttings 

will be deposited at seabed level within the site and contained 

Construction 
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No. Mitigation Measure Phase 

within the turbidity curtain. 

 Portable toilets will be emptied on a regular basis using licenced 

service provider and human waste disposed of to a local sewage 

treatment plant. 

 Spill response kits (including hydrocarbon booms) will be located 

around the construction site and on-board construction vessels to 

facilitate containment of any water based spills. 

 The existing dedicated oil spill recovery area at the landward end 

of the Breakwater Wharf, containing spill containment booms and 

chemical absorbent materials will be maintained and operated by 

PANSW. 

 Environmentally friendly/water based drilling muds will be used 

for pile drilling activities. 

 Industry standards, PANSW and pollution prevention regulations 

will be adhered to during refuelling, transfer, storage and 

handling of hazardous materials. 

 The lowest volumes of hydrocarbons (oil, grease, petrol and 

diesel) practicable will be stored on-site. 

 Chemical storage areas will be bunded and chemicals will be 

stored in accordance with the products Safety Data Sheet (SDS) 

and AS 1940 on board construction and dredging vessels, and 

land-based construction areas. 

 Vessels (self-propelled and unpowered) will have adequate on-

board communication, containment, drainage, bunding and 

monitoring systems to prevent discharges of unauthorised 

effluents. 

 Bunkering standard operating procedures will be implemented. 

 Spill response strategy and procedures will include the contact 

details of the relevant authorities to be notified in the event of a 

spill, including the PANSW. 

 Appropriate sediment and erosion management controls to 

minimise water quality impacts from surface runoff are to be 

implemented by the Contractor(s) in accordance with Managing 

Urban Stormwater: Soils and Construction Volume 1 (Landcom, 

2004). All erosion and sediment controls are to be in place prior 

to the commencement of any landside works, inspected regularly 

and maintained throughout construction, and removed only once 

all disturbed areas have been reinstated. 

 Weather and tide forecasts will be checked regularly during 

construction. Where flooding is forecast to the work area, all 

equipment and materials will be removed from the landside 

construction zone or appropriately secured above expected flood 

levels in the area. 

WQ2 The following general mitigation measures will be adopted by the 

Contractor(s) to reduce operational impacts on water quality: 

 Vessels (self-propelled and unpowered) will have adequate on-

board communication, containment, drainage, bunding and 

monitoring systems to prevent discharges of unauthorised 

effluents. 

 Appropriate inductions/training will be performed detailing the 

potential water quality impacts and relevant spill and emergency 

Operation 
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No. Mitigation Measure Phase 

response procedures. Contractor(s) to perform regular spill 

response drills. 

 Spill response strategy and procedures will include the contact 

details of the relevant authorities to be notified in the event of a 

spill, including the PANSW. 

T1 The Contractor(s) will prepare and implement a CEMP addressing 

construction traffic and access management. The CEMP will contain 

measures to address the following:  

 Identify roads to be utilised as part of construction and measures 

to ensure construction vehicles follow the routes. The entry and 

egress routes for construction vehicles would be selected from 

the following permitted routes: 

1. Princes Highway, Imlay Street (subject to maximum load 20-

22 tonnes), Albert Terrace and Weecoon Street. 

2. As per 1 above, except for alternative construction routes to 

detour from use of Imlay Street through Eden Town Centre 

(between Mitchell Street and Chandos Street), as required. 

 Identify and implement marine construction and vessel mooring 

zones and measures to delineate these areas to ensure protection 

of construction vessels and existing and future port users where 

may be required by the Harbour Master. 

 Measures to maintain access to the Multipurpose Jetty or other 

arrangements for vessels utilising this jetty.  

 Measures for safe passenger access, if cruise ships moor in 

Twofold Bay and tenders to and from the Port of Eden operating 

during construction.  

 Measures to minimise disruption to Port businesses including 

maintenance for pedestrian and vehicle access and parking and 

provision of directional signage.  

 Measures, where required, to physically separate pedestrian and 

construction vehicle movements, such as temporary barriers. 

 Minimise traffic associated with construction activities. 

 Whilst construction vehicles use Council local roads: 

o Any Oversize/Overmass or Performance Based Standards 

permits required during the period of construction will be 

submitted to the National Heavy Vehicle Regulator (NHVR) for 

approval. 

o Where any part of the vehicle, including its load or any 

equipment, exceeds 4.9m in height, approval will be obtained 

in writing from Essential Energy. This approval will be obtained 

and complied with in addition to any other clearance 

requirements in force along the route. 

o Vehicles will remain on the sealed section of carriageway for 

the entirety of its journey when practical. 

o Trucks will enter and leave the Site in a forward direction where 

possible. 

o Exhaust brakes will not be used in built up areas. 

o For any over-dimension loads, two additional pilot vehicles will 

accompany the permit vehicle from the Mitchell Street/Princes 

Highway Roundabout to the site. 

Pre-Construction 

and Construction 



  
 

  

 

 

113 

 

No. Mitigation Measure Phase 

 Erect direction and speed signage as required. 

 Ensure all vehicles are properly maintained so emissions are 

within legal limits. 

 Ensure vehicles keep within legal and Site speed limits. 

 Retain access for existing commercial users of the port. 

 Use broadband reversing alarms on all vehicles where reversing 

alarms are fitted to muffle the noise. 

 Consultation with PANSW during construction to ensure 

maintenance of safe navigation for shipping. 

T2 The Contractor(s) will prepare and implement any management plan(s) 

that may be required in a Harbour Master Approval for the Project. 

Pre-Construction 

and Construction 

T3 The Principal will undertake an offsite Dilapidation Survey prior to 

construction and an offsite Dilapidation Survey post construction for 

roads outside of the site and that are within Eden that will be traversed 

by construction traffic. 

Pre-Construction 

and Post-

Construction 

T4 Movement of vessels will be in accordance with Harbour Masters 

directions. 

Construction and 

Operation 

V1 A standard grey Portland Cement will be employed for all concrete 

elements, which will eventually weather to more muted tones to blend 

with the background landscape. 

Detailed Design 

V2 The wave attenuator structure is constructed with minimal use of 

reflective materials. Where painted finishes are to be applied, it is 

recommended that these are of a matt finish where practical, including 

for white caps to pile heads, if these are required. 

Detailed Design 

L1 The CEMP will be prepared and implemented to manage the impacts 

of the construction works. 

Pre-Construction 

and Construction  

L2 Relocation of impacted swing moorings will be managed by Roads and 

Maritime within the designated timeframe.  

Pre-Construction  

L3 The defined “Marine Construction Zone” and “Construction Vessel 

Mooring Zone” will be implemented to ensure protection of 

construction vessels, aquatic habitats, marine fauna and other port 

users. 

Construction 

S1 The defined “Marine Construction Zone” and “Construction Vessel 

Mooring Zone” will be implemented to ensure protection of 

construction vessels, aquatic habitats, marine fauna and other port 

users. 

Construction 

S2 PANSW will be consulted during construction and operation to ensure 

maintenance of safe navigation for shipping. 

Construction  

S3 Opportunities for local and Aboriginal workforce participation will be 

enhanced during the construction. 

Construction 

NV1 The Contractor(s) will prepare and implement a CEMP addressing 

construction noise and vibration management including detail for a 

targeted range of management and monitoring options of noise from 

construction activities. 

Pre-Construction 

and Construction 

NV2 The Contractor(s) will provide respite periods where noise exceeds the 

Highly Affected Noise level of 75dB LAeq, 15 minute. The timing of respite is 

to be determined by the Principal in consultation with the Community 

Liaison Group. 

Pre-Construction 

and Construction  

NV3 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

Construction 
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No. Mitigation Measure Phase 

amenity through source controls: 

 Where possible, plant and equipment will be selected that can be 

fitted with options to minimise noise such as covers, mufflers, 

shrouds and other noise suppression equipment.  

 Plant and equipment will be turned off and not left idling when 

not in use. Anchorages and moorings are to be used for boats or 

other water craft if necessary. 

 Plant and equipment will be operated in accordance with industry 

standards and have been serviced as per manufacturer 

specifications. 

 Noisy plant and equipment will be oriented away from sensitive 

receivers where possible. 

 Temporary screens or other items that provide a noise buffer 

(including plant and equipment) will be used proximate to noise 

sources. 

 Low noise emission plant and equipment will be selected where 

available. 

 Broadband reversing alarms or similar will be used as an 

alternative to a traditional beeper reversing alarm for vehicles 

permanently on-site.  

 Plant and equipment will be well maintained and serviced 

regularly to ensure it is not generating excessive noise. 

 Tools will not to be dropped from a height onto hard surfaces. 

NV4 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

amenity through administration controls: 

 The use of horns and alarms will be minimised. 

 The staff and visitor induction protocols will include awareness of 

noise generating activities and mitigation measures and 

techniques that should be implemented. 

 Training will be conducted for appropriate community behaviours 

when access/egress the site. 

Construction 

NV5 The following general construction mitigation measures will be 

implemented by the Principal to reduce the impacts on noise amenity 

through community management: 

 The community will be notified by the Principal one week prior to 

noise intensive activities commencing, such as piling.  

 The community will be informed by the Principal one week prior 

to any planned out of hours work commencing.  

 A complaints procedure will be implemented by the Principal and 

contact details provided to potentially affected residents and 

businesses in the area. 

 The Principal complaints procedure will include a record of 

complaints indicating cause and measures taken to 

resolve/minimise cause. 

Construction 

NV6 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts on noise 

amenity through site controls: 

 Works will be scheduled to minimise the number of noisy plant 

and equipment operating at any one time. 

 Construction activities will be planned to minimise vehicular 

Construction 
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movements around the site.  

 Arrange worksites will avoid or minimise reversing movements 

and where possible, ensure vehicles enter and exit work sites in a 

forward direction. 

NV7 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts of vibration: 

 High vibration methods will be substituted with lower vibration 

methods where possible. 

 Alternatives to high vibration plant and equipment will be used 

where possible. 

Construction 

NV8 The following general construction monitoring will be implemented by 

the Contractor(s) to reduce the impacts of vibration due to piling: 

 The Contractor(s) will monitor the piling-induced vibration at the 

nearest receivers at the commencement of piling works to ensure 

the actual vibration is within the limits in the Assessing Vibration: 

A Technical Guideline and the German Standard DIN 4150-3-1999 

Structural Vibration – Part 3 Effects of Vibration on Structures. 

Construction 

AQ1 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce the impacts to air quality: 

 All plant and equipment used during the construction works will 

be regularly maintained to comply with the relevant exhaust 

guidelines. 

 Any visible and persistent dark emissions from vessel exhausts will 

be reported and the equipment repaired or replaced as soon as 

practicable. 

 All operations and activities occurring at the premises will be 

carried out in a manner that will minimise the emission of dust 

from the premises. 

Construction 

AQ2 Comprehensive vessel/ship refuelling procedures will be implemented 

by the Contractor(s) to avoid or reduce the possibility of release. 

Include as a minimum requirements for: 

 Adhering to all PANSW pollution regulations. 

 Refuelling during daylight hours where possible, depending on 

sea conditions. 

 Training personnel involved with refuelling or fuel transfer in their 

roles, functions and responsibility, including emergency response. 

 Maintaining open communication channels. 

 Deploying spill prevention systems in accordance with established 

procedures and regulatory requirements 

 Maintaining emergency response equipment to ensure that it is 

readily available. 

Construction 

H1 Maximise opportunities for local and Aboriginal workforce participation 

during construction where possible. 

Construction  

H2 Project staff and Contractor(s) will be made aware of their statutory 

obligations for heritage under the National Parks and Wildlife Act 1974 

through the site induction and toolbox talks. The Contractor(s) are to 

include an Aboriginal Culture Awareness module in its induction 

training in which the local Aboriginal community will be invited to 

present. 

Construction 

H3 In the event that any Aboriginal objects are disturbed and identified 

within the area of works, works within the immediate vicinity of the 

Construction  
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Aboriginal object will cease forthwith and the OEH contacted so that 

appropriate management strategies can be identified and followed. 

H4 In the event that skeletal remains are uncovered, works in the 

immediate area will cease, the area will be cordoned off and the NSW 

Police Coroner will be contacted to determine if the material is of 

Aboriginal origin. If determined to be Aboriginal, the OEH Enviroline 

131 555 and relevant Aboriginal stakeholders will be contacted to 

determine an action plan for the management of the skeletal remains 

prior to works re-commencing. 

Construction  

H5 All relevant staff and contractors will be trained regarding their 

statutory obligations and responsibilities under the Heritage Act 1977 

and best practice outlined in The Burra Charter 2013, through the site 

induction and toolbox talks in the event suspected historical cultural 

material is uncovered. 

Construction  

H6 In the event that any potential archaeological ‘relics’ or ‘historic 

shipwrecks’ are disturbed and identified within the site during 

construction works, all work in the area will cease forthwith and the 

Heritage Division and a qualified archaeologist will be consulted to 

determine an appropriate course of action prior to the 

recommencement of work in the area of the ‘relic’ or ‘historic 

shipwrecks’.  

Construction  

C1 Table C1 in Appendix C of the Geotechnical Investigation Interpretive 

Report for the Wave Attenuator (Tectonic, 2015) provides geotechnical 

design parameters based upon the results of borehole and laboratory 

testing. Detailed design of either a fixed or floating wave attenuator 

will be completed according to geotechnical design parameters 

outlined by Tectonic (2015). 

Detailed Design 

CI1 Preparation and implementation of a CEMP to manage the impacts of 

the construction works. 

Pre-Construction 

and Construction  

CI2 Implementation and adherence to the defined “Marine Construction 

Zone” and “Construction Vessel Mooring Zone” to ensure protection of 

construction vessels, aquatic habitats, marine fauna and other port 

users. 

Construction 

CI3 Navigational hazard lighting fitted to the wave attenuator. Operation 

CI4 PANSW to manage enforcement of port speed limits when vessels 

transiting through Snug Cove. 

Operation 

G1 Sustainable practices will be implemented during the construction of 

the proposed wave attenuator, including: 

 Recycled construction materials will be used where possible.  

 Locally sourced construction material that is low maintenance and 

durable will be used where possible.  

 PVC plastic will only be used, as required. 

 Equipment and construction vehicles and marine vessels will not 

be left idling and switched off when not in use.  

 Equipment and construction vehicles and marine vessels will be 

regularly serviced (including preventative maintenance) and 

removed from site if not working properly (emitting excessive 

smoke). 

 Construction works will be planned to ensure minimal movement 

of equipment and construction vehicles and marine vessels.  

 Resource use and waste generation will be minimised and all 

Construction  
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No. Mitigation Measure Phase 

waste will be reused, recycled or disposed of in accordance with 

best practice and relevant legislation. 

G2 Navigational hazard lighting fitted to the wave attenuator will be solar 

powered LED light types, where practicable. 

Operation 

WM1 The following general construction mitigation measures will be 

implemented by the Contractor(s) to reduce waste impacts: 

 All waste will be classified in accordance with the Waste 

Classification Guidelines (NSW EPA 2014). 

 No wastes will be disposed of off-shore. 

 Construction materials will be procured to minimise cut-off and 

wastage. 

 Excess construction material suitable for reuse will be returned to 

the supplier, or recycled, where practicable. 

 Waste streams will be kept separate onsite to reduce cross-

contamination and ensure the wastes are handled and treated 

appropriately.  

 Vehicles used for the transportation of waste will be covered to 

prevent loss of waste. 

 Waste to be disposed offsite will be disposed to a waste facility 

that is licenced to receive that type of waste stream. 

 Waste to be transported offsite would be recorded including type, 

quantity and destination. 

 Hazardous waste such as waste oil and lubricating oil will be 

recycled at an appropriately licenced recycling waste depot.  

 Portable toilets would be emptied on a regular basis and human 

waste disposed of to a local sewage treatment plant.  

 Recycling facilities (garbage bins or other suitable receptacles) 

would be provided to maximise recycling of waste materials such 

as plastic, glass, aluminium cans, and paper/cardboard. 

Construction  

WM2 The following general mitigation measures are to be adopted by the 

Contractor(s) to reduce operational impacts on waste management: 

 Vessels (self-propelled and unpowered) will have adequate on-

board communication, containment, drainage, bunding and 

monitoring systems to prevent discharges of unauthorised 

effluents. 

 Maintenance materials including waste oil and lubricants would 

be disposed at an appropriately licenced facility. 

Operation 

7.3 Permits and Approvals 

Prior to the commencement of construction, the Department is required to obtain: 

 A Harbour Master Approval from Port Authority of New South Wales (PANSW) under Clause 

67ZN of the Ports and Maritime Administration Regulation 2012 where disturbance of the bed 

of the port is proposed. 

 A Part 7 permit from NSW Department of Primary Industries (DPI) for harm to marine 

vegetation under Section 205 of the Fisheries Management Act 1994. 
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8 Conclusion 

This REF has been prepared in accordance with Section 111 of the EP&A Act, Clause 228 of the EP&A 

Regulation and other relevant legislation, taking into account to the fullest extent possible, all matters 

affecting or likely to affect the environment as a result of the Project. 

The Project would provide the following key benefits: 

 Provide a safer harbour for local and visiting vessels.  

 Improve the protection of existing maritime infrastructure within Snug Cove. 

 Enhance Eden’s reputation as a safe boating destination which is anticipated to result in flow 

on investment in the Eden region in the maritime and tourism sectors. 

The key potential impacts of the Project are as follows: 

 Temporary noise and vibration impacts during construction, particularly from impact piling. 

 Potential impacts to water quality and aquatic ecology during construction.   

 Temporary changes to foreshore vehicle and pedestrian access arrangements during 

construction.  

 Visual impacts associated with the Project. 

 Increased traffic movements (land and water based) for the construction phase of the Project. 

Based on the assessment contained in this REF and subject to adoption and implementation of the 

mitigation measures outlined in Section 7.2 of this REF, it is considered that the Project is not likely to 

have a significant impact upon the environment or any threatened species, populations or 

communities and accordingly an EIS is not required under Part 5.1 of the EP&A Act. 

The Project is justified to be approved under Part 5 of the EP&A Act as the potential environmental 

and social impacts would be able to be managed to an acceptable level.  In addition, the Project meets 

specific objectives of providing a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden. 
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Synopsis 

The Eden Safe Harbour Project Aquatic Ecology Assessment has been prepared by Advisian to 

determine the potential impacts on aquatic ecology likely to result from the proposed Eden Safe 

Harbour Project.  

The Aquatic Ecology Report was prepared using a combination of background data review and an 

aquatic ecology field survey which was undertaken within the proposed wave attenuator footprint and 

in nearby foreshore and subtidal reef areas, using a combination of diver survey and towed video.   

Potential impacts of construction and operation of the wave attenuator on aquatic habitats and fauna 

were identified and measures to manage / mitigate these were discussed. 

An assessment of significance under the Biodiversity Conservation Act 2016 undertaken for the project 

found that no significant impact on aquatic habitats or species, particularly on threatened species are 

likely to occur from the proposal as long as the mitigation measures proposed are adopted.  
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Disclaimer 

This report has been prepared on behalf of and for the exclusive use of the Department, and is subject 

to and issued in accordance with the agreement between the Department and Advisian.  

Advisian accepts no liability or responsibility whatsoever for it in respect of any use of or reliance upon 

this report by any third party. 

Copying this report without the permission of the Department and Advisian is not permitted. 
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1  Introduction 

Advisian has been engaged by the Department of Industry (the Department) to prepare an Aquatic 

Ecology Assessment for the proposed Eden Safe Harbour Project (the Project). The Aquatic Ecology 

Assessment has been prepared to provide an assessment of the Project feasibility in relation to aquatic 

ecological issues and determine whether any significant impacts on aquatic ecology are likely to result 

from the proposed construction and operation of a wave attenuator in Snug Cove.   

1.1 Project Background and Objectives 

1.1.1 Project Need 

The Port of Eden is an active working port which supports a variety of recreational, commercial and 

port vessel operations on the far south coast of New South Wales (NSW). On occasion the port is 

exposed to significant wind and wave conditions which can affect maritime safety in the port and 

increase the risk of damage to vessels that are moored in Snug Cove or berthed on either the mooring 

jetty or multi-purpose jetty. 

1.1.2 Project Objective 

The objective of the Project is to provide a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden. Providing a safer harbour will 

enhance Eden’s reputation as a safe boating destination which is anticipated to result in flow on 

investment in the Eden region in the maritime and tourism sectors. 

1.1.3 Project Funding 

In July 2014, the then NSW Treasurer and Member for Bega, and the Minister for Roads, Maritime and 

Freight announced $10 million in funding for the Eden Safe Harbour Project. Since the announcement, 

Department has undertaken site investigations, stakeholder consultation activities and retained coastal 

engineering firm Royal HaskoningDHV (RHDHV) to develop the preliminary concept design options 

and cost estimates. 

1.2 Study Area 

The Project site is located in Snug Cove, adjacent to the town of Eden (Figure 1-1). Snug Cove is part of 

the port which is a deep water harbour and the southern-most ‘declared port’ in NSW. The port is 

located in Twofold Bay approximately 40 km north of the NSW and Victorian border and 

approximately 470 km south of Sydney. The port is located within the Bega Valley Shire Local 

Government Area (LGA). 
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Figure 1-1  Location of the study area.  
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2 Project Description  

2.1 Eden Wave Attenuator 

A wave attenuator is a floating or fixed structure that reduces wave energy. The wave attenuator for 

Snug Cove is currently being designed by Royal HaskoningDHV and is proposed to be 343 m long, 

along the alignment shown in Figure 2-1. 

 

Figure 2-1  Proposed alignment of the wave attenuator (Royal HaskoningDHV 2017).  

2.2 Floating and Fixed Wave Attenuator Structures 

At the current time both a floating and fixed wave attenuator are being considered for the site.  

2.2.1 Floating Wave Attenuator 

A floating wave attenuator would generally comprise of a series of 20 m long by 6 m wide concrete 

pontoons.  The overall depth of the pontoons is 2.4 m, the freeboard is approximately 800 mm.  The 

pontoons would be restrained by 19 steel tubular piles, of 1200 mm diameter, at each end (i.e. at 20 m 

centres). Photographs of a similar floating wave attenuator is provided in Figure 2-2.  
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Figure 2-2 Images of an example floating wave attenuator.  

2.2.2 Fixed Wave Attenuator 

A fixed wave attenuator would be comprised of approximately 120 tubular steel piles (approx. 60 pairs) 

(one vertical, one sub-vertical), of 610 mm diameter, supporting precast concrete skirt panels. The pile 

pairs would be at 6 m centres. The precast skirt panels would span between the pile pairs and be 

around 6 m high (positioned approximately 3 m above and below Mean Sea Level (MSL). A typical 

section through the wave attenuators is shown in Figure 2-3 and photo of an example fixed wave 

attenuator in Figure 2-4.   

 

Figure 2-3 Typical section through an example of a fixed wave attenuator.  
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Figure 2-4 An example of a fixed wave attenuator.  

2.3 Expected Construction Methods 

The expected construction methods associated with each type of wave attenuator are described below. 

Construction of both forms of wave attenuator will include piling from a barge, most likely a jack-up 

barge. The piles would be delivered to site and stored onshore, and loaded onto a transport barge via 

a crane.  

2.3.1 Floating Wave Attenuator 

The floating wave attenuator would have the concrete pontoons manufactured offsite and transported 

to Eden (or nearby) and stored onshore. The concrete pontoons (20 m in length) would be lifted and 

placed into the water, floated into position, and connected to the pile and each other. This is a 

relatively quick process. 

2.3.2 Fixed Wave Attenuator 

The fixed attenuator would have the pre-cast concrete panels cast either onsite, or offsite and 

transported to site and stored onshore. The panels would be lifted onto a transport barge and taken 

out to the attenuator piles where they would be lifted and held into position by a crane mounted 

barge (potentially a jack-up barge) and fixed to the piles.   
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3 Planning Pathways and Legislation 

3.1 Planning Pathways 

The Department has obtained legal advice in relation the relevant planning approval pathway under 

the Environmental Planning and Assessment Act 1979 (EP&A Act). The advice confirms that the Project 

will be assessed under the provisions of Part 5 of the EP&A Act which involves the preparation of a 

Review of Environmental Factors (REF). In this scenario, the Department is both the proponent and the 

determining authority. 

Under Part 5 of the EP&A Act, the determining authority which is responsible for deciding whether to 

approve or proceed with an ‘activity’ (as defined in Section 110 of the EP&A Act) must examine and 

take into account to the fullest extent possible all matters which are likely to affect the environment if 

the activity goes ahead (Section 111 of EP&A Act). In addition, Clause 228 of the Environmental 

Planning and Assessment Regulation 2000 (EPA Regulation) sets out the factors which must be taken 

into account concerning the impact of an activity on the environment.  

The REF will assist the determining authority’s determination of whether the activity “is likely to 

significantly affect the environment” (Section 112 of the EP&A Act). If a significant affect is identified, in 

this case an Environmental Impact Statement (EIS) would need to be prepared and considered before 

approval may be granted. An EIS may not be required subject to the requirements of Section 7.8 of the 

Biodiversity Conservation Act 2016.  

Further, it is noted that a referral to the Commonwealth Department of the Environment and Energy 

(DoEE), before taking an action that could have a significant impact on a Matter of National 

Environmental Significance (MNES) protected by the Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) may be required. Through the EPBC Act Referral process, the DoEE 

may require the Department to prepare an EIS based on the Project having a significant impact on 

MNES.   

The Aquatic Ecology Assessment has been prepared based on our professional opinion of the tasks 

required to assess the significance of impact, having regard to all key Federal and State Legislation and 

Guidelines as listed below. It also takes into account the Secretary Environmental Assessment 

Requirements (SEARs), dated 26 July 2016 associated with aquatic ecology received for the State 

Significant Infrastructure Eden Breakwater Wharf Extension Project that was approved on 5 July 2017 

(refer to Appendix A for a summary of these).  

3.2 Relevant Legislation and Guidelines 

3.2.1 Environment Protection and Biodiversity Conservation Act 1999 

The EPBC Act 1999 is administered by the Commonwealth Department of Environment and Energy 

(DoEE). Under the EPBC Act, all actions which are likely to have a significant impact on Matters of 

National Environmental Significance (MNES) are referred to the Commonwealth Environment Minister, 

and subjected to a rigorous assessment and approvals process.  The EPBC Act 1999 identifies nine 

MNES: 

1. World heritage properties 

2. National heritage places 

3. Ramsar wetlands of international significance  
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4. Nationally listed threatened species and ecological communities  

5. Listed migratory species 

6. Commonwealth marine areas 

7. The Great Barrier Reef Marine Park  

8. Nuclear actions  

9. The protection of water sources from coal seam gas development and large coal mining 

development  

3.2.2 Environmental Planning and Assessment Act 1979 

The Environmental Planning and Assessment Act (EP&A Act) 1979 forms the statutory basis for 

planning and environmental assessment in NSW. The EP&A Act 1979 ensures that consent authorities 

duly consider environmental concerns and the potential impacts of a proposed development on 

threatened species, populations and ecological communities listed under the NSW Biodiversity 

Conservation Act 2016 (which replaced the Threatened Species Conservation Act (TSC Act) 1995) and 

the NSW Fisheries Management Act (FM Act) 1994. Section 5A (7-part test) of the EP&A Act assesses 

whether the impact of a proposal on the above groups will be significant.   

This assessment is undertaken to determine whether the proposed works will have a significant impact 

on the environment, threatened species, populations, ecological communities and their habitats. It also 

assesses the type, nature and severity of potential environmental impacts in accordance to state 

planning legislation and allows the determining authority to decide whether a significant 

environmental impact will occur by: 

 identifying all environmental issues relevant to the proposal; 

 assessing the significance of potential adverse environmental issues; and 

 outlining measures to minimise these impacts. 

3.2.3 The Environmental Planning and Assessment Regulation 2000 

Clause 228 of the Environmental Planning and Assessment Regulation (EP&A Regulation) 2000 lists the 

factors which are to be taken into account concerning the impact of an activity on the environment as: 

1. Any environmental impact on a community. 

2. Any transformation of a locality. 

3. Any environmental impact on the ecosystems of the locality. 

4. Any reduction of the aesthetic, recreational, scientific or other environmental quality or value 

of a locality. 

5. Any effect on a locality, place or building having aesthetic, anthropological, archaeological, 

architectural, cultural, historical, scientific or social significance or other special value for 

present or future generations. 
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6. Any impact on the habitat of protected fauna (within the meaning of the National Parks and 

Wildlife Act (NPW Act) 1974). 

7. Any endangering of any species of animal, plant or other form of life, whether living on land, 

in water or in the air. 

8. Any long-term effects on the environment. 

9. Any degradation of the quality of the environment. 

10. Any risk to the safety of the environment. 

11. Any reduction in the range of beneficial uses of the environment. 

12. Any pollution of the environment. 

13. Any environmental problems associated with the disposal of waste. 

14. Any increased demand on resources (natural or otherwise) that are, or are likely to become, in 

short supply. 

15. Any cumulative environmental effect with other existing or likely future activities. 

3.2.4 Fisheries Management Act 1994 

The Fisheries Management Act (FM Act) 1994 applies to all state waters. The FM Act lists threatened 

species of fish and marine vegetation, endangered populations and ecological communities, critical 

habitats and key threatening processes.  All aquatic vegetation including mangroves, saltmarsh, 

seagrass and seaweeds are protected under the FM Act.  

The FM Act requires that an assessment of significance (7-part test) be applied to species of fish and 

marine vegetation (i.e. seagrasses, mangroves and seaweeds), and populations or ecological 

communities listed under its Schedules that may be affected by a proposed action, development or 

activity.  If a significant impact on a threatened species is likely, a Species Impact Statement (SIS) must 

be completed and the concurrence of, or consultation with NSW Fisheries is required.  When a 

proposal is likely to harm aquatic vegetation a Part 7 Permit to Harm Marine Vegetation must be 

obtained. 

3.2.5 Biodiversity Conservation Act 2016  

The Biodiversity Conservation Act 2016 (BC Act 2016) came into force on 25 August 2017, repealing 

the Threatened Species Conservation Act 1995. The purpose of the BC Act 2016 is to maintain a healthy, 

productive and resilient environment for the greatest well-being of the community, now and into the 

future consistent with the principles of ecologically sustainable development (ESD). Part 7 of the BC 

Act 2016 contains the biodiversity assessment and approvals provisions for which developments or 

activities are to be now assessed. These are considered in Section 11.  

3.2.6 Threatened Species Conservation Act 1995 

The TSC Act 1995, which was replaced by the BC Act 2016, outlined the protection of threatened 

species, communities and critical habitat in NSW.  In the aquatic environment seabirds, waders, aquatic 
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retiles, aquatic mammals and insects, endangered aquatic ecological communities and key threatening 

processes were addressed under the TSC Act.  

Since the BC Act 2016 came into force there do not appear to have been any changes to species or 

ecological communities listings in the schedules arising from any recent determinations of the NSW 

Threatened Species Scientific Committee. As such, searches for threatened species listed under the TSC 

Act 1995 which were made for this Project via the BioNet Atlas of NSW Wildlife prior to the BC Act 

2016 coming into force on 25 August 2017 are still referred to in this report.  

3.2.7 Protection of the Environment Operations Act 1997 

The Protection of the Environment Operations Act (POEO Act) 1997 is the main piece of legislation 

which provides environmental protection. The POEO Act 1997 also grants Environmental Protection 

Licences (EPL) with conditions and regulates such activities that have the potential to cause 

environmental harm.  

3.2.8 National Parks and Wildlife Act 1974 

The NP&W Act 1974 seeks to regulate and protect native flora and fauna in NSW and provides the 

statutory framework for public conservation reserves administered by the Minister for the 

Environment. Protected areas under the NP&W Act are addressed.   

3.2.9 Marine Parks Act 1997 

The Marine Parks Act 1997 sought to establish a comprehensive system of marine parks in NSW.  It 

provides regulations for the management, protection and conservation of marine parks.  The proposed 

location of the wave attenuator structure will not be constructed within a gazetted marine park. 

3.2.10 State Environmental Planning Policy (SEPP) No. 14 – Coastal Wetlands  

The primary aim of State Environmental Planning Policy (SEPP) 14 is to protect and preserve coastal 

wetlands in the environmental and economic interests of the State. SEPP 14 applies to any 

development which has the potential to damage or destroy identified coastal wetlands. It provides 

restrictions when carrying out development and restoration works on certain land. No SEPP 14 

Wetlands are located in the immediate vicinity of the study area nor will be impacted by the proposed 

development.  

3.2.11 State Environmental Planning Policy (SEPP) No. 62 Sustainable 

Aquaculture  

SEPPP 62 applies to any development which has the potential to adversely affect the existing or future 

oyster aquaculture development(s) and/or area(s). The main aim of SEPP 62 is to encourage 

sustainable aquaculture by allowing the permissibility of aquaculture development in certain zones 

under the standard instrument. SEPP 62 sets out minimum site location and operational requirements 

for permissible aquaculture and establishes an environmental assessment regime for aquaculture 

development. No oyster aquaculture occurs within the vicinity of the proposed wave attenuator, 

however, nearby mussel aquaculture is addressed.   
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3.2.12 State Environmental Planning Policy (SEPP) No. 71 Coastal Protection  

SEPP 71 applies to significant developments in the coastal zone, identifies matters for consideration 

and sets out the development approval process. The policy aims are: 

a. to protect and manage the natural, cultural, recreational and economic attributes of the NSW 

coast, and 

b. to protect and improve existing public access to and along coastal foreshores to the extent 

that this is compatible with the natural attributes of the coastal foreshore, and 

c. to ensure that new opportunities for public access to and along coastal foreshores are 

identified and realised to the extent that this is compatible with the natural attributes of the 

coastal foreshore, and 

d. to protect and preserve Aboriginal cultural heritage, and Aboriginal places, values, customs, 

beliefs and traditional knowledge, and 

e. to ensure that the visual amenity of the coast is protected, and 

f. to protect and preserve beach environments and beach amenity, and 

g. to protect and preserve native coastal vegetation, and 

h. to protect and preserve the marine environment of NSW, and 

i. to protect and preserve rock platforms, and 

j. to manage the coastal zone in accordance with the principles of ecologically sustainable 

development (within the meaning of section 6 (2) of the Protection of the Environment 

Administration Act 1991), and 

k. to ensure that the type, bulk, scale and size of development is appropriate for the location and 

protects and improves the natural scenic quality of the surrounding area, and 

l. to encourage a strategic approach to coastal management. 

3.2.13 Framework for Biodiversity Assessment (OEH 2014) 

The FBA was developed by the Office of Environment and Heritage (OEH 2014). The FBA underpins the 

Biodiversity Offsets Policy for Major Projects (including State Significant Development (SSD) and State 

Significant Infrastructure (SSI)).  It contains the assessment methodology that is adopted by the policy 

to quantify and describe the impact assessment requirements and offset guidance that apply to Major 

Projects. 

Section 2.3 of the FBA outlines a number of biodiversity values which are not considered under the 

FBA. Those listed under Section 2.3 of the FBA and still relevant to the Project which have been 

addressed are listed below:  

 Marine mammals (addressed in Section 6.1.1.6). 

 Wandering sea birds (addressed in Section 6.1.2).  
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 Vehicle strike (addressed in Section 8).  

 Impacts on other environmental values including water quality (addressed in Section 8). 

Section 2.4 of the FBA also provides guidance on the Assessment of Impacts on Aquatic Biodiversity 

stating that “if there are likely to be impacts on aquatic biodiversity, proponents should refer to the 

Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (Update 2013)”. 

These have been referred to and are described below.  

3.2.14 Fisheries NSW Policy and Guidelines for Fish Habitat Conservation 

and Management (DPI 2013) 

The Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (Update 

2013) aims to conserve fish habitat for native fish species in marine, estuarine and freshwater 

environments. It provides an informative guide on the various legislation, policies and guidelines 

relating to fish habitat conservation and management. It also provides information on the importance 

of fish habitats and how impacts can be mitigated, managed or offset. 

The Policy and Guidelines for Fish Habitat Conservation and Management state that the term ‘fish’’, 

under the FM Act 1994 means “marine, estuarine or freshwater fish or other aquatic animal life at any 

stage of their life history. However, it excludes whales, mammals, reptiles, birds and amphibians which 

are managed under other legislation”. Fish habitat conservation and management underpins the 

sustainable management of NSW’s fisheries. This Policy was referred to and requirements have been 

addressed where relevant. 
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4 Methodology 

The Aquatic Ecology Report was prepared using a combination of background data review and an 

aquatic ecology field survey undertaken within the proposed wave attenuator footprint and in nearby 

foreshore and subtidal reef areas using a combination of diver survey and towed video.   

4.1 Background Data Review 

The background information included within this report has been gathered in regard to the key 

Federal and State Legislation and Guidelines and takes into account the SEARs received for the 

recently approved Eden Breakwater Wharf Extension Project (2017), which are considered relevant to 

the current assessment, with the exception of dredging related issues which are not applicable for this 

Project (provided in Appendix A).  

The background data review provides an overview of the existing aquatic (marine) environment within 

Twofold Bay (specifically within Snug Cove and nearby areas). It includes a description of marine 

habitats and flora, marine protected areas, marine fauna (including threatened and protected species), 

invasive marine species, aquaculture, existing water and sediment quality data and Key Threatening 

Processes (KTP) (see Sections 5 - 7).    

4.2 Marine Field Surveys 

4.2.1 Intertidal and Shallow Subtidal Diver Survey 

Intertidal and inshore subtidal marine habitats within Snug Cove were assessed using a combination of 

snorkel and diver based surveys between the boat ramp and Mirare Point. Surveys were undertaken on 

14 and 15 August 2017.  Conditions during the surveys were sunny to overcast with light winds.  

The foreshore and intertidal assessment was undertaken via site walkover and snorkelling, with 

photographs taken of the various habitats present and any fauna sighted. Key intertidal habitats 

inspected included rocky / sandy beach areas and intertidal rocky shore.  

Inshore subtidal habitat was surveyed by diver inspection, supplemented with underwater 

photography of common species and habitat. Key subtidal habitats inspected included sandy seabed, 

seagrass and subtidal rocky reef.    

Figure 4-1 shows the proposed layout of the wave attenuator and the approximate area and route of 

the intertidal walkover, inshore snorkel and diver based surveys. It also shows the locations of infauna 

sampling undertaken during the survey. 
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Figure 4-1  Marine habitat field survey area (orange = proposed wave attenuator, yellow = video transects, green line = diver survey, blue = intertidal walkover and snorkel survey, 

red = infauna sampling).
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4.2.2 Deeper Subtidal Towed Video Survey 

Deeper offshore subtidal habitats within and adjacent to the proposed wave attenuator footprint were 

assessed using a towed video survey completed on 16 August 2017.  Conditions during the towed 

video survey were sunny but with a strong westerly wind. A total of four transects (T1 – T4) were 

completed across the subtidal area where the proposed wave attenuator is likely to be constructed 

and an additional two transects (T5 and T6) were completed along the northern section of the 

embayment between Cocora Point and Mirare Point.  The start and end positions for each transect are 

provided in Table 4-1 and locations of video transects are also shown in Figure 4-1. 

Table 4-1  GPS Coordinates for towed video transects (datum = WGS 84).  

Transect Start Easting Northing End Easting Northing 

1 T3B 758158 5893078 T3A 758338 5893167 

2 T2B 758218 5893054 T2A 758397 5893143 

3 T1B 758275 5893120 T1A 758475 5893102 

4 T4B 758104 5893131 T4A 758285 5893046 

5 T5 757817 5893267 T5 758089 5893299 

6 T6 758157 5893219 T6 758371 5893210 

4.2.3 Benthic Infauna Sampling 

Subtidal benthic marina infauna were collected from 12 locations within the study area using a 0.1 m2 

Van Veen grab on 16 August 2016.  Samples were collected from 12 locations, the positions of which 

are provided in Table 4-2 and shown in Figure 4-1. 

Table 4-2  GPS Coordinates for benthic infauna sampling locations (datum = WGS 84).  

Site Easting Northing Depth (m) 

P01 758456 5893116 7.2 

P02 758453 5893086 7.3 

P03 758416 5893120 7.7 

P04 758414 5893090 7.8 

P05 758376 5893123 7.2 

P06 758337 5893127 7.3 

P07 758342 5893096 8.5 

P08 758301 5893109 8.4 

P09 758294 5893072 8.6 

P10 758265 5893091 8.5 

P11 758246 5893048 8.5 

P12 758209 5893065 8.5 

4.2.3.1 Sample Processing and Laboratory Identification  

Immediately after retrieving each grab onto the boat, samples were sieved through a 1.0 mm mesh 

sieve. The retained contents were then transferred into separate snap lock bags containing a ~10% 

formalin solution (with seawater) to preserve the entire sample for laboratory identification. 

All samples were identified in the laboratory (by Aquen Aquatic and Environmental Consulting) to 

family level. This level of identification is consistent with standard practice and has been proven to be 

adequate in determining the effects of anthropogenic influences on the marine environment, in 
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particular on infauna communities (e.g. Warwick, 1988, Chapman 1998, Underwood et al. 2003, 

Cummins et al. 2004).    

4.2.3.2 Data Analysis 

The infauna data was analysed using Excel. As the data collected was for baseline assessment, analysis 

was limited to calculating abundance, richness and Shannon diversity values for the study area. 

Taxonomic richness calculations were based on a family level taxa classification.  

4.3 Impact Assessment 

Potential impacts associated with the Project’s construction and operation (Sections 8 and 9 

respectively) were assessed and measures to mitigate and/or manage those impacts are discussed 

(Section 10).  

In Section 11 an assessment of the significance of the project on marine ecological values as per the 

requirements of the BC Act 2016 was undertaken.  
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5 Existing Environment – Marine Habitats  

This section contains information on the aquatic ecology (specifically marine ecology) of the study 

area, including the results of a marine habitat field survey undertaken in Snug Cove. No freshwater 

aquatic ecosystems (with the exception of coastal wetlands which will not be impacted) are located 

within the general study area.  

5.1 Existing Marine Environment 

5.1.1 Twofold Bay 

Twofold Bay is an open oceanic embayment (Roy et al. 2001).  It has a catchment area of 11 km2 with a 

total volume of 334,559 ML over a surface area of 30.7 km2 at an average depth of 10.9 m making it 

reputedly the third deepest natural harbour in the Southern Hemisphere (OEH 2012). 

5.1.2 Waterway and Fish Habitat Classification  

Under the Fisheries NSW Policy and Guidelines for Fish Habitat Conservation and Management (NSW 

DPI 2013) (Table 2 of the Policy), the waterway of Twofold Bay would be considered as a CLASS 1 – 

Major Key Fish Habitat, i.e. “a marine or estuarine waterway or permanently flowing or flooded 

freshwater waterway (e.g. river or major creek), habitat of a threatened or protected species or ‘critical 

habitat’”.   

Considering the specific attributes of the marine habitats in the study area (as discussed in the ensuing 

sections), and in accordance with Table 1 of the Policy, much of Snug Cove and Cattle Bay would be 

considered as a TYPE 1 – Highly Sensitive Key Fish Habitat, as it contains seagrass beds >5 m2 in area.   

The area within the proposed wave attenuator footprint of the wave attenuator would be classed as a 

mix of TYPE 2 – Moderately Sensitive Key Fish Habitat, as some areas of the seafloor contains marine 

macroalgae and TYPE 3 – Minimally Sensitive Key Fish Habitat as it consists of unvegetated sandy 

substrate (refer to results of the marine field survey in Section 5.3.2 for details) (NSW DPI 2013).  

5.1.3 Marine Regions / Bioregions 

Twofold Bay is located within the South-East Marine Region of Australia and lies just south of the 

southern extent of the Temperate East Marine Region. The South-East Marine Region covers more than 

2,000,000 km2 of waters extending from Bermagui in southern NSW, Victoria, Tasmania (including 

Macquarie Island) and eastern South Australia from the South Australian / Victorian border to Victor 

Harbor (National Oceans Office 2004).   

Twofold Bay is also located within the Twofold Shelf Marine Bioregion (one of Australia’s 65 marine 

bioregions and provinces as classified under the Integrated Marine and Coastal Regionalisation of 

Australia (IMCRA)). Bioregions provide a national framework for consistent, ecologically based 

planning of marine protected areas and include all estuarine, coastal and offshore waters to the edge 

of the continental shelf at the 200 m depth contour (Breen et al. 2005). The Twofold Shelf Marine 

Bioregion extends from Wallagoot Lake, NSW, to east of Wilsons Promontory in Victoria and south into 

Tasmanian waters (Figure 5-1).  
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Figure 5-1 NSW marine bioregions (Breen et al. 2005). 

The East Australian Current (EAC) runs southwards along the east coast of Australia from the Coral Sea 

into the Tasman Sea bringing warm tropical and subtropical water into the cooler temperate waters of 

NSW.  It has an important influence on marine biodiversity in coastal and offshore waters throughout 

the state. Movement patterns of the EAC from the coast mean that the inshore areas of the Batemans 

Shelf and Twofold Shelf Bioregions are more often influenced by temperate conditions (Pollard et al. 

1997). As such, available information pertaining to the biodiversity of the Temperate East Marine 

Region and South-East Marine Region are both considered to be applicable to the study area (i.e. 

Twofold Bay / Eden) and have been referred to through this assessment.  

5.2 Marine Protected Areas and Environmentally Sensitive 

Lands 

Marine protected areas and environmentally sensitive lands with aquatic components (i.e. coastal 

wetlands) located within the study area are described in this section.   

5.2.1 Protected Areas Managed by OEH under the NP&W Act 1974 

Protected areas, which are set aside for conservation under the NP&W Act 1974, are managed by the 

National Parks and Wildlife Service (NPWS).  An important component of the State's reserve system 

are marine protected areas. These include many National Parks and Nature Reserves with marine or 

estuarine components, as well as Aquatic Reserves and Marine Parks managed by the Marine Estate 

Management Authority (OEH 2015).   

Marine protected areas are parts of the NSW marine estate that are managed to conserve marine 

biodiversity and support marine science, recreation and education. The NSW system of marine 

protected areas includes: 
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 6 Marine Parks - multiple use marine parks cover around one third (~345,000 ha) of the NSW 

marine estate. 

 12 Aquatic Reserves – Aquatic Reserves cover ~2,000 ha of the NSW marine estate. 

 National Parks and Nature Reserves – include ~20,000 ha of estuarine and oceanic habitats. 

A map of the location of marine protected areas in NSW is provided in Figure 5-2. No marine 

protected areas occur within Twofold Bay or in the immediate study area so will not be impacted by 

the proposal. The closest marine protected area to the site is the Bateman’s Marine Park (BMP), the 

southern extent of which ends at Wallaga Lake, just north of Bermagui (i.e. ~90 km north of Twofold 

Bay). As no marine protected areas occur within the study area, they are not discussed further.  

 

Figure 5-2 Marine protected areas in NSW (NSW DPI 2016). 
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5.2.2 State Environmental Planning Policy (SEPP) No.14 – Coastal Wetlands 

SEPP 14 Coastal Wetlands aims to ensure that the coastal wetlands are preserved and protected in the 

environmental and economic interests of the State.  Lake Curalo, located >2 km north of the study 

area, north of the Eden town centre and adjacent to Aslings Beach and Calle Calle Bay, contains 

wetlands identified under SEPP 14 (Figure 5-3). 

Lake Curalo is intermittently open to the ocean and has a waterway area of ~0.7 km2 and catchment 

area of ~31 km2.  The lake consists of a shallow entrance channel, located at the northern end of 

Aslings Beach; main basin with depths up to about 2 m below AHD and a smaller, shallow northern 

basin.  Two ephemeral streams, Freshwater Creek and an unnamed creek, drain into the lake from the 

west.  The main tributary, Palestine Creek, enters the lake from the north-west (Nelson Consulting and 

Lawson & Treloar 2002).  

The lake supports a variety of habitats. Of note are the areas of saltmarsh, the extent of which appears 

to have increased since the mid-1980s (despite general declines elsewhere). The bushland around the 

lake is also valued for its diversity and variety of flowering plants. A total of 33 species of birds have 

been recorded here including four species listed under international agreements for the protection of 

migratory birds.  Exposed sand / mud flats in Lake Curalo provide habitat for waders and other water 

birds (Nelson Consulting & Lawson and Treloar 2002).  

The SEPP 14 Coastal Wetlands of Lake Curalo will not be impacted in any way by the proposed wave 

attenuator construction or operation so are not discussed further. 

 

Figure 5-3 Location of Lake Curalo and the study area. 
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5.2.3 Directory of Important Wetlands 

The Directory of Important Wetlands (Environment Australia 2001) is a co-operative project between 

the Commonwealth, State and Territory Governments of Australia and is coordinated by The 

Department of Environment and Energy (DoEE) to identify Nationally Important Wetlands. The 

Directory lists 698 nationally important wetlands (including Twofold Bay) which are classified into 40 

different wetland types in three categories. Twofold Bay has an area of 850 ha and is classified as a 

Marine and Coastal Zone Wetland with the following attributes: 

 Marine waters - permanent shallow waters less than six metres deep at low tide; includes sea 

bays, straits (A1). 

 Estuarine waters; permanent waters of estuaries and estuarine systems of deltas (A6). 

 Brackish to saline lagoons and marshes with one or more relatively narrow connections with the 

sea (A10). 

The criteria for determining nationally important wetlands in Australia, and hence inclusion in the 

Directory, are those agreed to by the ANZECC Wetlands Network in 1994. Twofold Bay meets the 

following criteria for inclusion: 

 It is a good example of a wetland type occurring within a biogeographic region in Australia 

(Criteria 1). 

 It is a wetland which is important as the habitat for animal taxa at a vulnerable stage in their life 

cycles, or provides a refuge when adverse conditions such as drought prevail (Criteria 3). 

 The wetland supports native plant or animal taxa or communities which are considered 

endangered or vulnerable at the national level (Criteria 5). 

 The wetland is of outstanding historical or cultural significance (Criteria 6). 

5.2.4 Land Identified as Critical Habitat  

This section identifies any land declared as Critical Habitat located within the study area as listed under 

the previous TSC Act 1995, EPBC Act 1999 and FM Act 1994.  

An area of land is listed as Critical Habitat under the TSC Act 1995 if it is critical to the survival of an 

endangered or critically endangered species, population or ecological community.  No areas of Critical 

Habitat listed under the TSC Act 1995 occur within the study area (OEH 2016) 

(http://www.environment.nsw.gov.au/criticalhabitat/criticalhabitatprotectionbydoctype.htm).   

Areas of Critical Habitat for aquatic or marine species identified under the TSC Act 1995 include: 

 Cabbage Tree Island, Port Stephens, NSW – Critical Habitat for Gould’s petrel (Pterodroma 

leucoptera). 

 Manly, Sydney Harbour, NSW – Critical Habitat for little penguin (Eudyptula minor). 

Neither of these sites are located near to Twofold Bay so will not be impacted by the proposal.  As 

such, Critical Habitat under the TSC Act 1995 is not discussed further. 

The Register of Critical Habitat for species listed under the EPBC Act 1999 indicates that no areas of 

listed Critical Habitat under this Act occur within the study area (Commonwealth of Australia 2016) 

(http://www.environment.gov.au/cgi-bin/sprat/public/publicregisterofcriticalhabitat.pl).  

http://www.environment.nsw.gov.au/criticalhabitat/criticalhabitatprotectionbydoctype.htm
http://www.environment.gov.au/cgi-bin/sprat/public/publicregisterofcriticalhabitat.pl
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The only areas of Critical Habitat for aquatic / marine species identified under the EPBC Act are:  

 Macquarie Island, Tasmania – Critical Habitat for wandering albatross (Diomedea exulans).   

 Albatross Island, The Mewstone, Pedra Branca, Tasmania – Critical Habitat for shy albatross 

(Thalassarche cauta). 

  Macquarie Island, Tasmania – Critical Habitat for grey-headed albatross (Thalassarche 

chrysostoma). 

None of these islands are located near to Eden or Twofold Bay and so will not be impacted by the 

proposal. As such, Critical Habitat under the EPBC Act 1999 is not discussed further.  

The FM Act 1994 also makes provision for the declaration of Critical Habitat’ by the Minister for 

Primary Industries. Critical Habitat is defined under the FM Act 1994 as ‘the whole or any part of the 

habitat of an endangered species, population or ecological community that is critical to the survival of 

the species, population or ecological community’. Regulations can be developed to control specific 

activities in critical habitat areas.  The Register of Critical Habitat under the FM Act 1994 

(http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what/register) includes: 

 Grey Nurse Shark Critical Habitat – Various locations in NSW are listed, with the closest area to 

Twofold Bay being the Tollgate Islands, located near Bateman’s Bay.  

The Tollgate Islands are not located near to Twofold Bay and so will not be impacted by the proposal.  

As such, Critical Habitat under the FM Act 1994 is not discussed further.  

5.2.5 Areas of Outstanding Biodiversity Value 

The BC Act 2016 gives the Minister for the Environment the power to declare Areas of Outstanding 

Biodiversity Value (AOBVs). AOBVs are special areas that contain irreplaceable biodiversity values that 

are important to the whole of NSW, Australia or globally.  They are explained in more detail at 

http://www.environment.nsw.gov.au/biodiversity/outstandingbiodivvalue.htm (OEH 2017).  

Areas of Critical Habitat which were previously declared under the TSC Act 1995 (refer to Section 5.2.4) 

have become the first AOBVs in NSW with the commencement of the BC Act 2016.  

The Biodiversity Conservation Regulation 2017 establishes the criteria for declaring AOBVs. The criteria 

have been designed to identify the most valuable sites for biodiversity conservation in NSW. 

As per the areas of Critical Habitat listed under the TSC Act 1995, no AOBVs are located near to 

Twofold Bay so will not be impacted by the proposal.  As such, AOBVs are not discussed further. 

5.2.6 Key Ecological Marine Features 

Key Ecological Marine Features are parts of the marine ecosystem that are considered to be important 

for the biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.  The 

Upwelling East of Eden is a Key Ecological Marine Feature of the South-east Marine Region which is 

listed under the EPBC Act 1999 (DoE 2015).   

5.2.6.1 Upwelling East of Eden 

The Upwelling East of Eden is an area of regionally high biodiversity and primary productivity 

supporting fisheries and aggregations of marine life. When they interact with the continental shelf and 

http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what/register
http://www.environment.nsw.gov.au/biodiversity/outstandingbiodivvalue.htm
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headlands, dynamic eddies of the EAC cause episodic productivity events. Episodic mixing and nutrient 

enrichment events drive phytoplankton blooms which are the basis of productive food chains 

including zooplankton, copepods, krill and small pelagic fish.  The Upwelling East of Eden includes a 

number of top order predators, marine mammals and seabirds.  It is one of two known feeding 

aggregation areas for blue whales and humpback whales.  It is also an important area for seals, other 

cetaceans, sharks and seabirds (DoE 2015). The location of the upwelling is shaded in yellow in Figure 

5-4. The proposed wave attenuator will have no impact on the area defined as the Upwelling East of 

Eden so this is not described further.  

 

Figure 5-4 Key Ecological Marine Features of the South-east Marine Region showing the Upwelling East of 

Eden (shaded in yellow) (DoE 2015). 

5.3 Marine Habitats and Flora 

Marine habitats and flora in the study area are described using existing data and the results of a 

marine habitat field survey undertaken in August 2017.  Special consideration is given to the 

distribution of aquatic vegetation (i.e. seagrass, macroalgae, mangroves and saltmarsh) as all aquatic 

vegetation on public water, land and foreshore is protected under the NSW FM Act 1994.  Harming or 

removal of marine vegetation is generally only permissible by permit (i.e. a NSW Fisheries Part 7 Permit 

to Harm Marine Vegetation).   

5.3.1 Background Review  

Twofold Bay is the only ocean embayment in the Twofold Shelf Bioregion. The Bay contains a wide 

variety of natural marine habitats including intertidal rocky shores, sandy beaches, intertidal and 
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subtidal reefs, deep-water areas, sand flats and coastal wetlands which provide important habitat for 

marine life, cetaceans and threatened and migratory birds (Breen et al. 2005). 

Marine habitats located in the vicinity of the study area (i.e. in Snug Cove and Cattle Bay) have been 

mapped by a variety of sources. The NSW Department of Primary Industries (DPI) mapped the 

estuarine habitats (i.e. seagrass, mangroves and saltmarsh) of Twofold Bay using a combination of 

aerial photography (2003) and field surveys (2004). The estuarine habitat map in which the study area 

is included (Map 65 - “Curalo Lagoon, Nullica River, Towamba River and Fisheries Creek”) is provided in 

Appendix B (and is available online at: http://www.dpi.nsw.gov.au/content/research/areas/aquatic-

ecosystems/estuarine-habitats-maps/IINSW_EstMac_map65.pdf).  

An excerpt from this map (Figure 5-5) shows that a large area of Zostera sp. seagrass (dark blue area) is 

located within Cattle Bay, to the west of the proposed wave attenuator, with a smaller area of Zostera 

sp. occurring within Snug Cove, to the approximate north-east of the proposed structure.  The original 

map in Appendix B shows that the area of seagrass mapped within Cattle Bay is one of the largest 

within Twofold Bay.  No other species of seagrass, mangroves or saltmarsh are currently mapped by 

NSW DPI in the vicinity of the study area.  

 

 

Figure 5-5 Excerpt from the NSW DPI estuarine habitat map for the local area (NSW DPI 2004). 

Cattle Bay 

Snug Cove 

Eden Breakwater 

and Wharf 

Cocora 

Beach 

Calle Calle Bay 

http://www.dpi.nsw.gov.au/content/research/areas/aquatic-ecosystems/estuarine-habitats-maps/IINSW_EstMac_map65.pdf
http://www.dpi.nsw.gov.au/content/research/areas/aquatic-ecosystems/estuarine-habitats-maps/IINSW_EstMac_map65.pdf
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The NSW Department of Environment Climate Change and Water (DECCW) has undertaken large scale 

seabed mapping of the continental shelf seabed habitats of NSW (DECCW 2010) with particular focus 

on habitats within NSW state coastal waters.  DECCW (2010) reports that the distribution of seabed 

habitats in the region between Bermagui and Cape Howe is characterised by nearshore reefs occurring 

adjacent to areas of rocky shoreline interspersed between sand dominated beaches.  The mapping 

shows that nearshore soft sediment and nearshore reef habitat are present within Twofold Bay, near to 

Eden, with nearshore reef habitat mainly distributed around the edges of the bay.    

In 2014, Marine Solutions undertook bathymetric surveys and benthic habitat mapping within Cattle 

Bay. Towed video transects coupled with diver based investigations were completed. Four main 

benthic habitat classes were identified within Cattle Bay, and their approximate distribution mapped. 

These were: 

a) High profile rocky reef dominated by brown macroalgae;  

b) Cobble, shell and broken stone;  

c) Seagrass: three species were detected - Heterozostera sp, Posidonia sp. and Halophila sp.; and  

d) Unconsolidated sand and silt.   

Rocky reef was the dominant habitat present in shallow waters of Cattle Bay adjacent to the rocky 

foreshore. Cobbles and shell were found at the outer edge of the rocky reef, and only represented a 

small band of habitat.  Further offshore, either sand or seagrass, or a mosaic of both, were present 

(Figure 5-6).  

 

Figure 5-6 Location of marine habitats mapped in Cattle Bay (Marine Solutions 2014).  

Much of the seagrass mapped in Cattle Bay by Marine Solutions (2014) was noted to be very sparse, 

indicating that while the area has suitable seagrass habitat, at the time of survey (i.e. July 2014 - winter) 
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it was not supporting dense seagrass beds. The mapping indicated the 7 m depth contour as the 

approximate outer boundary between bare sand and seagrass habitat, potentially due to light 

restrictions with an increase in depth.  The inner boundary of seagrasses was at approximately 1 m 

depth. The seagrass species found exhibited some level of zonation, with Halophila sp. being present 

in mixed seagrass patches close inshore at the head of Cattle Bay.  

This survey confirmed the location and extent of Posidonia sp. patches previously identified by Marine 

Pollution Research (2013), along the eastern shore of Cattle Bay, just offshore of the rocky reef edge. 

Heterozostera sp. occurred throughout the bay, although no dense beds were noted at the time of 

survey (Figure 5-7).  The Heterozostera sp. distribution throughout the bay was a mosaic of sparse 

seagrass with unvegetated sand patches (Marine Solutions 2014). The Marine Solutions mapping 

shows sandy seafloor in the area of the proposed wave attenuator.  

 

Figure 5-7 Location of seagrass species in Cattle Bay (Marine Solutions 2014). 

In 2015, AMA undertook marine field surveys within Snug Cove and Cattle Bay to identify marine 

habitats in the area. Diver based surveys of intertidal and subtidal areas adjacent to the foreshore and 

the existing breakwater and wharf were conducted to describe the communities present in intertidal 

and subtidal areas and on artificial structures (AMA 2015).  A small embayment south of the 

Breakwater Wharf was reported to contain an intertidal rocky foreshore with small rock pools. The 
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marine macroalgae Neptune’s necklace (Hormosira spp.) was found to dominate the intertidal zone 

here (Figure 5-8). Sessile marine fauna present in this area are discussed in Section 6.2. 

 

Figure 5-8 Small embayment south of the Breakwater Wharf and Hormosira spp. (AMA 2015). 

On the northern side of Snug Cove a rocky intertidal foreshore occurs. AMA reported that subtidally, 

the rocky seafloor in this area is inhabited by the large brown macroalgae species, Sargassum spp. 

(Figure 5-9). Sessile marine fauna in this area are discussed in Section 6.2. This area was surveyed 

further by Advisian in August 2017 and results are provided in Section 5.3.3. 

 

Figure 5-9 Intertidal foreshore and Sargassum spp. in the subtidal zone on the northern side of Snug Cove 

(AMA 2015). 

A sandy beach occurs within Cattle Bay and offshore from this beach one of the largest mapped 

seagrass areas within Twofold Bay occurs (refer to Figure 5-5).  Sessile marine fauna in this area are 

discussed in Section 6.2. 

Towed video surveys undertaken by AMA in June 2015 showed that large beds of macroalgae (kelp - 

Ecklonia spp.) occur along the northern extent of the Breakwater Wharf and along the seawall, 

extending from the Police Jetty, east into the cove between the Breakwater Wharf and Multipurpose 

Jetty. A small patch of Posidonia spp. seagrass was recorded adjacent to the Twofold Bay Bait Jetty and 

a small Heterozostera spp. seagrass meadow occurs offshore of the Cattle Bay Jetty.  

Seagrass mapping undertaken by AMA (2015) was generally in agreement with Marine Solutions 

(2014). Benthic habitat further out in Snug Cove consisted of bare sand with occasional epifauna (e.g. 

sea pens). Temperate rocky reef and low profile reef were present on the northern shore of Snug Cove, 
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as well as off Cocora Point to the west of Cattle Bay.  Sessile marine fauna recorded in these areas are 

discussed in Section 6.2. Figure 5-10 shows the location of habitats mapped by AMA (2015) and by 

Marine Geosolutions (2016). 
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Figure 5-10 Habitat mapping and dredge plan (Marine GeoSolutions 2016). 
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5.3.2 Artificial Habitats  

Artificial structures within Snug Cove provide habitat for marine flora and fauna. These include the 

rocky areas and sheet pile walls of the Breakwater Wharf and wooden piles of the Multipurpose Jetty 

and Mooring Jetty.  Diver surveys undertaken by AMA (in early 2015) found that subtidal areas of the 

artificial rocky reef created by the Breakwater Wharf Wall were dominated by the large brown 

macroalgae Ecklonia spp.  This species was also found at the base of the sheet pile walls that make up 

~ 40% of the Breakwater Wharf Wall (Figure 5-11).  Marine flora on the wooden wharf piles included a 

wide range of micro and macroalgae species including encrusting coralline algae.  Sessile marine fauna 

in these areas are discussed in Section 6.2. 

 

Figure 5-11 Macroalgae (Ecklonia spp.) growing on the Breakwater Wharf Wall (AMA 2015). 

5.3.3 Field Survey Results 

5.3.3.1 Intertidal and Shallow Subtidal Habitat 

Natural intertidal habitats in Snug Cove included a stretch of beach, patches of intertidal rocky reef in 

nearshore waters off the beach and an intertidal rocky shore at Mirare Point at the western end of the 

beach which extended around towards Cattle Bay. Intertidal areas of artificial reef created by the 

breakwater and boat ramp are also present (refer to Section 5.3.3.4). Associated with these intertidal 

rocky areas were shallow subtidal rocky reef habitat which were surveyed using snorkel and are also 

described in this section (note that deeper nearshore subtidal reef assessed by divers is described 

further in Section 5.3.3.2 and offshore subtidal reef assessed with towed video in Section 5.3.3.3).    
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Intertidal Beach Area 

A stretch of intertidal beach extends from the Snug Cove boat ramp, westwards to Mirare Point. Beach 

sediments were variable and consisted of coarse grained sands (which were mainly found in the lower 

intertidal), small to medium sized pebbles (mainly found in the upper intertidal and formed the 

majority of the beach) and small to medium sized boulders (scattered over the entire beach area). The 

intertidal beach area was devoid of marine vegetation including mangroves, saltmarsh and inshore 

seagrass, however, macroalgae was present growing on inshore intertidal reef areas which extend from 

the beach into the subtidal zone. No mobile marine fauna was recorded here during the field survey.  

The variability in sediments type in the upper and lower intertidal beach areas is shown in Figure 5-12.  

   

   

Figure 5-12  Sediment variability along the intertidal beach, Snug Cove.  

Intertidal and Shallow Subtidal Reef – Eastern End of Beach  

Patches of intertidal and shallow subtidal rocky reef were present at the eastern end of the beach. 

Some of these patches ran directly out from the shore, while others were small and discrete. The upper 

intertidal zone of these reef patches was most commonly dominated by dense aggregations of rock 

oysters (Saccostrea glomerata). Below these a variety of sessile and mobile marine molluscs (e.g. 

limpets and barnacles), sessile ascidians (Pyura stolonifera) and the tube forming polychaete Sydney 

coral (Galeolaria caespitosa) were common (Figure 5-13).  Dense beds of the marine macroalgae 

Neptune’s necklace, Hormosira banksii, were present in the lower intertidal / upper subtidal zone (as 

recorded by AMA 2015 in shallow reefs in the small embayment to the east of the Eden Breakwater 

Wharf Wall). In the shallow subtidal zone, a wide variety of large brown macroalgae (e.g. kelp - 
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Ecklonia radiata and Sargassum sp.) and small encrusting (including coralline algae) and turfing species 

of red, green and brown algae varieties were present (Figure 5-14).  

   

   

   

Figure 5-13 Intertidal rocky reef in shallow waters directly off the beach in Snug Cove. 
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Figure 5-14  Subtidal rocky reef in the shallow subtidal zone of Snug Cove.  

Intertidal and Shallow Subtidal Reef – Western End of Beach / Mirare Point 

At the western end of the beach an intertidal rocky shore is present, which includes numerous small 

and large rock pools and which forms a more extensive subtidal reef, seaward with increasing depth, 

before ending into  sandy seafloor. This area of rocky shore continued westwards around to Cattle Bay. 

Similar to the intertidal reef at the eastern end, the upper intertidal zone, including the rock pools, 

were mainly inhabited by aggregations of rock oysters, S. glomerata, beds of the marine algae 

Neptune’s necklace H. banksia, and other small mobile and sessile molluscs. The rocks in the intertidal 

zone were also seen to be encrusted with brightly coloured yellow and orange lichen (Figure 5-15).  
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Figure 5-15  Intertidal rocky shore and rock pools at the western end of the beach in Snug Cove.  

Aggregations of oysters and dense beds of Neptune’s necklace continued into the upper subtidal 

zone. The variety of marine algae seaward of the upper subtidal zone increased significantly with 

depth, as seen at the eastern end of the beach. Large brown macroalgae were again found attached to 

the hard subtidal rocky surfaces (e.g. Ecklonia and Sargassum sp.) while numerous varieties of 

understorey algae including encrusting, coralline and turfing species of red, green and brown algae 

were present (Figure 5-16). Large mobile marine fauna were not commonly seen during the field 

survey but the intertidal and shallow subtidal habitat present is suitable for a range of fishes, 

syngnathids, rays and mobile and sessile invertebrates (e.g. ascidians, bryozoans, sponges, crustaceans 

and molluscs).  
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Figure 5-16  Shallow subtidal rocky reef at the western end of the beach in Snug Cove.  

5.3.3.2 Inshore Subtidal Habitats 

The deeper inshore subtidal habitat assessed by divers in Snug Cove between the boat ramp and 

Mirare Point consists of a diverse range of habitats that varies from bare soft sediment habitat to 

seagrass, and from natural inshore reef to artificial reef created by construction of the small breakwater 

around the boat ramp.  Water visibility at the time of inspection was in the order of five to ten metres, 



  
 

 

 

  

 

 

46 

 

 

however it was noted that fine particulate was present in the water column and layers of fine silt were 

present on the seagrass and macroalgae on the seabed. 

Sandy Seabed 

Subtidal sandy seabed was the dominant subtidal habitat (in terms of area) recorded within Snug 

Cove. The seabed of much of the inshore area, which is generally less than 2-4 m deep, consists of fine 

to medium grained sand with smaller proportions of silt and sand. The seabed was generally devoid of 

any epibenthic species. Two species of nudibranch (Aphelodoris varia and Diversidoris sulphurea) were 

recorded on the seabed close to areas of macroalgal covered reef in close proximity to the boat ramp, 

but were uncommon. Solitary ascidians (e.g. Herdmania momus) were also common but not abundant.  

Areas of seabed within the more sheltered sections of the Harbour were covered in a layer of silt. Large 

debris and litter, for example car tyres and trees, were noted on the seabed. Images of the subtidal 

sandy seabed and associated fauna are provided in Figure 5-17.  

   

   

Figure 5-17 Soft sediment habitat and fauna including (from top clockwise) sandy seabed, nudibranch, 

Aphelodoris varia, solitary ascidian, Herdmania momus, and the nudibranch, Diversidoris sulphurea. 

Seagrass 

The field survey identified three species of seagrass between the boat ramp and Mirare Point. Eelgrass 

(Zostera capricorni) was the most common species observed and was present in small and large 

discrete patches throughout the area inspected. The smallest species paddleweed (Halophila ovalis) 

was less common but present in the deeper water sections of the survey area.  Strapweed (Posidonia 

australis) was also less common and generally restricted to areas of shallowest depth, closer to shore.  

The Posidonia beds were relatively small in size and patches were variable in cover ranging from sparse 

to dense.  Images of seagrass are shown in Figure 5-18 and Figure 5-19.   
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Figure 5-18 Common species of seagrass, top = dense and sparse cover of eelgrass, Zostera capricorni, 

bottom = paddleweed, Halophila ovalis and strapweed, Posidonia australis.  

 

Figure 5-19  Inshore bed of Posidonia australis, note the silty conditions.  

Inshore Subtidal Reef 

There is a significant area of subtidal rocky reef at Mirare Point that extends across ~150 m of coastline 

and extends ~50 m seaward of the high water mark. The steep exposed rocky intertidal and shallow 

subtidal shore here is generally devoid of significant flora and fauna (and is dissimilar to the more 

sheltered and less steep areas of rocky intertidal and shallow subtidal reef closer to the Snug Cove 
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beach as described previously). However, with increasing depth, the abundance and diversity of the 

macroalgae and invertebrates inhabiting the inshore subtidal reef increases.  

Inshore subtidal reefs are largely dominated by a suite of brown macroalgal species such as Ecklonia 

radiata, Sargassum verruculosum, Padina sp., Cystophora spp. and some rounded gelatinous forms, 

possibly Colpomenia sp. which is present on the seabed rather than the reef itself.  Green algae were 

uncommon, with only one species observed, Caulerpa geminata. 

Invertebrate diversity along the subtidal rocky reefs was variable with the highest diversity observed at 

the base of the reefs where a variety of microhabitats in the forms of crevices and overhangs were 

common. Common species observed included black lip abalone, Haliotis rubra, the turban snail, Turbo 

torquatus, the triton, Cabestana spengleri, both compound and solitary ascidians and the large sea 

urchin, Centrostephanus rodgersii.  Other less common species were the nudibranchs, Chromodoris 

ambigua and Diversidoris sulphurea, the seastar, Pentagonaster duebeni and sponges. A large number 

of empty abalone shells were observed throughout the reef areas inspected.  A section of seabed 

adjacent to the main reef near the inside point was also blanketed by a layer of dead opened mussel 

shells.  Images are provided in Figure 5-20.  

   

   

   

Figure 5-20 Common species on subtidal reef near Mirare Point: nudibranch, Chromodoris ambigua, 

seastar, Pentagonaster duebeni, coralline algae, Corallinaceae, compound ascidian, Boytrylloides 

magnicoecum, mollusc, Dicathais orbita, and the ascidian Herdmania momus. 
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5.3.3.3 Offshore Subtidal Habitat 

Offshore subtidal habitat in Snug Cove was assessed using towed video survey with a number of spot 

dives. Six video transects were taken and analysed with the subtidal habitats within them described 

below. Still images of representative habitat from each of the video files are shown following.   

Transect 1 

Transect 1 was mostly silty sand substrate (at the seaward end of the transect) with a variable to dense 

cover of benthic algae in the middle of the transect and an abundance of shell at the end (nearest the 

jetty). The benthic algae along this section of seafloor appears to be attached (not drift) and is 

anchored to the shell that is abundant on the seabed (Figure 5-21). 

    

   

Figure 5-21 Seabed conditions along Transect 1.  

Transect 2 

Similar to Transect 1, Transect 2 was mostly silty sand substrate (at the seaward end of the transect) 

with a variable cover of benthic algae in the middle of the transect and an abundance of shell at the 

end of the transect (close to the mooring jetty).  Images from the seabed show the presence of a 

seastar, Astropecten vappa, and a small colony of blue mussels, Mytilus edulis (Figure 5-22).  Very few 

epibenthic species were noted on the footage except for the benthic algae which was very common 

and at its greatest cover midway through the transect.  
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Figure 5-22 Seabed conditions along Transect 2. 

Transect 3 

Transect 3 was largely composed of bare substrate with a variable cover of benthic algae midway 

through the transect. The beds of benthic algae were less dense and less extensive than the beds in 

Transect 1 and Transect 2. The only benthic invertebrates noted on the footage were solitary ascidians, 

namely Herdmania momus (Figure 5-23) that were common but not abundant.   
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Figure 5-23 Seabed conditions along Transect 3 (arrow indicating presence of ascidian).  

Transect 4 

Similar to Transect 1 and Transect 2, Transect 4 had a highly variable cover of benthic algae. Algal 

benthic cover was at its lowest at the beginning of the transect and also toward the end of the 

transect, whereas algal cover toward the middle of the transect was very dense. The species present 

are a combination of chlorophytes (green algae) and phaeophytes (brown algae). These species 

require anchoring to grow and are most likely attached to shell or other hard substrate that is present 

on the seabed. The only benthic invertebrates noted on the footage were the solitary ascidians Pyura 

stolonifera and a second stalked species, namely Sycozoa sp. (Figure 5-24). 

   

   

Figure 5-24 Seabed conditions along Transect 4 (arrow indicating presence of ascidian). 
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Transect 5 

Transect 5 extends from near Cocora Point to the end of the Cattle Bay jetty. Habitats along this 

transect were highly variable and ranged from very sparse seagrass, into bare sandy substrate and into 

patches of subtidal reef (Figure 5-25). Spot ground truthing of habitat by diver was undertaken along 

this transect at the locations shown in Table 5-1.  

   

Figure 5-25 Seabed conditions along Transect 5. 

Table 5-1 GPS Coordinates for ground truthing sites along Transect 5 (datum = WGS 84).  

Code  Easting  Northing 

006 Start of Transect (5.5m depth) 757817 5893267 

007 At 7m depth 757892 5893291 

008 Ecklonia, patchy reef 757903 5893293 

009 Mainly sand 757978 5893318 

010 Sand and benthic algae 758052 5893323 

011 End of Transect 758089 5893299 

Transect 6 

Transect 6 extends from near the Cattle Bay jetty eastward toward Mirare Point. Habitats along this 

transect were highly variable and ranged from bare sandy substrate into mixed assemblages of 

macroalgae and reef and patches of high profile subtidal reef (Figure 5-26). Spot ground truthing of 

habitat was undertaken along this transect with locations shown in Table 5-2.   
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Figure 5-26 Subtidal reef along Transect 6. 

Table 5-2 GPS Coordinates for ground truthing sites along Transect 6 (datum = WGS 84).  

Code  Easting Northing 

012 Start of Transect (7.8m depth) 758157 5893219 

013 Mixed assemblages 758223 5893223 

014 Bare rock 758262 5893218 

015 Bare rock 758263 5893219 

016 Sand 758303 5893217 

017 Flat  758354 5893216 

018 Reef (5m) 758371 5893210 

5.3.3.4 Artificial Reef 

Areas of “artificial reef” in Snug Cove include intertidal and subtidal surfaces of the concrete boat 

ramp, the rock breakwater that protects the boat ramp and sections of pipe and car tyres that litter the 

seabed.  Intertidal rocky surfaces of the breakwater and boat ramp were colonized by various marine 

molluscs including rock oysters, limpets and barnacles. The green algae, Ulva lactuca (sea lettuce), was 

also common on these intertidal surfaces. The lower intertidal / shallow subtidal zone was colonized by 

dense aggregations of tube forming polychaete worms G. caesposita and a variety of small turfing 

algae of green, brown and red varieties, including encrusting coralline algae. A seastar was observed in 

the shallow intertidal just near the boat ramp (Figure 5-27).  
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Figure 5-27  Intertidal surfaces of the boat ramp and breakwater.  
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The subtidal surfaces of the breakwater were encrusted by red coralline algae along with small turfing 

algae varieties.  Dense beds of large brown macroalgae including Ecklonia, Sargassum and Phyllospora 

were found attached to the hard rocky substrate. Very few invertebrates were noted in the canopy 

understorey but these macroalgae beds would likely provide suitable habitat for a variety of local 

mobile marine fauna including fishes, syngnathids, cephalopods, mammals (e.g. seals), rays, 

crustaceans and molluscs (Figure 5-28). 

   

   

   

Figure 5-28  Shallow subtidal reef areas at the base of the breakwater and boat ramp. 
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Figure 5-29  Rubber tyre near Mirare Point and pipeline adjacent to Posidonia seagrass and Ecklonia beds.   

5.3.3.5 Fish & Cephalopods 

Very few species of fish were observed near the boat ramp, except for an octopus, possibly Octopus 

tetricus, however, abundance and diversity increased with increasing proximity to Mirare Point. No 

threatened or protected fish including Black rock cod or syngnathids (seahorses or pipefish) were seen 

during the survey, however, it is noted that suitable habitat for these species (i.e. macroalgae and 

seagrass) is present. A list of fish species recorded during the diver survey are presented in Table 5-3. 

   

Figure 5-30 Fish species from inshore reef: Half Banded Sea Perch, Hypoplectrodes maccullochi, and 

Southern Rock Cod, Scorpaena papillosa. 

Table 5-3  Fish species observed during the diver surveys.  

Common Name Species Name 

Globefish Diodon nichthemerus 

Banded Stingaree Urolophus cruciatus 

Half Banded Sea Perch Hypoplectrodes maccullochi 

Southern Rock Cod Scorpaena papillosa 

Silver Trevally Pseudocaranx dentex 

Silver Sweep Scorpis lineolate 

Mado Atypichthys strigatus 

Old Wife Enoplosus armatus 
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Common Name Species Name 

White Ear Parma microlepis 

Rock Cale Crinodus lophodun 

Crimson banded Wrasse Notolabrus gymogensis 

Senator Wrasse Pictilabrus laticlavius 

Yellow Finned Leatherjacket Meuschenia trachylepis 

5.3.3.6 Marine Pest Species 

No marine pest species were recorded during the diver surveys.  The fan worm Sabella spallanzanii 

and the European shore crab, Carcinus maenas have previously been recorded from the Port of Eden 

(Pollard and Rankin 2003) but were not observed during this survey.  

5.3.3.7 Field Survey Summary 

The marine habitats and biota present along the inshore sections of Snug Cove between the boat 

ramp and Mirare Point are typical of equivalent southern temperate environments elsewhere in 

southern NSW and other temperate coastlines throughout south-east Australia. 

Intertidal reefs were dominated by rock oysters, mobile molluscs and Neptune’s necklace in the upper 

zones. The diversity of macroalgae generally increased with increasing depth. The subtidal reefs are 

dominated by canopy forming algae that are largely comprised of large brown algal species including 

Ecklonia radiata and species of Sargassum and Cystophora. The most common invertebrates present 

on the reefs are the black lip abalone, Haliotis rubra, the turban snail, Turbo torquatus, the triton, 

Cabestana spengleri, both compound (Botrylloides sp.) and solitary ascidians (Herdmania sp.) and the 

large sea urchin, Centrostephanus rodgersii. 

The offshore subtidal seabed was largely composed of sandy silt with very few epibenthic species 

present. Common fauna species here encountered include solitary ascidians. There were no large 

meadows of continuous seagrass, however large and small patches occur throughout the area 

surveyed. At least three species of seagrass are present and cover varies from sparse to dense. Most of 

the seagrass observed was present between the 2 to 5m depth.  Macroalgae was present further 

towards the shoreline where the subtidal seabed included areas of patchy subtidal reef.  

Very few fish were recorded near the boat ramp and breakwater, whilst most of the fish observed were 

recorded from the deeper subtidal reefs (to 5m depth) near Mirare Point. Sweep, rock cod and sea 

perch were locally abundant.  No threatened or protected species including Black rock cod or any 

seahorses or pipefish were seen during the survey. 



  
 

 

  

                  

 

58 

 

6 Existing Environment - Marine Fauna  

The sections below provide background information on the various marine fauna, in particular 

threatened and protected species, which are likely to occur in the study area. They provide special 

consideration to a number of threatened fauna, including the information specified in s9.2 of the FBA, 

where available. This section also provides the results of an infauna sampling undertaken at the site in 

August 2017.  

6.1 Marine Vertebrates 

The various marine habitats within Twofold Bay are likely to provide areas for shelter, foraging and 

breeding / nursery areas for a wide range of mobile marine fauna. Mobile marine vertebrates include 

bony fishes (including Syngnathids), sharks and rays, marine mammals (i.e. whales, dolphins and seals), 

marine reptiles (e.g. turtles) and marine/migratory birds. Many of these species are listed as threatened 

or protected under State and/or Commonwealth legislation including the NSW FM Act 1994, NSW BC 

Act 2016 (previously the NSW TSC Act 1995) and Commonwealth EPBC Act 1999.  

6.1.1 Threatened and Protected Marine Fauna  

6.1.1.1 Threatened and Protected Species – NSW BC Act 2016 & 

Commonwealth EPBC Act 1999 

Online database searches for threatened and protected species listed under the NSW BC Act 2016 

(previously the NSW TSC Act 1995) (via BioNet Atlas of NSW Wildlife) and the EPBC Act 1999 (via the 

Protected Matters Search Tool) were undertaken on 16 August 2017. A list of all threatened and 

protected marine species listed under these Acts is provided in Table 6-1 (excluding marine and 

migratory birds which are discussed in Section 6.1.2).  

In summary:  

 The BC Act 2016 (TSC Act 1995) search listed 10 threatened marine species (along with one 

unidentified seal and one unidentified whale) from the study area (i.e. species that have been 

recorded from within a 10 km radius of the study site).  The Atlas of NSW Wildlife search 

results are provided in Appendix C. 

 The EPBC Act 1999 search listed 82 listed marine species, 14 whales and other cetaceans, 63 

threatened species and 44 listed migratory species with the potential to occur in the study 

area (i.e. within a 10 km radius of the study site).  The likelihood of occurrence of these species 

in the study area is also provided in Table 6-1. Under the EPBC Act, the likelihood of 

occurrence is determined by the database and is indicated with an asterisk. The Protected 

Matters Search Tool results are provided in Appendix D. 
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Table 6-1 Threatened and protected marine species listed under the BC Act 2016 and EPBC Act 1999 with 

the potential to occur in the study area.  

Common 

Name 

Species  

Name 

BC Act  

2016  

EPBC Act  

1999 

Likelihood of  

Occurrence  

Black Cod 
Epinephelus 

daemelii 
- V 

Species or species habitat 

may occur within area* 

Little Penguin Eudyptula minor P - Known to occur within area 

Loggerhead 

Turtle 
Caretta caretta - E, M, L 

Breeding likely to occur 

within area* 

Green Turtle Chelonia mydas - V, M, L 

Foraging, feeding or related 

behaviour known to occur 

within area* 

Leatherback 

Turtle 

Dermochelys 

coriacea 
- E, M, L 

Species or species habitat 

known to occur within area* 

Hawksbill 

Turtle 

Eretmochelys 

imbricata 
- V, M, L 

Species or species habitat 

known to occur within area* 

Grey Nurse 

Shark (east 

coast pop’n) 

Carcharias taurus - CE 
Species or species habitat 

likely to occur within area* 

Great White 

Shark 

Carcharodon 

carcharias 
- V, M 

Species or species habitat 

known to occur within area* 

Whale Shark Rhincodon typus - V, M 
Species or species habitat 

may occur within area* 

Porbeagle Lamna nasus - M 
Species or species habitat 

likely to occur within area* 

Sei Whale 
Balaenoptera 

borealis 
- V, M, W 

Foraging, feeding or related 

behaviour likely to occur 

within area* 

Blue Whale 
Balaenoptera 

musculus 
E1, P E, M, W 

Species or species habitat 

likely to occur within area* 

Fin Whale 
Balaenoptera 

physalus 
- V, M, W 

Foraging, feeding or related 

behaviour likely to occur 

within area* 

Southern 

Right Whale 

Eubalaena 

australis 
E1, P E, M, W 

Breeding likely to occur 

within area* 

Humpback 

Whale 

Megaptera 

novaeangliae 
V, P V, M, W 

Foraging, feeding or related 

behaviour known to occur 

within area* 
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Common 

Name 

Species  

Name 

BC Act  

2016  

EPBC Act  

1999 

Likelihood of  

Occurrence  

Pygmy Sperm 

Whale 
Kogia breviceps P - 

Species may occur within or 

pass by area on occasion 

Killer Whale Orcinus orca P M 
Species or species habitat 

likely to occur within area* 

Brydes Whale 
Balaenoptera 

edeni 
- M, W 

Species or species habitat 

may occur within area* 

Pygmy Right 

Whale 

Caperea 

marginata 
- M, W 

Species or species habitat 

may occur within area* 

Minke Whale 
Balaenoptera 

acutorostrata 
- W 

Species or species habitat 

may occur within area* 

Indian Ocean 

Bottlenose 

Dolphin 

Tursiops aduncus - W 
Species or species habitat 

likely to occur within area* 

Bottlenose 

Dolphin 

Tursiops 

truncatus s. str. 
- W 

Species or species habitat 

may occur within area* 

Common 

Dolphin 
Delphinus delphis P W 

Species or species habitat 

may occur within area* 

Dusky Dolphin 
Lagenorhynchus 

obscurus 
- M, W 

Species or species habitat 

may occur within area* 

Risso's 

Dolphin 
Grampus griseus - W 

Species or species habitat 

may occur within area* 

Dugong Dugong dugon E1, P - 

Not likely to occur in area - 

generally found in warmer 

waters 

New Zealand 

Fur Seal 

Arctocephalus 

forsteri 
V, P L 

Species or species habitat 

may occur within area* 

Australian Fur 

Seal 

Arctocephalus 

pusillus 
V, P L 

Species or species habitat 

may occur within area* 

Syngnathids 28 sp.  - L 
Species or species habitat 

may occur within area* 

* Likelihood of occurrence as determined by the EPBC Act Protected Matters Search Tool. 

BC Act (TSC Act) Status – V = vulnerable, E1 = endangered species, P = protected. 

EPBC Act Status – L = listed marine species, V = vulnerable, E = endangered, CE = critically endangered, W = whales and other 

cetaceans, M = migratory. 
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Further information on threatened bony fishes, syngnathids, sharks, marine mammals and marine 

turtles is provided in Section 6.1.1.3 to 6.1.1.7.  In addition, construction and operational impacts on a 

number of these species with consideration to the information specified in s9.2 of the FBA are assessed 

in Sections 8 and 9.  

6.1.1.2 Threatened and Protected Species – NSW FM Act 1994 

Threatened and protected marine species listed under Schedules 4 to 5 of the FM Act 1994 (see search 

results in Appendix E) were also reviewed in order to satisfy requirements of the Fisheries NSW Policy 

and Guidelines for Fish Habitat Conservation and Management (NSW DPI 2013). 

Marine species, populations and ecological communities currently listed as endangered, critically 

endangered and/or vulnerable (i.e. Schedule 4, 4A and 5) under the NSW FM Act 1994 with the 

potential to occur in the study area are listed below.   

Schedule 4: Endangered Species, Populations and Ecological Communities 

 Scalloped hammerhead shark (Sphyrna lewini) - endangered species 

 Southern bluefin tuna (Thunnus maccoyii) - endangered species  

 Marine worm (Hadrachaeta aspeta) - species presumed extinct 

 Green sawfish (Pristis zijsron) - species presumed extinct  

 Bennetts seaweed (Vanvoorstia bennettiana) - species presumed extinct  

Schedule 4A: Critically Endangered Species and Ecological Communities 

 Grey nurse shark (Carcharius taurus) - critically endangered species 

 Marine slug (Smeagol hilaris) - critically endangered species 

 Marine brown algae (Nereia lophocladia) - critically endangered species 

Schedule 5: Vulnerable Species and Ecological Communities 

 Great white shark (Carcharodon carcharias) - vulnerable species 

 Black cod (Epinephelus daemelii) - vulnerable species 

 Great hammerhead shark (Sphyrna mokarran) - vulnerable species  

Protected Species 

As of July 2004 all species of the families 'Syngnathidae', 'Solenostomidae' and 'Pegasidae' were listed 

as "protected" under the NSW FM Act 1994.  

Considering the location of the site, habitats present in the study area and the required habitat and 

conservation status of each of the species listed under the FM Act Schedules above, those species 

which are considered to have a moderate to high chance of occurring at or near the study site are: 

 Black cod (E. daemelii) - vulnerable (potential to be present around the inshore rocky reef) 

 Syngnathids - protected (potential to be present in nearby seagrass or macroalgae beds) 

 

Assessments of Significance under the FM Act 1994 were undertaken for Black rock cod and 

syngnathids (Table 6-2). Overall, the Project is not expected to cause any long term or significant 

impact on these species, nor will it impact on the viability of local populations or place either at the 
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risk of extinction. The wave attenuator would likely create a more protected habitat (i.e. from wave 

action) for these species if residing in nearby rocky reef or areas of vegetation.  

Table 6-2 Assessments of Significance under the NSW FM Act 1994.  

Seven Part Test Black Cod Syngnathids 

a. In the case of threatened species, whether the action 

proposed is likely to have an adverse effect on the life cycle 

of the species such that a viable local population of the 

species is likely to be placed at the risk of extinction. 

No No 

b. In the case of an endangered population, whether the 

action proposed is likely to have an adverse effect on the life 

cycle of the species that constitutes the endangered 

population such that a viable local population of the species 

is likely to be placed at risk of extinction. 

No No 

c. In the case of an endangered ecological community or 

critically endangered ecological community, whether the 

action proposed: 

i) Is likely to have an adverse effect on the extent of the 

ecological community such that its local occurrence is likely 

to be placed at risk of extinction.  

ii) Is likely to substantially and adversely modify the 

composition of the ecological community such that its local 

occurrence is likely to be placed at the risk of extinction. 

 

 

 

No 

 

 

No 

 

 

 

No 

 

 

No 

d. In relation to the habitat of a threatened species, 

population or ecological community:  

i) The extent to which habitat is likely to be removed or 

modified as a result of the action proposed. 

ii) Whether an area of habitat is likely to become fragmented 

or isolated from other areas of habitat as a result of the 

proposed action.  

iii) The importance of the habitat to be removed, modified, 

fragmented or isolated to the long-term survival of the 

species, population or ecological community in the locality. 

 

 

Minimal – 

more 

protection  

          No 

 

  

Not Important 

 

 

Minimal – 

more 

protection 

No 

 

 

Not Important 

e. Whether the action proposed is likely to have an adverse 

effect on critical habitat (either directly or indirectly). 

No No 

f. Whether the action proposed is consistent with the 

objectives or actions of a recovery plan or threat abatement 

plan. 

Yes Yes 

g. Whether the action proposed constitutes or is part of a key 

threatening process or is likely to result in the operation of, 

or increase the impact of, a key threatening process. 

Potentially – 

marine debris 

and 

introduced 

species 

Potentially – 

marine debris 

and 

introduced 

species 

Significant Impact Expected to Occur? No No 
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6.1.1.3 Bony Fishes 

The convergence of cool Bass Strait waters with the warmer East Australian Current (EAC) and cold, 

nutrient rich upwellings at the edge of the continental shelf support a high diversity of bony fishes in 

the Twofold Shelf Bioregion. This diversity reflects the overlap in ranges of southern cool temperate and 

eastern temperate species, as well as the abundance of many cosmopolitan fishes (Breen et al. 2005). 

The fish community of subtidal reef habitats are often dominated by wrasses (Maori wrasse, 

Ophthalmolepis lineolatus; crimson banded wrasse, Notolabrus gymnogenis; blue-throat wrasse, 

Notolabrus tetricus; purple wrasse, Notolabrus fucicola; and eastern blue groper, Achoerodus viridis).  

Banded morwong, Cheilodactylus spectabilis, the damselfishes Parma microlepis and Chromis 

hypsilepis, mado, Atypichthys strigatus, six-spine leatherjacket, Meuschenia freycineti and luderick, 

Girella tricuspidata are also very common. In deeper waters butterfly perch, Caesioperca lepidoptera, 

are common (Breen et al. 2005; DSEWPC 2012).   

Demersal fishes on soft sediment habitats include blue-lined goatfish, Upeneichthys lineatus, flatheads, 

Platycephalus spp. and flounder, Pseudorhombus spp.. Common pelagic fishes include silver trevally, 

Pseudocaranx georgianus, yellowtail scad, Trachyurus novaezelandiae and jack mackerel, T. declivis. 

Game fish targeted by recreational fishers include yellowtail kingfish, Seriola lalandi, albacore, Thunnus 

alalunga, yellowfin tuna, Thunnus albacares and billfish (Family Istiophoridae) (Breen et al. 2005; 

DSEWPC 2012). 

Six marine bony fishes which may occur within the Twofold Shelf Bioregion are protected under the 

EPBC Act 1999 (Breen et al. 2005):  

 Orange roughy (Hoplostethus atlanticus) - conservation dependent 

 Eastern gemfish (Rexea solandri) - conservation dependent 

 Southern bluefin tuna (Thunnus maccoyii) - conservation dependent 

 Black cod (Epinephelus daemelii) - vulnerable 

 Spotted handfish (Brachionichthys hirsutus) - critically endangered 

 Red handfish (Thymichthys politus) - critically endangered 

As many as 40 species of Syngnathid (seahorses, pipefish, pipehorses and seadragons) may also occur 

within the region. This group of fish is protected under the FM Act 1994 and EPBC Act 1999.  No 

Biologically Important Areas (BIAs) have been identified for bony fish species in the Temperate East 

Marine Region (DSEWPC 2012). 

Of the threatened or protected bony fishes listed above, the black cod (E. daemelii) is considered to 

have the potential to occur in the Twofold Bay study area.  Adult black cod occur in caves, gutters and 

on rocky reefs from shallow nearshore environments to deep offshore caves at depths of at least 50 m 

(Heemstra and Randall 1993; Kuiter 2000).  Recently settled small juveniles are occasionally found in 

intertidal rock pools and larger juveniles are found on rocky reefs in estuary systems (NSW DPI 2012).  

This species has the potential to occur in the subtidal rocky reefs which fringe the foreshore in Snug 

Cove, Cattle Bay and off Cocora Point.  It may also occur around artificial rocky reef in the area created 

by the breakwaters. A Recovery Plan for the species is available and lists “wave dominated barrier 

estuaries, lagoons and inter-barrier estuaries” as significant habitat for black cod in the Twofold Shelf 

Bioregion (NSW DPI 2012).  No direct impacts on the habitat of black cod are expected to occur from 

the proposed works, however, areas of potential black cod habitat in Snug Cove are likely to become 

more protected if the wave attenuator is constructed.  

Cod are generally epibenthic predators that feed on marine macroinvertebrates (mainly crustaceans) 

and fishes on or near the seabed. Adults are believed to prey on fishes and larger crustaceans, while 
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juveniles feed on smaller crabs and fish (McCulloch 1922; Heemstra and Randall 1993). Localised 

impacts on the subtidal seafloor and infauna residing within it in the construction footprint 

(predominantly through piling) will cause very little impact on the local food source for this species. 

Of the Key Threatening Processes (KTPs) listed under the FM Act 1994 (see Section 7), ‘‘the introduction 

of non-indigenous fish and marine vegetation to the coastal waters of NSW’’ is considered to be relevant 

to this species and the Project in general (NSW DPI 2012).  Australian and overseas studies have shown 

that the introduction of non-indigenous fish and marine vegetation into NSW waters are likely to be 

deleterious to native species and ecological communities through direct competition for resources (i.e. 

habitat, food), predation, introduction of disease, introduction of toxic species and degradation of 

habitats (NSW DPI 2012).  However, currently, none of the non-indigenous species currently found at 

Eden are reported to directly or indirectly interact with black cod (NSW DPI 2012).  

The Recovery Plan for black cod lists water pollution as one of the main threats to this species (NSW 

DPI 2012).  Potential water pollution impacts are relevant to the Project during the construction phase.  

The other main threats identified in the Recovery Plan are all associated with commercial / recreational 

fishing and aquarium collecting (NSW DPI 2012), none of which are relevant to the Project.  The NSW 

DPI (2012) Recovery Plan for black cod is available at: 

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/636351/Black-Rockcod-recovery-plan.pdf.   

Overall, the proposed wave attenuator construction and operation is not likely to have any significant 

impact on bony fishes in Twofold Bay or Snug Cove, in particular on black cod.  

6.1.1.4 Syngnathids (Seahorses, Seadragons, Pipefishes and Pipehorses) 

Syngnathiformes are a unique group of bony fish including seahorses, seadragons, pipefish, 

pipehorses, ghostpipefish and seamoths. They include the families Syngnathidae, Solenostomidae and 

Pegasidae (Kuiter 2000).  All species within these families are protected in NSW under the FM Act 1994.  

In NSW it is an offence to have in your possession, collect or harvest any species of seahorse, 

seadragon, pipefish, pipehorse, ghostpipefish or seamoths without a permit (NSW DPI 2016).  In 

addition, all species of Syngnathidae are protected in Commonwealth waters of Australia under 

provisions for ‘marine species’ in the Commonwealth EPBC Act 1999. Under this Act it is an offence to 

kill, injure, take, trade, move or export any members of the family without a Commonwealth approval 

permit (NSW DPI 2016; DoE 2016).  Biologically Important Areas (BIAs) have not been identified for 

bony fish species including Syngnathids in the Temperate East Marine Region (Commonwealth of 

Australia 2012).  

Some 40 species are thought to occur in the South-east Marine Region (DoE 2015).  With up to 31 

syngnathids (seahorse, pipefish, pipehorse and seadragon), four solenostomids (ghostpipefish) and 

two species of pegasids (seamoths) known to exist in NSW waters. Three of these species, the white's 

seahorse (Hippocampus whitei), Coleman's seahorse (Hippocampus colemani) and the pygmy 

pipehorse (Idiotropiscis sp,) are endemic to NSW (NSW DPI 2016; Kuiter 2000).  Seven of the 47 

syngnathid species listed in the 2000 IUCN (World Conservation Union) Red List of Threatened Species 

have been found in NSW waters. Most syngnathids are considered by the IUCN as vulnerable to 

impacts (NSW DPI 2016).  The EPBC Act 1999 Protected Matters Report generated in August 2017 for 

the study area lists 28 syngnathid species with the potential to occur in the study area, stating that 

“species or species habitat may occur within area”.  

In NSW syngnathiformes are found in a variety of habitats, often where food resources are plentiful. 

Habitats range from deep reefs to coastal algae, weed or seagrass habitats, or around man-made 

structures such as jetties or mesh nets. The ends of jetties are often rich with seahorses due to water 

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/636351/Black-Rockcod-recovery-plan.pdf
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circulation patterns that may result in rich patches of zooplankton on which they feed. Seahorses are 

able to wrap their tails around structures and feed on passing organisms.  Pipefish are often present 

among seagrasses which resemble their bodies. They employ sit and wait feeding strategies to attack 

passing or unsuspecting small crustacean prey (NSW DPI 2016; Kuiter 2000).  

Habitats mapped within and adjacent to the study area include subtidal rocky reefs, seagrass beds, 

macroalgae beds and artificial structures, all of which have the potential to contain syngnathids. The 

main threat to syngnathiformes is loss or alteration of habitat. The fact that these species inhabit 

relatively shallow inshore areas and often reside around man-made structures makes them very 

vulnerable to human disturbance. Coastal developments that have the potential to impact on habitats 

such as seagrass, reef and soft bottom habitats through pollution, urban run-off, dredging and 

sewerage may all impact on syngnathiformes. Recreational and commercial boating activities also have 

the potential to impact their habitat through anchoring in seagrass or macroalgae beds and potential 

pollution impacts (NSW DPI 2016).  

No syngnathids were recorded during the aquatic ecology surveys undertaken in August 2017, nor 

were they recorded by AMA in surveys undertaken in 2015. However, during a biological survey of 

damaged wharf piles in the Port of Eden undertaken in 2012 (Koopman and Rudge 2012) one 

syngnathid, a potbelly seahorse (Hippocampus abdominalis) was recorded.   

The potbelly seahorse (also known as the big bellied seahorse) is a “listed marine species” under the 

EPBC Act 1999, and is “protected” under the FM Act 1994.  In NSW this species is known from 

Newcastle in the north, to Eden in the south (Kuiter 2001). The seahorse has been identified as a 

‘conservation value’ in the Temperate East Marine Region (DSEWPC 2012). The potbelly seahorse is one 

of the largest seahorses, and can grow to 35 cm in length.  It is distinguishable from other seahorses 

by its deeper trunk amongst adults, and its comparatively higher number of trunk and tail rings and 

dorsal fin rays (Lourie et al. 1999).  It has smooth skin and is pale in colour (near white to mottled 

yellow to variable brown; with dark spots and splotches on head and trunk; tail with alternating dark 

and light bands) (Woods 2000) (Figure 6-1).  This seahorse is more active at dusk and at night rather 

than during the day (Pogonoski et al. 2002).   

 

Figure 6-1 Potbelly seahorse (Hippocampus abdominalis) (David Harasti 2016). 

It is unlikely that the proposed wave attenuator construction works will have any significant impact on 

syngnathids that may occur in Snug Cove or greater Twofold Bay. Very limited syngnathid habitat (i.e. 

only some small scattered areas of macroalgae) occurs in the immediate construction zone so little to 
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no direct impacts of construction are expected to occur. Potential seagrass and macroalgae habitat 

within Snug Cove and Cattle Bay would be afforded greater protection following the construction of 

the wave attenuator. Potential macroalgae and seagrass habitat around Cocora Point and off Cocora 

Beach may be subjected to greater wave action, however, this cannot be assessed with accuracy until a 

coastal modelling assessment is undertaken. In any case, this is unlikely to cause any significant impact 

on syngnathids given they are able to survive in exposed habitats.  

6.1.1.5 Sharks 

Six species of shark listed under the Commonwealth EPBC Act 1999 are known to occur in the 

Temperate East Marine Region (DSEWPC 2012):  

 Grey nurse shark (Carcharias taurus - east coast population) - critically endangered 

 White shark (Carcharodon carcharias) - vulnerable, migratory 

 Whale shark (Rhincodon typus) - vulnerable, migratory 

 Porbeagle (Lamna nasus) - migratory 

 Shortfin mako (Isurus oxyrinchus) - migratory 

 Longfin mako (Isurus paucus) - migratory 

Two species may occur infrequently in this region (school shark (Galeorhinus galeus) and green sawfish 

(Pristis zijsron)).  In addition, two species are currently undergoing assessment for potential listing 

(Harrison’s dogfish (Centrophorus harrissoni) and southern dogfish (Centrophorus zeehaani)) (DSEWPC 

2012b). 

Sharks which are known to occur in the South-east Marine Region include the white shark, grey nurse 

shark, porbeagle, school shark, short fin mako, Harrison’s dogfish and southern dogfish (DoE 2015).  

The NSW FM Act 1994 lists the following shark species as threatened or protected in NSW: 

 Grey nurse shark (C. taurus) - critically endangered 

 Scalloped hammerhead shark (Sphyrna lewini) - endangered 

 Great white shark (C. carcharias) - vulnerable 

 Great hammerhead shark (Sphyrna mokarran) - vulnerable 

 Green sawfish (P. zijsron) - species presumed extinct 

Biologically Important Areas (BIAs) have been identified for grey nurse sharks and white sharks in the 

Temperate East Marine Region (DSEWPC 2012b) and for white sharks in the South-east Marine Region 

(DoE 2015).  However, none of these are located within the study area or will be affected by the 

proposed works.    

Of the species listed above, the grey nurse shark, white shark, whale shark and porbeagle are listed as 

having the potential to occur in the study area under the EPBC Act 1999 Protected Matters Search that 

was undertaken in 2017.   

Grey nurse sharks have a broad inshore distribution, primarily in warm temperate inshore waters. The 

Australian east coast population is considered to extend from central Queensland to Narooma in 

southern NSW.  Habitats utilised mainly include rocky reefs and islands, however they are occasionally 

found in the surf zone and in shallow bays.  Grey nurse sharks have been recorded at varying depths 

down to 230 m, but are most commonly found between 15 and 40 m (Otway & Parker 2000).  It is 
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unlikely that grey nurse sharks will occur in the immediate study area, but do have the potential to 

occur in deeper rocky reef areas within and outside Twofold Bay.  

White sharks are widely distributed throughout temperate and subtropical regions, and are known to 

range southwards from central–southern Queensland (Bruce et al. 2006; Last & Stevens 2009). The 

species is typically found from close inshore habitats (e.g. rocky reefs and shallow coastal bays) to the 

outer continental shelf and slope areas.  Within Australian waters, the majority of recorded shark 

movements occur between the coast and the 100 m depth contour (Bruce & Bradford 2008; Bruce et 

al. 2006). The region supports a population that is thought to move seasonally along the south and 

east Australian coasts, moving northerly along the east coast during autumn and winter, and returning 

to southern Australian waters by early summer (Bruce et al. 2006). There is the potential for white 

sharks to enter the waters of Twofold Bay to feed and occur along the coastline outside of Twofold 

Bay. However, it is considered unlikely that they would occur in the vicinity of the proposed wave 

attenuator construction activities in Snug Cove. This species is unlikely to be impacted by the proposal.  

Whale sharks are migratory planktonic feeders known to make seasonal movements that are 

associated with prey pulses, ocean circulation and water temperatures (Last & Stevens 2009). They 

have a widespread distribution occurring within both oceanic and coastal waters from the tropics to 

the cooler, temperate zone (Last & Stevens 2009). Their distribution within the region is poorly 

understood and it is considered highly unlikely they would occur within Twofold Bay, particularly near 

the proposed construction works. This species is unlikely to be impacted by the proposal.  

The porbeagle is a wide-ranging shark inhabiting the subtropical and temperate waters of the North 

Atlantic and Southern Hemisphere. In Australia, it occurs from southern Queensland to south-west 

Australia (Last & Stevens 2009), typically in oceanic waters on the continental shelf, although it is 

occasionally found in coastal waters.  It is considered unlikely that the porbeagle will occur at the study 

site or be impacted by the proposal. 

Analysis of pressures on sharks undertaken by DSEWPC (2012b) for the Temperate East Marine Region 

list the following pressures which also have the potential to be associated with the Project: 

 Chemical pollution / contaminants from shipping, other vessels and urban development (all 

shark species). 

 Marine debris from shipping, other vessels and land-based activities (all shark species). 

 Noise pollution from shipping, other vessels and urban development (white shark). 

 Human presence at sensitive sites from tourism – N.B. no critical aggregation sites for this 

species occur in the study area (grey nurse shark).  

 Oil pollution from shipping and other vessels (all shark species). 

 

Overall, the Project is not likely to result in any significant impacts on shark species which may occur 

occasionally in the local area.  

6.1.1.6 Marine Mammals (Cetaceans) 

All cetaceans (i.e. whales, dolphins and porpoises) are protected under the EPBC Act 1999 (DoE 2015). 

A diverse range of cetaceans (40 species in total) are known to occur in the Temperate East Marine 

Region.  The region is a known migration pathway for humpback whales, whilst toothed whales (e.g. 

killer whales) forage widely in the region.  Dolphin species, including the Indo-Pacific humpback 

dolphin and Indo-Pacific bottlenose dolphin are resident in the region (DSEWPC 2012c).   
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The following species of cetacean are listed as having the potential to occur in the study area under 

the BC Act 2016 (TSC Act 1995) and/or the EPBC Act 1999 (refer to Table 6-1 for specific status details 

under each Act):  

 Little penguin (Eudyptula minor) 

 Blue whale (Balaenoptera musculus) 

 Southern right whale (Eubalaena australis) 

 Humpback whale (Megaptera novaeangliae) 

 Pygmy sperm whale (Kogia breviceps) 

 Killer whale (Orcinus orca) 

 Brydes whale (Balaenoptera edeni) 

 Pygmy right whale (Caperea marginate) 

 Minke whale (Balaenoptera acutorostrata) 

 Sei Whale (Balaenoptera borealis) 

 Fin Whale (Balaenoptera physalus) 

 Indian Ocean bottlenose dolphin (Tursiops aduncus) 

 Bottlenose dolphin (Tursiops truncatus s. str.) 

 Common dolphin (Delphinus delphis) 

 Dusky dolphin (Lagenorhynchus obscurus) 

 Risso's dolphin (Grampus griseus) 

 Dugong (Dugong dugon) 

 New Zealand fur seal (Arctocephalus forsteri) 

 Australian fur seal (Arctocephalus pusillus) 

Biologically Important Areas (BIAs) have been identified for the humpback whale and Indo-Pacific 

bottlenose dolphin in the Temperate East Marine Region (DSEWPC 2012c), while BIAs have been 

identified for the Southern right whale in the South-east Marine Region (DoE 2015).  Twofold Bay is 

listed as a BIA for the Southern right whale while BIA’s for the humpback whale and the Indo-Pacific 

dolphin are not located within the study area.  While the proposed works are located in the vicinity of 

a BIA, it is unlikely that they will have any significant impact on transient populations of Southern right 

whales (DSEWPC 2012c) considering the range of mitigation measures which will be applied to the 

project relating to marine mammals. 

Further information for a number of cetacean species which was requested in the SEARs for the 

previous Eden Breakwater Wharf Extension Project is provided below. The assessment information 

specified in s9.2 of the FBA is included within tables for each of these species in Section 8) 

(Construction Impacts on Marine Fauna).  

Southern Right Whale (Eubalaena australis) 

The Southern right whale is listed as endangered under the BC Act 2016 (TSC Act 1995) and as 

endangered, migratory and a whale and other cetacean under the EPBC Act 1999.  The EPBC Act 

Protected Matters Search indicates that “breeding is likely to occur within area”.  

The Southern right whale has been sighted in all coastal Australian waters, other than the Northern 

Territory (Bannister et al. 1996).  Their migration patterns are based around summer feeding grounds 

in the Southern Ocean before moving for warmer coastal waters that are present on the Australian 

coast between May and November to calve and breed (DoE 2015).  The population of the species has 
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changed dramatically over the past 100 years predominately due to heavy whaling in the early to mid-

1900’s.  Modern day estimates place Australia’s Southern right whale population at ~3,500 individuals 

(Bannister 2010).  

Documented sighting records suggest that there are a growing series of BIA for the south-eastern 

population of Southern right whales (DoE 2015). These areas are predominately within historic high 

use areas, including Twofold Bay, which is known historically to be an important calving and resting 

area where calving females or females with young travelling south may remain in shallow waters of 5 

to 10 m depth (Pirzl 2008 in NSW Scientific Committee 2011). However, in general the Southern right 

whales frequenting these BIA are thought to be mainly non-calving Southern right whales (Gales 2012, 

pers. comm.; Kumar 2012, pers. comm.; Ross 2012, pers. comm.; Watson 2012, pers. comm.).  

Humpback Whale (Megaptera novaeangliae) 

The humpback whale is listed as vulnerable under the BC Act 2016 (TSC Act 1995) and as vulnerable, 

migratory and a whale and other cetacean under the EPBC Act 1999. The EPBC Act Protected Matters 

Search indicates that for this species “foraging, feeding or related behaviour is known to occur within 

area”. 

The South-east Marine Region and Temperate East Marine Region include known annual migration 

routes for humpback whales travelling between feeding and breeding areas (DoE 2015).  Humpbacks 

feed and grow in the Southern Ocean during summer followed by a northwards migration along the 

east Australian coast to subtropical waters to mate and calve.  The east coast population migrates 

along the continental shelf north past Twofold Bay from late autumn to winter and south past Twofold 

Bay in late spring and early summer, accompanied by new born calves (principally from September 

through November).  The northern migration is generally located in more offshore waters (Paterson et 

al. 1994; Noad & Cato 2001).  During the southern migration individuals are often seen in close 

proximity to the coastline, in particular, near prominent headlands.  During this southern migration 

humpbacks regularly enter Twofold Bay or delay their migrations in coastal waters offshore of Twofold 

Bay to feed on coastal krill and small teleost fish, including sardines, particularly when upwellings 

provide suitable feeding conditions (Marine Pollution Research 2013). 

While it is accepted that feeding is generally undertaken in Antarctic feeding grounds, there is an 

increasing body of evidence that humpback whales may also opportunistically feed during migration 

(Thiele et al. 2004).  Migration feeding has been noted in nearshore waters near Eden (DoE 2015). 

Like many other species of whale the humpback was heavily exploited through commercial whaling 

however, populations throughout Australia appear to be growing at a rate of ~10% per year (Bannister 

& Hedley 2001; Bryden et al. 1990; Chaloupka & Osmond 1999; Paterson et al. 2004).  The Australian 

east coast population is currently estimated to be 10,000 whales (Noad et al. 2008). 

Blue Whale (Balaenoptera musculus) 

The blue whale is listed as endangered under the BC Act 2016 (TSC Act 1995) and as endangered, 

migratory and a whale and other cetaceans under the EPBC Act 1999.  The EPBC Act Protected Matters 

Search indicates that for this species, “species or species habitat is likely to occur within area”.  

There are generally two accepted subspecies of blue whales in the Southern Hemisphere; the Antarctic 

blue whale (Balaenoptera musculus intermedia) and the pygmy blue whale (Balaenoptera musculus 

brevicauda). Generally speaking, only the pygmy blue whale is found in the waters around Eden.  Like 

other cetaceans, pygmy blue whales use the region for migration (Breen et al. 2005, DSEWPC 2012c).  
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Predominant headland areas such as Eden, interact with large eddies of the EAC causing episodic 

productivity events.  These events cause high levels of mixing and nutrient enrichment, which then 

drives large phytoplankton blooms that are the base unit of many food chains including zooplankton, 

copepods, krill and small pelagic fish.  This increased upwelling supports high primary productivity, 

which in turn increases number of higher order consumers, including the blue whale, which is known 

to arrive during significant krill aggregations events (DoE 2015). 

While the blue whale is an oceanic species that may occur rarely in coastal waters off Twofold Bay it is 

not expected to occur within Twofold Bay (Cat Balou Cruise Data 1990 to 1994 in PSM 1996 and 

inspection of on-line cruise log for 2010 to 2012) (as reported in Ocean Environmental 2014).  

Killer Whale (Orcinus orca) 

The killer whale is listed as protected under the BC Act 2016 (TSC Act 1995) and migratory under the 

EPBC Act 1999.  The EPBC Act Protected Matters Search indicates that “species or species habitat is 

likely to occur within area”. 

Killer whales inhabit all of the world’s oceans but are generally more common in near-shore waters 

and areas of high productivity with their range not restricted by water temperature or depth (Taylor et 

al. 2008).  While killer whales have been recorded in all Australian waters (DSEWPC 2011b), it is 

thought that they likely breed and migrate throughout the Temperate East Marine Region (DSEWPC 

2012).  This species generally occurs in oceanic and shelf waters and along the continental slope but 

may also occur around seal colonies and whales with calves (Ocean Environmental 2014). 

Indian Ocean Bottlenose Dolphin (Tursiops aduncus), Bottlenose Dolphin (Tursiops 

truncatus s. str.) & Common Dolphin (Delphinus delphis) 

The bottlenose dolphin (listed as a whale and other cetacean under the EPBC Act 1999) and common 

dolphin (listed as protected under the BC Act 2016 (TSC Act 1995) and a whale and other cetacean 

under the EPBC Act 1999) are commonly seen in Twofold Bay and near-shore coastal waters off Eden. 

The EPBC Act Protected Matters Search indicates that for the Indian Ocean bottlenose dolphin “species 

or species habitat is likely to occur within area”, for the bottlenose dolphin “species or species habitat 

may occur within area” and for the common dolphin “species or species habitat may occur within area”.  

The Indo-Pacific bottlenose dolphin and common bottlenose dolphin have a wide global distribution, 

including throughout the Temperate East and South-east Marine Regions. The common bottlenose 

dolphin is mainly found in offshore waters while the Indo-Pacific bottlenose dolphin predominantly 

inhabits riverine and shallow coastal waters.  Known populations Indo-Pacific bottlenose dolphins 

aggregate in areas including Twofold Bay (DSEWPC 2012). 

Marine Pollution Research (2013) noted that the Cat Balou Cruise notes for 2010 through to December 

2012 record common dolphins within and outside Twofold Bay on almost every day of their three year 

log (averaging 75 to 90 days per year from June to  December) and there are 38 reports of bottlenose 

dolphins from inside Twofold Bay.  The majority of sightings were near the wharf or off the breakwater 

with six from Twofold Bay, five off The Lookout, five in Honeysuckle Bay (including pods of 20 

individuals or more and a sighting of a mother and ‘tiny’ calf), four off Aslings Beach and the 

remainder (6) in the southern bay (i.e. East Boyde, Whale Beach and Whale Spit, and off Kiah Inlet (data 

analysed by Marine Pollution Research 2013). 

Cat Balou records provide no distinction between sightings of bottlenose dolphins that are more 

common offshore, and the related Indo-pacific bottlenose dolphin that form large more or less closed 
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population groups in large embayments such as Port Stephens and Jervis Bay (Moller and Beheregaray 

2004).  Whilst there do not appear to have been any published surveys of T. aduncus in Twofold Bay, 

Marine Pollution Research (2013) reports that it is likely that many of the sightings recorded from the 

bay are from a resident population.  

Australian Fur Seal (Arctocephalus pusillus) 

Two species of fur seals are commonly found in the Twofold Bay region, the Australian fur seal 

(Arctocephalus pusillus) and the New Zealand fur seal (Arctocephalus forsteri).  The Australian fur seal is 

listed as vulnerable under the BC Act 2016 (TSC Act 1995) and a listed marine species under the EPBC 

Act 1999. The EPBC Act Protected Matters Search indicates that “species or species habitat may occur 

within area”.  

Cat Balou Cruise operators suggest that most of the fur seals within Twofold Bay are Australian fur 

seals (Ocean Environmental 2014).  Fur seals have been recorded at a number of locations in Twofold 

Bay and nearby locations, primarily in areas close to Eden.  Fur seals are often observed, basking on 

the Eden Breakwater (see assessment of fur-seal site usage data by Ocean Environmental (2014) as 

displayed in Figure 6-5).   

Interactions between humans and fur seals in Twofold Bay occur frequently, primarily associated with 

fishing activities.  Seals are attracted to operating fishing boats as a potential food source and often 

steal fish off lines as the fisherman retrieves fish.  Fur seals are also observed swimming amongst 

moorings in the local area and display inquisitive behaviour around small boats (info from Cat Balou 

Cruises).   

Waters around Eden are generally thought to form part of the Australian fur seal’s foraging grounds 

(DSEWPC 2012).  Fur seals may use the seabed and rocky reefs of the study area (e.g. Cattle Bay and 

Snug Cove) for feeding on fish and cephalopods, but habitats for these prey species are abundant 

throughout Twofold Bay so fur seals can be expected throughout Twofold Bay (Marine Pollution 

Bulletin 2013).  

Whilst fur seals are known from Twofold Bay there are no permanent local populations.  The Australian 

fur seal is known to have 10 established breeding colonies in the South East Marine Region, all located 

on islands in the Bass Strait.  Breeding occurs from October to January (Kirkwood et al. 2010; 

Pemberton & Kirkwood 1994; Warneke 1995b).  Historically, Australian fur seal breeding colonies were 

more widespread, but several islands have not been occupied since their populations were removed by 

early commercial sealing (Warneke & Shaughnessy 1985).  

Fairy Penguins (Little Penguins) (Eudyptula minor) 

The little penguin is listed as protected under the BC Act 2016 (TSC Act 1995) with an endangered 

population occurring in the Manly Point area of Sydney Harbour (i.e. far from the study area).  Little 

penguins are the smallest species of penguin found in Australian waters (DSEWPC 2012).  While 

occupying large proportions of the South-east Marine Region, the little penguin is not endemic.  

However the Bass Strait is home to approximately 60% of the recorded breeding populations (Dann 

2013) with 37 colonies with greater than 1000 breeding pairs identified as BIAs within the South-east 

Marine Region (DSEWPC 2012). The Australian population is thought to be a little under 1 million 

(Marchant & Higgins 1990). 

A little penguin breeding colony at Eagles Claw Nature Reserve, with 24 breeding pairs, was decimated 

by dogs in 1993 and has never recovered.  However, Cat Balou records indicate that little penguins are 
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regular visitors to Twofold Bay, most likely originating from the large colonies at Montague Island 

(6000 breeding pairs) and Gabo Island (18,000 breeding pairs) (Marine Pollution Research 2013). 

Local Cetacean Sighting Data 

In 2014, Ocean Environmental undertook an assessment of whale watching data obtained from Cat 

Balou Cruises for the period 2012 to 2014 (N.B. annual data is only collected over the typical whale 

watching season of July to October).  An assessment of the mean relative frequency of whale sightings 

by pod type (i.e. juveniles / sub-adults, adults, mother / calf) is presented in Figure 6-2.  The data 

shows a peak in juvenile / sub-adult whales around September and also suggests that October and 

November are the highest risk months for mother / calf pods in the area as the frequency of mother / 

calf pod sightings during this time is significantly higher than earlier in the whale season. 

 
Figure 6-2 Mean relative frequency of whale sightings by pod type 2012-2014 (July - October each year) 

(Ocean Environmental 2014). 

A bubble plot showing the relative frequency of whale sightings at different locations around Eden 

shows that sightings occurred and were equally likely within Twofold Bay and the immediate coastal 

areas (Figure 6-3).  Sightings around Eden were infrequent when compared to use of the outer areas of 

the bay and immediate coastal environment (Ocean Environmental 2014). Table 6-3  also shows the 

total number of days that whales were sighted in various parts of Twofold Bay and nearby coastal 

waters, of the 158 survey days analysed by Ocean Environmental (2014) from 2012 – 2014.  
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Figure 6-3  Relative frequency of whale sightings 2012-2014 (July - October each year) (Ocean 

Environmental 2014).  

Table 6-3  Number of days that whales were sighted in various parts of Twofold Bay and nearby coastal 

waters (of 158 survey days from 2012 – 2014) (Ocean Environmental 2014).  

 

The majority of dolphin sightings (including common and bottlenose dolphins) occurred in Twofold 

Bay (unspecified location) and immediate coastal areas, while some occurred around Snug Cove 

(Figure 6-4). The majority of sightings were in September and October (Ocean Environmental 2014). 

The total number of days that dolphins were sighted in various parts of Twofold Bay and nearby 

coastal waters, of the 158 survey days analysed by Ocean Environmental (2014) from 2012 - 2014, are 

shown in Table 6-4.  
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Figure 6-4  Relative frequency of dolphin sightings 2012-2014 (July - October each year) (Ocean 

Environmental 2014).  

Table 6-4  Number of days that dolphins were sighted in various parts of Twofold Bay and nearby coastal 

waters (of 158 survey days from 2012 – 2014) (Ocean Environmental 2014).  

 

The majority of Australian fur seal sightings were from within Twofold Bay and in particular, area’s 

close to Eden (e.g. on the breakwater) (Figure 6-5). Seals were sighted most frequently in the months 

of September and November (Ocean Environmental 2014). The total number of days that seals were 

sighted in various parts of Twofold Bay and nearby coastal waters, of the 158 survey days analysed by 

Ocean Environmental (2014) from 2012 – 2014, are shown in Table 6-5. 
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Figure 6-5  Relative frequency of Australian fur seal sightings 2012-2014 (July - October each year) (Ocean 

Environmental 2014).  

Table 6-5  Number of days that seals were sighted in various parts of Twofold Bay and nearby coastal 

waters (of 158 survey days from 2012 – 2014) (Ocean Environmental 2014).  

 

The local marine mammal site usage data analysed by Ocean Environmental (2014) suggests that fur 

seals are the group of cetaceans which are most likely to be impacted by construction activities 

occurring in Snug Cove. Dolphins and whales also have the potential to be affected if using inshore 

areas during construction activities.   
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Pressures on Cetaceans 

An analysis of pressures on cetaceans undertaken for the Temperate East Marine Region (DSEWPC 

2012c) list the following pressures which also have the potential to be associated with the proposed 

works: 

 Chemical pollution / contaminants from vessels (all cetaceans). 

 Marine debris from vessels (all cetaceans). 

 Noise pollution from vessels (all cetaceans). 

 Physical habitat modification through piling (inshore dolphin species). 

 Oil pollution from vessels (all cetaceans). 

 Collision with vessels (inshore dolphin species).  

6.1.1.7 Marine Turtles 

All six species of marine turtles that occur in Australian waters are protected under the EPBC Act 1999. 

Four of these species, the leatherback (Dermochelys coriacea), green turtle (Chelonia mydas), hawksbill 

turtle (Eretmochelys imbricata) and loggerhead turtle (Caretta caretta) occur in southern Australian 

waters and are reported to have the potential to occur in the study area under the EPBC Act 1999 

Protected Matters Search.   

The Atlas of NSW Wildlife Search for species listed under the BC Act 2016 (TSC Act 1995) did not 

return any records for marine turtles in the study area.  In addition, marine turtles are not classed as 

‘fish’ so are not listed under the NSW FM Act 1994.  

General information on the leatherback turtle is provided below and an assessment under s9.2 of the 

FBA for this species is provided in Section 8.2 (Construction Impacts on Marine Fauna).  

Leatherback Turtles 

Leatherback turtles are oceanic, deep diving marine turtles which inhabit tropical, subtropical and sub 

polar seas. The western pacific leatherback turtle population is considered a critically endangered 

species according to the International Union for Conservation of Nature (IUCN) Red List of Threatened 

Species (IUCN 2015).  The leatherback turtle is considered as endangered, migratory and a listed 

marine species under the EPBC Act 1999. According to the Protected Matters Search “species or 

species habitat is known to occur within (the study) area”.  

The South-east Marine Region is known to be an important feeding area for the leatherback turtle 

which is a pelagic feeder regularly found in the high latitudes of all oceans (DoE 2015).  Leatherback 

turtles forage in pelagic or deep water environments where they primarily feed on colonial tunicates, 

jellyfish and other soft-bodied invertebrates (Limpus 2009). 

Leatherbacks migrate large distance from these feeding grounds to specific nesting beaches. The 

major nesting aggregations for leatherback turtles are located in Malaysia (Terengganu) and Indonesia 

(North-western Papua).  The specific locations where leatherback turtles were either captured in nets 

or hooked, washed up, entangled in nets or found nesting is shown in Figure 6-6.  Leatherbacks do 

nest on Australian beaches, but no major breeding concentrations have been recorded here (Figure 

6-7). Low density nesting (<5 individuals) have been recorded at a number of sites in Northern NSW, 

southern and central Queensland and the Northern Territory (Limpus 2009, DoE 2015). 



  
 

 

 

  

 

 

77 

 

 

Whilst no leatherback turtles have been recorded foraging in Twofold Bay, the temperate marine 

environment in the area is a typical of where the species have been recorded and this species is likely 

to transit the area on its way to feeding grounds and northern nesting sites (refer to Figure 6-6 red 

dots on the border between Victoria and NSW 50 km to the south of Twofold Bay).  

There are no known nesting records for this species in the Twofold Bay area. The coastal and offshore 

waters near Twofold Bay may support small numbers of foraging individuals of leatherback turtles. The 

project area is not listed under the breeding areas considered critical for any of these species under 

the Recovery Plan for Marine Turtles in Australia (Environment Australia 2003). 

In the Temperate East Marine Region marine reptiles face a number of pressures on varying scales of 

importance (DoE 2012b).  The main pressures of concern for leatherback turtles in the region which are 

also potentially associated with the Project are: 

 Chemical pollution and contaminants from vessels. 

 Oil pollution from vessels.  

 Marine debris from vessels.  

 Physical habitat modification via piling. 

 Collision with vessels. 

 Invasive species. 

 

Figure 6-6 Distribution of non-nesting leatherback turtle records in Australia (Limpus 2009).  
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Figure 6-7 Distribution of confirmed leatherback turtle nesting recording in Australia (Limpus 2009). 

It is not expected that the proposed works will have any significant impact on leatherback turtles which 

may occur in Twofold Bay on occasion.  

6.1.1.8 Phytoplankton 

Information on phytoplankton in the local area is provided below, however it is not considered that the 

assessment under s9.2 of the FBA is appropriate for phytoplankton and this has not been undertaken.  

Phytoplankton are tiny, photosynthetic organisms which live mainly in the upper layers of the ocean. 

Due to their ability to photosynthesise they are often referred to as tiny plants, however, many species 

of phytoplankton are more closely related to protists and bacteria than true plants. Phytoplankton 

typically range in size from 0.002 mm to 1 mm and include diatoms, dinoflagellates, Radiolaria, Ciliata 

and Cyanobacteria (better known as ‘blue-green algae’).  Phytoplankton produce more oxygen than all 

plant life on earth and are vital in maintaining the earth’s atmosphere (Australian Museum 2016).  

The EAC brings warm tropical and subtropical water into the cooler waters of southern NSW.  This 

current, coupled with upwellings, eddies and counter currents influences concentrations of nutrients 

available to the marine food chain in offshore waters of Twofold Bay.  Phytoplankton take up these 

nutrients and make them available to a wide range of organisms through the food chain. The level of 

nutrients in the water column regulates the abundance of phytoplankton (National Oceans Office 

2002).  

Excessive nutrients in the water column can cause phytoplankton to rapidly increase in abundance and 

in some instances cause algal blooms.  Algal blooms are a natural phenomenon caused by the mass 

reproduction of tiny microscopic phytoplankton including dinoflagellates, diatoms and algae. They 
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often occur in autumn and spring when water temperatures are higher and ocean current movements 

are greater (Anderson 2009). 

Some species that cause algal blooms can produce toxins and be harmful to fish, birds, shellfish and 

even humans. But not all algal blooms are harmful; in fact, many are beneficial as the tiny plants 

provide a food source for many organisms. 

Non-toxic blooms of algae can also cause harm in a variety of ways. One prominent mechanism relates 

to the high biomass that some blooms achieve. When this biomass decays as the bloom terminates, 

oxygen is consumed, leading to widespread mortalities of plants and animals in the affected area.  

Large, prolonged blooms of non-toxic algal species can reduce light penetration to the bottom, 

decreasing densities of submerged aquatic vegetation that can have dramatic impacts on coastal 

ecosystems, as these grass beds serve as nurseries for the food and the young of commercially 

important fish and shellfish. These “high biomass” blooms are sometimes linked to excessive pollution 

inputs, but can also occur in pristine waters (Anderson 2009). 

Regular water quality monitoring of temperature, salinity, faecal coliforms and phytoplankton is 

undertaken for the mussel aquaculture facilities in Twofold Bay at a number of sites near the study 

area as shown in Figure 6-8.  In Figure 6-8 the locations of the mussel farms are shown as pink 

rectangles and water monitoring sites are numbered blue dots. Specifically, phytoplankton data is 

collected at Site 1 and Site 3 (circled in green) as part of the NSW Shellfish Program in order to scan 

for harmful, nuisance and related phytoplankton species. Data is routinely collected and analysed by 

Microalgal Services (Microalgal Services 2014) and the full suite of species and abundance form 

phytoplankton data collected between 2012 and 2014 is summarised in Appendix 1 of Ocean 

Environmental 2015. 

Several potentially toxic phytoplankton species were found during these surveys; four Pseudo-nitzchia 

species/groups and two Alexandrium species.  Very large concentrations, as found in algal blooms of 

these particular species, have a potential to poison the mussels growing in the aquaculture farms 

located in Twofold Bay. 

In 2013 an extensive algal bloom had covered the surface waters of Twofold Bay.  Subsequent analysis 

by CSIRO found the algal bloom was caused by the dinoflagellate species Noctiluca scintillans which is 

distributed in temperate, sub-tropical and tropical waters (Epe 2013), but is non-toxic. The most recent 

toxic algal bloom in Twofold Bay was recorded in October 2016 when an outbreak of Alexandrium 

fundyense, which can produce paralytic shellfish toxins, resulted in temporary closure of the mussel 

farms. 
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Figure 6-8 Mussel lease areas and the location of phytoplankton monitoring sites (DPI Food Authority 

2016).  

The action of piling associated with the Project has the potential to release fine sediments into the 

waters of Twofold Bay.  These fine sediments may contain nutrients which have settled there over time 

and become entrained in the sediment (N.B. no testing for nutrients was undertaken during the 

sediment assessment as this is not required under the NAGD).  Once the fine sediment settles out the 

biologically available nutrient component such as dissolved inorganic nitrogen may be rapidly taken 

up by phytoplankton (Bainbridge et al. 2012).  The release of additional nutrients into the water 

column may induce local rapid phytoplankton growth and potentially lead to blooms occurring in 

Twofold Bay. 
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Seabed sediments in Snug Cove were characterised by AMA in 2015 (AMA 2016).  Laboratory analysis 

found the sediments here were dominated by the sand and gravel fraction (93.5%), with minor 

components of silt and clay (6.5%). Therefore, piling activities are unlikely to result in substantial 

resuspension of large volumes of fine material which are more likely to contain entrained nutrients.  

Twofold Bay is an open oceanic embayment (Roy et al. 2001) and is well flushed by oceanic currents 

and waves. The likelihood of algae blooms occurring is very rare and would require very specific 

climatic conditions to occur such as warm water, elevated nutrient loads, passive metocean conditions 

and low tidal ranges. 

The impact of the Project on phytoplankton community structure and abundance is likely to be very 

low given: 

 The low fines component in the sediment in the project area and therefore nutrients. 

 The constant flushing of Twofold Bay on a daily basis means any concentrations of nutrients 

are likely to be diluted and dissipated quickly into the oceanic waters. 

6.1.2 Marine and Migratory Birds 

Shorebirds, marine and migratory birds are known to utilise natural aquatic habitats (e.g. rocky 

intertidal shores and sandy beaches) and artificial structures (e.g. the breakwater, floating pontoons, 

piles, wharves and jetties) within the study area (as reported by Marine Pollution Research 2013, AMA 

2015, Ocean Environmental 2015a and 2015b and the South Coast Birdwatchers Group 2015) and 

therefore have the potential to be impacted by the Project. 

An aquatic ecology assessment of nearby Cattle Bay, undertaken by Marine Pollution Research (2013), 

stated that the aquatic habitats of Cattle Bay do not support any permanent populations of marine or 

migratory bird species, however, it was expected that these birds may utilise the resources of Cattle 

Bay on occasion. 

OEH provided correspondence to Ocean Environmental in February 2015 indicating that incidental 

sightings of the following marine and migratory bird species have been observed within Twofold Bay 

over the last 20 years: wandering albatross, shy albatross, black-browed albatross, flesh-footed 

shearwater, northern giant petrel, providence petrel, eastern osprey, sooty oystercatcher, pied 

oystercatcher and hooded plover. 

Following consultation with OEH, Ocean Environmental undertook further research into the potential 

for shorebirds, marine and/or migratory bird species to occur within Cattle Bay / Snug Cove. The EPBC 

Act 1999 Protected Matters Search undertaken in August 2017 lists 11 migratory marine birds and 13 

migratory wetland bird species with the potential to occur within a 10 km radius of the study area). An 

assessment of the potential of occurrence for migratory marine bird species taking into account their 

individual habitat requirements and the aquatic habitats present in the local area (i.e. sandy beaches, 

shallow intertidal sands, inshore and offshore subtidal sands (vegetated and unvegetated), intertidal 

rocky shores, subtidal rocky reef and artificial habitats (jetty support piles, mooring tackle and 

pipelines) was undertaken by Ocean Environmental 2015a. It was concluded that the antipodean 

albatross, wandering albatross, Buller’s albatross, shy albatross, Campbell albatross, black-browed 

albatross, white- capped albatross, southern giant petrel, northern giant petrel, flesh-footed 

shearwater, osprey, hooded plover and eastern hooded plover all have the potential to forage in the 

study area. Many of these species are scavengers that are known to follow fishing vessels into bays 

and harbours. Behavioural data suggested that if any of these species was to occasionally occur in the 

study area that they would only occur as individuals or in pairs (Ocean Environmental 2015a). 
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The little penguin (Eudyptula minor), which is listed as protected under the BC Act 2016 (TSC Act 1995), 

is known regularly from Twofold Bay and has the potential to occur in the Project area. Most little 

penguins that occur in the bay are likely to be visitors from large colonies located at Montague Island 

(6,000 breeding pairs) and Gabo Island (18,000 breeding pairs), both located a considerable distance 

(i.e. >70 km) from Twofold Bay. A minor breeding colony at Eagles Claw Nature Reserve (24 breeding 

pairs) was once present but was decimated by dogs in 1993. 

The little tern (Sternula albifrons) also has the potential to forage or roost in aquatic and terrestrial 

habitats that are present in the local area. However, no little tern nesting sites have been recorded in 

the study area in the Little Tern Recovery Plan (NPWS 2003): 

http://www.environment.nsw.gov.au/resources/nature/recoveryplanfinallittletern.pdf.  

Marine and shorebird site usage data collected between 1997 and 2015 for Snug Cove, Cattle Bay and 

Cocora Beach was obtained from the South Coast Birdwatchers Group Inc., analysed and reported in 

Ocean Environmental (2015b). Twenty bird species have been recorded by the South Coast 

Birdwatchers Group Inc. to use these areas. The Group reported regularity of site use ranging from 

‘rare’ to ‘regular’. They also reported that foraging and roosting behaviour are both known to occur in 

the area, however, no nesting of any of these marine and / or shorebirds has been noted in the area. 

They reported that within Snug Cove and Cattle Bay marine birds and shorebirds have been observed 

to roost on the Eden Breakwater Wharf, jetties, floating pontoons and moored boats. Rocks along the 

shorelines and headlands are also reported to provide shelter for marine and shorebirds (South Coast 

Birdwatchers Group Inc. 2015 as reported in Ocean Environmental 2015b). 

The bird species recorded between 1997 and 2015 by the South Coast Birdwatcher’s Group in the local 

area (Cattle Bay, Snug Cove and Cocora Beach) include: 

 Arctic jaeger  

 Australasian darter  

 Australasian gannet  

 Australian pelican  

 Australian pied oystercatcher  

 Black-faced cormorant  

 Crested tern  

 Eastern great egret  

 Eastern reef egret  

 Great cormorant   

 Hooded plover  

 Kelp gull  

 Little black cormorant  

 Little pied cormorant  

 Pacific gull  

 Pied cormorant  

 Silver gull  

 Sooty oystercatcher  

 White-bellied sea-eagle  

 White-faced heron 

 

While the study area provides suitable foraging and roosting habitat for a number of shorebirds, 

marine and/or migratory birds, little breeding habitat is available and no known breeding colonies of 

any listed threatened bird species are expected to be affected by the Project. Potential impacts of the 

Project on these birds are not expected to be significant and can largely be mitigated.  

http://www.environment.nsw.gov.au/resources/nature/recoveryplanfinallittletern.pdf
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6.2 Marine Invertebrates  

6.2.1 Mobile & Sessile Organisms  

Mobile marine invertebrates of the subtidal reef communities in the Twofold Shelf Bioregion include 

algal grazers, mobile predators and sessile filter feeders.  The most common grazing taxa are 

gastropods, abalone (Haliotis rubra), tent shell (Astralium tentoriformis), warrener (Turbo undulatus) 

and long-spined urchin (Centrostephanus rodgersii). The latter can occur in high abundance and its 

grazing causes significant habitat modification, stripping macroalgae from the reef to create ‘urchin 

barrens’. This loss of algal cover can substantially alter the structure of subtidal reef ecosystems (Breen 

et al. 2005; DoE 2015). 

Predatory invertebrates include whelks (Penion maxima and Dicathais orbita), cephalopods (e.g. 

southern blue-ringed octopus, Hapalochaena fasciata, Maori octopus, Octopus moarum and giant 

cuttlefish, Sepia apama), crustacea (e.g. red bait crab, Plagusia chabrus, eastern rock lobster, Jasus 

verreauxi) and sea stars (Nectria spp., Tosia spp.). The feather star, Comanthus trichoptera, a mobile 

filter feeder, can also be abundant.  Sessile filter feeding taxa include sponges, bryozoans, hydroids, 

ascidians and corals (Breen et al. 2005; DoE 2015). 

Polychaete worms, small crustaceans such as isopods and amphipods, and bivalve molluscs are the 

dominant invertebrates in soft sediment habitats (Breen et al. 2005; DoE 2015). 

A biological survey of damaged wharf piles in the Port of Eden was undertaken in 2012 with the aim of 

identifying any excessive macroalgae or protected organisms such as syngnathids on piles which were 

to be removed (Koopman and Rudge 2012). The findings of the survey provide information regarding 

sessile marine invertebrates and macroalgae assemblages.  Inspection of 28 piles revealed one 

syngnathid, a potbelly seahorse (described previously).  While small amounts of coralline algae (usually 

about 5% cover) were observed on most piles, large macroalgae were only found on six of the 28 piles 

(i.e. kelp - Ecklonia radiata and red algae likely to be coralline algae).  A wide range of sessile marine 

invertebrates were present on all of the wharf piles including calcareous worms (e.g. Galeolaria 

caespitosa), barnacles, mussels, oysters, sponges and ascidians (e.g. Herdmania momus), red bait crabs 

(Plagusia chabrus) were also common, being found on many of the wharf piles.  

In early 2015 AMA undertook aquatic ecology surveys of the intertidal and subtidal areas immediately 

adjacent to the foreshore and existing marine infrastructure within the study area to assist in 

describing the communities present in intertidal areas, subtidal rock and on artificial structures (AMA 

2015). The nearby intertidal rocky foreshores, particularly in the mid to upper intertidal zone, contained 

a variety of gastropods (sea snails), including Nerita spp.. Blue mussel (Mytilus spp.) beds were present 

in the subtidal areas adjacent to the beaches on the northern side of Snug Cove and in the intertidal 

areas of the western foreshore of Cattle Bay.  Intertidal and shallow subtidal areas, including in front of 

the Breakwater Wharf, also contained beds of oysters (Saccostrea spp.) (AMA 2015).  

 

A variety of sessile marine growth was also recorded on the sheet pile wall which constitutes 

approximately 40% of the Breakwater Wharf wall. Oysters were generally found at the top of the 

concrete pylons and were reported to outcompete the blue mussels (Mytilus spp.) which occurred 

directly below them. The flat surfaces of the sheet pile walls were occupied by barnacles and limpets, 

while ascidians and tube worms were found on the deeper horizontal surfaces.  The Multipurpose Jetty 

and Mooring Jetty located to the north of the breakwater wharf contained wooden pylons which 

supported a wide range of filter feeding organisms such as oysters, mussels, tubeworms and ascidians 

(AMA 2015).  
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Mobile and sessile marine invertebrate species recorded in intertidal and subtidal habitats in Snug 

Cove during the August 2017 field surveys are discussed in Section 5.3.3.  

6.2.2 Benthic Infauna 

Soft sediment benthic environments provide habitat for a wide range of macrobenthic infauna. 

Macrobenthic infauna are typically defined as invertebrate fauna larger than 0.5 mm which 

predominately live within marine sediments (Inglis 1995, Simpson et al. 2005).  They comprise a diverse 

group of taxa (e.g. crustaceans (amphipods, isopods and cumaceans), worms (polychaetes, 

nemerteans) and molluscs (bivalves and gastropods)) and generally live within the top 30 cm of the 

surface sediment layer (Seitz & Lipcius 2001).  Benthic infauna feed using a variety of methods 

including filter feeding (e.g. molluscs), active predation, or by gathering detritus from the sediments. 

They play a vital role in nutrient cycling, detrital decomposition and as a food source for higher trophic 

levels (Reiss et al. 2009), particularly to commercially important fishes. This is relevant to the current 

study as commercial fishing represents one of the major industries on the South Coast of NSW.  The 

Ports of Eden and Bermagui account for ~10% of the total catch in NSW with 20 finfish species, 

including snapper, yellow fin bream, flathead and whiting, dominating the catch (Dalton 2005). Many 

of the commercially caught species out of Eden are demersal and rely on benthic infauna as a primary 

food source (Dalton 2005). 

Benthic infauna assemblages are useful as indicators of anthropogenic impacts on the marine 

environment due to their relatively sedentary lifestyle, close proximity to marine sediment and relative 

ease of sampling quantitatively (Warwick 1993; Otway et al. 1996). Benthic infauna assemblages have 

been used to monitor anthropogenic impacts from a wide range of activities including but not limited 

to dredging and disposal of sediments (Cruz-Motta & Collins 2004; Jones & Candy 1981).  Impacts on 

infauna communities which can be measured include changes in species abundance, species richness, 

species diversity, the dominance of opportunistic species (e.g. polychaetes) or the dominance of 

deposit feeders (Dauvin & Ruellet 2006; Dean 2008). 

6.2.2.1 Infauna Survey 

An infauna survey was undertaken within the footprint of the proposed wave attenuator in August 

2017 at the sites shown in Figure 4-1. A total of 4,786 individuals were sampled representing a total of 

76 taxa from all twelve sites. 

Total abundance varied from a minimum of 204 individuals/0.1 m2 to a maximum of 527 

individuals/0.1 m2 from Site 2 and Site 9, respectively (Figure 6-9).  Sites 1 and 2 were closest to the 

Multipurpose Jetty, whereas Sites 11 and 12 were furthest away from the Port.  

Polychaete worms were the most abundant taxonomic group with capitellids, orbiniids and spionids 

representing the most common of the families present. Polychaetes were the most abundant of the 

major taxa present representing between 72 and 82% of the total counts, the exception being Sites 10 

and 12 where the proportion of polychaetes were closer to 60%. The relative proportion of the main 

taxonomic groups were generally similar between the sites, with the exception being Site 10 where 

there was a larger proportion of crustaceans present and Site 12 where there was a larger proportion 

of molluscs present (Figure 6-9). Species richness (the total number of taxa) varied from 22 taxa from 

Site 2 up to a maximum of 40 taxa from Site 3 (Figure 6-10). 
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Figure 6-9 Total abundance of infauna at each site in August 2017.  

 

Figure 6-10 Species richness of infauna at each site in August 2017. 

Piling associated with construction of the wave attenuator will have a direct impact on benthic infauna 

within the seabed in which piles are placed.   
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6.3 Invasive Marine Species 

Invasive species pose one of the greatest threats to biodiversity and primary production in NSW (NSW 

DPI 2008). Marine pests are plants or animals that have the potential to significantly impact Australia’s 

marine industries and environment. They can foul marine infrastructure, alter marine habitats, 

outcompete or prey on native species and put at risk Australia’s fisheries and aquaculture industries.  

There are an estimated 250+ introduced marine pests in Australian waters. Most have been introduced 

from overseas, though some are native to other regions of the country. They may be introduced in 

various ways, including in ballast waters, attached to the hulls of domestic or international vessels, 

attached to marine construction equipment, or imported deliberately as aquarium or aquaculture 

species (NSW DPI 2008; 2016).  Information on the most notable invasive marine species which are 

found in NSW (and specifically from Twofold Bay) is provided below: 

Caulerpa (Caulerpa taxifolia)  

Caulerpa taxifolia is a fast growing marine alga native to tropical Australia and the South Pacific that 

has colonised many areas outside its natural range, including several NSW waterways (14 estuaries and 

1 oceanic population).  This species is known to occur in a number of South Coast estuaries including 

St Georges Basin, Lake Conjola, Narrawallee Inlet, Burrill Lake, Durras Lake and Batemans Bay, but has 

not been mapped by NSW DPI inside Twofold Bay.  Recent surveys undertaken between 2011 and 

2014 indicate that the density of Caulerpa populations have significantly reduced in most southern 

NSW estuaries as a result of natural fluctuations in salinity and temperature (NSW DPI 2016).   

Its rapid growth has previously led to concerns that it could out-compete native seagrass.  In addition, 

small fragments of Caulerpa can grow into new plants and create large colonies.  However, recent 

research and observations indicate that the impacts of Caulerpa are not as severe as first considered.  

Rather, than killing seagrasses, as once thought, research indicates that Caulerpa tends to grow 

primarily on the edges of seagrass beds and is less commonly found interspersed with seagrass 

(Glabsy 2013).  Caulerpa has been found to create habitat that is similar to native seagrasses in some 

regards (e.g. for some fishes, but not seahorses; York et al. 2006), but it can differ from native seagrass 

habitats in relation to invertebrates living in the sediments (Gallucci et al. 2012; Gribben et al. 2013). 

Twofold Bay is located further south than the current known range of Caulerpa and may be 

environmentally unsuitable for this species. While there is the potential that movement of construction 

vessels / barges and equipment to the study area from other NSW waterways with known Caulerpa 

populations could occur, the likelihood is considered to be low if appropriate mitigation measures are 

adopted.   

Dinoflagellate (Alexandrium catenella) 

The planktonic dinoflagellate Alexandrium catenella is associated with toxic PSP blooms in temperate 

marine waters in Australia and abroad.  It can cause paralytic shellfish poisoning if ingested.  The 

species’ lifecycle involves a dormant cyst stage, with the cysts settling and accumulating on the 

seabed.  Cyst beds of A. catenella are widespread in NSW coastal and estuarine waters, including the 

Port of Eden (Pollard and Rankin 2003).   

It is possible that dormant A. catenella cysts could be remobilised during piling activities for the 

proposed wave attenuator. However, if appropriate measures are adopted to prevent sediment 

movement outside of the immediate construction area during piling, it is unlikely that any remobilised 

cysts will move outside of Snug Cove or the Port of Eden. Furthermore, the CSIRO (1997) and Pollard 
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and Rankin (2003) found this species in low densities in Snug Cove. In addition, this species of 

Dinoflagellate is common along the NSW coastline and any translocation would not increase the 

chances of establishment elsewhere (Hallegraeff et al. 1998). 

European fan worm (Sabella spallanzanii) 

The European fan worm is a large filter-feeding tube worm which has the potential to alter marine 

ecosystems and compete with native organisms for food and space.  It also has the potential to impact 

aquaculture operations (as a nuisance fouler and as a competitor to filter-feeding species such as 

oysters and mussels).  In NSW it was first discovered in Snug Cove (Twofold Bay) in November 1996, 

where the individuals collected were found underneath or attached to wharf structures (CSIRO 1997). 

Since then, monitoring by NSW DPI has documented fluctuations in population size over many years, 

with the number of fan worms in 2013 being similar to in 2005 (NSW DPI 2016). An annual program of 

hand removal by divers between 1996 and 2005 was unsuccessful in eradicating this population. As 

populations already exist in Twofold Bay there is no risk of introduction. The fan worm has the 

potential to colonise new structures (such as the proposed wave attenuator).  

European green crab (Carcinus maenas) 

The European green crab is a medium sized crab native to the Atlantic Coast of Europe and northern 

Africa. It is a littoral species that frequents the intertidal habitats and is unlikely to thrive outside of the 

littoral zone. There have been recent sightings of this species in Twofold Bay (including Curalo Lagoon, 

Shadracks Creek, Nullica River, Towamba River / Kiah Inlet, Fisheries Creek). The European green crab 

has negatively impacted native species and aquaculture industries overseas.  There are some reports 

from NSW oyster farmers of suspected crab related oyster mortality.  However, at present, it has not 

been confirmed that these mortalities are a result of European green crab predation (NSW DPI 2016). 

As populations already exist in Twofold Bay there is no risk of introduction. 

New Zealand screwshell (Maoricolpus roseus) 

The New Zealand screwshell (Maoricolpus roseus) is a New Zealand native that can survive in a range of 

different habitats.  The screwshell has established successful populations in NSW (including Twofold 

Bay (first identified here in 1996 and again in 1999-2002) and the continental shelf off Merimbula and 

Bermagui). It forms a dense covering on the sea floor, with live and dead shells recorded at depths up 

to 100 m, and competes with native shellfish for food (Pollard and Rankin 2003; NSW DPI 2016). As 

populations already exist in Twofold Bay there is no risk of introduction. The risk of translocation 

outside of Twofold Bay is also considered low considering the proposed work scope.   

Pacific oyster (Crassostrea gigas)  

An endemic to Japan, the Pacific oyster (Crassostrea gigas) has been introduced into a large number of 

countries outside its natural range, including Australia.  It appeared in NSW waters in the 1980s, where 

it spread and invaded intertidal habitats of many coastal waterways.  Pacific oysters are a hardy species 

with fast growth and high reproductive rates.  This has allowed them to establish dense populations in 

some areas, often displacing native intertidal species including Sydney rock oysters which are 

commercially harvested.  Populations of Pacific oysters are known from all NSW estuaries south of and 

including Port Macquarie (NSW DPI 2016), therefore it is likely that this species already occurs in 

Twofold Bay and the risk of introduction is unlikely.  
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Yellowfin goby (Acanthogobius flavimanus)  

The yellowfin goby is a small benthic fish native to Japan, the Korean peninsula, and north east China. 

The species prefers prefer muddy or sandy estuaries, river mouths and bays.  The yellowfin goby 

competes with and preys on native fishes and there is some evidence of this species displacing native 

fish populations in the United States (Ecological Risk Screening Summary, U.S. Fish and Wildlife Service 

2014). This species is known to occur in Sydney Harbour (Port Jackson and Botany Bay) and the Hunter 

and Hawkesbury estuaries in NSW, as well as Port Phillip Bay in Victoria.  It has not been recorded from 

Twofold Bay (NSW DPI 2016).  

Japanese goby (Tridentiger trigonocephalus) 

Another small benthic fish native to Japan, the Korean peninsula, and parts of China, Japanese goby 

occur in estuaries and rocky reef habitat. It resides on the bottom, in oyster shells, crevices in fouling 

organisms or near other sheltering objects, such as rocks.  It is likely that this species competes directly 

with native species for space and food resources, although there has not yet been significant evidence 

of adverse impacts reported in scientific literature (Ecological Risk Screening Summary, U.S. Fish and 

Wildlife Service, 2012). The species is currently known to occur in Sydney Harbour, Port Kembla and 

Victorian ports, but has not been reported in Twofold Bay (NSW DPI 2016).  

Field Survey Results 

No marine pest species were recorded during the field surveys undertaken in August 2017.  

6.4 Mussel Aquaculture 

Commercial mussel farming of the blue mussel (Mytilus edulis) has been conducted in Twofold Bay 

since the mid-1970s.  The species is native to the area and prefers water temperatures between 5 and 

20°C.  In Twofold Bay (with average sea surface temperatures of ~ 19°C) the blue mussel has achieved 

fast growth rates and appears to reach a larger size than anywhere else in Australia. The blue mussel is 

farmed by Eden Sea Farms.  

To reduce the potential impact on its harvest from large seas, Eden Sea Farms has converted its 

growing systems from raft units (vulnerable to damage) to longlines over the last few years.  Longlines 

are comprised of an anchor block at each end with the line suspended on the surface using 250 L 

floats set at intervals along the line.  The number of floats is determined by the weight of mussels 

attached to the droppers.  The setup of longlines is shown in Figure 6-11.  
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Figure 6-11  Setup of mussel longlines used by Eden Sea Farms (Eden Sea Farms 2016).  

Eden Sea Farms cultivates wild caught spat. Mussels are broadcast spawners (i.e. their eggs and sperm 

are dispersed into the water column where fertilisation occurs). Larvae drift northwards in the winter 

East Coast currents developing to a spat with fine bissal threads that they use to attach to a solid 

surfaces/substrates.  Catching ropes are placed into the water in July each year, attached to the 

longlines, with droppers spaced 25 cm apart (to help in restricting the amount of spat that settles on 

each line as Twofold Bay generally receives a very heavy spat fall). 

Mussel spat is very sensitive to changes in the marine environment.  If conditions are unsuitable it can 

detach itself from the substrate and drift away, seeking a more favourable location.  This has been 

noted to have recently occurred when hatchery bred mussel spat were placed into Port Phillip Bay (c/o 

Peter Lille – Bay Rock Mussels Mornington, Vic.).  Eden Sea Farms report that to date, Twofold Bay has 

offered an ideal settlement site and they have had great success in catching and retaining spat. 

The spat settlement period in Twofold Bay continues until the East Coast currents switch direction and 

flow southwards, bringing warmer water into the Bay.  The spat grows at varying rates dependant on 

the nutrient loads and water temperature.  Growth rates increase as temperature and plankton 

increase in the bay.  Spat is left on the lines until it is large enough to move to grow out lines either 

directly or after restocking.  Restocking is dependent on ocean conditions but generally starts in 

November and continues until March.  The mussels will continue to grow and gain size with the most 

advanced being ready to commence commercial harvesting in late October early November 

(information courtesy of Christine Mather, Eden Sea Farms, 19 July 2016).  

Mussels are very tolerant to elevated exposures of turbidity and TSS concentrations well in excess of 

100 mg/L (Wilber and Clarke 2001; Appelby and Scarratt 1989).  However, very thin veneers of 

sediment are known to adversely affect both settlement and recruitment of bivalve larvae.  The 

settlement of mussel spat can therefore be affected if there is excessive settlement of fine sediments 

onto collection ropes or substrates.   



  
 

 

  

                  

 

90 

 

7 Key Threatening Processes 

The Eden Wave Attenuator Project was assessed in terms of it being a Key Threatening Process (KTP) in 

accordance with the listings in the NSW Biodiversity Conservation Act 2016 (BC Act), NSW Fisheries 

Management Act 1994 (FM Act) and Commonwealth Environmental Protection and Biodiversity 

Conservation Act 1999 (EPBC Act)”. 

7.1 Biodiversity Conservation Act 2016 

A threat may be listed as a KTP under the NSW BC Act 2016 if it “adversely affects threatened species, 

populations or ecological communities, or may cause species, populations or ecological communities to 

become threatened”.  Key Threatening Processes (KTPs) under the BC Act 2016 are managed with 

priorities action statements until new conservation projects are developed under the Saving our 

Species program (OEH 2016).  A full list of KTP listed under the BC Act 2016 can be found at:  

http://www.environment.nsw.gov.au/threatenedspecies/KeyThreateningProcessesByDoctype.htm  

Of the listed KTP under the BC Act the only one with the potential to apply to the Project is: 

1. Entanglement in or ingestion of anthropogenic debris in marine and estuarine environments. 

Further detail on this KTP can be found at: 

http://www.environment.nsw.gov.au/determinations/MarineDebrisKtpDeclaration.htm  

7.2 NSW Fisheries Management Act 1994 

Schedule 6: Key Threatening Processes (KTPs) 

KTPs are defined under the FM Act 1994 as “processes that, in the opinion of the Fisheries Scientific 

Committee, adversely affect threatened species populations or ecological communities, or could cause 

species, populations or ecological communities that are not threatened to become threatened” (NSW DPI 

2016).  KTPs are listed under Schedule 6 of the Act 

(http://www.austlii.edu.au/au/legis/nsw/consol_act/fma1994193/sch6.html).  

Of the KTPs listed under the FM Act the only one with the potential to be associated with the Project 

is: 

 Introduction of non-indigenous fish and marine vegetation to the coastal waters of New South 

Wales.  

A Priorities Action Statement for this KTP is available and can be found at: 

http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what-current/key/introduction-of-

non-indigenous-fish-and-marine-vegetation/priorities-action-statement-actions-for-the-introduction-

of-non-indigenous-fish-and-marine-vegetation-to-coastal-waters-of-nsw-ktp  

7.3 Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999 

The EPBC Act 1999 provides for the identification and listing of KTP.  A threatening process is defined 

as a KTP under this Act if it threatens or may threaten the survival, abundance or evolutionary 

development of a native species or ecological community (Commonwealth of Australia 2016).  

http://www.environment.nsw.gov.au/threatenedspecies/KeyThreateningProcessesByDoctype.htm
http://www.environment.nsw.gov.au/determinations/MarineDebrisKtpDeclaration.htm
http://www.austlii.edu.au/au/legis/nsw/consol_act/fma1994193/sch6.html
http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what-current/key/introduction-of-non-indigenous-fish-and-marine-vegetation/priorities-action-statement-actions-for-the-introduction-of-non-indigenous-fish-and-marine-vegetation-to-coastal-waters-of-nsw-ktp
http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what-current/key/introduction-of-non-indigenous-fish-and-marine-vegetation/priorities-action-statement-actions-for-the-introduction-of-non-indigenous-fish-and-marine-vegetation-to-coastal-waters-of-nsw-ktp
http://www.dpi.nsw.gov.au/fishing/species-protection/conservation/what-current/key/introduction-of-non-indigenous-fish-and-marine-vegetation/priorities-action-statement-actions-for-the-introduction-of-non-indigenous-fish-and-marine-vegetation-to-coastal-waters-of-nsw-ktp
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A process can be listed as a KTP under the EPBC Act if it could: 

 Cause a native species or ecological community to become eligible for inclusion in a 

threatened list (other than the conservation dependent category); or 

 Cause an already listed threatened species or threatened ecological community to become 

more endangered; or 

 Adversely affect two or more listed threatened species or threatened ecological communities. 

The full list of KTP under the EPBC Act 1999 can be found at: http://www.environment.gov.au/cgi-

bin/sprat/public/publicgetkeythreats.pl.  

Of the listed KTP under the EPBC Act the following have the potential to apply to the project: 

1. Injury and fatality to vertebrate marine life caused by ingestion of, or entanglement in, harmful 

marine debris.  

2. Novel biota and their impact on biodiversity. 

An approved Threat Abatement Plan is currently available for “Injury and fatality to vertebrate marine 

life caused by ingestion of, or entanglement in, harmful marine debris”: 

http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-marine-debris-

vertebrate-marine-life  

Consultation with Indigenous communities over a Threat Abatement Plan for Invasive Species (i.e. 

“novel biota and their impact on biodiversity”) is currently underway: 

http://www.environment.gov.au/system/files/pages/fa564fd1-b2ed-4e32-b994-

d2c1e457ff8e/files/indigenous-consultation-guidelines.pdf 

7.4 Is the Project a Key Threatening Process?  

In summary, the Project as a whole is not considered to be a KTP as listed under any of the above Acts. 

However, two potential impacts of construction relating to the Project, being the introduction of 

marine species and injury / fatality caused by marine debris, are both KTPs.  

 

 

 

  

http://www.environment.gov.au/cgi-bin/sprat/public/publicgetkeythreats.pl
http://www.environment.gov.au/cgi-bin/sprat/public/publicgetkeythreats.pl
http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-marine-debris-vertebrate-marine-life
http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-marine-debris-vertebrate-marine-life
http://www.environment.gov.au/system/files/pages/fa564fd1-b2ed-4e32-b994-d2c1e457ff8e/files/indigenous-consultation-guidelines.pdf
http://www.environment.gov.au/system/files/pages/fa564fd1-b2ed-4e32-b994-d2c1e457ff8e/files/indigenous-consultation-guidelines.pdf
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8 Potential Construction Impacts 

8.1 Marine Habitats and Flora 

The following sections outline the potential impacts of construction of the proposed wave attenuator 

on marine habitats and flora which occur within the study area.  

8.1.1 Fish Habitat Types (NSW DPI 2013) 

Classification of fish habitat under the Fisheries NSW Policy and Guidelines for Fish Habitat 

Conservation and Management (NSW DPI 2013) has been described in Section 5.1.2.  There is the 

potential for indirect impacts of construction on TYPE 1 – Highly Sensitive Key Fish Habitat located 

outside of the construction footprint (i.e. within Cattle Bay and Snug Cove), direct and indirect impacts 

on TYPE 2 – Moderately Sensitive Key Fish Habitat located within the construction footprint and also on 

TYPE 3 – Minimally Sensitive Key Fish Habitat present within the construction footprint.  In summary, 

these are: 

 Potential sedimentation of seagrass beds (i.e. TYPE 1 Fish Habitat) located outside of the 

immediate construction footprint in nearby areas of Snug Cove and Cattle Bay through piling 

activities which result in resuspension of seafloor sediment. This is likely to be negligible due 

to the generally coarse nature of sediments in the bay. 

 Potential sedimentation of and/or direct damage to macroalgae (i.e. TYPE 2 Fish Habitat) 

located within the immediate construction footprint and in nearby areas of Snug Cove through 

piling activities which result in resuspension of seafloor sediment and from piles being driven 

into the seafloor and activities of construction vessels (e.g. anchoring) where macroalgae may 

be present. This is likely to be negligible due to the generally coarse nature of sediments in the 

bay. See the following dot point for detail on expected number of piles and direct seafloor 

impact.  

 Direct impacts on areas of unvegetated subtidal soft sediments (i.e. TYPE 3 Fish Habitat) within 

the immediate construction footprint from piles being driven into the seafloor and the 

activities of construction vessels (e.g. anchoring). Given the current proposal, a floating wave 

attenuator of 343 m length would result in 19 piles (of 1200 mm diameter) being driven into 

the seabed.  A fixed wave attenuator of 343 m would result in 120 piles (60 pairs) of 610 mm 

diameter being driven into the seabed so would have a greater direct impact on seafloor 

habitat (mainly unvegetated soft sediments) and associated fauna.  

 Potential water quality impacts on TYPE 1, 2 and 3 Fish Habitat within and outside of the 

immediate construction footprint resulting from the activities of construction vessels and 

equipment (e.g. accidental spills and leaks of fuels and oils or incorrect disposal of waste, both 

general and construction related).  

8.1.2 Marine Protected Areas and Environmentally Sensitive Lands 

Marine Protected Areas 

No marine protected areas occur within Twofold Bay or the immediate study area (see Section 5.2.1) so 

will not be impacted by the construction of the proposed wave attenuator.  
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SEPP 14 Coastal Wetlands 

 

The SEPP 14 Coastal Wetlands of Lake Curalo do not occur within the proposed construction area (see 

Section 5.2.2) so will not be impacted by the construction of the proposed wave attenuator.  

Nationally Important Wetlands 

 

Twofold Bay is listed on the Directory of Important Wetlands (see Section 5.2.3).  Potential issues of 

construction on the aquatic flora and fauna of this wetland are discussed in the ensuing sections.  

Critical Habitat / Areas of Outstanding Biodiversity Value 

No areas of Critical Habitat for marine species listed under the FM Act 1994 or EPBC Act 1999 occur 

within the study area (see Section 5.2.4).  Therefore no areas of Critical Habitat will be impacted by the 

construction of the proposed wave attenuator.  

No AOBVs for marine species listed under the BC Act 2016 occur within the study area (see Section 

5.2.5).  Therefore no AOBVs will be impacted by the construction of the proposed wave attenuator. 

Key Ecological Marine Features 

The Upwelling East of Eden is a Key Ecological Marine Feature listed under the EPBC Act 1999 which 

occurs offshore from Twofold Bay (see Section 5.2.6).  The Upwelling East of Eden will not be impacted 

in any way by the construction of the wave attenuator.  

8.1.3 Marine Habitats in the Study Area 

Marine habitats located within the immediate construction footprint and nearby areas (i.e. in Snug 

Cove) were described using background data and the results of a field survey undertaken in August 

2017 in Section 5.3.3.  

Marine habitats located within the immediate footprint of the proposed wave attenuator consist 

largely of unvegetated subtidal soft sediments. Small areas of macroalgae attached to shell also occur 

on the seafloor areas inshore. Within Snug Cove, but outside of the immediate construction footprint, 

other subtidal habitats include seagrass and subtidal rocky reef while intertidal rocky reef fringes 

Mirare Point and also extends off the rocky beach close to the boat ramp. Artificial marine habitats 

including a small breakwater made up of large boulders and a concrete boat ramp occur outside of 

the immediate construction footprint.   

Potential construction related impacts on marine habitats and flora within the immediate construction 

footprint and greater Snug Cove can be summarised as follows: 

 Sedimentation of seafloor habitats including seagrass, macroalgae and inshore subtidal reef 

from the settlement of sediments which may be generated during piling and from the action 

of construction vessels (if not contained appropriately).  

 Short term reductions in light availability in the immediate construction area (or greater area if 

suspended sediment is not contained) through increased turbidity levels caused by piling.  

 Direct harm to the soft sediment seafloor habitat and small areas of marine vegetation 

(macroalgae) in the immediate construction area through piling.  
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 Direct harm to soft sediment seafloor habitats and small areas of marine vegetation 

(macroalgae) through the activities of construction vessels (e.g. anchoring during 

construction). 

 Impacts of water pollution on marine habitats from vessel activities (e.g. accidental spills of 

fuels and oils and incorrect disposal of general and construction waste).   

 Introduction of exotic marine species into Snug Cove which do not currently occur here from 

the movement of construction vessels and equipment into Twofold Bay from other areas.  

Impacts of Sedimentation  

Construction Area 

Marine sediments may be mobilised within the immediate construction area by the act of piling into 

the soft sediment seafloor.  If these remobilised sediments are not contained appropriately to prevent 

spread outside the immediate construction zone they have the potential to cause sedimentation of 

nearby sensitive subtidal habitats including seagrass beds, macroalgae and subtidal rocky reef. Minor 

disturbance and mobilisation of sediments at the construction site may also occur as a result of vessel 

movements (i.e. propeller wash) and vessel anchoring during construction activities, although, due to 

water depths within the footprint area, this is expected to be very limited. In any case, given the 

generally sandy nature of marine sediments in Snug Cove, resuspension and spread of fine sediment is 

likely to be negligible and unlikely to have a significant effect.  

A review of the impacts of sedimentation on fifteen seagrass species (Cabaco et al. 2008) found that 

for the seagrass species H. ovalis, 50% mortality and 100% mortality were both seen with a burial level 

of 2 cm of sediment.  For the species P. australis 50% mortality was seen with a burial level of 19.5 cm. 

Two species of Zostera seagrass (Z. marina and Z. noltii) showed 50% mortality at burial levels of 4 cm 

and 2 cm respectively and 100% mortality levels at 12 cm and 8 cm respectively (Cabaco et al. 2008). 

The levels of sedimentation expected to occur from piling are very low in comparison to the tolerance 

limits of the seagrass.  

Any increases in turbidity from activities including piling and vessel movements are likely to be very 

short lived and highly localised if appropriate mitigation methods are employed to contain suspended 

sediments. They are not expected to result in any extended periods in the reduction of ability of 

seagrasses mapped in Snug Cove or Cattle Bay to photosynthesise, nor are they expected to cause any 

significant impacts on sessile fauna (e.g. through clogging of pores or filter feeding apparatus) in the 

mapped areas of subtidal rocky reef.   

Reductions in Light Availability  

There is the potential for reduced light availability caused by resuspended sediment and turbid plumes 

to impact on marine vegetation (e.g. seagrass and macroalgae) which occurs within Snug Cove. 

However, reductions in light availability will be highest in the immediate construction zone where 

unvegetated subtidal seafloor dominates and any reductions in light availability through increased 

turbidity levels in areas where sensitive marine habitats including seagrass and rocky reef occur are 

expected to be extremely minor and short lived.  Any turbid plumes generated are not expected to 

result in any significant or extended periods of reduction in the ability of seagrasses in the study area 

to photosynthesise. However, some short term impacts on macroalgae growing in the immediate 

construction area may be expected.  



  
 

 

 

  

 

 

95 

 

 

There is a considerable range of values (2.5 – 37% of SI) reported in the literature for the minimum 

light requirements of seagrasses, varying between different seagrass species as well as within a single 

seagrass species.  Minimum light requirements of most seagrass species seem to vary between 15% 

and 25% of SI (means of reported values per species), but for some species (Cymodocea nodosa, most 

Halophila spp. and some Posidonia spp.) minimum light requirements as low as 3 – 8% of SI have been 

reported.   

Whilst minimum light requirements are important, it is an oversimplification to assume that light 

attenuation alone determines plant response to increased turbidity.  Also of importance is the length 

of time that different species can survive at low light levels.  Posidonia is able to survive longer at sub-

compensation light levels than Zostera, while Halophila copes with sub-minimal light for the shortest 

periods (Erftemeiger & Robin Lewis 2006).  Laboratory experiments have shown that some seagrasses 

can survive in light intensities below their minimum requirements for periods ranging from a few 

weeks to several months (see specific details in Table 8-1).   

Table 8-1  Duration of time various seagrass species can survive in light intensities below their minimum 

light requirements. 

 

Direct Disturbance to Seafloor Habitat 

Direct disturbance of seafloor habitat will occur through piling into the seabed and may also occur 

through the activities of construction vessels (e.g. via propeller wash or anchoring). 

Piling activities will displace small localised areas of soft sediment habitat with some minor loss of 

epifauna and benthic infauna which reside within it. The benthic infauna likely to be impacted are 

described in Section 6.2.2.1. Given the current proposal, a floating wave attenuator of 343 m length 

would result in 19 piles (of 1200 mm diameter) being driven into the seabed.  A fixed wave attenuator 

of 340 m would result in approx. 120 piles (approx. 60 pile pairs) of 610 mm being driven into the 

seabed so would have a greater direct impact on seafloor habitat and associated fauna. However, any 

direct impacts of piling on soft sediment seafloor habitats and fauna are not considered to be 

significant in the context of Twofold Bay habitat given that the area of seabed to be directly impacted 

by piles is very small relative to the large areas of available similar habitat nearby. 

Some minor direct impacts on small scattered areas of marine macroalgae present within the 

construction footprint may also occur through piling. However, the total area of benthic macroalgae 

within the wave attenuator footprint was very limited so the area of direct impact on macroalgae 

would also be small. Any small scale and localised damage to macroalgae is not considered to be 

significant given the abundance of macroalgae inhabiting the intertidal and subtidal reefs nearby.  

No areas of seagrass will be directly impacted by piling activities as all seagrass lies outside of the 

construction footprint. By restricting anchoring over nearby areas of seagrass in Snug Cove and Cattle 
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Bay during construction activities no impacts of vessel anchoring on seagrass are expected (except in 

the case where emergency anchoring may be needed).   

It is not expected that any areas of natural subtidal or intertidal rocky reef will be directly affected by 

piling as they lie outside of the construction footprint. Restriction of construction vessel anchoring in 

areas of deep subtidal reef around the Mirare Point and off Snug Cove beach will also ensure that 

rocky reef and associated flora and fauna is not disturbed by vessel activities.  

The wave attenuator will provide a significant area of new “artificial reef” (including vertical surfaces of 

piles and horizontal and vertical surfaces of the wave attenuator). These hard surfaces will provide 

areas of habitat which are likely be colonised by a similar suite of species as those found on nearby 

artificial structures and natural reef areas over time, thus providing additional shelter and foraging 

habitat for the mobile marine fauna which are known to occur in the study area.   

Impacts on Water Quality / Pollution  

Water quality impacts resulting from construction activities have the potential to impact on marine 

habitats and fauna. Water pollution is known to cause degradation to the quality of aquatic habitats, 

may alter the distribution and density of species, can increase levels of contaminants in the tissue of 

some species, which can then have impacts up the food chain, and reduce the relative abundance of 

top-order predators (DECCW 2009).  Reproductive physiology, mating systems, and organism life 

histories can also be impacted by water pollution, and can combine with other factors to reduce 

population persistence (Dulvey et al. 2003).   

Potential sources of water pollution related to the Project include: 

 Accidental spills and/or leaks of fuels and oils from construction vessels and equipment 

impacting on habitats and fauna. 

 Incorrect disposal of general rubbish generated by contractors into the waterway causing 

pollution of marine habitats / impacts on fauna. 

 Incorrect disposal of construction waste (e.g. pieces of concrete, piles, timber, plastic and 

metallic objects) into the waterway causing pollution of marine habitats / impacts on fauna. 

8.2 Marine Fauna 

8.2.1 Marine Vertebrates 

A discussion of the general potential construction impacts on marine fauna is provided, followed by 

separate assessment tables for a number of threatened species providing an assessment as per s9.2 of 

the FBA.  

Potential construction related impacts on marine fauna can be summarised as: 

 Entanglement / Ingestion of Marine Debris 

 Impacts of Floating Plant and Cable Strike 

 Impacts of Water Pollution 

 Lighting Impacts  

 Noise Impacts   
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Entanglement / Ingestion of Marine Debris 

Marine fauna (including fishes, reptiles, sharks and rays, marine mammals and birds) which utilise the 

study area have the potential to be adversely affected by marine debris which may be generated 

during construction and accidentally or deliberately disposed of into the local waterway.  

“Entanglement in or ingestion of anthropogenic debris in marine and estuarine environments” is listed as 

a key threatening process (KTP) under the BC Act 2016 (TSC Act 1995) while “Injury and fatality to 

vertebrate marine life caused by ingestion of, or entanglement in, harmful marine debris” is listed as a 

KTP under the EPBC Act 1999. There is an approved Threat Abatement Plan under the EPBC Act 1999 

for “Injury and fatality to vertebrate marine life caused by ingestion of, or entanglement in, harmful 

marine debris”: http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-

marine-debris-vertebrate-marine-life. 

Harmful marine debris may include plastic garbage. Plastic materials are defined as bags, bottles, 

strapping bands, sheeting, synthetic ropes, synthetic fishing nets, floats, fibreglass, piping, insulation, 

paints and adhesives. There is the potential for plastic general waste and construction waste to be 

generated during construction. Disposal of plastics at sea is totally prohibited by the International 

Convention (DEH 2003).   

Entanglement of fauna in marine debris can cause restricted mobility, starvation, infection, amputation, 

drowning and smothering.  Ingestion of marine debris occurs when species confuse items such as 

plastic bags, rubber, balloons and confectionery wrappers with prey and ingest them, causing a 

physical blockage in the digestive system, leading to internal injuries.  

Several studies have investigated the impact of marine debris on seals in Australian waters.  A study of 

the New Zealand fur-seal, Arctocephalus forsteri, on Kangaroo Island found 0.8% of the population 

suffers entanglements each year (Page et al. 2003).  In Tasmanian waters from 1989 - 1993, 136 

Australian fur-seals, A. pusillus, were observed with plastic neck collars (Pemberton et al. 1992). 

Observations of juvenile Australian fur-seals on Montague Island found entanglement around the neck 

by rope, strap or portions of trawl net on seven occasions (Shaughnessy et al. 2001). 

Records of injured and dead marine wildlife kept by NSW NPWS and Taronga Zoo show a wide variety 

of marine vertebrates are impacted by entanglement in line, the presence of hooks in the mouth or 

gut, wounds caused by line or net and gastric impaction by plastic bodies (OEH 2011; Derraik 2002).  

OEH (2011) reports that cases of entanglement with and ingestion of marine debris have been 

recorded in the following marine fauna species and populations that are threatened under the BC Act 

2016 (TSC Act 1995) in NSW: 

 Loggerhead turtle (Caretta caretta) - endangered 

 Green turtle (Chelonia mydas) - vulnerable 

 Leathery turtle (Dermochelys coriacea) - vulnerable 

 Australian fur-seal (Arctocephalus pusillus) - vulnerable 

 New Zealand fur-seal (Arctocephalus forsteri) - vulnerable 

 Humpback whale (Megaptera novaeangliae) - vulnerable 

 Sperm whale (Physeter catadon) - vulnerable 

 Little penguin (Eudyptula minor) - protected 

 

http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-marine-debris-vertebrate-marine-life
http://www.environment.gov.au/marine/publications/threat-abatement-plan-impacts-marine-debris-vertebrate-marine-life
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OEH (2011) reports that entanglements with and ingestion of marine debris are also likely to affect the 

following marine fauna species that are threatened under the BC Act 2016 (TSC Act 1995) in NSW: 

 

 Dugong (Dugong dugong) - endangered 

 Blue whale (Balaenoptera musculus) - endangered 

 Southern right whale (Eubalaena australis) - vulnerable 

DEH (2003) lists the following marine fauna listed under the EPBC Act 1999 which are thought to be 

particularly vulnerable to ingestion or entanglement in marine debris:  

 Loggerhead turtle (Caretta caretta) - endangered 

 Southern right whale (Eubalaena australis) - endangered 

 Blue whale (Balaenoptera musculus) - endangered 

 Leatherback turtle (Dermochelys coriacea) - vulnerable 

 Hawksbill turtle (Eretmochelys imbricata) - vulnerable 

 Flatback turtle (Natator depressus) - vulnerable 

 Green turtle (Chelonia mydas) - vulnerable 

 Humpback whale (Megaptera novaeangliae) - vulnerable 

 Grey nurse shark (Carcharias Taurus) – vulnerable  

 

While the potential impacts of marine debris on fauna can be fatal, this potential impact can also be 

easily mitigated. With appropriate waste management processes put in place during construction, the 

potential impact of marine debris can be effectively managed or mitigated and is not considered to be 

significant.  

Impacts of Floating Plant and Cable Strike 

Construction works will require floating plant (e.g. pile driver, crane for lifting piles and other elements 

into place and barges) to bring piles and marine elements to the site. These will be required to be 

anchored or moored for the construction period to keep them in place. Anchoring gear typically has 

long cables which are necessary to achieve stability in low swell conditions. This equipment has the 

potential to impact on marine fauna through noise impacts, vessel strike, liquids or solid material spills 

(all discussed further in ensuing sections) or cable strike.  

Cable strike is related to anchor cables that stretch and slacken in the water column.  Cables may strike 

marine fauna, causing slashing or other injuries, particularly larger fauna if swimming past. The risk of 

cable strike is generally greater for inquisitive young cetaceans and pinnipeds (seals) than for older 

animals, although all animals are susceptible to injuries from cable movement in the water column. The 

risk of cable strike is also greater at night when floating plant may be left on site with multiple anchors 

and/or moorings.  The potential of risk from cable strike is related to the number of animals in the 

area, which in turn is related to the time of year. 

Vessel Strike (Collision) 

Vessel strike (i.e. vessels hitting marine fauna) is a world-wide problem (Marsh et al. 2003) and there is 

a clear relationship between the number of vessels within a given area and the incident of vessel strike. 

Vessel strike is of most concern for slower moving marine mammals such as whales.  The 2011 

Conservation Management Plan for Southern right whales, concluded that from an east Australian 

coast population perspective, vessel collision risk was moderate (i.e. population recovery could be 
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stalled or reduced).  Vessel strike has the potential to cause injury and / or death depending on vessel 

size and speed and species involved.   

Damaging vessel strike during construction of the wave attenuator is considered to be unlikely to 

occur due to the low speeds that construction vessels would be travelling to and from the construction 

site from the Port. If vessels are the entering site from waters outside the confines of Twofold Bay, they 

may be moving at faster speeds, in which case the potential for vessel strike would be greater. Vessel 

strike during any night time construction is most likely to occur if fauna are attracted to lights on 

vessels. However, any vessels undertaking construction works at night are likely to be sedentary or 

moving very slowly so the potential impact of vessel strike from construction vessels at night is 

considered to be extremely minor.  

Overall, the increase in number of vessels using the waterway for the wave attenuator construction will 

not be significant so the risk of vessel strike from the Project is not considered to be any different to 

that which already exists in Twofold Bay.  

Impacts of Water Pollution 

There is the potential for hazardous substances (e.g. fuels, oils and other construction plant related 

fluids) to accidently enter the waterway through spills or leaks from construction vessels and 

equipment. Potential water pollution impacts may be related to construction vessel management (i.e. 

fuel, bilge and on-board fuel tank and material lifting (crane) regulation) and over water work 

practices.  

Water pollution has the potential to cause harm to a wide variety of marine fauna including sessile and 

mobile invertebrates, fish, reptiles, birds and marine mammals.  Marine mammals have been seen 

swimming and feeding in or near an oil spill and some fish are attracted to oil because it looks like 

floating food. Birds can then be attracted to schools of fish and inadvertently become covered in or 

ingest fuels or oils.   

Impacts of water pollution on marine fauna can potentially occur through two main routes being: 

1. Ingestion; and  

2. Substances such as oils sticking to their bodies, feathers or fur. 

Sticky oils such as crude oil and bunker fuels and non-sticky oils such as refined petroleum products 

can affect wildlife.  Refined petroleum products do not last as long in the marine environment as crude 

or bunker fuel and are not likely to stick to a bird or animal, but they are much more poisonous than 

crude oil or bunker fuel.  Many of the impacts of oils on marine fauna are more commonly caused by 

refined oil products than crude oil and bunker fuels (AMSA 2016).  

Oil in the environment or oil that is ingested can cause: 

 Poisoning of wildlife higher up the food chain if they eat large amounts of other organisms 

that have taken oil into their tissues (i.e. fish and invertebrates). 

 Interference with breeding by making animals too ill to breed, interfering with breeding 

behaviour (e.g. birds sitting on their eggs) or by reducing the number of eggs a bird will lay. 

 Damage to the airways and lungs of marine mammals and turtles, congestion, pneumonia, 

emphysema and even death by breathing in droplets of oil, or oil fumes or gas. 

 Damage to the eyes of marine mammals or turtle's, which can cause ulcers, conjunctivitis and 

blindness, making it difficult for them to find food, and sometimes causing starvation. 
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 Irritation or ulceration of skin, mouth or nasal cavities. 

 Damage to and suppression of the immune system, sometimes causing secondary bacterial or 

fungal infections. 

 Damage to red blood cells. 

 Organ damage and failure such as a marine mammal's liver. 

 Decrease in the thickness of egg shells. 

 Stress. 

 Damage to fish eggs, larvae and young fish. 

 Contamination of beaches where turtles breed causing contamination of eggs, adult turtles or 

newly hatched turtles. 

 Damage to estuaries, coral reefs, seagrass and mangrove habitats which are the breeding 

areas of many fish and crustaceans, interfering with their breeding. 

 Tainting of fish, crustaceans, molluscs and algae. 

 Interference with a baleen whale's feeding system by tar-like oil, as this type of whale feeds by 

skimming the surface and filtering out the water. 

 Poisoning of young through the mother, as a dolphin calf can absorb oil through it's mothers 

milk (AMSA 2016). 

Oil that sticks to the bodies, feathers or fur of marina fauna (usually crude and bunker fuels) can cause 

the following issues: 

 Hypothermia in fur seal pups as the insulation of their woolly fur (called lanugo) is reduced or 

destroyed.  Adult fur seals have blubber and would not suffer from hypothermia if oiled.   

 Hypothermia in birds (as the insulation and waterproofing properties of feathers is reduced or 

destroyed). 

 Dolphins and whales do not have fur, so oil will not easily stick to them. 

 Marine mammals such as fur seals become easy prey if oil sticks their flippers to their bodies, 

making it hard for them to escape predators. 

 Birds becoming easy prey (as their feathers being matted by oil makes them less able to fly 

away from predators). 

 Fur seal pups drown if oil sticks their flippers to their bodies. 

 Birds may drown (because oiled feathers weigh more and their sticky feathers cannot trap 

enough air between them to keep them buoyant). 

 Marine mammals lose body weight when they cannot feed due to contamination of their 

environment by oil. 

 Inflammation or infection in dugongs and difficulty eating due to oil sticking to the sensory 

hairs around their mouths. 

 Disguise of scent that seal pups and mothers rely on to identify each other, leading to 

rejection, abandonment and starvation of seal pups. 

 Damage to the insides of animals bodies, for example by causing ulcers or bleeding in their 

stomachs if they ingest the oil by accident (AMSA 2016).  

While the potential impacts of water pollution, including spills of fuels and oils, on marine fauna may 

be highly dangerous, it is expected that this potential impact can be mitigated or managed effectively 

by Contractors through the adoption of a range of measures associated with protecting water quality.  

Lighting Impacts 

Light emissions relating to construction will predominantly relate to the use of artificial lighting 

during any night-time construction on vessels and equipment (noting that night time construction is 

unlikely to occur) and potential lighting on the progressively built wave attenuator. Background 
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lighting in the vicinity of the Project area includes lighting from the Eden Port and vessels which 

operate from it, lighting along the Eden Breakwater Wharf in addition to lighting from nearby 

onshore industrial buildings and vessels. Lit residential areas also occur nearby.  Lighting will likely be 

visible, particularly during the evening and night from the coastline. 

Artificial lighting has the potential to influence the behaviour of fauna, primarily by attraction, 

avoidance, disorientation or interruption to reproductive processes such as selection of oviposition 

sites (see review by Davies et al. 2014).  The key receptors likely to be impacted by artificial lighting 

are marine birds, however; marine fauna also have the potential to be impacted. 

It is thought that anthropogenic light may increase foraging success in coastal environments. Becker et 

al. (2013) assessed the impacts of artificial lighting on estuarine fishes at a floating restaurant, which 

they suggest is analogous to other anthropogenic structures such as jetties or wharfs.  Clear 

differences were evident in the abundance of fishes, whereby large-bodied predators increased in lit 

conditions, compared with dark environments, creating potentially unnatural top-down effects on fish 

populations within coastal and estuarine environments. Furthermore, parallels are drawn between 

foraging in decreasing light conditions with that of increased turbidity affecting fish community 

structure (e.g. see Utne-Palm 2001). Attraction of marine fauna such as fishes to the construction area 

may occur in the short term as a result of project construction activities which are undertaken during 

the evening / night, however it is not expected that night time works will occur for this Project.   

Marine turtles, particularly reproducing females and hatchlings can be affected by artificial light, 

discouraging adult females from nesting in addition to disorienting hatchlings during their beach crawl 

to the ocean (EPA 2010; Davies et al. 2014). Recently, Pendoley and Kamrowski (2016) investigated the 

effects of lighting on sea-finding by flatback turtle (Natator depressus) and green turtle (Chelonia 

mydas) hatchlings at multiple distances at Barrow Island in Western Australia.  They found that sea-

finding of these hatchlings was disrupted by artificial lighting within 200 m, but not when more than 

500 m.  Subsequently, they suggest that industrial developments should be separated from nesting 

beaches by a buffer of 1.5 kilometres, with installed lights appropriately shaded. No nesting sites for 

turtles are known in the study area.  Therefore such impacts are not likely to occur as part of the 

current Project.  

Potential impacts of lighting on marine birds are listed below: 

 Artificial lighting, even at low levels, has the potential to influence the behaviour of avifauna. 

 As ocean environments are essentially dark environments marine bird species not used to lit 

environments may be particularly attracted to artificial light sources, such as commercial ships 

and fishing vessels, lighthouses, coastal industrial areas (including ports and wharfs) and urban 

lighting (Lebbin et al. 2007; Merkel 2010; Miles et al. 2010; Watson et al. 2016). 

 Behavioural impacts may include avoidance, disorientation or interruption to reproductive 

processes such as selection of oviposition sites (see review by Davies et al. 2014). 

 As many shorebirds and marine birds are nocturnal, actively foraging at night, feeding 

behaviour may also be impacted by artificial lighting. For example, birds have been known to 

forage at night on insects which are attracted to artificial lights. 

 Watson et al. (2016) reported more nocturnal flight calls of migratory birds over artificially lit 

areas with ground-level artificial lights. These species may have changed their original path to 
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migrate over lit areas, flown at lower altitudes over lit areas, increased their call rate over lit 

areas, or remained longer over lit areas so detection of calls was higher. 

 The effects of lighting are likely to be species specific, dependent on the role of light in the 

species physiology, reproduction and behaviour, and it may also be dependent on the type of 

light. 

 It is widely understood that birds (especially migratory species) can become disoriented in the 

presence of artificial light and many collisions, with vessels in particular, have resulted in 

mortality (Merkel 2010). 

 While it is suspected that orienting from the sky may be problematic from artificial lighting, 

orienting in trees and near the ground in laminated areas was not as much of a problem 

(Lebbin et al. 2007). 

 In order to reduce the impact of light on birds, a study of migrating bird species in the North 

sea compared the impacts of white, red, blue and green light (Poot et al. 2008). Birds were 

found to be more disoriented and attracted to white and red artificial lighting (long-

wavelength radiation), with little reaction to green lighting, and only minor observable effects 

on orientation under blue lighting (Wiltschko et al. 1993; Poot et al. 2008). This effect is more 

prominent on overcast nights (Poot et al. 2008). White light interferes with visual orientation 

on celestial cues, whereby birds become trapped in the beam, attracting them to the light 

(Poot et al. 2008). 

Considering the current background light sources and levels within the study area, nearby Eden 

township and residential areas, along with measures that may be able to be adopted to reduce the 

impacts of artificial lighting during construction, lighting impacts on marine fauna including marine 

birds are not expected to be significant. 

Noise Impacts 

 

Construction noise impacts related to the Project are likely to include: 

 Vessel engine noise 

 Piling noise 

 Noise generated through assembling the wave attenuator   

Given that the site is located within Snug Cove and the proximity to the Port of Eden, the impacts of 

vessel engine noise during construction are likely to be low / insignificant in relation to existing 

background noise from vessels that currently use the port.   

Piling (impact pile driving or drilling) will be the main source of underwater construction noise during 

the Project with the potential of increased existing underwater background noise.   

There are a number of marine mammals which are known to occur in Twofold Bay which are sensitive 

to underwater noise.  The Underwater Piling Activities Noise Guidelines (Government of South 

Australia 2012) provides information regarding sensitivity of various species to underwater noise.  

Marine mammals are sensitive to the following frequencies: 

 Baleen whales including Southern right whales, humpback whales and blue whales - may be 

sensitive to sound in the range of 7Hz to 22kHz; 
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 Toothed whales, including dolphins and killer whales - may be sensitive to sound in the range 

of 150 Hz to 160kHz; and 

 Pinnipeds (seals and sea lions) - may be sensitive to higher frequencies in the range of 75 Hz 

To 30 kHz. 

Impacts of noise on marine fauna may be classed as behavioural or physiological.  

Behavioural Impacts 

Behavioural related noise impacts on marine fauna may include: 

 Behavioural responses to noise include changes in vocalisation, resting, diving and breathing 

patterns, changes in mother-infant spatial relationships, and avoidance of the noise source. 

 Masking of biologically important sounds may interfere with communication and social 

interaction, and cause changes in behaviour as well. 

Avoidance behaviour is most likely to occur for fur seals which are commonly found in the vicinity of 

the Project (i.e. on the existing breakwater). It is also expected to occur for other highly mobile 

vertebrates which may be in the study area including fishes and marine reptiles (e.g. turtles).   

The potential for noise to impact on a marine species is dependent on the ability of the species to hear 

the sound.  Species hear sounds over different frequencies ranges, and the efficiency of sound 

detection varies markedly with frequency (refer to Table 8-2).  Additionally, species behavioural 

responses to a detected sound may vary according to the sensitivity of the species to disturbance and 

what activities the animals are engaged in at the time. 

Table 8-2  Estimated in water functional hearing range for various marine fauna. 

Marine Species Estimated Functional 

Hearing Range 

Maximum Sensitivity Range 

or Peak sensitivity 

Baleen Whales  

(i.e. Southern Right Whale; 

Humpback Whale; Blue Whale) 

7 Hz to 22 kHz - 

Killer Whales 50 Hz to 100 kHz ~15 kHz 

Dolphins and Porpoises (i.e. 

Common and Bottlenose 

Dolphins) 

150 Hz to 180 kHz 16 kHz to 140 kHz 

Pinnipeds  

(i.e. Fur-Seals and Little 

Penguins) 

75 Hz to 75 kHz 700 Hz to 20 kHz 

Source: https://www.wsdot.wa.gov/NR/rdonlyres/AE439D96-BD72-4D1E-BB99-

0C8E228E0F13/0/BA_MarineNoiseFrequ.pdf 

Table 8-3 below summarises noise exposure criteria for behavioural impacts. The noise exposure 

criteria are based on current interim criteria adopted by the US National Oceanic and Atmospheric 

Administration (NOAA 2011). The noise exposure criteria for impact piling and vibro-driving are 

different due to their different noise character (i.e. impulsive versus continuous).  It is not yet 

https://www.wsdot.wa.gov/NR/rdonlyres/AE439D96-BD72-4D1E-BB99-0C8E228E0F13/0/BA_MarineNoiseFrequ.pdf
https://www.wsdot.wa.gov/NR/rdonlyres/AE439D96-BD72-4D1E-BB99-0C8E228E0F13/0/BA_MarineNoiseFrequ.pdf
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confirmed which of these methods may be used for the Project but it may well utilise a combination of 

both. 

Table 8-3  Underwater noise exposure criteria for behavioural impacts (NOAA2011). 

 

Physiological Impacts   

When the auditory system is exposed to a high level of sound for a specific duration, the sensory hair 

cells begin to fatigue and do not immediately return to their normal shape. This causes a reduction in 

the animal’s hearing sensitivity, or an increase in hearing threshold. If the noise exposure is below 

some critical sound energy level, the hair cells will eventually return to their normal shape. This effect is 

called a temporary threshold shift (TTS) as the hearing loss is temporary. If the noise exposure exceeds 

the critical sound energy level, the hair cells become permanently damaged and the effect is called 

permanent threshold shift (PTS) (PEL 2016).  Table 8-4 below summarises noise exposure criteria for 

physiological impacts.  The SEL noise exposure criteria are M-weighted levels expressed in dB(M) re 1 

μPa2·s. 

Table 8-4  Underwater noise exposure criteria for physiological impacts.  
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Zones of Impact 

The Underwater Piling Noise Guidelines provide zones of impact for marine fauna including: 

 Zone of audibility – Area within which marine mammal might hear the source noise but not 

show any significant behavioural response. The size of the zone of audibility is highly 

dependent on the ambient noise environment. 

 Zone of responsiveness – Area within which the considered marine mammal might react 

behaviourally to the noise source. This zone can be smaller than the zone of audibility as 

marine mammals usually do not show significant behavioural responses to noises that are faint 

but audible. 

 Zone of hearing injury – Area closest to the noise source where the noise levels may be high 

enough to cause a physiological impact such as TTS or PTS. 

The zones of impact define the likely environmental footprint of a noise source and indicate how far 

away a noise source is expected to have an impact on a marine mammal species, either behaviourally 

or physiologically.  

A number of mitigation measures can be adopted to reduce the impacts of underwater noise on 

marine fauna which are known to occur in the study area as described in Table 10-2.  

Assessment of Project Related Impacts under s9.2 of the FBA 

The potential for construction impacts on the following marine fauna have been assessed as per s9.2 

of the FBA. Table 8-5 to Table 8-13 address the significant impact criteria listed under s9.2 of the FBA 

for each of these species.   

 Leatherback turtles  

 Southern right whale  

 Humpback whale  

 Blue whale  

 Killer whale   

 Bottlenose dolphin  

 Common dolphin  

 Australian fur seal  

 Little penguin (fairy penguin) 
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Table 8-5  Assessment of project related impacts on the leatherback turtles – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

The area is not known to support a population of leatherback turtles. No 

leatherback turtles have been captured or sighted near Twofold Bay. The 

closest sightings or captures were 50 km to the south near the Victorian / 

NSW border. Leatherback turtles may forage in pelagic waters offshore from 

Twofold Bay but are unlikely to be directly or indirectly impacted by the 

development. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality in 

the water column and on benthic habitat which may impact upon a small area 

of soft bodied invertebrates upon which leatherbacks may feed. The habitat 

on which this food source grows (i.e. rocky reef and seagrass areas) is not 

limited to the area of impact within Twofold Bay so any minor impacts are 

unlikely to cause a long-term decrease in the population.  

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

Leatherbacks are not known to utilise the areas to be impacted upon by the 

development. 

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to support a population of leatherback turtles. Direct 

and indirect impacts will not reduce the availability of habitat to the species. 

Deepwater foraging habitat (pelagic and deep-water seafloor) is unlikely to 

be impacted by the project. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding The species is not known to nest in Twofold Bay or surrounding region and 

therefore the development is not considered to disrupt the breeding cycle of 

the population. 

- foraging The area is not known to support a population of leatherback turtles. Direct 

and indirect impacts will not substantially reduce the availability of foraging 

habitat to the species. The species forages on jellyfish in the water column 

and this habitat will not be altered. 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time and turtles are highly mobile and able to 

avoid slow moving vessels associated with the works. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The area is not known to support a population of leatherback turtles. These 

turtles may transit thru the region on their way to other foraging grounds or 

nesting sites to the north. 

Underwater noise from piling is expected to be localised and short term and 

can be mitigated. Give the large distribution range of the leatherback turtle 

and the small area of the project it is unlikely underwater noise will have a 

significant impact to individuals using the project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Marine turtles are highly mobile and the development would not create any barriers to the movement of 

individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The leatherback turtle is a solitary species which migrates vast distances to forage and nest. No major foraging 

grounds or nesting sites occur in the region which may trigger seasonal interactions between species.  

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this turtle species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main pressure on leatherback turtles is from trawling and fishing activities or ‘bycatch’.  As outlined in the 

Turtle Recovery Plan (2003), efforts to reduce bycatch in this industry are underway which include: 

 Fishing activities are closely monitored, in particular the use of Turtle Excluder Devices (TEDs). 

 Commercial fishers to check longlines, gillnets and lobster/crab pots frequently to disentangle any 

turtles caught accidentally. 

These pressures will not be associated with the Project.  
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Table 8-6  Assessment of project related impacts on the southern right whale – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

Documented sighting records suggest that there are a growing series of BIA 

for the south-eastern population of Southern right whales. These areas are 

predominately within historic high use areas, including Twofold Bay, which is 

known historically to be an important calving and resting area for calving 

females or females with young travelling south. However in general, the 

Southern right whales frequenting the development area are thought to be 

mainly non-calving Southern right whales. An exact local population estimate 

is hard as they are a migratory species that intermittently use the area. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality in 

the water column and potentially underwater noise pollution during piling 

operations. These are not likely to create any long-term change in available 

habitat for the local population.  

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to support permanent populations of Southern right 

whales. Direct and indirect impacts will not reduce the availability of habitat 

to the species. 

Deepwater foraging habitat is unlikely to be impacted by the Project and 

inshore shallow water resting and calving areas will only be exposed to a 

minor short term effects. Furthermore there is nearby like for like habitat 

available. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding The species is known to migrate through the Twofold Bay and surrounding 

region during calving or with young calves. However the area is 

predominantly thought to support non-calving individuals that user the areas 

as a resting ground. The Twofold Bay area is already high use and therefore 

the development is not considered to majorly disrupt the breeding cycle of 

the population. 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

- foraging The area is not known to support a population of Southern right whales. 

Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. The species forages on plankton and krill 

throughout the water column and this habitat will not be altered. 

Vessel collision is not considered likely as construction operations will be 

occurring for a short period of time and whales can easily avoid slow moving 

vessels. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species is known to migrate through the Twofold Bay and surrounding 

region during calving or with young calves. However the area is 

predominantly thought to support non-calving individuals that use the areas 

as a resting ground. Transit paths through the region will not be affected. 

Underwater noise from piling is expected to be localised and short term and 

can be mitigated. Given the large distribution range of the Southern right 

whale and the small area of the project it is unlikely underwater noise will 

have a significant impact on individuals using the project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Southern right whales are highly mobile and the development would not create any barriers to the movement 

of individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The Southern right whale is a species which migrates vast distances to forage and bread. No major effect is 

expected.  

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population.  Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main pressure on southern right whale is from entanglement in trawling and fishing nets, seismic surveys 

and recreational vessel collisions, as outlined in the Conservation Management Plan for the Southern Right 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

Whale (a recovery plan under the EPBC Act) (DSEWPC 2012).  Efforts to reduce these threats are already 

underway including; 

 Fishing activities are closely monitored to reduce commercial fishing entanglements, 

 Assessing and addressing anthropogenic noise: shipping, industrial and seismic surveys, and 

 Addressing vessel collisions. 

Mitigation measures to avoid pollution of the waterway and noise impacts of piling should be put in place for 

the Project.  
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Table 8-7  Assessment of project related impacts on the humpback whale – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

The east coast population migrates along the continental shelf north past 

Twofold Bay from late autumn to winter and south past Twofold Bay in late 

spring and early summer. During the southern migration individuals are often 

seen in close proximity to the coastline, in particular, near prominent 

headlands.  During this southern migration humpbacks regularly enter 

Twofold Bay and nearby bays. An exact local population estimate is hard as 

they are a migratory species that intermittently use the area. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

potentially underwater noise pollution during piling operations. These can be 

mitigated and will not result in any long-term loss of habitat available to the 

local population.  

 

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to support permanent populations of humpback 

whales. Direct and indirect impacts will not reduce the availability of habitat 

to the species. 

Deeper water known foraging habitat near Eden is unlikely to be impacted by 

the project. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding The species is known to migrate through the Twofold Bay and surrounding 

region during calving or with young calves. However the area is 

predominantly thought to support deep water feeding. The Twofold Bay area 

is already high use and therefore the development is not considered to 

majorly disrupt the breeding cycle of the population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. The species forages on plankton and krill 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

throughout the water column and this habitat will not be altered. Most 

foraging grounds are offshore in deeper water too, further reducing any 

potential impact. 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time and whales can easily avoid slow moving 

vessels which will be located within Snug Cove only. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species is known to migrate through the Twofold Bay and surrounding 

region. Transit paths through the region shouldn’t be affected due to the 

small scale of the development. 

Underwater noise from piling is expected to be localised and short term. It 

can be mitigated effectively. Given the large distribution range of the 

humpback whale and the small area of the project it is unlikely underwater 

noise will have a significant impact to individuals using the project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Humpback whales are highly mobile and the development would not create any barriers to the movement of 

individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The humpback whale is a species which migrates vast distances to forage and bread. No major effect is 

expected.  

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main pressure on humpback whale is from entanglement in shark (bather) protection nets (<1 death per 

year) and marine debris/vessel collisions. Efforts to reduce these threats are being reviewed and are not 

associated with the Project. 
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Table 8-8  Assessment of project related impacts on the blue whale – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

While the blue whale is an oceanic species that may occur occasionally in 

coastal waters off Twofold Bay it is not generally expected to occur within 

Twofold Bay. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

potentially underwater noise pollution during piling operations. These can be 

mitigated and will not cause any long-term change in the habitat available to 

the local population.   

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to support populations of blue whales. Direct and 

indirect impacts will not reduce the availability of habitat to the species. 

Deeper water infrequent foraging habitat offshore from Twofold Bay is highly 

unlikely to be impacted by the project. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding No breeding or well-known migration passages are located near the Twofold 

Bay area and therefore the development is not considered to majorly disrupt 

the breeding cycle of the population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. The species forages on plankton and krill 

throughout the water column and this habitat will not be altered. Foraging 

grounds are offshore in deeper water, further reducing any potential impact. 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time and whales can easily avoid slow moving 

vessels. Construction vessels will be within Snug Cove only.  
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species is not regularly sited in the area and therefore what limited transit 

paths that do exists through the region shouldn’t be affected due to the small 

scale of the development. 

Predicted underwater noise impacts are expected to be localised and short 

term. Give the large distribution range of the blue whale and the small area of 

the project it is unlikely underwater noise will have a significant impact to 

individuals using the project area. Underwater noise can be mitigated.  

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Blue whales are highly mobile and the development would not create any barriers to the movement of 

individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The blue whale is a species which migrates vast distances to forage and bread. No major effect is expected.  

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main pressure on blue whale is anthropogenic underwater noise pollution from seismic surveys for oil, gas 

and geophysical exploration, industrial development activities (such as drilling, pile driving, blasting and 

dredging), gas processing and shipping. Underwater noise from piling associated with the Project will be 

short-term in nature and can be managed effectively.  
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Table 8-9  Assessment of project related impacts on the killer whale – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

Killer whales may occur occasionally in coastal waters off Twofold Bay but are 

generally not expected to occur within Twofold Bay. The total number of Killer 

Whales in Australian waters is unknown, however, estimate have been placed 

at around 10,000. No key localities are known for killer whales within 

continental Australian waters.  

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

potentially underwater noise from piling operations which can both be 

mitigated. These will not have any long-term impacts on habitat for local 

populations. In addition, there are no known BIA for killer whales within the 

Twofold Bay locality. 

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to support populations of killer whales. Direct and 

indirect impacts will not reduce the availability of habitat to the species. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding While killer whales have been recorded in all Australian waters (DSEWPC 

2011b), it is though that they likely breed and migrate throughout the 

Temperate East Marine Region (DSEWPC 2012). No breeding or well-known 

migration passages are located near the Twofold Bay area and therefore the 

development is not considered to majorly disrupt the breeding cycle of the 

population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. Foraging grounds for transient populations 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

are generally located near large seal colonies, which don’t exist near Twofold 

Bay, while resident populations hunt a large variety of fish. 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time within Snug Cove only and killer whales 

can easily avoid slow moving vessels. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species is not regularly sited in the area and therefore what limited transit 

paths that do exists through the region should not be affected due to the 

small scale of the development. 

Underwater noise impacts from piling are expected to be localised and short 

term and can be managed effectively. Give the large global distribution range 

of the killer whale and the small area of the project it is unlikely underwater 

noise will have a significant impact to individuals using the project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Killer whales are highly mobile and globally distributed species and as such, the development would not 

create any barriers to the movement of individuals. No fragmentation or isolation of local populations will 

occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The killer whale is a species which migrates vast distances to forage and bread. No major effect is expected.  

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main pressure on the killer whale is from illegal hunting but it is not considered a large threat. Hunting is 

not associated with the Project.  
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Table 8-10  Assessment of project related impacts on the bottlenose dolphin – s9.2 of the FBA.  

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

The Indo-Pacific bottlenose dolphin and common bottlenose dolphin have a 

wide global distribution, with the common bottlenose dolphin mainly found 

in offshore waters, while the Indo-Pacific bottlenose dolphin predominantly 

inhabits riverine and shallow coastal waters.  Known, potentially residential 

populations of Indo-Pacific bottlenose dolphins aggregate in areas including 

Twofold Bay. The population isn’t considered to be at risk from the 

development. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

underwater noise impacts during piling operations. Due to the large 

distribution and variety of suitable habitats for the population and 

considering the general locality is already a high use area these will not cause 

any long-term change to the habitat available to the local population.  

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to be a BIA that supports discrete populations of 

bottlenose dolphins. Direct and indirect impacts will not reduce the 

availability of habitat to the species. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding No significant or specific breeding grounds are located near the Twofold Bay 

area and therefore the development is not considered to majorly disrupt the 

breeding cycle of the population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. Foraging grounds for populations are located 

in the Twofold Bay area, however the small scale of development should not 

affect food availability to the local and transient populations. 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time in Snug Cove only and dolphins can easily 

avoid slow moving vessels and often interact with them by choice. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species has a wide global distribution, including throughout the 

Temperate East and South-east Marine Regions. The development should 

have no impact on their dispersal or travel pathways. 

Underwater noise impacts from piling are expected to be localised and short 

term and can be mitigated. Give the large global distribution range of the 

bottlenose dolphin and the small area of the project it is unlikely underwater 

noise will have a significant impact to individuals using the project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Bottlenose dolphins are a globally distributed species and as such, the development would not create any 

barriers to the movement of individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The bottlenose dolphin is a species which often migrates with changes in water temperature and to forage. No 

impact is to be expected on local populations in regards to breeding, dispersal and genetic viability/diversity. 

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main threats likely to affect the bottlenose dolphin populations include indirect catches in trawl, gillnet, 

purse-seine and trap fisheries, entanglements in debris. Water pollution impacts from the Project including 

marine debris can be managed effectively.  
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Table 8-11  Assessment of project related impacts on the common dolphin – s9.2 of the FBA.  

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

The common dolphin has a wide global distribution mainly in offshore waters.  

There are no estimates of population size for common dolphins in Australian 

waters. Similarly, there is no information on population trends for this species. 

The population is not considered to be at risk from the development. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

underwater noise impacts from piling operations. These can both be 

managed effectively. Due to the large distribution and variety of suitable 

habitats for the population and considering the general locality is already a 

high use area, any impacts are not likely to change the habitat available to the 

local population.   

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to be a BIA that supports discrete populations of 

common dolphins. Direct and indirect impacts will not reduce the availability 

of habitat to the species. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding No known breeding grounds are located near the Twofold Bay area and 

therefore the development is not considered to disrupt the breeding cycle of 

the population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. Foraging grounds for populations are located 

offshore from the Twofold Bay general area, however the small scale of 

development shouldn’t affect food availability to the local and transient 

populations. 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

Vessel collision is not considered likely as the construction operations will be 

occurring for a short period of time in Snug Cove and dolphins can easily 

avoid slow moving vessels and often interact with them by choice. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species has a wide global distribution which should not be impacted by 

the development. 

Underwater noise impacts from piling are expected to be localised and short 

term and can be managed effectively. Given the large global distribution 

range of the bottlenose dolphin and the small area of the project it is unlikely 

underwater noise will have a significant impact to individuals using the 

project area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Common dolphins are a globally distributed species and as such, the development would not create any 

barriers to the movement of individuals. No fragmentation or isolation of local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

The common dolphin is thought to migrate with changes in water temperature and to forage on mobile bait 

fish. No impact is to be expected on local populations in regards to breeding, dispersal and genetic 

viability/diversity. 

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main threats likely to affect the common dolphin populations include indirect catches in trawl, gillnet, 

purse-seine and trap fisheries and entanglements in marine debris. Water pollution including marine debris 

can be managed effectively. Catches in nets are not associated with the Project.  
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Table 8-12  Assessment of project related impacts on the Australian fur seal – s9.2 of the FBA.  

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

While Australian fur seals are found from Twofold Bay, particularly around the 

Eden Breakwater, there are no permanent local populations and breeding 

occurs on exposed oceanic sites in Bass Strait. The population is not 

considered to be at risk from the development. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

underwater noise impacts from piling. These can both be mitigated. Due to 

the large distribution of Australian fur seal populations and key habitat being 

located well away from the Twofold Bay area, no long-term impacts on the 

habitat available to the local population will occur.   

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to be a BIA that supports discrete populations of 

Australian fur seals. Direct and indirect impacts will not reduce the availability 

of habitat to the species. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding None of the 10 established breeding colonies are located near the Twofold 

Bay area and therefore the development is not considered to disrupt the 

breeding cycle of the population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. While Twofold Bay is likely to be an area of 

foraging there is plenty of like for like habitat in close proximity and the small 

scale of development shouldn’t affect food availability to populations in the 

vicinity. 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

Vessel collision is not considered likely as the construction operations within 

Snug Cove will be occurring for a short period of time and seals can easily 

avoid slow moving vessels. 

- roosting Not applicable. 

- dispersal or movement 

pathways 

The species is predominantly distributed in areas well away from the 

development and as such, shouldn’t be impacted. 

Underwater noise from piling is expected to be localised and short term and 

can be mitigated. Give the small area of the project it is unlikely underwater 

noise will have a significant impact to individuals using the area. Seals are 

likely to avoid the area for short periods if affected by underwater noise.  

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Australian fur seals have many large colonies as well as foraging grounds away from the Twofold Bay area, the 

development would not create any barriers to the movement of individuals. No fragmentation or isolation of 

local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

No impact is to be expected on local populations in regards to breeding, dispersal and genetic 

viability/diversity as Australian fur seals travel to one of the 10 breading colonies (away from the Twofold bay 

area) to mate. 

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main threats likely to affect the Australian fur seal populations include indirect catches in trawl, gillnet, 

purse-seine and trap fisheries, entanglements on long lines and illegal culling from commercial fisherman as 

they are known to steal fish or allow fish to escape capture. None of these are associated with the Project. 
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Table 8-13  Assessment of project related impacts on the little penguin – s9.2 of the FBA. 

As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

The size of the local 

population directly and 

directly impacted by the 

development  

Little penguins are often spotted around the shores of Twofold Bay, while 

there are no known local colonies present. Most visiting little penguins seen 

near Twofold bay are likely to come from either the Montague or Gabo Island 

breeding colonies. The Australian population is thought to be a little under 

one million. The population isn’t considered to be at risk from the 

development. 

The likely impact (including direct and indirect impacts) that the development will have on the habitat 

of the local population, including but not limited to: 

- an estimate of the change 

in habitat available to the 

local population as a result 

of the proposed 

development 

The Project may have some short term, localised impacts on water quality and 

underwater noise impacts from piling operations. These can be managed and 

will not cause any long-term reduction in habitat available for the local 

population.  

- the proposed loss, 

modification, destruction 

or isolation of the available 

habitat used by the local 

population, and 

No habitat loss is expected from the development.  

- modification of habitat 

required for the 

maintenance of processes 

important to the species’ 

life cycle (such as in the 

case of a plant – 

pollination, seed set, seed 

dispersal, germination), 

genetic diversity and long-

term evolutionary 

development 

The area is not known to be an important area that supports populations of 

little penguins. Direct and indirect impacts will not reduce the availability of 

habitat to the species. 

The likely impact on the ecology of the local population. At a minimum, address the following: 

- breeding None of the large established breeding colonies are located near the Twofold 

Bay area (60 % of these being located in the Bass Strait) and therefore 

development is not considered to disrupt the breeding cycle of the 

population. 

- foraging Direct and indirect impacts will not substantially reduce the availability of 

foraging habitat to the species. While Twofold Bay is likely to be used as an 

area for foraging there is plenty of similar habitat in close proximity and the 
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As listed in 9.2.5.2 

(Significant impact criteria  

for endangered species)  

Assessment Detail 

 

small scale of development shouldn’t affect food availability to the small 

transient populations in the vicinity. 

Vessel collision is not considered likely as the construction operations in Snug 

Cove will be occurring for a short period of time and penguins can easily 

avoid slow moving vessels. 

- roosting Roosting is not expected to be affected. 

- dispersal or movement 

pathways 

The species is predominantly distributed in areas well away from the 

development and as such, shouldn’t be impacted. 

Underwater noise from piling is expected to be localised and short term. Give 

the small area of the project it is unlikely underwater noise will have a 

significant impact to individuals using the area. 

A description of the extent to which the local population will become fragmented or isolated as a result 

of the proposed development 

Little penguins have many large colonies as well as foraging grounds away from the Twofold Bay area, the 

development would not create any barriers to the movement of individuals. No fragmentation or isolation of 

local populations will occur.  

The relationship of the local population to other population/populations of the species. This must 

include consideration of the interaction and importance of the local population to other 

population/populations for factors such as breeding, dispersal and genetic viability/diversity, and 

whether the local population is at the limit of the species’ range 

No impact is to be expected on local populations in regards to breeding, dispersal and genetic 

viability/diversity as the large majority of breading colonies are located well away from the development area. 

The extent to which the proposed development will lead to an increase in threats and indirect impacts, 

including impacts from invasive flora and fauna, that may in turn lead to a decrease in the viability of 

the local population. 

It is considered unlikely that the development will introduce an invasive species that will cause a decrease in 

the viability of the transient population. Relevant management measures will be in place, in accordance with 

Australian legislation, that minimise the likelihood of introduced species (e.g. from ballast water) being 

introduced into Australian waters. This pressure is ‘not of concern’ for this species. 

The measure/s proposed to contribute to the recovery of the species in the IBRA subregion. 

The main threats likely to affect little penguins are localised unrecoverable population crashes caused by 

domestic animals (cats/dogs). While there have been instances of this occurring (Eagle Claw Nature Reserve in 

1993) it’s not considered a major threat to a UICN species of “least concern”. The Project will not cause any 

such impact.  
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Key Threatening Processes 

The Project as a whole is not considered to be a KTP as listed under the NSW FM Act 1994, NSW BC 

Act 2016 (NSW TSC Act 1995) or Commonwealth EPBC Act 1999. However, two potential impacts of 

construction and/or operation relating to the Project, being the introduction of marine species and 

injury / fatality caused by marine debris, are both KTPs.  These have been discussed separately in 

Sections 8.2 and 9.2. 

8.2.2 Marine Infauna 

Benthic marine infauna which are known to occur in the construction footprint have been described in 

Section 6.2.2.1. During construction (i.e. piling), benthic marine infauna within the wave attenuator pile 

footprints will be directly impacted. The direct impacts on benthic marine infauna are unable to be 

mitigated due to the nature of the Project. However, there is an abundance of similar soft sediment 

habitat within Twofold Bay which is expected to support similar assemblages as those which will be 

lost and this impact is not thought to be significant.  

8.3 Invasive Marine Species 

The introduction of invasive marine species to areas in which they do not yet occur has the potential to 

threaten local biodiversity, primary production and aquaculture through alteration of marine habitats, 

outcompeting or preying upon native species and fouling of marine infrastructure (NSW DPI 2008). 

Translocation of marine pests to areas in which they do not yet occur can also lead to the 

displacement of indigenous species, directly by predation and competitive exclusion, or indirectly by 

changing the physical and biological characteristics and structure of habitats (Williamson et al. 2002). 

The effects of exotic species on benthic communities can be long-term and are often irreversible 

(Currie and Parry 1999). 

The most likely method of introduction of invasive species into Twofold Bay during construction is via 

transport of organisms or their eggs / cysts attached to the hulls of construction vessels, attached to 

construction equipment or in the ballast of vessels. 

Of the invasive marine species which occur in NSW (refer to Section 6.3) many are already known to 

occur within Twofold Bay.  Species currently known to occur in Twofold Bay include the Pacific oyster, 

European fan worm, European green crab, New Zealand screwshell and the dinoflagellate (A. 

catenella).  For these species the risk of introduction to Twofold Bay is therefore low (nil) as they are 

already established.  However, there is the potential for these species to be moved out of Twofold Bay 

(attached to hulls or in ballast) to other ports / estuaries where they do not yet occur after construction 

works are completed and construction vessels return to their port of origin.    

It is considered that the risk of introduction of Caulerpa, which does not currently occur in Twofold Bay 

or at the disposal site, is low due to potentially unsuitable water temperatures this far south, and the 

depths at the disposal site being unsuitable for this species to survive. The risk of introduction of 

Caulerpa is considered to be low.  

Of the invasive species known to occur in NSW, neither the yellowfin goby nor the Japanese goby are 

currently known to occur in Twofold Bay. There is the potential for these species to be translocated to 

these areas in ballast water or eggs on biofouling. The risk of introduction of these species is therefore 

considered to be medium, as Twofold Bay is within the range of existing invasive populations. These 

invasive gobies have the potential to displace native species if they become established.  
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A summary of the risk of translocation each of these exotic marine species into Twofold Bay 

considering their presently known distribution, is provided in Table 8-14.  

Table 8-14  Consideration of the risk of introducing known exotic marine species from other parts of NSW 

to Twofold Bay. 

Species Presence Hazard 
Potential 

Impact 
Risk Mitigation 

Caulerpa 

(Caulerpa 

taxifolia) 

Not reported 

in Twofold 

Bay. 

Translocation 

to study area 

as wrack on 

construction 

vessels / 

equipment 

from other 

affected 

estuaries. 

Habitat 

modification. 

Low. 

Potentially 

beyond 

suitable 

temperature 

range for 

invasive 

Caulerpa. 

Remove wrack 

and biofouling 

from 

construction 

vessels and 

equipment 

prior to 

mobilisation. 

Dinoflagellate 

(Alexandrium 

catenella) 

Widespread in 

NSW and 

known to 

occur in low 

densities in 

Snug Cove.  

 

Mobilisation / 

dispersal 

within study 

area in 

disturbed 

sediment. 

Toxic bloom 

affecting 

recreational 

use, 

aquaculture. 

Low. 

Already 

established in 

Twofold Bay 

and 

widespread in 

NSW. 

Bloom 

occurrence is 

driven by 

environmental 

conditions. 

Containment 

of sediment 

resuspended 

during piling. 

European fan 

worm 

(Sabella 

spallanzanii) 

Known to 

occur on 

wharf 

structures in 

the Port of 

Eden and on 

adjacent 

sediments. 

 

Dispersal 

within the 

study area in 

sediments / 

through 

biofouling / in 

ballast water. 

Nuisance 

fouling. 

Competition 

for native and 

aquaculture 

species. 

Low. 

Already 

established in 

Twofold Bay.  

Maintain 

vessel 

antifouling. 

Periodically 

remove 

biofouling 

from 

submerged 

equipment 

(e.g. 24 hr air 

exposure). 

Ballast water 

management. 

European 

green crab 

(Carcinus 

maenas) 

Known to 

occur in the 

study area in 

littoral and 

Dispersal 

within study 

area. 

Compete with 

native species.  

Possible 

predation of 

Low. 

Already 

established. In 

Twofold Bay. 

N/A 
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Species Presence Hazard 
Potential 

Impact 
Risk Mitigation 

intertidal 

areas.  

aquaculture 

species. 

 

New Zealand 

screwshell 

(Maoricolpus 

roseus) 

Widespread in 

study area - 

previously 

identified in 

Snug Cove. 

Dispersal 

within study 

area.  

Compete with 

native species. 

Low. 

Already 

established. 

Ballast water 

management.  

Pacific oyster 

(Crassostrea 

gigas) 

Widespread in 

study area.   

 

Dispersal 

within study 

area.  

Compete with 

native species. 

Low. 

Already 

established in 

Twofold Bay.  

 

Maintain 

vessel 

antifouling. 

Periodically 

removed 

biofouling 

from 

submerged 

equipment/ 

moorings 

Ballast water 

management. 

Yellowfin 

goby 

(Acanthogobiu

s flavimanus) 

Not reported 

in Twofold Bay 

or at the 

disposal site.  

Translocation 

to study area 

in ballast 

water or eggs 

on biofouling. 

Compete with 

native species. 

Medium. 

Within the 

range of 

existing 

invasive 

populations.  

Known to 

displace 

native species. 

Remove wrack 

and biofouling 

from project 

vessels and 

equipment 

prior to 

mobilisation. 

Ballast water 

management.  

Japanese 

goby 

(Tridentiger 

trigonocephal

us) 

Not reported 

in Twofold 

Bay.  

Translocation 

to the study 

area in ballast 

water or eggs 

on biofouling. 

Compete with 

native species. 

Medium. 

Within the 

range of 

existing 

invasive 

populations. 

Potential to 

displace 

native species. 

Remove wrack 

and biofouling 

from project 

vessels and 

equipment 

prior to 

mobilisation. 

Ballast water 

management.  
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8.4 Mussel Aquaculture 

The potential impacts on mussel aquaculture as a result of construction activities may include: 

 Increased levels of turbidity and sedimentation from piling activities; Mussels are very tolerant 

to elevated exposures of turbidity and total suspended solids (TSS) concentrations well in 

excess of 100 mg/L. However, very thin veneers of sediment are known to adversely affect 

both settlement and recruitment of bivalve larvae. The settlement of mussel spat can therefore 

be affected if there is excessive settlement of fine sediments onto collection ropes or 

substrates. Flow on effects may include impacts to spat fall, collection and mussel growth. The 

adoption of mitigation measures associated with containment of sediments during piling 

activities and the coarse nature of sediments in Snug Cove within the piling footprint mean 

that the risk of increased turbidity and sedimentation of nearby mussel lease areas from the 

Project is very low.  

 Impacts to water quality in Snug Cove associated with piling (i.e. increased turbidity) to the 

extent of affecting the nearby mussel farms is considered highly unlikely, since these water 

quality impacts can be mitigated effectively through the use of localised silt curtains around 

piling activities (see Section 10).  

 Impacts to water quality in Snug Cove associated with the use of vessels and construction 

equipment (i.e. minor spills of fuels and oils) to the extent of affecting the nearby mussel farms 

is considered unlikely considering the mitigation and management measures available to 

vessel operators to minimise and respond to this risk (see Section 10).  

 Toxic effects to mussels occurring due to failed bunkering procedures or a collision of vessels 

where a significant release of hydrocarbon occurs. This risk is considered to be very low.  

 In the unlikely event that mussel biotoxins are elevated, there is potential health risks to 

humans associated with the consumption of a contaminated harvest. This is considered very 

unlikely given the regular testing completed of farmed mussels. 

Considering the available management and mitigation measures which can be applied to the Project, 

the risk to mussel aquaculture from the construction phase of the Project is considered to be very low. 
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9 Potential Operational Impacts 

9.1 Marine Habitats & Flora 

Operational impacts on marine habitats and flora may include shading of the seafloor in the wave 

attenuator footprint and creation of new habitat.  

Seafloor Shading 

Shading of the seafloor within the footprint of the wave attenuator (be it fixed or floating) will occur 

for certain periods of the day. An area of 343 m long by the width of the installed floating pontoons or 

fixed structure (with shade coverage to change slightly depending on position of the sun / time of day) 

will have the potential to be shaded. Due to the nature of seafloor habitats within the wave attenuator 

footprint, which mainly consist of unvegetated seafloor, any impacts of seafloor shading will be 

negligible. No areas of seagrass which are most susceptible to decreases in light are likely to be 

impacted by shading.  

Habitat Creation 

The wave attenuator will result in the creation of new artificial habitat being the vertical surfaces of 

piles and vertical and horizontal surfaces of the attenuator pontoons and main structure. Over time, 

the underwater surfaces of the attenuator will become colonised by an array of sessile marine 

organisms and macroalgae (likely those which are already described for areas artificial and natural reef 

in Snug Cove ), which in turn will provide areas of shelter and foraging habitat for mobile species 

including fish, syngnathids and mobile invertebrates. There is also the potential for some introduced 

marine species already known in Twofold Bay or introduced to the area to inhabit these areas. The out 

of water horizontal surfaces of the attenuator and piles will also provide relatively safe roosting areas 

for marine birds known to occur in the area.  

In summary, no significant operational impacts of the wave attenuator on marine habitats and flora are 

expected to occur.  

9.2 Marine Fauna 

Operational impacts of the wave attenuator on marine fauna include habitat creation, entanglement / 

ingestion of marine debris, impacts of water pollution, lighting impacts, noise impact and vessel strike.   

Habitat Creation 

The wave attenuator will result in the creation of new artificial habitat which will become colonised by 

an array of sessile marine organisms and macroalgae, which in turn will provide areas of shelter and 

foraging habitat for mobile species including fish, syngnathids and mobile invertebrates. There is also 

the potential for some introduced marine species already known in Twofold Bay or introduced to the 

area to inhabit these areas. The out of water horizontal surfaces of the attenuator and piles will also 

provide relatively safe roosting areas for marine birds known to occur in the area.  
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Entanglement / Ingestion of Marine Debris 

Operational related impacts associated with entanglement / ingestion of marine debris would be 

related to occasions where parts of the wave attenuator may break off and enter the waterway. This is 

considered to be rare. The impacts of entanglement / ingestion of marine debris on marine fauna have 

previously been addressed in Section 8.2 (Construction Impacts).   

Impacts of Water Pollution 

Water pollution impacts associated with the operation of the wave attenuator would mainly be related 

to parts of the attenuator which may break and enter the waterway (i.e. marine debris) as discussed 

above. The potential impacts of water pollution and marine debris on aquatic fauna have been 

discussed in the Construction Impacts section of this document (8.2).   

Lighting Impacts  

Operational related lighting impacts will include permanent lighting installed on the wave attenuator. 

The potential impacts of lighting on marine fauna during operation are as per the lighting impacts 

discussed for the Construction Phase (see Section 8.2).  

Noise Impacts  

There will be no regular noise impacts associated with the operation of the wave attenuator. Any noise 

impacts relating to operation would be in the case where repairs or alterations to the structure were 

needed and would be expected to be minor, short lived and insignificant. Vessel related noise impacts 

are highly unlikely to have any significant impact on marine fauna in Snug Cove, especially considering 

that the area is already utilised by numerous commercial and recreational vessels.  

Vessel Strike 

There will be no ongoing or regular risk of vessel strike associated with the wave attenuator operation.  

Any risk of vessel strike would be related to occasions where repair or maintenance of the structure 

was needed and vessels were required to do so. These vessels would be travelling at low speeds and 

the risk of vessel strike is considered to be very low.  

9.3 Invasive Marine Species 

There is the potential for the new artificial habitat created by the attenuator to be utilised by invasive 

marine species currently occurring or introduced into Snug Cove. The potential impacts of invasive 

marine species on marine environments are as per those described for the Project construction phase 

(refer to Section 8.3). 

9.4 Mussel Aquaculture 

No operational impacts on mussel aquaculture are expected to occur.  
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10 Proposed Mitigation Measures 

10.1 Marine Habitats & Flora 

Table 10-1 lists the mitigation measures which shall be adopted by the Contractor as a minimum to 

reduce potential Project impacts on marine habitats and flora.  

Table 10-1  Mitigation measures to reduce the potential impacts on marine habitats and flora.  

Mitigation Measures Phase 

To minimise damage to sensitive marine habitats (seagrass and subtidal 

rocky reef) in the immediate construction area, Snug Cove and Cattle 

Bay, all construction vessels shall avoid anchoring over areas of sensitive 

habitat including mapped seagrass beds and areas of subtidal rocky reef.   

Construction 

To minimise unnecessary damage to marine habitats Contractors shall 

limit any unnecessary / temporary construction (i.e. through selection of 

the most appropriate construction methods) and limit any anchoring 

which is required by vessels.   

Construction 

All construction works shall be undertaken by suitably qualified and 

experienced Contractors to reduce the risk of error and accidental 

environmental damage.  

Construction 

To reduce the potential impacts of water quality on marine habitats 

during construction and operation the following measures should be 

adopted: 

 All construction vessels should be well maintained and regularly 

serviced to ensure they are in proper working order and reduce 

the likelihood of fuel / oil leaks and spills. 

 Vessels should maintain their septic tanks and pumps so that 

they do not leak. No release of sewage into the waterway should 

be allowed. 

 Oil and sewage spill response kits should be readily available on 

the construction vessels and training should be provided to 

construction staff on their use. The location of these should be 

clearly marked. 

 Any ongoing washing of the wave attenuator following 

construction should be undertaken with marine environmentally 

friendly and biodegradable products only. 

 Contractors should adopt appropriate waste management, with 

all general waste contained of and disposed of onshore in waste 

collection devices and all construction waste removed from the 

site. Post construction a seabed clearance survey should be 

undertaken to ensure that this has occurred.  

Construction / 

Operation 

To enhance the potential for Contractors to be able to assist in the 

protection of marine habitats (especially seagrass, macroalgae and rocky 

reef areas) in the study area, all personnel, in particular skippers, shall be 

Construction  
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Mitigation Measures Phase 

made aware of the areas of sensitive habitat within the study area and of 

the potential impacts that construction works may have on these areas.  

To reduce the spread of suspended sediments generated during piling 

and the potential for sedimentation / smothering of sensitive habitats 

and associated flora and fauna, silt curtains or similar shall be used 

wherever possible around the immediate area of piling. Particularly to 

separate the construction areas from areas of sensitive habitat.   

If it is possible, the use of sleeves around piles during pile driving will 

also help to contain the spread of suspended sediment so it does not 

impact on the nearby areas of macroalgae during piling activities.   

Construction 

Monitoring of water quality (particularly turbidity) during construction 

should be undertaken and piling operations ceased if levels of 

suspended sediment become higher than trigger values developed for 

the Project.  

Construction  

Due to the nature of the Project there is no way to mitigate the direct 

impact of piling on soft sediment habitats.  

Construction 

Post construction seabed clearance surveys should be undertaken to 

ensure that no construction waste is left on the seafloor. Any waste left 

shall be removed.  

Post-Construction 

10.2 Marine Fauna 

Table 10-2 lists the mitigation measures which shall be adopted by Contractors as a minimum to 

reduce the potential impacts of construction and operation of the Project on marina fauna.  

Table 10-2  Mitigation measures to reduce the potential impacts on marine fauna  

Mitigation Measures Phase 

To minimise damage to marine habitats in the study area which may be 

utilised by marine fauna, all measures listed in Table 10-1 to protect 

marine habitats shall be adopted.  

Construction / 

Operation 

To reduce potential water quality impacts on marine fauna during 

construction and operation all measures listed in Table 10-1 to protect 

water quality shall be adopted.  

Construction / 

Operation 

To reduce potential sediment quality impacts on marine fauna during 

construction and operation all measures listed in Table 10-1 to prevent 

the spread of resuspended sediments shall be adopted.  

Construction / 

Operation 

To reduce the potential impacts of marine debris on marine fauna, 

general and construction waste shall be contained and correctly 

disposed of onshore. Following construction, a seabed clearance survey 

shall be undertaken to ensure that nothing is left on the seafloor and 

removed if so. The wave attenuator should be examined regularly to 

Construction / 

Operation 
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Mitigation Measures Phase 

ensure that it is not in need of repair or have any loose parts that may 

fall into the waterway and cause harm to marine fauna.  

To reduce the potential for lighting related impacts on marine fauna the 

following measures should be adopted:  

 Limit the need for construction activities to be undertaken during 

the evening and night time to reduce the overall need for 

construction related artificial lighting (on vessels and the attenuator) 

and associated impacts.   

Construction / 

Operation 

If possible, the risk of overnight cable strike can be minimised by placing 

floating plant on a swing mooring, where space permits and it is deemed 

safe to do so by the vessel Master, rather than leaving plant in a fixed 

mooring configuration as the reliance on a single swing mooring line will 

minimise cable oscillation.  

Construction 

The risk of vessel strike during construction and operation may be 

reduced through the adoption of: 

 All vessels associated with dredging and construction will travel at 

speeds no higher than 10 knots within the port limits. 

 Vessels must maintain a 300 m exclusion zone with all whales when 

travelling to and from site.  

 Education of all personnel. 

 Active management such as daily information exchange on known 

marine mammal activity (e.g. via local residents, commercial fishers, 

mussel farmers, NPWS whale watch and Cat Balou Cruises).  

 Awareness of the presence of marine fauna in the local waterway by 

vessel operators so that they can adopt appropriate speeds and 

clearance when cetaceans are nearby.  

 Variable or zoned (time and place) speed limits during the operation 

phase, particularly in relation to Southern right whales and 

humpback whale feeding aggregations and during peak marine 

mammal visitation periods within Twofold Bay. 

Construction / 

Operation 

To reduce the potential for noise impacts on marine fauna (specifically 

marine mammals) the following should be applied:  

Piling Operation Procedures: 

a) Pre-start Observation: Marine mammal observers must visually 

monitor observation and shut-down zones for whales for a minimum of 

30 minutes before the commencement of piling. 

b) Soft-Start Procedure: If after the 30 minute pre-start observation no 

whale/s have been spotted within the observation or shutdown zone a 

soft start procedure may commence with a gradual increase in piling 

impact energy of no more than 50% of full impact energy for 10 minutes. 

The soft start procedure must be implemented after breaks in piling 

driving of 30 minutes or more. 

Construction 
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Mitigation Measures Phase 

c) Stand by procedure: If a whale is spotted within the observation zone 

during the soft start procedure the operator of the piling equipment 

must be placed on standby to shut-down the piling rig and a trained 

crew member should continuously monitor the whale/s in sight at all 

times. 

d) Normal Piling Procedure: If no whale/s has been sighted during the 

soft-start procedure full impact piling may commence. 

The use of bubble curtains around areas of piling could also be adopted 

to reduce noise impacts on marine fauna.  

To reduce the potential for noise impacts on marine fauna (specifically 

marine mammals) the following Shut-Down requirements shall be 

followed: 

Shut-Down requirements: 

a) If visibility is poor and the marine mammal observer is unable to 

clearly identify objects to the full observation zone distance, a vessel or 

aircraft search must be conducted or the action postponed until visibility 

has improved. 

b) Piling is not permitted between 6.00 pm and 7.00 am. 

c) If any whales are spotted within the shut-down zone, piling must 

cease immediately or as soon as safe to do so until the whale/s has 

moved outside of the shut-down zone. 

d) All piling must cease for a minimum of 1 hour after the last sighting of 

a whale within the observation zone. Piling must recommence at the pre-

start observation after the 1 hour shutdown has elapsed. 

Construction 

Any injured marine mammals should be immediately reported to the 

ORRCA 24 hour hotline on 02 9415 3333 or NPWS on 1300 361 967.  The 

ORRCA telephone hotline is staffed by volunteers and keeps ORRCA 

members, Government Authorities and interested members of the public 

informed of marine mammal emergencies, incidents and sightings.  

ORRCA representatives will quickly mobilise to site and attempt to 

capture and treat the stricken animal. Depending upon the location of 

the animal and the circumstances that surround the injury, breakwater 

construction activities may need to cease or be altered to enable the 

rescue of the animal. 

Construction / 

Operation 

There is no way to mitigate the direct impacts of piling on benthic 

marine infauna within the construction footprint. However, the impact is 

expected to be insignificant.  

Construction 

There is no way to mitigate the impacts on shading of the seafloor once 

the wave attenuator has been constructed. However, the impact of 

shading is expected to be negligible.  

Operation 
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10.3 Invasive Marine Species 

Measures to mitigate potential impacts of invasive marine species during construction and operation 

of the Project are listed in Table 10.3. 

Table 10-3  Mitigation measures to reduce the potential impacts of invasive species.  

Mitigation Measures Phase 

The four goals of the NSW Invasive Species Plan 2008 – 2015 (NSW DPI 

2008) should be adopted for the Project: 

1. Exclude – i.e. prevent the establishment of new invasive species. 

The challenge is to identify species, thoroughly assess potential 

invasiveness and implement effective barriers to prevent their 

establishment. 

2. Eradicate or Contain – i.e. eliminate or prevent the spread of new 

invasive species. The challenge is to develop and deploy 

effective and efficient ways to eradicate or contain an introduced 

species before it becomes widespread. 

3. Effectively Manage – i.e. reduce the impacts of widespread 

invasive species. The challenge is to manage or control of 

species to reduce their impact where benefits are greatest. 

4. Capacity – i.e. ensure NSW has the ability and commitment to 

manage invasive species. The challenge is for NSW to have the 

knowledge, skills, resources and systems to address the impacts 

of invasive species. 

Construction / 

Operation 

All Contractors shall undertake a Vessel Risk Assessment (VRA) prior to 

mobilisation to the site. The VRA may be undertaken by the vessel owner 

/ operator. All vessels, floating plant and other marine based 

construction equipment mobilised to site from any place inside or 

outside of Australia shall be subject to VRA. The VRA will determine if a 

vessel inspection is required. Contractor(s) shall provide the VRA to the 

Principal four weeks prior to mobilisation. 

Construction 

Any construction vessels mobilised from outside of Australia shall be 

considered high risk and shall be inspected. Construction vessels 

entering the site from international waters shall be dry docked and 

cleaned prior to entering the site. Following inspection the Contractor(s) 

shall submit a revised VRA and if the vessel is classified as low risk it shall 

be permitted to enter the waterway and begin operations.  

Construction 

The Contractor(s) shall undertake an Invasive Marine Species (IMS) 

Inspection of all vessels assessed in the VRA as uncertain or high risk for 

introduction of invasive marine species. The IMS shall be undertaken by 

an appropriately qualified marine scientist with experience in biosecurity 

of marine vessels, floating plant and marine based construction 

equipment. The Contractor(s) is responsible for arranging the IMS 

inspection and attendance of Fisheries or other suitably qualified 

personnel.  

Construction 
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Mitigation Measures Phase 

The Contractor(s) shall arrange vessels IMS inspections for all vessels 

considered high / uncertain risk prior to the commencement of 

construction either within seven days of mobilisation to site (directly) or 

within 48 hours of entry to the Port. 

Construction 

Where IMS inspections of high risk vessels entering the site from 

international waters identify IMS or significant amounts of sediment (as 

deemed by the inspector) the vessel shall be dry docked and cleaned 

prior to entering the site. The Contractor(s) shall then resubmit the VRA 

and if the vessel is classified as low risk it shall be permitted to sail to site 

and begin operations.  

Construction 

Construction vessel antifouling shall be maintained to avoid the 

attachment and potential translocation of invasive species into and out 

of Twofold Bay. 

Construction 

Ballast water management:  

 Ballast water exchange by domestic vessels shall be avoided.  

 Domestic vessels shall manage ballast water in accordance with 

the Australian Ballast Water Management Requirements 

(Department of Agriculture and Water Resources 2016).  

 Any ballast water exchange from international vessels shall be 

undertaken in accordance with the International Convention for 

the Control and Management of Ships' Ballast Water and 

Sediments (BWM) (IMO 2016) – i.e. “whenever possible, conduct 

ballast water exchange at least 200 nautical miles from the 

nearest land and in water at least 200 m in depth, taking into 

account Guidelines developed by IMO” and “in cases where the 

ship is unable to conduct ballast water exchange as above, this 

should be as far from the nearest land as possible, and in all 

cases at least 50 nautical miles from the nearest land and in 

water at least 200 m in depth” 

Construction  

For all commercial vessels and/or barges, piling or other equipment 

coming from overseas the Australian Government Department of 

Agriculture and Water Resources processes for pre-arrival, arrival and 

inspection and post-arrival must be followed. These can be found at: 

http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-

vessels/barges-and-towed-vessels  

http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-

vessels/process_for_commercial_vessels  

Construction 

Monitoring and inspection / surveillance of the construction vessels and 

barges should be undertaken in accordance with the Biosecurity Act 

2015. 

Construction 

http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-vessels/barges-and-towed-vessels
http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-vessels/barges-and-towed-vessels
http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-vessels/process_for_commercial_vessels
http://www.agriculture.gov.au/biosecurity/avm/vessels/commercial-vessels/process_for_commercial_vessels
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10.4 Mussel Aquaculture 

 Table 10-4 lists the mitigation measures which should be adopted to mitigate potential impacts on 

mussel aquaculture in the study area.  

Table 10-4  Mitigation measures to reduce the potential impacts on mussel aquaculture.  

Mitigation Measures Phase 

To reduce the potential impacts of resuspended sediments on the 

mussel aquaculture lease area located near the study area during 

construction all mitigation measures associated with containing 

resuspended sediments shall be adopted. 

Construction 

To reduce the potential impacts of water quality (e.g. hydrocarbon spills, 

sewage spills) on the mussel aquaculture lease area located near the 

study area during construction all mitigation measures associated with 

water quality shall be adopted.  

Construction  

DPI Fisheries (1800 043 536) shall be immediately notified of any 

observations or reports of dead or distressed fish within the construction 

site. In such cases, all works other than emergency response procedures 

are to cease until the issue is rectified and written approval to proceed is 

provided by DPI Fisheries. 

Construction / 

Operation 
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11 Assessment of Significance 

An assessment of the significance of the project on marine ecological values as per the requirements 

of the Biodiversity Conservation Act 2016 No. 63 was undertaken with the results provided below.  

11.1 Part 7 Biodiversity Assessment and Approvals under 

Planning Act 

11.1.1 7.2   Development or activity “likely to significantly affect threatened 

species” 

(1)  For the purposes of this Part, development or an activity is likely to significantly affect threatened 

species if: 

(a)  it is likely to significantly affect threatened species or ecological communities, or their 

habitats, according to the test in section 7.3, or 

(b)  the development exceeds the biodiversity offsets scheme threshold if the biodiversity offsets 

scheme applies to the impacts of the development on biodiversity values, or 

(c)  it is carried out in a declared area of outstanding biodiversity value. 

(2)  To avoid doubt, subsection (1) (b) does not apply to development that is an activity subject to 

environmental impact assessment under Part 5 of the Environmental Planning and Assessment Act 1979. 

Response 

1(a) Refer to responses in Section 7.3 below.  

1(b) Not applicable to the current project.  

1(c) The proposed development or activity will not be undertaken in or affect any areas of Critical 

Habitat or AOBVs (refer to Sections 5.2.4 and 5.2.5).  

11.1.2 7.3   Test for determining whether proposed development or activity 

likely to significantly affect threatened species or ecological 

communities, or their habitats 

(1)  The following is to be taken into account for the purposes of determining whether a proposed 

development or activity is likely to significantly affect threatened species or ecological communities, or 

their habitats: 

(a)  in the case of a threatened species, whether the proposed development or activity is likely to 

have an adverse effect on the life cycle of the species such that a viable local population of the 

species is likely to be placed at risk of extinction, 

(b)  in the case of an endangered ecological community or critically endangered ecological 

community, whether the proposed development or activity: 

(i)  is likely to have an adverse effect on the extent of the ecological community such that its 

local occurrence is likely to be placed at risk of extinction, or 
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(ii)  is likely to substantially and adversely modify the composition of the ecological community 

such that its local occurrence is likely to be placed at risk of extinction, 

(c)  in relation to the habitat of a threatened species or ecological community: 

(i)  the extent to which habitat is likely to be removed or modified as a result of the proposed 

development or activity, and 

(ii)  whether an area of habitat is likely to become fragmented or isolated from other areas of 

habitat as a result of the proposed development or activity, and 

(iii)  the importance of the habitat to be removed, modified, fragmented or isolated to the long-

term survival of the species or ecological community in the locality, 

(d)  whether the proposed development or activity is likely to have an adverse effect on any 

declared area of outstanding biodiversity value (either directly or indirectly), 

(e)  whether the proposed development or activity is or is part of a key threatening process or is 

likely to increase the impact of a key threatening process. 

(2)  The Minister may, by order published in the Gazette with the concurrence of the Minister for 

Planning, issue guidelines relating to the determination of whether a proposed development or activity is 

likely to significantly affect threatened species or ecological communities, or their habitats. Any such 

guidelines may include consideration of the implementation of strategies under the Biodiversity 

Conservation Program. 

Response 

Matter to be Addressed 

 

Response and Relevant Report Sections 

 

(a)  in the case of a threatened species, whether 

the proposed development or activity is likely to 

have an adverse effect on the life cycle of the 

species such that a viable local population of the 

species is likely to be placed at risk of extinction, 

The proposed development will not have any 

adverse effect on the life cycle of any species 

such that a viable local population of the species 

is likely to be placed at risk of extinction – refer 

to Section 6.1.1 (summary of threatened and 

protected marine fauna), Section 8.2 

(construction impacts on marine fauna) and 

Section 9.2 (operational impacts on marine 

fauna).  

(b)  in the case of an endangered ecological 

community or critically endangered ecological 

community, whether the proposed development 

or activity: 

(i)  is likely to have an adverse effect on the extent 

of the ecological community such that its local 

No endangered ecological communities or 

critically endangered ecological communities 

occur within the study area so will not be 

affected.  
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Matter to be Addressed 

 

Response and Relevant Report Sections 

 

occurrence is likely to be placed at risk of 

extinction, or 

(ii)  is likely to substantially and adversely modify 

the composition of the ecological community such 

that its local occurrence is likely to be placed at 

risk of extinction, 

(c)  in relation to the habitat of a threatened 

species or ecological community: 

(i)  the extent to which habitat is likely to be 

removed or modified as a result of the proposed 

development or activity, and 

(ii)  whether an area of habitat is likely to become 

fragmented or isolated from other areas of 

habitat as a result of the proposed development 

or activity, and 

(iii)  the importance of the habitat to be removed, 

modified, fragmented or isolated to the long-term 

survival of the species or ecological community in 

the locality, 

A number of threatened species have the 

potential to utilise the area in which the Eden 

Wave Attenuator is proposed. However, in 

relation to the matters listed: 

(i) the proposed activity will not remove any of 

this habitat and the only modification will be to 

unvegetated (and occasionally vegetated with 

sparse macroalgae) sandy seafloor through 

direct piling activities.  

(ii) no areas of habitat will become fragmented 

as a result of the proposed activity. 

(iii) the habitat to be impacted is not considered 

to be of importance to the long term survival of 

any species or ecological communities in the 

locality. 

Section 1 outlines the marine habitats in the 

study area, Section 8.1 the potential construction 

impacts on marine habitats and Section 9.1 the 

potential operational impacts on marine 

habitats. 

(d)  whether the proposed development or activity 

is likely to have an adverse effect on any declared 

area of outstanding biodiversity value (either 

directly or indirectly), 

No areas of Critical Habitat or AOBVs are located 

within the study area and will not be adversely 

affected either directly or indirectly – refer to 

Sections 5.2.4 (areas of Critical Habitat), 5.2.5 

(AOBVs) and 8.1.2 (potential impacts of 

construction on Critical Habitat and AOBVs).  

(e)  whether the proposed development or activity 

is or is part of a key threatening process or is 

likely to increase the impact of a key threatening 

process. 

Key Threatening Processes (KTPs) under the BC 

Act 2016, FM Act 1994 and EPBC Act 1999 are 

addressed in Section 7.  In summary, the Project 

as a whole is not considered to be a KTP as 

listed under any of the above Acts. However, two 
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Matter to be Addressed 

 

Response and Relevant Report Sections 

 

potential impacts of construction relating to the 

Project, being the introduction of marine species 

and injury / fatality caused by marine debris, are 

both KTPs – see Section 7.4.  It is expected that 

these KTPs can be effectively mitigated.  

11.1.3 7.8   Biodiversity Assessment for Part 5 Activity 

(1)  This section applies to environmental assessment under Part 5 of the Environmental Planning and 

Assessment Act 1979. 

(2)  For the purposes of Part 5 of the Environmental Planning and Assessment Act 1979, an activity is to 

be regarded as an activity likely to significantly affect the environment if it is likely to significantly affect 

threatened species. 

(3)  In that case, the environmental impact statement under Part 5 of the Environmental Planning and 

Assessment Act 1979 is to include or be accompanied by: 

(a)  a species impact statement, or 

(b)  if the proponent so elects - a biodiversity development assessment report. 

(4)  If the likely significant effect on threatened species is the only likely significant effect on the 

environment, an environmental impact statement may be dispensed with and Part 5 of the 

Environmental Planning and Assessment Act 1979 applies as if references to an environmental impact 

statement were references to a species impact statement or biodiversity development assessment report. 

Response 

Potential impacts on threatened and protected marina fauna with the potential to occur in the study 

area are presented in Section 6.1.1.  The current Eden Wave Attenuator Aquatic Ecology Assessment 

has found that the proposed activity is not likely to significantly affect any identified threatened 

species if the mitigation measures to protect marine fauna proposed in Section 10.2 are adopted.
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 SEARS Relating to Aquatic 

Ecology Received for the Eden Breakwater 

Wharf Extension Project 2016 



SEARS Regarding Aquatic Ecology Received for the Eden Breakwater Wharf Extension Project 

“The Proponent must assess aquatic biodiversity impacts in accordance with the current guidelines 

including the Framework for Biodiversity Assessment (FBA)”. 

“The Proponent must assess any impacts on biodiversity values not covered by s2.3 of the FBA”.  

 “The environmental assessment must address Protected Areas and Environmentally Sensitive Lands 

including”:  

 Protected areas managed by OEH under the National Parks and Wildlife Act (NP&W Act) 1974. 

 State Environmental Planning Policy No.14 – Coastal Wetlands. 

 Directory of Important Wetlands. 

 Land identified as Critical Habitat under the Threatened Species Conservation Act (TSC Act) 

1995 or the Environment Protection and Biodiversity Conservation Act (EPBC Act) 1999. 

“The Proponent must consider the impacts of the project upon nearby aquatic habitats, particularly 

nearshore rocky reefs and seagrass beds”. 

“The Proponent must assess construction and operational impacts on the following and provide the 

information specified in s9.2 of the FBA for the following species”. 

a. Southern Right Whale; 

b. Humpback Whale; 

c. Blue Whale; 

d. Killer Whale; 

e. Bottlenose Dolphin; 

f. Common Dolphin; 

g. Australian Fur Seal; 

h. Fairy Penguins; 

i. Leatherback Turtles; and 

j. Phytoplankton 

 

“The Proponent must consider the risk of introducing exotic marine species, in particular the 

translocation or dispersal of introduced European fan worm (Sabella spallanzanii) to areas where they 

do not currently occur”.  

“The Proponent must identify whether the project as a whole, or any component of the project, would be 

classified as a Key Threatening Process (KTP) in accordance with the listings in the Threatened Species 

Conservation Act 1995 (TSC Act), Fisheries Management Act 1994 (FM Act) and Environmental 

Protection and Biodiversity Conservation Act 1999 (EPBC Act)”. 

 “The EIS will need to describe the potential impacts of noise plant working within the project footprint, 

for the following species: 

a. Southern Right Whale; 

b. Humpback Whale; 

c. Blue Whale; 

d. Killer Whale; 



e. Bottlenose Dolphin; 

f. Common Dolphin; 

g. Australian Fur Seal; 

h. Fairy Penguins; and 

i. Leatherback Turtles. 

 

“The EIS must include consideration of noise and cumulative habitat sterilisation on Marine Fauna”. 
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BC Act 2016 / TSC Act 1995 Search Results (BioNet Atlas of NSW Wildlife) 

 

 

 

 

Data from the BioNet BioNet Atlas website, which holds records from a number of custodians. The data are only indicative and cannot be 

considered a comprehensive inventory, and may contain errors and omissions. Species listed under the Sensitive Species Data Policy may have 

their locations denatured (  ̂rounded to 0.1Â°; ^  ̂rounded to 0.01Â°). Copyright the State of NSW through the Office of Environment and 

Heritage. Search criteria : Public Report of all Valid Records of Animals in selected area [North: -37.02 West: 149.85 East: 149.95 South: -37.12] 

returned a total of 2,366 records of 233 species.

Animalia Aves Spheniscidae 0005 Eudyptula minor Little Penguin P 162

Animalia Mammalia Dugongidae 1558 Dugong dugon Dugong E1,P 1

Animalia Mammalia Otariidae 1543 Arctocephalus forsteri New Zealand Fur-seal V,P 1

Animalia Mammalia Otariidae 1882 Arctocephalus pusillus 

doriferus

Australian Fur-seal V,P 2

Animalia Mammalia Otariidae 9040 Seal sp. Unidentified Seal P 1

Animalia Mammalia Balaenidae 1561 Eubalaena australis Southern Right Whale E1,P E 1

Animalia Mammalia Balaenopteridae 1567 Balaenoptera musculus Blue Whale E1,P E 3

Animalia Mammalia Balaenopteridae 1575 Megaptera 

novaeangliae

Humpback Whale V,P V 122

Animalia Mammalia Balaenopteridae 9041 Whale sp. Unidentified Whale P 2

Animalia Mammalia Kogiidae 1581 Kogia breviceps Pygmy Sperm Whale P 3

Animalia Mammalia Delphinidae 1616 Delphinus delphis Common Dolphin P 1

Animalia Mammalia Delphinidae 1600 Orcinus orca Killer Whale P 2
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EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Other Matters Protected by the EPBC Act

Acknowledgements
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©Commonwealth of Australia
(Geoscience Australia), ©PSMA 2010

Caveat
Extra Information

Details
Summary

http://www.environment.gov.au/protection/environment-assessments


Summary

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

3

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

63

None

None

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

None

44

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Other Matters Protected by the EPBC Act

None

None

14

Listed Marine Species:

Whales and Other Cetaceans:

82

Commonwealth Heritage Places:

1

None

Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

NoneCommonwealth Reserves Marine:

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

1

5State and Territory Reserves:

Nationally Important Wetlands:

1Regional Forest Agreements:

Invasive Species: 42

1Key Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Regent Honeyeater [82338] Critically Endangered Species or species habitat
known to occur within area

Anthochaera phrygia

Australasian Bittern [1001] Endangered Species or species habitat
known to occur within area

Botaurus poiciloptilus

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea

Eastern Bristlebird [533] Endangered Species or species habitat
likely to occur within area

Dasyornis brachypterus

Antipodean Albatross [64458] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea antipodensis

Gibson's Albatross [82270] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea antipodensis  gibsoni

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely

Diomedea sanfordi

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to
produce indicative distribution maps.

Listed Threatened Ecological Communities [ Resource Information ]

Name Status Type of Presence
Littoral Rainforest and Coastal Vine Thickets of
Eastern Australia

Critically Endangered Community likely to occur
within area

Lowland Grassy Woodland in the South East Corner
Bioregion

Critically Endangered Community likely to occur
within area

Subtropical and Temperate Coastal Saltmarsh Vulnerable Community likely to occur
within area

Matters of National Environmental Significance



Name Status Type of Presence
to occur within area

White-bellied Storm-Petrel (Tasman Sea), White-
bellied Storm-Petrel (Australasian) [64438]

Vulnerable Species or species habitat
likely to occur within area

Fregetta grallaria  grallaria

Painted Honeyeater [470] Vulnerable Species or species habitat
may occur within area

Grantiella picta

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

Swift Parrot [744] Critically Endangered Species or species habitat
likely to occur within area

Lathamus discolor

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed
Godwit [86380]

Vulnerable Species or species habitat
may occur within area

Limosa lapponica  baueri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit
(menzbieri) [86432]

Critically Endangered Species or species habitat
may occur within area

Limosa lapponica  menzbieri

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Orange-bellied Parrot [747] Critically Endangered Species or species habitat
may occur within area

Neophema chrysogaster

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Fairy Prion (southern) [64445] Vulnerable Species or species habitat
known to occur within area

Pachyptila turtur  subantarctica

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Gould's Petrel, Australian Gould's Petrel [26033] Endangered Species or species habitat
may occur within area

Pterodroma leucoptera  leucoptera

Australian Painted Snipe [77037] Endangered Species or species habitat
may occur within area

Rostratula australis

Australian Fairy Tern [82950] Vulnerable Breeding likely to occur
within area

Sternula nereis  nereis

Buller's Albatross, Pacific Albatross [64460] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche bulleri

Northern Buller's Albatross, Pacific Albatross [82273] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche bulleri  platei

Shy Albatross, Tasmanian Shy Albatross [82345] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta  cauta



Name Status Type of Presence

White-capped Albatross [82344] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta  steadi

Chatham Albatross [64457] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche eremita

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

Salvin's Albatross [64463] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche salvini

Hooded Plover (eastern) [66726] Vulnerable Species or species habitat
known to occur within area

Thinornis rubricollis  rubricollis

Fish

Black Rockcod, Black Cod, Saddled Rockcod [68449] Vulnerable Species or species habitat
may occur within area

Epinephelus daemelii

Australian Grayling [26179] Vulnerable Species or species habitat
known to occur within area

Prototroctes maraena

Frogs

Giant Burrowing Frog [1973] Vulnerable Species or species habitat
known to occur within area

Heleioporus australiacus

Green and Golden Bell Frog [1870] Vulnerable Species or species habitat
likely to occur within area

Litoria aurea

Littlejohn's Tree Frog,  Heath Frog [64733] Vulnerable Species or species habitat
may occur within area

Litoria littlejohni

Mammals

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

Spot-tailed Quoll, Spotted-tail Quoll, Tiger Quoll
(southeastern mainland population) [75184]

Endangered Species or species habitat
known to occur within area

Dasyurus maculatus  maculatus (SE mainland population)

Southern Right Whale [40] Endangered Breeding likely to occur
within area

Eubalaena australis

Southern Brown Bandicoot (eastern), Southern Brown
Bandicoot (south-eastern) [68050]

Endangered Species or species habitat
known to occur within area

Isoodon obesulus  obesulus

Humpback Whale [38] Vulnerable Foraging, feeding or related
behaviour known

Megaptera novaeangliae



Name Status Type of Presence
to occur within area

Greater Glider [254] Vulnerable Species or species habitat
known to occur within area

Petauroides volans

Koala (combined populations of Queensland, New
South Wales and the Australian Capital Territory)
[85104]

Vulnerable Species or species habitat
likely to occur within area

Phascolarctos cinereus (combined populations of Qld, NSW and the ACT)

Long-footed Potoroo [217] Endangered Species or species habitat
likely to occur within area

Potorous longipes

Long-nosed Potoroo (SE mainland) [66645] Vulnerable Species or species habitat
known to occur within area

Potorous tridactylus  tridactylus

Smoky Mouse, Konoom [88] Endangered Species or species habitat
likely to occur within area

Pseudomys fumeus

Grey-headed Flying-fox [186] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Pteropus poliocephalus

Plants

Leafless Tongue-orchid [19533] Vulnerable Species or species habitat
known to occur within area

Cryptostylis hunteriana

Pambula Midge-orchid [55116] Endangered Species or species habitat
likely to occur within area

Genoplesium rhyoliticum

 [64926] Vulnerable Species or species habitat
likely to occur within area

Leionema ralstonii

Austral Toadflax, Toadflax [15202] Vulnerable Species or species habitat
likely to occur within area

Thesium australe

Reptiles

Loggerhead Turtle [1763] Endangered Breeding likely to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Species or species habitat
known to occur within area

Dermochelys coriacea

Hawksbill Turtle [1766] Vulnerable Species or species habitat
known to occur within area

Eretmochelys imbricata

Sharks

Grey Nurse Shark (east coast population) [68751] Critically Endangered Species or species habitat
likely to occur within area

Carcharias taurus  (east coast population)

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus



Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Flesh-footed Shearwater, Fleshy-footed Shearwater
[82404]

Foraging, feeding or related
behaviour likely to occur
within area

Ardenna carneipes

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Little Tern [82849] Species or species habitat
may occur within area

Sternula albifrons

Buller's Albatross, Pacific Albatross [64460] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche bulleri

Tasmanian Shy Albatross [89224] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

Migratory Marine Species

Southern Right Whale [75529] Endangered* Breeding likely to occur
within area

Balaena glacialis  australis

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

Pygmy Right Whale [39] Foraging, feeding or related
behaviour likely to occur
within area

Caperea marginata



Name Threatened Type of Presence

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Loggerhead Turtle [1763] Endangered Breeding likely to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Species or species habitat
known to occur within area

Dermochelys coriacea

Hawksbill Turtle [1766] Vulnerable Species or species habitat
known to occur within area

Eretmochelys imbricata

Dusky Dolphin [43] Species or species habitat
may occur within area

Lagenorhynchus obscurus

Porbeagle, Mackerel Shark [83288] Species or species habitat
likely to occur within area

Lamna nasus

Humpback Whale [38] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Megaptera novaeangliae

Killer Whale, Orca [46] Species or species habitat
likely to occur within area

Orcinus orca

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus

Migratory Terrestrial Species

White-throated Needletail [682] Species or species habitat
known to occur within area

Hirundapus caudacutus

Black-faced Monarch [609] Species or species habitat
known to occur within area

Monarcha melanopsis

Satin Flycatcher [612] Species or species habitat
known to occur within area

Myiagra cyanoleuca

Rufous Fantail [592] Species or species habitat
known to occur within area

Rhipidura rufifrons

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
likely to occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea



Name Threatened Type of Presence

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Latham's Snipe, Japanese Snipe [863] Foraging, feeding or related
behaviour may occur within
area

Gallinago hardwickii

Swinhoe's Snipe [864] Foraging, feeding or related
behaviour likely to occur
within area

Gallinago megala

Pin-tailed Snipe [841] Foraging, feeding or related
behaviour likely to occur
within area

Gallinago stenura

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Little Curlew, Little Whimbrel [848] Foraging, feeding or related
behaviour likely to occur
within area

Numenius minutus

Osprey [952] Species or species habitat
known to occur within area

Pandion haliaetus

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
likely to occur within area

Actitis hypoleucos

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
known to occur within area

Ardea alba

Cattle Egret [59542] Species or species habitat
may occur within area

Ardea ibis

Sharp-tailed Sandpiper [874] Species or species
Calidris acuminata

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Commonwealth Land -

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
habitat may occur within
area

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Great Skua [59472] Species or species habitat
may occur within area

Catharacta skua

Antipodean Albatross [64458] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea antipodensis

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Gibson's Albatross [64466] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Diomedea gibsoni

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Latham's Snipe, Japanese Snipe [863] Foraging, feeding or related
behaviour may occur within
area

Gallinago hardwickii

Swinhoe's Snipe [864] Foraging, feeding or related
behaviour likely to occur
within area

Gallinago megala

Pin-tailed Snipe [841] Foraging, feeding or related
behaviour likely to occur
within area

Gallinago stenura

White-bellied Sea-Eagle [943] Species or species habitat
known to occur within area

Haliaeetus leucogaster

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

White-throated Needletail [682] Species or species habitat
known to occur within area

Hirundapus caudacutus

Swift Parrot [744] Critically Endangered Species or species habitat
likely to occur within area

Lathamus discolor

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within

Macronectes giganteus



Name Threatened Type of Presence
area

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Black-faced Monarch [609] Species or species habitat
known to occur within area

Monarcha melanopsis

Satin Flycatcher [612] Species or species habitat
known to occur within area

Myiagra cyanoleuca

Orange-bellied Parrot [747] Critically Endangered Species or species habitat
may occur within area

Neophema chrysogaster

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Little Curlew, Little Whimbrel [848] Foraging, feeding or related
behaviour likely to occur
within area

Numenius minutus

Fairy Prion [1066] Species or species habitat
known to occur within area

Pachyptila turtur

Osprey [952] Species or species habitat
known to occur within area

Pandion haliaetus

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Foraging, feeding or related
behaviour likely to occur
within area

Puffinus carneipes

Rufous Fantail [592] Species or species habitat
known to occur within area

Rhipidura rufifrons

Painted Snipe [889] Endangered* Species or species habitat
may occur within area

Rostratula benghalensis (sensu lato)

Little Tern [813] Species or species habitat
may occur within area

Sterna albifrons

Buller's Albatross, Pacific Albatross [64460] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche bulleri

Tasmanian Shy Albatross [89224] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta

Chatham Albatross [64457] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche eremita

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida



Name Threatened Type of Presence

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

Salvin's Albatross [64463] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche salvini

Pacific Albatross [66511] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche sp. nov.

White-capped Albatross [64462] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche steadi

Hooded Plover [59510] Species or species habitat
known to occur within area

Thinornis rubricollis

Hooded Plover (eastern) [66726] Vulnerable Species or species habitat
known to occur within area

Thinornis rubricollis  rubricollis

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Fish

Upside-down Pipefish, Eastern Upside-down Pipefish,
Eastern Upside-down Pipefish [66227]

Species or species habitat
may occur within area

Heraldia nocturna

Big-belly Seahorse, Eastern Potbelly Seahorse, New
Zealand Potbelly Seahorse [66233]

Species or species habitat
may occur within area

Hippocampus abdominalis

Short-head Seahorse, Short-snouted Seahorse
[66235]

Species or species habitat
may occur within area

Hippocampus breviceps

Bullneck Seahorse [66705] Species or species habitat
may occur within area

Hippocampus minotaur

White's Seahorse, Crowned Seahorse, Sydney
Seahorse [66240]

Species or species habitat
may occur within area

Hippocampus whitei

Crested Pipefish, Briggs' Crested Pipefish, Briggs'
Pipefish [66242]

Species or species habitat
may occur within area

Histiogamphelus briggsii

Rhino Pipefish, Macleay's Crested Pipefish, Ring-back
Pipefish [66243]

Species or species habitat
may occur within area

Histiogamphelus cristatus

Knifesnout Pipefish, Knife-snouted Pipefish [66245] Species or species habitat
may occur within area

Hypselognathus rostratus

Deepbody Pipefish, Deep-bodied Pipefish [66246] Species or species habitat
may occur within area

Kaupus costatus

Trawl Pipefish, Bass Strait Pipefish [66247] Species or species habitat
may occur within area

Kimblaeus bassensis

Brushtail Pipefish [66248] Species or species habitat
may occur within area

Leptoichthys fistularius



Name Threatened Type of Presence

Javelin Pipefish [66251] Species or species habitat
may occur within area

Lissocampus runa

Sawtooth Pipefish [66252] Species or species habitat
may occur within area

Maroubra perserrata

Halfbanded Pipefish [66261] Species or species habitat
may occur within area

Mitotichthys semistriatus

Tucker's Pipefish [66262] Species or species habitat
may occur within area

Mitotichthys tuckeri

Red Pipefish [66265] Species or species habitat
may occur within area

Notiocampus ruber

Common Seadragon, Weedy Seadragon [66268] Species or species habitat
may occur within area

Phyllopteryx taeniolatus

Robust Pipehorse, Robust Spiny Pipehorse [66274] Species or species habitat
may occur within area

Solegnathus robustus

Spiny Pipehorse, Australian Spiny Pipehorse [66275] Species or species habitat
may occur within area

Solegnathus spinosissimus

Spotted Pipefish, Gulf Pipefish, Peacock Pipefish
[66276]

Species or species habitat
may occur within area

Stigmatopora argus

Widebody Pipefish, Wide-bodied Pipefish, Black
Pipefish [66277]

Species or species habitat
may occur within area

Stigmatopora nigra

a pipefish [74966] Species or species habitat
may occur within area

Stigmatopora olivacea

Ringback Pipefish, Ring-backed Pipefish [66278] Species or species habitat
may occur within area

Stipecampus cristatus

Double-end Pipehorse, Double-ended Pipehorse,
Alligator Pipefish [66279]

Species or species habitat
may occur within area

Syngnathoides biaculeatus

Hairy Pipefish [66282] Species or species habitat
may occur within area

Urocampus carinirostris

Mother-of-pearl Pipefish [66283] Species or species habitat
may occur within area

Vanacampus margaritifer

Port Phillip Pipefish [66284] Species or species habitat
may occur within area

Vanacampus phillipi

Longsnout Pipefish, Australian Long-snout Pipefish,
Long-snouted Pipefish [66285]

Species or species habitat
may occur within area

Vanacampus poecilolaemus

Mammals

Long-nosed Fur-seal, New Zealand Fur-seal [20] Species or species habitat
may occur within area

Arctocephalus forsteri



Name Threatened Type of Presence

Australian Fur-seal, Australo-African Fur-seal [21] Species or species habitat
may occur within area

Arctocephalus pusillus

Reptiles

Loggerhead Turtle [1763] Endangered Breeding likely to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Species or species habitat
known to occur within area

Dermochelys coriacea

Hawksbill Turtle [1766] Vulnerable Species or species habitat
known to occur within area

Eretmochelys imbricata

Whales and other Cetaceans [ Resource Information ]
Name Status Type of Presence
Mammals

Minke Whale [33] Species or species habitat
may occur within area

Balaenoptera acutorostrata

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

Pygmy Right Whale [39] Foraging, feeding or related
behaviour likely to occur
within area

Caperea marginata

Common Dophin, Short-beaked Common Dolphin [60] Species or species habitat
may occur within area

Delphinus delphis

Southern Right Whale [40] Endangered Breeding likely to occur
within area

Eubalaena australis

Risso's Dolphin, Grampus [64] Species or species habitat
may occur within area

Grampus griseus

Dusky Dolphin [43] Species or species habitat
may occur within area

Lagenorhynchus obscurus

Humpback Whale [38] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Megaptera novaeangliae

Killer Whale, Orca [46] Species or species habitat
likely to occur within area

Orcinus orca



Name Status Type of Presence

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Species or species habitat
likely to occur within area

Tursiops aduncus

Bottlenose Dolphin [68417] Species or species habitat
may occur within area

Tursiops truncatus s. str.

State and Territory Reserves [ Resource Information ]
Name State
Bell Bird Creek NSW
Ben Boyd NSW
Eagles Claw NSW
Eden Region NSW
Forestry Management Areas in Eden NSW

Regional Forest Agreements [ Resource Information ]

Note that all areas with completed RFAs have been included.

Name State
Eden RFA New South Wales

Extra Information

Invasive Species [ Resource Information ]
Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence
Birds

Common Myna, Indian Myna [387] Species or species habitat
likely to occur within area

Acridotheres tristis

Skylark [656] Species or species habitat
likely to occur within area

Alauda arvensis

Mallard [974] Species or species habitat
likely to occur within area

Anas platyrhynchos

European Goldfinch [403] Species or species habitat
likely to occur within area

Carduelis carduelis

European Greenfinch [404] Species or species habitat
likely to occur within area

Carduelis chloris

Rock Pigeon, Rock Dove, Domestic Pigeon [803] Species or species habitat
likely to occur within area

Columba livia

House Sparrow [405] Species or species habitat
likely to occur within area

Passer domesticus

Spotted Turtle-Dove  [780] Species or species habitat
likely to occur

Streptopelia chinensis



Name Status Type of Presence
within area

Common Starling [389] Species or species habitat
likely to occur within area

Sturnus vulgaris

Common Blackbird, Eurasian Blackbird [596] Species or species habitat
likely to occur within area

Turdus merula

Mammals

Domestic Cattle [16] Species or species habitat
likely to occur within area

Bos taurus

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus

Feral deer species in Australia [85733] Species or species habitat
likely to occur within area

Feral deer

Brown Hare [127] Species or species habitat
likely to occur within area

Lepus capensis

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Brown Rat, Norway Rat [83] Species or species habitat
likely to occur within area

Rattus norvegicus

Black Rat, Ship Rat [84] Species or species habitat
likely to occur within area

Rattus rattus

Pig [6] Species or species habitat
likely to occur within area

Sus scrofa

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Madeira Vine, Jalap, Lamb's-tail, Mignonette Vine,
Anredera, Gulf Madeiravine, Heartleaf Madeiravine,
Potato Vine [2643]

Species or species habitat
likely to occur within area

Anredera cordifolia

Asparagus Fern, Ground Asparagus, Basket Fern,
Sprengi's Fern, Bushy Asparagus, Emerald Asparagus
[62425]

Species or species habitat
likely to occur within area

Asparagus aethiopicus

Bridal Creeper, Bridal Veil Creeper, Smilax, Florist's
Smilax, Smilax Asparagus [22473]

Species or species habitat
likely to occur within area

Asparagus asparagoides

Climbing Asparagus-fern [48993] Species or species habitat
likely to occur within area

Asparagus plumosus

Asparagus Fern, Climbing Asparagus Fern Species or species
Asparagus scandens



Nationally Important Wetlands [ Resource Information ]
Name State
Twofold Bay NSW

Name Status Type of Presence
[23255] habitat likely to occur within

area

Boneseed [16905] Species or species habitat
likely to occur within area

Chrysanthemoides monilifera subsp. monilifera

Bitou Bush [16332] Species or species habitat
likely to occur within area

Chrysanthemoides monilifera subsp. rotundata

Broom, English Broom, Scotch Broom, Common
Broom, Scottish Broom, Spanish Broom [5934]

Species or species habitat
likely to occur within area

Cytisus scoparius

Montpellier Broom, Cape Broom, Canary Broom,
Common Broom, French Broom, Soft Broom [20126]

Species or species habitat
likely to occur within area

Genista monspessulana

Lantana, Common Lantana, Kamara Lantana, Large-
leaf Lantana, Pink Flowered Lantana, Red Flowered
Lantana, Red-Flowered Sage, White Sage, Wild Sage
[10892]

Species or species habitat
likely to occur within area

Lantana camara

Chilean Needle grass [67699] Species or species habitat
likely to occur within area

Nassella neesiana

Serrated Tussock, Yass River Tussock, Yass Tussock,
Nassella Tussock (NZ) [18884]

Species or species habitat
likely to occur within area

Nassella trichotoma

Prickly Pears [82753] Species or species habitat
likely to occur within area

Opuntia spp.

Radiata Pine Monterey Pine, Insignis Pine, Wilding
Pine [20780]

Species or species habitat
may occur within area

Pinus radiata

Asparagus Fern, Plume Asparagus [5015] Species or species habitat
likely to occur within area

Protasparagus densiflorus

Climbing Asparagus-fern, Ferny Asparagus [11747] Species or species habitat
likely to occur within area

Protasparagus plumosus

Blackberry, European Blackberry [68406] Species or species habitat
likely to occur within area

Rubus fruticosus aggregate

Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow [68497]

Species or species habitat
likely to occur within area

Salix spp. except S.babylonica, S.x calodendron & S.x reichardtii

Salvinia, Giant Salvinia, Aquarium Watermoss, Kariba
Weed [13665]

Species or species habitat
likely to occur within area

Salvinia molesta

Fireweed, Madagascar Ragwort, Madagascar
Groundsel [2624]

Species or species habitat
likely to occur within area

Senecio madagascariensis

Gorse, Furze [7693] Species or species habitat
likely to occur within area

Ulex europaeus



Key Ecological Features are the parts of the marine ecosystem that are considered to be important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.

Key Ecological Features (Marine) [ Resource Information ]

Name Region
Upwelling East of Eden South-east



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Threatened, migratory and marine species distributions have been derived through a variety of methods.  Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.
Caveat

- migratory and

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- marine

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc).  In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.
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SCHEDULE 6 – Key threatening processes

(Section 220C)

Degradation of native riparian vegetation along New South Wales water courses

Hook and line fishing in areas important for the survival of threatened fish species

Humancaused climate change

Installation and operation of instream structures and other mechanisms that alter natural flow regimes of
rivers and streams

Introduction of fish to waters within a river catchment outside their natural range

Introduction of nonindigenous fish and marine vegetation to the coastal waters of New South Wales

Removal of large woody debris from New South Wales rivers and streams

The current shark meshing program in New South Wales waters
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SCHEDULE 5 – Vulnerable species and ecological communities

(Section 220C)

Part 1  Vulnerable species

Fish

Austropetalia tonyana (Theischinger, 1995) Alpine Redspot Dragonfly
* Bidyanus bidyanus (Mitchell, 1838) silver perch
Branchinella buchananensis Geddes, 1981 Buchanans fairy shrimp
* Carcharodon carcharias (Linnaeus, 1758) great white shark
* Epinephelus daemelii (Günther, 1876) black cod
Euastacus armatus (von Martens 1866) Murray crayfish
Microrchestia bousfieldi Lowry & Peart, 2010 Bousfields marshhopper
Sphyrna mokarran Ruppell, 1837 great hammerhead shark

Marine vegetation

Part 2  Vulnerable ecological communities
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SCHEDULE 4A – Critically endangered species and ecological communities

(Section 220C)

Part 1  Critically endangered species

Fish

* Carcharias taurus Rafinesque, 1810 grey nurse shark
Craterocephalus fluviatilis (McCulloch, 1913) Murray hardyhead
Euastacus dharawalus (Morgan, 1997) Fitzroy Falls spiny crayfish
Galaxias rostratus flathead galaxias
Galaxias tantangara (Raadik, 2014) Stocky Galaxias
Notopala hanleyi (Frauenfeld, 1864) Hanley’s River Snail
Notopala sublineata (Conrad, 1850) Darling River Snail
Smeagol hilaris Tillier & Ponder, 1992 marine slug

Marine vegetation

Nereia lophocladia J. Agardh (1897) marine brown alga

Part 2  Critically endangered ecological communities
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FISHERIES MANAGEMENT ACT 1994  SCHEDULE 4

SCHEDULE 4 – Endangered species, populations and ecological communities

(Section 220C)

Part 1  Endangered species

Fish

Archaeophya adamsi Fraser, 1959 Adam’s emerald dragonfly
Austrocordulia leonardi Sydney Hawk dragonfly
* Maccullochella ikei Rowland eastern freshwater cod
* Maccullochella macquariensis (Cuvier) trout cod
Macquaria australasica (Cuvier, 1830) Macquarie perch
Mogurnda adspersa (Castelnau, 1878) purple spotted gudgeon
Nannoperca australis Günther, 1861 southern pygmy perch
* Nannoperca oxleyana Whitley Oxleyan pygmy perch
* Prototroctes maraena (Günther, 1864) Australian Grayling
Sphyrna lewini (Griffith & Smith, 1834) scalloped hammerhead shark
Thunnus maccoyii southern bluefin tuna

Marine vegetation

Part 2  Endangered populations

Fish

Ambassis agassizii Steindachner, 1866, olive perchlet, western New South Wales population 
Craterocephalus amniculus (Crowley and Ivanstoff, 1990), Darling River Hardyhead, Hunter River
population 
Gadopsis marmoratus, river blackfish, Snowy River population 
Tandanus tandanus (Mitchell, 1838), eel tailed catfish, MurrayDarling Basin population

Marine vegetation

* Posidonia australis Hook. f. (1858), seagrass, Port Hacking, Botany Bay, Sydney Harbour, Pittwater,
Brisbane Waters and Lake Macquarie populations

Part 3  Endangered ecological communities

Aquatic ecological community in the natural drainage system of the lower Murray River catchment (as
described in the recommendation of the Fisheries Scientific Committee to list the ecological community)
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Aquatic ecological community in the natural drainage system of the lowland catchment of the Darling River
(described in the recommendation of the Fisheries Scientific Committee to list that aquatic ecological
community, as the area covered by that recommendation)

Aquatic ecological community in the natural drainage system of the lowland catchment of the Lachlan River
(described in the recommendation of the Fisheries Scientific Committee to list that aquatic ecological
community, as the area covered by that recommendation)

Aquatic ecological community in the catchment of the Snowy River in NSW (as described in the final
determination of the Fisheries Scientific Committee to list that aquatic ecological community)

Part 4  Species presumed extinct

Fish

Hadrachaeta aspeta Hutchings, 1977 marine worm
Pristis zijsron Bleeker, 1851 green sawfish
Metaprotella haswelliana Mayer, 1882 Haswells caprellid

Marine vegetation

* Vanvoorstia bennettiana (Harvey) Papenfuss 
(1956) Bennetts seaweed
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1 Introduction 

1.1 Background 

The NSW Department of Industry (the Department) propose to construct a wave attenuator in Snug Cove 

at Eden, termed the Eden Safe Harbour Project (the Project). 

 

The objective of the Project is to provide a safer harbour for local and visiting vessels and improve the 

protection of existing maritime infrastructure within Snug Cove, Eden.  This would reduce the risk of 

damage to vessels associated with extreme wind and wave conditions that are occasionally experienced 

in the port.  A number of Project specific End User Requirements have been developed for the Project 

following the completion of site investigations, stakeholder consultation and preliminary engineering to 

guide the preliminary design concepts and scope of work.  These requirements are listed in Section 1.5. 

 

The location and alignment of the wave attenuator are shown in Figure 1.1.  The alignment of the wave 

attenuator may be subject to minor refinement following further design development.  The length of the 

wave attenuator, currently drawn as 343m, may be subject to reduction following further design 

development and an Expression of Interest (EoI) process with the contracting industry. 

 

Two options are being considered for construction of the wave attenuator; a floating attenuator and a fixed 

attenuator.  Further description of the options is provided in Section 3 of this report.  The proposed 

minimum service life of the attenuator is 30 years, based on normal maintenance practices.  This would 

apply for either construction option. 

 

Advisian has been commissioned by the Department to prepare a Review of Environmental Factors (REF) 

for the Project.  Advisian has commissioned Haskoning Australia Pty Ltd (a company of Royal 

HaskoningDHV (RHDHV)) to prepare a coastal processes report as part of the REF.  It is noted that 

RHDHV was responsible for determination of the alignment of the wave attenuator shown in Figure 1.1. 

 

An aerial oblique view looking eastwards towards the area of the proposed wave attenuator is shown in 

Figure 1.2. 
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Figure 1.1 Location and alignment of the proposed wave attenuator  

 

 

Figure 1.2 Aerial oblique view of Snug Cove  

 

1.2 Scope of Work 

The scope of work for RHDHV involved the following main tasks: 
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 description of the existing site conditions relevant to the coastal processes assessment; 

 assessment of the potential impacts of the proposed wave attenuator on coastal processes and, 

as a consequence, on existing key natural features such as Cocora Beach and on existing 

maritime infrastructure including the jetties and mussel farms; and 

 identification of mitigation measures to reduce the likely impacts of the proposed attenuator, with 

consideration of both the construction and operation phases. 

 

1.3 Structure of the Report 

The report is structured in the following way: 

 

 Section 2 describes the existing site conditions, including existing and proposed infrastructure 

and existing natural features, relevant to a consideration of the impacts of the proposed wave 

attenuator on coastal processes; 

 Section 3 describes the proposed wave attenuator including both the fixed wave attenuator and 

floating wave attenuator options, and associated construction activities; 

 Section 4 provides a detailed description of the impacts of the proposed attenuator options on 

wave climate; 

 Section 5 provides a detailed description of the impacts of the proposed attenuator options on 

tidal and wind driven currents; 

 Section 6 provides recommended mitigation measures; and 

 Section 7 lists the References. 

 

1.4 Declaration by Haskoning Australia Pty Ltd 

Haskoning Australia Pty Ltd wish to declare that the Company was responsible for the concept layout for 

the Cattle Bay Marina and wave attenuator, and together with Inspire Urban Design & Planning, for 

preparation of the Environmental Impact Statement (EIS) for Cattle Bay Marina.  The Cattle Bay Marina 

and wave attenuator are located adjacent to the Project site.  The Cattle Bay Marina was approved on 1 

December 2015. 

 

1.5 Project End User Requirements 

The following Project specific End User Requirements have been developed: 

 

 The project scope must include a wave attenuator located in Snug Cove, Eden. 

 The safer waterway area created by the wave attenuator should satisfy, as a minimum, the criteria 

for 'moderate' wave climate in accordance with AS 3962 - 2001, Guidelines for Design of Marinas. 

The protected area must also be suitable for small craft having regard to wash created by cruise 

ships and tugs. 

 To the maximum extent possible, the wave attenuator shall provide protection to the Mooring 

Jetty. 
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 To the maximum extent possible, the wave attenuator shall provide protection to the Multipurpose 

jetty and not impact on current operations.  

 The wave attenuator must not compromise the Eden Breakwater Wharf Extension Project and the 

safety of current and future operations at the Wharf. In particular, the position of the wave 

attenuator must be offset a minimum distance of 160m from the new fender face line of the cruise 

ship berth. 

 The wave attenuator must be affordable. The capital cost budget is $10M and should include for, 

but not necessarily limited to, sunk costs, owners' costs, project management, engineering, 

planning approvals, environmental impact assessment, fabrication, installation, maintenance costs 

for a period of 5 years and contingency. 

 The wave attenuator should have a minimum service life of 30 years, based on normal 

maintenance practices.  

 The wave attenuator must not impact adversely on currents and wave climate elsewhere (eg due 

to reflected waves) and must withstand forces from ship and tug propulsion systems. 

 The extent of the safe waterway area created by the wave attenuator must be maximised. There 

is no minimum extent of safe waterway that must be provided by the wave attenuator. 

 The wave attenuator must not impact on the planned development of a potential marina and wave 

attenuator at Cattle Bay. 
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2 Site Information 

2.1 General 

There are a number of site conditions relevant to a consideration of the impacts of the proposed wave 

attenuator on coastal processes.  These are discussed in the following sections. 

2.2 Water Depths 

Water depths in the study area are shown in Figure 2.1 based on Aus Chart 192
1
.  The depths are 

expressed in metres below Chart Datum (CD).  Chart Datum is approximately the level of Lowest 

Astronomical Tide (LAT) or a datum about 0.9m below Australian Height Datum (AHD). 

 

The following is evident from Figure 2.1: 

 

 water depths generally increase with distance offshore, to depths of about 10m below CD (-10m 

CD) off the end of Eden Breakwater; 

 rocky reef systems extend off each end of Cocora Beach and off the headland east of Cattle Bay; 

 there are a number of isolated shallow spots off the headland east of Cattle Bay.  These shallow 

spots are likely to be rock pinnacles, such as that observed during the diver inspection in January 

2013 for a marine ecology survey for the proposed Cattle Bay Marina (refer Photo 2.1; after 

Inspire Urban Design & Planning and Royal HaskoningDHV, 2014). 

 
Water depths along the proposed alignment of the wave attenuator vary between about -7m CD 

and -9m CD. 

 

 

Photo 2.1 View of underwater rock pinnacle near Cattle Bay observed during marine ecology survey (January 

2013) 

                                                      
1
 The depths shown on Aus Chart 192 are general in nature which is adequate for the description in this Section.  It is noted that a 

more detailed recent bathymetric survey has been undertaken for purposes of the Breakwater Wharf Extension Project (refer 
Section 2.7) and that dredging is currently underway to deepen waters within Snug Cove to permit cruise ship access as part of the 
Breakwater Wharf Extension Project. 
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2.3 Water Levels 

Still water levels in the study area are dominated by astronomical tide. Tidal planes at Eden are shown in 

Table 2.1, relative to both CD and AHD. 

 

Table 2.1 Tidal Planes at Eden 

Highest Astronomical Tide (HAT) 1.90 m CD 0.98 m AHD 

Mean High Water Springs (MHWS) 

Water (MHHW) 

1.40 m CD 0.48 m AHD 

Mean High Water Neaps (MHWN) 1.20 m CD 0.28 m AHD 

Mean Sea Level (MSL) 0.83 m CD -0.09 m AHD 

Mean Low Water Neaps (MLWN) 0.46 m CD -0.46 m AHD 

Mean Low Water Springs (MLWS) 0.26 m CD -0.66 m AHD 

Lowest Astronomical Tide (LAT) -0.12 m CD -1.04 m AHD 

(Source:  DoI – Lands & Forestry) 

 

At times of ocean storms, still water levels can be further elevated by the effects of storm surge 

(barometric setup
2
 and wind setup

3
) and wave setup (caused by breaking waves

4
). Individual waves also 

cause temporary water level increases above still water level due to the process of wave run-up or uprush.  

In addition, sea level is also predicted to rise due to climate change (the Greenhouse Effect). 

 

The Office of Environment and Heritage (previously the Department of Environment Climate Change and 

Water) has provided an estimate of design ocean still water levels (excluding wave setup and wave run-

up, but including sea level rise
5
) for the NSW coastline for various average recurrence interval (ARI) ocean 

storm events and planning periods, relative to AHD. These values are set out in Table 2.2. 

 

  

                                                      

 
2
 Barometric setup is a localised vertical rise in the still water level due to a reduction in atmospheric pressure. The increase in water 

level is approximately 0.1m for each 10 hectopascal drop below normal barometric pressure of 1013 hPa. Note that hectopascals are 
approximately equivalent to millibars. 
3
 Wind setup is the vertical rise in the still water level on the leeward side of a body of water caused by wind stresses on the surface 

of the water. 
4
 Wave setup is defined as the super elevation of the mean water level caused by wave action alone. The phenomenon is related to 

the conversion of the kinetic energy of wave motion to quasi-steady potential energy. It is manifested as a decrease in water level 
prior to breaking, with a maximum set down at the break point; from the break point the mean water surface slopes upward to the 
point of intersection with the shore (Coastal Engineering Research Centre, 1984). 
5
 The sea level rise estimates included in Table 2.2 were the planning benchmarks set out in the NSW Government’s Sea Level Rise 

Policy Statement (NSW Government, 2009), namely projected rises in sea level (relative to 1990 mean sea level) of 0.4m by 2050 
and 0.9m by 2100. In September 2012, the NSW Government announced significant changes to the way the NSW coast will be 
managed, including that the 2009 NSW Sea Level Rise Policy Statement is no longer NSW Government Policy. Any reference to the 
‘NSW sea level rise planning benchmarks’ in guidelines and documents were to be taken as meaning ‘Council’s adopted sea level 
rise projections’, where available. It is understood that at the present time Bega Valley Shire Council has retained adoption of the 
original NSW Government’s planning benchmarks for sea level rise, hence the potential still water level values in Table 2.2 still apply. 
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Table 2.2 Potential ocean still water levels (excluding wave setup and wave run-up) in NSW for various ARI’s and 

planning periods 

ARI (years) 
Design Still Water (m AHD) 

2010 2050 2100 

0.02 0.97 1.31 1.81 

0.05 1.05 1.39 1.89 

0.1 1.00 1.44 1.94 

1 1.24 1.58 2.08 

10 1.35 1.69 2.19 

50 1.41 1.75 2.25 

100 1.44 1.78 2.28 

(Source: DECCW 2010) 

 

2.4 Wind Climate 

Wind data is available from two weather stations operated by the Bureau of Meteorology (BoM), at 

Merimbula Airport and at Green Cape.  Cardno (2011) and MHL (2007) provide various analyses of this 

data, including time series, frequency distributions and wind roses. 

 

The winds of most significance to provision of a safe harbour wave climate in Snug Cove are those from 

the south to west sector which blow over the long fetch of up to more than 4km and create relatively high 

local wind waves (sea) in the study area (refer following section). 

 

2.5 Wave Climate 

Wave climate at the site of the proposed wave attenuator comprises both local seas, due to winds blowing 

across Twofold Bay from the south to west sector, and ocean swell. 

 

RHDHV (2014) reported the results of recorded wave data in Snug Cove over the period November 1984 

to March 2007 (MHL, 2007) and numerical modelling undertaken by Cardno (2011).  Wave conditions 

were generally determined for the 1 year and 50 year ARI storm events.  These two ARIs are relevant as 

they form the basis of criteria in Australian Standard AS3962-2001 ‘Guidelines for Design of Marinas’ 

governing acceptable wave climate in small craft harbours. 

 

Typical results from the modelling of local seas are included in Table 2.3.  The results were generally 

consistent with the recorded data.  The modelling results also confirmed that attenuation of the incident 

local seas would be required in order to satisfy the acceptable wave climate in AS3962-2001. 

 

Table 2.3 Incident Wave Climate – Local Sea 

Average Recurrence Interval (years) Hs (m) Tp (s) 

1 0.8 3.1 

50 1.2 3.9 

Hs = significant wave height, which is the average height of the one-third highest waves of a given wave group 
Tp = peak spectral period, which is the wave period associated with the most energetic waves in the total wave spectrum 
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Snug Cove is generally well protected from ocean swell activity, afforded by headlands at the mouth of 

Twofold Bay and by Eden Breakwater.  The effects of ocean swell increase moving west from Snug Cove 

to Cattle Bay and to Cocora Beach. 

 

Table 2.4 sets out the 1 year ARI and 50 year ARI swell wave conditions at three numerical modelling 

output locations; namely the end of the Mooring Jetty, the end of the Cattle Bay Jetty, and the middle of 

Cocora Beach (all in approximately -5m CD water depth).  The increase in swell wave climate with 

distance westwards is clearly evident. 

 

Generally, for small craft at a marina, the occurrence of longer period swell is not as critical as the shorter 

period local seas, since the natural period of motion of the smaller marina craft is similar to the period of 

the local seas, eg. around 3 seconds, and thus local seas can accentuate the roll and pitch of marina craft. 

 

Wave modelling specifically undertaken as part of this coastal processes report is discussed in detail in 

Section 4. 

 

Table 2.4 Incident Wave Climate – Ocean Swell 

Location 

Average Recurrence Interval (years) 

Offshore Direction 1 50 

Hs (m) Tp(s) Hs (m) Tp(s) 

Mooring Jetty 0.03 13.4 0.05 14.9 ESE, E 

Cattle Bay Jetty 0.42 11.8 0.56 13.3 ESE, E 

Mid Cocora Beach 1.45 10.1 1.82 11.9 ESE 

 

2.6 Geotechnical Conditions 

The existing available geophysical and geotechnical information comprises: 

 

 borehole and cone penetrometer data contained in the document Geotechnical Investigation for 

Breakwater Extension as part of the Eden Port Development (Longworth & McKenzie Pty Ltd) 

dated January 1985; 

 geophysical fieldwork carried out by GBG Australia on behalf of the Aurecon Group in December 

2013 associated with proposed improvements at Snug Cove for access by ocean cruise vessels; 

and 

 borehole investigation and geophysical investigation undertaken as part of the Breakwater Wharf 

Extension Project and Eden Safe Harbour Project in 2015. 
 

The geophysical/geotechnical information shows that, generally speaking, the subsurface conditions in 

Snug Cove consist of three layers; an interbedded sand with some gravel, overlying a clayey silt, sand, 

silty or clayey sand, overlying a silty clay or weathered bedrock.  The individual layer thicknesses are 

variable. 

 

Bedrock depth along the proposed wave attenuator alignment appears to be highly variable, reflecting 

peaks and troughs in the bedrock profile resulting from structural reorientation and subsequent differential 

erosion and weathering of the moderately to steeply-dipping metasedimentary rocks. 
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2.7 Breakwater Wharf Extension Project 

The Breakwater Wharf Extension Project is an extension of Breakwater Wharf to accommodate cruise 

vessels up to 325m in length.  The project will include: 

 

 dredging of a maximum of 231,500m
3
 of material to improve navigation access; 

 extending the existing wharf by approximately 95m; 

 installation of berthing and mooring dolphins; 

 installation of landside bollards; and 

 installation of minor services (lighting, power and potable water). 

 

Total funding for the project is $44 million.  Dredging is currently underway.  Commencement of 

construction of the wharf extension is scheduled for March 2018, with completion scheduled for March 

2019. 

2.8 Jetty Structures 

The Mooring Jetty and the Multipurpose Jetty are fixed structures located in the lee of Eden Breakwater 

(refer Figure 2.1).  These structures were constructed by the NSW Government for use by the commercial 

fishing industry. 

 

With the downturn in the commercial fishing industry the Mooring Jetty and the Multipurpose Jetty are not 

used as extensively by the industry as in the past.  The jetties are a base for a commercial tug operator, 

the local fishing fleet and tourism operators.  On occasions the Mooring Jetty is used for mooring of 

recreational vessels. 

 

Views of two jetties are shown in Photos 2.2 and 2.3. 

 

The Water Police Jetty is a fixed structure located near the landward end of the Breakwater Wharf (refer 

Figure 2.1). 

 

Photo 2.2 View along the Mooring Jetty, swing moorings are visible in the background 



 

30 October 2017 8a0458-108_f001.d01_cpa report.docx  11  

 

 

Photo 2.3 View along the Multipurpose Jetty looking towards the end of Eden Breakwater 

 

2.9 Swing Moorings 

Based on a mooring plan provided by Roads and Maritime Services (Roads and Maritime), there are 46 

swing moorings located within Eden Harbour, comprising 41 private swing moorings and 5 commercial 

swing moorings.  Access to the moorings is achieved by dinghies stored along the foreshore. 

 

Over the past 12 months, Roads and Maritime has arranged for the relocation of six swing moorings to 

facilitate dredging for the Breakwater Wharf Extension Project 

 

 

Photo 2.4 View looking north-west across Eden Harbour to the swing moorings beyond the two jetties 
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2.10 Cocora Beach 

Cocora Beach is situated to the west of Snug Cove (refer Figure 2.1).  It is approximately 460m long 

facing south-east and exposed to a low energy swell.  The beach is backed by a foreshore reserve and 

carparking area.  It is very popular with the local community. 

 

Consultation has established that it is imperative development of safe harbour infrastructure such as the 

proposed wave attenuator does not impact adversely on Cocora Beach.  This would include any alteration 

to the wave climate along the beach, such as alteration to the wave direction (which governs alignment) 

and wave energy, and impact on the outlook from the beach. 
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3 Description of the Proposed Wave Attenuator 

Section 3 provides a detailed description of the construction and operation of the Project including a 

description of the two attenuator structure type options under consideration in this REF.  This material has 

been mostly supplied by Advisian. 

3.1 Attenuator Structure Type Options 

Two options are being considered for the wave attenuator structure type, being either a fixed or floating 

type of structure. A description of each attenuator type is contained below. 

 

Fixed Wave Attenuator 

 

A fixed wave attenuator would generally comprise a pair of tubular steel piles (one vertical, one sub-

vertical) supporting precast concrete skirt panels. The pile pairs would be at approximately 6m centres. 

The wave deflector panels would be around 5m high (approximately 2m above and 3m below Mean Sea 

Level). A typical plan and section detail, and an example fixed wave attenuator, are shown in Figure 3.1 

and Photo 3.1 respectively.  Note that the levels shown on Figure 3.1 are relative to Chart Datum (CD) 

which is about 0.9m below Mean Sea Level. 

 

Figure 3.1 Typical plan and section (concept design) for a fixed wave attenuator  

(Source: Royal HaskoningDHV, 2017) 
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Photo 3.1 Example of a fixed wave attenuator (Source: Tas Marine Construction) 

 

Floating Wave Attenuator  

 

A floating wave attenuator would generally comprise a series of 20m long by 6m wide concrete pontoons. 

The overall draft of the pontoons would be between 2.4m to 2.8m with a freeboard of approximately 0.8 to 

1.0m. The pontoons would be restrained by steel tubular piles at each end (i.e. at 20m centres). Anchor 

lines may be used along part of the structure length. A typical plan, elevation and section detail, and an 

example floating wave attenuator, are shown in Figure 3.2 and Photo 3.2 respectively 

 

Figure 3.2 Typical plan, elevation and section for a floating wave attenuator (Source: Royal HaskoningDHV, 2017) 
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Photo 3.2 Example of a floating wave attenuator (Source: SF Marina) 

 

3.2 Construction Activities 

In the past 12 months, Roads and Maritime has arranged for the relocation of six swing moorings (WV035, 

WV046, WV052, WV063, WV069 and WV087) to facilitate dredging for the Breakwater Wharf Extension 

Project.  A further two swing moorings (WV022 and WV053) may require relocation by Roads and 

Maritime prior to construction commencing on the wave attenuator depending on the final alignment and 

length.  A location plan of the swing moorings located within Twofold Bay is shown in Figure 3.3 (note this 

figure was earlier prepared for the Eden Breakwater Wharf Extension Project) 

 

A Contractor would mobilise to the site at the commencement of construction activities. Ancillary facilities 

transported to the site during the mobilisation period are expected to include temporary site offices, 

ablution facilities, workshops, material storage containers and laydown areas, where required and would 

be established within the land based contractor work area. This area is likely to be adjacent to the 

Breakwater Wharf that is the same area used for the Eden Breakwater Wharf Extension Project or another 

foreshore location owned by the Crown in the Snug Cove port precinct.  

 

Temporary fencing and Project signage would be erected around all ancillary facilities and a gate would 

be controlled by Contractor personnel in which construction traffic would enter and exit the site. Crew 

transfer and material load out would also take place within this land based Contractor work area. Public 

access would be restricted where required to ensure that construction activities can be carried out safely. 

Access would be maintained to the Multipurpose Jetty and port commercial businesses during 

construction of the Project. 

 

For the construction of a floating attenuator as described in Section 3.1, the floating pontoon units and 

piles would be manufactured and prefabricated offsite. The majority of pontoons and piles are likely to be 

too long for transportation to the site via road (turning circles too tight for pile length) and are likely to be 

delivered via water by bulk barge delivery. The floating units, once lowered into the water, would be 

floated to the installed restraining piles and connected using smaller floating plant and equipment. 

 

For the construction of a fixed attenuator as described in Section 3.1 the pre-cast concrete panel units 

and piles would be manufactured and prefabricated offsite and transported to site by road. The pre-cast 

concrete panel units would be lowered from shore onto a barge and transported to the installed piles. A 
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separate barge-mounted crane would lift the pre-cast concrete units into place where they would be fixed 

to the installed piles. 

 

All vertical steel piles required for either type of attenuator would be delivered to site by water by barge 

and driven to a design toe level by a piling hammer lifted by a crane mounted on a barge. Rock anchors 

may be installed in some piles, depending on pile refusal level, by drilling down through the preinstalled 

steel tubular pile with a drill rig, installing steel reinforcement and then pouring in-situ concrete within the 

pile, to ensure there is a strong connection between the pile and the bedrock. 

 

Navigational hazard lighting is proposed to be installed to the selected attenuator including as a minimum 

at least one fixed (pole or pile mounted) light on the seaward end of the attenuator. Continuous lighting 

may be required along the length of either attenuator type. 

 

It is expected that there would be a limited volume of waste generated during the on-site construction. 

 

 

Figure 3.3 Location plan of swing moorings (Source: Roads and Maritime, 2017) 

 

3.3 Construction Traffic 

It is estimated that on average there would be a total of approximately 10 to 20 heavy vehicle movements 

(each way) for both the mobilisation and demobilisation periods.   
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There is potential delivery of construction materials by road and/or by water.  Road deliveries are 

estimated to be one to two heavy vehicles per day during the delivery phase. Truck movements would 

also occur where rubbish/offcuts/waste materials are required to be removed from the site. Truck lengths 

employed would vary between small rigid (6.4m), medium rigid (8.8m), heavy rigid (12.5m), truck and dog 

(18m-19m) and/or semi (19m). 

 

Construction materials for either attenuator may also be delivered by water. It is estimated that on average 

there would be a total of one to two barge deliveries per day. All water borne vessels are to generally 

operate within designated construction and mooring zones. Small work boats would also be active during 

construction for the transfer of crew, environmental monitoring and related construction activities. 

 

It is proposed that Contractor parking would be located within the land based Contractor work area; 

however there may be a need to allow overflow parking for light vehicles in the area immediately adjacent 

to the site during periods of peak work. 

3.4 Scheduling 

The estimated duration of the construction activities is as follows: 

 

 floating wave attenuator – approximately six months excluding offsite fabrication; 

 fixed wave attenuator – approximately nine months excluding offsite fabrication; and 

 the construction activities are expected to commence in the fourth quarter of 2019. 

3.5 Construction Hours 

All construction activities would be undertaken within standard construction hours: 

 

 Weekdays – 7am-6pm. 

 Saturdays – 8am-1pm. 

 Sundays/Public Holidays – Nil. 

3.6 Workforce 

The estimated workforce is approximately 18 staff/workers for the construction activities. The workforce 

would be housed locally. 

3.7 Utilities 

Power, water, sewer and telecommunications for the construction phase of the Project will be procured 

through existing sources.  There are no additional requirements for utilities during the operational phase of 

the Project. 

3.8 Operation 

Regular maintenance would be undertaken by the Contractor over the design life (minimum 30 years) of 

the wave attenuator and its navigational hazard lighting. 

 

Public access may be provided to either the floating or fixed attenuator. Any pedestrian access would 

require gangway access from the Multipurpose Jetty if the easternmost section of the wave attenuator 

alignment adjacent to the Multipurpose Jetty is constructed. 
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Casual berthing directly along the lee side of a floating wave attenuator could be made possible with the 

installation of mooring bollards. Service pedestals supplying water and power could also be readily fitted 

to the floating wave attenuator. The provision of casual berthing with services could attract larger visiting 

vessels and enhance Eden as a boating destination. 
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4 Assessment of the Impact of the Proposed Wave 

Attenuator on Wave Climate 

4.1 General 

Numerical modelling has been undertaken to assess the impact of the proposed attenuator options on 

wave climate.  Modelling has been carried out on behalf of RHDHV by Cardno.  Cardno have well 

established numerical models of the study area having previously undertaken modelling in the area on 

behalf of the then Land and Property Management Authority (Cardno, 2011) and to support several 

RHDHV projects including the Cattle Bay Marina and wave attenuator project (RHDHV and Inspire Urban 

Planning & Design, 2014), the Eden Harbour Safe Boating Options Study (RHDHV, 2014), and the Eden 

Harbour Safe Boating Options Study Addendum (RHDHV, 2015). 

 

The wave modelling was carried out to address two main issues: 

 

 the impacts of the proposed wave attenuator on Cocora Beach and the Twofold Bay Mussel 

Farm; 

 the impacts of the proposed wave attenuator on the wave climate within Snug Cove. 

 

The impacts of the proposed wave attenuator on Cocora Beach and the Twofold Bay Mussel Farms 

considered both swell and local seas.  Swell was included since previous studies carried out for the Cattle 

Bay Marina and wave attenuator project have demonstrated that the alignment of Cocora Beach is driven 

by swell. 

 

The impacts of the proposed wave attenuator on the wave climate within Snug Cove considered local 

seas only as these waves govern the acceptable wave climate for small craft harbours.  It is also evident 

that Snug Cove is relatively well protected from ocean swell as discussed in Section 2.5 and shown in 

Table 2.4. 

 

4.2 Methodology for Numerical Modelling 

4.2.1 Model Systems 

Two model systems were utilised, the SWAN wave model system and the MIKE-21 Boussinesq Wave 

(BW) model system. 

 

SWAN model 

 

Cardno applied their existing calibrated SWAN wave model system of the region.  This model was used 

for the majority of the modelling undertaken for this study. 

 

SWAN was developed at the Delft Technical University and includes wind input (local sea cases), 

combined sea and swell, offshore wave parameters (swell cases), refraction, shoaling, non-linear wave-

wave interaction, a full directional spectral description of wave propagation, bed friction, white capping, 

currents and wave breaking.  It also includes a nested grid capability to facilitate computation by having 
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fine grids at inshore locations where bathymetric and structure details vary significantly and coarser 

offshore grids where a larger model extent is required, but seabed bathymetric changes are generally 

smaller.  This procedure allows efficient modelling to be undertaken without sacrificing resolution where it 

is needed. 

 

Mike-21 Boussinesq Wave Model 

 

The MIKE-21 Boussinesq Wave (BW) is a state of the art numerical wave model developed by DHI, and 

generally used for the modelling of wave disturbance in ports, harbours and coastal areas.  It is capable of 

reproducing the combined effects of all important wave phenomena of interest in ports, harbours and 

coastal engineering, including, shoaling, refraction, diffraction, wave breaking, bottom dissipation, moving 

shoreline, partial reflection, wave transmission, non-linear wave-wave interactions, frequency spreading 

and directional spreading. 

 

The MIKE-21 BW model was used to investigate the potential impacts of the proposed wave attenuator on 

the energy spectral density at specified locations along Cocora Beach and near the Twofold Bay Mussel 

Farm. 

 

4.2.2 Wave Climate Modelling 

Local Sea Wave Climate 

 

The local sea wave climate at the study area (for both the floating and fixed wave attenuator options and 

also including the Cattle Bay wave attenuator) was determined by implementing the SWAN wave model to 

prepare wave transfer coefficients for a full suite of local wind speeds, directions and water levels, namely: 

 

 wind speeds ranging from 0m/s to 30m/s – at 2.5m/s intervals; 

 wind directions from north, clockwise through to south and back to north (around the clock) – at 

22.5 degrees intervals; 

 three different tidal levels – LAT, MSL and HAT 

 attenuator wave transmission coefficients of 0.2, 0.27, 0.3, 0.4, 0.5 and 0.6. 

 

The results of this modelling generated matrices of wave coefficients and near shore wave directions that 

provided a reliable basis for the transfer of Green Cape wind data to inshore time-series of local sea 

waves at the nominated output locations.  This is a more detailed investigation than adopted in RHDHV 

(2014) and RHDHV (2015), as these previous studies were based on only one wind-wave direction. 

 

In consultation with RHDHV, Cardno established the wave transmission coefficients set out in Table 4.1 

that were adopted for the fixed and floating wave attenuator options.  Wave transmission is wave period 

dependent and so a wave spectrum is divided into a range of frequency bands and each band and its 

energy level transformed individually to form a transmitted spectrum, from which a spectral wave height 

is calculated.  Hence swell and local sea are affected differently.  Wave reflection parameters were 

calculated on a total energy basis, assuming zero energy loss. 

 

The presence of the Cattle Bay wave attenuator was included, adopting wave transmission coefficients Kt 

as per the proposed fixed Eden wave attenuator option as the Cattle Bay wave attenuator is a fixed 

structure and is of similar design to the Eden wave attenuator. 
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Table 4.1 Wave Transmission Coefficients (Kt) for Local Sea Waves 

 

 
Water Level 

Fixed Attenuator Floating Attenuator 

1-Year ARI 50-Years ARI 1-Year ARI 50-Years ARI 

HAT 0.18 0.31 0.27 0.60 

MSL 0.26 0.41 0.27 0.60 

LAT 0.36 0.51 0.27 0.60 

 

Swell Wave Climate (SWAN) 

 

The swell wave climate at the study area (for both the floating and fixed wave attenuator options, and also 

including the Cattle Bay wave attenuator) was determined by implementing the SWAN wave model to 

prepare wave transfer coefficients for a full suite of offshore wave heights, periods and directions, namely: 

 

 mean wave periods (Tz) ranging from 3s to 11s - at 1s intervals; 

 wave directions from north, clockwise through to south - at 22.5 degree intervals; 

 significant wave heights of up to 8m; and 

 three different tidal levels - LAT, MSL and HAT. 

 

The transmission coefficient for both the proposed Eden wave attenuator and the Cattle Bay wave 

attenuator was set as a Kt of 0.73, based on previous work undertaken by Cardno for the Cattle Bay 

Marina and wave attenuator project (RHDHV and Inspire Urban Planning & Design, 2014).  In reality the 

Kt values would vary with incident swell period, however, Cardno showed that the Kt is likely to be 

between 0.64 and 0.82 for the range of likely incident swell wave periods. The adoption of the value of 

0.73 was therefore deemed appropriate for the purposes of assessing the impact of reflected swell waves 

– noting that the proposed Eden wave attenuator is generally sheltered from significant swell wave energy 

by the Eden Breakwater. 

 

Boussinesq Wave Modelling 

 

MIKE-21 Boussinesq Wave (BW) modelling was undertaken in order to determine the potential impacts of 

the proposed Eden wave attenuator on the energy spectral density at specified locations along Cocora 

Beach and in the area of the Twofold Bay Mussel Farm. 

 

The same model was used in this study as was used for the Cattle Bay Marina and wave attenuator 

project.  The model extends from Cattle Bay Beach in the north to about 1,500m south of there, and from 

the Eden headland in the east to west of Cocora Point.  Each MIKE-21 BW simulation was run for about 

60 minutes of prototype time – to emulate Waverier buoy-type records; following a period of 15 minutes 

required to establish dynamic equilibrium.  Wave dissipation was adopted at the shoreline – that is, no 

shoreline reflection. 

 

Two typical cases were investigated with this model because of its heavy computational requirements; 

these were swell waves with peak spectral period, Tp, of 10s and 15s. 
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4.3 Cocora Beach and Twofold Bay Mussel Farm 

4.3.1 General 

The assessment of the potential impact of the proposed wave attenuator on Cocora Beach and the 

Twofold Bay Mussel Farm was considered based on three aspects: 

 

 changes to energy weighted mean wave direction; 

 changes to wave climate (1 year and 50 year ARI wave heights); 

 changes to energy density spectra. 

 

The above matters are discussed in turn below.  A summary is provided in Section 4.3.5. 

 

4.3.2 Energy Weighted Mean Wave Direction 

As noted earlier, previous studies have demonstrated that the alignment of Cocora Beach is driven by 

swell, though it will also be affected minimally by local sea waves. Time–series of local sea and swell 

wave results along Cocora Beach were extracted from the modelling at a number of locations, and the 

weighted mean wave directions from the separate swell and sea simulations were then combined on an 

energy weighting basis.  The results are presented in Table 4.2 and Figures 4.1 and 4.2 for the floating 

and fixed wave attenuator options, respectively.  

 

 

The results demonstrate that the energy-weighted mean wave direction for combined local sea and swell 

waves show minimal change after the implementation of the proposed wave attenuator structures. 

Combined local sea/swell wave directions generally change by less than half a degree along Cocora 

Beach (points F to J). These model results show that the implementation of either of the proposed wave 

attenuator options is unlikely to result in long term changes to the energy-weighted mean wave direction 

along Cocora Beach, and is thus unlikely to significantly affect its alignment/orientation in the long term. 

 

These figures show that the effect on energy-weighted mean wave directions at the Twofold Bay Mussel 

Farm (locations MF1 and MF2) are minimal, with changes of the order of a degree, or less.  These results 

confirm that any reflected swell wave energy largely disperses before reaching the mussel farm region so 

that changes in wave conditions are minimal. 
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Table 4.2 Cocora Beach and Mussel Farm Energy Weighted Mean Wave Direction (degrees TN) for Combined 

Sea and Swell Waves 
 

Output 
Location 

Post Cattle Bay 
Attenuator 

Post Cattle Bay and Eden 
Attenuator (Floating) 

Post Cattle Bay and Eden 
Attenuator (Fixed) 

F 143.5 144.0 144.0 

G 128.5 128.5 128.5 

H 129.1 129.2 129.2 

I 121.5 121.7 121.7 

J 116.3 116.3 116.3 

K 119.8 118.4 118.4 

MF1 117.2 116.7 116.7 

MF2 104.5 105.7 105.7 
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Figure 4.1 Mean Energy-Weighted Wave Direction Combined Swell and Local Sea Waves (pre and post-floating 

attenuator) 
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Figure 4.2 Mean Energy-Weighted Wave Direction Combined Swell and Local Sea Waves (pre and post-fixed 

attenuator) 
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4.3.3 Wave Climate 

The effects of the wave attenuator options on wave height were assessed by estimating ARI wave heights 

from the modelled inshore wave data, for both the pre and post-attenuator situations (for both fixed and 

floating options). This was achieved by fitting a Weibull distribution to independent peak storm wave 

heights exceeding the 98th percentile. Tables 4.3 and 4.4 show the estimated 1-year ARI and 50-year 

ARI wave heights at key locations for local sea and swell, respectively. 

 

For local sea waves, the results show that the presence of the fixed and floating attenuators has a slight 

effect on wave heights at Cocora Beach – Locations G and I. At 1-year ARI, the effect is minimal and 

around 1 to 2cm.  At 50-year ARI the effect is somewhat more pronounced, and about 7cm.  Even so, 

such changes would not be expected to lead to a material change in beach behaviour during a 50 year 

ARI storm event. 

 

Effects are minimal in the mussel farm region (locations MF1 and MF2), where local sea wave heights 

post-attenuator are slightly higher, in the order of 1 to 2%. This is beyond what could reasonably be 

determined in the field through observation. 

 

The presence of the attenuator has little to no effect on the design swell wave heights, as shown in 

Table 4.4. 
 

Table 4.3 Cocora Beach and Mussel Farm Wave Heights for Local Sea (Pre and Post-Attenuator) 

Output Location 

Post Cattle Bay 
Attenuator 

Post Cattle Bay and Eden 
Attenuator (Floating) 

Post Cattle Bay and Eden 
Attenuator (Fixed) 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

 
G 

 
0.63 

 
0.85 

 
0.63 

 
0.92 

 
0.63 

 
0.92 

 
I 

 
0.61 

 
0.80 

 
0.61 

 
0.85 

 
0.61 

 
0.85 

 
MF1 

 
0.78 

 
1.09 

 
0.80 

 
1.10 

 
0.80 

 
1.11 

 
MF2 

 
0.80 

 
1.11 

 
0.82 

 
1.14 

 
0.82 

 
1.14 

 

 

Table 4.4 Cocora Beach and Mussel Farm Wave Heights for Swell (Pre-and Post-Attenuator) 

 

Output Location 

Post Cattle Bay 
Attenuator 

Post Cattle Bay and Eden 
Attenuator (Floating) 

Post Cattle Bay and Eden 
Attenuator (Fixed) 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

 
G 

 
0.99 

 
1.38 

 
0.99 

 
1.38 

 
0.99 

 
1.38 

 
I 

 
1.20 

 
1.59 

 
1.20 

 
1.59 

 
1.20 

 
1.59 

 
MF1 

 
1.75 

 
2.33 

 
1.75 

 
2.33 

 
1.75 

 
2.33 
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Output Location 

Post Cattle Bay 
Attenuator 

Post Cattle Bay and Eden 
Attenuator (Floating) 

Post Cattle Bay and Eden 
Attenuator (Fixed) 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

1 year 

ARI 

50 year 

ARI 

 
MF2 

 
2.20 

 
3.32 

 
2.20 

 
3.32 

 
2.20 

 
3.32 

 

 

4.3.4 Wave Spectra 

The results of the MIKE21 Boussinesq wave modelling are presented in Figures 4.3 and 4.4 in terms of 

the energy spectral density function at Cocora Beach output Locations G and I (see Figure 4.1), for Tp = 

10s and Tp = 15 s, respectively. Results show that the proposed wave attenuator does not reflect any 

significant swell wave energy towards Cocora Beach, as there is minimal observed change to the energy 

spectral density at these locations. Similarly, Figures 4.5 and 4.6 present results for mussel farm 

Locations MF1 and MF2. These figures indicate that only minor changes to swell wave energy in the 

mussel farm region would be caused by the proposed wave attenuator. Results are highly similar to those 

presented in relation to the Cattle Bay wave attenuator in previous studies, suggesting that the small 

changes observed in these plots are mostly caused by the Cattle Bay wave attenuator. 

 

The above results are consistent with the results of the SWAN swell wave modelling, which indicated that 

the presence of the proposed wave attenuator would cause minimal changes to the weighted mean wave 

direction, and swell wave heights, along Cocora Beach. 
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Figure 4.3 MIKE-21 BW Modelling Energy Spectral Density – output location G 
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Figure 4.4 MIKE-21 BW Modelling Energy Spectral Density – output location 1 
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Figure 4.5 MIKE-21 BW Modelling Energy Spectral Density – output location MF1 
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Figure 4.6 MIKE-21 BW Modelling Energy Spectral Density – output location MF2 
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4.3.5 Summary 

The SWAN and MIKE-21 BW modelling results showed that the implementation of the proposed wave 

attenuator (options) would have only minimal effects on wave heights, directions and energy spectral 

density at both Cocora Beach and the Twofold Bay Mussel Farm. 

 

The reasons for this are twofold.  Firstly, the proposed wave attenuator is situated in the lee of the Eden 

Breakwater and is therefore relatively sheltered from swell waves.  Consequently, the magnitude and 

subsequent propagation of reflected swell is minimal.  Secondly, the proposed wave attenuator is situated 

farther away from Cocora Beach and the Twofold Bay Mussel Farm than the Cattle Bay wave attenuator, 

and hence the effect of reflected sea waves at those locations from the proposed wave attenuator will 

necessarily be less than or equal to reflected waves from the Cattle Bay wave attenuator, which previous 

investigations proved to be minimal.  Generally, reflected wave heights diminish in proportion to the 

inverse square of distance from a finite-length, reflecting surface. 

 

4.4 Wave Climate within Snug Cove 

4.4.1 General 

The effects of the proposed wave attenuator on wave climate within Snug Cove were assessed by 

estimating the 1 year ARI and 50 year ARI wave heights (wind waves) from the inshore wave data, for the 

pre- and post-attenuator situation. This was achieved by fitting a Weibull distribution to independent peak 

storm wave heights exceeding the 98th percentile.  The results have been presented in three different 

ways: 

 

 wave heights at three discrete locations of interest, namely: 

- end of existing Multipurpose Jetty (MPJ), 

- end of existing Mooring Jetty (MJ), 

- Water Police Jetty (WPJ), 

 wave height decrease and increase (colour coded) in the area of the proposed wave attenuator (in 

the lee and seaward of the attenuator); 

 wave height in the lee of the attenuator colour coded according to the ‘excellent’, ‘good’ and 

‘moderate’ wave climate criteria set out in AS3962-2001 ‘Guidelines for the Design of Marinas’, 

assuming a head seas alignment for any vessels moored in the lee of the attenuator. 

 

The results are discussed in turn below.   

4.4.2 Wave Heights at Discrete Locations 

Table 4.5 sets out the 1 year ARI and 50 year ARI wave heights at MJ, MPJ and WPJ for the existing 

conditions (includes Cattle Bay wave attenuator) and for the floating and fixed Eden wave attenuator 

options.  Note the colour coding of the results (refer footnote to Table).  The results indicate the following: 

 

 wave heights at the end of the Mooring Jetty (MJ) under existing conditions exceed the moderate 

wave climate criteria but post-attenuator (both options) are reduced such that they would satisfy 

moderate or better; 
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 wave heights at the end of the Multipurpose Jetty (MPJ) under existing conditions exceed the 

moderate wave climate criteria but post-attenuator (both options) are reduced such that they 

would satisfy moderate or better; 

 the 1 year ARI wave height at the end of the Water Police Jetty (WPJ) under existing conditions 

exceeds the moderate wave climate criteria and essentially is unchanged post-attenuator (both 

options), being within 2%.  In the case of the 50 year ARI wave height, there is a slight increase in 

height post-attenuator (both options), of around 5%, however the wave climate remains 

‘moderate’. 

 

It is apparent that wave heights in the area of WPJ are affected to a degree by wave reflections from the 

proposed attenuator.  This is clearer in the plots presented in the following section. 

 

Table 4.5 Wave Climate Modelling - Wave Heights at Snug Cove Locations 

 
 
 

Output Location 

Existing – Including Cattle 
Bay Attenuator 

Post Cattle Bay and Eden 

Attenuator (Floating) 

Post Cattle Bay and Eden 

Attenuator (Fixed) 

 
1-year 

ARI 

 
50-years 

ARI 

 
1-year 

ARI 

 
50-years 

ARI 

 
1-year 

ARI 

 
50-years 

ARI 

 

MJ 
 

0.67 
 

0.86 
 

0.35 
 

0.50 
 

0.36 
 

0.51 
 

MPJ 
 

0.64 
 

0.81 
 

0.23 
 

0.34 
 

0.24 
 

0.37 

 

WPJ 
 

0.49 
 

0.64 
 

0.50 
 

0.68 
 

0.50 
 

0.68 
 

Colour coding related to AS3962-2001.  

Green = Moderate Wave Climate or better, Red = Exceeds Moderate Wave Climate Criteria 

 

4.4.3 Plots of Wave Height Decrease and Increase 

Figure 4.7 and Figure 4.8 show the areas and magnitude of the decrease and increase in wave height in 

the lee and seaward of the attenuator, comparing the existing conditions (includes Cattle Bay wave 

attenuator) with post the proposed attenuator (both options) for 1 year ARI wave heights.  A similar pattern 

exists for the 50 year ARI wave heights (not shown here).  The following colour coding applies: 

 

 areas of blue depict wave height decrease with darker blue being greater decrease; 

 areas of red depict wave height increase with darker red being greater increase; 

 areas of white depict a wave height change of less than 10%.  Such changes are likely to be 

within the order of accuracy of the modelling. 

 

The following points can be made regarding the information in Figure 4.7 and Figure 4.8: 

 

 the pattern of wave height decrease and increase is generally very similar for the floating wave 

attenuator option and the fixed wave attenuator option; 

 the proposed wave attenuator decreases wave height everywhere in the lee of the structure 

including areas to the south of the Multipurpose Jetty; 
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 wave heights are generally increased on the seaward side of the structure due to wave reflections.  

The most significant area of reflections is seaward of the eastern end of the attenuator structure, 

directed towards the Breakwater Wharf; 

 wave heights in the area of the Water Police Jetty are in the ‘white zone’ indicating changes of 

less than 10%. 

 

The reflection of waves (local seas) towards the Breakwater Wharf would not be expected to impact 

adversely on vessels using this structure since such vessels are typically large tugs and, in the future, 

would include cruise vessels, which do not respond to the short period local seas.  Due to the wave 

reflections, recreational vessels should not be moored along the Breakwater Wharf during strong winds 

from the south to west sector. 

 

4.4.4 Wave Heights Relative to AS3962-2001 

Figure 4.9 and Figure 4.10 depict the 1-year ARI wave heights with regard to the “Excellent”, “Good” and 

“Moderate” wave climate criteria set out in AS3962-2001, for the floating wave attenuator option and the 

fixed wave attenuator option respectively.  The pink areas represent regions that satisfy a “moderate” 

wave climate, maroon areas represent regions that satisfy a “good” wave climate, and the blue areas 

represent regions that satisfy an “excellent” wave climate.  Plots were also prepared in a similar manner 

for the 50 year ARI wave heights (not shown here).  These plots showed that a significantly greater area in 

the lee of the wave attenuator satisfied the 50 year ARI various wave height criteria in AS3962-2001 

compared to the 1 year ARI criteria, ie. the 1 year ARI criteria govern. 

 

The coloured areas in Figure 4.9 and Figure 4.10 do not necessarily represent the limits of where a 

marina could be developed in the future since, as part of a marina development, additional wave 

attenuation could be provided by floating structure that is integral to the marina, such as walkways and ‘T’ 

heads and the like. 

 

The results show that the transmitted wave heights are similar for the fixed and floating attenuator options, 

but that the floating attenuator provides slightly better protection for the area as a whole.  This can be 

attributed to the fact that the performance of the fixed attenuator is more dependent on the overall water 

(tide) level, and is more transmissive during low tides (particularly during spring tide periods).  The 

attenuation performance of the fixed wave attenuator option could be improved, if required, by extending 

the pre-cast concrete panel units lower into the water column as part of further design development. 

 

The plots indicate that some wave energy diffracts around the eastern end of the wave attenuator, which 

is likely most severe during strong south-westerly (~225
o
TN) wind/wave conditions. Similarly, wave energy 

appears to enter the marina area from the west, and this is likely the result of both waves from the SW to 

WSW sectors diffracting around the end of the attenuator, as well as westerly waves passing through 

relatively unobstructed water, (albeit waves from that direction have a limited fetch). Additionally, the wave 

height plots, along with the outcomes of previous wave modelling investigations indicate that wave energy 

entering the subject area from the west may also be the result of complex reflected wave interactions from 

the Cattle Bay wave attenuator. During SSW to WSW incident wave conditions, some waves may reflect 

first off the Cattle Bay wave attenuator, then off the lee side of the Eden wave attenuator and into the area 

behind. 
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Figure 4.9 1 year ARI significant wave heights floating attenuator - with AS3962 zones 
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Figure 4.10 1 year ARI significant wave heights fixed attenuator - with AS3962 zones 
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5 Assessment of the Impact of the Proposed Wave 

Attenuator on Currents 

5.1 General 

Numerical modelling has been undertaken to assess the impact of the proposed Eden wave attenuator 

options on currents (flow) in the vicinity of Cocora Beach and the Twofold Bay Mussel Farm, located 

approximately 500m west and southwest of the proposed attenuator. Modelling has been carried out by 

RHDHV. 

5.2 Methodology for Numerical Modelling 

5.2.1 Model System 

The MIKE 21 software package has been adopted for use in this study. MIKE 21 is a computer program 

that simulates flows, waves, sediment transport and ecology in rivers, lakes, estuaries, bays, coastal 

areas and seas in two dimensions. MIKE is developed by the Danish Hydraulic Institute (DHI). 

 

The Flexible Mesh (FM) version of MIKE 21 has been adopted as it allows the spatial resolution of the 

computational grid to be locally increased in areas of interest, i.e. at the project site, while the resolution in 

other areas can be coarser to help maintain acceptable model run times. The spatial discretisation of the 

equations in MIKE 21 FM is performed using a cell-centred finite volume method. The following MIKE 21 

model is used in the present study: 

 

 MIKE 21 FM Hydrodynamic (HD) 

 

The model is described in MIKE by DHI (2016) and a very brief description is given here as: 

 

 Hydrodynamic (HD) module which calculates the depth integrated phase averaged mean currents 

and surface elevation by solving the non-linear shallow water equations. 

 

5.2.2 Model Setup 

This section presents a general overview of the model setup used in this study including a description of 

the model mesh and bathymetry adopted in the model.   

 

A single mesh has been used in this study. A summary of the approximate regions and spatial resolutions 

incorporated in the mesh is provided in Table 5.1.  
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Table 5.1 Hydrodynamic flexible model mesh composition 

Region Description Resolution 

Offshore 
This part of the model mesh covers the offshore area in depths of 45 m to 70 m and extends 

approximately 10 km to the north and south of Twofold Bay  
~1500 m 

Twofold Bay 
This part of the model mesh covers the Twofold Bay area in depths of 5 m to 45 m including 

significant rivers, lagoons and creeks  
~250 m 

Snug Cove 
This part of the model mesh covers the Snug Cove area in depths of 0 m to 20 m and 

extends approximately 1 km to the south of the mussel farm 
~50 m 

 

 

MIKE C-MAP bathymetry data, derived from digitised navigation charts, has been used to interpolate onto 

the model mesh used in this study. The dredge works for the proposed Eden breakwater wharf extension 

have been incorporated into the bathymetry based on drawing 301020-07698-MA-DWG-3002-C as 

provided by Advisian on 25 September 2017. 

 

The computational mesh showing the model extents and resolution along with the interpolated model 

bathymetry is shown in Figure 5.1. 

 

Where applicable, the Cattle Bay and Eden wave attenuators have been incorporated into the model over 

a subset of the water column (either fixed or varying in time depending on whether the attenuator is fixed 

or floating). 
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Figure 5.1 Model mesh and bathymetry 

 

5.2.3 Model Calibration 

For the purposes of this Coastal Processes Assessment report no locally measured current speed data 

was available for model calibration. As such the tidal model has been calibrated to water level only, 

utilising measured water level data (spanning a total of 25 years) obtained from the Eden tide gauge 

located in Snug Cove. To this end, a suitable spring-neap cycle has been selected from the Eden tide 

gauge record and subsequently applied to the model boundary. In an iterative process the necessary 
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phase shift (to be applied to the model boundary time-series) was determined, ultimately leading to a 

satisfactory model calibration at the Eden tide gauge location (refer Figure 5.2). 

 

 

Figure 5.2  Model calibration result 

 

5.3 Hydrodynamic Modelling 

For the purposes of this report the following tide-only simulations have been completed: 

 

 Existing: spring-neap cycle with the Cattle Bay wave attenuator in place and proposed dredging 

works for the Eden Breakwater Wharf Extension incorporated; 

 Option 1: Existing + Eden wave attenuator (fixed); and 

 Option 2: Existing + Eden wave attenuator (floating). 

 

In addition to the tide-only simulations, the combination of tidal- and wind-driven currents has been 

assessed for the above options by applying stationary wind for two nominated wind directions: 

 

 north-east (45°TN); and 

 south-west (225°TN). 
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These wind directions have been selected on the basis of either that the Twofold Bay Mussel Farm is in 

the lee of the proposed Eden Wave wave attenuator (northeast wind direction) or that the wind direction 

corresponds to the prevailing wind direction (southwest) during the start of mussel spat settlement season 

(pers. comm., K. Smythe, Ocean Environmental Consulting - A. Overduin, RHDHV, 20/10/2017).  

 

The results of the above simulations are presented below. 

5.3.1 Tidal Currents 

Current vector maps for two selected stages of the tide (ebb and flood) where currents peak at the 

Twofold Bay Mussel Farm are presented in Figure 5.3 to Figure 5.6, thereby comparing the Existing case 

to Option 1 (fixed Eden wave attenuator) and Option 2 (floating Eden wave attenuator). 

 

The results show that currents at the Twofold Bay Mussel Farm are unaffected by the presence of the 

proposed Eden wave attenuator (either fixed or floating). Relatively significant effects on currents (noting 

that in general current speeds are low, order of 0.05m/s) are largely confined to the immediate 

surroundings of the wave attenuator (depending on the tidal stage), where flow diverges around (and 

under) the attenuator and converges again some distance away from the attenuator and consequently a 

localised change in direction and increase in current speed occurs. 

 

Similarly, currents at Cocora Beach are virtually unaffected, showing only minor localised changes in 

current direction some distance away from the water line. It is reiterated that current speeds are very low 

(order 0.01m/s at Cocora Beach). 

5.3.2 Tidal and Wind Driven Currents 

Similar to the tide-only simulations, current vector maps for tidal and wind driven currents (for the two 

selected wind directions) for the two previously selected stages of the tide (ebb and flood) are presented 

in Figure 5.7 to Figure 5.14, comparing the Existing case to Option 1 (fixed Eden wave attenuator) and 

Option 2 (floating Eden wave attenuator).  The wind speed (8m/s) has been selected on the basis of GHD 

(2016) and is considered to be a ‘moderate breeze’ wind speed representative of operational wind 

conditions. 

 

The results show that during mussel spat settlement season (southwesterly wind) currents at the Twofold 

Bay Mussel Farm are unaffected by the presence of the proposed Eden attenuator (either fixed or floating) 

- refer Figure 5.8, Figure 5.10, Figure 5.12 and Figure 5.14. This is to be expected as under this wind 

direction the proposed Eden wave attenuator is in the lee of the mussel farm. 

 

When the Twofold Bay Mussel Farm is in the lee of the proposed Eden wave attenuator under the 

northeasterly wind direction, currents at the mussel farm are virtually unaffected. Very minor current 

direction changes occur (order 1 to 5 degrees) under certain tidal and wind conditions and these minor 

changes are largely confined to the very northern part of the mussel farm area. 

 

Similar to the tide-only results, relatively significant effects on currents (noting that current speeds are low) 

are largely confined to the immediate surroundings of the wave attenuator (depending on the tidal stage), 

where flow diverges around (and under) the attenuator and converges again some distance away from the 

attenuator and consequently a localised change in direction and increase in current speed occurs. 

 

Currents at Cocora Beach are virtually unaffected, showing only minor localised changes in current speed 

under certain tidal and wind conditions some distance away from the water line. 
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Figure 5.3 Existing vs Option 1 (Eden wave attenuator – fixed) – peak flood currents 
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Figure 5.4 Existing vs Option 1 (Eden wave attenuator – fixed) – peak ebb currents 
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Figure 5.5 Existing vs Option 2 (Eden wave attenuator – floating) – peak flood currents 
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Figure 5.6 Existing vs Option 2 (Eden wave attenuator – floating) – peak ebb currents 
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Figure 5.7 Existing vs Option 1 (Eden wave attenuator – fixed) – peak flood currents – NE wind 
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Figure 5.8 Existing vs Option 1 (Eden wave attenuator – fixed) – peak flood currents – SW wind 
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Figure 5.9 Existing vs Option 1 (Eden wave attenuator – fixed) – peak ebb currents – NE wind 
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Figure 5.10 Existing vs Option 1 (Eden wave attenuator – fixed) – peak ebb currents – SW wind 
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Figure 5.11 Existing vs Option 2 (Eden wave attenuator – floating) – peak flood currents – NE wind 
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Figure 5.12 Existing vs Option 2 (Eden wave attenuator – floating) – peak flood currents – SW wind 
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Figure 5.13 Existing vs Option 2 (Eden wave attenuator – floating) – peak ebb currents – NE wind 
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Figure 5.14 Existing vs Option 2 (Eden wave attenuator – floating) – peak ebb currents – SW wind 
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6 Recommended Mitigation Measures 

6.1 Construction Phase 

Based on the findings of this coastal processes assessment report, there are no required 

recommendations for mitigation measures from a coastal processes viewpoint, during the construction 

phase. 

 

6.2 Operational Phase 

Two mitigation measures have been identified for the operational phase should the wave attenuator 

(either option) be constructed: 

 

 recreational vessels should not be moored along the Breakwater Wharf during strong winds from 

the south to west sector due to expected significant levels of reflected wave energy (local seas) 

from the attenuator; 

 monitoring of wave conditions in the area of the Water Police Jetty should be considered (visual) 

to assess the actual extent in practice of wave reflection from the attenuator towards this area, 

even though predicted changes in wave height here are marginal and within the order of accuracy 

of the modelling. 

 

It is noted that waves and, to a lesser extent, tidal and wind driven currents will impose loading onto the 

wave attenuator, as will propeller wash from tugs and possibly bow thrusters from cruise ships.  These 

loads need to be considered in the further design of the attenuator and will differ in magnitude with 

attenuator type (floating or fixed). 
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1.1 PURPOSE OF THE REPORT
The NSW Department Industry of Lands is proposing to construct a new wave attenuator at Snug Cove to provide 
protection to the jetties and vessels berthed in The Cove from south westerly wind-generated waves. CLOUSTON 
Associates has been commissioned by Royal Haskoning DHV to prepare the Landscape Character and Visual Impact 
Assessment (LCVIA) for the proposed wave attenuator (hereafter, referred to as ‘the Proposal’).

The purpose of this LCVIA is to determine whether there are visual impacts of the proposed Snug Cove wave attenuator 
- when viewed within the visual catchment of Snug Cove and Twofold Bay - and if so, to what extent any mitigation 
measures might be available and effective. 

Two options of wave attenuator are to be considered (illustrated later in this report) comprising: 
• Fixed wave attenuator - as is implied in its name this is a permanent structure piled into the seabed with the wave 

attenuating vertical face of the structure remaining at a fixed height

• Floating wave attenuator - this is comprised of a continuous line of floating ‘pontoons’ that  move vertically on fixed 
piles with wave and tide movements.

Both attenuator options have been evaluated in this assessment, to establish whether one type has a geater visual impact 
than the other.

1.1.1 Approach to the Assessment
The assessment of visual impact is by its nature not an exact science and consequently is subject to varied methodologies 
both in Australia and overseas. Potentially subjective assessment material and differences of opinion about how to best 
assess visual characteristics, qualities, degrees of alteration and viewer sensitivity often arise. As a consequence, and as 
identified by the NSW Land and Environment Court, the key to a robust process is to explain clearly the criteria upon which 
an assessment is made. 

The LCVIA ensures that all possible effects of change in the landscape (including the waterway), views and visual amenity 
are take into account. It is concerned with how the views and vistas from land and water may be affected by the Proposal, 
quantitatively and qualitatively. 

Judgement as to the significance of the effects is arrived at by a process of reasoning, based upon analysis of the baseline 
conditions, identification of receptors (viewers) and assessment of their sensitivity (the experiential context in which they view 
the Proposal), as well as the magnitude and nature of the changes that may result from the proposal.

This assessment is an independent report and is based on a professional analysis of the landscape and the Project at the 
time of writing. The current and potential future viewers (visual receptors) have not been consulted about their perceptions. 
The analysis and conclusions are therefore based solely on a professional assessment of the anticipated impacts, based 
on a best practice methodology. 

1.1.2 Related Documents
There are a number policy, statutory and guideline documents that relate to the proposal, including:
• Roads and maritime Services (Roads and Maritime) Environmental Impact Assessment practice note – Guidelines 

for Landscape Character & Visual Impact Assessment (EIA-N04)

• Environmental Planning and Assessment Act 1979 (EP&A Act)

•  State Environmental Planning Policy No. 71 - Coastal Protection

1.0 INTRODUCTION
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• NSW 2021 A Plan to make NSW Number One (NSW Government 2011)

• Twofold Bay and Hinterlands Strategy (DIPNR 2004)

• The South Coast Regional Strategy (Dop 2007)

• NSW Coastal Policy 1997 (NSW Government)

• Snug Cove and Environs Master Plan 2005 (Amended in December 2013; Urban Design Advisory Service)  

• The Eden Structure Plan Report (Bega Valley Shire Council 2006)

• Bega Valley Shire Land Use Planning Strategy (Bega Valley Shire Council 2008). 

1.2 PLANNING INSTRUMENTS AND CONTEXT
The key legislative and planning instruments that have a bearing on the visual amenity assessment and implications for the 
proposed development include;
• NSW 2021 A Plan to make NSW Number One (NSW Government 2011)

• Twofold Bay and Hinterlands Strategy (DIPNR 2004)

• Snug Cove and Environs Master Plan 2005 (Amended in 2013)

• The Eden Structure Plan Report 2006 (Bega Valley Shire Council 2006)

• Bega Valley Shire Council Economic Development Strategy (2015a)

NSW 2021 A Plan to make NSW Number One (NSW Government 2011).
The key relevant objectives of the Plan comprise: 
• Rebuild the economy

• Return quality services

• Renovate infrastructure

• Strengthen out local environment and communities

• Restore accountability to government.  

Twofold Bay and Hinterlands Strategy (DIPNR 2004).
The key relevant action is: 
• Investigate construction of boating facilities at Quarantine Bay, Cattle Bay, Ross Bay and Boydtown.

Snug Cove and Environs Master Plan 2005 (Amended in 2013).
The key relevant objectives of the Plan are: 
• Provide a public area adjacent to the Jetty to accommodate marine related activities

• Ensure the Jetty is publicly accessible 24 hours per day

• Uses on the site are to be compatible with working port, existing long-term users and the surrounding neighbourhood.

The Eden Structure Plan Report 2006 (Bega Valley Shire Council 2006).
The key relevant issues and actions are: 
• Desire for reasonable provision of tourist based development

• Explore option of marine based business as an alternative
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Bega Valley Shire Council Economic Development Strategy (2015a)
The key relevant action is: 
• Support the Eden Safe Harbour Project 

• Support the development of Eden Breakwater Wharf Extension

• Deliver more business opportunities for Eden Port 

Figure 1.1 - Aerial perspective of Snug Cove Enviorns
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1.3 METHODOLOGY

1.3.1 Context 
VIA  (Visual Impact Assessment) methodologies are often inconsistent and while various governments have generated specific 
methodologies, no Australian national framework exists. Within NSW, there are two recognised guidelines, the Guidelines for 
Landscape Character and Visual Impact Assessment as published by the Roads and Maritime Service (RMS) and Appendix 
D of the Sydney Harbour Foreshores and Waterways Area Development Control Plan (SHFWA DCP) as published by the 
Department of Planning. The RMS methodology has been considered the most appropriate guidance to implement landscape 
character visual impact assessment of proposed developments.  

1.3.2 Study Methodology
The methodology employed for this assessment is described in Figure 1.2. 

Rating System
The overall visual impact rating of the Project on any given viewpoint/visual receptor is based on themes of magnitude and 
sensitivity, recorded using a six band scoring system from Negligible to High. 

Sensitivity
Each visual receptor type has an inherent and varied sensitivity to change in the visual scene based on the personal context 
in which their view is being experienced (ie. at home, on the street, in a park etc.) This sensitivity has a direct bearing on the 
perception of visual impact experienced by the receptor and qualifies the quantitative impacts. Table 01 describes the levels 
of sensitivity for each receptor type and the rating assigned to each band.  

Magnitude
A measure of the magnitude of the visual effects of the development within the landscape. A series of quantitative assessments 
are studied, including distance from development, quantum of view, period of view and scale of change. Table 01 describes 
the ratings assigned to these quantitative assessments.  

Overall Rating
The severity of these impacts is calculated using the RMS matrix Table 02 - based on a combination of magnitude and 
sensitivity, giving an overall impact rating.

Adopted Methodology
For the purposes of this VIA the core methodology adopted is based on the RMS guidelines (which require more detailed 
criteria to be considered) while integrating the principles expressed in the SHFWA DCP.
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Negligible Only an insignificant part of the Project  is discernible.
Low The Project constitutes only a minor component, which might be missed by the casual observer or receptor. Awareness of the 

proposal would not have a marked effect on visual amenity.
Moderate/low Whilst discernible, the Project does not dominate the visual scene and has only slight impacts on visual character. 

Moderate The Project may form a visible and recognisable new element within the overall scene that affects and changes its overall character.
Moderate/High The Project is a discernible feature of the scene leading to moderately high impacts on visual character. 

High The Project becomes the dominant feature of the scene to which other elements become subordinate, and significantly affects 
and changes the visual character.

Table 01: Visual Impact Rating as a combination of Sensitivity and Magnitude. Source: RMS Guidelines for Landscape Character and Visual Impact Assessment

HIGH MODERATE LOW NEGLIGIBLE

HIGH HIGH MODERATE/HIGH MODERATE NEGLIGIBLE

MODERATE MODERATE/HIGH MODERATE MODERATE/LOW NEGLIGIBLE
LOW MODERATE MODERATE/LOW LOW NEGLIGIBLE

NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE NEGLIGIBLE NEGLIGIBLESE
NS

IT
IV

IT
Y

MAGNITUDE

Table 02: Overall visual impact ratings Source: RMS Guidelines for Landscape Character and Visual Impact Assessment



SNUG COVE WAVE ATTENUATOR • VISUAL IMPACT ASSESSMENT  •  ISSUE A SEPTEMBER 201712

Figure 1.2 - Summary of report methodology

CARRY OUT VIEW ANALYSIS
• Identify and describe the potential visual catchment of Project

• Conduct site inspection and photographic survey to ground truth 
desktop analysis of viewpoints and visual catchment

• Plot viewpoints and visual catchment on map

COLLECTION OF RELEVANT INFORMATION
• Determine planning framework relevant to Project

• Review relevant legislation and background documents

• Describe Project components

• Describe visual environment of study area including key views 
referenced in planning literature

• Determine and categorise potential viewpoint (receptor) locations

ASSESS AND DESCRIBE VISUAL IMPACTS
• Assess and describe both existing and proposed views of 

selected viewpoints utilising assessment Table 02, including 
qualitative and quantitative criteria

• Record an overall visual impact rating for each viewpoint based 
on the above analysis using Table 01 from Negligible to High. 

• Prepare spatially accurate photomontages indicating Project 
within landscape setting

SUMMARISE IMPACTS
• Prepare summary table of all viewpoints

• Discuss means by which the visual impacts identified can be 
precluded, reduced or offset

• Draw conclusions on the overall visual impact of the Project 
within the study area

1

2

3

4



SNUG COVE WAVE ATTENUATOR • VISUAL IMPACT ASSESSMENT  •  ISSUE C OCTOBER 2017 13

FACTOR DESCRIPTION NEGLIGIBLE LOW 
IMPACT

MODERATE 
IMPACT

HIGH 
IMPACT

QU
AL

ITA
TI

VE
SE

NS
IT

IV
IT

Y

Viewer 
Sensitivity

Each visual receptor type has an inherent and 
varied sensitivity to change in the visual scene 
based on the personal context in which their 
view is being experienced. This sensitivity has a 
direct bearing on the perception of visual impact 
experienced by the receptor and qualifies the 
quantitative impacts.

Number of viewers also has a bearing on sensitivity. 
Viewpoints have a varied number of potential 
receivers depending on whether the viewpoint 
is public or private, the popularity of the viewing 
location and its ease of accessibility. Views from 
public reserves and open space are often given 
the highest weighting due to the increased number 
of viewers affected.  

Vacant lot, 
uninhabited 
building, car 
park.

Minor roads, 
service 
providers.

R e s i d e n t i a l 
properties with 
limited views, 
c o m m e r c i a l 
p r o p e r t i e s , 
scenic public 
r o a d s  ( e g 
official tourist 
routes).

Pub l i c  open 
space, public 
r e s e r v e s , 
l i v i ng  a reas 
o r  g a r d e n s /
ba lcon ies  o f 
r e s i d e n t i a l 
properties with 
direct views of 
Project.

QU
AN

TI
TA

TI
VE

MA
GN

IT
UD

E

Quantum of 
View

The quantum of view relates to the openness of 
the view and the receptor’s angle of view to the 
scene. A development located in the direct line of 
sight has a higher impact than if it were located 
obliquely at the edge of the view. Whether the view 
of the Project is filtered by vegetation or built form 
also affects the impact, as does the nature of the 
view (panoramic, restricted etc.). A small element 
within a panoramic view has less impact than the 
same element within a restricted or narrow view. 

Only an 
insignificant 
part of the 
Project  is 
discernible.

A n  o b l i q u e , 
highly filtered 
o r  l a r g e l y 
obscured view 
of the Project 
or a view where 
t h e  P r o j e c t 
occupies a very 
small section of 
the view frame. 

A direct view 
of the Project 
or its presence 
in a broader 
v i e w  w h e r e 
t h e  P r o j e c t 
o c c u p i e s  a 
m o d e r a t e 
proportion of 
the view frame.

A direct view 
of the Project 
or its presence 
(sometimes in 
a very narrow 
or highly framed 
view), where 
t h e  P r o j e c t 
o c c u p i e s 
t h e  g r e a t e r 
proportion of 
the view frame.

Distance of 
View

The effect the Project has on the view relating to 
the distance between the Project and the visual 
receptor. The distances are from the site boundary. 

Over 2,000m Viewing 
distance of 
between 
1,000m and 
2,000m.

Viewing 
distance 
between 100m 
and 1,000m.

Viewing 
distance 
between  0 and 
100m.

Period of 
View

The length of time the visual receptor is exposed to 
the view. The duration of view affects the impact of 
the Project on the viewer - the longer the exposure 
the more detailed the impression of the proposed 
change in terms of visual impact.

Less than 1 
second

1 second to 1 
minute: often 
from a road or 
walking past.

1 to 5 minutes: 
usually from a 
road/driveway 
e n t r a n c e , 
walking past.

S i g n i f i c a n t 
p a r t  o f  t h e 
day :  usua l ly 
r e s i d e n t i a l 
property.

Magnitude of 
Change

Scale of change is a quantitative assessment of 
the change in compositional elements of the view. 
If the proposed development is largely similar 
in nature and scale to that of existing elements 
in the vicinity, the scale of change is low. If the 
development radically changes the nature or 
composition of the elements in the view, the scale 
of change is high. Distance from the development 
would accentuate or moderate the scale and variety 
of visible elements in the overall view and hence 
influence this rating.

Project barely 
discernible

Elements and 
composition of 
the view would 
remain largely 
unaltered.

Elements within 
the view would 
b e  a t  o d d s 
with exist ing 
features in the 
landscape

E l e m e n t s 
within the view 
would greatly 
d o m i n a t e 
e x i s t i n g 
features in the 
landscape

Table 03 - Assessment Criteria
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The Project
2.0

Moored vessels at Multipurpose Jetty
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The Project
2.0

2.1 PROJECT DESCRIPTION

2.1.1 Existing Site 
Snug Cove forms the port of Eden, within the wider context of Twofold Bay and services a variety of vessels.

Existing water based structures in Snug Cove comprise of one major multipurpose jetty, one mooring jetty and fisherman’s 
wharf (hereafter, referred to as ‘Eden Wharf’) adjacent to Eden breakwater. The three wharves currently provide mooring 
space for a variety of vessels including fishing boats, commercial vessels and recreational craft (see Figure 2.1).

Figure 2.1 - Snug Cove

Mooring Jetty

Mirare Point

Cattle Bay

Cocora Beach

Multipurpose Jetty

Eden Wharf

Eden Breakwater

2.0 THE PROJECT
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2.1.2 Landscape Character
Snug Cove is a small intimate, semi enclosed harbour landscape with elevated views across the harbour, particularly from 
the northwest and southeast and extensive long distance views to the southwest across Twofold Bay.

Public spaces adjoining the harbour include streets, foopaths, foreshore walks, parks and the wharves themselves. These 
spaces are used and enjoyed by employees associated with the port and vessels, local residents and tourists.

Importantly, from a scenic perspective a proposal is currently in train for the creation of a long distance trail which reflects a 
traditional, seasonal Aboriginal walking route from the Snowy Mountains to the Ocean.

Named the Bundian Way, this trail starts and ends in Eden at the public lookout on Albert Terrace and follows the clifftop along 
the northern side of the harbour. Views from the trail include the harbour and to the site of the Proposal. 

2.1.3 Proposed Works
The wave attenuator is proposed to protect marine infrastructure and berthed vessels. The attenuator would start from the 
end of Multipurpose jetty and extend into part of Cattle Bay (see Fig 2.2) The Proposal comprises an attenuator in angular 
plan of approximately 350m in length.

Two options are being considered, being either a fixed or floating attenuator (see typical examples of each in Figures 2.3 
and 2.4 and typical design details in Figures 2.5 and 2.6).

2.1.4 Construction
Construction of the wave attenuator (fixed or floating) would use conventional methodologies and construction materials, 
principally steel and concrete. Construction is expected to take several months as indicated below:
• Fixed wave attenuator - approximately nine months excluding offsite fabrication

• Floating wave attenuator - approximately six months excluding offsite fabrication.

There is no land/aquatic ground modification required, therefore there would be no significant waste on site. 

The fixed or the floating wave attenuator would be prefabricated off site and transported either via road or via water by bulk 
barge delivery. Some of the construction materials for either type of wave attenutor will be delivered via water and all water 
borne vessels will be operated within a limited zone. 

There would be minimal assembly on site and a limited volume of waste is expected to be generated during on-site construction. 
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Figure 2.4: Example of a Floating Attenuator

Figure 2.3: Example of a Fixed Attenuator

Figure 2.2: Plan of Wave Attenuator Location
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Figure 2.5 - Plan and Section detail of Fixed Wave Attenuator
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Figure 2.6 - Plan and Section detail of Floating Wave Attenuator
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Visual Impact 
Assessment

3.0
Multipurpose Jetty viewed from Victoria Terrace
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Visual Impact 
Assessment

3.1 EXISTING VISUAL ENVIRONMENT AND KEY VIEWS

3.1.1 Study Area
While it is acknowledged that the wider context of Twofold Bay forms a critical context to Snug Cove (and is illustrated in this 
report), for the purposes of the assessment of the proposal an offset catchment of approximately 500m from the proposed wave 
attenuator has been used as the core study area (see also Visual Catchment). This area includes a range of jetties, marine 
facilities, commercial premises, streets, residences, beach foreshore, public open space, coastal walks and native vegetation.
 
3.1.2 Visual Catchment
In the absence of a detailed survey of the full study area an estimate of the immediate visual catchment of the Proposal has 
been based on site investigations and review of aerial photography (see Fig 3.1). A range of typical viewpoints within this 
catchment have been selected for detailed analysis.

3.1.3 Public Domain
The public domain within the study area consists primarily of harbour foreshore, Cocora Beach to the north west, elevated 
coastal paths, streets and the wharf/jetties at Snug Cove. 

3.1.4 Private Domain
Local residential dwellings along By Street and Weecoon Street have views towards the Proposal, as also do residences 
to the northwest along Cocora Street, Imlay Street and Victoria Terrace. Some of these views are either partly filtered by 
vegetation or partly obscured by commercial buildings associated with the port.

3.1.5 Key Views
The principal closer and distant viewpoints in the vicinity of the proposed wave attenuator have been identified for visual 
impact assessment.

Nine typical viewpoints have been selected for detailed evaluation and for some of the key views a montage of the expected 
appearance and scale of the proposed attenuator has been used to assist in visual impact assessment.

A key part of the Land and Environment Court’s Planning Principles calls to note whether or not there is any document that 
identifies the importance of the view to be assessed. As stated within Rose Bay Marina Pty Limited v Woollahra Municipal 
Council (2013), ‘the absence of such a provision does not exclude a broad public interest consideration of impacts on public 
domain views’.

A desktop study of the planning literature has not identified any specific views to be protected within the study area. 

3.0 VISUAL IMPACT ASSESSMENT
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Figure 3.1 - Visual catchment of the Proposed Wave Attenuator
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Approx. visual catchment
Proposed Wave Attenuator

Figure 3.2 - Looking west over the Proposed Wave Attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Figure 3.3 - Looking north west over the Proposed Wave Attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )
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3.2 SELECTED VIEWPOINTS
The following nine viewpoints were identified and selected for further analysis (refer Figurs 3.4 and 3.5):

1. Weecoon Street, looking west - Public Road, Residential Properties

2. By Street, looking north west - Public Road, Residential Properties

3. Eden Wharf, looking north west - Marine Facility

4. Multipurpose Jetty, looking west - Marine Facility 

5. Mooring Jetty, looking south - Marine Facility 

6. Victoria Terrace, looking south west - Public Lookout 

7. Cliiftop walk, looking south (Bundian Way) -   Public Path/ Residential 

8. End of Foreshore Path, looking south - Public Open Space

9. Cocora Beach, looking east - Public Beach 

Figure 3.4 - Viewpoint location map (Proposed wave attenuator local context)
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Figure 3.5 - Viewpoint location map (Twofold Bay context) Proposed Wave Attenuator
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3.3 VIEWPOINT ANALYSIS
The following section assesses the visual impact of the Project on each of the selected viewpoints shown in Figures 3.5 
and 3.6. This includes a description of the current view from each viewpoint followed by a discussion of the potential visual 
impacts of the Project on that view. Each viewpoint is accompanied by a photograph of the current view.

For a detailed description of the assessment factors and impact ratings used refer to Section 1.3 ‘Methodology’ of this report.

Location map
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3.3.1 Rating System
The overall visual impact rating of the Project on any given viewpoint/visual receptor is based on themes of magnitude and 
sensitivity, recorded using a six band scoring system from Negligible to High - refer Section 1.3 ‘Methodology’ of this report 
for more details. 

3.3.2 Viewer Height
The Land and Environment Court (Rose Bay Marina Pty Limited v Woollahra Municipal Council and anor 2013) states that 
‘the impact on appreciation of a public domain view should not be subject to any eye height constraint. A public domain view 
is one that is for the enjoyment of the whole population, old or young and whether able-bodied or less mobile.’

Although the photos within this report have been taken at standing eye level, the assessment of visual impacts on each 
viewpoint is relevant to both sitting and standing positions. The difference between the two is not considered significant 
enough from any one viewpoint within this project area to justify a separate assessment.  

3.3.3 Photomontages
Photomontages indicating how the Proposal might look within the landscape have been created for selected viewpoints - (refer 
Appendix A). Once a site photo is taken, a detailed digital 3D model of the Project is created. By using specialist software, the 
locations of the photo viewpoints are placed within the model and an image rendered to align with the photo. These images 
are subsequently transferred into Adobe Photoshop to prepare the final photomontage.

For some of these photomontages, panoramic base photos have been taken where it was considered necessary to show 
the ‘whole’ view. Photomontages created with these images have a much wider field of view than the human eye and are 
consistent with a person turning their head to take in a wide panorama.  This does however have the affect of making the 
subject matter within the montage appear slightly more distant.

Limitations
It is essential to recognise that whilst great effort has been taken to ensure an accurate representation, two-dimensional 
photographic images/photomontages alone cannot capture or reflect the complexity underlying the real visual experience. 
They should therefore be considered an approximation of the three-dimensional visual experiences that an observer would 
receive in the field. 

The wider the angle of view shown in the photo, the more distant the subject will appear from the viewer. In the panoramic 
montages, human field of view has been sacrificed to reveal the full panoramic scene. To achieve the most accurate impression 
of expected visual impact, the photomontages should be printed in a large format such as A1 or A0. 

Negligible Only an insignificant part of the Project  is discernible.
Low The Project constitutes only a minor component in the overall view, which might be missed by the casual 

observer or receptor. Awareness of the proposal would not have a marked effect on visual amenity.
Moderate/low Whilst discernible, the Project does not dominate the visual scene and has only slight impacts on visual 

character. 
Moderate The Project may form a visible and recognisable new element within the overall scene that slightly affects 

and changes its overall character.
Moderate/High The Project is a discernible feature of the scene leading to moderately high impacts on visual character. 

High The Project becomes the dominant feature of the scene to which other elements become subordinate, 
and significantly affects and changes the visual character.

Table 04: Overall Impact Ratings
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VIEWPOINT 1

Viewpoint 1: Looking west across offshore buildings
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Weecoon Street

Weecoon Street

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Port Admin Office

Eden Wharf

1

Proposed Wave Attenuator
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Location
Weecoon Street

Distance to Proposal
500 metres

Receptors
Pedestrians on Weecoon Street, as well as residences along the street.

Description
This viewpoint has extensive views west towards the proposed wave attenuator from Weecoon Street. Views are partially 
obscured by foreshore vegetation, maritime facilities and the presense of berthed vessels. The proposed wave attenuator 
is visible but at distance.
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VISUAL IMPACT
Given the distance of the view, the obstructions in that view and the relatively minor magnitude of change in the wider 
view, the visual impacts are not significant from this viewpoint. 

VIEWPOINT 1
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VIEWPOINT 2

Viewpoint 2: Looking west across vegetations and marina facilities
( Note nominal alignment of attenuator - yellow line - is estimated only )

By Street

Viewpoint location

By Street

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Port Admin Office

Eden Wharf

2

Proposed Wave Attenuator
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Location
By Street

Distance to Proposal
275 metres

Receptors
Pedestrians on By Street, as well as residences along the street.

Description
This viewpoint looks across the proposed wave attenuator towards the Cattle Bay from By Street. Several trees, maritime 
facilities and buildings, as well as a grassed lawn area are visible in the foreground, moderately screening views of the water 
and the Proposal behind. 

VISUAL IMPACT
From this view the attenuator would be visible, but would largely occupy the lower part of the water view and hence would 
not impinge significantly on the wider view of Twofold Bay
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VIEWPOINT 2
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VIEWPOINT 3

Viewpoint 3: Looking north west towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Weecoon Street

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

3

Port Admin Office

Proposed Wave Attenuator
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Location
Eden Wharf looking north west
Distance to Proposal
100 metres
Receptors
Pedestrians and port users on Eden Wharf
Description
Views at the top of Eden Wharf towards the site are close to the attenuator. Jetties are also visible as well as the moored 
vessels in the foreground and mid ground.

VISUAL IMPACT
From this view the attenuator would form a visible element immediately below the horizon line of Cocora Beach and therefore 
impinge to some degree on the view. However, users at this viewpoint are likely to be moving and the presence of moored vessels 
in the foreground would sometimes obscure this view.

This view would however be experienced occasionally by cruise liner passengers from a more elevated angle and in that respect 
the wide pontoons of the floating attenuator would potentially be more visible than the fixed attenuator from this perspective.
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VIEWPOINT 4

Viewpoint 4: Looking west towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

Breakwater

4

Port Admin Office

Proposed Wave Attenuator
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Location
Multipurpose jetty looking west

Distance to Proposal
0  metres

Receptors
Water users and pedestrians walking along the jetty
 
Description
The attenuator would be highly visible in the foreground and midground from this view.

VISUAL IMPACT
The wave attenuator would form a significant foreground and midground element from this viewpoint and significantly change 
this view of harbour and bay. 
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VIEWPOINT 5

Viewpoint 5: Looking south towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

5

Port Admin Office

Proposed Wave Attenuator
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Location
Mooring jetty looking west

Distance to Proposal
100  metres

Receptors
Jetty users and water users
 
Description
This viewpoint looks south towards the attenuator and the structure would form a visible midground element when looking 
to the breakwater and distant horizon.

VISUAL IMPACT
The principal impact of the attenuator would be experienced when looking southwest across Twofold Bay.
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VIEWPOINT 6

Viewpoint 6: Looking south west towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

6

Port Admin Office

Proposed Wave Attenuator
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Location
Next to intersection of Albert Terrace and foreshore walkpath (Public Lookout)

Distance to Proposal
250  metres

Receptors
Snug Cove users, visitors and pedestrians walking along the foreshore and walkers on the proposed Bundian Way.
 
Description
At the public lookout, away from marine facilities, the proposed wave attenuator would be visibly evident in the mid ground. 
The buildings and moored vessels in the foreground/mid ground may partially obscure views to the ends of the attenuator 
form time to time.

VISUAL IMPACT
The receptor sensitivity from this viewpoint would be high, given that the lookout is intended to convey the scenic qualities 
of Snug Cove and Twofold Bay. The attenuator would comprise a highly visible element in the middle of the water view.
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VIEWPOINT 7

Viewpoint 7: Looking south towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

7

Port Admin Office

Proposed Wave Attenuator
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Location
Victoria Terrace Clifftop Walk

Distance to Proposal
270  metres

Receptors
Tourists and local residents walking along the clifftop walk of Victoria Terrace, which would also form a part of the proposed 
Bundian Way.
 
Description
The attenuator would be very visible from this elevated view as a part of the water scene in the mid ground.

VISUAL IMPACT
This is an important view of Snug Cove and Twofold Bay - partly filtered by vegetation - mostly experienced by walkers 
along the clifftop path but also by anyone who might stop in the public open space to enjoy this view. The visual impact of 
the attenuator would be moderately significant, given this context and viewer expectation.
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VIEWPOINT 8

Viewpoint 8: Looking south towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Mooring Jetty

Multipurpose Jetty
Sapphire Coast Marine 

Discovery Centre

Eden Wharf

8
Port Admin Office

Proposed Wave Attenuator
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Location
End of Foreshore path, looking south 

Distance to Proposal
210  metres

Receptors
Boat ramp users and pedestrians walking along the foreshore
 
Description
The viewpoint is located near the north end of foreshore walk. The western portion of the wave attenuator would be fairly 
visible, however, it could be obscured by moored vessels at times.   

VISUAL IMPACT
The raised promontory would partly obscure this view, however the presence of picnic tables would encourage users to 
linger in this spot, so impacts could be moderate, given that the attenuator would occupy a significant part of the water 
line horizon.
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VIEWPOINT 9

Viewpoint 9: Looking east towards the proposed wave attenuator
( Note nominal alignment of attenuator - yellow line - is estimated only )

Viewpoint location

Cattle Bay

Cocora Beach

Cocora Point

Rotaract Park

Multipurpose Jetty

Eden Wharf

Breakwater

9
Mooring Jetty

Proposed Wave Attenuator
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Location
Cocora Beach

Distance to Proposal
700  metres

Receptors
Beach users
 
Description
Extensive views from the public domain (Cocora Beach) would be experienced to the waters of Cattle Bay to the North. The 
proposed wave attenuator would be potentially observable but would appear relatively small at this distance and largely 
combined with other port infrastructure.

VISUAL IMPACT
While this is an important public view, the distance to the attenuator and the closer proximity of the proposed Cattle Bay 
Marina and associated attenuator may have more impact on this view.
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From the analysis of visual receptors in the foregoing section, the summary of qualitative and quantitative visual impacts of 
the Project are: (refer Table 05 and Figure 3.6 and Figure 3.7):
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Marine Facility 3 M H M L M M/L MODERATE/LOW

Marine Facility 4 M H M/H M/L H M/H MODERATE/HIGH

Marine Facility 5 M H M M/L M M MODERATE

Public Lookout 6 H M/H M M M/H M/H MODERATE/HIGH

Road/
Residential 7 H H M/L M M M/H MODERATE/HIGH

Foreshore 
Pedestrian 8 M/H H L M/L L L MODERATE

Public Domain 9 H M/L M/L M M/L M/L MODERATE/LOW

Table 05: Summary of visual impacts

The photomontages in Appendix A have been used to test these impacts and the effects of mitigation measures outlined in 
Section 4. 
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Low Impact

Negligible Impact Moderate/Low Impact Moderate/High Impact

High ImpactModerate Impact

Figure 3.6 - Visual impacts across the study area (Proposed wave attenuator local context)
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Figure 3.7 - Visual impacts across the study area (Twofold Bay context)

500m
500m

500m

500m

500m

Proposed Wave 
Attenuator

Sapphire Coast 
Marine Discovery Centre

Twofold Bay

Cattle Bay

Rotary Park

Cocora Beach

Cocora Point

Rotaract Park

Mooring Jetty

Multipurpose Jetty

Eden WharfBreakwater

Low Impact

Negligible Impact Moderate/Low Impact Moderate/High Impact

High ImpactModerate Impact

9



SNUG COVE WAVE ATTENUATOR • VISUAL IMPACT ASSESSMENT  •  ISSUE C OCTOBER 2017 49

3.5 SUMMARY OF VISUAL IMPACTS
The visual impacts of the Project on the nine studied viewpoints range from Low to Moderate/High (refer Table 03):
• Two viewpoints received an impact rating score of Low (Viewpoints 1 and 2)

• Two viewpoints received an impact rating score of Moderate/Low (Viewpoints 3 and 9) 

• Two viewpoints received an impact rating score of Moderate (Viewpoint 5 and 8) 

• Three viewpoints received an impact rating score of Moderate (Viewpoint 4, 6 and 7) 

Differences in Impacts From Wave Attenuator Type
As may be seen from the above, the visual impacts between the fixed and floating wave attenuators vary, based on a series 
of criteria namely:
• Viewing angle: when viewed tangentially or obliquely from or near water level the floating attenuator pontoons tend 

to have lower visual  impact in all states of tide than the fixed attenuator which have their strongest visual profile at 
low tide. When viewed along the attenuator alignment (eg from the end of the  Multipurpose Jetty) or from higher 
angles the width and bulk of the floating attenuator pontoons become more conspicuous

• Tidal state: at high tide the fixed attenuator panels have a low visual profile above the water, however this profile 
increases as the tide drops. For the floating attenuator the pontoons remain consistent in profile in all tidal states, 
however the piles gain more visual profile as the tide drops and these vertical elements could be said to be more 
conspicuous than the fixed attenuator piles at low tide.

In light of these variables in viewer angle and tidal state it is clear that neither attenuator type can be said to be of less overall 
visual impact than the other. In general both attenuator types exhibit visual impacts that range from Low to Moderate/High.

Public Viewpoints - From the Land
The level of visual impact varies most by distance for both attenuator types. The highest visual impacts are experienced 
closest to the attenuator (ie from and around the three jetties), while the longer distance public domain visual impacts, such 
as from the Public Lookout (Viewpoint 6) and from higher elevation of the proposed Bundian Way (Viewpoint 7), tend to relate 
to the sense of additional marine infrastructure within what is currently more open water in Snug Cove.

The distance of Cocora Beach and its water level view is such that the visual impacts of the Proposal are not likely to impinge 
on the beach users’ perception of the scene. The proposal for the Cattle Bay Marina and associated wave attenuator are 
likely to be more of more visual impact for beach users given their closer proximity.

Public Viewpoints - From the Water
While views were not specifically assessed from the water, these could reasonably be evaluated from the land. For the most 
part such impacts would increase progressively as vessels approach the harbour entrance and pass the attenuator. Viewing 
angle and the type of viewer would also have a bearing on relative impacts.

With respect to angles, viewers from larger vessels (ie. commercial ships or cruise liners) are likely to experience higher 
visual impacts from the floating attenuator created by the higher viewing angles and the six metre width of the pontoons. For 
smaller vessels (small fishing boats and yachts) the panels of the fixed attenuator may have more visual impact, particularly 
at lower tides.

Viewer Sensitivity would also has some bearing - if minor - on the perception of visual impacts. For commercial fishing owners 
and crew (and for those of larger working vessels and ships) the importance of a protected berth and the familiarity with marine 
infrastructure would inevitably tend to reduce their perception of visual impact of the Proposal.  For the recreational yacht 
crew and passengers of cruise liners the experience of the scenery of Snug Cove is considered to be of higher importance. 

However, it is not considered that such variations in perception of impact would be of a scale to warrant separate assessment.
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Cumulative Impacts
As part of the  Eden Breakwater Wharf Extension Project, the proposal for Cattle Bay Marina and the associated wave 
attenuator would inevitably have visual impacts on Snug Cove; to this extent the attenuator under this Proposal could be 
considered to be contributory rather than primary when considering cumulative impacts. 

Private Viewpoints
Viewpoints with visual accessibility to the Proposal are extensive within the visual catchment, particularly from the east and 
west. However, in both those areas the impacts largely replicate those within the public domain, either from adjoining streets, 
public footpaths or public open space that lies between those residents and the Proposal.

Given that the NSW Land and Environment Court Commissioners’ Principles give first priority to public domain views over 
private views, the private domain visual impacts are deemed for the purposes of this assessment to be of similar ratings to 
those from the documented  public views and thus have not been separately assessed.

Navigation Lighting
Navigational hazard lighting is likely to be added to the attenuator (assumed to be at minimum a fixed light on the seaward 
end of the attenuator). Assuming that this may be a pole or pile mounted light to ensure visibility at distance when approaching 
Snug Cove, it is not considered likely that this would significantly increase the visual impact of either attenuator type, by day 
or night.

Should continuous lighting be required along the length of either attenuator type, this would need to be assessed when 
the design is established, but assuming that this is fixed to the piles it would be unlikely to result in a significant increase in 
visual impact.

Construction Impacts
Potential additional visual impacts are likely to occur during the construction phases for all viewpoints studied. Items such 
as cranes, barges, laydown areas on land, hoarding, signage, fencing and additional vehicles would be visible. The extent 
of these elements has not as yet been determined, but is likely to be of relatively short duration, given the offsite fabrication 
construction method. 
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Mitigation and
Conclusion

4.0
4.1 MITIGATION  RECOMMENDATIONS

4.1 TYPES OF MITIGATION

Effective mitigation for any form of potential visual impact are those that typically entail:

• Avoidance - not undertaking the project (usually where all impacts are high and cannot be readily mitigated)

• Reduction - reducing removing elements of the design to minimise visual impact

• Alleviation - design modifications to reduce impacts (these may be on the Proposal or close to a viewpoint)

• Compensation - compensating for impacts that cannot be mitigated by screening or off site compensations

Note that these mitigation measures relate solely to visual impacts and do not address broader public interests and 
consideration.

4.1.1 Avoidance
The Project has been subject to significant analysis and location is key to the functioning of Snug Cove as marine facility and 
port. Avoidance measures have therefore not been considered applicable in this assessment.   

4.1.2 Reduction
The principal forms of reduction are associated with refinements and modifications that address the siting and scale of built 
form. Given the functional requirements of the proposed wave attenuator it would not be possible to amend the design in 
any way that would reduce the visual impact to any significant degree, without compromising the functional effectiveness of 
the attenuator. Therefore reduction is not considered applicable as a mitigation measure.

4.1.3 Alleviation
Options to alleviate impacts are usually associated with detailed design features such as materials, finishes and reflectivity.  
Measures that might assist with visual impact mitigation to at least a minor degree for the Proposal would include:
• Use of muted colours

• Minimal use of reflective materials

The progressive weathering of the concrete colour to a regressive tone that generally matches tones and colours in the 
background landscape can be seen on the existing breakwater concrete elements. To that end it is suggested that a standard  
grey Portland Cement be employed for all concrete elements in the attenuator’s construction, which would progressively 
weather to more muted tones.

With respect to reflectivity, the materials employed to construct the attenuator do not generally include those with high reflectivity; 
However, where painted finishes are to be applied it is recommended that these are of a matt finish where practical, including 
for white caps to pile heads, if these are required.

4.1.4 Compensation
The length and visibility of the Proposal within the land based visual catchment of Snug Cove is such that any screening from 
key public domain viewpoints would also exclude important parts of views to Snug Cove and Twofold Bay. Consequently  
screening mitigation, such as by planting, is not recommended.

4.1.5 Construction
Aside from construction plant such as barges and cranes, the visual impact during construction will be temporary in nature 
and will not require mitigation. 
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4.2 CONCLUSIONS

4.2 KEY FINDINGS
A comprehensive visual assessment of the Proposal and the surrounding area has been conducted. The assessment has 
identified and evaluated key viewpoints, distance zones and viewer sensitivity. From this analysis the following conclusions 
may be drawn.

4.2.1 Visual Impacts
• Snug Cove is a small enclosed and sheltered harbour in an ‘amphitheatre’ landscape with a localised visual catchment 

that includes water level and elevated views to the harbour, opening up to extensive views across Towfold Bay to 
the southwest

• The proposed attenuator would be visibly evident from a number of public domain views, principally from water based 
structures and shoreline and from elevated land to the northwest and southeast

• The attenuator, whether fixed or floating, would have varying impacts, ranging from Low to Moderate/High dependent 
on the viewpoint and the state of tide

• Based on viewer angle and tidal state neither attenuator type - floating or fixed - can be said to be of lesser or greater 
overall visual impact than the other

• The higher visual impacts are generally those from the closest viewpoints, ie. within 200-500m of the Proposal

• The level of sensitivity to visual change is greatest for public and private receptors in close proximity to the Proposal

• The receptor types more likely to experience a higher level of visual impact would be tourists and holiday makers 
(on water and land), local recreational walkers and residents within the view catchment.

4.2.2 Mitigation Measures
Owing to the functional design requirements of the wave attenuator, options for mitigating visual impacts of the proposal are 
largely limited to those of alleviation, including the incorporation of muted colours and low reflectivity materials.

4.2.3 Overall Conclusions
While the proposed attenuator (either fixed or floating) would be evident as a change in the water landscape of the harbour, 
the extent of existing port infrastructure, the expected visual impacts of Cattle Bay Marina and the associated attenuator and 
the location of the attenuator being mostly contained within the broad boundaries of Snug Cove, results in the overall visual 
impacts of the Proposal would be more contributory than primary.

In summary, this assessment concludes that the overall visual impacts of the Proposal would not be highly significant and 
would not substantially compromise the existing landscape character of the port and town.
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DISCLAIMER 

Pacific Environment acts in all professional matters as a faithful advisor to the Client and exercises all 

reasonable skill and care in the provision of its professional services. 

Reports are commissioned by and prepared for the exclusive use of the Client. They are subject to and 

issued in accordance with the agreement between the Client and Pacific Environment. Pacific 

Environment is not responsible for any liability and accepts no responsibility whatsoever arising from the 

misapplication or misinterpretation by third parties of the contents of its reports. 

Except where expressly stated, Pacific Environment does not attempt to verify the accuracy, validity or 

comprehensiveness of any information supplied to Pacific Environment for its reports. 

Reports cannot be copied or reproduced in whole or part for any purpose without the prior written 

agreement of Pacific Environment. 

Where site inspections, testing or fieldwork have taken place, the report is based on the information 

made available by the client or their nominees during the visit, visual observations and any subsequent 

discussions with regulatory authorities. The validity and comprehensiveness of supplied information has 

not been independently verified and, for the purposes of this report, it is assumed that the information 

provided to Pacific Environment is both complete and accurate. It is further assumed that normal 

activities were being undertaken at the site on the day of the site visit(s), unless explicitly stated 

otherwise. 
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EXECUTIVE SUMMARY 

The Eden Breakwater Wharf is located in Snug Cove, Eden, NSW. It is one of only a few deep ports in 

NSW that has the potential to accommodate cruise ships. The NSW Department of Primary Industries 

proposes to extend the existing Eden Breakwater Wharf by 95m and dredge the approach channel 

and berth pocket, to accommodate cruise ships of up to 310 m in length. The development will 

streamline the current process of cruise ships anchoring in deeper water and bringing passengers to the 

mainland via tender. 

As part of the Eden Port Redevelopment project it is also proposed to protect existing 

assets/infrastructure and moored vessels from adverse sea conditions by installing a wave attenuator.  

There are several key issues associated with these projects, principally these relate to the following: 

Heightened community concern around the issue of ship emissions. This is particularly relevant to cruise 

ships in berth, illustrated by the recent amendment of the NSW Protection of the Environment (Clean 

Air) (POEO) Regulations requiring cruise ships in Sydney harbour to operate on low sulfur fuel. 

Construction noise and vibration from piling on residential and commercial receivers and the 

underwater noise impact on marine mammals. Noise emissions from cruise ships while in transit and at 

berth are also a potential issue for adjacent residences. 

 

NOISE 

Operational Noise Impact Assessment 

Background noise monitoring was undertaken to develop project specific noise criteria with 

consideration to the NSW industrial noise policy. Criteria were established for the day time, evening and 

night time periods dependent on existing noise levels and noise receiver type.  

A computer based noise model was developed for the operational scenario to predict noise levels at 

the surrounding sensitive receivers. The noise model included all significant noise sources during 

operations and accounted for meteorological conditions and attenuation due to ground effects, 

shielding from topographical features and barriers, air absorption and geometrical spreading. 

Operational noise modelling scenarios were developed based on the expected noise sources resulting 

from cruise ships in transit and at berth alongside the Breakwater Wharf. Sound power levels were 

assigned to each noise source based on publically available data on cruise ship noise emissions. The 

greatest contributing noise sources were expected to be the ship mechanical ventilation system and 

engine exhaust. Noise modelling considered ship mechanical source sound power levels (SWL) from 

102 dB(A) to 114 dB(A) for medium sized (250m length) to large (>300m length) ships respectively. Noise 

emissions from individual ships will vary depending on the orientation and location of noise sources, and 

the type age and condition of mechanical plant. 

In relation to operational noise, the assessment indicated the following: 

 There are expected to be short duration exceedances of noise criteria up to 10 dB when a 

cruise ship is in transit into the Port. 

 While at Berth alongside the Breakwater Wharf during the day time period, medium sized cruise 

ships (250m length) were predicted to exceed noise criteria by 1-2 dB at the nearest residential 

receivers under worse case weather conditions for noise propagation. Large cruise ships (>300 

m overall length) or cruise ships with a louder noise emission would potentially result in a noise 

impacts to 10 – 11 dB above the noise criteria. 
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Construction Impact Assessment 

The construction impact assessment was conducted with reference to the Interim construction noise 

guidelines and considered four separate scenarios including: 

 Site Establishment. 

 Dredging. 

 Piling. 

 Wharf Extension (marine structure works) and wave attenuator (installation). 

It was predicted that construction noise levels would exceed the construction noise criteria at 

residential receivers during each of the construction scenarios with noticeable and clearly audible 

noise levels expected.  

Noise management measures were previously developed for the project within the Construction 

Environmental Management Plan (CEMP) (AMA 2015), however given the level of noise impact it is 

recommended that a specific Construction Noise and Vibration Management Plan (CNVMP) is 

developed and implemented by the construction contractor to assist in managing noise and vibration 

impacts during the construction phase. 

Road Impact Assessment 

The road noise impact assessment used existing traffic noise measurements to estimate the impact of 

project generated traffic on Imlay Road. 

The assessment concluded that noise level increases associated with project generated traffic would 

be less than 2 dB which meets the Road Noise Policy traffic noise criteria. 

Underwater Noise  

Exclusion and shutdown zones around piling works should be implemented as part of a Marine 

Mammal Management Plan to minimise underwater noise impacts. 

AIR QUALITY 

Emissions  

The key operational project emission sources are expected to be oxides of nitrogen (NOx), sulfur dioxide 

(SO2), particulate matter (as PM10 and PM2.5 size fractions) and carbon monoxide (CO) from cruise ships 

in transit and at berth. The site emission inventory indicates that the main sources of air emissions result 

from ship combustion. Negligible contributions are anticipated from other fugitive emissions during 

operation.  

Air Quality Modelling Assessment 

Dispersion modelling has been used to predict maximum ground level concentrations (glcs) of key air 

quality metrics associated with the port upgrade. Emission estimates are presented for the most 

conservative operational scenario, representing the highest anticipated emissions for any cruise ship 

visiting Eden.  

The results of the dispersion modelling indicate that the predicted incremental glcs for NOx, SO2, PM10, 

PM2.5 and CO at the closest sensitive receptors are highly dependent on the fuel type used. That is, low 

sulfur fuel results in ground level concentrations that are below the criteria for all assessed pollutants.  



 

 

Job ID 20910 | AQU-NW-001-20910 vi 

20910 RHDHV Eden Noise and AQ D3.docx 

For sulfur dioxide specifically, exceedances of the NSW Office of Environment and Heritage (OEH) 

criterion for 10-minute, 1-hour and 24-hour  are expected to occur when cruise ships are using residual 

oil fuel.  

Given this conclusion, it is recommended that all cruise ships entering the port use either marine 

distillate (0.5% sulfur) or low sulfur fuels (0.1% sulfur) to ensure that incremental increases in sulfur dioxide 

will be consistently below their respective criteria. The recommendation to use low sulfur fuel is 

consistent with a technical study completed on cruise ship PM2.5 emissions in the Greater Sydney 

Metropolitan Region, where a direct correlation between the fuel type selected and health benefits 

was observed.  

Construction Impacts 

The transient and temporary dust impacts during the construction phases of the port upgrade will be 

minimal and, through the application of standard construction dust management techniques as 

described in the CEMP are not anticipated to have any significant impact on the surrounding human or 

ecological receptors. 
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1 INTRODUCTION 

The Eden Breakwater Wharf is located in Snug Cove, Eden, NSW. It is one of only a few deep ports in 

NSW that has the potential to accommodate cruise ships.  

The NSW Department of Primary Industries has proposed the following two projects: 

-Extend the existing Eden Breakwater Wharf by 95m and dredge the approach channel and 

berth pocket, to accommodate cruise ships of up to 310 m in length. The development will 

streamline the current process of cruise ships anchoring in deeper water and bringing 

passengers to the mainland via tender. 

-Protect existing assets/infrastructure and moored vessels from adverse sea conditions by 

installing a wave attenuator.  

There are several key issues associated with the project, principally these relate to the following: 

Heightened community concern around the issue of ship emissions. This is particularly relevant to cruise 

ships in berth, illustrated by the recent amendment of the NSW Protection of the Environment 

Operations (Clean Air) (POEO) Regulations requiring cruise ships in Sydney harbour to operate on low 

sulfur fuel. Potential for impact piling noise and vibration issues for residential and commercial receivers 

within 250m of such activities and the underwater noise impact on marine mammals. Noise Impacts 

from cruise ships while in transit and in berth are also a potential issue for adjacent residences. 

 

Pacific Environment has been commissioned by Royal Haskoning DHV to conduct a noise, vibration, 

and air quality assessment for this proposed development. 

1.1 Scope of Works 

This report includes an assessment of noise and vibration including the following: 

 Characterisation of the existing noise environment including background noise monitoring. 

 Establishment of site specific noise and vibration assessment criteria. 

 A noise and vibration assessment completed for both the construction and operation of the 

proposed cruise ship terminal and proposed wave attenuator. 

This report includes an assessment of air quality including the following: 

 Characterisation of local meteorology and air quality. 

 Establishment of air quality assessment criteria. 

 An air quality assessment completed for both the construction and operation of the proposed 

project. 

 Evaluation of the potential health impacts referencing the Health Impacts Study technical 

paper prepared by University of Sydney as a basis for the assessment and health impacts from 

cruise ship emissions.  
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1.2 Study Requirements and Project Information 

This report includes an assessment of all construction and operational noise aspects (including traffic 

increase generation) of the proposed development and has been prepared considering the following 

documents: 

 NSW Industrial Noise Policy (INP) (EPA, 2000) 

 Draft Industrial Noise Guideline (EPA, 2015) 

 Interim Construction Noise Guidelines (ICNG) (EPA, 2006)  

 NSW Road Noise Policy (RNP) (EPA, 2013) and Environmental Noise Management Manual 

(ENMM) (RMS, 2001). 

 Australian Standard (AS) 1055.1-1997 Acoustics - Description and Measurement of 

Environmental Noise – General procedures. 

 Assessing Vibration: A Technical Guideline (DEC, 2006) 

 German Standard DIN 4150-3-1999 Structural Vibration – Part 3 Effects of vibration on structures  

 British Standards Institute (2008). BS 5228-2:2009 Code of practice for noise and vibration control 

on construction and open sites – Part 2: Vibration. 

 

The air quality assessment includes an assessment of operational and construction air emissions and has 

been prepared considering the following documents: 

 Environmental Planning and Assessment Act (1979) 

 Protection of the Environment and Operations Act (1997) 

 Approved Methods for the Modelling and Assessment of Air Pollutants in NSW (2005) 

 Protection of the Environment (Clean Air) Operations Regulation, 2010 (and amendments). 

 

 

  



 

 

Job Number 20910 | AQU-NW-001-20910  3 

20910 RHDHV Eden Noise and AQ D3.docx 

2 PROJECT DESCRIPTION 

2.1 Introduction 

The Port of Eden is the southernmost declared port in NSW and services the south coast of NSW, 

including the towns of Bega, Merimbula, Bombala and Cooma. The port is home to one of the largest 

fishing fleets in NSW and also has significant capacity to service the needs of a variety of importers and 

exporters. 

Trade through the port in 2014/15 was more than 831,000 mass tonnes with the largest users being the 

Royal Australian Navy, dry bulk ships for loggers and wood chippers and passenger ships. 

Two projects are proposed as follows:  

- Construction of a cruise ships berth at the Port of Eden. The main works will include extending 

the existing breakwater wharf by 95m and dredging the approach channel and berth pocket. 

Cruise ships up to 310 m in length are expected to berth once the port upgrade is completed, 

with future forecasts up to 60 cruise ship visits per year. 

- Install a wave attenuator to protect existing assets/infrastructure and moored vessels from 

adverse sea conditions.  

According to the 2015--2019 Eden Shipping Schedule cruise ships will arrive at Snug Cove in the morning 

7am – 9am and remain berthed until 3pm to 6pm. 

When the cruises ships are berthed alongside the Breakwater Wharf auxiliary engines generate 

electricity to power the ship. Further, while at dock it is assumed that some entertainment activities may 

be occurring on the vessel.  

While in berth, the ship auxiliary engines are operated to generate power which will be a source of 

both noise and air emissions.  

2.1.1 Noise Impact 

The key noise sources from cruise ships when berthed at port are anticipated to include: 

 Auxiliary power unit engine 

 Mechanical plant (ventilation) 

 Announcements and activities on board 

 Activity on the wharf (vehicle movements) 

 

During the construction stage there will be noise and vibration emissions associated with construction 

activity including piling and dredging. Traffic noise from construction vehicle deliveries would also 

occur.  

2.1.2 Air Emission 

The primary air emission source during operation of the facility will be associated with emissions from the 

auxiliary engines of cruise ships in berth. Emissions associated with use of the main engines during transit 

to/from berth will also be considered. 

Emissions to air from construction works will result from both fuel combustion and particulate emissions 

from the mobile plant operating during the dredging and piling stages. 

The proposed site layout for both projects is presented in Figure 2.1and Figure 2.2. 



 

 

Job Number 20910 | AQU-NW-001-20910  4 

20910 RHDHV Eden Noise and AQ D3.docx 

  

Figure 2.1: Cruise Ship Berth  
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Figure 2.2: Wave Attenuator 
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2.2 Local Setting 

The port of Eden is located in Twofold Bay approximately 40km north of the New South Wales and 

Victorian border.  

The proposed wharf upgrade is surrounded by the township of Eden to the west, north and east. The 

Village of Boydtown is located to the south west of Eden approximately 4km from the port. Industrial 

Naval and commercial facilities are located to the south east of Eden.  

Figure 2.3 presents the nearest residential areas to the port and includes individual commercial and 

residential receptor locations referenced in both the noise and air quality assessments. These locations 

were selected to be representative of receivers most affected by the proposed port upgrade in Eden. 

Figure 2.4 presents receptors further afield with line of site to the port which may be potentially 

influenced by construction noise. 

Further details of the sensitive receptors are presented in Appendix A.  
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Figure 2.3: Local Setting 
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Figure 2.4: Local Setting (Extended) 
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3 EXISTING NOISE ENVIRONMENT 

The site is located within the Eden Port area, NSW. The site is bounded by Twofold Bay and nearby port 

related industrial warehouses and commercial facilities as shown in Figure 3.1. The remaining 

surrounding receivers are within residential land and form part of the noise catchment areas (NCA 1 

and NCA 2) identified. 

 

Figure 3.1: Site Location, Noise Catchment Areas and Noise Monitoring Locations 
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3.1 Existing Ambient Noise Levels 

The local ambient noise level is dominated by a discontinuous road traffic, sporadic industrial noise 

associated with port activities and commercial noise (vehicle movements, mechanical plant) near the 

wharf area.  

3.1.1 Monitoring Locations 

Pacific Environment conducted a campaign of background noise monitoring undertaken in Eden 

between 10 December and 19 December 2015 (Pacific Environment 2016). Both attended and 

unattended background noise monitoring was carried out at the three locations shown in Figure 3.1 

and detailed in Table 3.1. 

Table 3.1: Noise Monitoring Locations, MGA Zone 55 

Location ID 

Noise 

Catchment 

Area 

Address Suburb Easting (m) Northing (m) 

L1 NCA 1 7 Albert Terrace Eden 758679 5893450 

L2 NCA 2 8 By St Eden 758745 5892961 

L3 NCA 1 17 Victoria Terrace Eden 758402 5893442 

 

Location L1 was selected to be representative of the existing traffic noise conditions as it is located just 

next to the Albert Terrace. Albert Terrace is the only route that connects the port with the rest of the 

town and inland. Locations L2 and L3 are representative of the two Noise Catchment Areas (NCA 1 

and NCA 2). 

3.1.2 Monitoring Methodology 

Noise logging was undertaken with a combination of NTI Audio XL2 logger kits and an Acoustic 

Research Laboratory RION NL31 logger kit. The noise loggers were set to record A-weighted noise levels 

every 15 minutes and set to ‘fast’ response time. One third octave frequency data was also collected 

with the XL2 loggers to assist in identifying extraneous noise influence. Calibration of the logger kits was 

checked before and after each measurement with no significant drift observed.   

Short term (attended) noise measurements were also carried out at the three background monitoring 

locations. Measurements were undertaken over 15 minute intervals using an NTi Audio XL2 Sound Level 

Meter. Field calibration was checked before and after each measurement occasion with no significant 

drift (±0.5 dB) observed. Current equipment calibrations are available upon request. 

Serial numbers of the equipment used are as per Table 3.2. 

Table 3.2: Noise Monitoring Equipment 

Noise Monitoring Type ID Location Used Model Serial Number 

Attended Sound Level 

Meter 
PELNOISE-05-A A1, A2, A3 

NTI XL2 
A2A-06905-E0 

Unattended Noise 

Loggers 

PELNOISE-03-A A1 NTI XL2 A2A-06986-E0 

PELNOISE-01-A A2 NTI XL2 A2A-06985-E0 

PELNOISE-07-A A3 RION NL 31 603874 

 

Weather conditions recorded at the nearest Bureau of Meteorology (BoM) automatic weather stations 

at Merimbula Airport and Green Cape (no 95929 and 94934 respectively) were reviewed to identify 

periods of potentially adverse weather conditions. Observations were also made of onsite weather 

conditions to assist in identifying likely periods of unsuitable weather data. Review of the weather 

station data compared with observations at Eden while on site indicated that winds were significantly 
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lighter at Eden than at Green Cape. As such primary reference was made to the Merimbula weather 

data for exclusion of adverse conditions. Periods excluded from the collected noise data are shown in 

Appendix C  

3.1.3 Monitoring Results 

The existing acoustic environment was characterised by a combination of long term and short term 

noise measurements, with results summarised below.  

3.1.3.1 Attended Measurements 

Short term (attended) noise measurements were carried out at the three background monitoring 

locations. The weather conditions recorded onsite with a hand held weather meter during attended 

monitoring were as follows: 

 10 December 2015 - cloudy, 21ºC, 91% relative humidity and 1.1m/s average wind speed. 

 11 December 2015 - sunny, 22ºC, 75% relative humidity and 2.8m/s average wind speed. 

 18 December 2015 - sunny, 28ºC, 57% relative humidity and 1.2m/s average wind speed. 

 20 December 2015 - sunny, 24ºC, 63% relative humidity and 1.5m/s average wind speed. 

Table 3.3 provides a summary of the attended noise measurements. 

Table 3.3: Attended Noise Measurement Results 

Date/Start 

Time 
Location 

Descriptor 
Comments 

LA1,15min LA10,15min LA90,15min LAeq,15min 

11-12-2015 

10:47 
L1 71 63 44 60 Traffic noise (48 Light – 7 Heavy vehicles) 

11-12-2015 

11:02 
L1 71 62 44 59 Traffic noise (46 Light – 3 Heavy vehicles) 

18-12-2015 

17:06 
L1 70 58 39 57 Traffic noise (32 Light – 2 Heavy vehicles) 

20-12-2015 

9:26 
L1 71 61 43 58 Traffic noise (44 Light – 0 Heavy vehicles) 

11-12-2015 

10:03 
L2 59 48 45 49 Windy, vegetation and ocean noise 

11-12-2015 

10:22 
L2 54 50 45 48 Windy, vegetation and ocean noise 

11-12-2015 

12:15 
L2 58 54 49 52 Windy, vegetation and ocean noise 

18-12-2015 

17:42 
L2 55 47 41 46 Windy, vegetation and ocean noise 

20-12-2015 

10:03 
L2 57 51 45 50 Windy, vegetation and ocean noise 

10-12-2015 

17:38 
L3 51 43 36 45 Intermittent bird/dog nearby noise. 

11-12-2015 

11:27 
L3 53 47 43 46 General activity noise from port area 

11-12-2015 

11:49 
L3 50 47 43 46 General activity noise from port area 

18-12-2015 

17:48 
L3 52 52 32 40 Extremely quiet 

20-12-2015 

9:02 
L3 48 41 35 39 Very quiet 
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3.1.3.2 Unattended Measurements 

Table 3.4 provides a summary of the noise monitoring data from the Eden area. Daily graphs for the 

noise monitoring results are included in Appendix C. 

Table 3.4: Long Term Noise Monitoring Results 

Location 

 Measured Noise Level, dB(A) 

NCA Day Evening Night 

 L10 RBL Leq L10 RBL Leq L10 RBL Leq 

L1  1 63 39 59 60 35 55 54 34 50 

L2 2 52 37 50 50 37 46 43 35 43 

L3 1 48 33 45 55 33 49 50 32 43 

Notes: location L1 data is influenced by traffic noise and has not been used as a background monitoring location for the 

establishment of noise criteria. 

3.2 Discussion of Results 

Noise monitoring indicated a semi-rural environment strongly influenced by intermittent noise sources 

such as traffic and activities around the port (commercial, industrial). 

Existing traffic noise has been characterised at monitoring location L1 and the findings will be used for 

the noise traffic assessment for the construction and operation of the cruise ships terminal. 

The noise monitoring at locations L2 and L3 confirmed that the acoustic environment for all potential 

affected sensitive receivers is slightly different depending on the noise catchment area in which they 

are located.  

Results from noise monitoring location L2 shows this area is more influenced by the traffic noise from 

Albert Terrace and Imlay Street as it has direct noise paths to the port. Conversely, noise monitoring 

location L3 and the surrounding noise catchment area are sheltered from traffic noise from those 

respective streets. 

Noise levels from noise monitoring location L2 and L3 followed typical diurnal patterns with increased 

levels of traffic and port-related noise during the day time hours and lower ambient noise levels during 

the night time hours. Local fauna including birds, wind rustling and barking dogs were also identified 

during attended monitoring at location L2.  

Industrial noise was inaudible at all noise logging locations during the attended noise monitoring survey.  

The last three days of the noise monitoring survey (18, 19 and 20 December 2015) were within school 

holidays period. No significant background noise increase/decrease was distinguishable when 

compared to the previous logging days. No traffic noise change was identified during this period either. 
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4 NOISE ASSESSMENT CRITERIA 

4.1 NSW Industrial Noise Policy  

The NSW Government’s policy for the assessment of industrial noise is presented in the Industrial Noise 

Policy (INP) (EPA 2000). The INP recommends intrusiveness criteria for residential receivers to address the 

potential for disturbance and amenity criteria to maintain acoustic amenity appropriate to the relevant 

land use category of the area.  

The criteria are based on the results of the ambient and background noise attended monitoring, 

addressing two components:  

 Controlling intrusive noise into nearby residences (Intrusiveness Criteria). 

 Maintaining noise level amenity for particular land uses (Amenity Criteria).  

 

Once both criteria are established the most stringent for each considered assessment period (day, 

evening, night) is adopted as the project-specific noise level (PSNL). 

4.1.1 Intrusiveness Criteria  

The intrusiveness criterion can be summarised as follows: 

 LAeq, 15 minute  RBL background noise level plus 5 dB(A) 

 

The intrusiveness criterion for the closest residential receivers is presented in Table 4.1.  

Table 4.1: INP Intrusiveness Criteria 

Period Noise Descriptor – dB(A) 
Noise Criteria residential receivers 

NCA 1 NCA 2 

Daytime 7.00am – 6.00pm 

LAeq,15min ≤ RBL,15min + 5 

38 42 

Evening 6.00pm – 10.00pm 38 42 

Night 10.00pm – 7.00am 37 40 

4.1.2 Amenity Criteria  

The amenity assessment is based on noise criteria specific to land use and associated activities. These 

criteria relate only to industrial type noise and do not include road, rail or community noise. 

The maximum ambient LAeq noise level within the day, evening and night assessment period should not 

exceed acceptable noise levels, which are dependent on the relevant receiver type and area 

category for residential receivers. 

Table 4.2 presents recommended amenity LAeq noise levels from industrial noise sources. 
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Table 4.2: INP Amenity Criteria for Suburban Residential, Commercial and Industrial Receivers 

Period 
Recommended Residential LAeq Noise Level, dB(A) 

Acceptable Recommended Maximum 

Daytime 7.00am – 6.00pm 55 60 

Evening 6.00pm – 10.00pm 45 50 

Night 10.00pm – 7.00am 40 45 

Period 
Recommended Commercial LAeq Noise Level, dB(A) 

Acceptable Recommended Maximum 

When in use 65 70 

Period 
Recommended Industrial LAeq Noise Level, dB(A) 

Acceptable Recommended Maximum 

When in use 70 75 

 Recommended Passive Recreation Area LAeq Noise Level, dB(A) 

 Acceptable Recommended Maximum 

When in use 50 55 

 Recommended Place of Worship LAeq Noise Level, dB(A) 

 Acceptable Recommended Maximum 

When in use (internal) 40 45 

When in use (external)* 50 55 

* 10dB correction has been applied to take in account building transmission loss between indoors-outdoors according note 4 within 

INP section 2.2.1 

Where the existing industrial noise level is close to or exceeds the acceptable noise level (ANL), the 

project specific amenity noise criterion is then set lower than the ANL so that the total level of industrial 

noise (i.e. new plus existing) does not exceed the deemed INP acceptable level. Adjustments to the 

ANL are presented in Table 2.2 of the INP (EPA 2000). As background noise monitoring did not identify 

existing industrial noise as significantly influencing the existing noise environment levels no adjustments 

were made to the amenity criteria.  

4.1.3 Draft Industrial Noise Guideline – Amenity Criteria 

In September 2015, the NSW EPA released a draft updated noise policy document for consultation. The 

Industrial Noise Guideline (ING) provides assessment criteria updates. The assessment criteria 

differences between the draft ING and INP are discussed in the following sections. The ING (2015) is in 

draft form and is not the current policy position of NSW EPA on industrial noise. The implications of this 

guideline are provided for information only  

The ING includes a revised approach to establishing an amenity noise limit. Intrusive limits are consistent 

across both documents. 

The draft ING amenity goals are consistent with the INP as presented in Table 4.2 of this report, however 

the draft ING recommends the project amenity noise level be set at the recommended amenity level 

minus 5 dB(A). As such a night time noise limit of 35 dB(A) would apply for all residential receivers. Note: 

for existing industrial noise sites where noise emissions from the site exceed the project noise trigger, 

regulatory authorities and the operator may negotiate achievable noise limits for the site.  

4.2 Project Specific Noise Levels 

After determining the relevant noise levels from the intrusive and amenity criteria, the project-specific 

noise levels (PSNL) can be assigned. 

The PSNLs reflect the most stringent noise level requirement from the intrusive and amenity criteria as 

presented in Table 4.3. 
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Table 4.3: Project Specific Noise Levels (External) 

Receiver 

Type 
Period  

Intrusiveness criteria  

LAeq, 15 min dB(A) 

Amenity criteria 

LAeq dB(A) 
PSNL INP 

PSNL draft ING 

Residential 

(NCA 1) 

Day 38 55 38 LAeq 38 LAeq 

Evening 38 45 38 LAeq 38 LAeq, 

Night 37 40 37 LAeq 35 LAeq, 

Residential 

(NCA 2) 

Day 42 55 42 LAeq, 15 min 42 LAeq, 

Evening 42 45 42 LAeq, 15 min 42 LAeq, 

Night 40 40 40 LAeq, 15 min 35 LAeq, 

Commercial When in use N/A 65 65 LAeq 65 LAeq 

Industrial When in use N/A 70 70 LAeq 70 LAeq 

Passive 

Recreation 

Area 

When in use N/A 50 50 LAeq 50 LAeq 

Place of 

Worship 
When in use N/A 50 50 LAeq 50 LAeq 

 

4.3 Low Frequency Noise 

The characteristics of a noise source can increase annoyance for sensitive receivers. Examples of 

annoying characteristics are: prominent tones, impulsiveness, intermittent sources and low frequency 

noise. The INP provides guidance on ‘modifying factors’ which should be applied to predicted or 

measured noise levels when a dominant low frequencya noise characteristic is present. Table 4.1 of the 

INP states that low frequency noise is considered dominant where the difference between the A-

weighted and C-weighted noise levels is 15 dB or greater. Where this difference occurs the INP 

recommends a modifying factor of 5 dB is added to the predicted noise level.  

Recent research into annoyance from low frequency noise when assessed at lower noise levels is 

suggesting that the approach of subtracting A from C weighted noise levels is not representative of 

annoyance potential and in many situations would result in the 5 dB penalty being applied to sources 

which have a very low risk of causing annoyance.  

Current EPA noise policy has recognised the limitations of the INP methodology and has provided 

additional information for assessing low frequency noise in the draft industrial Noise Guideline (EPA, 

2015). 

4.3.1 Draft ING - Low Frequency Noise  

Table C1 of the draft ING (reproduced in Table 4.4) states that low frequency noise is considered 

dominant where the difference between the A-weighted and C-weighted noise levels exceeds 15 dB 

and for noise levels in the range of 10-160Hz: 

Where any of the 1/3 octave noise levels in Table 4.4 are exceeded by up to 5 dB and cannot be 

mitigated, a 2 dB(A) positive adjustment to measured/predicted A weighted levels applies for the 

evening/night period.  

Where any of the 1/3 octave noise levels in Table 4.4 are exceeded by more than 5 dB and cannot be 

mitigated, a 5 dB(A) positive adjustment to measured/predicted A weighted levels applies for the 

evening/night period and a 2 dB positive adjustment applies for the daytime period.  

                                                           

a Contains the major components within the low frequency range (20 Hz – 250 Hz) of the frequency spectrum. 
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Table 4.4: Draft Industrial Noise Guideline (Table C2: Low Frequency Thresholds) (extract) 

 One-third octave LZeq, 15 minute Threshold Level 

f, Hz 10 12.5 16 20 25 31.5 40 50 63 80 100 125 160 

dB(Z) 92 89 86 77 69 61 54 50 50 48 48 46 44 

Notes:  dB(z) = decibel (Z-weighted); f,Hz = frequency in Hertz; Hz/dB(Z) = hertz per decibel (Z-weighted). For the assessment of low 

frequency noise, care should be taken to select a wind screen that has wind-induced noise characteristics at least 10 dB below 

the threshold values in Table C2 for wind speeds up to 5 metres per second. It is likely that high performance larger diameter wind 

screens (nominally 175 mm) will be required to achieve this performance (Hessler et.al. 2008). In any case, the performance of the 

wind screen and wind speeds at which data will be excluded needs to be stated.  

Low frequency noise shall be assessed under the meteorological conditions under which noise limits would apply. Measurements 

should be made between 1.2 and 1.5 metres above ground level unless otherwise approved through a planning instrument 

(consent/approval) or Environment Protection Licence and at locations nominated in the development consent or license. 

4.3.2 Maximum Noise levels  

The draft ING identifies a night time project trigger level of LAeq 15min of 40 dB(A) and a maximum noise 

level screening criterion of LAmax 52 dB(A). 

4.4 Sleep Disturbance Criteria 

There are currently no universally accepted criteria applicable to protection from sleep disturbance. 

That is, at the current level of understanding, it is not possible to establish absolute noise level goals that 

would correlate to levels of sleep disturbance for all, or even a majority of people. However, sleep 

disturbance from noise is recognised by the World Health Organisation (WHO) as having the potential 

to adversely affect the health and wellbeing of people and it is the subject of ongoing research.  

The WHO Guidelines for Community Noise (WHO, 1999) states the following:  

‘As a rule in planning for short-term or transient noise events, for good sleep over eight 

hours, the indoor sound pressure level measured as a maximum instantaneous value 

should not exceed approximately 45 dB(A) LAmax more than 10-15 times per night. The 

corresponding external noise level, assuming partially closed windows, is 52 dB(A) LAmax, 

measured in the free field.’ 

Furthermore, it states that the guidelines should be based on the combination of values of ambient LAeq 

noise and the LAmax. The WHO guideline external value for sleep disturbance is LAmax 60 dB(A). This value 

is an external level, based upon the assumed outside to inside correction of 15 dB assuming windows 

are open. However it has been noted that the outside to inside correction has been observed to vary 

between 5-15dBb where windows are open to windows partially closed. Therefore in order to provide a 

conservative approach, a value of LAmax 50 dB(A) has been used.  

The EPA does not currently have an explicit policy regarding sleep disturbance caused by noise from 

construction or industrial activities. However, there is some guidance mentioned in the INP application 

notes, which states: “The potential for high noise level events at night and effects on sleep should be 

addressed in noise assessments for both the construction and operational phases of a development.” 

Where research exists, such as that reported in the INP (EPA, 2000), RNP (DECCW, 2011) and 

Environmental Criteria for Road Traffic Noise (ECRTN) (EPA, 1999), the results are diverse and EPA has 

therefore not set a specific criterion. However, in lieu of further and more definitive research, a 

screening criterion of RBL + 15 dB LA1,1min dB(A) is suggested in the INP Application Notes. This screening 

criterion indicates that if the criterion is met, sleep disturbance is unlikely. 

                                                           

b Outside to Inside correction as documented in the following publications: Queensland Department of Environment and Heritage 

Protection EcoAccess Guideline Planning for Noise Control, NSW Environmental Criteria for Road Traffic Noise, NSW RTA Environmental 

Noise Management Manual and WHO Guidelines for Community Noise. 
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Based on a background noise level of 32 dB(A) a screening criteria of 47 dB LA1,1min dB(A) would be 

applicable. 

4.5 Road Traffic Noise Criteria 

The NSW Road Noise Policy (RNP; EPA, 2013) provides guidance, criteria and procedures for assessing 

noise impacts from existing, new and redeveloped roads and traffic generating developments. Road 

traffic noise impact from public roads are assessed under the RNP. 

The RNP provides several assessment criteria for traffic generating developments. The criteria are 

expressed as absolute levels and relative increase criteria for different land uses. 

The noise assessment criteria for residential land uses affected by additional traffic generated by land 

use developments are presented in Table 4.5.  

Table 4.5: Road Traffic Noise Assessment Criteria for Residential Land Uses 

Road Category Type of Project/Land use 
Assessment Criteria – dB(A)1 

Day (7.00am to 10.00pm) Night (10.00pm to 7.00am) 

Freeway/arterial/sub-

arterial 

Existing residences 

affected by additional 

traffic on existing 

freeways/arterial/sub-

arterial roads generated 

by land use developments 

LAeq,15hr 60 

 (external) 

LAeq,9hr 55 

 (external) 

Local roads 

Existing residences 

affected by additional 

traffic on existing local 

roads generated by land 

use developments 

LAeq,1hr 55 

 (external) 

LAeq,1hr 50 

 (external) 

Note: 1. Noise level criteria are façade-corrected noise levels. 

The RNP specifies relative increase criteria for the increase in total traffic noise level due to a traffic 

generating project where the existing traffic noise level is significantly below the criteria in Table 4.5. 

Where this occurs an increase must be limited to 12 dB above the existing day or night noise level and 

not exceed the traffic noise criteria. 

Relative increase criteria apply to traffic generating developments affecting existing sensitive land uses. 

The Road Noise Policy Application Notes (EPA, 2013) states the following:  

“any increase in the total traffic noise level as a result of the development should be 

limited to 2 dB above that of the noise level without the development. This limit applies 

wherever the noise level without the development is within 2 dB of, or exceeds the relevant 

day or night noise assessment criterion.” 

4.6 Construction Noise 

Construction noise management levels are given in the NSW Interim Construction Noise Guideline 

(ICNG; DECCW, 2009) and are based on measured background noise to minimise the annoyance from 

construction. Construction noise management levels for residential receivers are presented in Table 4.6. 

The management levels represent the level at which when exceeded, the measures outlined in  

Table 4.7 would apply. 
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Table 4.6: Construction Noise Management Levels at Residences  

Time of Day 

Management 

Level 

LAeq,15min 

How to Apply 

Recommended 

Standard Hours: 

Monday to Friday 

7.00am to 6.00pm 

Saturday 

8.00am to 1.00pm 

No work on Sundays or 

Public Holidays 

Noise affected 

RBL + 10 dB(A) 

The noise affected level represents the point above which there may 

be some community reaction to noise.  

 Where the predicted or measured LAeq15min) is greater than the 

noise affected level, the proponent should apply all feasible and 

reasonable work practices to meet the noise affected level.  

 The proponent should also inform all potentially impacted 

residents of the nature of works to be carried out, the expected 

noise levels and duration, as well as contact details.  

Highly noise 

affected 

75 dB(A) 

The highly noise affected level represents the point above which 

there may be strong community reaction to noise. 

 Where noise is above this level, the relevant authority (consent, 

determining or regulatory) may require respite periods by 

restricting the hours that the very noisy activities can occur, 

taking into account: 

1. times identified by the community when they are less sensitive to 

noise (such as before and after school for works near schools, or mid-

morning or mid-afternoon for works near residences 

2. If the community is prepared to accept a longer period of 

construction in exchange for restrictions on construction times. 

Outside 

recommended 

standard hours 

Noise affected 

RBL + 5 dBA 

 A strong justification would typically be required for works outside 

the recommended standard hours. 

 The proponent should apply all feasible and reasonable work 

practices to meet the noise affected level. 

 Where all feasible and reasonable practices have been applied 

and noise is more than 5 dB(A) above the noise affected level, 

the proponent should negotiate with the community. 

 

 

Construction noise management levels for non-residential receivers are presented in Table 4.7. 

Table 4.7: Non-residential Land Use Construction Noise Management Levels 

Land Use Noise Management Level 

Commercial LAeq,(15min) 70 dB(A) (external) 

Industrial LAeq,(15min) 75 dB(A) (external) 

Passive Recreation Area LAeq,(15min) 60 dB(A) (external) 

Place of Worship 
LAeq,(15min) 45 dB(A) (internal) 

LAeq,(15min) 55 dB(A) (external)* 

*10dB correction has been applied to take in account building transmission loss between indoors-outdoors according note 4 within 

INP section 2.2.1 

A summary of the project specific construction noise management levels is presented in Table 4.8. The 

unattended measured background noise levels summarised in Section 3.1.3 have been used for 

residential receivers within NCA 1 and NCA 2.  
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Table 4.8: Project Specific Construction Noise Management Level, dB(A) 

 Construction Noise Management Level, LAeq,15min dB(A) 

Land Use Standard Hours Outside of Standard Hours 

Residential (NCA 1) 43 37 

Residential (NCA 2) 47 40 

Passive Recreation Area 60 60 

Commercial 70 70 

Industrial 75 75 

Passive Recreation Area 60 60 

Place of Worship 55 55 

Notes: 1. External noise level based on an outside to inside correction of 10 dB(A), in accordance with the INP. 

4.7 Vibration 

Impacts from vibration can be considered both in terms of effects on building occupants (human 

comfort) and the effects on the building structure (building damage). Of these considerations, the 

human comfort limits are the most stringent. Therefore, for occupied buildings, if compliance with 

human comfort limits is achieved, it will follow that compliance will be achieved with the building 

damage objectives. 

4.7.1 Human Comfort 

The EPA’s Assessing Vibration: A Technical Guideline provides acceptable values for continuous and 

impulsive vibration in the range 1-80Hz.  

Where vibration is intermittent, such as for construction sources, a vibration dose is calculated and 

acceptable values are shown in Table 4.9 below. 

Table 4.9: Acceptable Vibration Dose Values for Intermittent Vibration (m/s1.75)  

Location 
Daytime1 Night Time1 

Preferred Value Maximum Values Preferred Value Maximum Value 

Critical areas 2 0.10 0.20 0.10 0.20 

Residences 0.20 0.40 0.13 0.26 

Offices, schools, educational 

institutions and places of worship 
0.40 0.80 0.40 0.80 

Workshops 0.80 1.60 0.80 1.60 

   Notes: 1 Daytime is 7.00am to 10.00pm and night time is 10.00pm to 7.00am. 

2 Examples include hospital operating theatres and precision laboratories where sensitive operations are 

occurring.  These criteria are only indicative, and there may be a need to assess intermittent values against the 

continuous or impulsive criteria for critical areas.  Source BS 6472-1992. 

4.7.2 Building Damage 

German Standard DIN 4150-3-1999 Structural Vibration – Part 3 Effects of vibration on structures provides 

methods for evaluating the effects of vibration on structures in the absence of an Australian Standard. 

The recommended limits (guide values) from DIN 4150 for transient vibration to ensure minimal risk of 

cosmetic damage to residential and industrial buildings are presented in Table 4.10. 
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Table 4.10: Guideline Vibration Values for Short Term Vibration on Structures (mm/s) 

Type of Building 

Guideline  values for velocity (mm/s) 

1 to 10 Hz 10 to 50 Hz 50 to 100 Hz 

Vibration at horizontal 

plane of highest floor at all 

frequencies 

Commercial and Industrial Building 20 20-40 40-50 40 

Dwellings and buildings of similar 

occupancy or design 
5 5-15 15-20 15 

Structures that, because of their particular 

sensitivity to vibration cannot be classified 

under lines 1 and 2 and are of great 

intrinsic value 

3 3-8 8-10 8 
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5 OPERATIONAL NOISE AND VIBRATION 

5.1.1 Modelling Methodology 

Noise modelling has been undertaken using the ISO 9613 Acoustics – Attenuation of sound during 

propagation outdoors (ISO, 1996) and CONCAWE’s Special Task Forces in Noise Propagation 

(CONCAWE, 1981) algorithms, as implemented within the CadnaA 4.5 acoustic modelling package. 

The noise modelling takes into consideration the sound power level of the proposed site operations, 

activities and equipment, and applies adjustments for attenuation from geometric spreading, acoustic 

shielding from intervening ground topography, ground effect, meteorological effects and atmospheric 

absorption. 

5.1.2 Meteorological Conditions 

Meteorology data recorded at both the Merimbula Airport (AWS) and Green Cape (AWS) has been 

referenced in determining the likelihood of noise enhancing weather conditions. 

Meteorological features were determined in accordance with the INP to identify the likelihood of 

weather conditions which may increase noise levels at sensitive receivers in the project area. A noise 

enhancing wind is considered to be a feature of the site if winds 3 m/s or below occur for more than 

30% of the time in any assessment period in any season.  

Predominant wind directions are from north east, west and south west. There are seasonal variations, 

with wind directions in the winter predominantly from west and south west, and in the summer 

predominantly from north east. Average wind speed is higher in the summer than winter. 

Long term averages of annual rainfall at the nearby Bureau of Meteorology weather station sites have 

identified that rainfall in the region is typically greater than 500 mm per year. Therefore, in accordance 

with Table C2 in Appendix C of the INP, the potential for temperature inversions was considered, where 

they occur for 30% or more of the time during the night time period (6.00pm to 7.00am) in the winter 

months (June, July and August). 

Analysis of temperature gradient data has been performed using TAPM/CALMET data prepared for the 

Project (Appendix G). A review of the upper air metrological data generated for the air dispersion 

modelling identified a low likelihood of inversion conditions. Winter inversion occurrence is shown in 

Table 5.1 

Table 5.1: Winter Atmospheric conditions 

Inversion Strength Percentage of Hours 

greater than 3 degree/100m 0% 

greater than 2 degree/100m 2% 

greater than 1 degree/100m 12% 

greater than 0 degree/100m 35% 

 

Table 5.2 presents a summary of the meteorological conditions included in the assessment, using the 

EPA’s Noise Enhancement Wind Analysis Program (EPA, 2003). 
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Table 5.2: Meteorological Conditions for Noise Modelling 

ID Period 
Meteorological 

Conditions 

Modeling Parameters 

Wind 
Pasquill-Gifford 

Stability Class 

Relative 

Humidity 

Air 

Temperature 

1 Day Neutral No Wind D 70% 20°C 

2 Day Gradient Wind 3 m/s SW D 70% 20°C 

3 Day Gradient Wind 3 m/s W D 70% 20°C 

4 Evening/Night Neutral No Wind D 90% 10°C 

5 Evening/Night Gradient Wind 3 m/s NE D 90% 10°C 

6 Evening/Night Gradient Wind 3 m/s E D 90% 10°C 

7 Evening/Night Gradient Wind 3 m/s SE D 90% 10°C 

8 Evening/Night Gradient Wind 3 m/s S D 90% 10°C 

9 Evening/Night Gradient Wind 3 m/s SW D 90% 10°C 

 

5.2 Noise Sources  

5.2.1 Cruise Ships  

The emission of noise from operation of the cruise ship at berth will primarily be associated with cruise 

ships arriving and departing from the port and noise emissions while at berth. Shipping schedules for 

2016-2019 indicate that cruise ships would arrive between 7 am and 10 am and depart between 3 pm 

and 6 pm. It is anticipated that noise impacts associated with ships arriving and departing would be 

limited to the half hour prior arrival and post departure. As such berthing activity would be at the start 

and end of the day time noise period. The current shipping schedule (Appendix D) includes up to 60 

ships expected each year in the long term with the majority arriving at 8am and departing by 6 pm. In 

the 2016 – 2019 schedule three ships are expected to arrive at 7 am, which borders on the night time 

noise period and approximately a third of ships are scheduled to depart at 6 pm which borders on the 

evening noise period. Longer term shipping schedules are not known at this stage however it is 

anticipated that they would follow a similar pattern in arrival, departure and duration of stay. 

While entering and exiting the port noise sources are anticipated to include: 

 Cruise ship engine/mechanical plant and exhaust 

 Tugboats 

 Rope motors 

 Short term impact noises during berthing operation. 

 

While the ships are at berth during the day time period noise will be generated from: 

 Ship auxiliary power generation and ventilation plant 

 Vehicles (buses, taxis accessing the wharf to collect drop off passengers) 

 Ship public address system 

 Passengers talking on the wharf and gangway. 

 

Noise emission data for the assessment of these sources has been referenced from the Cairns Shipping 

Development Project draft EIS Appendix D.7 Noise and Vibration Technical Report (Ports North, 2015) 

based on measurements of cruise ship noise emissions undertaken in Sydney Harbour.  

 

The key noise source while the ship is at berth is the exhaust stack and mechanical ventilation plant. 

Measurements undertaken as part of the Cairns Shipping Development project (Ports North, 2015) 

indicated that noise emissions from the ship exhaust and mechanical plant varied with individual ships 

although were relatively consistent with ships of a similar size. To assess the noise impact of typical ships 

listed in the Eden shipping schedule, noise source levels for medium sized cruise ship (70,000 GT, 250m 

length) and as a worst-case large ships (>100,000 GT, >300m length) have been considered. 
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5.2.2 Wave Attenuator 

A wave attenuator is also proposed as part of the port redevelopment, the location of the wave 

attenuator is shown in Figure 2.2. The proposed wave attenuator is a floating pontoon style fixed into 

position via piles spaced at 10 – 20 metre intervals along the attenuator. The purpose of the attenuator 

is to calm short interval seas (chop) generated during strong south westerly wind conditions. During 

longer period ground swell conditions which can occur during calmer wind conditions the attenuator 

would ride up and down over the swell. Figure 5.1 shows an example arrangement of an individual 

20 metre long pontoon unit for the attenuator system.  

It is anticipated that noise generated by the wave attenuator would comprise of wave slap from 

waves generated in high wind conditions and grinding noise between pontoon sections as the 

pontoon sections move with swells.  

As the wave slap will occur as winds strengthen it is anticipated that masking of the noise source will 

occur from general sea and wind noise in the project area. In addition the characteristic of the noise 

source is anticipated to be similar in character to the noise generated from similar conditions without 

the attenuator in place and unlikely to result in annoyance. Hence a quantitative assessment of the 

wave slap has not been undertaken further. 

Noise emission from movement of the attenuator could potentially occur during lower background 

ambient noise conditions, for example a ground swell during light winds or still conditions.  

Data on noise emission from wave attenuator grinding between pontoon sections was not publically 

available or readily accessible by measuring similar attenuators in Australia. Hence, an estimate of this 

noise source has been undertaken assuming that at 15 points along the attenuator, noise levels of 

63 dB(A) (at 1 metre) occur continuously from grinding of rubber bumpers between pontoon sections 

(Table 5.2).  

Spectral data has also been assumed for this source which is expected to be primarily mid to higher 

frequency noise, refer Appendix D.  

The estimated source data has been used to represent potential emission from the wave attenuator 

and modelled to determine the likely magnitude of noise impacts from this source. 
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Figure 5.1: Floating Wave Attenuator (20 m long pontoon unit) Example  
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Figure 5.2: Rubber Bumper 

5.2.3 Modelling Scenarios 

The modelling has assumed a conservative 15 minute scenario representative of the anticipated 

general operations at the port. This includes three modelling scenarios as detailed in Table 5.3. 

Scenario 1 will model the transit period of the ship coming into port. Scenario 2 considers the cruise 

ships at berth and scenario 3 considers noise emission from operation of the wave attenuator in 

isolation. The wave attenuator has been considered in all scenarios. 

Table 5.3: Operational Modelling Scenarios 

Scenario Detail Time of Occurrence Assessment Period 

1 Ship in Transit 
06:30 – 7:00 & 18:00 -18:30 

(and between these hours) 
Day/Evening/Night 

2 
Ship at Berth  

(large and medium cruise ship) 
07:00 – 18:00 Day 

3 
No Ship at Port  

(wave attenuator only) 
24 hour/day Day/Evening/Night 

5.2.4 Sound Power Levels 

The sound power levels used in the operational noise assessment are presented in Table 5.4. Source 

sound power levels were referenced from the Cairns Shipping Development Project (Ports North, 2015). 

Source frequency spectral data and location are shown in Appendix D.  
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Table 5.4: Modelled Sound Power Levels 

     Number of Sources 

Item 

Sound 

Power Level 

LAeq dB(A) 

Height 

(m) 

Location 

on Site 

Scenario 

1 

Scenario 2 

(medium 

vessel) 

Scenario 2 

(large vessel) 

Scenario 

3 

Cruise Ship Engine 

Exhaust/Mech. 

Plant1  

(large ship > 300 m) 

114 54 
Ship at 

Berth 
- 1 - - 

Cruise Ship Engine 

Exhaust/Mech. 

Plant1 

(medium ship ~250 

m) 

102 54 
Ship at 

Berth 
- - 1 - 

Cruise Ship 

Manoeuvring1 
114 54 

Twofold 

Bay 
1 - - - 

Tugboat1 100 2 
Twofold 

Bay 
2 - - - 

Wave Attenuator2 83 1 
Snug 

Cove 
1 1 1 1 

Engine Room Vent 

Exhaust1 
91 48 

Ship at 

Berth 
2 2 2 - 

Idling Truck/Bus 90 2 Wharf - 1 1 - 

Berthing Rope 

Motor1 
99 1 Wharf 1 0 0 - 

Cruise Ship PA 

Chime1,3 
103 

55m/ 

35m 

Ship at 

Berth 
- 13/26 13/26 - 

Group of People 

talking4 
75 2 Wharf - 5 5 - 

Impact Noises5 115 Lmax 2 
Snug 

Cove 
1 - - - 

Vehicle  

(Door Slamming) 
91 Lmax 2 Wharf 1 - - - 

Notes:  1. SWL referenced from Cairns Shipping Development Project draft EIS (Ports North 2015) 

 2. Source levels estimated by Pacific Environment. 

 3. Adjusted for duration. 

 4. Acoustics 2011 conference proceedings, Prediction of Noise from Small to Medium Sized Crowds 

 

Table 5.4 noise sources have been assessed as continuous noise sources during a 15 minute period 

except Cruise Ship PA Chime. Cruise Ship PA Chime has assessed for 30 seconds only within the 15 

minute period. 

5.3 Operational Noise Modelling Results  

Table 5.5 summarises the predicted operational noise for the worst case weather condition for each 

receiver. The complete noise modelling results are presented in Appendix E, with noise contours shown 

in Appendix F.  

The results indicate that for scenario 1 (ship in transit) the majority locations will receiver noise levels 

greater than the intrusive criteria. The predicted noise levels exceeded the criteria by up to 11 dB(A) 

during the daytime period and by up to 12 dB(A) during the night time period. According to the current 

shipping schedule only occasionally would ships arrive at 7am, Therefore noise impacts are not 

expected before 6am. The majority of the cruise ships visiting Eden would arrive and depart during the 

day time period. 

Scenario 2 (ship at berth) noise predictions indicate a typical medium sized cruise ship would result in 

noise levels up to 2 dB(A) at 7 residences in NCA1. The predicted noise levels from the largest cruise 
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ships (>300 m) were significantly higher with exceedances anticipated at the majority of receivers with 

a 10 -11 dB(A) increase in noise level from typical medium sized ships (aprox. 250 m). 

Scenario 3, grinding noise from the wave attenuator based on an assumed overall sound power level 

of 83 dB(A) was predicted to a maximum of 23 – 24 dB(A).  

 

Table 5.5: Operational Noise Results – Scenarios 1, 2, 3 

 
Maximum Predicted Noise Level LAeq,15min dB(A) and LAMax 

 Scenario 1 

Scenario 2 

(Medium Ship 

~ 250m) 

Scenario 2 

(Large Ship 

>300m) 

Scenario 3 

Receiver ID Day 
Eve/ 

Night 

Night 

LAmax 
Day Day Day 

Eve/ 

Night 

NCA 1 Residential Receivers 

Criteria dB(A) 38 38/37 47 38 38 38 38/37 

SR1 43 43 44 29 40 <20 <20 

SR2 41 42 42 25 35 <20 <20 

SR3 44 45 46 32 43 <20 <20 

SR4 44 44 46 32 42 <20 <20 

SR5 40 40 41 29 40 <20 <20 

SR6 45 46 47 34 45 <20 <20 

SR7 40 41 43 31 41 <20 <20 

SR8 41 42 42 32 42 <20 <20 

SR9 49 49 52 38 49 <20 <20 

SR10 49 49 52 40 51 22 23 

SR11 49 49 52 39 50 23 24 

SR12 47 48 52 39 50 22 23 

SR13 47 47 50 39 50 20 21 

SR14 44 45 46 38 49 <20 <20 

SR15 44 45 46 38 49 20 20 

SR16 47 47 51 38 49 22 22 

SR17 47 47 51 38 49 22 23 

SR18 46 46 50 38 48 20 21 

SR19 39 40 40 29 40 <20 <20 

SR20 33 34 36 27 38 <20 <20 

SR21 46 46 50 38 48 21 21 

SR22 47 48 51 40 50 21 21 

SR24 47 47 51 40 51 20 21 

SR25 45 46 49 37 48 <20 <20 

SR27 45 46 50 38 49 20 21 

SR28 44 45 46 37 48 <20 <20 

SR29 45 46 50 38 49 20 21 

SR30 34 35 42 27 38 <20 <20 

SR31 45 46 50 38 49 20 21 

SR32 47 47 51 40 50 20 20 

SR33 31 31 32 25 35 <20 <20 
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Maximum Predicted Noise Level LAeq,15min dB(A) and LAMax 

 Scenario 1 

Scenario 2 

(Medium Ship 

~ 250m) 

Scenario 2 

(Large Ship 

>300m) 

Scenario 3 

Receiver ID Day 
Eve/ 

Night 

Night 

LAmax 
Day Day Day 

Eve/ 

Night 

SR34 44 44 49 37 48 <20 <20 

NCA 2 

Criteria  42 42/40 50 42 42 42 42/40 

SR39 43 44 49 37 47 <20 <20 

SR42 48 49 49 40 51 <20 <20 

SR43 47 48 48 40 50 <20 <20 

SR44 47 47 47 40 50 20 21 

SR45 47 47 47 40 50 20 20 

SR46 46 46 46 39 50 <20 <20 

SR47 46 46 46 39 49 20 20 

SR50 45 45 45 40 50 <20 <20 

SR51 49 49 49 41 52 <20 <20 

SR52 48 48 48 39 50 <20 <20 

SR53 46 46 47 40 50 <20 <20 

SR54 47 47 47 39 50 <20 <20 

SR55 42 43 43 37 48 <20 <20 

Sensitive Places 

Criteria  50 50 - 50 50 50 50 

SR35 25 26 - 20 30 <20 <20 

SR36 32 32 - 25 36 <20 <20 

SR37 30 30 - 31 42 <20 <20 

SR56 25 26 - 37 48 <20 <20 

Commercial 

Criteria  65 65 - 65 65 65 65 

SR23 47 48 - 40 51 21 22 

SR26 44 45 - 37 48 <20 <20 

SR38 47 47 - 40 50 23 24 

SR40 44 45 - 33 42 22 23 

SR41 51 51 - 42 52 <20 <20 

SR48 47 47 - 39 50 <20 <20 

SR49 40 40 - 35 46 <20 <20 

Notes Predicted noise levels over the criteria are highlighted Blue. Noise levels exceeding the criteria by 10 dB(A) are 

highlighted green. 

5.3.1 Sleep Disturbance 

Sleep disturbance events have the potential to be caused by short high level noise events from 

operations that can be caused by a number of activities and equipment items. 

Noise levels of LAmax 115 dB(A) and LAmax 91 dB(A) have been assumed to represent typical maximum 

noise level events from impact noise events and vehicle door slamming respectively.   

The predicted maximum noise levels across all assessed meteorological conditions are presented in 

Table 5.5. There are predicted to be 17 receivers with noise levels over the 47 dB(A) screening criteria. 
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As previously indicated night time operations would only occur in the hour prior to 7am on the occasion 

when a ship arrives at 7am. 

Complete noise modelling results are presented in Appendix E. 

5.4 Low Frequency Noise 

5.4.1 Methodology 

An assessment for potential impacts relating to low frequency noise has been conducted using current 

INP criteria. 

Table 5.6 presents the difference between the A and C weighted noise levels. The values that have 

been bolded indicate that the result is in excess of the 15 dB criteria as set in the INP. The predicted C-

weighted noise levels for all privately owned receivers are presented in Appendix E. Where a C minus A 

weighted difference is predicted a 5 dB(A) penalty is applied.  

Table 5.6: C-A Weighted Noise Results – Scenarios 1, 2, 3 

 
   Maximum dB(C) – dB(A)  

  Criteria  Scenario 1 

Scenario 2 

(Medium 

Ship ~ 

250m) 

Scenario 2 

(Large Ship 

>300m) 

Scenario 3 

Receiver 

ID 

Receiver 

Type 
Day/Eve/Night Day 

Eve/ 

Night 

Day 
Day Day 

Eve/ 

Night 

NCA 1 

SR2 Residence 15 13 13 16 14 - - 

SR20 Residence 15 17 17 18 16 - - 

SR30 Residence 15 17 17 18 16 7 10 

SR33 Residence 15 18 18 19 16 - - 

 

5.4.2 Low Frequency Noise Modelling Results and Assessment (Draft ING) 

At some receivers, the difference between the A and C weighted noise levels was found to be greater 

than 15 dB. However, when comparing the predicted frequency data with the draft ING low frequency 

guidance, no additional penalties would apply.  

5.5 Operational Vibration 

No significant operational vibration sources are expected from the ship operations. Further it is not 

anticipated that any will impact upon on the surrounding areas including the nearest residential areas 

from operations at the port facility. 

5.6 Operational Road Traffic Noise 

5.6.1 Existing Traffic Volumes 

Based on the traffic noise survey conducted and manual traffic counting during the attended 

measurements at logger location L1, the existing peak hour traffic movements are as per Table 5.7. 
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Table 5.7: Existing Counted Peak Hour Vehicle Movements 

Road / Street section 

Existing Traffic  

Am - Pm Peak Hour 

Light Vehicles 

Am - Pm Peak Hour 

Heavy Vehicles 

Albert Terrace - Imlay Street 170 11 

5.6.1 Existing Traffic Noise  

Day and night time traffic noise levels measured at logger location 1 are summarised in Table 5.8 as the 

existing traffic noise at Albert Terrace and Imlay Street. 

Table 5.8: Existing Traffic Noise at Albert Terrace-Imlay Street 

Day  
Existing Traffic Noise LAeq 

Day Time (7am-10pm) Night Time (10pm-7am) 

Saturday 12/12/2015 58 48 

Sunday 13/12/2015 58 49 

Monday 14/12/2015 58 50 

Tuesday 15/12/2015 60 51 

Wednesday 16/12/2015 58 50 

Thursday 17/12/2015 58 51 

Friday 18/12/2015 58 50 

Saturday 19/12/2015 57 49 

Sunday 20/12/2015 58 49 

Logarithmic average 58 50 

 

Table 5.8 logarithmic average have been used to calculate the traffic flow corresponding to the traffic 

noise impact. 

5.6.2 Assessment 

Using Calculation of Road Traffic Noise (CoRTN) formulae (ECRTN, 1999),  Table 5.8 traffic noise and 

assuming 50km/h as posted along Albert Terrace - Imlay Street and 10% slope the total vehicle 

movements for day and night time period have been calculated as per Table 5.9.  

Table 5.9: Existing Calculated Day and Night Period Vehicle Movements 

Road / Street section 

Day Time  Night Time 

Light 

Vehicles 

Heavy 

Vehicles 

Light 

Vehicles 

Heavy 

Vehicles 

Albert Terrace - Imlay Street 1105 69 121 5 

 

Traffic movements are primarily anticipated to occour during the day time period when a cruise ship 

visits the port. Some movements may potentiall occur during the night time period prior to 7am when a 

ship arrives. Table 5.10 presents estimated future movements generated by the project. 
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Table 5.10: Future Operational Vehicle Movements Generation 

Road / Street section 

Day Time  Night Time 

Light 

Vehicles 

Heavy 

Vehicles 

Light 

Vehicles 

Heavy 

Vehicles 

Albert Terrace - Imlay Street 30 20 4 1 

 

The noise increases shown in Table 5.11 were predicted using the CoRTN forumlae using the vehicle 

movements presented in Table 5.10. 

Table 5.11: Future Operational Traffic Noise Increase  

Road / Street section 
Day Time  Noise Increase 

(dB) 

Night Time  Noise Increase 

(dB) 

Albert Terrace - Imlay Street + 0.6 + 0.5 

 

A review of Table 5.11 shows that the predicted worse case traffic noise level increase will be less than 

1 dB, within the 2 dB(A) increase criteria.  

5.7 Operational Noise Conclusions 

Three operational scenarios were established to determine operational noise impacts.  

Short term exceedances of intrusive noise criteria during transit of the ships into the Port of Eden are 

anticipated. While at berth noise emissions from cruise ship auxiliary power generation and mechanical 

plant are the primary contributor to received noise levels. Typical medium sized (250m length)cruise 

ships as represented by the Eden shipping schedule would result in minor noise exceedances of 1-2 dB 

while in berth. Noise impacts from large ships (>300m length) with greater noise emissions could 

potentially result in a significant noise impact of 10-11dB(A) above the noise criteria.  

The wave attenuator not anticipated to result in adverse noise impacts. 

Significant noise issues associated with Low frequency noise, sleep disturbance, operational vibration 

and road traffic generated are not anticipated.  

Noise controls are applied according to the hierarchy of noise control shown as follows, in order of 

preference: 

 Control at source. 

 Control of path. 

 Control at receiver.  

The INP states that feasibility relates to engineering considerations and what is practical to build. 

Reasonableness relates to the application of judgement in arriving at a decision, taking into account 

noise mitigation benefits and noise level reductions, the cost of mitigation versus the benefit, 

community views and the noise levels for affected land uses. 

Controls at the source typically involve engineering or administrative controls which reduce the noise 

level of the noise source. Opportunity for engineering control at the source is considered limited as it is 

dependent on each individual cruise ship. However with time it is anticipated that new ships will 

typically have lower noise emissions than current ships. 

Noise path control is also considered limited due to primary contributing noise sources being 

significantly elevated above ground level.  

Given the level of noise impact, 1-2 dB(A) above criteria during day time periods for ships typically 

berthed at the Port, receiver noise mitigation is not considered reasonable. 
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6 CONSTRUCTION NOISE AND VIBRATION 

6.1 Construction Activity 

Construction of the Project is expected to commence in early 2017 and continue in varying degrees of 

intensity until completion in mid-late 2018. 

The new 95 m long wharf structure will consist of a composite concrete deck, at the same height as the 

existing wharf, suspended on steel tubular piles. The steel piles will be driven to a design toe level by a 

piling hammer (possibly a S200 hammer) lifted by a crane mounted either on a floating barge or from 

the existing wharf.  

Rock anchors may be installed in some piles, depending on pile refusal level by drilling down through 

the preinstalled steel tubular pile with a drill rig, installing steel reinforcement and then pouring in-situ 

concrete within the pile, to ensure there is a strong connection between the pile and the bedrock.  

Prefabricated headstocks shall then be installed by crane onto the piles. Three to four piles will support 

each of the headstocks (or bents). Prefabricated concrete deck panels will then be lifted into place, 

spanning across two adjacent headstocks (or bents). Once all deck panels have been installed, gaps 

will be filled with a gap filler product, before an in-situ concrete topping slab is installed and minor 

services are fitted to the deck.  

New bollards will be required to restrain the bow of the ship and these will be situated on the existing 

wharf and will most likely require independent foundations. This shall require sections of the existing 

wharf to be cut away, to enable new foundations to be installed. Once the new foundations have 

been installed, the deck of the existing wharf shall be reinstated and the new bollards installed to the 

wharf deck.  

Mooring and breasting dolphins will be installed at various locations along the fender line (berthing 

face), which will have bollards installed on each of the decks, panel fenders installed on the breasting 

dolphins and safety ladders and hand railing fitted to all dolphins. Each dolphin will consist of six steel 

tubular piles, driven into the seabed by a piling hammer, suspended from a crane mounted on a 

barge. 

As part of the Breakwater Extension Project, it is assumed that a suitable barge mounted crane fitted 

with a piling hammer, and a tug would already be mobilised and available for construction of the 

wave attenuator project.  

Piles would be delivered to site via road, stored onsite and loaded onto barge using the crane. A 

maximum of 37 steel piles would be driven into rock or to at least -14 m Chart Datum (CD) and cut off 

at around 6 m CD. 18 attenuator modules would be cast off site and delivered to site on a ship that 

would self-unload the modules. Depending on the size of the delivery ship, several deliveries may be 

required. It is assumed no more than 3 deliveries would be required (around 6 modules per ship).  

Modules would be fixed to the piles and connected to one another at hinged connections with 

manual labour.  

Small works boats would also be active during construction for the transfer of crew, survey, 

environmental monitoring, and minor construction activities such as the relocation of swing moorings. 

For noise assessment purposes the construction stages have been assigned to 4 distinct scenarios: 

 Scenario 1 – Site Establishment initial whalf works (4 weeks). 

 Scenario 2 – Dredging (10 weeks). 

 Scenario 3 – Piling (18 weeks) including for the attenuator. 
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 Scenario 4 – Marine Structures (30 weeks). 

 

Scenario 1 includes establishment of the site amenities and initial wharf works, in preparation for the 

upgrade.  

Scenairo 2, primary dredging works are expected to include a backhoe dredge filling barges with 

sediment (sand and rock), to then be shipped out of Twofold Bay by tugs into the designated disposal 

zone.  

Scenaro 3, the establishment of foundations is expected to include impact piling, concreting and 

formwork. This scenario has also included a situation where piling equipment is relocated to the wave 

attenuator. 

Scenario 4, represents the works to construct the required extension to the existing wharf and remaining 

marine structures. 

6.2 Construction Noise Assessment 

6.2.1 Noise Modelling Methodology 

Construction noise levels were predicted for each construction scenario using the noise model 

approach described in Section 5.1.1.  

6.2.2 Modelling Scenarios 

The primary construction phases will occur over four scenarios; site establishment, dredging, piling and 

wharf extension.  

Table 6.1 summarises the construction scenarios that were modelled.  

Table 6.1: Modelled Construction Scenarios 

Construction Phase Construction Scenario  Period of Works 

Site Establishment 1 Day 

Dredging 2 Day/Evening/Night 

Piling 3 Day 

Wharf Extension 4 Day 

 

6.2.3 Meteorological Conditions 

Meteorological condition as per Table 5.2 have been used for the construction scenarios.  

6.2.4 Construction Sound Power Levels 

Table 6.2 presents a summary of the indicative equipment fleet and their respective sound power levels 

which has been used in each modelling scenario across the construction phase. Sound power levels for 

plant used in construction are taken from the UK DEFRA construction noise database and the BS 

5228.2.2009 and the Construction Noise Strategy (TfNSW, 2012). Details of construction modelling 

assumptions are included in Appendix D.  
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Table 6.2: Indicative Construction Fleet 

    Number of Sources 

Construction 

Fleet 

Sound Power 

Level 

LAeq dB(A) 

Height  

(m) 

Location on 

Site 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Backhoe Dredge 110 4 Twofold Bay - 1 - - 

Small Excavator 97 4 Twofold Bay - 1 - - 

Tugboat 100 2 Twofold Bay - - - - 

Piling Rig (bored) 112 2 Wharf - - 1 - 

Pile (hammering) 134 (LAmax) 2 Wharf - - 1 - 

Grinding/Cutting 109 1 Wharf - - 1 - 

Hand Tools 98 2 Wharf 1 - 1 1 

Truck Idling 107 2 Wharf 2 2 1 2 

Jackhammer 113 1 Wharf 1 - - - 

Concrete Saw 118 1 Wharf 1 - - - 

Concrete Pump 103 1 Wharf - - - 1 

Generator 93 1 Wharf 1 - - - 

Mechanical Plant 81 2 Wharf 1 - - - 

Concrete 

Vibrator 
107 2 Wharf - - - 1 

Crane 98 2 Wharf - - 1 - 

 

Table 6.2 noise sources have been assessed during a 15 minute period assuming the worst case 

scenario (running continuously) except the following ones presented at Table 6.3. Table 6.3 presents the 

total duration estimated within the 15 minute period.  

Table 6.3: Indicative Time Duration within 15 Minute Period 

Construction 

Fleet 

Duration 

Minutes 

Pile (hammering) 5.5 

Grinding/Cutting 3 

Truck Idling 10 

Jackhammer 10 

Concrete Saw 7.5 

6.2.5 Construction Noise Modelling Results and Assessment 

Full predicted noise levels for construction scenarios are presented in Appendix E. Table 6.5 shows the 

noise modelling results for receivers in scenario 1, 2, 3 and 4 at all affected receiver locations across all 

Noise Catchment Areas.  

Table 6.5 summarises the predicted construction noise at the worst case (maximum sound levels) for 

each scenario under the respective meteorological conditions evaluated. As shown, there is 

anticipated to be receivers that experience noticeable and clearly audible noise levels from three of 

the construction phases to take place at Eden. Scenario 3 (impact piling) is predicted to have the most 

significant impact, where exceedances are anticipated to be highly intrusive and highly noise 

affected. 

Note for construction scenario 3 (impact piling) a +5dB impulsivity penalty has been applied as per the 

ICNG (EPA 2009). 



 

 

Job Number 20910 | AQU-NW-001-20910  35 

20910 RHDHV Eden Noise and AQ D3.docx 

Due to the proximity of the activity to sensitive receivers, relevant noise levels have been presented 

with the magnitude of noise exceedances as per Table 6.4, with the results applied in subsequent table. 

Red background indicates noise levels in exceedance of the highly noise affected criteria. 

Table 6.4: Presentation of Results and Exceedances 

Description 
Exceedance above Criteria, 

dB(A) 
Predicted noise level, dB(A) Colour scheme 

Noticeable 0 – 10 dB(A) -  

Clearly audible 10 – 20 dB(A) -  

Moderately intrusive 20 – 30 dB(A) -  

Highly intrusive > 30 dB(A) -  

Highly Noise Affected - > 75 dB(A)  

 

 

Table 6.5: Predicted Construction Noise – Scenarios 1, 2, 3, 4 

 
  Predicted Noise Level LAeq,15min dB(A) 

  Criteria LAeq,15min Scen 1 Scenario 2 Scenario 3 Scenario 4 

Receiver ID Receiver Type Day Eve Night Day Day 
Eve/ 

Nig 

Day/

Port 

Day 

Atten 
Day 

NCA 1 

SR1 Residence 43 37 37 35 35 41 64 65 33 

SR2 Residence 43 37 37 29 32 37 56 57 27 

SR3 Residence 43 37 37 37 35 40 65 59 35 

SR4 Residence 43 37 37 36 35 40 58 66 29 

SR5 Residence 43 37 37 32 35 40 59 60 30 

SR6 Residence 43 37 37 40 41 46 65 66 36 

SR7 Residence 43 37 37 38 41 42 67 62 35 

SR8 Residence 43 37 37 35 37 38 61 60 33 

SR9 Residence 43 37 37 50 50 51 69 69 42 

SR10 Residence 43 37 37 51 51 52 72 71 43 

SR11 Residence 43 37 37 52 52 53 76 73 49 

SR12 Residence 43 37 37 53 53 53 76 78 49 

SR13 Residence 43 37 37 52 50 50 70 72 46 

SR14 Residence 43 37 37 53 50 50 69 71 48 

SR15 Residence 43 37 37 53 50 50 76 78 49 

SR16 Residence 43 37 37 53 52 52 76 78 49 

SR17 Residence 43 37 37 53 52 52 76 78 49 

SR18 Residence 43 37 37 52 51 51 75 77 48 

SR19 Residence 43 37 37 37 38 39 66 62 35 

SR20 Residence 43 37 37 41 42 42 66 67 38 

SR21 Residence 43 37 37 53 51 52 75 77 49 

SR22 Residence 43 37 37 53 51 51 75 77 49 

SR23 Commercial 70 70 70 53 52 53 76 78 49 

SR24 Residence 43 37 37 53 51 52 75 77 49 
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  Predicted Noise Level LAeq,15min dB(A) 

  Criteria LAeq,15min Scen 1 Scenario 2 Scenario 3 Scenario 4 

Receiver ID Receiver Type Day Eve Night Day Day 
Eve/ 

Nig 

Day/

Port 

Day 

Atten 
Day 

SR25 Residence 43 37 37 52 51 51 75 77 48 

SR26 Commercial 70 70 70 45 49 49 67 76 41 

SR27 Residence 43 37 37 50 50 51 70 72 46 

SR28 Residence 43 37 37 53 49 49 72 69 48 

SR29 Residence 43 37 37 54 51 52 76 78 50 

SR30 Residence 43 37 37 42 42 42 68 64 39 

SR31 Residence 43 37 37 54 51 52 76 78 50 

SR32 Residence 43 37 37 54 51 52 73 75 48 

SR33 Residence 43 37 37 41 39 40 65 59 39 

SR34 Residence 43 37 37 50 49 49 70 69 47 

SR35 Passive Recreation 60 60 60 29 29 29 56 54 27 

SR36 Place of Worship 55 55 55 39 38 38 63 60 36 

SR37 Passive Recreation 60 60 60 39 37 37 63 61 36 

NCA 2 

SR38 Industrial 75 75 75 56 55 55 79 81 54 

SR39 Residence 47 40 40 50 50 50 69 69 47 

SR40 Commercial 70 70 70 51 51 51 79 79 49 

SR41 Industrial 75 75 75 59 56 56 78 75 57 

SR42 Residence 47 40 40 56 53 53 75 70 53 

SR43 Residence 47 40 40 56 53 53 77 72 52 

SR44 Residence 47 40 40 55 52 53 77 77 52 

SR45 Residence 47 40 40 54 52 53 75 74 51 

SR46 Residence 47 40 40 50 48 49 70 69 46 

SR47 Residence 47 40 40 53 51 51 72 76 50 

SR48 Commercial 70 70 70 50 49 50 69 72 45 

SR49 Commercial 70 70 70 42 41 41 68 66 40 

SR50 Residence 47 40 40 50 48 49 69 69 46 

SR51 Residence 47 40 40 54 52 52 72 77 52 

SR52 Residence 47 40 40 54 52 52 72 77 52 

SR53 Residence 47 40 40 55 53 53 77 70 53 

SR54 Residence 47 40 40 54 52 52 76 72 52 

SR55 Residence 47 40 40 50 49 49 70 71 47 

SR56 Passive Recreation 60 60 60 48 45 45 68 67 44 
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Table 6.6: Predicted Construction Noise – Extended Receivers 

 
  Predicted Noise Level LAeq,15min dB(A) 

  Criteria LAeq,15min 
Scenario 

1 
Scenario 2 Scenario 3 Scenario 4 

Receiver ID 
Receiver 

Type 
Day Eve Night Day Day 

Eve/ 

Nig 

Day/P

ort 

Day 

Atten 
Day 

NCA 3 

E1 Residence 43 37 37 26 29 35 54 54 25 

E2 Residence 43 37 37 23 26 32 52 52 22 

E3 Residence 43 37 37 22 25 31 51 51 21 

E4 Residence 43 37 37 21 24 30 50 50 20 

E5 Residence 43 37 37 20 23 30 49 49 19 

E6 Residence 43 37 37 18 22 28 48 48 18 

E7 Residence 43 37 37 23 24 30 56 56 24 

E8 Residence 43 37 37 20 21 28 48 48 20 

E9 Residence 43 37 37 21 21 28 54 54 22 

E10 Residence 43 37 37 18 19 26 52 53 19 

E11 Residence 43 37 37 17 18 26 51 53 19 

E12 Residence 43 37 37 16 17 24 45 52 16 

E13 Commercial 60 60 60 21 23 24 55 56 21 

 

6.2.6 Sleep disturbance 

Where dredging is undertaken during the night time period short term peak noise events such as 

shaking an excavator bucket or metal on metal impacts can potentially result in an LAMax sleep 

disturbance noise event. The predicated LAeq noise levels at the nearest receivers in both NCA1 and 

NCA 2 were 10 to 20 d(A) above background for night time dredging. Short term peaks of 5 – 10 dB(A) 

above the predicted LAeq noise level could be expected from impact noise events. 

6.3 Construction Vibration Assessment 

6.3.1 Building Damage  

The methodology contained in the Table E.1of BS 5228-2:2009 for percussive piling was used to predict 

vibration levels of plant at a range of distances. Table 6.7 presents a summary of the predicted levels. 

The predicted vibration levels were based on 200kNm hammer operating at full capacity. 

Table 6.7: Predicted Vibration Levels 

Item1,2 
Guideline Levels (mm/s)3 

Predicted Vibration Level PPV mm/s at 

Distance (m) 

Commercial Residential Sensitive4 5 10 20 50 150 250 

Jackhammer1 

20 5 3 

1.4 0.5 0.2 0.0 0.0 0.0 

Impact pile (Soft cohesive 

and loose granular soils) 
55 22 9 3 0.7 0.3 

Impact pile (Piles driven to 

refusal in rock) 
- - 46 14 3 1.7 

Note: 1. Vibration source levels taken from Section 9 of ENMM. Predictions are indicative only and will vary depending on specific 

type of plant and geotechnical conditions. 

2. Impact Pile vibration level calculated using percussive piling formulae (Table E.1 BS 5228-2:2009). 

3. Criteria presented are the most stringent criteria from DIN 4150-3 

4. Sensitive structures include Heritage buildings or structures of similar sensitivity. 

The results in Table 6.7 indicate a theoretical vibration level based on separation distance. These values 

could vary significantly with site specific ground conditions. The predicted levels are expected to be 

conservative, however should be confirmed with vibration monitoring at commencement of piling. The 
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guideline levels represent a vibration level below which damage to buildings and structures is not 

expected to occur. 

The nearest residential receivers are located approximately 250 metres from piling works for the Eden 

wharf upgrade works and 300 metres from the Wave attenuator.  

Vibration levels at nearest potentially impacted hillsides adjacent the wharf could potentially reach 2-

3mm/s during piling at refusal. Typical vibration levels less than 1mm/s would be expected. Vibration 

monitoring trials would confirm predicted levels. 

6.3.2  Human Comfort 

When vibration such pile driving comprises repeated events, each of a similar value and duration 

(intermittent vibration), a Vibration Dose Value (VDV) may be calculated. 

Assessing Vibration a Technical Guideline (EPA 2006) has been referenced to assess Table 6.7 human 

comfort predicted values. 

Two different pile driving scenarios (normal pile driving and refusal) have been assessed for the nearest 

residential receiver (250m) as a worst case. The duration of the piling (day time only) have been 

assumed as follows: 

- Soft cohesive and loose granular soils piling: 200 minutes during the day at a rate of 2 impacts 

per second. 

- Piles driven to refusal: typically 5 blows per event 

Results presented in Table 6.8 are indicative only and should be confirmed with vibration trials during 

initial piling works.  

Table 6.8: Predicted VDV Values 

Item1,2 
Residential Guideline Levels (mm/s1.75) Predicted Vibration Level PPV mm/s 

 at 250m Distance 
Preferred Maximum 

Impact pile (Soft cohesive 

and loose granular soils) 
0.2 0.4 

0.03 

Impact pile (Piles driven to 

refusal) 
0.04 

 

6.4 Construction Road Traffic Noise 

The same methodology as per Section 5.6 has been used in order to assess existing traffic movements 

and future increase due the construction vehicle movements. 

6.4.1 Assessment 

Traffic generation from construction is primarily expected to occur during the day time, although there 

may be some construction works at night-time. Therefore potential vehicle movements are assessed 

against both time periods. 

It is assumed that worst case construction vehicle movements will be as described in Table 6.9. 
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Table 6.9: Assumed Construction Vehicle Movements  

Road / Street section 

Day Time  Night Time 

Light 

Vehicles 

Heavy 

Vehicles 

Light 

Vehicles 

Heavy 

Vehicles 

Albert Terrace - Imlay Street 25 30 7 5 

 

Taking into account Table 6.9 assumptions regarding day and night period vehicle movements the 

expected traffic increase using the CoRTN method is shown in Table 6.10. 

Table 6.10: Future Traffic Noise Increase Calculated during Day Period 

Road / Street section 
Day Time  Noise Increase 

(dB) 

Night Time  Noise Increase 

(dB) 

Albert Terrace - Imlay Street + 0.8 + 1.4 

 

A review of Table 6.10 shows that the predicted worse case total traffic noise level increases for the 

maximum anticipated traffic flow scenario will increase up to 1.4 dB(A) and hence within the 2 dB(A) 

increase criteria. 

6.4.2 Road Traffic Noise Management 

The road traffic assessment did not identify any exceedance of the increase to the existing traffic noise 

levels. However in order to manage noise from road traffic associated with the Project, road traffic 

noise management should be included as part of CEMP as well as an Operational Environmental 

Management Plan (OEMP).  

6.5 Construction Noise Conclusions 

Four construction scenarios were established from the information provided by the Department of 

Primary Industries. All are expected to occur during normal hours aside from the dredging works, which 

are expected to occur outside standard construction hours for a 12 week period. All construction works 

are predicted to cause some exceedances of the noise criteria, however the assessment established 

that the impact piling scenario will produce highly intrusive and highly noise affected areas.  

Road traffic generation from the construction works are expected to cause negligible impacts.  

As stated, there are anticipated to be exceedances of the construction noise criteria. The works have 

been projected to occur over a year with the majority of construction occurring during daytime hours.  

Construction noise should be managed by a detailed Construction Noise and Vibration Management 

Plan (CNVMP) to be prepared by the successful construction contractor prior to commencement of 

works on site. This would utilise more detailed information in relation to the proposed construction 

methodology, activities, durations and equipment type and numbers. It is envisaged that the 

management plan would consider the following as a minimum: 

 Nearby residences and other sensitive land uses. 

 Noise management levels consistent with the ICNG. 

 Potential noise impact from the proposed construction methods. 

 Where management levels are exceeded examine feasible and reasonable noise mitigation. 

 Develop reactive and proactive strategies for dealing with any noise complaints. 

 Identify a site contact person to follow up complaints. 

 Noise monitoring. 

 

Further information on construction noise management and mitigation is outlined in Section 6.6..  
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6.6 Construction Noise Management 

6.6.1 Construction Environmental Management Plan 

As outlined in the Construction Environmental Management Plan (CEMP) for the Project (AMA, 2015), 

the performance objectives for noise are as follows; 

 To minimise the impacts of noise on sensitive receptors during construction activities; 

 Construction activities undertaken in accordance with AS 2436-1981 ‘Guide to Noise Control 

on Construction, Maintenance and Demolition sites’, and 

 Construction activities undertaken in accordance with New South Wales’s Protection of the 

Environment Operations Act 1997.  

Outlined in Table 6.11 are the management actions that were recommended in the CEMP (AMA 2015).  

Table 6.11: Noise Management Actions 

Management Actions Responsibility Timing 

Noise 

1) Use equipment and procedures that minimise noise. Possible options include: 

 Mufflers / Squawkers. 

 Sound-isolation mounts. 

 Tuned propellers and drive shafts. 

 Shrouds on propeller. 

 Minimal use of thrusters, and ‘ramping up’. 

 Operations involving excessively noisy equipment. 

Contractor(s) Ongoing 

2) Occupational health and safety (OHS) noise limits shall be complied with as a 

minimum standard, including personnel limits of 85 dB over and eight hour 

period. 

Contractor(s) Ongoing 

3) Avoid where possible, leaving engines, thrusters and auxiliary plant in ‘stand 

by’ or ‘running’ mode unnecessarily. Anchorages and moorings should be 

utilized as a primary alternative to ‘standing by’ until vessel is required. 

Contractor(s) Ongoing 

4) Equipment and vessels shall operate in accordance with appropriate industry 

and equipment standards including specifications for noise levels. Regular 

maintenance will be conducted to the manufacturer’s specifications. 

Equipment covers, mufflers and other noise suppression equipment shall also be 

maintained and in good working order at all times. 

Contractor(s) Ongoing 

5) The presence of marine mammals should be visually monitored within a pre-

start observation zone by a suitably qualified crew member for at least 30 

minutes before the commencement of piling (which is to employ the soft-start 

procedure). 

 

The pre-start visual observation zones should apply as follows: 

a. 1,000 m for works undertaken between December to March 

b. 1,500 m for works undertaken between April to September  

Contractor(s) Prior to Piling 

6) At the start of the days piling, after any shut--‐down or for any piling which has 

been suspended for 15 minutes or more, a soft--‐start procedure must occur 

where the piling impact is gradually increased to allow marine fauna to remove 

themselves from the area. The first five impacts must be at no more than 50% of 

full hammer weight. 

Contractor(s) Prior to Piling 

Performance Indicators 

No injury or mortality of marine mammals or turtles due to noise impacts. 
 

No noise complaints from the community 

Monitoring 

A trained marine fauna observer will be on board each vessel to search for marine mammals and turtles during all 

voyages of work vessels and prior to and during all piling activities.  
 

The Contractor(s) shall monitor its above water noise continuously. 
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Management Actions Responsibility Timing 

Reporting 

A piling log will be completed for each pile by the Contractor(s) which shall record all marine fauna sightings within 

the observation zone. The piling logs shall be submitted to the Department on the completion of the driving of each 

pile.  
 

Daily vessel logs shall be maintained by the Contractor(s) which shall record all marine fauna sightings during each 

day. Daily vessel logs shall be available at all times to the Department for inspection. 

Corrective Actions 

If any marine mammal or turtle is observed to be in distress, as a result of the project or otherwise, the Department 

should be notified immediately, along with the NSW Wildlife Rescue. 

 

6.6.2 General Construction Noise Mitigation Measures 

Further general construction noise mitigation measures that should be considered during the 

construction works at Eden include: 

Source controls: 

 Mitigation of specific noise sources using portable temporary screens, or using items to screen 

mobile plant and equipment from receivers, where possible. 

 Maximising the offset distance between noisy plant items and sensitive receivers. 

 Orienting equipment away from sensitive receivers.   

 Using lower powered or reduced size equipment where noise benefits are available, where 

practical. 

 Using broadband reversing alarms in place of traditional beeper reversing alarms. 

Administration controls: 

 Respite and/or restricted construction hours may be considered for extended periods of noise 

intensive works, especially where they occur outside of standard hours. 

 Using alternative construction methods to minimise noise levels. 

 Avoiding the use of horns and alarms, especially at night. 

 Education and training of site staff is necessary for satisfactory implementation of noise 

mitigation measures.   

 Site awareness training / environmental inductions that address noise mitigation techniques / 

measures to be implemented throughout the project. 

 Ensuring plant and equipment is well maintained and not generating excessive noise. 

 Avoid dropping materials and tools or dragging materials across hard surfaces. 

Community management: 

 Notifying receivers potentially affected by the works. 

 Keeping the community informed in relation to noise intensive activities in the immediate area. 

 Providing consultation where prolonged or consecutive periods of out of hours work are 

planned. 

Site controls: 

 Limiting the number of plant and equipment on site. 

 Avoiding using noisy plant simultaneously and/or close together, adjacent to sensitive 

receivers. 

 Arrange site accesses to minimise impacts on sensitive receivers. 

 Carrying out loading and unloading away from sensitive receivers. 
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 Selecting site access points and roads as far as possible away from sensitive receivers. 

Where noise impacts cannot be controlled at source or over the propagation path, controls at the 

receiver may be considered. These controls could include: 

 Temporary relocation, in extreme circumstances. 

 Noise monitoring at receivers. 

 Consultation, communication and participation. 

Where noise levels are above the highly noise affected level, restricting the hours that the very noisy 

activities can occur should be considered, taking into account the times identified by the community 

when they are less sensitive to noise (such as before and after school for works near schools, or mid-

morning or mid-afternoon for works near residences). Through community consultation, it can be 

determined if the community is prepared to accept a longer period of construction in exchange for 

restrictions on construction times. Furthermore, the contractor should examine alternative and quieter 

work procedures, respite periods including restrictions on timing and/or close communication with 

affected residents in relation to the works and their duration. For example, where feasible and 

reasonable, noise intensive activities should be completed as early as possible in the evening (if 

evening work is necessary) and preferably not be carried out after midnight. 

The site compound should be covered by the construction noise management plan and noise emission 

should be assessed according to the ICNG. 

6.6.3 Additional Mitigation Measures 

Where exceedances are still expected to occur after standard mitigation measures (Section 6.6.2) 

have been applied, TfNSW’s Construction Noise Strategy (CNS) recommends the implementation of 

additional mitigation measures. These mitigation measures are specified within the CNS (TfNSW and 

presented in Table 6.12. 

The provision of additional mitigation is based on the predicted exceedances above RBLs and when 

the exceedances occur as outlined in Table 6.12 and Table 6.13. 

The CNS should be utilised in the development of the construction contractors CNVMP with regard to 

the project schedule. Where night time works can be managed to minimise noise levels below the 

highly intrusive level alternative accommodation would not be necessary. 

Table 6.12: Additional Mitigation Measures Matrix 

Time Period 

Mitigation measures 

LAeq (15min) noise level above Rated Background Level (RBL) 

Qualitative assessment of noise levels 

0-10 dB(A) 

Noticeable 

10-20 dB(A) 

Clearly 

Audible 

20-30 dB(A) 

Moderate Intrusive 

>30 dB(A) 

Highly Intrusive 

Standard 

Weekday (7am-6pm) 

- - LB, M LB, M Saturday (8am-1pm) 

Sun/Pub Holidays (Nil) 

OOHW* 

Period 1 

Weekday (6am-10pm) 

- LB LB, M 
M, IB, LB, RO, 

PC, SN 

Saturday (7-8am) and (1-

10pm) 

Sun/Pub Holidays (8am-6pm) 

OOHW Weekday (10pm-7am) LB LB, M LB, M, IB, PC, SN AA, M, IB, LB, 
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Time Period 

Mitigation measures 

LAeq (15min) noise level above Rated Background Level (RBL) 

Qualitative assessment of noise levels 

0-10 dB(A) 

Noticeable 

10-20 dB(A) 

Clearly 

Audible 

20-30 dB(A) 

Moderate Intrusive 

>30 dB(A) 

Highly Intrusive 

Period 2 Saturday (10pm-8am) PC, SN 

Sun/Pub Holidays (6pm-7am) 

 Note: * Out of hours work (OOHW) Table reproduced from the TfNSW CNS. 

 

Table 6.13: Additional Mitigation Measures Matrix Explanation 

Abbreviation 
Mitigation 

Measure 
Explanation 

LB Letter Box Drops 
All residences should be notified as minimum by letterbox drop 7 days ahead 

of construction activities 

M Monitoring 

Attended noise monitoring is to be undertaken as follows: 

At the commencement of out hours works (within the first two nights), where 

out of hours works activities change; and  

Noise measurements shall be undertaken in accordance with the procedure 

documented in AS1055.1-1997 Acoustics – Description and Measurement of 

Environmental Noise – General Procedures. 

IB Individual Briefings 

Individual briefings are used to inform stakeholders about the impacts of high 

noise activities and mitigation measures that will be implemented. 

Communications representatives from the contractor would visit identified 

stakeholders at least 48 hours ahead of potentially disturbing construction 

activities. Individual briefings provide affected stakeholders with personalised 

contact and tailored advice, with the opportunity to comment on the 

project. 

RO 
Project Specific 

Respite Offer 

Residents subjected to lengthy periods of noise or vibration may be eligible for 

a project specific respite offer. The purpose of such an offer is to provide 

residents with respite from an ongoing impact. The offer could comprise pre-

purchased movie tickets or similar offer. This measure is determined on a 

project basis. 

PC Phone  Calls 

Phone calls detailing relevant information would be made to 

identified/affected stakeholders within seven days of proposed work. Phone 

calls provide affected stakeholders with personalised contact and tailored 

advice, with the opportunity to provide comments on the proposed work and 

specific needs etc. 

SN 
Specific 

Notifications 

Specific notifications are letterbox dropped or hand distributed to identified 

stakeholders no later than seven days ahead of construction activities that 

are likely to exceed the noise management levels. This form of 

communication is used to support periodic notifications, or to advertise 

unscheduled works. 

AA 
Alternative 

Accommodation 

Alternative accommodation options should be applied for residents living in 

close proximity to construction works that are likely to incur noise levels 

significantly above the applicable level. 

Notes: Table reproduced from the TfNSW CNS 
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6.7 Construction Vibration Mitigation 

Where activities using significant sources of vibration (i.e impact piling) occur within close proximity to 

structures and identified receivers, potential impacts are likely to be increased. In this case, the 

following mitigation measures are recommended for consideration: 

 Substitution of methods of high vibration/impact emission to lower vibration/impact methods 

i.e use smaller machine or lower mode.   

 Preparation and implementation of a CNVMP to identify detailed assessment methods for high 

risk works, identify affected receivers, complaints handling and consultation protocols.  

 Undertaking trial measurements to establish the site specific vibration propagation from high 

risk activities to establish site specific offset distances required. 

 Alternatives to high vibration source plant and equipment should be used where reasonable 

and feasible. 

Where vibration monitoring is undertaken and criteria exceedances are identified, management 

measures should be implemented immediately to ensure vibration compliance is achieved. 
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7 UNDERWATER CONSTRUCTION NOISE IMPACT ASSESSMENT 

7.1 Marine Mammal Species Potentially Affected 

According to the Review of Environmental Factors (REF) (AMA 2015) there are a number of marine 

mammals present in either Snug Cove or in Twofold Bay throughout the year and these species are 

sensitive to underwater noise at the following frequencies (Underwater Piling Activities Noise Guidelines, 

Government of South Australia, 2012). Specific marine mammals include: 

 Baleen whales including humpback (Megaptera novaeangliae) and southern right whales 

(Eubalaena australis) may be sensitive to sound in the range of 7Hz to 22kHz; 

 Toothed whales, including dolphins (e.g. Delphinus sp., Tursiops sp.) and killer whales 

(Orcinus(orca), may be sensitive to sound in the range of 150 Hz to 160kHz; and  

 Pinnipeds (seals and sea lions) may be sensitive to higher frequencies in the range of 75 Hz To 

30 kHz. 

7.2 Underwater Construction Activities 

Dredging and piling will be the main underwater construction activities during the Port of Eden 

redevelopment with the potential of increased existing underwater background noise. 

According to the schedule the duration of the aforementioned activities is as follows: 

 Dredging (10 week duration); and 

 Piling (Impact and drilling) (18 week duration). 

7.3 Dredging 

A backhoe type dredge will be used for these works. It basically consists of an excavator attached to 

the barge scooping out the seabed with a bucket.  

The underwater noise expected from dredging is expected to be minimal therefore no further 

underwater noise assessment has been conducted.  

7.4 Piling (Impact and Drilling) 

The new 95 m long wharf structure will consist of a composite concrete deck, at the same height as the 

existing wharf, suspended on steel tubular piles. The steel piles will be driven to a design toe level by a 

piling hammer.  

Rock anchors may be installed in some piles, depending on pile refusal level by drilling down through 

the preinstalled steel tubular pile with a drill rig, installing steel reinforcement and then pouring in-situ 

concrete within the pile, to ensure there is a strong connection between the pile and the bedrock.  

In addition to the piling activities that will occur at the wharf, there will also be piling associated with the 

construction of the wave attenuator in Twofold Bay.  

Impact pile driving will be the most important source of underwater noise expected therefore the noise 

impact of this construction activity has been assessed within the following sections. 

7.5 Underwater Noise Descriptors 

Noise descriptors that are commonly used in underwater acoustics to present measured or received 

levels include the following:  
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 Sound pressure level (SPL) – Average noise level over the measurement period expressed in dB 

re 1 µPa. For impulsive sources, such as impact piling and blasts, the measurement period is the 

time period that contains 90% of the sound energy. Continuous sources, such as vibro-piling 

and shipping, are commonly described in terms of an SPL.  

 

 Sound exposure level (SEL) – Total noise energy over the measurement period expressed in dB 

re 1 µPa2⋅s. The SEL is commonly used for impulsive sources because it allows a comparison of 

the energy contained in impulsive signals of different duration and peak levels.  

 

 Peak level – Maximum noise level recorded during the measurement period expressed in dB 

re 1 µPa. The peak level is commonly used as a descriptor for impulsive sources.  

 

 Peak-to-peak level – Difference between the maximum and minimum noise level recorded 

during the measurement period, expressed in dB re 1 µPa. The peak-to-peak level is used as a 

descriptor for impulsive sources. 

7.6 Impact Piling Noise Source Characterisation 

A typical pile driving operation involves the following steps: 

 Pile loaded. 

 A vibrator is used to drive the pile through the surface sediment (soft soil) into firmer rock or 

sand. 

 The pile driver is activated dropping a large weight onto the pile. 

 The pile is driven until the point of refusal (until it does not penetrate a significant distance 

deeper into bedrock). This is determined when for a set number of full ‘drops’ the pile does not 

move a significant distance. 

McCauley et al (2002) conducted measurements of underwater noise produced by pile driving in 

Twofold Bay during July 2002. The piling was undertaken as part of the construction of a Naval wharf on 

the southern side of Twofold bay and is expected to be similar to the Eden wharf redevelopment 

project in terms of piling activity. They conclude that the piling waveform typically involves reflection 

and reverberation effects, including resonance of the pile as it is struck, and secondary noise 

generation from the seafloor by vibration travelling down the pile.  

It is also mentioned that some piling methods cause additional secondary noise pulses from the piling 

hammer “bouncing” on the pile head as per Figure 7.1. 
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Source: McCauley et al (2002) 

Figure 7.1: Example of Impact Pile Driving (Seven Drops) Waveform 

 

Figure 7.1 (top) presents an example of ‘seven drops’ and associated bounces of the pile driver weight. 

(middle) Expansion of the last set of signals in the top plot, showing the initial weight drop and two clear 

bounces of the weight. (bottom) Expansion of the initial drop of the last set of signals in the top plot. 

The frequency content of impact driving signals varied considerably. An example of the averaged 

power spectra from ten initial drops as recorded at 250 m and twenty initial drops as recorded at 600 m 

are shown on Figure 7.2. 

The 250 m range signals show a spectral peak centred near to 100 Hz whereas the 600 m signal shows a 

spectral peak at higher frequencies between 2-3 kHz. This difference will be partly due to variability in 

the pile driving source noise emission and partly due to frequency attenuation with distance. 

  
Source: McCauley et al (2002) 

Figure 7.2: Power Spectra of Pile Driving (Initial Drops) 
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Figure 7.2 (blue) presents an average of ten power spectra of initial weight drop as recorded from 250 

m and the (red) the average of twenty drops recorded at 600 m. 

The pile driving sound pressure levels (SPL) calculated at the different ranges and averaged over many 

signals, for the initial-drop/bounces are shown in Figure 7.3. These mean values were obtained by using 

decibel-statistics, where the decibel values are converted to intensity, the descriptive statistics 

obtained, and the results converted back to decibels. The signals have been split between the initial 

drops (red) first bounce (blue), second bounce (magenta) and third bounce (cyan). The number of 

samples in each average is shown. 

 
Source: McCauley et al (2002) 

Figure 7.3: Pile Driving Sound Pressure Levels depending on the distance 

 

From Figure 7.3 it can be concluded that SPL of 140 dB and 150dB (re 1µPa) fall within 600m of pile 

driving. Note the 600m have a third bounce louder than the second bounce showing how variable the 

levels can be. 

To give some indication of the variability of levels measured, the distribution of all pile driving levels 

measured at 600 m from pile driving are shown on Figure 7.4. This figure does not discriminate the 

different bounces. 

 
Source: McCauley et al (2002) 

Figure 7.4: Measured Impact Pile Driving Distribution (SPL) at 600m Distance 
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7.7 Impact Piling Noise Source Characterisation -Underwater Piling Noise Guidelines 

Underwater Piling Noise Guidelines SA DPTI (2012) referenced in the following sections characterise the 

piling noise emission source based on the size of the pile installed and the pile driving method used. 

This guideline also characterises underwater noise impacts and provides recommendations on 

observation and shut-down zone for different marine mammal species.   

 Impact piling – Impulsive in character with multiple pulses occurring at blow rates in the order 

of 30 to 60 impacts per minute. Typical source levels range from SEL 170–225 dB re 1 µPa2·s for a 

single pulse, and peak level 190–245 dB re 1 µPa. Most of the sound energy usually occurs at 

lower frequencies between 100 Hz and 1 kHz. Factors that influence the source level include 

the size, shape, length and material of the pile, the weight and drop height of the hammer, 

and the seabed material and depth.  

Table 7.1 summarises the characteristics of impact piling noise. 

Table 7.1: Impact Piling Noise Characteristics 

Piling Method Character  Noise Descriptor Source Levels Most Energy 

Impact Impulsive 

SEL 170-225 dB re 1µPa2·s 

100 Hz and 1Khz SPL 180-235 dB re 1µPa 

Peak Level 190-245 dB re 1µPa 

7.8 Underwater Noise Predictions 

Similar noise levels to Figure 7.3 are expected as the proposed piling methods are similar to the 2002 

measurements. Table 7.2 summarises the findings. 

Table 7.2: Impact Piling Underwater Noise Predictions 

Distance 250 m 400 m 600 m 

Measured SPL dB re 1µ Pa 147 - 163 142 - 157 128 - 136 

 Predicted SEL dB re 1µPa2·s 140 - 156 135 - 150 121 - 129 

Note: SEL values were calculated assuming period (T) of 0.2 seconds, Prms = 22.4 Pa 

7.9 Behavioural and Physiological impacts of Noise 

Behavioural responses to noise include changes in vocalisation, resting, diving and breathing patterns, 

changes in mother-infant spatial relationships, and avoidance of the noise source.  

Masking of biologically important sounds may interfere with communication and social interaction, and 

cause changes in behaviour as well.  

Table 7.3 summarises noise exposure criteria for behavioural impacts. The noise exposure criteria are 

based on current interim criteria adopted by the US National Oceanic and Atmospheric Administration 

(NOAA 2011). The noise exposure criteria for impact piling and vibro-driving are different due to their 

different noise character (i.e. impulsive versus continuous). 

Table 7.3: Underwater Noise Exposure Criteria for Behavioural Impact (NOAA2011) 

Species 

Behavioural Noise Exposure Criteria 

  

Impact Piling Vibro-driving 

Cetaceans SPL 160 dB re 1µPa SPL 120 dB re 1µPa 

Pinnipeds SPL 160 dB re 1µPa SPL 120 dB re 1µPa 
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7.9.1 Physiological Impacts -Underwater Piling Noise Guidelines 

When the auditory system is exposed to a high level of sound for a specific duration, the sensory hair 

cells begin to fatigue and do not immediately return to their normal shape. This causes a reduction in 

the animal’s hearing sensitivity, or an increase in hearing threshold. If the noise exposure is below some 

critical sound energy level, the hair cells will eventually return to their normal shape. This effect is called 

a temporary threshold shift (TTS) as the hearing loss is temporary. If the noise exposure exceeds the 

critical sound energy level, the hair cells become permanently damaged and the effect is called 

permanent threshold shift (PTS).  

Table 7.4 summarises noise exposure criteria for physiological impacts. The SEL noise exposure criteria 

are M-weighted levels expressed in dB(M) re 1 µPa2·s. 

M-weighted values are a function of lower (flow) and upper (fhigh) functional hearing limits for each 

marine mammal hearing group. Applying the M-weightings will result in lower values.  

Table 7.4: Underwater Noise Exposure Criteria for Physiological Impacts 

Functional Hearing Group 
Impact Physiological Noise Exposure Criteria 

  

  Impact Piling Vibro-Driving 

Site Establishment 

Dredging 

TTS 
Peak 224 dB re 1µPa 

SEL 183 dB (Mlf) re 1µPa2·s 
SPL 180 dB re 1µPa 

PTS 
Peak 230 dB re 1µPa 

SEL 198 dB (Mlf) re 1µPa2·s 

Peak 230 dB re 1µPa 

SEL 215 dB (Mlf) re 1µPa2·s 

Mid-frequency 

cetaceans 

TTS 
Peak 224 dB re 1µPa 

SEL 183 dB (Mmf) re 1µPa2·s 
SPL 180 dB re 1µPa 

PTS 
Peak 230 dB re 1µPa 

SEL 198 dB (Mmf) re 1µPa2·s 

Peak 230 dB re 1µPa 

SEL 215 dB (Mmf) re 1µPa2·s 

High-frequency cetaceans 

TTS 
Peak 224 dB re 1µPa 

SEL 183 dB (Mhf) re 1µPa2·s 
SPL 180 dB re 1µPa 

PTS 
Peak 230 dB re 1µPa 

SEL 198 dB (Mhf) re 1µPa2·s 

Peak 230 dB re 1µPa 

SEL 215 dB (Mhf) re 1µPa2·s 

Pinnipeds 

TTS 
Peak 212 dB re 1µPa 

SEL 171 dB (Mpw) re 1µPa2·s 
SPL 190 dB re 1µPa 

PTS 
Peak 218 dB re 1µPa 

SEL 186 dB (Mpw) re 1µPa2·s 

Peak 218 dB re 1µPa 

SEL 203 dB (Mpw) re 1µPa2·s 
Notes: TTS = Temporary threshold shift, PTS = Permanent threshold shift 

Mlf, Mmf, Mhf and Mpw are M-weighting functions depending on (flow) and (fhigh) (lower and upper functional hearing limits of each fauna group 

respectively. 

7.10 Zones of Impact - Underwater Piling Noise Guidelines 

The following zones of impact can be defined:  

 Zone of audibility – Area within which marine mammal might hear the source noise but not 

show any significant behavioural response. The size of the zone of audibility is highly dependent 

on the ambient noise environment.  

 

 Zone of responsiveness – Area within which the considered marine mammal might react 

behaviourally to the noise source. This zone can be smaller than the zone of audibility as marine 

mammals usually do not show significant behavioural responses to noises that are faint but 

audible.  

 

 Zone of hearing injury – Area closest to the noise source where the noise levels may be high 

enough to cause a physiological impact such as TTS or PTS.  
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The zones of impact define the likely environmental footprint of a noise source and indicate how far 

away a noise source is expected to have an impact on a marine mammal species, either 

behaviourally or physiologically. 

7.10.1 Management and Mitigation Procedures 

The framework for management and mitigation of underwater noise impact form piling activities 

includes safety zones, standard management and mitigation procedures, and additional 

management and mitigation measures. These are to be implemented as follows.  

 Safety zones – The safety zones include observation and shut-down zones that are sized 

based on the likely noise levels produced by the piling activity. The safety zones should be 

used in the operational procedures that are part of the standard management and 

mitigation procedures. A diagram showing safety zones around a jetty is included in Figure 

7.5.  

 Standard management and mitigation procedures. 

 Additional management and/or mitigation measures to the standard management and 

mitigation procedures are to be used when the impacts of the piling activity on listed 

marine mammal species are likely to be significant. 

 

Figure 7.5: Diagram Showing Safety Zones (around a Jetty) 

7.10.2 Safety Zones 

Underwater Piling Noise Guidelines SA DPTI (2012)  recommends  safety zones are used in the standard 

management and mitigation procedures for piling activities include observation and shut-down zones. 

In the observation zone, the movement of marine mammals should be monitored to determine 

whether they are approaching or entering the shut-down zone.  

When a marine mammal is sighted within or appears to enter the shut-down zone, piling activities must 

be stopped as soon as reasonably practical.  

The safety zones aim to minimise the likelihood of hearing injury to occur to marine mammals, and do 

not intend to prevent behavioural responses to audible but non-traumatic noise events. It is likely that 

marine mammals in the vicinity of a piling activity will show an avoidance reaction to the noise, which 

reduces the chance of marine mammals approaching the source close enough to enter the zone of 

hearing injury. The impacts of such a temporary displacement are unlikely to be significant unless it 

occurs during critical behaviours, such as breeding, feeding and resting, or in important areas such as 

migratory corridors.  
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The shut-down zones allow for the cumulative effect of multiple impacts, i.e. in the order of 30 minutes 

of exposure to pile driving noise for cetaceans and 2 minutes for pinnipeds. This allows some time to 

move away from the noise source thereby reducing the likelihood of hearing injury to occur. 

Safety zones for impact piling and vibro-driving activities are presented in Table 7.5, together with the 

estimated zone of behavioural response. The safety zones are sized by comparing expected received 

noise levels with the following noise exposure thresholds.  

 Impact piling – Noise exposure threshold is SEL 150 dB(M) re 1 µPa2s for a single impact at either 

100 m or 300 m. 

Table 7.5: Summary of Safety Zones for Impact Piling (Underwater Piling Noise Guidelines SA DPTI (2012) 

Species 

Noise Exposure Threshold 

(SEL in dB(M) re 1µ Pa2 for 

Single Impact 

Observation 

Zone 

Shut-down 

Zone 

Zone of Behavioural 

Response 

Low-frequency cetaceans 

≤ 150 dB(Mlf) at 100 m 1 km 100 m ≤ 150 m 

≤ 150 dB(Mlf) at 300 m 1.5 km 300 m ≤ 500 m 

> 150 dB(Mlf) at 300 m 2 km 1 km ≤ 3 km 

Mid-frequency  

cetaceans 

≤ 150 dB(Mmf) at 100 m 1 km 100 m ≤ 150 m 

≤ 150 dB(Mmf) at 300 m 1.5 km 300 m ≤ 500 m 

> 150 dB(Mmf) at 300 m 2 km 1 km ≤ 3 km 

High-frequency  

cetaceans 

≤ 150 dB(Mhf) at 100 m 1 km 100 m ≤ 150 m 

≤ 150 dB(Mhf) at 300 m 1.5 km 300 m ≤ 500 m 

> 150 dB(Mhf) at 300 m 2 km 1 km ≤ 3 km 

Pinnipeds 

≤ 150 dB(Mpw) at 100 m 1 km 100 m ≤ 150 m 

≤ 150 dB(Mpw) at 300 m 1.5 km 300 m ≤ 500 m 

> 150 dB(Mpw) at 300 m 2 km 1 km ≤ 3 km 

 

7.11 Recommended Zones  

As shown previously in Table 7.2, the maximum predicted SEL at a distance of 400 m from the piling 

works is 150 dB. That is, 400 m represents the worst-case expected shutdown distance during any piling 

activities. When compared to the values presented in Table 7.5, it can be identified that the 1.5 km 

observation zone, 300 m shut-down zone and 500m behavioural response zone is less conservative than 

that calculated from previous Twofold Bay underwater noise measurements McCauley et al (2002) 

during impact piling.  

Actual noise impacts will depend on the piling energy and ground conditions and local bathymetry. 

Underwater noise measurement trials would confirm Table 7.2 predictions and zoning distances, 

however a conservative setting of observation and shutdown zones should minimise impacts. 

EPBC Referral conditions of consent require a 1.5 km observation zone and a 1 kilometre shutdown 

zone. 

7.12 Underwater Noise Management and Mitigation 

7.12.1 Planning of Piling Activities 

The planning stage of piling activities should consider the following:  

 Timing and duration – Where possible, avoid conducting piling activities during times when 

marine mammals are likely to be breeding, calving, feeding, or resting in biologically important 

habitats located within the potential noise impact footprint. Where possible, also avoid 
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conducting piling activities in areas adjacent migratory corridors or important feeding areas 

during migration season.  

 Piling method – Use low noise piling methods, such as vibro-driving, instead of impact piling 

methods where possible. Vibro-driving methods produce lower noise levels and are not 

impulsive in character. This reduces the likelihood of hearing injury to occur within marine 

mammals. The piling method should be optimised taking into account time on-site and likely 

noise levels.  

 Contract documentation – Include the standard management and mitigation procedures, 

and any additional measures to be put in place, in the contract documentation.  

 Trained crew – Ensure that a suitably qualified person is available during piling activities to 

conduct the standard operational procedures outlined below. A suitably qualified person must 

have qualifications in ecology, zoology or environmental sciences and demonstrated 

experience with the identification and management of dolphins or whales.  

7.12.2 Management Measures and Procedures 

The EPBC referral conditions for the Eden Breakwater Extension details specific operational procedures  

which must be undertaken by contractors during piling activities include pre-start, soft start, normal 

operation, stand-by operation, and shut-down procedures. The operational procedures should be 

incorporated into the construction  contractors Marine Mammals Management Plan MMMP. 

 

  



 

 

Job Number 20910 | AQU-NW-001-20910  54 

20910 RHDHV Eden Noise and AQ D3.docx 

8 EXISTING AIR QUALITY ENVIRONMENT  

To assess project impacts on air quality, the background air quality without the project will need to be 

added to the predicted impacts of this project. To source suitable background air quality levels, the 

ambient air quality network operated by the NSW Office of Environment and Heritage (OEH) was 

referenced. 

The closest OEH monitoring site to Eden, with a land use considered to be similar to the project is the 

Albion Park South station. This is located south of Wollongong, NSW and collects air quality data for 

pollutants including the PM10 and PM2.5 particulate size fractions, NO2, SO2 and ozone (O3).  

It is noted that PM2.5 data are only available at this site since February 2015 and therefore PM2.5 data 

measured at Wollongong were used to obtain a completed data set to estimate background air 

quality for PM2.5. 

The local air emission sources in proximity to the project were also investigated using the web tool 

provided by the National Pollution Inventory (NPI) at ‘http://www.npi.gov.au’. The search results 

showed that there are only a small number of emission sources in a 16km search radius of the project: 

two petrol stations and a sewage treatment plant. Therefore it is concluded that the background air 

quality in the study area is anticipated to be without significant impact from human activities. 

This is in contrast to the air shed that the Albion Park South and Wollongong air quality data is collected 

from. The data collected at these locations will potentially incorporate contributions from several 

industrial land uses, including, but not limited to, the Port Kembla steelworks, bulk ports activities, coal 

terminals, asphalt plants and major arterial roadways. For this reason, while it is acknowledged that no 

representative local data is present, the use of the closest OEH ambient air quality monitoring station 

data to the project site is considered a conservative approach (i.e. will in all likelihood over-state 

background air quality).  

The use of longer-term data sets presented by OEH monitoring is a widely adopted industry approach 

to developing estimates of background air quality, particularly if they can be demonstrated to be 

conservative relative to the subject application. This is more instructive than invoking site specific 

campaign air quality monitoring, which, by its nature, is not able to capture seasonal variation in air 

quality. 

8.1.1 Air Quality Data at Albion Park South and Wollongong  

A summary of the available air quality data at Albion Park South and Wollongong is provided in  

Table 8.1 for the calendar year 2013. This year was selected as a representative meteorological year for 

dispersion modelling assessment (see more detail in Section 8.2).  

The summary statistical data for 1-hour averaging duration were sourced from New South Wales Annual 

Compliance Report 2013 for National Environment Protection (Ambient Air Quality) Measure (OEH, 

2013), and 24-hour and annual statistics were calculated from the daily average data obtained 

onlinec.  

Generally, air quality for Albion Park South and Wollongong can be described as good, with the 

exception of isolated high pollution days or extreme events as a result of isolated events such as dust 

storms and bushfires. 

                                                           

c At http://www.environment.nsw.gov.au/AQMS/search.htm 

http://www.npi.gov.au/
http://www.environment.nsw.gov.au/AQMS/search.htm
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Table 8.2 presents air quality data for the period from 2010 to 2015. Year 2013 had the greatest 

maximum 24-hour PM10 and PM2.5 concentrations. For NO2 and SO2, 2013 was a year with higher 

concentrations than most other years since 2010. Therefore it is conservative to use the 2013 measured 

air quality data to represent background air quality for the project. 

8.1.2 Summary of Background Air Quality Concentrations  

To determine conservative background air quality concentrations for this assessment, the following 

approaches have been adopted:  

For NO2 and SO2, the maximum concentrations in Table 8.1 are significantly below the corresponding 

EPA assessment criteria. Conservatively, these values were referenced as the constant background 

concentrations for this project. 

For maximum 24-hour PM10 and PM2.5, on occasion the air quality data in Table 8.1 exceed the NSW 

assessment criteria and therefore the approach of using constant background concentration data was 

not adopted. Instead, data at the monitoring stations were extracted daily for 2013, and then used 

contemporaneously with the meteorological data for predicting the maximum cumulative 24-hour 

impacts. The intent of this approach is to evaluate whether the proposed project will lead to any 

additional days of exceedances of these air quality metrics. 

For annual average PM10 and PM2.5 concentrations, the data presented in Table 8.1 have been 

referenced. 

Table 8.1: Air Quality at Albion Park and Wollongong for 2013 

Pollutant 
Concentrations Criterion Data Sources 

Averaging Period 
(ppm) (µg/m3) (µg/m3) Station, Year, statistics 

Nitrogen dioxide (NO2) 
0.039 75 246 Albion Park, 2013, maximum 

 
1-hour 

0.004 

 
8 62 Albion Park, 2013, average 

 
Annual 

Sulfur dioxide (SO2) 

0.039 104 570 Albion Park, 2013, maximum 1-hour 

0.009 24 228 Albion Park, 2013, maximum 24-hour 

0.001 3 60 Albion Park, 2013, average Annual 

Particulate matter  

< 10 µm (PM10) 

 69 

44.5 
50 

Albion Park, 2013, maximum 

Albion Park, 2013, 6th highest 
24-hour 

 14.7 30 Albion Park, 2013, average Annual 

Particulate matter  

< 2.5 µm (PM2.5) 

 88.4 25 Wollongong, 2013, maximum 

 

2013 

24-hour 

 7.7 8 Wollongong, 2013, average 

 
Annual 

 

Table 8.2: Air Quality at Albion Park and Wollongong since 2010 

Statistics 

Unit 
 Annual Average (ug/m3) 

 Maximum 24-hour 

(ug/m3) 

Annual Average 

(ppm) 

Maximum 24-hour 

(ppm) 

Year PM10 PM2.5 PM10 PM2.5 SO2 NO2 SO2 NO2 

  
Albion 

Park 
Wollongong 

Albion 

Park 
Wollongong Albion Park 

2010 14.0 5.1 41.8 23.5 0.08 0.28 1.1 1.4 

2011 13.6 4.6 51.0 17.7 0.06 0.21 1.0 1.3 

2012 13.6 4.6 43.9 15.6 0.05 0.37 1.0 1.7 

2013 14.7 7.7 69.0 88.4 0.07 0.42 0.9 2.0 

2014 16.2 7.0 48.3 17.3 0.06 0.39 0.5 1.4 

2015* 13.8 7.5 41.2 31.6 0.07 0.34 0.7 1.6 

*Data for 2015 up to 15 Dec 2015.  
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8.2 Meteorology  

To characterise the local meteorology for the project site, nearby Bureau of Meteorology (BoM) surface 

stations were investigated. Two stations were identified in the vicinity of the project:  

Merimbula Airport Automatic Weather Station (AWS) - station number 69147, 18 km north 

Green Cape AWS - station number 69137, 20 km south 

 

Both stations are positioned at coastal locations. However, Green Cape AWS is more exposed to the 

ocean, being located at the tip of a long headland and therefore is considered less representative of 

the project location, being located in a relative sheltered cove.  

Climate statistics at Merimbula Airport AWS are summarised in Table 8.3. The data show the hottest 

months are January and February with an average daily maximum temperature of 24.7ºC, and a daily 

minimum temperature of 15.2ºC. The coolest month is July, with an average daily maximum 

temperature of 16.5ºC, and a daily minimum temperature of 4.1ºC. The average annual rainfall is 

761mm.  

Table 8.3: Climate Statistics at Merimbula Airport * 

*Data were obtained from Bureau of Meteorology website: www.bom.gov.au for 1998-2015. 

To assess the local wind conditions, wind rose data for the period of 2010-2013 are presented in Figure 

8.1 to Figure 8.3. These figures show that the predominant wind directions are from north east and south 

west. There are seasonal variations, with wind directions in the winter predominantly from west and 

south west, and in the summer predominantly from north east. Average wind speed is higher in summer 

than winter. 

Wind roses by year show that 2013 is a representative year for wind speed and direction distributions. 

Therefore it is a suitable year to be used for air dispersion modelling. In addition, the annual rainfall 

recorded in 2013 (810mm) and monthly averages of daily maximum (Figure 8.4) and minimum 

temperature (Figure 8.5) also confirm that 2013 is a representative meteorological year. 

 

Statistics unit Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Mean Maximum 

Temperature  
oC 24.7 24.6 23.5 21.5 19.1 16.8 16.5 17.3 19.4 20.7 21.5 23.1   

Mean Minimum 

Temperature  
oC 15.1 15.2 13.3 10.9 7.6 5.6 4.1 4.8 6.8 9 11.8 13.5   

Mean Monthly 

Rainfall 
mm 54.4 93 72.1 74 49.1 69.4 50.6 49 45.6 56.8 87.7 59.4 761  

Number of days 

with rainfall >= 

1mm 

days 6.5 6.1 5.5 6.2 3.9 5.9 4.2 5.1 6 7.2 8.1 6.7 71 

Mean 9am 

Relative 

Humidity 

% 70 73 76 70 74 78 76 69 63 62 68 65   

Mean 3pm 

Relative 

Humidity 

% 65 64 62 61 60 60 58 55 58 61 65 63   

Mean 9am 

Wind Speed 
m/s 2.8 2.3 1.9 2.2 2.1 2.2 2.2 2.4 2.7 3.1 3.1 3.2 2.5 

Mean 3pm 

Wind Speed 
m/s 5.6 5.3 4.9 4.2 3.8 3.4 3.8 4.5 5.1 5.3 5.4 5.4 4.7 
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Figure 8.1: Wind roses for Merimbula Airport for 2009-2013 
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Figure 8.2: Wind roses for Merimbula Airport for 2009-2013, by season 
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Figure 8.3: Wind roses for Merimbula Airport, by year 
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Figure 8.4: Monthly Average of Daily Maximum Temperature for Merimbula Airport (courtesy of BoM) 

 

 

Figure 8.5: Monthly Average of Daily Minimum Temperature for Merimbula Airport (courtesy of BoM) 
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9 AIR QUALITY PARAMETERS 

9.1.1 Construction 

Construction related activities are expected to have limited, and transient impacts on air quality. 

Further, the potential for air quality impacts are considered to be greater during the operational phase 

of the project. For these reasons, a quantitative construction air quality assessment has not been 

included. Potential air quality impacts and appropriate management methods are explored further in 

Section 13.  

9.1.2 Operations 

During operation of the port facility, the key emission source is anticipated to result from combustion 

emissions when the ship is at berth and in-transit (to/from the wharf).  

The mitigation measures that have been proposed to reduce the impact of atmospheric emissions from 

the terminal’s operations are discussed further in Section 14. 

9.2 Combustion Emissions 

The production of NOx, SO2, CO and PM will occur from combustion emissions associated with the 

engines of the cruise ships at Eden. 

The production of NOx occurs during combustion processes due to the oxidation of nitrogen in fuel and 

air. The rate at which this conversion occurs, as well as the partitioning between NO and NO2, depends 

on a number of factors including temperature/pressure of the combustion process, topography, local 

meteorological circulation patterns, the presence of an inversion, and the presence of ozone.  

SO2 emissions are generated during the combustion process of fuels containing sulfur, and PM will be 

formed as the product of incomplete combustion of hydrocarbon fuels.  
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10 AIR QUALITY ASSESSMENT CRITERIA 

The Approved Methods and Guidance for the Modelling and Assessment of Air Pollutants in NSW (EPA, 

2005) (Approved Methods) specifies air quality assessment criteria relevant for assessing impacts from 

air pollution. The impact assessment criteria refer to the total pollutant load in the environment and 

impacts from new sources of these pollutants must be added to existing background levels for 

compliance assessment. In other words, consideration of background air quality needs to be made 

when using these goals to assess potential impacts. The criteria are health-based, that is they are set at 

levels to protect against health effects, including for the most vulnerable in society.  

The air quality criteria relevant to this assessment are those related to particulate matter (PM), nitrogen 

dioxides (NO2) and sulfur dioxide (SO2) from fuel combustion.  

Table 10.1 summarises the EPA ambient impact assessment criteria applicable to this project.  

The criteria in Table 10.1 are consistent with applicable standards in the National Environment 

Protection Measure for Ambient Air Quality (referred to as the Ambient Air-NEPM) (NEPC, 1998a). In May 

2003, the NEPC released a variation to the Ambient Air-NEPM (NEPC, 2003) to include advisory reporting 

standards for fine particulate matter with an equivalent aerodynamic diameter of 2.5 m or less (PM2.5) 

(refer Table 10.2). The purpose of the variation was to gather sufficient data nationally to facilitate the 

review of the Ambient Air-NEPM, which is currently underway.  

Table 10.1: EPA Ambient Impact Assessment Criteria and NEPM PM2.5 Criteria  

Pollutant Criterion Averaging Period 

Nitrogen dioxide (NO2) 
246 µg/m3 1-hour average 

62 µg/m3 Annual average 

Sulfur dioxide (SO2) 

712 µg/m3 10-min average 

570 µg/m3 1-hour average 

228 µg/m3 24-hour average 

60 µg/m3 Annual average 

Particulate matter < 10 µm 

(PM10) 

50 µg/m3 

24-hour average 

(with maximum allowable exceedances  of 5 

days a year) 

30 µg/m3 Annual average 

Particulate matter < 2.5 µm 

(PM2.5) 

25 µg/m3 24-hour average 

8 µg/m3 Annual average 

Carbon monoxide (CO) 
30 mg/m3 1-hour average 

10 mg/m3 8-hour average 

 

Table 10.2: PM2.5 Advisory Reporting Standards 

Pollutant Advisory Reporting Standard Averaging Period 

Particulate matter < 2.5 µm (PM2.5) 
25 µg/m3 24-hour average 

8 µg/m3 Annual average 
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11 EMISSIONS ESTIMATION 

11.1 Assessment Approach 

The assessment follows a conventional approach commonly used for air quality assessments in NSW 

and outlined in the Approved Methods for the Modelling and Assessment of Air Pollutants in NSW (EPA 

2005). Dispersion modelling has been performed for the identified emission sources / parameters and 

the proposed operational scenario and compared to air quality impact assessment criteria.  

11.2 Atmospheric Dispersion Modelling 

11.2.1 CALPUFF 

CALPUFF is a multi-layer, multi-species non-steady state puff dispersion model that can simulate the 

effects of time and space varying meteorological conditions on pollutant transport, transformation and 

removal (Scire et al., 2000). The model contains algorithms for near-source effects such as building 

downwash, partial plume penetration, sub-grid scale interactions as well as longer-range effects such 

as pollutant removal, chemical transformation, vertical wind shear and coastal interaction effects. The 

model employs dispersion equations based on a Gaussian distribution of pollutants across the puff and 

takes into account the complex arrangement of emissions from point, area, volume, and line sources. 

In March 2011 the NSW EPA published generic guidance and optional settings for the CALPUFF 

modelling system for inclusion in the Approved Methods (TRC, 2011). The model set up for this study has 

been completed in consideration of these guidelines. 

Further information on the model set-up and meteorological parameters is presented in Appendix G. 

11.2.2 Evaluation of Cruise Ship Emissions 

The anticipated shipping schedule provided to Pacific Environment indicates that a maximum of 12 

ships will dock in the 2017 calendar year. However, to evaluate emissions under worst case 

meteorology, 1-hour and 24-hour air quality impacts from ship emissions were assessed using the 

following assumptions: 

 One ship per day over the whole year would be entering and leaving the port. 

 Ship at berth will occur between 07:00 – 18:00. 

 Ship transit will occur between 06:30 – 07:00 (to port) and 18:00 – 18:30 (from port). 

 

The ports shipping schedule indicates that cruise ships are only anticipated to enter the bay 12 times 

per year up to 2017 (although future forecasts are up to 60 cruise ships per year). Dispersion modelling 

however has been structured to represent the potential impact of a cruise ship berthing every day of 

the year. This ensured that worst case meteorological conditions (e.g. low mixing heights, calm, stable 

conditions) are accounted for in the evaluation of worst-case impacts. The conservatism involved in 

assuming that ship berthing (a relatively uncommon event) will coincide with worst-case 

meteorological conditions is acknowledged, however is considered valid for assessment purposes. 

Presented in Table 11.1 is a description of the parameters used to characterise the Holland America 

cruise ship ‘Noordam’. Following a comparison of all future expected cruise ship arrivals to the Eden 

Breakwater Wharf, the ‘Noordam’ was selected for conservatism as this ship outputs an above average 

mechanical work (large engine capacity) and hence has a higher potential for atmospheric emissions. 

The main engine power has been referenced to derive emission estimates during the transit phase of 

operations, with an assumption that the cruise ship power at berth is a quarter of the maximum power. 

This assumption is consistent with an air quality assessment completed at White Bay, NSW where a 

similar vessel size was assessed (SKM, 2010). 
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Table 11.1: Ship Characteristics referenced within Emission Characterisation and Estimation 

Ship Characteristics Value Reference / Assumptions 

Main Engine (max power) 51,940 kW (Holland America, 2013) 

Auxiliary Engine 12,985 kW ¼ of the main engine power,(SKM, 2010) 

Service Speed 11.3 m/s (Holland America, 2013) 

Notional Engine Speed 12.5 m/s (Holland America, 2013) 

Propulsive Power Required 47,142 kW 

Assumed a ratio of service speed to notional engine speed 

is equivalent to the ratio of propulsive power and main 

engine power 

Average Vessel Speed  

(open ocean) 
10.2 m/s Assumed to be 90% of the service speed 

Average Vessel Speed 

(approaching/departing the port) 
2.5 m/s Assumed to be 25% of the average vessel speed 

Load Factor 0.91 
Assumed a ratio equivalent to the propulsive power and 

main engine power 

Length of Ship 285 m (Holland America, 2013) 

 

Both current and potential future cruise ship fuel sources were modelled as part of the air quality 

assessment. The primary difference between those assessed is the varying sulfur content of the fuels as 

detailed below: 

Residual Oil: 2.7% sulfur 

Marine Distillate: 0.5% sulfur 

Low Sulfur Fuel: 0.1% sulfur 

 

The cruise ship engine emission factors (residual oil and marine distillate fuel types) were referenced 

from ‘Modelling of ship engine exhaust emissions in ports and extensive coastal waters based on 

terrestrial AIS data - An Australian case study’ (Goldsworthy et al., 2015). This publication outlines 

characteristic emissions dependent upon the cruise ship’s machine type, fuel type, engine type and 

brake specific fuel consumption. The 0.1% low sulfur fuel emission factors were sourced from a US EPA 

publication (US EPA, 2015).  

A summary of the project specific cruise ship emission factors referenced are presented in Table 11.2.  

Table 11.2: Emission Factors (g/kWh) 

 Residual Oil  Marine Distillate  Low Sulfur Fuel 

Substance Main Engine Aux. Engine Main Engine Aux. Engine Main Engine Aux. Engine 

NOx 18.1 14.7 17.0 13.9 3.11 3.11 

SO2 10.3 12.0 1.8 2.1 0.39 0.39 

PM10 1.42 1.44 0.31 0.32 0.08 0.08 

PM2.5 1.31 1.32 0.28 0.28 0.08 0.08 

CO 0.5 1.1 0.5 1.1 1.4 1.4 
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11.2.2.1 Emission Rates 

Some parameters, namely exhaust velocity and temperature, could not be sourced specifically for the 

Noordam cruise ship. As a result these parameters were referenced from a similar air quality assessment 

completed at White Bay, NSW (SKM, 2010). 

Presented in Table 11.3 are the ship parameters adopted when the ship is at berth. 

Table 11.3: Ship Stack Exit Parameters 

Ship Parameters Value Reference 

Ship Location Eden Wharf - 

Easting (m) 758328 - 

Northing (m) 5892902 - 

Exhaust Height (m) 55 (Holland America, 2013) 

Exhaust Diameter (m) 1 SKM (2010) 

Exhaust Velocity (m/s) 24.3 SKM (2010) 

Exhaust Temperature (K) 433 SKM (2010) 

 

As stated previously, the berthing transit time was assumed to take 30 minutes. At an anticipated 

reduced speed of 2.5 m/s in the bay area the ship would travel 4.6 km, the approximate distance from 

the wharf to the edge of Twofold Bay. This transit has been represented as a line source that follows the 

anticipated path to be used by the cruise ships once the upgraded wharf is in operation.  

Table 11.4 shows the resultant emission rates when the ship is at berth (auxiliary engine) and in transit 

(main engine). It is noted that while main engines are anticipated to have a higher emission rate for all 

air quality metrics, the source is transient in space, and is only anticipated to occur within two hours 

(approach and departure). 

Table 11.4: Emission Rates (g/s)  

 Residual Oil Marine Distillate  Low Sulfur Fuel 

Substance Main Engine Aux. Engine Main Engine Aux. Engine Main Engine Aux. Engine 

NOx 118.5 53.0 111.3 50.1 20.4 11.2 

SO2 67.4 43.3 11.9 7.6 2.6 1.4 

PM10 9.3 5.2 2.0 1.2 0.5 0.3 

PM2.5 8.6 4.8 1.8 1.0 0.5 0.3 

CO 3.3 4.0 3.3 4.0 9.2 5.0 

 

11.2.2.1 Building Wake Effects 

For the purposes of modelling building wake effects, each of the cruise ships at berth was considered 

to be a structure that would cause a building wake effect to occur. Each ship was defined as having a 

single tier and included in the Building Profile Input Program (BPIP). The PRIME building wake algorithm 

was selected in the CALPUFF model.  

Dimensions for the structures included in BPIP are shown in Table 11.5. 
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Table 11.5: Ship Dimensions  

Structure 
Dimensions 

Height (m) not including stack Length (m) Width (m) 

Large Cruise Ship (Noordam) 50 285 32 

 

11.3 Other Emission Sources 

11.3.1 Tugboat Emissions 

Tugboats are anticipated to be used in the transit period to assist the cruise ships entering and leaving 

the port. Given the transient nature of the event and that as per the no build scenario other smaller 

boats will also be operating in Twofold Bay, it was not considered material to include tugboat emissions 

in the air quality assessment.  

12 AIR QUALITY IMPACT ASSESSMENT  

Atmospheric emissions resulting from cruise ships (transit and at berth) were modelled to predict 

ground-level concentrations of NOx, SO2, PM10, PM2.5 and CO on the area surrounding the port for the 

three assessed fuel types (residual oil, marine distillate and low sulfur). 

12.1 Nitrogen Dioxide 

Figure 12.1 shows the predicted maximum 1-hour NOx concentrations as contour plots for the 

respective fuel types. 
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Residual Oil 

 

Marine Distillate 

 
Low Sulfur Fuel 

Species: 

NOx 

Averaging Time:  

1-hour 

Percentile: 

100th  

Scenario: 

Ship at Berth(transit 

included) 

Location: 

Eden Port 

Model Used: 

CALPUFF v6.42 

Units: 

µg/m3 

Criterion: 

246 µg/m3 

Met Data: 

Jan 2013 – Dec 2013 

(CALMET) 

Plot: 

A Rouggos 

Figure 12.1: Predicted 100th Percentile 1-hour NOx Concentrations (Incremental) 

 

Given that there is no assessment criterion for NOx, ground level concentrations of NO2 were 

determined using the ozone limiting method (OLM) (DEC, 2005). This method uses hourly background 

levels of ozone (O3) and NO2 to estimate the conversion of NOx to NO2. It assumes that all the available 

ozone in the airshed will further oxidise any NO in the plume until either all the O3 or all the NO is used 

up.  

Background concentrations of O3 and NO2 were obtained from the OEH’s monitoring site at Albion 

Park. As expected the concentration of ozone differs across the day, with 2013 levels ranging from 0 

µg/m3 up to a maximum 238 µg/m3, occurring in the afternoon periods when sunlight is the most 

intense. This is in contrast to the air quality assessment, where ground level NOx concentrations were 

predicted to be the greatest in the morning period, between 6am and 9am. Hence it was evaluated 

that the conversion of NOx to NO2 for the project area using the OLM is of the order of 10 – 20%.  
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Table 12.1 shows the calculations of NO2 concentrations by the OLM for the most affected discrete 

receptors, referencing the relevant NSW EPA assessment criteria.  

Table 12.1: Predicted Cumulative NO2 Concentrations by OLM 

     Receptor ID (most affected) 

Fuel Substance Duration Statistics 
Criteria 

(µg/m3) 

R22 

(µg/m3) 

R23 

(µg/m3) 

R41 

(µg/m3) 

R42 

(µg/m3) 

Residual Oil 

NOx (incremental) 
1-hour Maximum N/A 1065 1088 1576 940 

Annual Average N/A 0.43 0.46 1.02 0.53 

NO2 (cumulative) 
1-hour Maximum 246 177 182 180 160 

Annual Average 62 0.43 0.46 0.53 0.43 

Marine Distillate 

NOx (incremental) 
1-hour Maximum N/A 1007 1029 1490 889 

Annual Average N/A 0.39 0.43 0.95 0.49 

NO2 (cumulative) 
1-hour Maximum 246 172 176 175 155 

Annual Average 62 0.43 0.43 0.53 0.43 

Low Sulfur Fuel 

NOx (incremental) 
1-hour Maximum N/A 225 230 333 199 

Annual Average N/A 0.10 0.10 0.23 0.10 

NO2 (cumulative) 
1-hour Maximum 246 95 96 133 129 

Annual Average 62 0.33 0.36 0.39 0.36 

 

It is shown that the ground level concentrations for NO2 across all fuel types are predicted to be below 

their corresponding assessment criteria. The 1-hour concentration of the most affected receptor (R23) 

when residual oil fuel is used comprises a concentration equivalent to 74% of the NO2 criterion when 

assessed on a cumulative basis.  
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12.2 Sulfur Dioxide 

The OEH provides SO2 assessment criteria for 10-minute, 1-hour, 24-hour and annual averaging times. An 

empirical relationship (VEPA, 1986) was used to predict the maximum 10-minute SO2 concentrations 

from the models predicted 1-hour average SO2 concentrations, as follows: 

Ct = C60 [60/t] 0.2 

where: 

 Ct = concentration at time t 

 C60 = concentration for averaging time (60 minutes) 

 t = time in minutes 

Figure 12.2 shows the predicted maximum 1-hour average SO2 concentrations as contour plots for the 

three fuel types. The results indicate that under worst case meteorology (calm conditions, low 

convective mixing), it is anticipated that the 1-hour criterion will be exceeded when ships are using 

residual oil fuel. The 10-minute and 24-hour criterion will also potentially be exceeded using this fuel 

type.  

Using the marine distillate and low sulfur fuel there is not predicted to be any exceedances of the SO2 

criteria as outlined in Table 12.2.  

Table 12.2: Predicted Maximum Ground Level Concentrations of SO2 - Incremental and (Cumulative) 

    Maximum Concentration at Most Affected Sensitive Receptor  

Pollutant 
Averaging 

Period 

Criteria 

(µg/m3) 

Background 

Concentration 

(µg/m3) 

Residual Oil 

(µg/m3) 

Marine Distillate 

(µg/m3) 

Low Sulfur Fuel 

(µg/m3) 

SO2 

10-min 712 149 1843 (1992) 323 (472) 60 (209) 

1-hour 570 104 1288 (1392) 226 (330) 42 (146) 

24-hr 228 24 273 (297) 48 (72) 9 (33) 

Annual 60 3 0.8 (3.8) 0.1 (3.1) 0.03 (3.0) 
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Residual Oil 

 
Marine Distillate 

 

 

Low Sulfur Fuel 

Species: 

SO2 

Averaging Time:  

1-hour 

Percentile: 

100th  

Scenario: 

Ship at Berth(transit 

included) 

Location: 

Eden Port 

Model Used: 

CALPUFF v6.42 

Units: 

µg/m3 

Criterion: 

570 µg/m3 

Met Data: 

Jan 2013 – Dec 2013 

(CALMET) 

Plot: 

A Rouggos 

Figure 12.2: Predicted 100th Percentile 1-hour SO2 Concentrations (Incremental) 
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12.3 Particulate Matter 

An analysis of the 2013 background data indicated that there were two exceedances of the PM10 

criterion and four exceedances of the PM2.5 criterion recorded by the OEH air quality monitoring at 

Albion Park. The maximum 24 hour average background concentration of PM10 from Albion Park was 69 

µg/m3 (refer Section 8), which is in exceedance of the OEH criterion. This elevated background 

concentration is anticipated to be attributable to localised sources in the Wollongong area, likely 

bushfire activity.  

Excluding data evidently affected by extraneous events, the estimated 1-hour maximum PM10 and 

PM2.5 background concentrations were determined.  

The predicted maximum incremental and cumulative 24-hour average PM10 and PM2.5 concentrations 

are shown in Table 12.3.  

Table 12.3: Predicted Maximum Ground Level Concentrations of PM (Incremental and Cumulative) 

    Maximum Concentration at Most Affected Sensitive Receptor 

Pollutant 
Averaging 

Period 

Criteria 

(mg/m3) 

Background 

Concentration 

(µg/m3) 

Residual Oil 

(µg/m3) 

Marine Distillate 

(µg/m3) 

Low Sulfur Fuel 

(µg/m3) 

PM10 
24-hour 50 44.5 33 (77.5) 8 (52.5) 2 (46.5) 

Annual 30 14.7 0.1 (14.8) 0.02 (14.7) 0.01 (14.7) 

PM2.5 
24-hour 25 19.1 30 (49.1) 6 (25.1) 2 (21.1) 

Annual 8 7.7 0.09 (7.8) 0.02 (7.7) 0.01 (7.7) 

 

It can be seen from Table 12.3 that exceedances of the 24-hour criteria are predicted for residual oil 

and marine distillate. This potential is observed by adding the maximum predicted incremental 

increase to the assumed background level.  

It is noted however that the probability of an exceedance in practice is very low due to the following:  

 Ships will not be at the berth every day of the year (approximately 60 ships per year or 7% of 

the time) 

 Maximum increments from ship emissions would have to coincide with maximum background 

levels, along with worst-case dispersion meteorology. 

 Ship emissions have been modelled using one of the largest cruise ships expected at the port 

(conservative estimates) 

Annual average PM10 and PM2.5 concentrations are predicted to be below the assessment criterion of 

30 µg/m3 and 8 µg/m3 at all locations.  
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Residual Oil 

 

Marine Distillate 
 

 

Low Sulfur Fuel 

Species: 

PM10 

Averaging Time:  

24-hour 

Percentile: 

100th  

Scenario: 

Ship at Berth(transit 

included) 

Location: 

Eden Port 

Model Used: 

CALPUFF v6.42 

Units: 

µg/m3 

Criterion: 

50 µg/m3 

Met Data: 

Jan 2013 – Dec 2013 

(CALMET) 

Plot: 

A Rouggos 

Figure 12.3: Predicted 100th Percentile 1-hour PM10 Concentrations (Incremental) 
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12.4 Carbon Monoxide 

As presented in Table 12.4, the results indicate that the impact of operations on carbon monoxide 

ground level concentrations is anticipated to be very minor with no exceedances of the OEH criterion. 

The results indicate that the cruise ships coming into Eden port will have a negligible effect on existing 

background CO levels in Eden.  

Table 12.4: Predicted Maximum Ground Level Concentrations CO (Incremental) 

   Maximum Concentration at Most Affected Sensitive Receptor 

Pollutant 
Averaging 

Period 

Criteria 

(mg/m3) 

Residual Oil 

(mg/m3) 

Marine Distillate 

(mg/m3) 

Low Sulfur Fuel 

(mg/m3) 

CO 
1-hour 30 0.12 0.12 0.15 

8-hour 10 0.06 0.06 0.07 

12.5 Summary 

The results of the air quality assessment indicate that the variable fuel types have some influence on the 

predicted ground level concentrations at Eden for the assessed air quality parameters.  

As anticipated, the highest predicted ground level concentrations resulted when the residual oil fuel 

was modelled. Using the assumptions and emission estimation process outlined in Section 11, it is 

anticipated that incremental sulfur dioxide concentrations may exceed the 10-minute and 1-hour 

criterion when residual oil fuel is used. All other air quality parameters are expected to be lower than 

their respective criterion for all three fuel types when assessed on an incremental basis. The exception 

to this is the cumulative analysis of PM, referencing background data from Albion Park. Using these 

conservative estimates of background air quality, exceedances of short-term PM criteria were 

predicted under the residual oil and marine distillate fuel scenarios.  

Although it has been predicted that some exceedances of the NSW OEH criteria may occur for sulfur 

dioxide and PM when using residual oil and marine distillate fuels, it should be recognised that these 

potential exceedances would not occur on a frequent basis.  

As stated previously in Section 11.2.2, the dispersion modelling was structured to represent the case 

where a cruise ship was berthing every day of the year to ensure that worst case meteorological 

conditions are captured. Further, the Noordam has an energy demand (work) more than 20-30% of the 

expected average cruise ship expected to berth at the port and will therefore produce a relative 

higher level of emissions. Hence, the predicted concentrations around Eden are anticipated to be 

lower than those predicted in the dispersion modelling. 

Despite the above acknowledgement of the conservatism within the assessment, it is recommended 

that cruise ships entering the port adopt low sulfur fuels, as per the emissions restrictions currently in 

place in the Sydney Harbour. It is highlighted that this will likely become a mandatory requirement for 

cruise ships in all NSW ports from 2020. This will provide greater environmental safeguards and assurance 

that existing air quality in Eden will be sustained with the introduction of a cruise ship port in Twofold 

Bay.  
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12.6 Potential Health Impacts based upon Technical Case Study in Sydney GMR 

The predicted ground level concentrations from the air quality assessment have been compared to a 

recent technical paper, “The mortality effect of ship–related fine particle matter in the Sydney Greater 

Metropolitan Region of NSW, Australia” (Broome et al., 2015).  

The study investigated the mortality effect of primary and secondary PM2.5 related to ship exhaust in the 

Sydney Greater Metropolitan Region. A detailed inventory of ship exhaust emissions was used in the 

model for: 

a) 2010/11 concentration of ship-related PM2.5 across the region. 

b) The reduction in PM2.5 concentrations that would occur if ships used distillate fuel with a 0.1% 

sulfur content at berth or within 300 km of Sydney.  

Subsequently, the additional mortality attributable to 2010/11 levels of ship-related PM2.5, as well as the 

potential for health improvements associated with use of low-sulfur fuel were estimated. 

The study concluded that a requirement for use of 0.1% sulfur fuel by ships within 300 km of Sydney 

would provide more than twice the health benefit of a requirement for ships to use 0.1% sulfur fuel at 

berth. This recommendation of using low sulfur fuels is consistent with the assessment completed at the 

Eden Port, where exceedances of the (health based) criteria are predicted to occur if cruise ships used 

residual oil or marine distillate fuels. 

Therefore it is concluded that through integration of a local strategy to limit the sulfur content of fuel, 

overall exposure levels to PM2.5 would in turn reduce.  
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13 CONSTRUCTION IMPACTS – AIR QUALITY 

13.1 Overview 

This chapter deals with the potential impacts from the construction phases of the upgrades to the Port 

at Eden. The main air quality and amenity issues at construction sites are: 

 Nuisance issues due to dust deposition (soiling of surfaces) and visible dust plumes. 

 Elevated PM10 concentrations due to dust-generating activities. 

 Exhaust emissions from diesel-powered construction equipmentd,e. 

 Fugitive emissions from equipment and plant refuelling. 

Very high levels of soiling can also damage plants and affect the diversity of ecosystems. 

Dust emissions can occur during the preparation of the land (e.g. demolition and earth moving) and 

during construction itself, and can vary substantially from day to day depending on the level of activity, 

the specific operations being undertaken, and the weather conditions. A significant portion of the 

emissions results from site plant and road vehicles moving over temporary roads and open ground. If 

mud is allowed to get onto local public roads, dust emissions can occur at some distance from the 

construction site (IAQM, 2014). 

The risk of dust impacts from a demolition/construction site causing loss of amenity and/or health or 

ecological impacts is related to the following (IAQM, 2014): 

 The nature of the activities being undertaken. 

 The duration of the activities. 

 The size of the site. 

 The meteorological conditions (wind speed, direction and rainfall). Adverse impacts are more 

likely to occur downwind of the site and during drier periods. 

 The proximity of receptors to the activities. 

 The sensitivity of the receptors to dust. 

 The adequacy of the mitigation measures applied to reduce or eliminate dust. 

It is very difficult to quantify dust emissions from construction activities. Due to the variability of the 

weather it is impossible to predict what the weather conditions would be when specific construction 

activities are undertaken. Any effects of construction on airborne particle concentrations would also 

generally be temporary and relatively short-lived. Moreover, mitigation should be straightforward, as 

most of the necessary measures are routinely employed as ‘good practice’ on construction sites. It is 

therefore usual to provide a qualitative assessment of potential construction dust impacts. A largely 

qualitative approach has also been used here, and the impacts of construction have not been 

specifically modelled. The approach used for the Eden port was based on that described by (IAQM 

2014). The aim is to identify risks and to recommend appropriate mitigation measures. 

                                                           

d There are other potential impacts, such as the release of heavy metals, asbestos fibres or other pollutants during 

the demolition of certain buildings such as former chemical works, or the removal of contaminated soils. The release 

of certain fungal spores during the demolition of old buildings can give rise to specific concerns if immune-

compromised people are likely to be exposed, for example close to an oncology unit of a hospital. These issues 

need to be considered on a site by site basis (IAQM, 2014). 

e Exhaust emissions from on-site plant and site traffic are unlikely to have a significant impact on local air quality, and 

in the majority of cases they will not need to be quantitatively assessed (IAQM, 2014). 



 

 

Job Number 20910 | AQU-NW-001-20910   76 

20910 RHDHV Eden Noise and AQ D3.docx 

The IAQM guidance is designed primarily for use in the UK, although it may be applied elsewhere. Here, 

the guidance has been adapted for use in NSW, taking into account factors such as the assessment 

criteria for ambient PM10 concentrations. 

13.1.1 Fugitive Refuelling Emissions 

Refuelling construction plant/vessels is an operation that will be occurring at Eden Port during 

construction. Outlined in the CEMP (AMA, 2015) are actions to counter the possible emissions from this 

source, outlined in Table 13.1.  

Given that the expected fugitive emissions from this source will be minor and mitigation techniques will 

be in place, refuelling emissions were not considered material to the air quality assessment. 

Table 13.1: Refuelling Management Actions 

Management Actions Responsibility Timing 

Refueling 

Establish comprehensive refueling procedures to avoid or reduce the possibility 

or a release. Refueling will not be allowed at sea (should occur at Eden Port). 

 

Include as a minimum the requirements for: 

 Adhering to all port authority and pollution regulations. 

 Refueling during daylight hours where possible, depending on sea 

conditions. 

 Training personal involved with refueling or fuel transfer in their roles, 

functions and responsibility, including emergency response. 

 Maintaining open communication channels. 

 Deploying spill prevention systems in accordance with established 

procedures and regulatory requirements. 

 Maintaining emergency response equipment to ensure that it is readily 

available.  

Contractor(s) Ongoing 
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13.2 Construction Activities at the Eden Port 

A wide range of construction equipment is likely to be used for the Eden port and associated 

infrastructure. Primary equipment to be used includes: 

 Excavators 

 Barge 

 Backhoe Dredge 

 Piling Rig 

 Heavy vehicles 

 Tug boats 

The construction works will follow a staged approach, with three phases anticipated to be completed 

over a year. These phases are summarised in Table 13.2. Given that several of the projects are 

expected to be taking place concurrently, the assessment of each project in isolation could have led 

to an underestimation of risk. Therefore, for the construction assessment the projects were combined 

according to the one ‘worst case’ scenario. 

Table 13.2: Construction Phases 

Phase Description Expected Construction Duration 

1 Mobilisation of Site 3 months 

2 Dredging 4 months 

3 Piling 6 months 
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13.3 Assessment Procedure 

The IAQM assessment procedure for assessing risk is shown in Figure 13.1. Professional judgement is 

required in some steps, and where justification cannot be given a precautionary approach should be 

adopted. 

 

Figure 13.1: Steps in an Assessment of Construction Dust (IAQM, 2014) 
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Activities on construction sites can be divided into four types to reflect their different potential impacts, 

and the potential for dust emissions is assessed for each activity that is likely to take place. These 

activities are: 

 Demolition. Demolition is any activity that involves the removal of existing structures. This may also 

be referred to as de-construction, specifically when a building is to be removed a small part at 

a time. 

 Earthworks. This covers the processes of soil stripping, ground levelling, excavation and 

landscaping. Earthworks will primarily involve excavating material, haulage, tipping and 

stockpiling. 

 Construction. Construction is any activity that involves the provision of new structures, 

modification or refurbishment. A structure will include a residential dwelling, office building, 

retail outlet, road, etc. 

 Track-out. This involves the transport of dust and dirt by HDVs from the construction/demolition 

site onto the public road network, where it may be deposited and then re-suspended by 

vehicles using the network. 

The assessment methodology considers three separate dust impacts: 

 Annoyance due to dust soiling. 

 The risk of health effects due to an increase in exposure to PM10. 

 Harm to ecological receptors 

The assessment is used to define appropriate mitigation measures to ensure that there will be no 

significant effect. 

The assessment steps, as they were applied to Eden port, are summarised in the following Sections. 

13.4 Step 1: Screening 

Step 1 is a screening assessment. A construction dust assessment will normally be required where: 

 There are human receptors within 350 m of the boundary of the site and/or within 50 m of the 

route(s) used by construction vehicles on the public highway, up to 500 m from the site 

entrance(s). 

 There are ecological receptors within 50 m of the boundary of the site and/or within 50 m of 

the route(s) used by construction vehicles on the public highway, up to 500 m from the site 

entrance(s). 

A ‘human receptor’, refers to any location where a person or property may experience the adverse 

effects of airborne dust or dust soiling, or exposure to PM10 over a time period relevant to air quality 

standards and goals. In terms of annoyance effects, this will most commonly relate to dwellings, but 

may also refer to other premises such as buildings housing cultural heritage collections (e.g. museums 

and galleries), vehicle showrooms, food manufacturers, electronics manufacturers, amenity areas and 

horticultural operations (e.g. salad or soft-fruit production). An ‘ecological receptor’ refers to any 

sensitive habitat affected by dust soiling. This includes the direct impacts on vegetation or aquatic 

ecosystems of dust deposition, and the indirect impacts on fauna (e.g. on foraging habitats) (IAQM, 

2014). 

The closest receptors are located east and south-east of the site, approximately 240 m from the 

expected works. Project generated movements during the construction works will occur along Imlay 

Street and Albert Terrace. Residential housing is located along this route and may be subject to 

adverse effects from the project.  
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The works are occurring in Twofold Bay and along the coastline, therefore ecological receptors may be 

susceptible. This is supported by the ‘Review of Environmental Factors for the Eden Harbour – 

Breakwater Wharf Extension’ (AMA, 2015). 

13.5 Assessment 

Although the screening assessment does indicate that human and ecological receptors are located 

within 350 m of the anticipated works, it has not been considered necessary to complete a full IAQM 

assessment. A preliminary assessment indicated that all the proposed risks (demolition, earthworks, 

construction and track-out) would be small, resulting in negligible worst-case site risks.  

The primary phases of dredging and piling will be completed in the ocean (specifically Twofold Bay) 

where dust issues are negated. Dust emissions may occur during mobilisation of the site and from the 

minimal vehicle movement to and from site, but the nature of these events will be transient and 

temporary. Hence it is stated that construction impacts from the port upgrade will be minimal and not 

have any significant impact on the surrounding human or ecological receptors.  
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14 AIR QUALITY MANAGEMENT MEASURES 

The Department of Primary Industries have committed to a number of mitigation strategies to ensure 

that the cruise terminal operates at the highest standards.  

As outlined in the Construction Environmental Management Plan (EMP) for the Project (AMA, 2015), the 

performance objectives for air quality are as follows; 

 To minimise polluting air emissions produced during construction works. 

Outlined in Table 14.1 are the management actions that will take place on site.  

Table 14.1: Air Quality Management Actions 

Management Actions Responsibility Timing 

Air Quality 

1) All plant and equipment used during the construction works shall be regularly 

maintained to comply with the relevant exhaust emission guidelines 
Contractor(s) Ongoing 

2) Prior to the commencement of work, all construction equipment will be 

inspected by a qualified mechanic to reduce the risk of hydrocarbon spills and 

minimise greenhouse gas emissions. 

Contractor(s) Ongoing 

Performance Indicators 

There shall be no visible dark emissions from vessel exhausts. 

Monitoring 

The Contractor(s) shall visually monitor emissions and repair or replace equipment parts as required. 

Reporting 

The Contractor(s) shall report and visible dark emissions from construction plant equipment to the onsite supervisor 

who will advise the Department. 
 

The Contractor(s) must report to the Department monthly with details of the total amount of fuel used during the 

construction works for the previous month and cumulatively throughout the project. 

Corrective Actions 

Repair or replace emission control devices as required. 

 

As noted above, as an outcome of the current assessment, it is recommended that cruise ships 

entering the port adopt low sulfur fuels, as per the emissions restrictions currently in place in the Sydney 

Harbour.  
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15 CONCLUSIONS 

The Eden Breakwater Wharf in Snug Cove, Eden, is one of the only few deep ports in NSW that have the 

potential to accommodate cruise ships. Consequently, the NSW Department of Primary Industries has 

identified the need to extend the existing Eden Breakwater Wharf to meet the increasing demand 

requirements expected in the future. 

15.1 Noise and Vibration  

An assessment of noise and vibration impacts from the Project has been conducted. The assessment 

was conducted according to current guidelines, standards and assessment methods. 

In relation to operational noise, the assessment indicated the following: 

 There are expected to be short term exceedances of noise criteria when the ship is in transit 

into the Port. 

 While at Berth during the day time period, medium sized cruise ships (250m length) would 

exceed noise criteria by 1-2 dB at the nearest residential receivers under worse case weather 

conditions for noise propagation. Large ships (>300 m overall length) with a louder noise 

emission would potentially result in a noise impacts to 10 – 11 dB above the assessment criteria. 

For construction noise and vibration, the assessment considered four construction scenarios including 

site establishment, dredging, piling and wharf extension. It is predicted that there will be sensitive 

receivers exceeding the ICNG criteria during all of the construction scenarios with noticeable and 

clearly audible noise levels expected. Noise management measures have been developed for the 

project within the Construction Environmental Management Plan (AMA, 2015), however given the level 

of noise impact a project Construction Noise and Vibration Management Plan (CNVMP) is 

recommended to assist in managing noise and vibration impacts. 

The road traffic noise assessment indicated that significant increases in traffic noise are not expected 

and would be less than the 2 dB increase criteria.  

Exclusion and shutdown zones around piling works should be implemented as part of a Marine 

Mammal Management Plan to minimise underwater noise impacts. 

15.2 Air Quality 

Pacific Environment has completed an air quality assessment for the Eden Wharf Upgrade Project. 

Dispersion modelling was conducted to predict the ground level concentrations for all relevant 

combustion emissions anticipated to be emitted due to combustion from the main and auxiliary 

engines of the cruise ships.  

Despite the conservatism within the assessment, it is recommended that cruise ships entering the port 

adopt low sulfur fuels, as per the emissions restrictions currently in place in the Sydney Harbour. The 

recommendation is supported by a technical study completed on cruise ship PM2.5 emissions in the 

Greater Sydney Metropolitan Region. This will provide greater environmental safeguards and assurance 

that existing air quality in Eden will be sustained with the introduction of a cruise ship port in Twofold 

Bay.  
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Appendix A Receptor Locations
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Table A.1: Receptor Locations (Port Eden area) 

NCA 

Sensitive 

Receptor 

ID 

Location Type 
Easting 

(m) 

Northing 

(m) 

Elevation 

(m) 

Approximate 

Distance 

from Site (m) 

1 

SR1 32 Cosham Close, Eden Residence 757289 5893185 23.2 1177 

SR2 22 Cosham Close, Eden Residence 757307 5893290 7.9 1184 

SR3 37 Ida Rodd Dr, Eden Residence 757562 5893357 11.1 968 

SR4 20 Andrea St, Eden Residence 757570 5893416 22.2 987 

SR5 30 Ida Rodd Dr, Eden Residence 757684 5893429 19.8 894 

SR6 2 Bay St, Eden Residence 757854 5893465 21.5 778 

SR7 6 Phillipps St, Eden Residence 757892 5893813 52.0 1019 

SR8 34 Cattle Bay Rd, Eden Residence 758037 5893767 19.5 907 

SR9 40 Cocora St, Eden Residence 758195 5893384 27.3 495 

SR10 1 Victoria Terrace, Eden Residence 758225 5893355 25.6 455 

SR11 30 Cocora St, Eden Residence 758241 5893356 26.4 448 

SR12 5 Victoria Terrace, Eden Residence 758265 5893363 25.3 444 

SR13 26 Cocora St, Eden Residence 758288 5893371 21.5 443 

SR14 9 Victoria Terrace, Eden Residence 758310 5893379 17.1 443 

SR15 11 Victoria Terrace, Eden Residence 758326 5893385 14.2 445 

SR16 13 Victoria Terrace, Eden Residence 758344 5893393 18.2 448 

SR17 15 Victoria Terrace, Eden Residence 758359 5893399 20.5 451 

SR18 16 Cocora St, Eden Residence 758383 5893447 34.4 495 

SR19 14 Cocora St, Eden Residence 758405 5893455 34.3 500 

SR20 17 Victoria Terrace, Eden Residence 758393 5893421 24.3 468 

SR21 21 Victoria Terrace, Eden Residence 758438 5893427 26.8 471 

SR22 23 Victoria Terrace, Eden Residence 758454 5893428 27.9 472 

SR23 25 Victoria Terrace, Eden 

Commercial  

(Snug Cove Bed 

and Breakfast) 

758475 5893427 29.6 472 

SR24 27 Victoria Terrace, Eden Residence 758507 5893414 30.4 472 

SR25 237A Imlay St, Eden Residence 758528 5893439 39.7 462 

SR26 239 Imlay St, Eden 

Commercial  

(Crown & 

Anchor Inn) 

758559 5893435 43.3 490 

SR27 35 Victoria Terrace, Eden Residence 758536 5893400 31.6 493 

SR28 241 Imlay St, Eden Residence 758565 5893414 40.4 493 

SR29 37 Victoria Terrace, Eden Residence 758547 5893387 32.8 454 

SR30 243 Imlay St, Eden Residence 758590 5893404 39.9 474 

SR31 245 Imlay St, Eden Residence 758580 5893372 34.1 443 

SR32 247 Imlay St, Eden Residence 758597 5893372 35.2 472 

SR33 194 Imlay St, Eden Residence 758645 5893424 32.7 438 

SR34 196 Imlay St, Eden Residence 758663 5893383 29.6 444 

SR35 Lion Park 
Passive 

Recreation 
758664 5893593 32.4 510 

SR36 98 Calle Calle St, Eden 
Place of 

Worship 
758780 5893702 32.4 480 

SR37 George Bass Park 
Passive 

Recreation 
758853 5893679 23.8 674 

2 

SR38 204 – 206 Imlay St, Eden 

Commercial  

(Eden Slipway 

Services) 

758660 5893220 3.9 819 

SR39 198 Imlay St, Eden Residence 758747 5893256 5.5 831 

SR40 253 Imlay St, Eden 

Commercial  

(Wharfside 

Cafe) 

758704 5893130 4.6 342 

SR41 9 By St, Eden 

Commercial  

(Cotcha – Bait 

and Burley) 

758599 5892982 3.5 342 
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NCA 

Sensitive 

Receptor 

ID 

Location Type 
Easting 

(m) 

Northing 

(m) 

Elevation 

(m) 

Approximate 

Distance 

from Site (m) 

SR42 10 By St, Eden Residence 758708 5892971 16.5 427 

SR43 8 By St, Eden Residence 758734 5892980 21.7 314 

SR44 6 By St, Eden Residence 758747 5892985 23.3 314 

SR45 4 By St, Eden Residence 758766 5892991 25.4 158 

SR46 2 By St, Eden Residence 758781 5892997 25.0 158 

SR47 2A By St, Eden Residence 758794 5893002 27.8 265 

SR48 18 Weecoon St, Eden 

Commercial  

(Sapphire Coast 

Smoked Fish Pty) 

758829 5893064 21.9 292 

SR49 212 Imlay St, Eden 

Commercial  

(Snug Cove 

Villas) 

758838 5893043 21.9 305 

SR50 214 Imlay St, Eden Residence 758848 5893015 30.1 325 

SR51 31 Bramble St, Eden Residence 758716 5892866 15.1 340 

SR52 29 Bramble St, Eden Residence 758725 5892894 14.6 354 

SR53 27 Bramble St, Eden Residence 758745 5892934 21.2 401 

SR54 261 Imlay St, Eden Residence 758800 5892933 31.1 401 

SR55 263 Imlay St, Eden Residence 758807 5892918 31.6 404 

SR56 Rotary Park 
Passive 

Recreation 
758854 5892854 32.7 404 

 

Table A.2: Receptor Locations (Extended area) 

NCA 

Sensitive 

Receptor 

ID 

Location Type 
Easting 

(m) 

Northing 

(m) 

Elevation 

(m) 

Approximate 

Distance 

from Site 

(Km) 

Extended 

Receivers  

E1 234 Princes Hwy. Residence 756934 5893133 61.2 1.5 

E2 31 Quarantine Bay Rd. Residence 756563 5892853 17.5 1.8 

E3 
Quarantine Bay 

Cottages 
Residence 

756349 5892798 
10.7 2.0 

E4 367 Princes Hwy. Residence 756200 5892815 19.9 2.2 

E5 369 Princes Hwy. Residence 756001 5892750 21.4 2.4 

E6 
Sapphire Sun Holiday 

park 
Residence 

755747 5892608 
11.5 2.7 

E7 505 Princes Hwy. Residence 755597 5892415 48.5 2.8 

E8 505 Princes Hwy. Residence 755541 5892272 51.5 2.9 

E9 557 Princes Hwy. Residence 755234 5891907 40.1 3.3 

E10 
Twofold Bay Beach 

Resort 
Residence 

755379 5890449 
1.5 4.0 

E11 Seahorse Inn Residence 755955 5889796 1.5 4.0 

E12 Seahorse Dr. area Residence 756170 5889488 19.7 4.1 

E13 Edrom Lodge Residence 760378 5889083 14.1 4.3 
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Appendix B  Glossary of Acoustic Terms
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B.1 GLOSSARY OF ACOUSTIC TERMS 

Table B.1: Acoustic Terms 

Adverse 

Weather 

Weather conditions that affect noise measurements (wind, rain and temperature inversions) 

that occur at a particular site for a significant period of time. The maximum wind speed 

allowed when acoustics measurements are in process is 5m/s. No rain is allowed. 

Ambient noise 
The all-encompassing noise environment at a given location, made up of many sources in 

the near and far field. 

Assessment 

Period  
The period in a day over which assessments are made. 

A-weighting 
Adjustment made to a noise level based on international standards. It approximates a 

human’s hearing response to frequency at lower sound levels. 

Background 

Noise 

Background noise is the term used to describe the underlying level of noise present in an 

area, measured in the absence of any extraneous noise. Typically when measured with a 

sound level meter is measured statistically as the A-weighted noise level exceeded for ninety 

percent of a sample period (LA90,T).  

dB Decibel, the logarithmic ratio of a given sound pressure to a reference pressure. 

dB(A) A-weighted decibels. 

Fee-field A sound field where the effects of reflection are negligible throughout the region of interest. 

Frequency 
The number of cycles per unit of time. It is measured with cycles per second (cps) or the 

interchangeable Hertz (Hz).  Frequency can be associated as a synonymous to pitch. 

Impulsive 

Nosie 

Noise characterised by having a high peak of short duration or a sequence of such peaks. A 

sequence of impulses in rapid succession is termed repetitive impulsive noise. 

Intermittent 

Noise 

Level that drops to the background noise level several times during the period of 

observation. 

Heavy 

Vehicle 

A truck or other vehicle with either two or three axles, two groups or three or more axles, 

more than two groups. 

Light Vehicle Passenger vehicles (cars, vans utilities, motorcycles etc.). 

LA1,T The noise level exceeded for 1% of the time period, T. 

LA10,T The noise level exceeded for 10% of the time period, T. 

LA90,T 
The noise level exceeded for 90% of the time period, T. Commonly referred to as the 

background noise level. 

LAeq,T 
The equivalent average noise level of the time period, T. It represents in a single number, the 

energy of the actual fluctuating noise level over the period. 

LAmax,T The maximum noise level measured during the period, T. 

RBL 

Rating Background Level. The background noise level as defined by the NSW Industrial Noise 

Policy (EPA, 2000). It is calculated by the taking the median value of the lowest 10th 

percentile LA90 measurements in any day, evening or night period. 

Reflection Sound wave changed in direction of propagation due to an object met on its path. 

Rw 
The weighted sound Reduction Index is a number used to rate effectiveness of a material, 

partition or a like.  

Sound 

Absorption 

The ability of a material to transform sound energy through its conversion into thermal 

energy. 

Sound 

Pressure Level 

(SPL) 

Is the difference between the pressure produced by a sound wave and the barometric 

(ambient) pressure at the same point in space. Typically expressed in decibels, as measured 

by a standard sound level meter with a microphone. 

Sound Power 

Levels (Lw) 

Ten times the logarithm to the base 10 of the ratio of the sound power of the source to the 

reference sound power. Typically associated with noise sources. 

Tonal noise Noise containing a prominent frequency and characterised by a definite pitch. 

Transmission 

Loss 

Is the number of sound decibels that are stopped by a wall or other structure. Is the 

difference between power incident and the transmitted downstream 

Insertion Loss 
The reduction of noise level at a given location due to placement of a noise control device 

in the sound path. 
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Appendix C  NOISE LOGGER LOCATIONS AND RESULTS 
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C.1 BACKGROUND LOCATION 1 (TRAFFIC NOISE) 

C.1.1 Noise Logger Location 
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C.1.2 Measured Noise Levels (Traffic Noise) 
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C.2 BACKGROUND LOCATION 2 (BACKGROUND NOISE) 

C.2.1 Noise Logger Location 
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C.2.2 Measured Noise Levels (Background Noise) 
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C.3 BACKGROUND LOCATION 3 (BACKGROUND NOISE) 

C.3.1 Noise Logger Location 
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C.3.2 Measured Noise Levels (Background Noise) 
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Appendix D  NOISE MODELLING ASSUMPTIONS 
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D.1 SOURCE POWER SPECTRUM LEVELS 

Table D.1: Operation Source power Levels, dB(A) 

 

Octave Band Sound Power Level, (Hz) dB(A) Total  SWL 

dB(A) 
Source 

63 125 250 500 1000 2000 4000 8000 

POINT SOURCES 

Docked Ship (medium) (Exhaust/Mech. 

Plant) 
88.1 92.1 92.3 95.3 97.4 94.4 88.1 79.3 102 

1 

Docked Ship (large) (Exhaust/Mech. Plant) 95.8 101.2 104.5 107.4 107.6 107.4 106.5 100.9 114 1 

Cruise ship engine room vent (docked) 65.7 75.2 79.4 85 86.4 84.6 71.6 54.9 91 1 

Cruise ship berthing rope 62.6 74.7 83.2 88.6 96.8 92.0 82.8 72.7 99 1 

Cruise ship PA chime 68.4 76.9 100.1 99.1 90.1 87.5 81.5 69.0 103 1 

Idling bus 65.8 74.9 85.4 85.8 83.7 79.8 69.8 52.7 90. 1 

Tugboat 82 87 91 93 94 93 93 87 100 1 

People Talking 0.0 0.0 57.0 62.0 67.0 68.0 70.0 70.0 75 2 

Trucks/busses travelling around site 65.4 69.1 72.7 77.1 77.3 74.8 70.0 67.4 83 1 

Light vehicle 64.5 70.1 73.0 77.7 80.4 78.4 71.9 63.7 87 3 

Berthing rope motor 62.6 74.7 83.2 88.6 96.8 92.0 82.8 72.7 99  

LINE SOURCES           

Cruise ship moving 57.7 64.0 67.1 63.2 69.2 70.9 68.7 73.7 78 1 

Wave attenuator 54.0 60.0 65.0 70.0 80.0 78.0 75.0 70.0 83 4 

 

Notes: 1. Cairns Shipping Development Project (Ports North). http://eisdocs.dsdip.qld.gov.au/Cairns%20Shipping%20Development/EIS/Appendices/appendix-d-7-noise-and-

vibration-technical-report.pdf 

2. http://www.acoustics.asn.au/conference_proceedings/AAS2011/papers/p133.pdf 

3. Federal Highway Administration Transport Noise Model (1998) 

4. Assumed by Pacific Environment. 

http://eisdocs.dsdip.qld.gov.au/Cairns%20Shipping%20Development/EIS/Appendices/appendix-d-7-noise-and-vibration-technical-report.pdf
http://eisdocs.dsdip.qld.gov.au/Cairns%20Shipping%20Development/EIS/Appendices/appendix-d-7-noise-and-vibration-technical-report.pdf
http://www.acoustics.asn.au/conference_proceedings/AAS2011/papers/p133.pdf
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Table D.2: Construction Source power Levels, dB(A) 

 

Octave Band Sound Power Level, (Hz) dB(A) Total  SWL 

dB(A) 
Source 

63 125 250 500 1000 2000 4000 8000 

POINT SOURCES 

Backhoe Dredge 84.8 102.9 99.4 102.8 106 102.2 95 84.9 110 1 

Barge 77 84 95 95 97 94 85 74 102 2 

Concrete Pump 84 94 91 96 97 97 91 81 103 2 

Concrete Saw 73 100 99 104 107 110 114 111 118 3 

Concrete Vibrator 92 93 92 102 103 97 94 86 107 3 

Crane 82.8 88.9 88.4 91.8 90 89.2 90 77.9 98 1 

Excavator 69 82 86 90 91 91 89 82 97 1 

Generator 79 84 83 85 87 86 83 69 93 1 

Grinding - Cutting 59 63 71 85 98 106 102 100 109 1 

Hand Tools 82 88 90 88 92 92 85 77 98 4 

Idling Truck/4WD 87 95 96 100 100 99 102 92 107 5 

Jackhammer 82 81 84 93 96 102 110 109 113 3 

Mechanical Plant 77 74 73 70 69 64 56 48 81 6 

Drilling Rig  86 104 100 105 106 105 97 88 112 1 

Pile Hammering 126 131 123 125 122 119 113 110 134 3 

Truck Idling 87 95 96 100 100 99 102 92 107 5 

LINE SOURCES 

Tugboat 82 87 91 93 94 93 93 87 100 1 

Trucks Manoeuvring 87 95 96 100 100 99 102 92 107 5 

 

Notes:  1. Cairns Shipping Development Project (Ports North 2015), 2. DEFRA, 3. CNS – TfNSW, 4. PEL SWL Database , 5. AS2436 , 6. DAIKIN Catalogue 
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D.2 OPERATIONAL NOISE SOURCES LOCATION 

D.2.1 Ship in transit 

 

Cruise Ship 

Moving  

Tugboats  

Wave 

Attenuator  
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D.2.2 Ship at Berth 

 

Wave 

Attenuator  

PA Chime (39 units) 

Engine 

Room Vent 

Docked 

Ship 

Berthing 

Rope 

People Talking 

(5 groups) 

Idling Bus 
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D.2.3 No Operation 

 

 

Wave 

Attenuator  
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D.3 CONSTRUCTION NOISE SOURCES LOCATION 

D.3.1 Initial works 

 

Jackhammer 

Concrete Saw 

4WD 

Idling Truck 

Mechanical Plant 

Generator 

Hand Tools 
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D.3.2 Dredging 

 

Dredging 

Area 

Tugboat & 

Barge 

Backhoe 

Dredge 

Excavator 

4WD 

Truck 

Idling 



 

 

Job Number 20910 | AQU-NW-001-20910   8 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

D.3.3 Piling 

 

 

Truck Manoeuvring 

Truck Idling 

Crane 

Hand Tools 

Drill Rig 

Impact Piling 

Grinding - Cutting 

(Boring) 
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D.3.4 Wharf Extension 

 

4WD 

Truck Idling 

Concrete Pump 

Hand Tools 

Concrete Vibrator 



 

 

Job Number 20910 | AQU-NW-001-20910   1 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

Appendix E NOISE MODELLING RESULTS 



 

 

Job Number 20910 | AQU-NW-001-20910   1 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

E.1 OPERATIONS 

Table E.1: Operational Modelling Results – Ship in Transit 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR1 43 42 42 43 43 43 43 43 43 

SR2 41 41 40 41 41 42 42 42 41 

SR3 44 44 44 45 45 45 45 45 45 

SR4 43 44 43 44 44 44 44 44 44 

SR5 39 40 39 40 40 40 40 40 40 

SR6 45 45 45 45 45 46 46 46 45 

SR7 40 40 40 40 40 41 41 41 41 

SR8 41 41 41 41 41 41 42 42 42 

SR9 49 49 49 49 49 49 49 49 49 

SR10 49 49 49 49 49 49 49 49 49 

SR11 48 49 48 49 49 49 49 49 49 

SR12 47 47 47 48 48 48 48 48 48 

SR13 47 47 47 47 47 47 47 47 47 

SR14 44 44 44 44 44 44 45 45 45 

SR15 44 44 44 44 44 45 45 45 45 

SR16 46 47 47 47 47 47 47 47 47 

SR17 46 47 46 47 46 47 47 47 47 

SR18 45 46 46 46 46 46 46 46 46 

SR19 39 39 39 40 40 40 40 40 40 

SR20 33 33 33 33 33 33 33 33 34 

SR21 45 46 46 46 46 46 46 46 46 

SR22 47 47 47 48 47 47 48 48 48 

SR23 47 47 47 47 47 47 48 48 48 

SR24 46 47 47 47 47 47 47 47 47 

SR25 44 45 45 45 45 45 45 45 46 

SR26 44 44 44 45 44 44 45 45 45 

SR27 45 45 45 45 45 45 46 46 46 

SR28 44 44 44 45 44 44 45 45 45 

SR29 45 45 45 45 45 45 46 46 46 

SR30 34 34 34 34 34 34 35 35 35 

SR31 45 45 45 45 45 45 45 45 46 

SR32 46 47 47 47 47 47 47 47 47 

SR33 30 31 31 31 30 30 31 31 31 

SR34 43 44 44 44 43 43 44 44 44 

SR35 25 25 25 25 25 25 25 25 26 

SR36 31 32 32 32 31 31 32 32 32 

SR37 29 30 30 30 29 29 30 30 30 

SR38 46 47 47 47 46 46 46 47 47 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR39 43 43 43 43 43 43 43 44 44 

SR40 43 44 44 43 42 42 42 45 45 

SR41 51 51 51 51 51 51 51 51 51 

SR42 48 48 48 48 48 48 48 49 49 

SR43 47 47 47 47 47 47 47 48 48 

SR44 47 47 47 47 47 47 47 47 47 

SR45 46 47 47 47 46 46 46 47 47 

SR46 45 46 46 46 46 46 46 46 46 

SR47 45 46 46 46 46 46 46 46 46 

SR48 47 47 47 47 47 47 47 47 47 

SR49 39 40 40 40 40 40 40 40 40 

SR50 45 45 45 45 45 45 45 45 45 

SR51 49 49 49 49 49 49 49 49 49 

SR52 47 48 48 48 48 48 48 48 48 

SR53 46 46 46 46 46 46 46 46 46 

SR54 47 47 47 47 47 47 47 47 47 

SR55 42 42 42 42 42 42 42 42 43 

SR56 45 45 45 45 45 45 45 45 45 
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Table E.2: Operational Modelling Results – Ship at Berth (large) 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 40 39 39 

SR2 35 35 35 

SR3 43 42 43 

SR4 42 42 42 

SR5 40 40 40 

SR6 45 45 45 

SR7 41 41 41 

SR8 42 42 42 

SR9 49 49 49 

SR10 51 51 51 

SR11 50 50 50 

SR12 50 50 50 

SR13 50 50 50 

SR14 49 49 49 

SR15 49 49 49 

SR16 49 49 49 

SR17 49 49 49 

SR18 48 48 48 

SR19 40 40 40 

SR20 38 38 38 

SR21 48 48 48 

SR22 50 50 50 

SR23 51 51 51 

SR24 51 51 51 

SR25 48 48 48 

SR26 48 48 48 

SR27 49 49 49 

SR28 48 48 48 

SR29 49 49 49 

SR30 38 38 38 

SR31 49 49 49 

SR32 50 50 50 

SR33 35 35 35 

SR34 47 48 48 

SR35 30 30 30 

SR36 36 36 36 

SR37 42 42 42 

SR38 50 50 50 

SR39 47 47 47 

SR40 42 42 42 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 52 52 52 

SR42 50 51 51 

SR43 50 50 50 

SR44 50 50 50 

SR45 50 50 50 

SR46 50 50 50 

SR47 49 49 49 

SR48 50 50 50 

SR49 46 46 46 

SR50 50 50 50 

SR51 52 52 52 

SR52 50 50 50 

SR53 50 50 50 

SR54 50 50 50 

SR55 48 48 48 

SR56 48 48 48 
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Table E.3: Operational Modelling Results – Ship at Berth (small) 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 29 28 28 

SR2 25 24 24 

SR3 32 32 32 

SR4 32 31 31 

SR5 29 29 29 

SR6 34 34 34 

SR7 30 31 30 

SR8 32 32 31 

SR9 38 38 38 

SR10 40 40 40 

SR11 39 39 39 

SR12 39 39 39 

SR13 39 39 39 

SR14 38 38 38 

SR15 38 38 38 

SR16 38 38 38 

SR17 38 38 38 

SR18 38 38 38 

SR19 29 29 29 

SR20 27 27 27 

SR21 38 38 38 

SR22 39 40 39 

SR23 40 40 40 

SR24 40 40 40 

SR25 37 37 37 

SR26 37 37 37 

SR27 38 38 38 

SR28 37 37 37 

SR29 38 38 38 

SR30 27 27 27 

SR31 38 38 38 

SR32 39 40 40 

SR33 25 25 25 

SR34 37 37 37 

SR35 19 20 20 

SR36 25 25 25 

SR37 31 31 31 

SR38 40 40 40 

SR39 36 37 37 

SR40 32 33 33 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 42 42 42 

SR42 40 40 40 

SR43 40 40 40 

SR44 40 40 40 

SR45 40 40 40 

SR46 39 39 39 

SR47 39 39 39 

SR48 39 39 39 

SR49 35 35 35 

SR50 40 40 40 

SR51 41 41 41 

SR52 39 39 39 

SR53 39 40 40 

SR54 39 39 39 

SR55 37 37 37 

SR56 37 37 37 
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Table E.4: Operational Modelling Results – No Ship at Port (Wave Attenuator Only) 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR1 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR2 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR3 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR4 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR5 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR6 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR7 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR8 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR9 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR10 <20 22 <20 <20 <20 22 23 23 22 

SR11 20 23 <20 20 <20 23 24 24 23 

SR12 <20 22 <20 <20 <20 22 23 23 23 

SR13 <20 20 <20 <20 <20 20 21 21 21 

SR14 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR15 <20 20 <20 <20 <20 20 20 20 20 

SR16 <20 22 <20 <20 <20 21 22 22 22 

SR17 <20 22 21 <20 <20 <20 23 23 23 

SR18 <20 20 <20 <20 <20 <20 21 21 21 

SR19 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR20 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR21 <20 21 <20 <20 <20 <20 21 21 21 

SR22 <20 21 20 <20 <20 <20 21 21 21 

SR23 <20 21 21 <20 <20 <20 21 22 22 

SR24 <20 20 20 <20 <20 <20 20 21 21 

SR25 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR26 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR27 <20 20 20 <20 <20 <20 20 21 21 

SR28 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR29 <20 20 20 <20 <20 <20 20 21 21 

SR30 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR31 <20 20 20 <20 <20 <20 <20 21 21 

SR32 <20 20 20 <20 <20 <20 <20 20 20 

SR33 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR34 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR35 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR36 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR37 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR38 20 23 23 20 <20 <20 <20 24 24 

SR39 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR40 <20 22 22 <20 <20 <20 <20 <20 23 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR41 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR42 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR43 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR44 <20 20 20 <20 <20 <20 <20 <20 21 

SR45 <20 20 20 <20 <20 <20 <20 <20 20 

SR46 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR47 <20 20 20 <20 <20 <20 <20 <20 20 

SR48 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR49 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR50 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR51 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR52 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR53 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR54 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR55 <20 <20 <20 <20 <20 <20 <20 <20 <20 

SR56 <20 <20 <20 <20 <20 <20 <20 <20 <20 
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E.2 C-WEIGHTED NOISE MODELLING RESULTS 

Table E.5: C-Weighted Noise Modelling Results – No Ship at Port (Wave Attenuator Only) 

 
Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR1 9 6 6 9 12 12 12 9 6 

SR2 2 0 0 2 4 4 4 3 0 

SR3 7 5 5 7 10 10 10 10 5 

SR4 11 8 8 11 14 14 14 14 9 

SR5 8 6 6 8 10 10 10 10 6 

SR6 16 15 14 16 17 18 18 18 15 

SR7 10 12 7 10 8 12 12 12 12 

SR8 4 6 2 4 2 6 6 6 6 

SR9 19 21 18 19 17 20 21 21 21 

SR10 22 24 20 22 20 23 24 24 24 

SR11 25 27 24 25 24 26 27 27 27 

SR12 24 26 23 24 23 25 26 26 26 

SR13 23 24 22 23 21 24 24 24 24 

SR14 20 21 19 20 18 21 21 21 21 

SR15 22 24 21 22 21 24 24 24 24 

SR16 23 25 23 24 22 24 25 25 25 

SR17 24 26 25 24 22 24 26 26 26 

SR18 22 24 23 22 21 22 24 24 24 

SR19 12 13 13 12 10 11 13 13 13 

SR20 14 15 14 14 13 14 15 15 15 

SR21 22 24 23 23 21 22 24 24 24 

SR22 22 24 24 22 21 21 24 24 24 

SR23 23 25 24 23 21 21 24 25 25 

SR24 22 24 24 22 20 21 24 24 24 

SR25 21 22 22 21 19 19 22 23 23 

SR26 20 22 22 20 18 18 21 22 22 

SR27 20 22 22 20 18 18 22 22 22 

SR28 16 18 18 16 15 15 17 18 18 

SR29 22 24 24 22 21 21 24 24 24 

SR30 17 18 18 17 15 15 18 18 18 

SR31 22 24 24 22 20 20 22 24 24 

SR32 22 24 24 22 20 20 22 24 24 

SR33 7 8 8 7 6 6 7 8 8 

SR34 16 17 17 16 14 14 16 17 17 

SR35 1 3 3 2 0 0 2 3 3 

SR36 0 1 1 0 -2 -2 0 1 1 

SR37 -1 0 0 -1 -3 -3 -1 0 0 

SR38 25 27 27 25 23 23 23 27 27 
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Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR39 13 15 15 13 12 12 12 15 15 

SR40 24 26 26 24 23 23 23 24 26 

SR41 20 21 21 20 19 19 19 19 21 

SR42 17 20 20 18 15 15 15 15 20 

SR43 20 22 22 20 18 18 18 18 22 

SR44 22 24 24 22 20 20 20 20 24 

SR45 22 23 23 22 20 20 20 20 24 

SR46 17 20 20 18 15 15 15 16 20 

SR47 20 23 23 21 18 18 18 19 23 

SR48 20 22 22 21 19 19 19 21 23 

SR49 11 12 12 11 9 9 9 11 12 

SR50 18 20 20 18 16 16 16 16 20 

SR51 19 20 21 19 19 17 17 17 20 

SR52 17 18 19 17 15 15 15 15 19 

SR53 16 19 19 16 14 14 14 14 19 

SR54 17 20 20 17 15 15 15 15 20 

SR55 17 19 19 17 15 15 15 15 19 

SR56 11 13 13 11 9 9 9 9 13 
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Table E.6: C-Weighted Noise Modelling Results – Ship in Transit 

 
Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR1 56 55 55 56 56 56 56 56 55 

SR2 54 54 54 54 54 54 54 54 54 

SR3 57 57 57 57 57 57 57 57 57 

SR4 56 56 56 56 56 56 56 56 56 

SR5 52 52 52 52 52 52 52 52 52 

SR6 57 57 57 58 58 58 58 58 57 

SR7 54 54 53 54 53 54 54 54 54 

SR8 54 54 54 54 54 54 54 54 54 

SR9 61 61 61 61 61 61 61 61 61 

SR10 60 60 60 60 60 60 60 60 60 

SR11 61 61 61 61 61 61 61 61 61 

SR12 60 60 60 60 60 60 60 60 60 

SR13 59 59 59 59 59 59 59 59 59 

SR14 55 55 55 55 55 55 55 55 55 

SR15 56 56 56 56 56 56 56 56 56 

SR16 59 59 59 59 59 59 59 59 59 

SR17 59 59 59 59 59 59 59 59 59 

SR18 58 58 58 58 58 58 58 58 58 

SR19 52 53 53 52 52 52 52 52 53 

SR20 50 51 51 50 50 50 51 51 51 

SR21 58 58 58 58 58 58 58 58 58 

SR22 60 60 60 60 60 60 60 60 60 

SR23 60 60 60 60 59 59 60 60 60 

SR24 59 59 59 59 58 58 59 59 59 

SR25 57 58 58 57 57 57 58 58 58 

SR26 57 57 57 57 56 56 57 57 57 

SR27 56 57 57 56 56 56 56 56 57 

SR28 55 55 55 55 55 55 55 55 55 

SR29 58 58 58 58 57 57 58 58 58 

SR30 51 51 51 51 50 50 51 51 51 

SR31 57 58 58 57 57 57 57 57 58 

SR32 59 59 59 59 59 59 59 59 59 

SR33 48 48 48 48 48 48 48 48 48 

SR34 56 56 56 56 56 56 56 56 56 

SR35 43 44 44 43 43 43 43 43 44 

SR36 47 47 47 47 47 47 47 47 47 

SR37 46 46 46 46 45 45 46 46 46 

SR38 59 59 59 59 58 58 59 59 59 

SR39 55 55 55 55 55 55 55 55 55 

SR40 56 57 57 56 56 56 56 57 57 
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Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR41 62 62 62 62 62 62 62 62 62 

SR42 58 58 58 58 58 58 58 58 58 

SR43 58 58 58 58 58 58 58 58 58 

SR44 58 58 58 58 58 58 58 58 58 

SR45 58 58 58 58 58 58 58 58 58 

SR46 57 57 57 57 57 57 57 58 58 

SR47 57 57 57 57 57 57 57 57 57 

SR48 58 59 59 59 58 58 58 59 59 

SR49 53 53 53 53 53 53 53 53 53 

SR50 57 57 57 57 57 57 57 57 57 

SR51 60 60 60 60 60 60 60 60 60 

SR52 59 59 59 59 59 59 59 59 59 

SR53 57 57 57 57 57 57 57 57 57 

SR54 59 59 59 59 59 59 59 59 59 

SR55 55 55 55 55 55 55 55 55 55 

SR56 54 54 54 54 54 54 54 54 55 
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Table E.7: C-Weighted Noise Modelling Results – Ship at Berth (large) 

 
Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 51 50 50 

SR2 49 49 49 

SR3 53 53 53 

SR4 53 52 52 

SR5 52 52 52 

SR6 55 55 55 

SR7 52 52 52 

SR8 53 53 52 

SR9 58 58 58 

SR10 60 60 60 

SR11 59 59 59 

SR12 59 59 59 

SR13 58 58 58 

SR14 58 58 58 

SR15 58 58 58 

SR16 58 58 58 

SR17 58 58 58 

SR18 57 57 57 

SR19 54 54 54 

SR20 54 54 54 

SR21 57 57 57 

SR22 59 59 59 

SR23 60 60 60 

SR24 60 60 60 

SR25 57 57 57 

SR26 57 57 57 

SR27 59 59 59 

SR28 57 57 57 

SR29 58 58 58 

SR30 53 53 53 

SR31 58 58 58 

SR32 59 59 59 

SR33 52 52 52 

SR34 57 57 57 

SR35 47 47 47 

SR36 50 50 50 

SR37 52 52 52 

SR38 60 60 60 

SR39 56 56 56 

SR40 57 57 57 



 

 

Job Number 20910 | AQU-NW-001-20910   14 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

 
Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 63 63 63 

SR42 59 59 59 

SR43 59 59 59 

SR44 59 59 59 

SR45 59 59 59 

SR46 58 58 58 

SR47 58 58 58 

SR48 59 59 59 

SR49 58 58 58 

SR50 59 59 59 

SR51 61 61 61 

SR52 59 59 59 

SR53 59 59 59 

SR54 59 59 59 

SR55 59 59 59 

SR56 57 57 57 
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Table E.8: C-Weighted Noise Modelling Results – Ship at Berth (small) 

 
Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 42 42 42 

SR2 41 40 40 

SR3 44 44 44 

SR4 44 44 44 

SR5 44 44 44 

SR6 46 46 46 

SR7 44 44 43 

SR8 44 44 44 

SR9 50 50 50 

SR10 52 52 52 

SR11 50 50 50 

SR12 51 51 51 

SR13 50 50 50 

SR14 49 49 49 

SR15 49 49 49 

SR16 49 49 49 

SR17 49 49 49 

SR18 49 49 49 

SR19 46 46 46 

SR20 46 46 46 

SR21 49 49 49 

SR22 51 51 51 

SR23 52 52 52 

SR24 52 52 52 

SR25 49 49 49 

SR26 49 49 49 

SR27 50 50 50 

SR28 48 48 48 

SR29 49 49 49 

SR30 45 45 45 

SR31 49 49 49 

SR32 51 51 51 

SR33 44 44 44 

SR34 48 48 48 

SR35 39 39 39 

SR36 42 42 42 

SR37 44 44 44 

SR38 51 51 51 

SR39 48 48 48 

SR40 49 49 49 
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Predicted Noise Level LAeq,15min dB(C) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 55 55 55 

SR42 51 51 51 

SR43 51 51 51 

SR44 50 50 50 

SR45 50 50 50 

SR46 50 50 50 

SR47 50 50 50 

SR48 51 51 51 

SR49 49 49 49 

SR50 51 51 51 

SR51 52 53 53 

SR52 51 51 51 

SR53 50 51 50 

SR54 51 51 51 

SR55 50 50 50 

SR56 49 49 49 
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E.3 LOW FREQUENCY THRESHOLDS 

Table E.9: Maximum Low Frequency Noise Modelling Results – Ship in Transit 

Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR1 54 49 

SR2 52 47 

SR3 55 50 

SR4 54 50 

SR5 50 46 

SR6 56 51 

SR7 52 47 

SR8 53 48 

SR9 59 55 

SR10 59 54 

SR11 59 54 

SR12 58 53 

SR13 57 52 

SR14 53 48 

SR15 54 49 

SR16 57 52 

SR17 57 52 

SR18 57 51 

SR19 51 45 

SR20 50 43 

SR21 57 51 

SR22 58 53 

SR23 58 53 

SR24 57 52 

SR25 56 51 

SR26 55 50 

SR27 54 50 

SR28 53 48 

SR29 56 51 

SR30 50 43 

SR31 56 51 

SR32 57 52 

SR33 47 40 

SR34 54 49 

SR35 43 36 

SR36 46 40 

SR37 45 38 

SR38 57 52 

SR39 53 48 



 

 

Job Number 20910 | AQU-NW-001-20910   18 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR40 56 49 

SR41 60 56 

SR42 56 53 

SR43 56 52 

SR44 56 52 

SR45 56 52 

SR46 55 51 

SR47 55 51 

SR48 56 52 

SR49 52 47 

SR50 55 51 

SR51 58 54 

SR52 57 53 

SR53 55 51 

SR54 57 52 

SR55 53 48 

SR56 51 49 
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Table E.10: Maximum Low Frequency Noise Modelling Results – Ship at Berth (large) 

Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR1 48 44 

SR2 47 42 

SR3 50 46 

SR4 50 47 

SR5 50 46 

SR6 52 49 

SR7 49 46 

SR8 50 47 

SR9 55 52 

SR10 57 54 

SR11 56 52 

SR12 57 53 

SR13 55 52 

SR14 55 51 

SR15 55 51 

SR16 55 51 

SR17 55 51 

SR18 54 51 

SR19 52 47 

SR20 52 47 

SR21 54 51 

SR22 56 53 

SR23 57 54 

SR24 57 54 

SR25 54 51 

SR26 54 51 

SR27 56 53 

SR28 54 51 

SR29 55 51 

SR30 52 47 

SR31 55 51 

SR32 56 53 

SR33 50 44 

SR34 54 50 

SR35 46 39 

SR36 49 44 

SR37 50 46 

SR38 57 53 

SR39 54 50 

SR40 56 51 

SR41 61 56 
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Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR42 57 53 

SR43 56 52 

SR44 56 52 

SR45 56 52 

SR46 55 52 

SR47 55 52 

SR48 56 53 

SR49 56 51 

SR50 56 53 

SR51 58 54 

SR52 56 52 

SR53 56 52 

SR54 56 53 

SR55 57 52 

SR56 54 51 
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Table E.11: Maximum Low Frequency Noise Modelling Results – Ship at Berth (small) 

Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR1 41 36 

SR2 39 33 

SR3 43 38 

SR4 42 38 

SR5 42 37 

SR6 44 40 

SR7 42 38 

SR8 42 38 

SR9 48 43 

SR10 50 45 

SR11 48 44 

SR12 49 44 

SR13 48 43 

SR14 48 43 

SR15 48 43 

SR16 47 43 

SR17 47 43 

SR18 47 43 

SR19 45 38 

SR20 45 38 

SR21 47 42 

SR22 49 44 

SR23 50 45 

SR24 50 45 

SR25 47 43 

SR26 47 43 

SR27 49 44 

SR28 46 42 

SR29 47 43 

SR30 44 38 

SR31 47 43 

SR32 49 45 

SR33 43 35 

SR34 46 42 

SR35 38 30 

SR36 41 35 

SR37 42 37 

SR38 50 45 

SR39 46 41 

SR40 48 42 

SR41 54 48 
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Period One-third Octave LZeq, 15 minute Threshold Level 

Condition ID   

Receiver ID 63 kHz 125 kHz 

SR42 49 44 

SR43 49 44 

SR44 49 44 

SR45 48 44 

SR46 48 43 

SR47 48 43 

SR48 49 44 

SR49 48 43 

SR50 49 44 

SR51 51 46 

SR52 49 44 

SR53 49 44 

SR54 49 44 

SR55 49 43 

SR56 47 42 
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E.4 SLEEP DISTURBANCE NOISE MODELLING RESULTS 

Table E.12: Sleep Disturbance Noise Modelling Results – Ship in Transit 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 4 5 6 7 8 9 

Receiver ID       

SR1 43 44 44 44 44 43 

SR2 41 42 42 42 42 41 

SR3 45 46 46 46 46 45 

SR4 45 46 46 45 45 44 

SR5 41 41 41 41 41 40 

SR6 47 47 47 47 47 46 

SR7 42 42 43 43 43 43 

SR8 41 41 42 42 42 42 

SR9 51 50 51 52 52 52 

SR10 51 50 51 52 52 52 

SR11 51 50 50 52 52 52 

SR12 50 49 50 51 51 52 

SR13 49 49 49 50 50 50 

SR14 46 45 45 46 46 46 

SR15 45 45 45 46 46 46 

SR16 49 48 49 50 50 51 

SR17 49 47 48 50 50 51 

SR18 48 46 47 49 49 50 

SR19 40 40 40 40 40 40 

SR20 34 34 34 35 35 36 

SR21 48 46 46 49 49 50 

SR22 49 48 48 50 50 51 

SR23 50 48 48 51 51 52 

SR24 49 47 47 49 49 51 

SR25 47 46 46 48 48 49 

SR26 47 45 45 48 48 49 

SR27 48 46 46 49 49 50 

SR28 45 45 45 46 46 46 

SR29 48 46 46 49 49 50 

SR30 38 36 36 41 42 42 

SR31 48 46 46 49 49 50 

SR32 49 47 47 50 50 51 

SR33 31 31 31 31 32 32 

SR34 46 44 44 46 48 49 

SR35 26 25 25 26 26 27 

SR36 32 31 31 32 32 32 

SR37 30 29 29 30 31 31 

SR38 50 48 48 49 53 53 
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Predicted Noise Level LAeq,15min dB(A) 

Period Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 4 5 6 7 8 9 

Receiver ID       

SR39 47 44 44 46 49 49 

SR40 50 46 46 46 53 53 

SR41 51 51 51 51 51 51 

SR42 48 48 48 48 49 49 

SR43 47 47 47 47 48 48 

SR44 47 47 47 47 47 47 

SR45 47 46 46 47 47 47 

SR46 46 46 46 46 46 46 

SR47 46 46 46 46 46 46 

SR48 47 47 47 47 47 47 

SR49 40 40 40 40 40 40 

SR50 45 45 45 45 45 45 

SR51 49 49 49 49 49 49 

SR52 48 48 48 48 48 48 

SR53 46 46 46 46 46 47 

SR54 47 47 47 47 47 47 

SR55 42 42 42 42 42 43 

SR56 45 45 45 45 45 45 
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E.5 CONSTRUCTION NOISE MODELLING RESULTS 

Table E.13: Construction Noise Modelling Results – Site Establishment 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 35 31 31 

SR2 29 25 25 

SR3 37 33 33 

SR4 36 32 32 

SR5 32 28 28 

SR6 40 40 36 

SR7 34 38 30 

SR8 30 35 27 

SR9 47 50 42 

SR10 48 51 43 

SR11 49 52 44 

SR12 49 53 44 

SR13 48 52 44 

SR14 49 53 45 

SR15 49 53 45 

SR16 49 53 45 

SR17 49 53 45 

SR18 48 52 43 

SR19 34 37 32 

SR20 37 41 33 

SR21 49 53 48 

SR22 49 53 48 

SR23 49 53 49 

SR24 49 53 49 

SR25 48 52 48 

SR26 41 45 41 

SR27 46 50 46 

SR28 49 53 49 

SR29 50 54 50 

SR30 39 42 41 

SR31 50 54 53 

SR32 50 54 53 

SR33 37 41 41 

SR34 46 50 50 

SR35 26 29 29 

SR36 34 39 39 

SR37 34 39 39 

SR38 53 56 56 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR39 46 50 50 

SR40 48 51 51 

SR41 58 59 59 

SR42 54 56 56 

SR43 53 56 56 

SR44 52 55 55 

SR45 51 54 54 

SR46 47 50 50 

SR47 50 53 53 

SR48 46 50 50 

SR49 39 42 42 

SR50 46 50 50 

SR51 51 54 54 

SR52 51 54 54 

SR53 52 55 55 

SR54 51 54 54 

SR55 47 50 50 

SR56 44 48 48 

E1 26 22 22 

E2 23 19 19 

E3 22 18 18 

E4 21 17 17 

E5 20 16 16 

E6 18 15 15 

E7 23 19 19 

E8 20 16 16 

E9 21 17 17 

E10 18 14 14 

E11 17 14 14 

E12 16 13 13 

E13 15 11 21 
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Table E.14: Construction Noise Modelling Results – Dredging 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR1 35 32 31 36 41 41 41 39 32 

SR2 32 29 28 33 37 37 37 37 29 

SR3 35 32 32 36 40 40 40 40 32 

SR4 35 32 32 36 40 40 40 40 33 

SR5 35 32 32 36 40 40 40 40 33 

SR6 41 41 36 41 41 46 46 46 41 

SR7 36 41 32 37 34 42 42 42 42 

SR8 33 37 30 34 30 38 38 38 38 

SR9 46 50 42 47 43 51 51 51 50 

SR10 48 51 44 48 45 52 52 52 52 

SR11 49 52 45 49 45 53 53 53 53 

SR12 49 53 45 49 45 53 53 53 53 

SR13 46 50 46 47 43 48 50 50 50 

SR14 46 50 45 47 43 49 50 50 50 

SR15 46 50 45 47 43 49 50 50 50 

SR16 48 52 47 48 44 50 52 52 52 

SR17 48 52 47 48 44 50 52 52 52 

SR18 47 51 46 47 43 49 51 51 51 

SR19 36 38 37 36 34 36 39 39 39 

SR20 38 42 38 39 36 40 42 42 42 

SR21 47 51 50 48 43 45 52 52 52 

SR22 47 51 50 48 43 45 51 51 51 

SR23 48 52 52 49 44 46 53 53 53 

SR24 47 51 50 48 43 46 52 52 52 

SR25 47 51 49 47 43 45 51 51 51 

SR26 45 49 48 45 41 42 49 49 49 

SR27 46 50 49 47 42 44 51 51 51 

SR28 45 49 47 46 42 45 49 49 49 

SR29 48 51 50 48 44 46 52 52 52 

SR30 39 42 41 39 36 37 41 42 42 

SR31 48 51 51 48 44 45 50 52 52 

SR32 47 51 51 48 43 44 49 52 52 

SR33 36 39 39 36 33 33 39 40 40 

SR34 45 49 49 45 41 41 48 49 49 

SR35 25 29 28 25 23 23 29 29 29 

SR36 33 38 38 34 31 31 38 38 38 

SR37 33 37 37 33 30 30 36 37 37 

SR38 51 55 55 51 47 47 53 55 55 

SR39 46 50 50 46 42 42 44 50 50 

SR40 47 51 51 48 43 43 45 51 51 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night Eve/Night 

Condition ID 1 2 3 4 5 6 7 8 9 

Receiver ID          

SR41 55 56 56 55 54 54 54 55 56 

SR42 50 53 53 50 46 46 46 50 53 

SR43 50 53 53 50 46 46 46 49 53 

SR44 49 52 52 49 45 45 45 47 53 

SR45 49 52 52 49 45 45 45 49 53 

SR46 45 48 48 45 41 41 41 46 49 

SR47 47 51 51 47 43 43 43 49 51 

SR48 45 49 49 46 41 41 41 47 50 

SR49 38 41 41 38 36 36 36 40 41 

SR50 44 48 48 45 40 40 40 46 49 

SR51 49 52 52 49 45 45 45 45 52 

SR52 49 52 52 49 45 45 45 45 52 

SR53 49 53 53 50 46 46 46 49 53 

SR54 48 52 52 49 44 44 44 47 52 

SR55 45 49 49 45 41 41 41 44 49 

SR56 41 45 45 41 38 38 38 38 45 

E1 29 26 26 30 35 35 35 30 26 

E2 26 23 23 27 32 32 32 27 23 

E3 25 22 22 25 31 31 31 26 22 

E4 24 21 21 25 30 30 30 25 21 

E5 23 20 20 24 30 30 30 25 21 

E6 22 19 19 22 28 28 28 20 19 

E7 24 20 20 25 30 30 30 21 21 

E8 21 18 18 22 28 28 28 18 18 

E9 21 18 18 23 28 28 28 19 19 

E10 19 16 16 20 26 26 21 16 16 

E11 18 15 15 19 26 26 20 16 16 

E12 17 14 14 18 24 24 14 14 14 

E13 17 14 23 17 24 14 14 14 14 
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Table E.15: Construction Noise Modelling Results – Piling (with 5dB(A) penalty applied) 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 64 62 62 

SR2 56 54 54 

SR3 65 63 63 

SR4 58 56 56 

SR5 59 57 57 

SR6 65 65 63 

SR7 64 67 62 

SR8 58 61 56 

SR9 66 69 63 

SR10 69 72 68 

SR11 73 76 72 

SR12 73 76 72 

SR13 67 70 65 

SR14 66 69 64 

SR15 73 76 72 

SR16 73 76 72 

SR17 73 76 72 

SR18 72 75 72 

SR19 64 66 64 

SR20 63 66 63 

SR21 73 75 73 

SR22 73 75 73 

SR23 73 76 73 

SR24 73 75 73 

SR25 72 75 72 

SR26 64 67 67 

SR27 67 70 70 

SR28 69 72 72 

SR29 73 76 76 

SR30 66 68 68 

SR31 73 76 76 

SR32 71 73 73 

SR33 63 65 65 

SR34 67 70 70 

SR35 53 56 56 

SR36 59 63 63 

SR37 60 63 63 

SR38 77 79 79 

SR39 66 69 69 

SR40 77 79 79 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 77 78 78 

SR42 72 75 75 

SR43 76 77 77 

SR44 75 77 77 

SR45 73 75 75 

SR46 68 70 70 

SR47 69 72 72 

SR48 67 69 69 

SR49 66 68 68 

SR50 67 69 69 

SR51 70 72 72 

SR52 70 72 72 

SR53 76 77 77 

SR54 74 76 76 

SR55 68 70 70 

SR56 66 68 68 

E1 52 50 50 

E2 51 48 48 

E3 50 48 48 

E4 49 47 47 

E5 48 46 46 

E6 56 53 53 

E7 48 45 45 

E8 54 52 52 

E9 52 49 49 

E10 51 48 48 

E11 45 43 43 

E12 51 48 55 

E13 52 50 50 
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Table E.16: Construction Noise Modelling Results – Piling for Attenuator(with 5dB(A) penalty applied) 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 65 62 62 

SR2 57 55 55 

SR3 59 57 57 

SR4 66 64 64 

SR5 60 58 58 

SR6 66 66 65 

SR7 59 62 57 

SR8 57 60 56 

SR9 67 69 66 

SR10 69 71 67 

SR11 70 73 68 

SR12 76 78 75 

SR13 70 72 68 

SR14 69 71 67 

SR15 76 78 75 

SR16 76 78 76 

SR17 76 78 76 

SR18 75 77 75 

SR19 61 62 61 

SR20 65 67 65 

SR21 75 77 75 

SR22 75 77 77 

SR23 76 78 78 

SR24 75 77 77 

SR25 74 77 77 

SR26 74 76 76 

SR27 69 72 72 

SR28 67 69 69 

SR29 76 78 78 

SR30 62 64 64 

SR31 75 78 78 

SR32 72 75 75 

SR33 58 59 59 

SR34 66 69 69 

SR35 51 54 54 

SR36 58 60 60 

SR37 58 61 61 

SR38 79 81 81 

SR39 66 69 69 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR40 77 79 79 

SR41 73 75 75 

SR42 68 70 70 

SR43 69 72 72 

SR44 75 77 77 

SR45 72 74 74 

SR46 67 69 69 

SR47 74 76 76 

SR48 69 72 72 

SR49 64 66 66 

SR50 66 69 69 

SR51 74 77 77 

SR52 75 77 77 

SR53 68 70 70 

SR54 69 72 72 

SR55 
68 71 71 

SR56 64 67 67 

E1 54 52 52 

E2 52 50 50 

E3 51 49 49 

E4 50 48 48 

E5 49 47 47 

E6 48 46 46 

E7 56 53 53 

E8 48 45 45 

E9 54 52 52 

E10 53 50 50 

E11 53 50 50 

E12 52 49 49 

E13 52 49 56 
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Table E.17: Construction Noise Modelling Results – Wharf Extension 

 
Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR1 35 31 31 

SR2 28 24 24 

SR3 36 32 32 

SR4 30 27 27 

SR5 31 27 27 

SR6 38 38 34 

SR7 33 37 29 

SR8 29 34 26 

SR9 42 45 38 

SR10 44 46 39 

SR11 46 50 42 

SR12 46 50 42 

SR13 44 48 40 

SR14 45 49 41 

SR15 46 50 42 

SR16 46 50 42 

SR17 46 50 42 

SR18 45 49 43 

SR19 33 36 32 

SR20 35 39 33 

SR21 46 50 46 

SR22 46 50 46 

SR23 46 50 46 

SR24 46 50 46 

SR25 45 49 45 

SR26 38 42 40 

SR27 43 47 44 

SR28 45 49 47 

SR29 47 51 49 

SR30 37 40 39 

SR31 47 51 49 

SR32 46 49 49 

SR33 36 40 40 

SR34 45 48 48 

SR35 24 28 28 

SR36 32 37 37 

SR37 33 37 37 

SR38 52 55 55 

SR39 45 49 49 

SR40 47 51 51 
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Predicted Noise Level LAeq,15min dB(A) 

Period Day Day Day 

Condition ID 1 2 3 

Receiver ID    

SR41 56 57 57 

SR42 50 53 53 

SR43 50 53 53 

SR44 49 52 52 

SR45 48 51 51 

SR46 44 47 47 

SR47 47 51 51 

SR48 43 46 46 

SR49 38 41 41 

SR50 43 47 47 

SR51 50 53 53 

SR52 50 52 52 

SR53 50 53 53 

SR54 49 52 52 

SR55 44 48 48 

SR56 41 44 44 

E1 25 21 21 

E2 22 19 19 

E3 21 18 18 

E4 20 17 17 

E5 19 16 16 

E6 18 15 15 

E7 24 20 20 

E8 20 17 17 

E9 22 18 18 

E10 19 15 15 

E11 19 15 15 

E12 16 12 12 

E13 15 12 21 
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Appendix F  NOISE CONTOURS 
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F.1 SHIP IN TRANSIT 

F.1.1 Day – Worst Case 
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F.1.2 Night – Worst Case 
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F.2 SHIP AT BERTH (LARGE) 

F.2.1 Day – Worst Case 

 



 

 

Job Number 20910 | AQU-NW-001-20910   4 

20910 RHDHV Eden Noise and AQ D3 appendix.docx 

F.3 SHIP AT BERTH (SMALL) 

F.3.1 Day – Worst Case 
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F.4 WAVE ATTENUATOR 

F.4.1 Day – Worst Case 
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F.4.2 Night – Worst Case 
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Appendix G  METEOROLOGICAL MODELS 
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G.1 TAPM 

The Air Pollution Model, or TAPM, is a three dimensional meteorological and air pollution model 

developed by the CSIRO Division of Atmospheric Research.  A detailed description of the TAPM model 

and its performance is provided elsewhere. The Technical Paper by Hurley (2008) describes details of 

the model equations, parameterisations, and numerical methods. A summary of some verification 

studies using TAPM is also given in Hurley et al. (2008). 

TAPM solves the fundamental fluid dynamics and scalar transport equations to predict meteorology 

and (optionally) pollutant concentrations. It consists of coupled prognostic meteorological and air 

pollution concentration components. The model predicts airflow important to local scale air pollution, 

such as sea breezes and terrain induced flows, against a background of larger scale meteorology 

provided by synoptic analyses. 

Upper air data were generated over the study region using TAPM. It is noted that observed surface 

meteorological data nudged with TAPM in generating upper air data. CALMET was set up to use the 

TAPM generated upper air data as an initial guess field which is then adjusted to the observations in the 

final guess filed. 

The TAPM-generated data and observed surface meteorological data were then entered into the 

CALMET diagnostic meteorological model, which is discussed below. 
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Figure G.1: Modelling Methodology Utilised in this Study 
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G.2 CALMET 

CALMET is a meteorological pre-processor that includes a wind field generator containing objective 

analysis and parameterised treatments of slope flows, terrain effects and terrain blocking effects. The 

pre-processor produces fields of wind components, air temperature, relative humidity, mixing height 

and other micro-meteorological variables to produce the three-dimensional meteorological fields that 

are used in the CALPUFF dispersion model.  CALMET version 6.333 and level 110324 was used. 

To obtain local meteorology for the project site for input into CALMET, nearby Bureau of Meteorology 

(BOM) surface stations were investigated. Two stations were identified:  

 Merimbula Airport Automatic Weather Station (AWS) - station number 69147, 18 km north 

 Green Cape AWS - station number 69137, 20 km south 

  

Both stations were located right at the coast. However, due to the distance from the project sites and 

different local terrain, they were not used in the CALMET modelling.  

CALMET was set up with “no observation” option, driven only by three-dimensional output from TAPM 

according to the Approved Methods. TAPM output for the nested grid of 300 m in resolution was used 

to generate 3D.dat for input into CALMET. 

One recent year of meteorology, 2013, was modelled for this project. This year was determined to be a 

representative meteorological year based on analyses of wind speed and direction distribution, 

temperature and rainfall data. (See Section Error! Reference source not found. for details) 

It was modelled with a horizontal domain size of 10 km x 10 km, with a fine resolution of 100 m to resolve 

localised wind conditions. The project site was located in the model of the domain. Vertical cell face 

heights are 0, 20, 40, 80, 160, 320, 640, 1250, 2500, and 3500 m. They are dense near the surface to 

better represent the meteorology in lower atmosphere, where the emissions are to be dispersed and 

receptors are located.  

High resolution of terrain and land use data were used for CALMET. The terrain data was produced from 

Shuttle Radar Topography Mission (SRTM) data, and land use from Australian Collaborative Land Use 

and Management Program (ACLUMP) data. SRTM data has a resolution of approximately 90 m. 

ACLUMP data has fine resolution for the project area. 

The project area is located on the UTM zone 56 south, with south east corner located at 752.750 km 

easting and 5886.000 km northing. 

A summary of the data and parameters used as part of the meteorological component of this study 

are shown in Table G.1. 
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Table G.1: Meteorological Parameters used for this Study 

TAMP (v 3.0)  

Number of nested grids (grid spacing) 5 (30 km, 10 km, 3 km, 1km, 0.3km) 

Number of grids point 37 x 37 x 25 

Year of analysis 2013 

Centre of analysis 37o 5.5’ S, 149o 54’ E  

CALMET (v 6.333) 

Meteorological grid domain 10 km x 10 km 

Meteorological grid resolution 0.1 km 

Surface and upper data  TAPM 
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1.0 INTRODUCTION
Tectonic Geotechnical Pty Ltd (Tectonic) has been commissioned by Australasian Marine Associates
(AMA) to undertake a geotechnical investigation for the proposed wave attenuator to be constructed
alongside the Eden Breakwater Wharf project as per AMA’s proposal to NSW Crown Lands, dated 12
December 2014.

The field investigation was conducted to:

� Provide geotechnical information for the design of piles for the wave attenuator.

� Provide data to calibrate the results of a geophysics investigation conducted by OEMG.

Following discussions with NSW Crown Lands, the scope of the Interpretive Report has been reduced from
the initially proposed scope. This report includes a limited interpretation of the results of the fieldwork and
laboratory testing undertaken for the geotechnical investigation for the proposed wave attenuator. The
revised scope of the Interpretive Report includes:

� An interpreted engineering geological model for the site (including likely subsurface profile, seabed
features and potential geohazards); and

� Recommended geotechnical parameters related to the proposed construction for the various strata
encountered (upper and lower bound,).

The following tasks from the originally proposed scope have been omitted from this revised scope of
reporting:

� Slope Stability Analysis,

� Dredge Batter Design,

� Stability Check of Adjacent Structures (post dredging),

� Dredgability Analysis, and

� Pile Drivability Analysis, including testing specifications.

Details of the fieldwork methodology are included in our report Geotechnical Fieldwork Report 15001-003-
Rev0, dated 31 March 2015. Geotechnical Factual Report 15001-005-Rev0, dated 8 May 2015, details the
subsurface profiles encountered at each borehole within the wave attenuator area.

Surface (sea bed) and near surface information obtained from the environmental (sediment contamination)
assessment undertaken by AMA for the dredging works has been included in this assessment.
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2.0 PROPOSED DEVELOPMENT
The Eden Breakwater Wharf is located in Snug Cove, Eden. Snug Cove includes three main marine
structures, namely the Mooring Jetty, Multi-Purpose Jetty and Breakwater Wharf (Ref. Text Figure 1).

Text Figure 1: Site location

NSW Crown Lands has identified the need to extend the Eden Breakwater Wharf and dredge the approach
channel and berth pocket to -10.5m Chart Datum (CD), to accommodate cruise ships of up to 300m in
length. The current bathymetry is between -4m to -10m Australian Height Datum (AHD). At this site, CD is
approximately 1.07m below AHD (equivalent to Lowest Astronomical Tide [LAT]).

The proposed wharf extension comprises lengthening the existing seawall (berthing area) approximately
45m further to the east (berth extension), backfilling between the new wall and existing breakwater to
increase the wharf area, and installation of three breasting dolphins and one mooring buoy at the end of the
wharf.

In addition to the wharf extension, a fixed panel wave attenuator is proposed on the seaward side of Cattle
Bay to protect the future marina development. We understand that two options (alignments) for the wave
attenuator are being considered (Refer Text Figure 2 on following page). Indicative designs shown in Royal
Haskoning’s report “Eden Harbour Safe Boating Options Study” (Ref: 8A0458, dated December 2014)
indicates that the proposed wave attenuator may comprise concrete panels fixed a reinforced concrete
headstock which will be supported on piles spaced 6m apart. Piles will be a combination of vertical and
raked elements.

Breakwater wharf

Multi-purpose jetty

Mooring jetty

Snug Cove

Cattle Bay
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Text Figure 2: Wave Attenuator Options

3.0 SITE INVESTIGATION FIELDWORK
The investigation for the wave attenuator comprised a total of four boreholes, being boreholes BHT2,
BHT7, BHT8 and BHT11.

Reports of Boreholes are presented in Appendix A, together with photographs of rock core. Photographs
of soil samples are provided in Appendix B.
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4.0 REGIONAL GEOLOGY
The 1:250,000 scale Bega-Mallacoota Geological Map (Sheet SJ/55-4 and Part Sheet SJ/55-8) indicates
that the site of the proposed wharf redevelopment (Snug Cove), the adjacent Cattle Bay, and the southern
side of Lookout Point, is underlain by the Cambrian to Early Silurian (Ordovician) age Adaminaby Group,
which comprises undifferentiated sediments, turbidites; sandstone, mudstone and shale.

The northern part of the headland (Lookout Point) comprises Late Devonian age Boyd Volcanic Complex
undifferentiated acid volcanics, basalts, quartz porphyries and minor sediments. The volcanic activity is
reported to have caused some alteration of the sedimentary rocks of the Adaminaby Group, including
folding, fracturing and/or strengthening by metamorphic processes.

On the mainland to the north, the geology comprises Late Devonian age Twofold Formation (of the
Merimbula Group), comprising fluvial sandstone with mudrock and conglomerate.

.

Text Figure 3: Extract of Bega-Mallacoota 1:250,000 geology map

Adaminaby Group

Boyd Volcanic Complex

Twofold Formation
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5.0 LOCAL GEOLOGY
The local geology of the Snug Cove/Cattle Bay area comprises the following:

� The eastern side of the existing Eden breakwater wharf comprises sedimentary rocks (of the
Adaminaby Group) that appear to have been altered (hardened and fractured) by the occurrence of
later volcanic activity (Refer Text Figure 4 below). The rock type is generally metasandstone (or
sandstone altered by metamorphic processes) of low to high strength and generally having a
massive structure with joints typically spaced at greater than 1m.

Text Figure 4: Rock outcrop on beach to the east of the breakwater

Text Figure 5: Rock outcrop to the north-east of the breakwater
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� Eastern side of Cattle Bay comprises layered beds of metasandstone (possible metasiltstone) and
slate dipping steeply (from about 60° up to near vertical) towards the south/southeast. The
metasandstone is generally of low to medium strength, and has some jointing that forms blocks of
about 0.3m to more than 1m. The slate is strongly laminated and foliated, forming thin layers about
10mm to 20mm thick, and is also extensively fractured by cross-cutting joints, which typically forms
pieces less than 50mm in length. Individual pieces of slate are generally of very low strength and
ranging up medium strength.

It is presumed that sandstone/siltstone and shale were initially deposited in a flat, near level
environment (successive layering of sandstone/siltstone and shale) prior to being folded and altered
to form the existing steeply dipping layers of metasandstone and slate (Refer Text Figure 6 and 7).

Text Figure 6: Rock outcrop at eastern shoreline of Cattle Bay

Text Figure 7: Rock exposure on eastern bank of Cattle Bay

Steeply dipping (near vertical)
metasandstone and slate beds

Laminated slate

Metasandstone
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� Steeply dipping interbedded turbidites and siltstone (layers up to about 0.5m thick) can be seen
outcropping at the beachfront on the western side of Cattle Bay (Refer Text Figure 8). Numerous
high strength (or stronger) quartz seams were noted throughout the siltstone layers (Refer Text
Figure 9).

Text Figure 8: Interbedded turbidites and siltstone on western side of Cattle Bay

Text Figure 9: Quartz seams in siltstone

Turbidites

Siltstone
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6.0 SEA BED CONDITIONS
AMA carried out an environmental (sediment contamination) assessment of the site alongside the
geotechnical investigation. As part of that environmental assessment, AMA conducted vibrocoring (VC). A
total of 15 VC locations were cored within the proposed dredge footprint. Samples were obtained from the
VC locations at 0.5 m intervals to 1 m depth and then a composited sample was collected from each
borehole at >1m to the bottom of the core. Sediment samples were then forwarded to a NATA accredited
laboratory for organic and inorganic contaminant and particle size distribution (PSD) analysis.

A summary of the results of the laboratory PSD analysis was forwarded to Tectonic to include in this
geotechnical assessment (refer Appendix C). PSD testing indicated that the top 1 m of the sea bed profile
comprised predominantly sand with varying quantities of clay, silt, and gravel. The silt content was less than
5%, and the clay content varied from 1% to 8%. The gravel however, exhibited a greater variability in
content ranging from 1% up to 32%. The sand content was 61% to 94%.

Due to the method of geotechnical drilling, the strength (density) at the surface of the sea bed was not able
to be assessed. Anecdotal evidence suggests, from the ease in which the drill casing was pushed into the
sea bed, that the surficial sea bed materials were very loose. SPT results at 1m depth below sea bed (BSB)
from the geotechnical boreholes indicated N values less than 5, which is very loose to loose.

7.0 SUBSURFACE PROFILE
From the four boreholes drilled along the proposed alignment of the wave attenuator, two distinct subsurface
profiles were encountered.

Boreholes BHT7 and BHT8 encountered mostly very loose to loose, fine to medium grained sand/silty sand
to depths of about 3m to 4m BSB (about -11m CD) over very stiff to hard residual sandy/silty clay of low to
medium plasticity. The residual clay layer was noted to be about 1m thick in both boreholes, and overlies
interbedded layers of low to high strength metasandstone and extremely low to low strength slate.

The slate is laminated and generally fractured into pieces less than 50mm, whereas the metasandstone is
generally less fractured. Both the metasandstone and slate layers are steeply bedded (about 60° to the
horizontal, and possibly steeper to near vertical). Higher strength quartz seams are present throughout the
rock profile.

Boreholes BHT2 and BHT11 encountered a deeper alluvial soil profile comprising:

� mostly medium dense, fine to medium grained sand/silty sand, with some interbedded layers of
loose sand, to depths of 9.1m and 12.8m BSB, over

� grey and black, soft to firm silty clay (medium plasticity)/clayey silt (low liquid limit), and very loose
silty sand (fine to medium grained), ) to depths of 15.1m and 10.2m BSB.

Below the soft to firm silty clay/clayey silt and very loose silty sand, medium dense clayey sand (BHT2) and
stiff, high liquid limit clayey silt (BHT11), being pale grey and yellow brown in colour, was encountered.
Based on the visual/textural assessment of this layer, it appears to be residual in origin (i.e. derived by
weathering of the underlying rock). The apparent residual soil layer continued in both boreholes to the
termination depths of 17.45m BSB (-26.25m CD) at BHT2 and 15.45m BSB (-23.15m CD) at BHT11, i.e.
rock was not encountered.

Text Figure 10 on the following page presents a plot of SPT N values verses depth (in metres below sea bed
level, BSB) for boreholes BHT2, BHT7, BHT8 and BHT11.
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Text Figure 10: SPT N vs Depth Profiles

Full soil and rock profiles are shown on the Reports of Boreholes in Appendix A and are presented in cross-
section in Figure 2 (at the end of this report). Photographs of the rock core are also presented in Appendix
A, and photographs of soil samples are shown in Appendix B.
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8.0 GEOLOGICAL ASSESSMENT
Based on the findings of the boreholes and observations of the rock outcrops on the nearby shoreline, it
appears that the original sedimentary rock formations (sandstone/siltstone, shale) have undergone
significant folding and alteration, possibly as a result of volcanic (metamorphic) activity associated with the
intrusion of the Boyd Volcanic Complex to form interbedded layers of metasandstone and slate.

Sedimentary rocks are typically formed as mostly horizontal layers by successive deposition of sediments
(sand, silt, clay, gravel) in old river beds, marine/estuarine settings, etc.

The interlayered metasandstone and slate layers appear to have been folded to form troughs and peaks. As
illustrated on Figure 2, boreholes BHT7 and BHT8 may represent the peaks, whereas boreholes BHT2 and
BHT11 may be located within the troughs. It should be noted that there may be additional peaks and
troughs between the boreholes. Rock pinnacles were also observed above the sea level to the west of
borehole BHT8 (refer Text Figure 11 below), which may be remnant peaks.

Text Figure 11: Rock pinnacles west of borehole BHT8

Following folding of the metasandstone/slate layers, the troughs may have formed steep sided gullies, with
most of the residual clay layer being eroded and subsequently backfilled with alluvial sands (and silts/clays).
This process is likely to have occurred when the sea levels were lower, and creeks or rivers were formed
within the gullies (troughs).

Rock pinnacles
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9.0 GEOHAZARDS
We understand that the proposed wave attenuator structure may be supported on piles (vertical and raked)
at about 6m intervals tied to a headstock, with concrete panels between the pile supports. An outline of
some potential geohazards associated with the proposed structure are summarised below. The designer
and piling contractor must make their own assessments of geohazards at this site.

9.1 Lateral Variability in Subsurface Conditions
The soil/rock profile supporting the piles will be required to provide sufficient lateral and vertical resistance to
counter the wave and tidal actions. The presence of loose or soft soils in the upper soil profile will
significantly reduce both the lateral and vertical loads able to be resisted by the soil profile.

At boreholes BHT7 and BHT8, the upper soil profile comprised very loose to loose sand, which is expected
to have low lateral resistance. However, the very stiff/hard residual clay and rock at those locations is
relatively shallow (about 4m BSB), enabling lateral and vertical resistance to be increased by founding
deeper into the rock.

At boreholes BHT2 and BHT11, the soil profile comprises a deeper sequence of very loose to loose sand to
depths of about 3m to 4m BSB, then medium dense sand. Loose and soft to firm soils were encountered
below a depth of about 9m BSB. Rock was not encountered within the borehole termination depths of
17.45m BSB (-26.25m CD) at BHT2 and 15.45m BSB (-23.15m CD) at BHT11.

Should the soil profile comprise all very loose/loose or soft/firm soils, the lateral capacity of the supporting
soil profile will be greatly reduced. In that case, additional piles per group or closer spaced pile groups may
be required.

If sufficient lateral and vertical capacity is not available from the subsurface profiles represented by
boreholes BHT2 and BHT11, the alignment of the wave attenuator may need to be revised to ensure that
piles will be located in areas underlain by the shallow rock profile (i.e. profile as encountered in boreholes
BHT7 and BHT8).

Piling methods will need to consider the sloping nature of the rock layers, and will require guides to maintain
the verticality/raking angle of the piles.

9.2 Drillability of Rock
We understand that the piling methodology may comprise driving steel casings to the rock and then boring in
the rock using open holed drilling. Generally, rock encountered in the boreholes is expected to be within the
capacity of pile drilling equipment (e.g. tungsten tipped rock auger). However, the presence of very high
strength quartz layers within lower strength metasandstone and slate may require rock cutting attachments
(e.g. core barrels, mandrill cutting bits).

Driven piles may not be able to penetrate sufficiently deep into the rock layer to develop sufficient lateral
capacity. Piles will need to comprise a combination of driven casings and bored (through rock) cast-in-place
piles.

9.3 Uncontrolled Pile Penetration
Soft to firm and very loose to loose soils were encountered within the boreholes. Driving of piles through
very soft/soft soils, and possibly through very loose/loose sandy soils, may result in piles dropping
uncontrollably. Attention to securing of piles while driving through such materials must be maintained by the
piling contractor.

9.4 Seabed Debris
Debris such as discarded equipment from boats may be present on the seabed. We understand that there
may be some large steel sheets (possibly from boat repair works) dumped around the proposed dredge
area. It is uncertain whether such obstacles extend as far as the wave attenuator site. Such items may
cause obstructions to piling, particularly driven piles.
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9.5 Liquefaction
The potential for liquefaction to occur as a result of seismic activity will need to considered, particularly where
the soil profile comprises a deep sequence of very soft to firm silt and clay, and/or very loose to loose sandy
soils.

10.0 GEOTECHNICAL DESIGN PARAMETERS
Table C1 in Appendix C provides simplified soil and rock profiles and tabulated lists of geotechnical
parameters based on the results of the boreholes and laboratory testing. The parameters include
classification by the unified soil classification system (USCS), estimated shear strength parameters, and a
range of pile design parameters, based on field and laboratory testing, and established empirical
relationships.

11.0 LIMITATIONS
Your attention is drawn to the document “Report Limitations”, which is included in Appendix D of this report.
The statements presented in this document are intended to advise you of what your realistic expectations of
this report should be, and to present you with recommendations on how to minimise the risks associated with
the services provided by Tectonic for this project.
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Core Photo Tectonic Geotechnical Pty Ltd

Project Name Proposed Wave Attenuator, Eden, NSW
Project No. 15001 Date Drilled 16/3/15
Borehole No. BHT7 No. of Boxes 2
Easting 758201 Start Depth (m, BSB) 5.30
Northing 5893131 Finish Depth (m, BSB) 12.3
Driller & Rig Terra Test Explora 50 Core Size HQ
Remarks Mounted on Jack up barge Prepared By DJQ
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Core Photo Tectonic Geotechnical Pty Ltd

Project Name Proposed Wave Attenuator, Eden, NSW
Project No. 15001 Date Drilled 15/3/15
Borehole No. BHT8 No. of Boxes 3
Easting 757967 Start Depth (m, BSB) 6.00
Northing 5893221 Finish Depth (m, BSB) 16.0
Driller & Rig Terra Test Explora 50 Core Size HQ
Remarks Mounted on Jack up barge Prepared By DJQ
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TERMS USED ON LOGS

DRILLING/EXCAVATION METHOD
AD* Auger Drilling RD Rotary Blade or Drag bit NQ Diamond Core - 47 mm
*V V-Bit RT Rotary Tri-cone bit NMLC Diamond Core - 52 mm
*T TC-Bit RA Rotary Air HQ Diamond Core - 63 mm
HA Hand Auger HMLC Diamond Core – 63mm
ADH Hollow Auger BH Tractor Mounted Backhoe
HA Hand Auger EX Tracked Hydraulic Excavator

WATER

GROUNDWATER NOT The observation of groundwater, whether present or not, was not possible due to drilling water,
OBSERVED surface seepage or cave in of the borehole/test pit.

GROUNDWATER NOT The borehole/test pit was dry soon after excavation. However, groundwater could be present in
ENCOUNTERED less permeable strata. Inflow may have been observed had the borehole/test pit been left open

for a longer period.

SAMPLING AND TESTING
SPT Standard Penetration Test to AS1289.6.3.1-2004
5,4,10 N=14 5,4,10 = Blows per 150mm. N = Blows per 300mm penetration following 150mm seating
30/65mm Where practical refusal occurs, the blows and penetration for that interval are reported
RW Penetration occurred under the rod weight only
HW Penetration occurred under the hammer and rod weight only
HB Hammer double bouncing on anvil
DS Disturbed sample
BDS Bulk disturbed sample
FV Field vane shear test expressed as uncorrected shear strength (sv = peak value, sr = residual value)
PP Pocket penetrometer test expressed as instrument reading in kPa
U50 Thin walled tube sample - number indicates nominal sample diameter in millimetres
DCP Dynamic cone penetration test
CPT Electronic cone penetration test
CPTu Electronic cone penetration test with pore pressure (u) measurement

Rev0
October 2013
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METHOD OF SOIL DESCRIPTION
USED ON LOGS

CLASSIFICATION AND INFERRED STRATIGRAPHY
Soil and rock is classified and described in borehole and test pit logs using the preferred method given in AS1726 – 1993,
(Amdt1 – 1994 and Amdt2 – 1994), Appendix A.The material properties are assessed in the field by visual/tactile methods.

Particle Size Plasticity Properties

Major Division Sub Division Particle Size40

BOULDERS > 200 mm

C

COBBLES 63 to 200 mm
Coarse 20 to 63 mm

GRAVEL Medium 6.0 to 20 mm
Fine 2.0 to 6.0 mm
Coarse 0.6 to 2.0 mm

SAND Medium 0.2 to 0.6 mm
Fine 0.075 to 0.2 mm

SILT 0.002 to 0.075
mmCLAY < 0.002 mm

MOISTURE CONDITION AS1726 - 1993
Symbol Term Description

D Dry Sands and gravels are free flowing. Clays & Silts may be brittle or friable and powdery.
M Moist Soils are darker than in the dry condition & may feel cool. Sands and gravels tend to cohere.
W Wet Soils exude free water. Sands and gravels tend to cohere.

CONSISTENCY AND DENSITY AS1726 - 1993
Symbol Term Undrained Shear

Strength
Symbol Term Density Index % SPT “N” #

VS Very Soft 0 to 12 kPa VL Very Loose Less than 15 0 to 4
S Soft 12 to 25 kPa L Loose 15 to 35 4 to 10
F Firm 25 to 50 kPa MD Medium Dense 35 to 65 10 to 30

St Stiff 50 to 100 kPa D Dense 65 to 85 30 to 50

VSt Very Stiff 100 to 200 kPa VD Very Dense Above 85 Above 50

H Hard Above 200 kPa
In the absence of test results, consistency and density may be assessed from correlations with the observed behaviour of
the material.
# SPT correlations are not stated in AS1726 – 1993, and may be subject to corrections for overburden pressure and
equipment type.
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METHOD OF ROCK DESCRIPTION USED ON LOGS

STRENGTH

Symbol Term
Point Load
Index, Is(50)
(MPa)

Field Guide

EL Extremely
Low

< 0.03 Easily remoulded by hand to a material with soil properties.

VL Very
Low

0.03 to 0.1 Material crumbles under firm blows with sharp end of pick; can be peeled
with knife; too hard to cut a triaxial sample by hand. Pieces up to 30 mm
can be broken by finger pressure.

L Low 0.1 to 0.3 Easily scored with a knife; indentations 1 mm to 3 mm show in the specimen
with firm blows of pick point; has dull sound under hammer. A piece of core
150 mm long by 50 mm diameter may be broken by hand. Sharp edges of
core may be friable and break during handling.

M Medium 0.3 to 1 Readily scored with a knife; a piece of core 150 mm long by 50 mm
diameter can be broken by hand with difficulty.

H High 1 to 3 A piece of core 150 mm long by 50 mm diameter cannot be broken by hand
but can be broken with pick with a single firm blow; rock rings under hammer.

VH Very
High

3 to 10 Hand specimen breaks with pick after more than one blow; rock rings under
hammer.

EH Extremely
High

>10 Specimen requires many blows with geological pick to break through intact
material; rock rings under hammer.

Relationship between Is(50) and UCS (unconfined compressive strength) will vary with rock type and strength, and
should be determined on a site-specific basis. UCS is typically 10 to 30 x Is(50), but can be as low as 5.

ROCK MATERIAL WEATHERING
Symbol Term Field Guide

RS Residual
Soil

Soil developed on extremely weathered rock; the mass structure and
substance fabric are no longer evident; there is a large change in volume
but the soil has not been significantly transported.

EW Extremely
Weathered

Rock is weathered to such an extent that it has soil properties - i.e. it either
disintegrates or can be remoulded, in water.

DW Distinctly
Weathered

Rock strength usually changed by weathering. The rock may be highly
discoloured, usually by iron staining. Porosity may be increased by
leaching, or may be decreased due to deposition of weathering products in
pores.

SW Slightly
Weathered

Rock is slightly discoloured but shows little or no change of strength
relative to fresh rock.

FR Fresh Rock shows no sign of decomposition or staining.

ABBREVIATIONS FOR DEFECT TYPES AND DESCRIPTIONS
Defect Type

B Bedding parting
X Foliation
C Contact
L Cleavage
J Joint

SS/SZ Sheared seam/zone (Fault)
CS/CZ Crushed seam/zone (Fault)
DS/DZ Decomposed seam/zone
IS/IZ Infilled seam/zone
S Schistocity
V Vein

Coating or Infilling
Cn Clean
Sn Stain
Vr Veneer
Ct Coating or Infill

Roughness
Sl Slickensided
Sm Smooth
Ro Rough

Planarity
Pl Planar
Un Undulating
St Stepped
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APPENDIX B
Photos – Soil Samples
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BOREHOLE BHT2

Samples from SPT testing
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BOREHOLE BHT2 CONTINUED

Samples from SPT testing

Wood from 9.0m depth taken from drill bit.
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BOREHOLE BHT7

Samples from SPT testing
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BOREHOLE BHT8

Samples from SPT testing
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BOREHOLE BHT11

Samples from SPT testing
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APPENDIX C
Table C1 - Geotechnical Design Parameters
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TABLE C1 – SOIL AND ROCK PROPERTIES

BHT2

Depth (m,
BSB) Soil/Rock Type Density /

Consistency Ave N USCS Density
(kN/m3) cu (kPa) Ø (degrees) c’ (kPa) Ø’ (degrees) E (MPa) Poisson’s

Ratio ks (MN/m3) fs (kPa) qu (kPa) RMR GSI

0.0 – 2.0 Sand Loose 5 SP 1.6-1.8 - 28-30 0 28-30 5-15 (5) 0.3-0.4 50-100 10 N/A N/R N/R

2.0 – 3.0 Silty Sand Loose 7 SM 1.6-1.8 - 28-30 0 28-30 7-12 (7) 0.3-0.4 50-100 15 N/A N/R N/R

3.0 – 9.5 Sand Medium Dense 17 SP 1.7-1.9 - 30-33 0 30-33 30-50 (16) 0.2-0.35 100-200 35 N/A N/R N/R

9.5 – 11.5 Silty Sand Loose 6 SM 1.6-1.8 - 28-30 0 28-30 7-12 (7) 0.3-0.4 50-100 12 N/A N/R N/R

11.5 – 15.1 Silty Sand Very Loose 0 SM 1.6-1.7 - 27-29 0 27-29 <7 (<5) 0.3-0.4 <20 0 N/A N/R N/R

15.1 – 17.45 Clayey Sand Medium Dense 15 SC 1.7-1.9 - 30-33 0-5 30-33 20-40 (10) 0.35-0.5 100-200 30 700 N/R N/R

17.45 End of Borehole

BHT7

Depth (m,
BSB) Soil/Rock Type Density /

Consistency Ave N USCS Density
(kN/m3) cu (kPa) Ø (degrees) c’ (kPa) Ø’ (degrees) E (MPa) Poisson’s

Ratio ks (MN/m3) fs (kPa) qu (kPa) RMR GSI

0.0 – 3.8 Sand Very Loose 1 SP 1.6-1.8 - 27-29 0 27-29 <7 (<5) 0.3-0.4 <20 0 N/A N/R N/R

3.8 – 5.1 Clayey Sand Dense 33 SC 1.8-2.0 - 33-36 0-5 33-36 40-60(16) 0.35-0.5 150-300 65 N/A N/R N/R

5.1 – 12.3 Metasandstone ELS – MS/HS - - 2.0-2.2
1,000

(UCS)
- >10 >37 1-5 GPa 0.4 >500 100 1,000 Class V 10-15 (Poor)

12.3 End of Borehole

Notes:

1. E – Young’s Modulus of Elasticity (values in brackets estimated from Table 5-5 “Foundation Analysis & Design”, Bowles, 1996, 4th ed. based on average SPT N values)
2. ks – lateral modulus of subgrade reaction (typical range from Table 9-1 “Foundation Analysis & Design”, Bowles, 1996, 4th ed.).
3. fs = ultimate skin friction; qu = ultimate base bearing capacity.

4. RMR – Rock Mass Rating; GSI – Geological Strength Index.

5. N/R – material parameter not relevant to soil.

6. N/A – founding at this level is not considered applicable.

7. ELS – extremely low strength; MS – medium strength; HS – high strength
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TABLE C1 – SOIL AND ROCK PROPERTIES (Cont.)

BHT8

Depth (m,
BSB) Soil/Rock Type Density /

Consistency Ave N USCS Density
(kN/m3) cu (kPa) Ø (degrees) c’ (kPa) Ø’ (degrees) E (MPa) Poisson’s

Ratio ks (MN/m3) fs (kPa) qu (kPa) RMR GSI

0.0 –3.4 Sand
Very Loose /

Loose
4 SP 1.6-1.8 - 28-30 0 28-30 5-15 (10) 0.3-0.4 5-16 0 N/A N/R N/R

3.4 – 5.3 Silty Clay Very Stiff/ Hard 26 CL/CI 1.8-1.9 125-150- - 0-10 26-32 15-50 (25) 0.3-0.4 5-16 50 900 N/R N/R

5.3 – 16.0
Metasandstone /

Slate
ELS - MS - - 2.0-2.2

1,000

(UCS)
- >10 >37 1-5 GPa 0.4 >500 100 1,000 Class V

10-15

(Poor)

16.0 End of Borehole

BHT11

Depth (m,
BSB) Soil/Rock Type Density /

Consistency Ave N USCS Density
(kN/m3) cu (kPa) Ø (degrees) c’ (kPa) Ø’ (degrees) E (MPa) Poisson’s

Ratio ks (MN/m3) fs (kPa) qu (kPa) RMR GSI

0.0 – 1.0 Silt (Shells) Very Soft 1 ML <1.4 <10 - 0 10 <5 (2) 0.3-0.35 <5 0 N/A N/R N/R

1.0 – 4.0 Sand Very Loose 1 SP 1.6-1.8 - 27-29 0 27-29 <5 (2) 0.3-0.4 <5 0 N/A N/R N/R

4.0 – 9.1 Sand Medium Dense 13 SP 1.7-1.9 - 30-33 0 30-33 30-50 (14) 0.2-0.35 10-80 25 N/A N/R N/R

9.1 – 10.2 Clayey Silt Soft to Firm 0 ML 1.4-1.6 20-25 - 0-2 15-20 <5 (4) 0.3-0.4 <5 5 N/A N/R N/R

10.2 – 12.0 Clayey Silt Firm to Stiff 0 MH 1.5-1.7 35-50 - 0-5 17-25 5-10 (7) 0.3-0.4 2-10 15 N/A N/R N/R

12.0 – 15.45 Clayey Silt Stiff 12 MH 1.6-1.8 50 - 0-10 26-32 10-20 (10) 0.3-0.4 5-15 20 450 N/R N/R

15.45 End of Borehole

Notes:

1. E – Young’s Modulus of Elasticity (values in brackets estimated from Table 5-5 “Foundation Analysis & Design”, Bowles, 1996, 4th ed. based on average SPT N values)
2. ks – lateral modulus of subgrade reaction (typical range from Table 9-1 “Foundation Analysis & Design”, Bowles, 1996, 4th ed.).
3. fs = ultimate skin friction; qu = ultimate base bearing capacity.

4. RMR – Rock Mass Rating; GSI – Geological Strength Index.

5. N/R – material parameter not relevant to soil.

6. N/A – founding at this level is not considered applicable

7. ELS – extremely low strength; MS – medium strength; HS – high strength
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APPENDIX D
Report Limitations



Rev 0 (October 2013)

REPORT LIMITATIONS

This report has been prepared for the purpose outlined in Tectonic’s proposal and no responsibility is
accepted for the use of this report, in whole or in part, for any other purpose.

The scope of Tectonic’s Services are as described in Tectonic’s proposal, and are subject to restrictions
and limitations. Tectonic did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the report. If a service is not expressly indicated, do
not assume it has been provided. If a matter is not addressed, do not assume that any determination has
been made by Tectonic in regards to it.

Conditions may exist which were undetectable given that economic and time constraints limit the practical
extent of geotechnical investigation. Variations in conditions may occur between investigation locations,
and there may be special conditions pertaining to the site which have not been revealed by the
investigation and which have not therefore been taken into account in the report. Where variations exist on
site, additional studies and actions may be required.

Tectonic’s opinions are based upon information that existed at the time that the study was performed. The
passage of time, man-made or natural events, may alter the site conditions. It is understood that the
Services undertaken allowed Tectonic to form an opinion of the actual conditions of the site at the time the
site was visited and cannot be used to assess the effect of any subsequent changes in the quality of the
site, or its surroundings, or any laws or regulations.

Any assessments made in this report are based on the conditions indicated from published sources and
the findings of the investigation described. Actual subsurface conditions may differ from those indicated in
the report (e.g. between boreholes or test pits). No warranty is included, either express or implied, that the
actual conditions will conform exactly to the assessments contained in this report.

Where data supplied by the client or other external sources, including previous site investigation data, have
been used, it has been assumed that the information is correct unless otherwise stated. No responsibility is
accepted by Tectonic for incomplete or inaccurate data supplied by others.

This report is provided for the sole use by the Client and its professional advisers. No responsibility
whatsoever for the contents of this report will be accepted to any person other than the Client. Any use
which a third party makes of this report, or any reliance on or decisions to be made based on it, is the
responsibility of such third parties. Tectonic accepts no responsibility for damages, if any, suffered by any
third party as a result of decisions made or actions based on this report.



 

 

 

 

 

 

 

 Roads and Maritime Services Appendix F:

Consultation



 

NSW Department of Industry Lands 

PO Box 309, 

Nowra, NSW 2541 

www.crownland.nsw.gov.au  ABN: 72 189 919 072 

 
 
DOC16/163212 
 
9th September 2016 
 
Mr Mike Hammond 
Principal Manager South 
Boating Operations Branch 
Roads and Maritime Services 
Locked Bag 5100 
Camperdown NSW 1450 
 
 
Dear Mike 
 
Eden Port Development Projects – Relocation of Affected Swing Moorings in Snug 
Cove 
 
I write further to recent discussions between the Department of Industry – Lands (the 
Department), Roads and Maritime Services (RMS) and Transport for NSW, in relation to 
swing moorings within Snug Cove that may be affected by the Eden Port Development 
Projects.  

As you are aware the Department is responsible for delivering the Eden Breakwater Wharf 
Extension project and the Eden Safe Harbour project. Both of these projects will affect a 
number of existing swing moorings in the vicinity of Snug Cove which may need to be 
relocated or removed prior to the commencement of construction activities in July 2017. It is 
understood from recent discussions that RMS is able to liaise with owners/lessees of 
moorings that may be affected and facilitate the necessary relocation or removal of affected 
moorings.  

Based on information provided by RMS, the Department has overlaid the footprint of the 
area that will be dredged as part of the Eden Breakwater Wharf Extension project, including 
batter slopes, and the current alignment of the proposed wave attenuator which is to be 
installed as part of the Eden Safe Harbour project (refer Attachment A). 

From this figure it can be seen that the following swing moorings are located within the 
footprint of the dredging and will therefore be affected by the Eden Breakwater Wharf 
Extension project: 

 WV006 

 WV035 

 WV052 

It can also be seen that the following moorings are within 50m of the proposed wave 
attenuator (orange line shown on Attachment A) and may be affected by installation of the 
wave attenuator however it is noted that the design of the wave attenuator is still progressing 
and the form of construction is not yet known hence the affected moorings may change: 

 WV022 

 WV046 

 WV053 

http://www.crownland.nsw.gov.au/


NSW Department of Industry Lands 

PO Box 309, 

Nowra, NSW 2541 

www.crownland.nsw.gov.au  ABN: 72 189 919 072 

 WV063 

 WV082 

 WV087 

Based on the above, the Department requests a written response from RMS confirming that 
RMS will be responsible for the liaison with affected stakeholders, will arrange for the 
removal or relocation of affected swing moorings, and that RMS will cover the costs 
associated with the relocation/removal.  

The Department kindly requests a response within 14 days of this letter and would be 
pleased to meet or attend a teleconference at a suitable time to discuss this letter and the 
response if required.  

 

Yours sincerely, 
 

 
 
Andrew Dooley 
 
Senior Project Manager 
For the Department 
 
 
 

http://www.crownland.nsw.gov.au/
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Roads and Maritime Services  

Level 9, 101 Miller Street, North Sydney NSW 2060  |   
Locked Bag 928, North Sydney NSW 2059  |                        www.rms.nsw.gov.au  | 13 22 13     

 

 

1 

16 September 2016 
 
 

Andrew Dooley 
Senior Project Manager, Coastal Infrastructure 
NSW Department of Industry – Lands 
(emailed to: Andrew.dooley@crownland.nsw.gov.au) 
 
 
 
RE: Eden Port Development Projects – Relocation of affected swing moorings in Snug Cove 
 
 
 
 
Dear Andrew, 
 
 
In response to your letter dated 9 September 2016 I can confirm Roads and Maritime Services will liaise 
with the mooring licence holders affected by the Eden Safe Harbour Project, and will arrange the 
relocation of the affected moorings as identified in your letter prior to 30 June 2017. 

Roads and Maritime will also cover the cost of relocations as per the agreement with Transport for NSW, 
and will take responsibility for the environmental assessment(s) for the relocations, currently done under 
Part V of the EPA Act. 

Please notify me if any change occurs that alters the list of moorings identified for relocation, and please 
provide details on the design of the wave attenuator and the construction plan when this is available in 
order to allow us to correctly identify the moorings requiring relocation and the nature of the relocation 
(i.e. permanent or temporary). 

 
Sincerely, 

 
 
 

 
Mike Hammond 
Principal Manager South 
Boating Operations Branch, NSW Maritime Division 



From: RUSSELL Adam J [mailto:Adam.J.RUSSELL@rms.nsw.gov.au]  
Sent: Friday, 13 October 2017 8:29 AM 

To: Morgan, Ben (Sydney) <Ben.Morgan@Advisian.com> 
Cc: HAMMOND Michael <Mike.Hammond@rms.nsw.gov.au> 
Subject: RE: Eden Wave Attenuator REF - Mooring Relocation 

 

Morning Ben, 
 
Please see attached the latest mooring map; there are two moorings which have been moved, 
however are not updated, these are WV063 / WV046. 
 
So far, WV035, WV052, WV069, WV063, WV087 and WV046 have been moved. According to the 
map you have supplied moorings WV053 and WV022 are still in their current positions. 
 
As mentioned, I will wait to see what is happening regarding the wave attenuator before moving the 
last due to the length being unknown at this stage. 
 
If you have any further questions please don’t hesitate to contact me. 
 
Thanks, 
 
Adam 
 
Adam Russell  

Boating Safety Officer – Eden 
Maritime Operations and Compliance  
M 0491 212 790   
www.rms.nsw.gov.au 
Roads and Maritime Services 
Main Whalf, Snug Cove, Eden, NSW, 2551 
PO Box 104, Eden NSW 2551 

 

 
 
  

mailto:Adam.J.RUSSELL@rms.nsw.gov.au
mailto:Ben.Morgan@Advisian.com
mailto:Mike.Hammond@rms.nsw.gov.au
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.rms.nsw.gov.au_&d=DwMFAg&c=Qznq1V5e4u04CfMRj920aPtDqN4RUEToMeZ6oK6t9iY&r=5A4WC0MONF_2nP8Bc0_aUp7Q1bH4D3XllnpJiSzJC-c&m=U--V_nXCv9SOkXoDRa_-yCneD39rdCKp66fxnJexZDE&s=Yy0PNW5qfd3e3J0Bys-6zT07dsIaEmfvLyhyPwxbquw&e=
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From: Morgan, Ben (Sydney) [mailto:Ben.Morgan@Advisian.com]  
Sent: Thursday, 12 October 2017 2:12 PM 
To: RUSSELL Adam J 
Cc: HAMMOND Michael; Jones, Claire M. (Sydney); Wakefield, Simon (Brisbane) 
Subject: RE: Eden Wave Attenuator REF - Mooring Relocation 

 

Hi Russell, 

 

Further to our conversation earlier this week, just following up to formally confirm which 

mooring have been relocated as per the attached plan. 

 

regards 
 

Ben Morgan 

Senior Engineer 

Coasts & Ports 

 

Level 17, 141 Walker Street | North Sydney NSW 2060 

P  02 8456 7257  | M  0411316002  

E  ben.morgan@advisian.com 

 

www.advisian.com 

 

 
 

From: HAMMOND Michael [mailto:Mike.Hammond@rms.nsw.gov.au]  
Sent: Tuesday, 10 October 2017 11:43 AM 
To: Morgan, Ben (Sydney) 
Cc: RUSSELL Adam J 
Subject: RE: Eden Wave Attenuator REF - Mooring Relocation 

 

Hi Ben, 
 
Happy to help, we have already conducted the mooring re-location aspect of this, our A/Senior 
Boating Safety Officer at Eden is Adam Russell, and he should be able to provide the information you 
need, he oversaw much of the re-location project. 
 
Adam is on 0491 212 790. 
 
Regards, 
 
Mike Hammond 
Principal Manager South | Operations and Compliance | Maritime Division 
T 02 8874 7951  M 0418 482 501 
 
 
 
 
 
 

mailto:Ben.Morgan@Advisian.com
mailto:ben.morgan@advisian.com
http://www.advisian.com/
mailto:Mike.Hammond@rms.nsw.gov.au
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From: Morgan, Ben (Sydney) [mailto:Ben.Morgan@Advisian.com]  
Sent: Friday, 6 October 2017 1:03 PM 
To: HAMMOND Michael 
Subject: Eden Wave Attenuator REF - Mooring Relocation 

 

Mike, 

 

I am working with Andrew Dooley to deliver the Review of Environmental Factors for the 

Eden Wave Attenuator.  We are planning to put the REF on public exhibition at the end of 

the month and will need to mention mooring relocation.  Attached is previous 

correspondence indicating that this will be handled by RMS.  Are you able to provide a 

general indication to where these mooring would go (ie nearby within snug cove or 

somewhere else). The REF will state which mooring would be affected, the general area they 

would be relocated to, and that further consolation lead by RMS would occur prior to 

developing the mooring relocation strategy. 

 

Are you ok with this approach?    

 

regards 
 

 

Ben Morgan 

Senior Engineer 

Coasts & Ports 

 

Level 17, 141 Walker Street | North Sydney NSW 2060 

P  02 8456 7257  | M  0411316002  

E  ben.morgan@advisian.com 

 

www.advisian.com 

 

 
 

mailto:Ben.Morgan@Advisian.com
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http://www.advisian.com/
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