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Limitations 

Scope of services 

This report (“the report”) has been prepared by Strategen Environmental Consulting Pty Ltd (Strategen) in accordance 

with the scope of services set out in the contract, or as otherwise agreed, between the Client and Strategen.  In some 

circumstances, a range of factors such as time, budget, access and/or site disturbance constraints may have limited the 

scope of services.  This report is strictly limited to the matters stated in it and is not to be read as extending, by 

implication, to any other matter in connection with the matters addressed in it. 

Reliance on data 

In preparing the report, Strategen has relied upon data and other information provided by the Client and other 

individuals and organisations, most of which are referred to in the report (“the data”).  Except as otherwise expressly 

stated in the report, Strategen has not verified the accuracy or completeness of the data.  To the extent that the 

statements, opinions, facts, information, conclusions and/or recommendations in the report (“conclusions”) are based in 

whole or part on the data, those conclusions are contingent upon the accuracy and completeness of the data.  

Strategen has also not attempted to determine whether any material matter has been omitted from the data.  Strategen 

will not be liable in relation to incorrect conclusions should any data, information or condition be incorrect or have been 

concealed, withheld, misrepresented or otherwise not fully disclosed to Strategen.  The making of any assumption does 

not imply that Strategen has made any enquiry to verify the correctness of that assumption. 

The report is based on conditions encountered and information received at the time of preparation of this report or the 

time that site investigations were carried out.  Strategen disclaims responsibility for any changes that may have 

occurred after this time.  This report and any legal issues arising from it are governed by and construed in accordance 

with the law of Western Australia as at the date of this report.  

Environmental conclusions 

Within the limitations imposed by the scope of services, the preparation of this report has been undertaken and 

performed in a professional manner, in accordance with generally accepted environmental consulting practices.  No 

other warranty, whether express or implied, is made. 
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INVITATION 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal.  The 

environmental impact assessment process is designed to be transparent and accountable, and includes 

specific points for public involvement, including opportunities for public review of environmental review 

documents.  In releasing this document for public comment, the EPA advises that no decisions have been 

made to allow this proposal to be implemented.   

The City of Joondalup proposes to develop a world class recreational, residential, boating and tourist 

development, located at Ocean Reef, Western Australia, referred to as the Ocean Reef Marina.  The 

Ocean Reef Marina site located in the Ocean Reef locality, approximately 29 km north of the Perth central 

business district.  The Ocean Reef Marina will involve the upgrade and expansion of the existing Ocean 

Reef Boat Harbour into a mixed use ‘working marina’ enabling club, commercial and marine industrial uses 

in the north; a central retail, tourist and residential precinct; and a southern boating precinct inclusive of 

public boat ramps.  In accordance with the Environmental Protection Act 1986, a Public Environmental 

Review (PER) has been prepared that describes this proposal and its likely effects on the environment.  

The PER is available for a public review period of approximately three months from 22 November 2016 

closing on 24 February 2017. 

Comments from government agencies and from the public will assist the EPA to prepare an assessment 

report in which it will make recommendations to government.   

Where to get copies of this document 

Printed and CD copies of this document may be obtained from:  

Genevieve Hunter 

City of Joondalup 

90 Boas Avenue 

JOONDALUP   WA   6027 

Telephone: (08) 9400 4349 

Email: Genevieve.hunter@joondalup.wa.gov.au 

Hard copies of the document cost $10 (including postage); CDs will be provided free of charge. 

The PER may also be accessed through the Proponent’s website at www.joondalup.wa.gov.au. 

Why write a submission? 

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

All submissions received by the EPA will be acknowledged with electronic submissions being 
acknowledged electronically.  The Proponent will be required to provide adequate responses to points 
raised in submissions.  In preparing its assessment report for the Minister for Environment, the EPA will 
consider the information in submissions, the Proponent’s responses and other relevant information.  
Submissions will be treated as public documents unless provided and received in confidence, subject to 
the requirements of the Freedom of Information Act 1992, and may be quoted in full or in part in the report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining with a group or other groups 

interested in making a submission on similar issues.  Joint submissions may help to reduce the workload 

for an individual or group, as well as increase the pool of ideas and information.  If you form a small group 

(up to 10 people) please indicate all the names of the participants.  If your group is larger, please indicate 

how many people your submission represents. 



 

 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the PER or the specific 

proposals.  It helps if you give reasons for your conclusions, supported by relevant data.  You may make 

an important contribution by suggesting ways to make the proposal environmentally more acceptable.   

When making comments on specific proposals in the PER: 

 clearly state your point of view 

 indicate the source of your information or argument if this is applicable 

 suggest recommendations, safeguards or alternatives. 

Points to keep in mind 

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

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

 refer each point to the appropriate section, chapter or recommendation in the PER document 

 if you discuss different sections of the PER document, keep them distinct and separate, so there 

is no confusion as to which section you are considering 

 attach any factual information you may wish to provide and give details of the source.  Make sure 

your information is accurate.   

Remember to include: 

 your name 

 address 

 date 

 whether you want your submission to be confidential. 

The closing date for submissions is: 24 February 2017 

The EPA prefers submissions to be made at: https://consultation.epa.wa.gov.au.   

Alternatively submissions can be:  

 posted to: Chairman, Environmental Protection Authority, Locked Bag 10, EAST PERTH WA 

6892; or 

 delivered to the Environmental Protection Authority, Level 8, The Atrium, 168 St Georges Terrace, 

Perth.   

If you have any questions on how to make a submission, please ring the Office of the Environmental 

Protection Authority on 6145 0800 

https://consultation.epa.wa.gov.au/


  Ocean Reef Marina 

COJ14177_01 R001 Rev 3  

14-Nov-16  i 

Executive summary 

Introduction 

The City of Joondalup (the City; the Proponent) proposes to develop a world class recreational, residential, 

boating and tourist development, located at Ocean Reef, Western Australia, referred to as the Ocean Reef 

Marina Development.  The Ocean Reef Marina Development is located in the Ocean Reef locality in 

Western Australia, approximately 29 km north of the Perth central business district (Figure ES1).   

The Ocean Reef Marina Development will involve the upgrade and expansion of the existing Ocean Reef 

Boat Harbour into a mixed use ‘working marina’ enabling club, commercial and marine industrial uses in 

the north; a central retail, tourist and residential precinct; and a southern boating precinct inclusive of 

public boat ramps (Figure ES2 and Figure ES3). 

Existing infrastructure and land uses within the Development Envelope (as shown in Figure ES1) include 

car and boat trailer parking, boat ramps, coastal recreation and amenities and sea sports club facilities.  

Outside the clearly developed areas the site largely consists of native vegetation crossed by an informal 

network of pedestrian tracks. 

A portion of the marine component of the Ocean Reef Marina Development occurs within the Marmion 

Marine Park vested in the Conservation and Parks Commission (formerly Marine Parks and Reserves 

Authority) under the provisions of the Conservation and Land Management Act 1984.  

Assessment process 

This report addresses the marine component of the Ocean Reef Marina Development only and includes 

the upgraded marina facilities and marine-related construction (the Proposal).  The terrestrial component 

of the Ocean Reef Marina Development was referred to the Environmental Protection Authority (EPA) as a 

Metropolitan Regional Scheme (MRS) amendment pursuant to s 48A of the Environmental Protection 

Act 1986 (EP Act) on 12 May 2014.  The EPA determined on 6 June 2014 that the terrestrial component of 

the Ocean Reef Marina Development did not require formal environmental assessment and could be 

adequately managed through the relevant planning processes.  However, where impacts from the 

terrestrial development have the potential to significantly impact the marine environment, they have been 

included in this assessment (e.g. groundwater inputs into the marina waterbody [the marina]). 

The terrestrial component of the Ocean Reef Marina Development is being progressed through a MRS 

Amendment and a Structure Plan (SP).  The planning related assessment of the terrestrial component will 

be available for public comment through the statutory comment periods associated with these planning 

processes.   

The EPA prepared an Environmental Scoping Document (ESD) identifying the preliminary key 

environmental factors to be addressed in the PER and the work required to inform the assessment of the 

environmental impact of the Proposal.  A draft ESD was issued to the Proponent on 30 July 2014 and the 

final ESD was issued to the City on 26 September 2014. 

  



Figure ES1:  Regional location of the Ocean Reef Marina Development
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Figure ES2:  Ocean Reef Marina concept plan 
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Figure ES3:  Proposal footprint and Development Envelope
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Description of Proposal 

The City holds a vision for the Ocean Reef Marina Development as a world class recreational, residential 

and tourism development that encapsulates high levels of environmental sustainability and community 

amenity that delivers economic growth and social benefit to the residents of the City of Joondalup and the 

wider Western Australian community.   

The Proposal involves the upgrade and expansion of the existing marina facilities at the Ocean Reef Boat 

Harbour and includes: 

 construction of two new outer breakwaters 

 removal of the existing breakwaters from the boat launching harbour 

 dredging of sand and rock inside the new breakwaters 

 disposal of dredge spoil into land reclamations inside the breakwaters 

 construction of jetties to support piled boat mooring pens 

 piling works for new boat mooring pens. 

The facilities provided in the Proposal will provide up to 750 boat pens/stacker berths.   

Exclusions 

The terrestrial components of the Ocean Reef Marina Development do not form part of the Proposal and 

are being assessed through alternate planning processes. 

Benefits of the Proposal 

The existing infrastructure at the Ocean Reef Boat Harbour is both outdated and aging and no longer 

meets the expectations and needs of present and future generations of residents.  The Ocean Reef Marina 

Development site has been recognised as having the potential for development as a major tourism and 

recreation node for over 30 years with a range of plans being considered during this time. 

Additional boating and marine facilities in the northern suburbs of Perth are required to meet the projected 

82% increase in recreational boat numbers from 2007 to 2025 (DPI 2009).  The forecast increase in 

demand for marine facilities in the northern suburbs is driven by both the predicted increases in the 

population in the region and increase in boat ownership.  Currently, the north-west metropolitan growth 

corridor has the highest overall levels of boat ownership within the metropolitan region.   

The Marmion Marine Park is an important destination for boating and recreation, providing a large area for 

yachting, powerboat use and a range of recreational activities.  The Marmion Marine Park Management 

Plan (CALM & NPNCA 1992) identifies that the purpose of the Marmion Marine Park is: 

"...to fulfil so much of the demand for recreation by members of the public as is consistent with 

the proper maintenance and restoration of the natural environment, the protection of indigenous 

flora and fauna and the preservation of any feature of archaeological, historic or scientific 

interest."   

The shoreline of the Marmion Marine Park currently supports three recreational boating facilities; Hillarys 

Boat Harbour, Mindarie Marina and the existing Ocean Reef Boat Harbour offering a limited number of 

boat pens, boat stacking and boat launching facilities.  As the population increases, these existing facilities 

will not satisfy demand for boating facilities in the region.  The existing Ocean Reef Boat Harbour does not 

contain boat pens, moorings or boat stacking facilities and the facilities at Hillarys Boat Harbour are fully 

utilised and Mindarie Marina is near capacity.  The introduction of boat pens, moorings and boat stackers 

within the proposed marina, as well as an upgrade to the boat launching facilities will help meet the 

demand created by projected increases in boat ownership and population growth.  Department of 

Transport has identified that the Ocean Reef Marina Development is one of the key infrastructure 

upgrades necessary to meet recreational boating demand by 2025. 
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The Ocean Reef Marina Development is expected to provide the following social and economic benefits: 

 provision of a range of public recreation and tourist facilities to enhance Ocean Reef and the 

northern suburbs of Perth as a destination for local and international visitors 

 improved facilities for recreational use of the Marmion Marine Park  

 provision of a secure marina area specifically designed for commercial and recreational boating 

and yachting clubs 

 increased facilities for management and regulation of boating activity with associated 

improvements in public safety 

 increased management presence, lighting and increased public use of the Ocean Reef Boat 

Harbour will discourage anti-social behaviour 

 increase in housing supply and diversity 

 employment opportunities across a number of sectors including direct employment, construction 

employment and ‘population driven’, as a result of increased population and the requirements for 

services for residents and the labour force.   

Construction 

Construction of the Proposal is likely to be undertaken in stages, commencing with the construction of the 

breakwaters and reclamation seawalls taking approximately six months.  Following this, the dredge and 

reclamation works within the harbour are anticipated to take a further seven months.   

A key consideration in the construction methodology is maintaining access to the existing Ocean Reef boat 

ramps which are an important, well used recreational facility.  A potential methodology to achieve this is: 

1. Commence with the construction of northern and southern breakwaters.  Once these are 

substantially complete (after 3 to 4 months), the breakwaters will provide sufficient protection to the 

existing boat ramps for the existing breakwater to be removed. 

2. Construction of the northern reclamation area will restrict vessel access from the existing boat 

harbour.  Therefore, prior to construction of the northern reclamation area part, or all, of the existing 

breakwater will be removed to maintain vessel access.   

While the excavators are in this position, some dredging of the area may occur (while access can be 

gained from the existing breakwater).  This work will be contained by a silt curtain. 

3. The existing boat ramps remain open while the new boat ramps and associated infrastructure (car 

and boat trailer parking) are built.   

4. Dredging of the northern area will be managed by the installation of a silt curtain from the peninsula 

reclamation across to the northern breakwater allowing vessel access into and out of the new 

entrance.  This will also reduce vessels entering the dredging/construction area.  

5. Following the opening of the new boat ramps and associated facilities, the existing boat ramps will be 

closed and the required dredging completed. 

Construction methods for the breakwaters will include the end tipping of suitable rock material from trucks 

progressively from the shore into the water to form the breakwater core.  Following construction of the 

breakwaters, suspended sediment generated by the remainder of the marine construction works (including 

dredging) will be contained within the marina waterbody using silt curtains or other effective mechanisms 

(e.g. bubble curtains). 

Two separate areas will be dredged; the main marina dredge area and the area bounded by the existing 

breakwater and boat ramps (boat ramp dredge area).  These areas will be dredged to a depth of 

approximately -3.5 mAHD (Australian Height Datum).   
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Dredging is proposed to be completed using a land-based hydraulic excavator working from a series of 

temporary bunds.  Any rock required to be dredged will initially be broken with a hydraulic rock breaker, or 

pulled up by the hydraulic excavator.  This material will then be dredged with an open excavator bucket.  It 

is expected that dredged material will be loaded into trucks and utilised in the reclamation area.  

Reclamation areas will be enclosed by a limestone core bund to prevent the release of material from the 

dumped dredge spoil when placed as general fill.  Explosives (blasting) will not be used for the 

construction of the Proposal. 

In total, 85 000 m
3
 of material will be dredged from the main marina dredge area while 14 000 m

3
 will be 

dredged from the boat ramp dredge area.   

Stakeholder consultation 

The Ocean Reef Marina Development, in its current form, has been in planning since 2005.  Throughout 

the development of the concept plan, extensive community consultation has been undertaken (including 

community surveys in 2002, 2007 and 2009).  Extensive consultation has also occurred with the State 

Government and other key stakeholders.  In addition, the Ocean Reef Marina Community Reference 

Group (established in 2008) and the Ocean Reef Marina Government Steering Committee (established in 

2007) have made substantial contributions to the development of the concept plan.   

Several community surveys have been conducted to determine support for the Ocean Reef Marina 

Development and provide input into the planning process.  The most significant was a community survey 

undertaken in 2009 which generated over 11 000 responses with 95.6% of respondents indicating support 

for the Ocean Reef Marina Development. 

Key issues raised during consultation regarding the Proposal include: 

 potential for direct and indirect impacts to the Marmion Marine Park 

 process for amendment to the Marmion Marine Park boundary 

 methodology for determining distribution of baseline benthic primary producer habitat 

 importance of considering requirements for recreational fishing  

 potential for direct and indirect impacts to abalone habitat 

 methodology for conducting abalone habitat surveys. 

Marine Environmental Quality 

The ESD recognised the potential for marine environmental quality to be affected from both construction 

and ongoing operation of the Proposal.  The construction related impacts are primarily associated with the 

addition of sediment into the water column from placement of limestone during the breakwater 

construction, the removal of the existing breakwater and dredging within the marina.  Potential operational 

water quality impacts are associated with the rate of flushing within the marina, which controls whether 

there is an accumulation of nutrients in the marina and if this will result in an increase in algal growth. 

To characterise the background marine environmental quality, baseline water quality, sediment and 

groundwater quality investigations were undertaken.  The baseline data was then used to develop a peer-

reviewed, three-dimensional hydrodynamic model.  The model was used to predict the result of 

construction and operational impacts on water quality within and outside the marina.   

The sediment baseline sampling identified that the sediment to be dredged meets appropriate standards 

and/or guidelines (e.g. NAGD screening levels) and is unlikely to discharge contaminants.  Based on the 

concentrations of contaminants, Oceanica (2016b) concluded that it is unlikely that harmful concentrations 

of contaminants would be released from sediments during dredging and the onshore disposal of this 

material is appropriate.   
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Modelling of the construction related marine environmental quality impacts determined that the majority of 

impacts would be restricted to within the Development Envelope (shown on Figure ES3), which extends 

approximately 100 m outside the proposed breakwaters (and is the proposed amended boundary for the 

Marmion Marine Park).  When considered at a 99
th

 percentile the 2 mg/L predicted visible extent of the 

Total Suspended Sediment (TSS) plume is not predicted to extend beyond the Development Envelope.  

The turbidity plume from construction may be visible anywhere within a 244.2 ha area within the Marmion 

Marine Park depending on currents and wind direction.  The visible plume was defined in the model as any 

exceedance of 2 mg/L TSS at any time (100
th

 percentile) during construction.  Similarly, the extent of 

seabed deposition is expected to be restricted to within the Development Envelope.  Seabed deposition of 

>1000 g/m
2 

or 1 mm will not occur outside the Development Envelope.  The majority of sediment is 

expected to be generated during the construction of the breakwaters.   

Dredging will only occur after the breakwaters are substantially completed and turbidity will be contained 

within the marina waterbody.  Silt curtains are a highly effective and commonly used method of containing 

construction suspended sediment and as this is the most likely management mechanism, silt curtains have 

been referred to throughout the PER and supporting documents.  However, alternative methods that 

achieve the same outcome (with the same level of certainty regarding effectiveness) may be used by the 

construction contractor.  Based on the limited extent of increased sediment in the water the construction 

impacts are considered readily manageable and will not result in a significant environmental impact. 

Water quality modelling of the operational phase determined that the marina will flush at a comparable rate 

to other similar Western Australian marinas.  The rate of flushing, expressed as e-folding time, had a 

maximum of approximately seven days and a median of six days.  At this rate the flushing adequately 

dilutes nutrients discharged from groundwater which will limit the growth of algae.  The algal modelling 

results indicate that the potential for algal growth within the marina is only slightly higher than that of typical 

background values for Perth coastal waters during summer.  Based on the flushing rate and limited 

potential for algal growth the operation of the marina will not result in a significant environmental impact.  

Further, over a range of potential climate change scenarios the marina was demonstrated to adequately 

flush. 

After the application of mitigation and management measures, the EPA objective for marine environmental 

quality is expected to be met. 

Benthic Communities 

Benthic communities and habitats provide an important foundation for many ecosystem processes that 

underpin marine ecology.  Potential impacts to benthic habitat identified in the ESD relate to direct removal 

of benthic communities, indirect impacts from altered sediment and water flows, reduction in marine 

environmental quality and increased recreational boating activity.   

A benthic communities and habitat survey was conducted to accurately map the spatial extent of benthic 

habitats within the area of potential impact (Intensive Study Area) and more broadly within the Marmion 

Marine Park.  Within the Marmion Marine Park the most common benthic habitat type is ‘mobile sand’ 

(50%) with ‘macroalgae’ (38%) and ‘seagrass’ being less prevalent (12%).  The most significant habitat 

within the Marmion Marine Park is the near-shore macroalgae habitat (intertidal and subtidal high-relief) as 

this supports a proportion of the Roe’s abalone (Haliotis roei) fishery. 

The Proposal footprint will result in a total of 47.58 ha of benthic habitat loss, including a 70 m ‘halo’ of loss 

around the footprint (which is within the 100 m buffer around the footprint which was set as the 

Development Envelope in the ESD).  The predicted changes in marine environmental quality during 

construction and operation are not expected to cause any impact on benthic habitat beyond the 70 m halo 

from the breakwater.  Within the total area of footprint related impacts, the predicted loss consists of 

0.62 ha seagrass (indirect impact only), 13.13 ha macroalgae and 33.83 ha of mobile sand.  The small 

increase in the area of seagrass affected (0.05%) will increase the estimated total cumulative loss to 

2.21% within the Local Assessment Unit (LAU), which the ESD defined as the Marmion Marine Park 

together with the Hillarys and Ocean Reef boat harbours.  The increase in potential loss is unlikely to result 

in a significant impact to seagrass.   
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The cumulative loss for macroalgae within the LAU (0.35%) and mobile sand (1.00%) is below the 

cumulative loss guideline of 1% for benthic habitats.  While the mobile sand habitat has the lowest 

productivity of the benthic habitats in the area and the loss is unlikely to have a significant ecological effect, 

the macroalgae habitat provides habitat for abalone within the intertidal and sub-tidal high relief areas. 

In addition to the footprint related loss of abalone habitat (within the 70 m ‘halo’) of 12.54 ha (or 9.6% of 

the total abalone habitat in the Marmion Marine Park), the macroalgae habitat will also be affected by 

changes to water and sediment flows.  The abalone population within 500 m north of the Proposal footprint 

may be affected by the reduction in current speed.  This would result in impacts to a further 5.40 ha of 

abalone habitat (due to changes in water flows rather than benthic habitat) for a total loss of 17.94 ha.  

Beyond 500 m, significant impact on abalone is considered unlikely.  Although there will be a reduction in 

the extent of abalone habitat within 500 m, the Proposal will not significantly affect benthic habitat values 

within this area.   

No Western Rock Lobster habitat occurs within the potential impact areas and, therefore, there is predicted 

to be negligible impact on this species as a result of the Proposal.   

The reduction to finfish habitat will be minimal (<1%) within the Marmion Marine Park.  The Proposal will 

result in an increased number of boats traversing the Marmion Marine Park; however, this is inevitable with 

or without the Proposal due to population growth in the northern metropolitan area and increased levels of 

boat ownership in the region.  No significant change to the risks associated with boating in relation to 

potential impacts on BPPH is expected. 

Marine Fauna 

Potential impacts to marine fauna from the Proposal relate to construction activities, increased public 

access and interactions, increased boat numbers and fishing pressure as well as increased risk of 

introduced marine species.   

A desktop review was undertaken to characterise the occurrence and usage of the Marmion Marine Park 

by marine fauna.  In total 24 conservation significant species, two species listed as Priority Species by 

Parks and Wildlife and one locally significant species were identified as being relevant to this assessment 

based on their conservation status and their potential occurrence in the Marmion Marine Park.  None of the 

significant species identified were determined as likely to occur within the Development Envelope with the 

exception of the bottlenose dolphin.  Australian fur seals do not have specific conservation significance but 

are an iconic species that would also be likely to occur within the Development Envelope.  The potential 

impact of habitat loss for dolphins and fur seals are not considered significant as the area around the 

Development Envelope is not an important habitat (i.e. not used for breeding or important foraging habitat) 

and the species and their habitats are widespread in the region. 

Habitat for 19 species of finfish commonly caught by recreational fishers in the Marmion Marine Park also 

occurs within the Development Envelope (and is widespread throughout the region).  Marmion Marine Park 

is not a recognised breeding or foraging area for any of these finfish species and the Proposal is therefore 

unlikely to significantly impact finfish diversity and geographic distribution. 

Construction of the Proposal will create temporary marine noise and result in an increased number of 

vessels and construction related litter.  The marine noise may cause temporary avoidance of the area by 

some marine fauna but as no known habitats are known to exist in the Proposal footprint, no significant 

impact is expected.  Increased potential for vessel strikes and entanglements will be mitigated by the 

majority of construction being undertaken using land-based techniques and all dredging will be undertaken 

behind a silt curtain.   

The Proposal will result in an increase in public access to the Marmion Marine Park which may potentially 

increase litter, fauna entanglements, fauna harassment and illegal feeding above the level that already 

exists.  In view of the existing risk present and the proposed management measures, the impacts of 

increased human-fauna interaction will be minor, but will add to the human-related stress that animals 

experience in this region.   
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The most significant potential impact on marine fauna is the predicted abalone habitat loss.  It is predicted 

that there will be a total direct and indirect loss of up to 17.94 ha of abalone habitat.  This represents 41% 

of the Burns Beach Reef abalone habitat or approximately 14% of the abalone habitat within the Marmion 

Marine Park.   

The Proposal will result in an increased number of boats traversing the Marmion Marine Park; however, 

this is inevitable with or without the Proposal due to population growth in the northern metropolitan area 

and increased levels of boat ownership in the region.  No significant change to the risks associated with 

boating in relation to increased fishing pressure and boat strikes is expected. 

Marine pests already exist on artificial structures at Hillarys Boat Harbour and in Fremantle Harbour 

however presently there are no known pests in Ocean Reef Boat Harbour.  All construction activities 

including dredging will be land-based therefore the risk of introducing marine pests during this phase of the 

Proposal is negligible.  Operational management of the marina will adhere to standard management 

procedures for boating and ballast water and no significant additional risk of marine pests is expected 

above that which already exists. 

After the application of mitigation and management measures, the EPA objective for marine fauna is 

expected to be met. 

Coastal processes 

The coastal processes of the area are influenced by the geology and geomorphology of the shoreline.  The 

existing Ocean Reef Boat Harbour is situated at the south of Burns Beach reef.  This stretch of coastline 

consists of small, transient embayed beaches formed along the rocky shoreline fronted by a mixture of 

platforms, reefs and rocks.  This nearshore reef system significantly affects the rate and magnitude of 

longshore transport, wave energy hitting the shoreline and ocean currents.  In addition to the influence of 

the reef, the Ocean Reef Boat Harbour creates an existing impediment to the movement of waves, 

currents and sediment along the coastline.   

The Proposal has the potential to alter wave dynamics and interrupt longshore sediment transport, trap 

sediment (which can affect benthic habitat), algae and seagrass wrack (both inside and adjacent to the 

marina) as well as interrupt wrack movement, accumulation and breakdown.   

Modelling of the changes to coastal processes was undertaken to determine the effect of the Proposal on 

local current regime, wave dynamics, sediment transport and wrack transport.  The modelling indicates 

that minor wave shadowing may occur within 500 m north and immediately south of the Proposal footprint 

during certain wave events.  As a result of changes in wave and currents, the Proposal may result in a 

small sediment accumulation immediately south of the southern breakwater.  This would result in a 

sediment deficit on the shoreline north of the Development Envelope.  A coastal management regime will 

monitor this sediment accumulation and it is estimated that 10 000 m
3
 to 20 000 m

3
 will be required to be 

moved to the north of the marina every five years.  Accumulations of sediment already occur as a result of 

the existing Ocean Reef Boat Harbour and are removed regularly.   

Seabed sediment deposition resulting from construction related activities will primarily occur within the 

extent of the footprint related loss and the loss due to changes in current speed and marina flushing.  

Seabed deposition during construction will be largely restricted to within 70 m of the Proposal footprint, 

with the exception of an area of only 0.07 ha.   

The Proposal is likely to result in a minor increase (from 35 to 60 tonnes) in the amount of wrack that 

enters the marina.  As per the existing management measures at the Ocean Reef Boat Harbour and 

similar recreational boating facilities within Perth metropolitan waters, any wrack accumulations within 

and/or surrounding the Proposal footprint can be mitigated through the incorporation of regular monitoring 

and management measures.  If the accumulations are large enough then they will be relocated to an 

appropriate location within the Marmion Marine Park by mechanical means as part of the monitoring and 

management program.  

The amount of wrack accumulating on the shoreline surrounding the marina is not expected to change. 
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As the changes to sediment and wrack are readily manageable the EPA objective for coastal processes is 

expected to be met.    

Offsets 

Offsets are applied to counterbalance any significant residual environmental impacts or uncertainty.  The 

ESD identifies that the requirement for offsets be based on the significant residual impacts from the 

Proposal.  The significant residual impacts determined in the impact assessment are the potential excision 

of 48 ha from the Marmion Marine Park, loss of benthic habitat and reduction in abalone habitat. 

No direct offset is proposed for the potential excision from the Marmion Marine Park or loss of benthic 

habitat as a Proponent cannot directly create protection mechanisms in the marine environment.  The 

Proponent proposes funding research projects, specifically baseline environmental investigations to 

improve knowledge of the values of the remaining Marmion Marine Park and potentially adjoining areas (to 

the north).  This information can then be used to facilitate improved management planning (particularly of 

near-shore areas) for the Marmion Marine Park (including consideration of sanctuary zones and potential 

extension of the Marmion Marine Park).  

The predicted loss of up to 17.94 ha of abalone habitat equates to 14% of the abalone habitat within the 

Marmion Marine Park and 9.3 tonnes (32%) of the abalone catch in the Burns Beach fishery.  This loss of 

abalone is proposed to be offset by a reduction in the fishing allocations for abalone.  The offset will 

ensure that the total fishing effort for abalone in the Perth metropolitan area is reduced to take into account 

the predicted loss of a portion of the Burns Beach abalone fishery.  However, the allocation limits are for 

the total Perth metropolitan area and there is no control regarding where that fishing effort is concentrated.  

Therefore, the decrease in fishing may not occur at all at the affected Burns Beach reef which is beyond 

the control of the Proponent. 

Other factors 

The ESD identified two other factors (the Marmion Marine Park and amenity) that are required to be 

considered.  The Marmion Marine Park is an important destination for boating and recreation, providing a 

large area for yachting, powerboat use and a range of recreational activities.  The shoreline of the Marmion 

Marine Park currently supports three recreational boating facilities; Hillarys Boat Harbour, Mindarie Marina 

and the existing Ocean Reef Boat Harbour which offer a limited number of boat pens, boat stacking and 

boat launching facilities. 

A review of the values recognised in the 10 year audit of the Marmion Marine Park concluded that no 

values associated with the Marmion Marine Park will be significantly affected by the Proposal. 

Impacts to amenity associated with noise and vibration will be highest during breakwater construction.  The 

majority of construction material (including limestone breakwater core and reclamation material) will be 

sourced from within the Ocean Reef Marina Development site and this will limit construction traffic outside 

of the Proposal footprint.  Breakwater construction will involve the movement of approximately 2000 to 

4000 tonnes per day with dumping of core material approximately every 6 minutes at each breakwater.  

Construction will be undertaken in accordance with the limits imposed by the Environmental Protection 

(Noise) Regulations 1997.   
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Summary of environmental factors and management 

Table ES1 provides a summary of the assessment, management and predicted outcome after the application of management measures.  The predicted outcome is also assessed against the relevant EPA objective for each preliminary key environmental factor as 

identified in the ESD. 

Table ES1:  Summary of environmental impact assessment of key environmental factors 

EPA objective Existing environment Potential impact Environmental management  Predicted outcome Compliance with EPA objective 

Marine environmental 
quality. 

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

Detailed water quality monitoring 
within the Marmion Marine Park 
has been ongoing for nearly two 
decades following operation of 
the Water Corporation Ocean 
Reef ocean outfall, located 
approximately 1.6 km offshore of 
the existing Ocean Reef Boat 
Harbour.  In addition, a water 
quality survey was undertaken in 
2014/15 covering all seasons 
over an 11 month period. 

Monitoring indicates that nutrients 
were generally higher and water 
clarity generally lower in 
nearshore sites.   

Seasonally, nutrient 
concentrations (and 
corresponding chlorophyll-a 
concentrations) were higher in 
winter/autumn than in 
summer/spring at all location.  
Wrack breakdown and an 
increase in groundwater 
discharge from winter storms may 
be responsible for this trend. 

Chlorophyll-a is used as an 
indicator of algal concentrations.  
The results of the available long 
term monitoring and the 2014-
2015 baseline water quality study 
have been used to determine an 
overall chlorophyll-a baseline.  
The summer median (50

th
 

percentile) for the chlorophyll-a is 
0.5 μg/L for all seasons and 
surveys. 

Potential impacts include: 

 removal of existing breakwaters and marine 
infrastructure may temporarily affect water quality 
due to increased turbidity and the release of any 
nutrients and contaminants in sediments 

 dredging to allow for the construction and 
maintenance of the marina may temporarily affect 
water quality due to increased turbidity and the 
release of any nutrients and contaminants in dredged 
sediments 

 seepage of return water from land reclamations 
areas may temporarily impact marine environmental 
quality due to increased turbidity and the release of 
any nutrients and contaminants in dredged 
sediments 

 placement of rock for the breakwaters and leaching 
of fines from the rock may cause temporary turbidity 
during and after the rock is placed 

 surface and stormwater drainage into the marina may 
affect water and sediment quality 

 outflow of marina water into adjacent marine waters 
may result in changes in turbidity, nutrient and/or 
contaminants which may adversely affect marine 
ecology and function particularly within the Marmion 
Marine Park 

 increased boat numbers increasing the potential for 
pollution 

 all construction activities including dredging will be 
land-based therefore the risk of introducing marine 
pests during this phase of the Proposal is negligible. 

Environmental monitoring and management will 
include: 

 configuration of the marina is designed to 
minimise the impacts to water quality  

 construction of the outer breakwaters first to 
provide protection and containment of turbidity 
from the rest of construction 

 use of silt curtain(s) during dredging 

 marina configuration has been designed to flush 
effectively and this has been tested with 
hydrodynamic modelling 

 regular water and sediment quality monitoring 
during construction and operation to ensure 
appropriate levels of protection are met 

 regulation of potentially contaminating boating 
activities within the marina 

 adherence to the National System for the 
Prevention and Management of Marine Pest 
Incursions for Recreational, Non-trading and 
Commercial Fishing Vessels as applicable (CA 
209a, 2009b and 2009c) and applicable 
Department of Fisheries (DoF) guidance and 
policy. 

 

Construction and operation of the Proposal will likely result in: 

 the turbidity plume from construction may be visible anywhere within a 
244.2 ha area within the Marmion Marine Park, depending on currents and 
wind direction.  The visible plume was defined in the model as any 
exceedance of 2 mg/L TSS at any time (100

th
 percentile) during construction.  

No environmental impacts would be expected from short term turbidity. When 
considered at a 99

th
 percentile, the 2 mg/L TSS plume (a conservative 

threshold for any environmental effect) will not extend beyond the 
Development Envelope 

 the extent of seabed deposition is expected to be restricted to within 70 m 
from the Proposal footprint.  Seabed deposition (>1000 g/m

2
 or 1 mm depth) 

will extend over an area of approximately 0.07 ha outside the 70 m 
construction impact boundary but will not extend outside the Development 
Envelope 

 the marina will flush with an e-folding time of approximately seven days.  The 
rate of flushing dilutes nutrients in the marina (discharged from groundwater), 
which limits the growth of algae.  The algae modelling results indicated that 
the potential for algal growth within the marina in summer is around 0.7 μg/L 
for chlorophyll-a, which represents a small 0.2 μg/L increase in the baseline 
chlorophyll-a values (0.5 μg/L) 

 an assessment of the predicted algal concentration against appropriate 
criteria for the Moderate LEP and High LEP identified that in both LEPs the 
predicted algal concentration was below the appropriate EQC triggers 

 the sediment meets NAGD screening levels (with one exception which further 
tests showed met the appropriate guidelines) and is unlikely to discharge 
contaminants.  Based on the concentrations of contaminants, including TBT, 
Oceanica (2016b) concluded that it is unlikely that harmful concentrations of 
contaminants would be released from sediments during dredging and the 
onshore use of this material is considered an effective management action 
and an overall benefit to the marine environment 

 geotechnical testing indicates that the sediment is sand and limestone with a 
low risk of contamination release during dredging.  The monitoring program 
(both of water quality in the marina and of the dredged sediments) is 
described in the MCMMP and would identify any contamination, if it was 
exposed during dredging.  Any seepage from dredged material to the marina 
(would be through the geotextile lining) behind a silt curtain 

 the methodology, reporting and conclusions of the marine modelling were 
considered appropriate by the peer reviewer.   

After the application of mitigation 
and management measures, the 
EPA objective for marine 
environmental quality is expected 
to be met. 

Benthic communities and 
habitat 

To maintain the structure, 
function, diversity, 
distribution and viability of 
benthic communities and 
habitats at local and regional 
scales. 

The benthic habitat of the 
Development Envelope includes 
predominantly near-shore reef 
habitats and mobile sand.  No 
perennial seagrass is located 
within the Proposal footprint; 
however, a small amount occurs 
within the Development Envelope. 

The most significant habitat within 
the Marmion Marine Park is the 
near-shore reef at Burns Beach 
Reef (made up of two macroalgae 
units) as this supports a 
proportion of the abalone fishery.   

Potential impacts include: 

 direct removal of benthic communities and habitat to 
allow for the construction of the marina waterbody 
and breakwaters 

 indirect impacts to benthic communities and habitats 
due to altered sediment and water movement and 
flows caused by breakwaters 

 reduction in marine environmental quality that 
supports healthy benthic communities and habitat 
during construction and operation of the marina 

 increased recreational boating activity leading to 
pressures on benthic communities at key sites within 
the Marmion Marine Park. 

Environmental monitoring and management will 
include: 

 use of silt curtains during dredging and 
reclamation 

 construction of the breakwater prior to 
commencement of dredging in order to contain 
sediment during dredging 

 monitoring to verify that water quality impacts of 
the construction process are as predicted and to 
adaptively manage construction if different, or 
worse, water quality effects occur 

 monitoring of adjacent seagrass health and 
abalone habitats will be monitored throughout the 
construction period to ensure that no unexpected 
effects are occurring 

 monitoring of seagrass health to determine the 
extent of the ‘halo’ effect around the Proposal 
footprint 

 abalone monitoring program (including algal 
cover) to verify predicted impact zone and 
determine whether additional offsets are required. 

 

Construction and operation of the Proposal will likely result in: 

 the footprint related direct and indirect impacts will result in a total of 47.58 ha 
of BPPH loss; including the Proposal footprint, the entire marina waterbody 
and a 70 m ‘halo’ around the footprint.  This predicted loss consists of 0.62 ha 
seagrass, 13.13 ha macroalgae and 33.83 ha of mobile sand BPPH 

 the predicted changes in marine environmental quality during construction 
and operation are not expected to cause any impact on BPPH beyond the 
above losses, with the exception of abalone habitats 

 the estimated cumulative loss of seagrass in the LAU historically, without the 
Proposal, is 2.16% which already exceeds the EPA cumulative loss guideline.  
The Proposal will result in a small increase in the area of seagrass affected 
(0.05%), bringing the estimated cumulative loss to 2.21% within the LAU.  
Given the Proposal has avoided all direct impacts on seagrass and has a very 
small predicted indirect loss (0.62 ha), this potential loss is unlikely to 
compromise the EPA objective for benthic communities and habitat which is 
to “maintain the structure, function, diversity, distribution and viability of 
benthic communities and habitats at local and regional scales” 

 the cumulative loss guideline for macroalgae is not exceeded (cumulative loss 
of 0.36%) whereas the cumulative loss guideline is almost exceeded for 
mobile sand (cumulative loss of 1.00%).  The mobile sand BPPH type has the 
lowest productivity of the benthic habitats in the area and a cumulative loss of 
1% within the LAU is unlikely to have a significant ecological effect 

 footprint related loss to abalone (within the 70 m halo) are expected to be 
12.54 ha or 9.6% of the mapped extent of abalone habitat in the Marmion 
Marine Park 

After the application of mitigation 
and management measures, the 
EPA objective for benthic 
communities and habitat is 
expected to be met. 
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EPA objective Existing environment Potential impact Environmental management  Predicted outcome Compliance with EPA objective 

 within 500 m north of the Proposal footprint, significant impacts are expected 
on the abalone population primarily as a result in the reduction of current in 
this area.  This would result in a further loss of 5.40 ha of viable abalone 
habitat (due to changes in water flows rather than benthic habitat) and a total 
loss of 17.94 ha.  Beyond 500 m, a significant impact on abalone is 
considered unlikely.  Predicted impacts on abalone populations will be 
confirmed with monitoring.  These predicted significant residual impacts will 
be offset by reduced fishing allocations 

 no mapped Western Rock Lobster habitat occurs within the potential impact 
areas.  Therefore, there is predicted to be negligible impact on Western Rock 
Lobster habitat as a result of the Proposal 

 the Proposal will result in an increased number of boats traversing the 
Marmion Marine Park; however, this is inevitable with or without the Proposal 
due to population growth in the northern metropolitan area and increased 
levels of boat ownership in the region.  No significant change to the risks 
associated with boating in relation to potential impacts on BPPH is expected. 

Marine fauna 

To maintain the diversity, 
geographic distribution and 
viability of fauna at the 
species and population 
levels. 

The Marmion Marine Park 
provides significant habitat for a 
high fish diversity and abundance.  
Of the 79 conservation significant 
species identified in a database 
search further assessment 
identified that the Marmion Marine 
Park could potentially be used by: 

 24 State listed conservation 
significant species  

 two species listed as Priority 
Species by Parks and Wildlife 

 one locally significant species. 

However, of these only the 
Bottlenose Dolphin is likely to 
occur in the Development 
Envelope. 

Key species, including the 
Southern Right Whale, Humpback 
Whale, Australian Sea-Lion, 
Loggerhead Turtle, Great White 
Shark, Leafy Sea-dragon and 
Little Penguins may occur within 
the Marmion Marine Park but are 
unlikely to occur within the 
Development Envelope.  

Species of finfish, Western Rock 
Lobster and Roe’s abalone are 
targeted by recreational and 
commercial fisheries within the 
Marmion Marine Park.  Roe’s 
abalone are of particular 
importance as Burns Beach Reef 
(north of the existing boat 
harbour) is one of the main 
abalone fisheries in Perth 
metropolitan waters.   

No known marine pests currently 
exist within the Ocean Reef Boat 
Harbour but are known to occur at 
Hillarys Boat Harbour and in 
Fremantle Harbour.  

Potential impacts include: 

 construction activities may cause temporary 
displacement of marine fauna through noise impacts, 
vessel strikes and entanglement 

 increased public access resulting in increased 
interactions between humans and marine fauna 

 increased boat numbers causing increased fishing 
pressure and the potential for boat strikes 

 increased risk of introduced marine species due to 
increased numbers of large recreational vessels 
berthing in the marina 

 potential impacts to species, including western rock 
lobster and abalone through direct and indirect 
impacts from construction and operation such as 
from changes to water and nutrient flows and 
processes. 

‘Best practice’ construction methods to be used 
during construction.   

Any potential for vessel strikes and entanglements 
during construction will be avoided as construction 
will be undertaken using land-based techniques and 
all dredging (by hydraulic excavators) will be 
undertaken behind a silt curtain. 

Management measures to reduce potential impact on 
marine fauna during operation include: 

 promoting/displaying information on ecological 
values and appropriate behaviour, sustainable 
fishing practices , wildlife regulations, boat speeds 

 providing a base for surveillance, monitoring and 
research in the marine environment 

 provision of fishing line discard bins and 
information signs 

 inspection of marina to remove line and other 
entanglement sources and to support clean up 
measures 

 implementing strict environmental management 
standards for the marina 

 encourage and promote best practice measures 
for refuelling, cleaning vessels, oil spills, bilge 
water, detergents, stormwater runoff 

 marina operator will provide biosecurity 
information to all vessels arriving from interstate of 
International waters 

 collaboration with DoF to prevent and respond to 
incidents of introduced marine pests, or significant 
amounts of fouling organisms or sediment. 

Construction of the Proposal will likely result in: 

 Bottlenose dolphins are the only species of conservation significance likely to 
occur within the Development Envelope. Australian fur seals do not have 
specific conservation significance but are an iconic species that would also be 
likely to occur within the Development Envelope.  The potential impact of 
habitat loss for dolphins and fur seals are not considered significant as the 
area around the Development Envelope is not an important habitat (i.e. not 
used for breeding or important foraging habitat) and the species and their 
habitats are widespread in the region 

 the 19 finfish caught by recreational fishers within the Marmion Marine Park 
are generally widespread throughout Western Australia and have limited 
localised association with the habitat lost as a result of the Proposal.  
Marmion Marine Park is not a recognised breeding or foraging area for any of 
these finfish species and the Proposal is therefore unlikely to significantly 
impact finfish diversity and geographic distribution 

 no Western Rock Lobster habitat occurs within the potential impact areas.  
Therefore, there is predicted to be negligible impact on Western Rock Lobster 
habitat as a result of the Proposal 

 minor temporary marine noise associated with construction of the breakwaters 
and dredging will cause avoidance behaviour by marine fauna 

 the Proposal will result in an increase in public access to the Marmion Marine 
Park which may potentially increase litter, fauna entanglements, fauna 
harassment and illegal feeding above the level that already exists.  In view of 
the existing risk present and the proposed management measures, the 
impacts of increased human-fauna interaction will be minor, but will add to the 
human-related stress that animals experience in this region 

 the Proposal will result in an increased number of boats traversing the 
Marmion Marine Park; however, this is inevitable with or without the Proposal 
due to population growth in the northern metropolitan area and increased 
levels of boat ownership in the region.  No significant change to the risks 
associated with boating in relation to increased fishing pressure and boat 
strikes is expected 

 The Proposal will result in no major change in activity than already exists in 
Ocean Reef Boat Harbour and will adhere to standard management 
procedures for boating and ballast water to manage the risk of introduced 
marine pests during operation 

 The most significant potential impact on marine fauna is the predicted 
abalone habitat loss.  It is predicted that there will be a total direct and indirect 
loss of 17.94 ha of abalone habitat.  This represents 41% of the Burns Beach 
Reef abalone habitat or approximately 14% of the abalone habitat within the 
Marmion Marine Park.   

After the application of mitigation 
and management measures, the 
EPA objective for marine fauna is 
expected to be met.  
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EPA objective Existing environment Potential impact Environmental management  Predicted outcome Compliance with EPA objective 

Coastal processes 

To maintain the morphology 
of the subtidal, intertidal and 
supratidal zones and the 
local geophysical processes 
that shape them. 

A number of recreational boating 
facilities exist in the vicinity of the 
Proposal, the most significant of 
which are Hillarys Boat Harbour 
(opened 1988), Mindarie Marina 
(constructed 1988) and Ocean 
Reef Boat Harbour (constructed 
1977) and create existing 
impediments to the movement of 
waves, currents and sediment 
along the coastline.   

The coastline surrounding the 
Proposal contains a mixture of 
rock platforms, rocky cliffs, small 
transient embayed beaches, reefs 
and sandy beaches.   

Local inshore currents are 
influenced by wind especially 
during summer when the sea 
breeze is at its strongest. 

Waves are the main driver behind 
sediment transport and can be 
summarised as four types of 
wave events in the Perth 
metropolitan region; se-breeze, 
swell, storm and severe storm.  

Alongshore sediment transport is 
dictated by prevailing weather 
and metocean conditions.  The 
shoreline in the vicinity of the 
Proposal is moderately active in 
terms sediment transport with 
sediment generally transported to 
the north in summer due to south-
west sea breeze conditions and to 
the south in winter due to waves 
generated from the north during 
winter storm conditions.  
Presently, an average of 4200 m

3
 

of sediment is removed from the 
existing Ocean Reef Boat 
Harbour each year. 

Wrack accumulation currently 
occurs within and surrounding the 
Ocean Reef Boat Harbour during 
winter months.  The size and 
location of accumulations is 
dependent on prevailing weather 
and metocean conditions.   

Potential impacts include: 

 construction of the marina breakwaters and marina 
waterbody may alter wave dynamics and interrupt 
longshore sediment transport 

 construction of the breakwaters may trap sediment 
and cause further loss of near shore benthic 
communities and habitat 

 construction of the breakwaters may trap algae and 
seagrass wrack both inside and adjacent to the 
marina 

 the construction of the breakwaters may interrupt 
wrack movement, accumulation and breakdown and 
impact near–shore communities and connected 
habitats. 

Sediment accumulations will be monitored at regular 
intervals within and surrounding the Proposal.  
Management measures will be implemented based 
on the monitoring results to maintain the sediment 
transport along the coastline.   

Wrack accumulations will be monitored twice 
annually and after storm events and accumulations 
relocated if necessary within the Marmion Marine 
Park.   

The Proposal is likely to result in: 

 wave modelling concluded that minor wave shadows may occur immediately 
within 500 m north of the northern breakwater and immediately south of the 
southern breakwater during sea-breeze, storm and severe storm wave 
events.  Sediment may be trapped in the wave shadows (particularly to the 
north) limiting the amount of material transported further along the shoreline.  
The size of the wave shadows are not predicted to be significant, extending 
only a few hundred metres either side of the breakwaters 

 sediment transport modelling indicates the potential for the accumulation of 
approximately 2000 m

3
 of sediment immediately south of the southern 

breakwater.  This will result in a reduction of sediment provided to the 
shoreline north of the Proposal footprint.  A coastal management regime will 
monitor this sediment accumulation and it is estimated that approximately 
10 000 m

3
 will be required to be moved to the north of the marina every five 

years.   An average of 4200 m
3
 of sediment is presently removed from the 

existing Ocean Reef Boat Harbour each year and the beaches to the north of 
the Proposal footprint have already been running at a deficit and the proposed 
management would better manage the coastal processes.  Given the small 
volume of sediment involved, any changes to the current system will be 
mitigated through the incorporation of management measures 

 the increase in the size of the entrance of the Proposal is predicted to result in 
a minor increase in wrack inside the boat harbour (from 35 t to 60 t).  The 
amount accumulating on the shoreline surrounding the Proposal is not 
expected to change.  The extension of the breakwaters and introduction of the 
spur groyne to the north may concentrate wrack accumulations immediately 
adjacent to the Proposal footprint.  On the basis of other marinas in the Perth 
metropolitan region, any wrack accumulations can be mitigated through 
regular monitoring and subsequent removal 

 the monitoring program and management measures for wrack will mitigate 
any potential impacts on near-shore communities and connected habitats.  

After the application of monitoring 
and management measures, the 
EPA objective for coastal 
processes is expected to be met.   

Integrating factors – 
offsets 

To counterbalance any 
significant residual 
environmental impacts or 
uncertainty through the 
application of offsets. 

The Department of Parks and 
Wildlife has released a Corporate 
Policy Statement regarding its 
marine and estuarine reserves 
system in Western Australia 
(Parks and Wildlife 2015).  The 
Proposal provides the opportunity 
to facilitate the implementation of 
this policy in relation to the 
Marmion Marine Park.  In 
particular, there is a pressing 
need to update the Marmion 
Marine Park Management Plan 
1992-2002, which was prepared 
almost 25 years ago.   

Potential impacts include: 

 potential significant residual impacts on marine 
environmental quality, benthic habitat and 
communities and marine fauna 

 potential significant impacts to the conservation and 
amenity values of the Marmion Marine Park. 

 

  

Not applicable as offsets are part of the mitigation 
hierarchy. 

The proposed offset strategy for direct and indirect impacts on the Marmion 
Marine Park and environmental values is to provide resources for and/or 
undertake research/investigations to improve knowledge of the values or 
threatening processes within the Marmion Marine Park and potentially adjoining 
areas (to the north).   

The objective of the research offset would be to improve knowledge of the 
environmental values of the Marmion Marine Park, particularly the near-shore 
reef, in order to inform and improve management planning and to facilitate the 
update the Marmion Marine Park Management Plan.  

The Proposal will result in loss of abalone populations and habitat at Burns 
Beach Reef.  Therefore, the proposed offset is to maintain the overall biomass of 
abalone by reducing the abalone fishing allocations.  The objective of the offset 
is to maintain the total biomass of Roe’s abalone in the Perth metropolitan area.   

The proposed offset approach is 
expected to counterbalance the 
significant residual environmental 
impacts and uncertainty 
associated with the Proposal. 
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1. Introduction 

The City of Joondalup (the City; the Proponent) proposes to develop a world class recreational, residential, 

boating and tourist development, within the City at Ocean Reef, Western Australia and referred to as the 

Ocean Reef Marina Development.  The Ocean Reef Marina Development is located in the Ocean Reef 

locality, approximately 29 km north of the Perth central business district (Figure 1-1).   

The Ocean Reef Marina Development will involve the upgrade and expansion of the existing Ocean Reef 

Boat Harbour into a mixed use ‘working marina’ enabling club, commercial and marine industrial uses in 

the north; a central retail, tourist and residential precinct; and a southern boating precinct inclusive of 

ramps (Figure 1-2). 

This report addresses the marine component of the Ocean Reef Marina Development only and includes 

the upgraded marina facilities and marine-related construction (the Proposal).  The terrestrial component 

of the Ocean Reef Marina Development was referred to the Environmental Protection Authority (EPA) 

under s 48A of the Environmental Protection Act 1986 (EP Act).  The EPA determined that the terrestrial 

component of the Ocean Reef Marina Development did not require formal environmental assessment and 

could be adequately managed through the relevant planning processes.  However, where impacts from the 

terrestrial development have the potential to significantly impact the marine environment, they have been 

included in this assessment (e.g. groundwater inputs into the marina). 

The scope of this PER does not include an assessment of the terrestrial components of the Ocean Reef 

Marina Development (except as outlined above).  The terrestrial components of the Ocean Reef Marina 

Development are being progressed through a Metropolitan Region Scheme (MRS) Amendment and 

Structure Plan (SP).  The assessment of the terrestrial components is available for public comment 

through the statutory comment periods associated with these planning processes.  The assessment 

process, as part of the MRS Amendment, includes agreement of a Bush Forever Negotiated Planning 

Outcome that mitigates the proposed clearing of Bush Forever 325 and secures an appropriate 

conservation outcome.  

1.1 Background 

The marine component of the Ocean Reef Marina Development was referred to the EPA on 23 May 2014 

under s 38 of the EP Act.  For the purposes of the PER, the marine component of the Ocean Reef Marina 

Development is referred to as the Proposal.  The EPA determined that the Proposal required assessment 

at the level of Public Environmental Review (PER) with an eight week public comment period.  The PER 

process is summarised in Figure 1-3.   

Under the Environmental Impact Assessment (Part IV Divisions 1 and 2) Administrative Procedures 2012 

(the Administrative Procedures; GoWA 2012), the EPA prepared an Environmental Scoping Document 

(ESD) identifying the preliminary key environmental factors to be addressed in the PER and the work 

required to inform the assessment of the environmental impact of the Proposal.  A draft ESD was issued to 

the Proponent on 30 July 2014 and the final ESD was issued to the Proponent on 26 September 2014 

(Appendix 2). 

1.2 Purpose of this document 

The purpose of this document is to present an environmental review of the Proposal, including a detailed 

description of the key components, environmental impacts and proposed environmental management 

measures for the relevant environmental factors identified by the ESD. 
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This PER describes the specific studies and investigations conducted by the Proponent in relation to the 

preliminary key environmental factors identified in the ESD, as well as those identified through consultation 

and screening processes.  The objectives of the reviews and additional studies and investigations are to: 

 ensure that the full environmental effects of the Proposal are properly understood  

 inform mitigation and optimal management controls  

 enable a reliable and knowledge-based environmental impact assessment to be conducted. 

1.3 Proposal location 

The Proposal is located in the City of Joondalup, approximately 29 km north of the Perth central business 

district and 6 km south-west of the Joondalup City Centre in the suburb of Ocean Reef (Figure 1-1).  The 

Proposal includes the existing Ocean Reef Boat Harbour, is approximately 9 km north of Hillarys Boat 

Harbour, and approximately 10 km south of Mindarie Marina.  The Proposal occurs within a Development 

Envelope, which is presented in Figure 2-1.   

Existing infrastructure and land uses within the Development Envelope include car and boat trailer parking, 

boat ramps, coastal recreation and amenities and sea sports club facilities.  Outside the clearly developed 

areas, the entire Ocean Reef Marina Development site largely consists of native vegetation crossed by an 

informal network of pedestrian tracks. 

The Proposal occurs within the Marmion Marine Park which is vested in the Conservation and Parks 

Commission (formerly under Marine Parks and Reserves Authority) under the provisions of the 

Conservation and Land Management Act 1984.  

  



Figure 1-1:  Regional location of the Ocean Reef Marina Development
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Figure 1-2:  Ocean Reef Marina concept plan 
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Figure 1-3:  Public Environmental Review procedure  

Proposal referred and accepted by the EPA

EPA publishes its decision to assess the proposal, the

level of assessment as PER and its decision on:

length of public review (4 - 12 weeks)

whether the EPA or Proponent prepares ESD

whether the ESD requires public review (2 weeks)

Who prepares

ESD?
Proponent EPA

Proponent submits an ESD that is

acceptable to the EPA, as basis for the

environmental review

EPA may require public review

of ESD

EPA approves the ESD

Proponent carries out the environmental review and submits a PER that is

acceptable to the EPA

EPA authorises release of the PER document for public review

EPA submits the assessment report to the Minister and publishes the Report

EPA assesses then Proposal and seeks comment from the Proponent and relevant

DMAs and other government agencies on any draft recommended conditions

Proponent submits response to summary of submissions that is acceptable to the

EPA

EPA provides a copy of all the submissions on the PER document and a summary of

the pertinent issues to the Proponent

EPA prepares the ESD, as basis for the

environmental review, in consultation

with the Proponent and relevant DMAs

and other government agencies

Minister determines appeals on EPA report, consults with decision-making

authorities and issues Statement

Pre-referral discussions between the EPA, Proponent and

relevant DMAs and other government agencies

7-day public comment period on referral information
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1.4 Document structure 

In accordance with the requirements of the Administrative Procedures, this document contains the 

following information: 

1. A description of the Proposal and alternatives considered, including alternative locations with a view 

to minimising environmental impacts (Section 2). 

2. Details of stakeholder consultation (Section 3). 

3. A description of the environmental studies and survey effort undertaken (Section 4). 

4. A description of the receiving environment likely to be adversely affected by the Proposal, its 

conservation values, and key ecosystem processes as well as discussion of their significance in a 

regional setting (Section 5).  Section 5 also presents the regional environmental and social setting. 

5. Discussion and analysis of the direct and indirect impacts of the Proposal, in both a local and regional 

context.  Sections 6 through 9 provide an assessment of the impacts of the Proposal with respect to 

the key environmental factors.  For other relevant factors refer to Section 11. 

6. Identification of offsets (where appropriate) after all other steps in the mitigation sequence have been 

exhausted (Section 10). 

7. Management measures to mitigate significant adverse impacts are presented in Sections 6 through 9 

and summarised in Section 12 with management plans provided as appendices (Appendix 3). 

8. Demonstration that the Proposal conforms to relevant environmental policies, guidelines, standards 

and procedures (Section 6 to Section 11). 

9. A glossary of acronyms and short titles is presented following the table of contents, and a list of 

references is provided in Section 13. 

10. Spatial datasets, information products and databases, provided as appendices. 

The appendices contain copies of relevant technical study reports referenced in this PER and 

Geographical Information System (GIS) data files.  These can be found on a data CD/DVD-ROM inside the 

back cover of this report or on the disc containing the electronic version of this report. 

1.5 Proponent details 

The Proponent for this Proposal is: 

City of Joondalup 

PO Box 21 

JOONDALUP   WA   6919 

The key contact for this Proposal is: 

Garry Hunt 

Chief Executive Officer 

City of Joondalup 

PO Box 21 

JOONDALUP   WA   6919 

Ph: +61 8 9400 4000 

Email: info@joondalup.wa.gov.au 

 

  



 Ocean Reef Marina 

COJ14177_01 R001 Rev 3  

14-Nov-16  7 

1.6 Assessment approach 

1.6.1 Applicable legislation 

Implementation of the Proposal will require compliance with Australian legislation and regulations as listed 

in Section 1.6.2.  Further to these statutory requirements, a range of other guidelines, standards and 

policies are also relevant to the Proposal.  The generic standards, policies and guidelines are listed in 

Section 1.6.3. 

1.6.2 Western Australian legislation 

Key Western Australian legislation relevant to the Proposal includes: 

 Conservation and Land Management Act 1984 

 Contaminated Sites Act 2003 

 Environmental Protection Act 1968 (EP Act) 

 Environmental Protection Regulations 1987 

 Environmental Protection (Controlled Waste) Regulations 2004 

 Environmental Protection (Noise) Regulations 1997 

 Environmental Protection (Unauthorised Discharges) Regulations 2004 

 Health Act 1911 

 Health (Treatment of Sewage and Disposal of Effluent and Liquid Waste) Regulations 1974  

 Land Administration Act 1997 

 Pollution of Waters by Oil and Noxious Substances Act 1987 

 Rights in Water and Irrigation Act 1914 

 Wildlife Conservation Act 1950 (WC Act). 

1.6.3 Western Australian standards, guidelines and policies 

Assessment of the environmental impacts of the Proposal is based on various Western Australian Position 

Statements and Guidance Statements.  Standards, guidelines and policies related to specific 

environmental factors or individual aspects of the Proposal are listed and discussed in the individual 

sections relevant to the environmental factor being addressed.  The documents generally considered 

relevant to assessment by the EPA are: 

Environmental Assessment guidelines: 

 Environmental Assessment Guidelines No. 1 (EAG1): Environmental Assessment Guideline for 

Defining the Key Characteristics of a Proposal Environmental Protection Act 1986 (EPA 2012a) 

 Environmental Assessment Guideline No. 3 (EAG3): Protection of Benthic Primary Producer 

Habitat in Western Australia’s Marine Environment (EPA 2009a) 

 Environmental Assessment Guidelines No. 6 (Revised, EAG6): Timelines for Environmental 

Impact Assessment of Proposals (EPA 2013a) 

 Environmental Assessment Guideline No. 7 (EAG7): Marine Dredging Proposals (EPA 2011) 

 Environmental Assessment Guidelines No. 8 (Revised, EAG8): Environmental Assessment 

Guideline for Environmental principles, factors and objectives (EPA 2015a) 

 Environmental Assessment Guidelines No. 9 (revised EAG9): Environmental Assessment 

Guideline for Application of a significance framework in the environmental impact assessment 

process (EPA 2015b) 

 Environmental Assessment Guidelines No. 10 (EAG10): Environmental Assessment Guideline for 

Scoping a proposal (EPA 2013b) 

 Environmental Assessment Guidelines No. 15 (EAG15): Environmental Assessment Guideline for 

Protecting the Quality of Western Australia’s Marine Environment (EPA 2015c). 
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EPA guidelines and position statements 

 EPA PER guidelines - Guidelines for Preparing a Public Environmental Review (EPA 2015d) 

 EPA position statement - Perth's Coastal Waters: Environmental Values and Objectives (EPA 

2000). 

State guidance 

 Department of Environment - Background quality for coastal marine waters of Perth, Western 

Australia (McAlpine et al. 2005) 

 Department of Transport (DoT) - Sea Level Change in Western Australia - Application of Coastal 

Planning (DoT 2010) 

 Government of Western Australia - State Water Quality Management Strategy Document No.6 

(GoWA 2004) 

 Western Australian Planning Commission (WAPC) - Development Control Policy 1.8: Canal 

Estates and Artificial Waterways Developments (WAPC 2012a) 

 Western Australian Planning Commission (WAPC) - State of Planning Policy No. 2.6 State 

Coastal Planning Policy (WAPC 2013) 

 Western Australian Planning Commission (WAPC) - Coastal Hazard Risk Management and 

Adaption Planning Guidelines (WAPC 2014). 

National guidance 

 ANZECC and ARMCANZ - Australian and New Zealand Guidelines for Fresh and Marine Water 

Quality, National Water Quality Management Strategy No. 4 (ANZECC & ARMCANZ 2000) 

 Australian Government - National Assessment Guidelines for Dredging (Australian Government 

2009a) 

 Australian Government - National Biofouling Management Guidance for Non-trading Vessels 

(Australian Government 2009b). 

1.6.4 Other Western Australian regulations 

In addition to any requirements for implementation of the Proposal under Part IV of the EP Act, the 

Proposal will be subject to Environmental Protection (Noise) Regulations 1997 during construction.   

1.6.5 Australian Government environmental impact assessment process 

While the states and territories have responsibility for environmental matters at a state and local level, the 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) aims to focus the Australian 

Government interests on protecting Matters of National Environmental Significance (MNES).  The 

EPBC Act requires an assessment as to whether a proposed action is likely to have a significant effect on 

a MNES. 

The Ocean Reef Marina Development was referred to Department of the Environment (DotE) under the 

EPBC Act (EPBC 2014-7237).  The DotE determined that the Ocean Reef Marina Development was ‘not a 

controlled action’ on 4 July 2014.  
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2. Description and key characteristics 

2.1 Ocean Reef Marina Development overview 

The City holds a vision for the Ocean Reef Marina Development as a world class recreational, residential 

and tourism development, encapsulating high levels of environmental sustainability and community 

amenity that delivers economic growth and social benefit to the residents of the City of Joondalup and the 

wider Western Australian community.   

The existing infrastructure at the Ocean Reef Boat Harbour is both outdated and aging and no longer 

meets the expectations and needs of present and future generations of residents.  The Ocean Reef Marina 

Development site has been recognised as having the potential for development as a major tourism and 

recreation node for over 30 years with a range of plans being considered during this time. 

Planning for the Ocean Reef Marina Development was revitalised in 2004 when the Department of 

Planning and Infrastructure (DPI, now Department of Planning [DoP]) provided a financial contribution 

towards the progression of a concept plan and structure plan aimed at transforming the Ocean Reef Boat 

Harbour into a world-class commercial and recreational marina.   

The Ocean Reef Marina Development site was also identified as a future development site by the WAPC 

in the Perth Coastal Planning Strategy (WAPC 2008), in the Bush Forever Plan (GoWA 2000), as well as 

the Perth Recreational Boating Facilities Study (DPI 2009). 

Investigations into the design, feasibility and environmental considerations lead by the City resulted in the 

production of the current concept plan for the Ocean Reef Marina Development (Figure 1-2).  The City’s 

Project Vision for the Ocean Reef Marina Development is articulated as: 

 world class recreation, residential, boating, and tourist development 

 sustainable community amenity 

 social and economic benefit to all residents 

 balance of public, residential and commercial amenities 

 equitable facility for visitors and residents 

 social and economic maximisation of land use. 

The City executed a Memorandum of Understanding (MOU) with the State Government in 2012 that 

acknowledged a joint appreciation of the importance of the Ocean Reef Marina Development and 

established the roles of each party in relation to resolving ongoing issues related to its delivery.  Co-signed 

by the Minister for Transport and the Minister for Planning, the MOU is an endorsement of the shared 

commitment of the parties to collaboratively proceed with the Ocean Reef Marina Development.   

The Ocean Reef Marina Development has been identified as a Level 1 project within the State 

Government’s Lead Agency Framework with DoP identified as the responsible Lead Agency. 

In accordance with the MOU, the City will prepare a Structure Plan that will be adopted under the relevant 

local planning scheme and policies.  The Structure Plan will provide additional detail on the concept plan to 

guide future development accordingly. 

The City is also seeking an amendment to the MRS boundary to enable the appropriate MRS zonings to 

be established to facilitate the development of the Ocean Reef Marina. 

2.2 Land tenure and ownership 

Table 2-1 presents the legal description of the lots subject to the Ocean Reef Marina Development.  These 

lots are shown in Figure 2-2. 
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Table 2-1:  Ocean Reef Marina Development land tenure 

Lot number Plan number Reserve number Registered Landowner 

9000 DP 54595 Not applicable Water Corporation 

1032 P 13198 Not applicable City of Joondalup 

1029 D 57604 Not applicable City of Joondalup 

12803 P 15142 45122 State of Western Australia 

15446 DP 40340 47831 State of Western Australia 

15445 DP 40340 47831 State of Western Australia 

10098 DP 216093 36732 State of Western Australia 

10518 DP 216093 39014 State of Western Australia 

10519 DP 216093 39014 State of Western Australia 

10969 P 15655 40064 State of Western Australia 

2.3 Existing facilities at Ocean Reef Boat Harbour 

Facilities at the existing Ocean Reef Boat Harbour consist of: 

 one large and one small limestone breakwater 

 eight boat launching ramps 

 extensive car and boat trailer parking 

 public toilets 

 coastal recreation amenities 

 facilities for the Whitfords Volunteer Sea Rescue Group  

 facilities for the Ocean Reef Sea Sports Club  

 informal walking tracks. 

2.4 Development Envelope and Proposal footprint 

The Proposal that is the subject of this PER involves the upgrade and expansion of the existing marina 

facilities at the Ocean Reef Boat Harbour.  The existing Boat Harbour Quay road represents the boundary 

of the Development Envelope which encapsulates all marine components of the Ocean Reef Marina 

Development.  The Development Envelope and Proposal footprint is shown in Figure 2-1. 

The Proposal will encapsulate approximately 23.5 ha of near-shore waters and associated marine habitats.  

The Development Envelope encapsulates the Proposal footprint plus a 100 m buffer (64.7 ha).  The area 

of the Development Envelope within the Marmion Marine Park is 45.2 ha.  This area may potentially be 

required to be excised from the Marmion Marine Park if agreed by Parks and Wildlife and the Conservation 

and Parks Commission. 

2.5 Key Proposal characteristics 

Table 2-2 provides a summarised description of the Proposal while Table 2-3 shows the key 

characteristics of the physical and operational elements of the Proposal. 
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Table 2-2:  Proposal summary 

Proposal title Ocean Reef Marina 

Short description The Proposal involves the upgrade and expansion of the existing marina facilities at the 
Ocean Reef Boat Harbour.   

The Proposal includes: 

 construction of two new outer breakwaters 

 removal of the existing breakwaters from the boat launching harbour 

 dredging of sand and rock inside the new breakwaters 

 disposal of dredge spoil into land reclamations inside the breakwaters 

 construction of jetties to support piled boat mooring pens 

 piling works for new boat mooring pens. 

Table 2-3:  Proposal elements 

Element Location Extent 

Development Envelope Refer to Figure 2-1 64.7 ha 

Marina waterbody Refer to Figure 2-1 23.5 ha 

Reclamation area Refer to Figure 2-3 8 ha 

Dredging Refer to Figure 2-3 4.5 ha 

2.6 Exclusions 

The terrestrial components of the Ocean Reef Marina Development do not form part of the Proposal and 

are being assessed through alternate planning processes. 

  



Figure 2-1:  Proposal footprint and Development Envelope
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2.7 Benefits of Proposal 

2.7.1 Requirements for the Proposal 

The need for boating and marine facilities in the northern suburbs of Perth has been identified in:  

 Metropolitan Perth Local Government Areas Recreational Boating Predictions 2007–2025 (DPI 

2007) 

 The Perth Recreational Boating Facilities Study 2008 (DPI 2009). 

Perth’s boat registration statistics, in combination with published population projections indicate that 

recreational boat numbers in Perth will increase from 48 468 in 2007 to a projected 84 857 in 2025; 

equivalent to an 82% increase (DPI 2009).  The population in the City of Joondalup is predicted to 

increase from 164 942 people in 2016 to 180 812 by 2036, an increase of 9.62% (CoJ 2016).  Within the 

City, predicted increases in the demand for boat ramp lanes and moorings also serve to project an 

increase in boat usage (Table 2-4).  These boating demand projections are subject to the prevailing 

financial climate and are currently being updated by DoT.  An updated boating facilities study is scheduled 

to be released by DoT at the end of 2016.   

Table 2-4:  Absolute demand for lanes and moorings in Joondalup 

Year 2012 2018 2025 

Boat length 0 – 7.5m >7.5m 0 – 7.5m >7.5m 0 – 7.5m >7.5m 

Joondalup 6496 696 7949 838 9885 980 

Source: DPI (2009) 

In 2007 the total number of boats/1,000 people was 31.8 and in 2025 this number is expected to increase 

to 43.3 boats/1000 people (DPI 2009). There was also expected to be a proportional increase in the 

demand for boat pens for boats over 7.5 m in length and a slight increase in demand for boat pans for 

super yachts over 24 m in length.  The above reports identified numerous planned facilities and known 

potential facilities proposed for the Perth metropolitan area.  These facilities have the potential to provide 

for up to 60% of expected demand; however a further 4600 boat pens and 34 boat ramps are required.  By 

2025, a gap of 2255 boat pens and 22 boat ramps was identified over and above the planned and known 

facilities in the Perth metropolitan area.  These shortfalls are expected to be most prevalent in the north 

coast sector including the Cities of Joondalup, Wanneroo and Stirling.  However, the DPI reports identified 

above indicate that after 2018 the gap is to be filled with new facilities at Alkimos, Eglinton, Two Rocks and 

Ocean Reef. 

The following measures were identified to fill the gap in the north coast sector: 

 short term (to 2012): 

 expand Hillarys Boat Harbour (21 new pens) 

 expand Mindarie Marina (256 new pens) 

 develop Eglinton, Pipidinny Road (200 new pens) 

 medium term (to 2018): 

 develop a new public harbour near Alkimos (Stage 1 – 200 new pens) 

 expand Two Rocks boat harbour (250 pens) 

 long term (to 2025): 

 develop a new harbour at Ocean Reef (250 new pens) 

 develop a new public harbour near Alkimos (Stage 2 – 600 new pens) 

 recommend taking a longer term view to 2031 in future studies. 

No planning has commenced for the Eglinton and Alkimos boating facilities, which further reinforces the 

strategic importance of increased recreational boating facilities at Ocean Reef. 
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In 2007 the City had the highest level of boat registration, accounting for 12.5% of all registrations.  The 

vast majority of boats being registered were less than 7.5 m in length and the north-west metropolitan 

growth corridor had the highest overall ownership within the metropolitan region.  It is reasonable to expect 

this high level of boat ownership will continue to grow each year. 

The population data used in the DPI studies was derived from the Western Australia Tomorrow series 

(2004/2005) which was based on 2001 census data (WAPC 2012b).  There have since been two census 

collections with the 2012 DoP Western Australia Tomorrow population growth forecasts based on the 2006 

census.  Since 2001 growth in the north-west metropolitan growth corridor has been rapid and Western 

Australia Tomorrow forecasts indicate that the 2008 DPI forecast figures for 2025 may underestimate the 

population by 105 490 people.  A basic calculation of 43.3 boats per additional 1000 population (DPI 2025 

multiplier) indicates this additional population could own an additional 4567 boats.  Given that the 

scheduled supply of planned, known and proposed boat mooring developments in the DPI study closely 

matched population derived demand, a gap may emerge between boat ownership and marina facilities.  If 

some or all of this additional demand is to be provided in the north coast location, there is likely to be 

demand for additional pens at Ocean Reef.  The DPI study assumed approximately 250 pens at Ocean 

Reef however the additional forecast population growth is likely to provide demand for up to 750 pens/boat 

storage spaces, as proposed in the Ocean Reef Marina Development. 

The Marmion Marine Park is an important destination for boating and recreation providing a large area for 

yachting, powerboat use and a range of recreational activities.  The Marmion Marine Park Management 

Plan (CALM & NPNCA 1992) identifies that the purpose of the Marmion Marine Park is: 

"...to fulfil so much of the demand for recreation by members of the public as is consistent with 

the proper maintenance and restoration of the natural environment, the protection of indigenous 

flora and fauna and the preservation of any feature of archaeological, historic or scientific 

interest."   

The shoreline of the Marmion Marine Park currently supports three recreational boating facilities; Hillarys 

Boat Harbour, Mindarie Marina and the existing Ocean Reef Boat Harbour offering a limited number of 

boat pens, boat stacking and boat launching facilities.  As the population increases, these existing facilities 

will not satisfy demand for boating facilities in the region.  The potential for increasing recreational demand 

within the Park was identified in Marmion Marine Park Management Plan (CALM & NPNCA 1992), which 

recognised that the number of people using the park will continue to rise but that:  

“The principal management aim is to conserve the Park's marine environment while allowing 

recreational and commercial activities that are compatible with conserving the natural 

environment.”   

And “Management of the Park will need to be one step ahead of recreational demand.” 

The existing facilities within the Ocean Reef Boat Harbour are outdated and aging.  It does not contain 

boat pens, moorings or boat stacking facilities and the facilities at Hilary’s Boat Harbour is fully utilised and 

Mindarie Marina is near capacity.  The introduction of boat pens, moorings and boat stackers within the 

proposed marina, as well as an upgrade to the boat launching facilities will help meet the demand created 

by projected increases in boat ownership and population growth. 

2.7.2 Social and economic benefits of the Proposal 

The proposed facilities envisaged for the Ocean Reef Marina Development will provide the community with 

a state of the art iconic marina facility that will cater for the needs of the community and provide a balance 

of residential, commercial and public amenities that will service the community and attract local and 

outside visitors well into the future.   
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The Ocean Reef Marina Development is expected to provide the following social and economic benefits: 

 provision of a range of public recreation and tourist facilities to enhance Ocean Reef and the 

northern suburbs of Perth as a destination for local and international visitors 

 improved facilities for recreational use of the Marmion Marine Park  

 provision of a secure marina area specifically designed for recreational boating and yachting 

clubs 

 increased facilities for management and regulation of boating activity with associated 

improvements in public safety 

 increased management presence, lighting and increased public use of the Ocean Reef Boat 

Harbour will discourage anti-social behaviour 

 increase in housing supply and diversity.  

Employment opportunities at the Ocean Reef Marina Development will be created across a number of 

sectors including: 

1. Direct employment impact through jobs created as a result of capital investments, such as: 

 owners and operators of offices, retail, cafes and restaurants 

 marine support services at the Ocean Reef Marina Development 

 tourist ventures 

 employment through research relating to the marine ecology (potential for interpretation, 

monitoring) 

 youth and cadet training in sea rescue, surf school and marine craft 

 seasonal events and hospitality. 

2. Construction employment for local workers either as self employed tradesmen or as part of 

employment with local contractors. 

3. ‘Population driven’, or induced employment activity in the locality as a result of increased population 

and the requirements for services for residents and the labour force.  In addition, indirect spin off jobs 

generated from construction stages of the Ocean Reef Marina Development created as a result of 

services to the retail, commercial and construction sector activity.  For the purposes of this report, 

these figures have not been calculated. 

The Ocean Reef Marina Development is anticipated to provide contract and full-time employment 

opportunities to the local community.  Further employment opportunities would be created by the flow-on 

effects to service industries and other sectors of the economy. 

The development of marina-based facilities, as demonstrated by Mandurah Ocean Marina and Hillarys 

Boat Harbour, can energise a region in terms of jobs and innovations in building, associated small 

business services, sustainable design, amenity and health and wellness due to inclusive community.  The 

Ocean Reef Marina Development provides opportunities through the City and State Government for 

scientific study and research of the marine environment. 

2.8 Consequences of not proceeding 

The consequences of not proceeding with the Proposal would be the ongoing inability to cater for existing 

and increasing recreational demand within the City and the broader northern metropolitan area.   

The social and economic benefits outlined in Section 2.7.2 would also not be realised if the Proposal does 

not proceed. 
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2.9 Alternatives considered 

As the Proponent for the Proposal is the City, potential locations for the marina are limited to areas 

administered by the City within its local government boundary.  The City’s boundary extends from Marmion 

in the south (located immediately south of the existing Hillarys Boat Harbour), to Burns Beach in the north, 

which is approximately 5 km north of the Proposal along a continuous section of reef.   

The location of the Proposal at the existing Ocean Reef Boat Harbour site was preferred as it expands an 

existing development site rather than creating a new coastal disturbance site.  This minimises the overall 

environmental impact of the Proposal.   

Other key reasons for the focus on the Ocean Reef location are: 

1. City of Joondalup ownership of part of the Ocean Reef Marina Development land area. 

2. Ease of access to the site due to the direct access from the freeway along Hodges Drive. 

3. Recognition of this site by DoT in their Recreational Boating Facility Study in 2008 as one of the key 

long term projects (before 2025) to meet recreational boating demand. 

4. The site can be developed in such a way that the required cut and fill balance is approximately equal, 

minimising the need to import raw materials from offsite. 

5. The site is approximately in the centre of a 5 km length of rocky coastal cliffs.  This location within a 

rocky shoreline provides the least impact and disturbance for the expanded Ocean Reef Marina when 

considering longer term processes such as mean sea level rise changes and longer term coastal 

vulnerability of the shoreline. 

The northern end of Mullaloo Beach commences at the end of the rocky cliffs approximately 1 km to the 

south of the existing Ocean Reef Boat Harbour and extends to Hillarys Boat Harbour.  Mullaloo is a sandy 

beach with a history of accretion and is a popular recreation area as some of the nearshore reefs provide 

good protection to the beach.  Therefore, moving the proposed development to the south was not 

preferred due to the potential to affect this existing recreational use and amenity.   

Burns Beach is located approximately 3.5 km to the north of the proposed development and is a mixture of 

sandy beach and low tidal reef platforms which extend northwards to Mindarie Marina.  This area is also a 

popular recreation area and was not preferred due to the potential to affect this existing recreational use 

and amenity. 

2.10 Description of Proposal construction 

The following is an indicative description of the anticipated construction process and relative timing.  

Detailed engineering design and construction planning may affect the construction process and timing but 

only if it achieves the same (or better) environmental outcome.    

Construction of the Proposal is likely to be undertaken in stages, commencing with the construction of the 

northern and southern breakwaters and reclamation seawalls over a six month period (November to April).  

Following this, the dredge and reclamation works within the harbour are anticipated to take a further seven 

months (April to November).   

An indicative schedule for construction of the Proposal is provided in Table 2-5 with the construction areas 

shown in Figure 2-3.   
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Table 2-5:  Indicative implementation schedules for the Proposal 

Activity Likely start month Likely finish Cumulative duration (weeks) 

Year 1 

Southern Breakwater  November April (year 2) 25* 

Northern Breakwater  November February (year 2) 19* 

Year 2 

Northern Reclamation seawall January February 4 

Peninsula Reclamation seawall February March 4 

Dredging and reclamation April November 32 

* total includes a two week non-working break over the Christmas period. 

A key consideration in the construction methodology is the maintenance of access to the existing Ocean 

Reef boat ramps which are an important, well used recreational facility.  Given the popularity of the boat 

ramps at this location, the City will aim to minimise disruption as much as possible.  One approach to 

maintaining boat ramp access is outlined below; however this is indicative only as the construction 

contractor may develop an alternative construction program that meets the same objective of maintaining 

boat ramp access.  A potential methodology to achieve this is: 

1. Commence with the construction of northern and southern breakwaters.  Once these are 

substantially complete (after 3 to 4 months), the breakwaters will provide sufficient protection to the 

existing boat ramps for the existing breakwater to be removed. 

2. Construction of the northern reclamation area (Figure 2-3) will restrict vessel access from the existing 

boat harbour.  Therefore, prior to construction of the northern reclamation area part, or all, of the 

existing breakwater will be removed to maintain vessel access.   

While the excavators are in this position, some dredging of the area may occur (while access can be 

gained from the existing breakwater).  This work will be contained by a silt curtain. 

3. The existing boat ramps remain open while the new boat ramps and associated infrastructure 

(parking etc) is built.   

4. Dredging of the northern area will be managed by silt curtain from the peninsula reclamation across 

to the northern breakwater allowing vessel access into and out of the new entrance.  This will also 

reduce vessels entering the dredging/construction area.  

5. Following the opening of the new boat ramps and associated facilities, the existing boat ramps will be 

closed and the required dredging completed. 

It is noted that vessel traffic will require careful management with a clearly defined channel of floating and 

lit marker buoys in place throughout the works to minimise conflict with the construction.   

2.10.1 Breakwater construction 

Construction methods for the breakwaters will include the end tipping of suitable rock material from trucks 

progressively from the shore into the water to form the breakwater core.  The core material is likely to be 

well-graded limestone rubble up to approximately 1 m in diameter (with no more than 20% being less than 

0.35 m in diameter).  The resulting batter slopes will be trimmed by the excavator, with granite armour 

placed onto the structure.  The southern and northern breakwater arms are likely to be constructed in 

parallel.   

In total, the southern breakwater will require 382 000 t of material for construction, while the northern 

breakwater will require 86 000 t of material to be used.  Material sourced from within the Ocean Reef 

Marina Development site will be utilised where possible in breakwater construction, minimising the 

requirement for fill material to be brought into the site.  It is anticipated that the construction of the southern 

breakwater will take a total of 25 weeks, while the northern breakwater will take approximately 19 weeks.  

These calculations assume 5.5 day working weeks, comprising 10 hour working days (7 am to 5 pm).  

Construction is expected to progress at approximately 3000 t per breakwater per day which would require 

core dumping every 6 minutes.   
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The breakwaters will not be constructed between the start of June and the end of October in order to 

minimise impacts during the abalone spawning period (refer to Section 8.2.3).   

2.10.2 Management of suspended sediment 

Following construction of the breakwaters, suspended sediment generated by the remainder of the marine 

construction works (including dredging) will be contained within the marina waterbody.  Silt curtains are the 

most likely management mechanism and have been referred to throughout the PER and supporting 

documents as the key management method for containing suspended sediment following breakwater 

construction.  However, alternative methods that achieve the same outcome (with the same level of 

certainty regarding effectiveness) may be used by the construction contractor.  Measures that could be 

used instead of, or together with, a silt curtain to minimise the transport of fine sediment away from a 

dredging or marine construction site include (Wallingford 2012):  

 an alternative technology such as a bubble curtain could be used, particularly in areas where 

vessels need to frequent the area 

 the use of external bunds around a reclamation or dredge area to enclose area and minimise the 

disturbance. 

Therefore, all references to silt curtains in the PER should be considered to mean “the use of silt curtain(s) 

or other effective mechanism(s) to contain suspended sediment within the active construction area with a 

high level of certainty”. 

Silt curtains hang in the water column from the surface with a weighted bottom.  A silt curtain lets water but 

not fine sediment pass through it and they are a highly effective and commonly used method of containing 

turbidity during marine construction in Western Australia.  Silt curtains need a protected environment to be 

effective so the initial breakwater construction at Ocean Reef will be done without a silt curtain but all 

internal works within the marina will be undertaken behind a silt curtain.  Additional silt curtains will be 

deployed if necessary to ensure the effective containment of suspended sediments. 

No silt curtain will be placed across the marina entrance, as this would restrict access to the boat ramps. 

2.10.3 Dredging  

Dredging would begin at the completion of the peninsula reclamation area and after sufficient completion 

of the breakwaters to enable installation of silt curtain(s).  Dredging is likely to continue for a total of 

32 weeks (Table 2-5).  Two separate areas will be dredged; the main marina dredge area and the area 

bounded by the existing breakwater and boat ramps (boat ramp dredge area).  These areas will be 

dredged to a depth of approximately -3.5 mAHD (Australian Height Datum).   

Dredging is proposed to be completed using a land-based hydraulic excavator working from a series of 

temporary bunds created using similar methods and materials to the breakwaters.  The bunds will be 

reworked multiple times, being progressively constructed and removed in line with the dredging works.  

Typically, a long excavator can reach up to 15 m either side of the bund centreline.  Existing in-situ rock 

will be initially broken with a hydraulic rock breaker, or pulled up by the hydraulic excavator.  This material 

will then be dredged with an open excavator bucket.  It is anticipated that dredged material will be loaded 

into trucks and utilised in the reclamation area.  It is proposed that the reclamation areas will be enclosed 

by a limestone core bund to prevent the release of material from the dumped dredge spoil when placed as 

general fill.   

There will be no use of explosives (blasting) for construction of the Proposal. 

In total, 85 000 m
3
 of material will be dredged from the main marina dredge area while 14 000 m

3
 will be 

dredged from the boat ramp dredge area.  The approximate dredge volumes and the type of material to be 

dredged are presented in Table 2-6.   
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Table 2-6:  Approximate dredge volumes of sand and rock 

 
Main marina dredge area 
(m

3
) 

Existing boat ramp 
dredge area (m

3
) 

Area 52 535 7900 

Rock 75 300 4000 

Sand 10 500 10 000 

Total 85 800 14 000 

2.10.4 Reclamation area/seawall 

Core dumping will also be adopted for construction of the seawall/bund.  This material will have a similar 

grading to the material used for construction of the outer breakwaters.  The reclamation side of the 

seawall/bund will be lined by a finer core material and a heavy duty geo-textile lining before general fill is 

placed.   

The dredged material will be excavated and then taken by trucks to the reclamation area.  The reclamation 

areas are within the marina and any seepage from the dredged material will return to the marina behind a 

silt curtain.   

2.10.5 Other infrastructure 

Roads and service infrastructure (electricity, water, sewerage, communication and gas) will be constructed 

or installed during the Proposal construction period.  Minor dewatering may be required for trenching to 

install some services.   

  



 

Figure 2-3:  Construction and dredging areas 
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Source: RPS APASA 2016 
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3. Stakeholder consultation 

3.1 Key stakeholders and consultation history 

The Ocean Reef Marina Development, in its current state, has been in planning since 2005.  Throughout 

the development of the concept plan, extensive community consultation has been undertaken (including 

community surveys in 2002, 2007 and 2009).   

Identified as major key stakeholders, the Department of Planning, Department of Transport, LandCorp, 

Water Corporation and later the Department of Parks and Wildlife, form the Ocean Reef Marina 

Government Steering Committee (established in 2007) and have provided assistance to the City 

throughout the planning process and have been substantial contributors to the development of the concept 

plan. 

In addition, in 2008 the Ocean Reef Marina Community Reference Group consisting of local residents and 

representatives of local groups was formed to assist with the development of the concept plan and 

represent the views of the wider community.   

Extensive consultation has also occurred with the government and other key stakeholders including the 

following:   

 Premier of Western Australia 

 Minister for Transport 

 Minister for Planning 

 Minister for Lands 

 Minister for the Environment 

 Minister for Tourism 

 Shadow Ministers for Transport and Planning 

 Local members 

 Representatives for the Minister for Lands 

 Department of Premier & Cabinet 

 EPA 

 Office of the Environmental Protection Authority (OEPA) 

 DoP 

 WAPC 

 DoF 

 Department of Environment Regulation (DER) 

 Department of Transport (DoT) 

 Department of Lands (DoL) 

 Department of Parks and Wildlife (Parks and Wildlife) 

 Marine Parks and Reserves Authority (MPRA) 

 Department of Water 

 Office of Native Title 

 Perth Transit Authority 

 LandCorp 

 Water Corporation 

 DotE (Australian Government).  
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Consultation has also been conducted with various key commercial and recreational marine stakeholders 

including: 

 Western Australian Abalone Industry Association (WAAIA) 

 Abalone Association WA (AAWA) 

 West Coast Abalone Divers Association (WCADA)
1

 

 RecFish West 

 Western Australian Fishing Industry Council (WAFIC) 

 Ocean Reef Sea Sports Club 

 Whitfords Volunteer Sea Rescue 

 WA Surf Life Saving. 

Several community surveys have been conducted to determine support for the Ocean Reef Marina 

Development and provide input into the planning process.  The most significant was a community survey 

undertaken in 2009 which generated over 11 000 responses with 95.6% of respondents indicating support 

for the Ocean Reef Marina Development.  Three community forums were held in 2013 attracting 

approximately 600 attendees.  In addition, the City maintains a comprehensive website on the Ocean Reef 

Marina Development and regular project updates are provided through both social media and traditional 

media forums. 

3.2 PER consultation 

Key stakeholders were consulted during the preparation of the PER to ensure that all relevant issues were 

identified and addressed in the PER.  Government agencies were consulted regarding technical aspects of 

the baseline investigation and given project updates as the assessment progressed.  The Draft PER was 

submitted to the OEPA in May 2016.  The OEPA, Parks and Wildlife, DoT and DoF reviewed the Draft 

PER and provided preliminary comments on the adequacy of the information presented.  The Draft PER 

was then revised in accordance with agency comments following further discussion and clarification of 

issues with agencies.  The agency comments related to: 

 clarification on aspects of the water quality modelling methodology, extent and results 

 additional detail to justify conclusions and impact assessment arising from the water quality 

modelling 

 additional detail on the flushing methodology and results 

 ease of assessment and interpretation of the potential impacts to marine environmental quality 

 protection and monitoring of water quality during construction and operation 

 refining the benthic habitat map 

 additional detail on potential impacts on fish and fish habitats, bird species and other marine 

fauna 

 clarification on aspects of the coastal processes modelling methodology and results 

 more information on how the values of the Marmion Marine Park are predicted to be affected by 

the Proposal. 

The requested additional information and analysis was included in the revised PER following discussion 

with each of the agencies.   

 

                                                           
1

 Although referred to as WCADA the association submitted a response under the name West Coast Abalone 
Association (WCAA) and as such the references in this document to their submission are cited as WCAA 2014. 
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A summary of key stakeholder consultation undertaken to date for this PER is provided in Table 3-1.  

Consultation with key stakeholders will continue throughout the assessment, approvals, finalisation of 

governance arrangements for the marina, detailed design, construction and implementation stages of the 

Proposal.  The list of stakeholders will continue to be developed and revised as required. 
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Table 3-1:  Summary of key stakeholder consultation undertaken for the Proposal during preparation of the PER 

Stakeholder Date Form of consultation Issues raised Response to issues 

Water Corporation 18 October 2013 Email Data sharing agreement  The City entered into a data sharing agreement with the Water Corporation to use 
the 2013 Ocean Reef habitat map and the long-term water quality data set from 
the monitoring of ocean outfall and surrounding area.  

Abalone Association WA 
(AAWA)  

16 December 2013 Meeting Overview of project and 
potential offsets 

Strategen met with AAWA.  AAWA are opposed to the Proposal and believe: 

 the development  would adversely impact on commercial stocks 

 artificial reefs and restocking of laboratory juvenile abalone is not feasible  

 financial compensation for loss of commercial stocks is preferable 

 access to areas not currently open to commercial fishermen was worthy of 
consideration as an offset.  

14 January 2014 Correspondence Mitigation approach and 
potential abalone impacts 

The City sought feedback on the outcome of the above meeting and provided 
additional information. 

WA Abalone Industry 
Association (WAIA) 

9 March 2015 Meeting Abalone Offset Working 
Group 

Discussions regarding the role and responsibility of any potential working and the 
involvement of WCADA representatives in the abalone habitat survey. 

DoF 04 November 2013 Meeting Abalone habitat and 
potential offset 

Strategen discussed with DoF the abalone habitat in the near-shore reef at Ocean 
Reef and potential offset options for the commercial abalone industry.    

18 March 2015 Correspondence Abalone habitat and 
potential offsets 

Seeking clarification of DoF’s support and involvement regarding the impact of the 
Proposal on the abalone habitat and industry.  

23 April 2015 Meeting DoF role as a DMA, 
abalone impacts, the 
Marmion Marine Park 

Clarification on the issues raised was provided. 

30 June 2015 Meeting DoF involvement in 
abalone working group, 
legislative strategies for 
compensation/offsets 

Clarification on the issues raised was provided. 

8 August 2016 Meeting Discussed DoF comments 
on the PER relating to 
introduced marine pests, 
abalone impact 
assessment, finfish, 
potential for fish kills and 
protection of marine 
environmental quality for 
fishing 

Preliminary responses to the issues raised were discussed and additional 
information provided by DoF.  The additional information and responses were 
incorporated into this PER. 

DoF – Abalone survey – 
Mollusc research team 

4 September 2014 – 
20 March 2015 

Email, phone, meetings, 
site visits 

Abalone abundance survey Oceanica had ongoing consultation with DoF regarding the abalone survey 
methodology, site selection, local knowledge and statistical analysis.  

 23 March 2015 Email Data sharing agreement  The City entered into a data sharing agreement with DoF for Burns Beach Reef 
abalone data.  
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Stakeholder Date Form of consultation Issues raised Response to issues 

DoT 5 August 2016 Meeting Discussed DoT comments 
on the PER relating to 
marina flushing, 
groundwater discharge 
scenarios and the coastal 
processes modelling 

Preliminary responses to the issues raised were discussed and additional 

information requested regarding groundwater discharge scenarios.  Additional 

information has been provided in the PER to address the comments. 

Parks and Wildlife 30 October 2014 Meeting Project overlap with the 
Marmion Marine Park 
boundary 

Oceanica met with Parks and Wildlife and discussed Proposal footprint overlap 

with the Marmion Marine Park boundary.  This resulted in further investigation of 

the process required to excise the Development Envelope from the Marmion 

Marine Park in order to accommodate the proposal should Ministerial approval 

under the EP Act be granted. 

 12 February 2015 Correspondence Project overlap with the 
Marmion Marine Park 
Boundary 

Correspondence to and from Parks and Wildlife to initiate dialogue on the Marmion 
Marine Park boundary amendment process should Ministerial approval under the 
EP Act be granted. 

 26 March 2015 Meeting Project overlap with the 
Marmion Marine Park 
boundary 

Determined that project excision from the Marmion Marine Park was likely to be 

the preferred option for the Proposal rather than incorporating the Proposal within 

the Marmion Marine Park.  This resulted in a chain of correspondence clarifying 

the processes for amending the boundary of the Marmion Marine Park boundary 

should Ministerial approval be granted under the EP Act. 

 18 November 2015 Meeting Benthic Primary Producer 
Habitat (BPPH) map 

Meeting to discuss the baseline BPPH map for the Ocean Reef area.  In 
attendance: Parks and Wildlife, the City, Strategen, BMT Oceanica.  

 1 February 2016 Meeting BPPH map Meeting to discuss alterations to the baseline BPPH map.  In attendance: Parks 
and Wildlife, Strategen, BMT Oceanica.  

28 April 2016 Meeting Results of investigations 
and PER content 

Meeting to discuss the content of the PER in relation to water quality, coastal 
processes and the Marmion Marine Park. 

MPRA 22 October 2015 Presentation  Project overview and 
discussion 

Presentation provided an opportunity for discussion.  All issues raised (boat traffic, 
coastal processes, nutrients, safety of a swimming beach in the marina abalone 
impacts, contamination and marine biosecurity) are addressed in the PER. 

EPA 18 September 2014 Presentation  Project overview and 
discussion 

Issues raised were incorporated by the OEPA into the ESD. 

OEPA 

 

19 August 2014 Meeting Requirements for the PER 
and development boundary 

Issues raised were incorporated into the draft ESD. 

2 September 2014 Meeting Concurrent advertising the 
PER and MRS Amendment 

Agreed that concurrently advertising could occur. 

3 March 2016 Meeting Project update and 
discussion of application of 
policy, PER structure 

Confirmed that the PER should address EAG 15 and that the assessment should 
include an Environmental Quality Management Framework (EQMF) during the 
construction period. 
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Stakeholder Date Form of consultation Issues raised Response to issues 

22 June 2016 Meeting  Discussed OEPA’s 
preliminary comments on 
the marine modelling, 
comparison with guidelines 
and presentation of results 

The comments provided in this meeting and the OEPA comments on the Draft 
PER provided on 30 July 2016 informed the revision of the PER.  The PER and 
supporting documents were updated taking into account OEPA comments on 
baseline water quality, protection and monitoring of water quality during 
construction and operation, presentation of algal concentrations in chlorophyll-a 
and comparison of the predicted water quality with applicable guidance. 

West Coast Abalone Divers 
Association (WCADA) 

 

24 June 2014 Meeting Position statement 
prepared by the WCADA 

Meeting to discuss the WCADA position statement regarding the Proposal and 
potential compensation options. In attendance were Strategen, WCADA and the 
City. 

 18 August 2014 Meeting Abalone habitat Meeting for knowledge sharing on abalone habitat.  In attendance WCADA, the 
City, Strategen and BMT Oceanica.   

 28 October 2014 Correspondence Abalone survey 
methodology 

Outline of the proposed methodology for the abalone survey. 

 24 November 2014 Meeting Abalone survey methods Discussion on abalone survey methods.  In attendance WCADA, Strategen and 
BMT Oceanica.   

 5 December 2014 Meeting Abalone habitat, offset 
strategy 

Discussions with WCADA on the existing abalone habitat and proposed survey 
methodology. 

 7 January 2014 and 
2 February 2015 

Correspondence Abalone Offset Working 
Group 

Correspondence to and from WCADA regarding the establishment of a working 
group to identify and resolve issues relating to a potential offset strategy. 

 9 March 2015 Meeting Abalone Offset Working 
Group 

Discussions regarding the role and responsibility of any potential working and the 
involvement of WCADA representatives in the abalone habitat survey. 

 20 May 2015 Meeting Abalone Offset Working 
Group 

Discussions regarding the make up of the proposed working group and the roles 
and responsibilities. 

 29 July 2015 Workshop Abalone impact 
assessment methodology 

Meeting with DoF and WCADA to discuss assessment methodology for 
determining impacts. 

 10 November 2015 Workshop Abalone impact 
assessment and 
methodology 

Meeting with DoF, WCADA and WAAIA to discuss assessment methodology for 
determining impacts. 

WA Fishing Industry 
Council (WAFIC) 

20 January 2014 Meeting  Overview of project and 
potential offsets 

Strategen met with Executive Officer John Harrison.  He is new to WA and not 
completely familiar with Proposal location and potential issues and unable to issue 
advice on potential offsets.  

DotE June 2014 Meeting EPBC Act referral and 
assessment 

Strategen met with officers from the DotE to discuss the City’s EPBC Act referral. 

RecfishWest 17 December 2013 Meeting  Overview of project and 
potential offsets 

RecfishWest provided the following advice: 

 they support the Proposal but do not support the opening of the area from 
Waterman’s Reef to Ocean Reef to commercial abalone fishing unless they are 
limited to areas only accessible by boat 

 preferred offset option for loss of near-shore fishing grounds is access to 
marina for disabled fishermen and development of an artificial reef offshore 
Ocean Reef.  
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Stakeholder Date Form of consultation Issues raised Response to issues 

 4 March 2014 Meeting Status of the project and 
potential impacts 

RecfishWest indicated their continued support for the Proposal however they are 
keen to ensure no loss of access to the coast or loss of fishing amenity for fishers. 
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4. Environmental study and survey effort 

Since 2008, the City has undertaken approximately 100 individual studies and surveys in a variety of disciplines including environmental, marine and civil engineering, town planning, 

financial, survey, geotechnical, economic and project management.  This substantive body of work contributed to and informed the preparation of the Ocean Reef Marina Development 

concept plan, the MRS Amendment request, the Bush Forever Negotiated Planning Outcome, the EPBC Act referral, the EP Act referral and the Structure Plan. 

Details of environmental studies and surveys undertaken by the City and specifically relevant to the Proposal and this PER are provided in Table 4-1.  All studies are presented in 

Appendix 4. 

Table 4-1:  Summary of environmental studies and surveys 

Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

Marine 
environmental 
quality 

Rockwater 
Proprietary Limited 
(Rockwater) 

Ocean Reef Marina: Groundwater 
Modelling to Assess Nutrient 
Loads to the Ocean and Marina 
(Rockwater 2011) 

The model covered an area 19 km north-south 
and 19 km east-west of the existing Ocean 
Reef Marina. 

Desktop review and modelling.  

Report completed June 2011.  

Initial modelling used to develop design, subsequently replaced by more 
substantial modelling report (Rockwater 2015). 

Rockwater  Ocean Reef Marina: Groundwater 
Modelling to Assess Nutrient 
Loads in Groundwater 
Discharging to the Ocean and 
Marina (Rockwater 2015) 

The study area encompassed 10 groundwater 
monitoring bores to the east of the Proposal. 

Field survey and model recalibrating/validation.  

Groundwater monitoring undertaken in 2014.  
Report completed February 2015.  

The assessment utilised levels of sea level rise outlined in Environmental 
Protection Bulletin 18 (EPA 2012b).  

BMT Oceanica  
(Oceanica) 

Ocean Reef Baseline Water and 
Sediment Quality Desktop Study 
(Oceanica 2014) 

The field survey area was within, and adjacent 
to the existing Ocean Reef Marina.  

Field and desktop survey.  

Field survey completed on August 2009 and 
September 2013.  

Sediment concentrations were assessed against the National Assessment 
Guidelines for Dredging (NAGD) screening levels and sediment quality 
guideline high values. 

Sediment concentrations were assessed against ANZECC and ARMCANZ 
(2000) – Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality. 

Oceanica  Ocean Reef Marina Baseline 
Water Quality Results (Oceanica 
2016a) 

Study area was within and surrounding the 
Development Envelope and to the north along 
Burns Beach Reef.  

Field survey.  

October 2014 to August 2015. 

Water quality being flushed out of the proposed marina was compared to 
ANZECC & ARMCANZ (2000) default trigger values for inshore marine 
waters in south-west Australia.  

The assessment provided background environmental data to meet the 
requirements of Section 3.1.2 of Environmental Assessment Guideline No. 7 

Marine Dredging Proposals (EPA 2011). 
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Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

Oceanica Ocean Reef Marina Proposed 
Development – 2015 Sediment 
Survey (Oceanica 2016b) 

The field survey locations were inside the 
existing Ocean Reef Boat Harbour and to the 
north of the entrance to the existing boat 
harbour.  

Field survey.  

Field survey completed on 28 October 2015.  

The sampling program met the requirements of the National Assessment 
Guidelines for Dredging (NAGD) for a dredge volume of 20 500 m

3
 of sand. 

Sediment concentrations were compared to the ANZECC and ARMCANZ 
(2000) Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality.  

The assessment provided background environmental data to meet the 
requirements of Section 3.1.2 of Environmental Assessment Guideline No. 7 
Marine Dredging Proposals (EPA 2011). 

Oceanica Technical note: Ocean Reef 
Marina Development PER: 
EQMF, EQC, EQP and Marine 
EIA advice (Oceanica 2016c) 

Study area of the Marmion Marine Park. 

Desktop study. 

Report completed on 4 March 2016.  

The assessment was based on meeting the requirements of EAG 15 for 
Protecting the Quality of Western Australia’s Marine Environment.  

The approach was also consistent with the State Environmental (Cockburn 
Sound) Policy 2005 (EPA 2015e).  

The assessment also defines the extent, severity and duration of impacts on 
benthic habitat and associated biota in accordance with Section 3.4 of EAG 
7 Environmental Assessment Guideline for Marine Dredging Proposals 
(EPA 2011) using spatially-defined zones.   

RPS APASA  Ocean Reef Marina Development 
– Phase 2: Water Quality 
Modelling (RPS APASA 2016) 

Study area is the Marmion Marine Park.  

Modelling report.  

Report completed January 2016 and finalised 
in August 2016 following agency review prior to 
public release.  

The assessment compared the flushing modelling results with ANZECC & 
ARMCANZ (2000) guidelines for default trigger values for inshore marine 
waters in south-west Australia.  

Benthic 
communities 
and habitat 

Oceanica  Ocean Reef Baseline Studies – 
Marine Fauna Desktop Study 
(Oceanica 2015a) 

Desktop study undertaken within boundaries of 
the Marmion Marine Park. 

EPBC Act Protected Matters Report performed 
on 27 January 2015.   

The survey identifies conservation significant fauna listed under the Western 
Australian Wildlife Conservation Act 1950 (WC Act), the EPBC Act and by 
Parks and Wildlife as Priority Fauna.   

The survey assessed critical windows of environmental sensitivity for 
conservation category species in line with Section 3.6 of EAG 7 
Environmental Assessment Guideline for Marine Dredging Proposals (EPA 
2011). 
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Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

Oceanica  Ocean Reef Benthic Habitat Map 
Report (Oceanica 2016d)  

The survey area was the boundary of the 
Marmion Marine Park.  

Field survey and desktop review.  

Field survey was undertaken 24 and 25 March 
2014.  Report was completed October 2015 
and revised to address agency comments.  
Report finalised in August 2016.  

The assessment used the boundaries of the Marmion Marine Park, 
including Hillarys and the existing Ocean Reef Boat Harbour as the Local 
Assessment Unit (LAU) in line with guidance provided in EPA EAG 3 – 
Protection of benthic primary producer habitats in Western Australia’s 
marine environment (EPA 2009).  

Additionally, in line with EAG 3, the three BPPH units chosen were: 

 seagrass 

 macroalgae 

 mobile sand. 

The assessment provided an adequately detailed benthic habitat 
assessment to meet the requirements of Section 3.1.1 of EAG 7 Marine 
Dredging Proposals (EPA 2011). 

Habitat loss identified in the study was assessed against EAG 3 which 
would classify the Marmion Marine Park as a ‘High Protection Area’ (i.e. 
Category B) whereby the cumulative loss guideline for BPPH within the LAU 
is 1%.   

Oceanica  Ocean Reef Baseline Studies – 
Abalone Habitat and Abundance 
at Burns Beach Reef 
(Oceanica 2016e) 

Study area on Burns Beach Reef with a control 
site North of Mindarie.   

Desktop review and field survey.   

Field survey on 12 and 13 of March 2015.   

Report completed October 2015 and finalised 
in March 2016. 

Value and significance of abalone in the context of the Marmion Marine 
Park Management Plan 1992–2002 (CALM & NPNCA 1992) and 10-year 
audit of the implementation of the Marmion Marine Park Management Plan 
1992–2002 (MPRA 2012a) was assessed.   

Abalone habitat loss was assessed within the boundaries of the LAU 
(defined as the boundaries of the Marmion Marine Park) in line with 
guidance provided in EPA EAG 3 – Protection of benthic primary producer 
habitats in Western Australia’s marine environment (EPA 2009).  

The assessment used sampling locations in accordance with Section 3.5.2 
of EAG 7 Environmental Assessment Guideline for Marine Dredging 
Proposals (EAG 7; EPA 2011) using spatially-defined zones.   

Oceanica  Roe’s Abalone Environmental 
Sensitivity (Oceanica 2016f) 

Desktop study centred on Burns Beach Reef. 

Desktop review. 

Report completed in March 2016.   

The assessment analysed the sensitivity of abalone to changes in its 
environment to inform zones of impact predictions in line with Section 3 of 
EAG 7 Environmental Assessment Guideline for Marine Dredging Proposals 
(EPA 2011).   

Oceanica Technical note Ocean Reef 
Marina Development PER: 
EQMF, EQC, EQP and Marine 
EIA advice (Oceanica 2016c) 

Development of appropriate EQMF, EQC, 
EQP.  

Report identifies the requirements for the EQMF as identified in EAG 15 
(EPA 2015c). 

RPS APASA  Ocean Reef Marina Development 
– Phase 2: Water Quality 
Modelling (RPS APASA 2016) 

Study area is the Marmion Marine Park.  

Modelling report.  

Report completed January 2016 and finalised 
in August 2016 following agency review prior to 
public release.  

The assessment compared the flushing modelling results with ANZECC & 
ARMCANZ (2000) guidelines for default trigger values for inshore marine 
waters in south-west Australia. 
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Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

Marine fauna Oceanica Ocean Reef Baseline Studies – 
Marine Fauna Desktop Study 
(Oceanica 2015a) 

Desktop study undertaken within boundaries of 
the Marmion Marine Park. 

EPBC Act Protected Matters Report performed 
on 27 January 2015.   

The survey identifies conservation significant fauna listed under the Western 
Australian Wildlife Conservation Act 1950 (WC Act), the EPBC Act and by 
Parks and Wildlife as Priority Fauna.   

The survey assessed critical windows of environmental sensitivity for 
conservation category species in line with Section 3.6 of EAG 7 
Environmental Assessment Guideline for Marine Dredging Proposals (EPA 
2011). 

Oceanica  Ocean Reef Marina Baseline 
Studies – Marine Pest Survey 
(Oceanica 2015b) 

Survey boundaries within and just outside the 
entrance to the existing Ocean Reef Boat 
Harbour. 

Field survey. 

Field survey conducted on 4 and 10 June 2015.   

Report completed June 2015.  

Survey based on the Australian marine pest monitoring guidelines (DAFF 
2010a) and manual (DAFF 2010b).  

The assessment provided background environmental data and modelling 

to meet the requirements of EAG 7 Marine Dredging Proposals (EPA 2011). 

The assessment was undertaken to help preserve the values of the 
Marmion Marine Park outlined in the Marmion Marine Park Management 
Plan 1992–2002 (CALM & NPNCA 1992) and 10-year audit of the 
implementation of the Marmion Marine Park Management Plan 1992–2002 
(MPRA 2012a). 

Oceanica  Ocean Reef Benthic Habitat Map 
Report (Oceanica 2016d)  

The survey area was the boundary of the 
Marmion Marine Park.  

Field survey and desktop review.  

Field survey was undertaken 24 and 25 March 
2014.  Report was completed October 2015 
and finalised in August 2016 following agency 
review prior to public release.  

The assessment used the boundaries of the Marmion Marine Park as the 
LAU in line with guidance provided in EPA EAG 3 – Protection of benthic 
primary producer habitats in Western Australia’s marine environment 
(EPA 2009).  

Additionally, in line with EAG 3, the three BPPH units chosen were: 

 seagrass 

 macroalgae 

 mobile sand. 

The assessment provided an adequately detailed benthic habitat 
assessment to meet the requirements of Section 3.1.1 of EAG 7 Marine 
Dredging Proposals (EPA 2011). 

Habitat loss identified in the study was assessed against EAG 3 which 
would classify the Marmion Marine Park as a ‘High Protection Area’ (i.e. 
Category B) whereby the cumulative loss guideline for BPPH within the LAU 
is 1%.   
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Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

Oceanica  Ocean Reef Baseline Studies – 
Abalone habitat and Abundance 
at Burns Beach Reef (Oceanica 
2016e) 

Study area on Burns Beach Reef with a control 
site north of Mindarie.   

Desktop review and field survey.   

Field survey on 12 and 13 of March 2015.   

Report completed October 2015 and finalised 
in March 2016. 

Survey methods designed in consultation with DoF and WCADA.  

Value and significance of abalone in the context of the Marmion Marine 
Park Management Plan 1992–2002 (CALM & NPNCA 1992) and 10-year 
audit of the implementation of the Marmion Marine Park Management Plan 
1992–2002 (MPRA 2012a) was assessed.   

Abalone habitat loss was assessment within the boundaries of the Marmion 
Marine Park (as the LAU) in line with guidance provided in EPA EAG 3 – 
Protection of benthic primary producer habitats in Western Australia’s 
marine environment (EPA 2009).  

The assessment used sampling locations in accordance with Section 3.5.2 
of EAG 7 Environmental Assessment Guideline for Marine Dredging 
Proposals (EPA 2011).    

Oceanica  Roe’s Abalone Environmental 
Sensitivity (Oceanica 2016f) 

Desktop study centred on Burns Beach Reef. 

Desktop review. 

Report completed in March 2016.   

The assessment analysed the sensitivity of abalone to changes in its 
environment to inform zones of impact predictions in line with Section 3 of 
EAG 7 Environmental Assessment Guideline for Marine Dredging Proposals 
(EPA 2011).   

Coastal process MP Rogers and 
Associates 

(MR&A) 

Ocean Reef Marina – Beach 
Wrack Management (MR&A 
2016d) 

Report based on the vicinity of the Proposal 
and summarises similar marinas around 
Western Australia.  

Desktop review.  

Report completed in 2014 and finalised in July 
2016 following agency review prior to public 
release.  

No specific guidelines relevant. 

MR&A Ocean Reef Marina Coastal 
Processes Assessment (MR&A 
2016c) 

Modelling undertaken from Hillarys Boat 
Harbour in the south to Mindarie Marina in the 
north and inshore from the 50 m depth contour.  

Modelling report.   

Report completed in June 2015 and finalised in 
July 2016 following agency review prior to 
public release.    

The assessment included clearly presented information regarding the 
calibration and validation of the numerical models, assumptions and 
sources of uncertainty and their associated implications for predictions in 
line with Section 3.3.2 of EAG 7 Environmental Assessment Guideline for 
Marine Dredging Proposals (EPA 2011).   

MR&A Ocean Reef Marina – Coastal 
Hazards and Vulnerability 
(MR&A 2016a) 

Coastal vulnerability assessments undertaken 
in the area. 

Report completed April 2016. 

The assessment utilised the sea level change data outlined in Sea level 
change in Western Australia – Application to Coastal Planning (DoT 2010).   

The assessment was undertaken in line with State Planning Policy No. 2.6 
State Coastal Planning Policy (WAPC 2013).  

MR&A Ocean Reef Marina – Coastal 
Hazard and Risk Management 
Adaptation Plan (MR&A 2016b) 

Desktop Plan for the Development envelope. 

Report completed December 2015 and 
finalised in June 2016. 

The assessment of coastal erosion was undertaken in line with State 
Planning Policy No. 2.6 State Coastal Planning Policy (WAPC 2013).  

The assessment of coastal inundation was undertaken in line with State 
Planning Policy No. 2.6 State Coastal Planning Policy (WAPC 2013) and 
the Coastal Hazard Risk Management and Adaption Plan guidelines (WAPC 
2014).   
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Factor Consultant Survey/investigations name Study area, type and timing Study standard/guidance  

RPS APASA  Ocean Reef Marina Development 
– Phase 2: Water Quality 
Modelling (RPS APASA 2016) 

Study area is the Marmion Marine Park.  

Modelling report.  

Report completed in January 2016 and 
finalised in August 2016 following agency 
review prior to public release.  

The assessment included general predictions concluded from modelling and 
clearly presented information regarding the calibration and validation of the 
numerical models, assumptions and sources of uncertainty and their 
associated implications for predictions in line with Section 3.3 of EAG 7 
Environmental Assessment Guideline for Marine Dredging Proposals (EPA 
2011).   

The assessment compared the flushing modelling results with ANZECC & 
ARMCANZ (2000) guidelines for default trigger values for inshore marine 
waters in south-west Australia. 
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5. Existing environment 

As identified in Section 4, a number of studies (desktop and field) have been completed to identify the 

existing environmental values of the Development Envelope.  The study areas for the various factors may 

differ as the area relevant to the assessment of the potential impacts of the Proposal may differ. 

5.1 Physical environment 

5.1.1 Climate 

Ocean Reef experiences a Mediterranean climate characterised by mild, wet winters and warm to hot, dry 

summers.  The nearest Bureau of Meteorology (BoM) weather station to the Proposal is the Ocean Reef 

Weather Station (station number 009214) which only records the prevailing wind conditions.  The nearest 

BoM climatic station (temperature) to the Proposal is in Swanbourne (station number: 009215), 

approximately 23 km to the south.   

Average annual rainfall recorded (since 1985) at Swanbourne is 722 mm (BoM 2015).  Rainfall may occur 

at any time of year; however most occurs in winter in association with cold fronts from the south-west.  

Highest temperatures occur from December to March with average monthly maximums ranging from 

30.7°C in February to 18.4°C in July (BoM 2015).  Lowest temperatures occur from June to September 

with average monthly minimums ranging from 9.6°C in July to 18.7°C in February (BoM 2015).   

The monthly climate characteristics at Swanbourne are presented in Figure 5-1. 

5.1.2 Regional hydrogeology 

The proposed marina is located in an area consisting of recent eolian sand of the Quindalup Dune System 

(Safety Bay Sand) that overlies a setting of predominantly Tamala Limestone and sand of the Tamala 

Limestone.  The Tamala Limestone forms a superficial aquifer inland of the proposed marina.  Tamala 

Limestone is karstic in nature with high permeability and extends to approximately -35 m AHD 

uncomformably overlying the Osborne formation of the Pinjar Member of the Leederville Formations, both 

of Cretaceous age (Rockwater 2015).   

Groundwater is recharged by rainfall and flows westward with a watertable elevation decreasing from 

approximately 45 m AHD east of Lake Mariginiup (approximately 10 km east) to sea-level at the coast.   
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Figure 5-1:  Monthly climate statistics from the Swanbourne climatic station  

5.2 Marine environment 

5.2.1 Overview of coastal processes 

Wind 

At a regional level, the wind climate at the existing Ocean Reef Boat Harbour is dictated by annual 

movements of the anticyclonic belt (RPS APASA 2016).  At a local level, the area generally experiences a 

diurnal land/sea breeze cycle resulting in strong sea breezes during summer and weaker breezes 

throughout the remainder of the year.   

Conditions recorded at the Ocean Reef Weather Station have identified a strong seasonal nature of wind 

patterns since records began in 1996.  Summer conditions correspond to stronger more persistent winds 

from the south and south-west sectors with median strengths of 6.1 m/s (APASA 2011).  Winter and spring 

conditions are associated with periods of calm although there is a higher incidence of storms at this time of 

year.  The median wind speed for winter and spring is 4.7 m/s with winds generally from a north, west or 

easterly direction (APASA 2011).  Autumn is generally associated with east and south-easterly winds.   

Waves 

Waves are the main driver behind sediment transport and deposition along the coastline with the majority 

of sediment movement in the zone where waves break.  Changes to the wave climate affect shoreline 

development.  The Perth metropolitan region experiences waves associated with sea breeze, swell and 

storm events with the number and severity of these events varying from year to year, affecting behaviour 

on coastal areas (RPS APASA 2016).  Wave directions along the shoreline are: 

 from the south-west during sea breeze events 

 almost perpendicular to the shoreline during the swell events except for areas behind reefs where 

incident wave directions may not be exactly perpendicular to the shoreline 

 from the west-north-west during the storm and severe storm events. 
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Currents 

Offshore Ocean Reef currents are dominated by wind forces and the southerly flowing Leeuwin Current 

with tidal currents generally too weak to have much influence (RPS APASA 2016).   

Inshore, surrounding the existing Ocean Reef Boat Harbour, the current is driven by the direction and 

strength of winds.  This is especially prominent in summer with persistent southerly winds creating a 

sustained stress on the water surface creating a north flowing current.  This persistent wind stress also 

serves to lessen the influence of the Leeuwin Current and move it further offshore.  This allows the Capes 

Current, a wind driven northerly flowing counter current, to transport cooler waters north from Cape 

Naturaliste.  In the absence of the Capes Current, the typical current is of a southerly direction although 

this is again dependent on wind conditions.   

Current strengths in the vicinity of the proposed marina are generally in the order of 0.3 m/s but can 

exceed 0.5 m/s at times (APASA 2011). 

Water level variations 

An amphidromic point off the south-west coast of Western Australia results in a small tidal variation for the 

Perth metropolitan area.  Ocean Reef generally experiences diurnal tides with a typical range of 0.5 m 

although it does range from 0.1–0.9 m throughout the year (APASA 2011).   

The sea level around Perth is also influenced by the passage of pressure systems and their associated 

storm surges (typically between 0.3 and 0.9 m) and other factors such as coastally trapped waves (APASA 

2011).   

Marine fauna 

A total of 79 species were identified as having the potential to occur in the vicinity of the proposed marina 

(Oceanica 2015a).   

5.2.2 Marmion Marine Park 

The Development Envelope lies partly within the boundaries of the Marmion Marine Park.  With a total 

area of approximately 9500 ha, the Marmion Marine Park boundaries extend from the high water mark in 

the east, to approximately 5.5 km offshore in the west and from Burns Rocks in the north to Trigg Island in 

the south.   

The Marmion Marine Park contains habitats including intertidal reef platforms, coastal sandy beaches, a 

high limestone reef, a number of submerged reefs as well as Little Island.  These habitats include complex 

assemblages of sea floor communities such as seagrass meadows, algal limestone pavement 

communities and crevice animal associations.  Thus, the Park has long been recognised as having an 

outstanding conservation value.   

5.3 Social environment 

5.3.1 Socio-economic setting 

The Development Envelope is located within the suburb of Ocean Reef in the City of Joondalup, Western 

Australia.  A relatively recent coastal residential area, Ocean Reef has a population of approximately 8500 

people (CoJ 2016).  The City’s total population of approximately 164 942 is predicted to increase to 

180 812 by 2036 (CoJ 2016).  

The City of Joondalup is the regional centre of one of Australia’s fastest growing areas located in the north-

west metropolitan region of Perth.  It is a planned commercial and residential centre with its economy 

driven largely by the services and knowledge sectors.  With its focus on innovation and technology, strong 

employment and commercial investment, Joondalup is a growing centre for education and training, health 

care and retail. 
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The City’s resident population is dominated by people holding formal qualifications (Bachelor or higher 

degree, Advanced Diploma or Diploma or Vocational qualifications) and has approximately 94 000 of its 

residents employed.  There are approximately 13 000 local businesses providing over 53 000 local jobs 

with the retail industry being the largest employer. 

Identified as a Strategic Metropolitan Centre (Directions 2031 and Beyond, WAPC 2010 and the draft 

Perth and Peel @3.5million, WAPC 2015), the City’s 17 km coastline attracts an increasing number of 

people who wish to live, work and recreate in a quality coastal setting with facilities and attractions that 

provide pleasurable experiences and lifestyles. 

5.3.2 Land use 

Located to the west of Ocean Reef Road and north of Boat Harbour Quay, the current land uses within the 

Ocean Reef Marina Development site are associated with the existing Ocean Reef Boat Harbour 

infrastructure and include car and boat trailer parking, boat ramps, coastal recreation and amenities and 

club facilities.  Outside the clearly developed areas, the site largely consists of native vegetation within 

Bush Forever Site 325 and some informal walking and cycle tracks. 

The surrounding development (to the east of Ocean Reef Road) is predominantly of a residential nature 

providing a mix of single and double storey conventional dwellings.  In addition to residential development, 

the local area contains a range of existing recreation, commercial and community facilities. 

The existing Ocean Reef Boat Harbour is a well utilised access point for recreational activities within the 

Marmion Marine Park. 

5.3.3 Other tenure 

The terrestrial portion of the Ocean Reef Marina Development is located on land currently zoned Parks 

and Recreation (including Bush Forever), Waterways and Public purposes under the MRS.  An 

amendment to the MRS is currently being assessed by WAPC and DoP to ensure appropriate underlying 

MRS reserves and zones are provided in order to facilitate the Ocean Reef Marina Development.  These 

areas are shown in Figure 5-2. 

5.4 Heritage 

5.4.1 Indigenous heritage 

A recent investigation undertaken by Archaeological and Heritage Management Solutions (2015) did not 

identify any known Aboriginal sites or archaeological material that would meet section 5 of the Aboriginal 

Heritage Act 1972 (AH Act) significance thresholds.   

5.4.2 Non-indigenous heritage 

A search of the State Register of Heritage Places was conducted on 5 August 2015.  The State Register 

recognises the value and importance of heritage places to Western Australia and is managed by the 

Heritage Council.   

The search identified one item within the Development Envelope: 

 ‘Rock Inscription, Ocean Reef Beach’. 

This has been identified as the Vergulde Draeck Inscription (AHMS 2015) and is categorised as ‘RHP – 

Does not warrant assessment’ and does not have any current statutory heritage listings.   

 

  



Figure 5-2 Areas of other tenure proximate to the Ocean Reef Marina Development
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6. Marine environmental quality 

This factor primarily relates to the protection of water and sediment quality, which is fundamental to marine 

environmental health.   

6.1 Relevant environmental objectives, legislation, policies and guidelines 

The ESD outlines the work required for the environmental impact assessment of key environmental 

factors; Table 6-1 outlines the requirements for marine environmental quality and the relevant sections 

within the PER where the requirements are addressed.   

Table 6-1:  ESD requirements for marine environmental quality 

EPA 
objective 

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

Relevant 
aspects 

Dredging; construction and operation of coastal infrastructure including the 
breakwaters and marina waterbody. 

Relevant PER 
Section 

Potential 
impacts and 
risks 

The proposal may have the following effects: 

 removal of existing breakwaters and marine infrastructure may temporarily 
affect water quality due to increased turbidity and the release of any 
nutrients and contaminants in sediments 

6.5.2 

 dredging to allow for the construction and maintenance of the marina 
waterbody may temporarily affect water quality due to increased turbidity 
and the release of any nutrients and contaminants in dredged sediments 

6.5.2 

 seepage of return water from land reclamation areas may temporarily 
impact marine environmental quality due to increased turbidity and the 
release of any nutrients and contaminants in dredged sediments 

6.5.2 

 placement of limestone for the marina breakwaters and leaching of fines 
from the limestone may cause temporary turbidity during and after the 
limestone is placed 

6.5.2 

 surface and stormwater drainage into the marina waterbody may affect 
water and sediment quality 

6.5.3 

 outflow of marina water into adjacent marine waters may result in changes 
in turbidity, nutrient and/or contaminants which may adversely affect 
marine ecology and function, particularly within Marmion Marine Park 

6.5.3 

 increased boat numbers increasing the potential for pollution. 6.5.3 

Required work 1. Conduct monitoring as necessary to characterise the existing marine 
environmental quality (baseline water and sediment quality) in the area 
potentially affected by the proposal, with particular consideration to the 
environment of Marmion Marine Park.  The characterisation needs to 
capture spatial variability in sediment quality and spatial and seasonal 
variation in relevant water quality parameters as informed by an 
assessment of threats and pressures to marine environmental values, 
both ecological and social.  The characterisation is to inform dredge spoil 
management and the environmental quality monitoring and management 
plans required in 7a and 7b. 

6.2.1 

2. Provide an Environmental Quality Plan (EQP, i.e. a map) that spatially 
defines the Environmental Values (EVs, both ecological and social), 
Environmental Quality Objectives (EQOs) and Levels of Ecological 
Protection (LEPs) that currently apply to the area. The EQP should 
consider the Marine Parks and Reserves Authority’s 10 year audit of the 
implementation Marmion Marine Park Management Plan 2002–2012. 

6.2.4 

 

 

 

3. Characterise the hydrogeology of the groundwater system and the 
quality, quantity, and seasonal and spatial variability of the groundwater 
flows into the proposal and surrounding areas based on contemporary 
monitoring data from the catchment. 

6.2.3 
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EPA 
objective 

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

4. Identify elements of the proposal which may potentially affect marine 
environmental quality, including both direct and indirect impacts and for 
both construction and operation.  Detail is required for the proposed 
dredging and spoil placement methods and for the removal of existing 
marine infrastructure in the current boat harbour.  

2.10 
 6.3 

5. Develop an accurate and validated three dimensional model which 
considers circulation in the existing boat harbour and the surrounding 
hydrodynamics to understand dispersion, deposition and accumulation of 
sediments and contaminants from marine-based construction and 
maintenance activities and outflow from the marina waterbody. 
Hydrodynamic and particle transport modelling should take into account 
factors such as tides, meteorological and seasonal ocean conditions. It 
should also be linked to ecological modelling as necessary to predict the 
ecological responses where specific proposal elements may affect 
marine environmental quality (as identified in 4 above). 

6.2.5 

6. Predict the residual impacts from the proposal, both direct and indirect, 
after considering and detailing how the mitigation hierarchy – avoid, 
minimise, rectify and offset – has been applied.  Impact predictions are to 
include, but not be limited to:  

6.5 

a. The likely extent, severity and duration of direct and indirect marine-
based construction impacts on marine environmental quality and EVs.  
These impacts should be justified and defined spatially as an overlay 
on the existing EQP showing where the EVs (both ecological and 
social), EQOs and spatially defined LEPs will not be achieved during 
construction.   

6.5.2 

b. The likely extent, severity and duration of direct and indirect 
operational impacts.  These impacts should be justified and defined 
spatially as an overlay on the existing EQP showing where the EVs 
(both ecological and social), environmental quality objectives (EQOs) 
and spatially defined levels of ecological protection (LEPs) will not be 
achieved during the operational life of the project.  

6.5.3 

 

 

 

 

c. A new EQP should be proposed that takes into account unavoidable 
construction and operational impacts, including maintenance 
dredging, on marine environmental quality and spatially maps the 
EQOs/LEPs that will be achieved in the long term.  

6.5.1 

d. Impacts to biodiversity; abundance and biomass; water, sediment and 
biota quality, and ecosystem processes including nutrient cycling. An 
adequate understanding of the natural rates and types of ecological 
processes operating in the area must be demonstrated in order to 
evaluate the possible extent and severity of any changes to the types 
and/or rates of processes.   

6.2.5 
7.5.3 
8.5.5 

e. Details as to how the proposal will be managed to minimise impacts 
on the marine environmental quality of Marmion Marine Park. This 
should consider the values relevant to marine environmental quality 
identified in the Marine Parks and Reserves Authority’s 10 year audit 
of the implementation Marmion Marine Park Management Plan 2002-
2012. 

6.2.5 

f. Predictions for how any potential changes to groundwater and surface 
water inputs (in terms of quality and/or quantity) associated with the 
Ocean Reef Marina development may affect the flushing and 
environmental quality of the marina waterbody and Marmion Marine 
Park. This is to consider the effects of climate change and potential 
pollution sources within the Ocean Reef Marina development. 

Appendix 4 

g. Predictions of impacts to marine environmental quality for both 
construction and operation are to include best, most likely and worst 
case scenarios.  They are to also consider and assess the cumulative 
effects of the proposal in addition to the effects of adjacent approved 
activities, such as stormwater drains, treated wastewater outfalls and 
other marinas. 

6.5.4 
6.5.5 

 

7. Identify management and mitigation measures for the proposal to 
demonstrate that the EPA’s objectives for marine environmental quality 
can be met and to ensure residual impacts are not greater than predicted.   

 

6.2.6 
Appendix 3 
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EPA 
objective 

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

The PER is to include: 

a. A Marine Construction Monitoring and Management Plan (MCMMP) 
that includes the protocols and procedures for monitoring (e.g. 
turbidity, light attenuation coefficient, visual records etc.) and 
management (e.g. silt curtains, pre-washing of limestone rock for 
breakwater etc.) to ensure that the construction of the development 
achieves the proposed EQOs/LEPs defined in the new EQP required 
by 6c. The MCMMP is to include the protocols and procedures for 
removing/modifying the marine infrastructure in the current Ocean 
Reef Boat Harbour. 

b. A Marina Environmental Quality Management Plan (MEQMP) that 
includes monitoring and management to ensure that the operation of 
the proposal achieves the proposed EQOs/LEPs defined in the new 
EQP required by 6c.  The MEQMP should be based on the 
recommendations and approaches in Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality (ANZECC and 
ARMCANZ, 2000) and State Water Quality Management Strategy 
Report 6.  The MEQMP is to define the EVs to be protected, identify 
the environmental concerns or threats and establish the EQOs and 
LEPs to be achieved.    It is also to include and detail the 
management and mitigation measures to ensure that the EVs and 
EQOs are achieved.  This includes measures to address potential 
declines in ground and surface water quality and/or quantity, which 
may affect marine environmental quality and flushing of the marina 
waterbody and consequently marine environmental quality.  The 
measures proposed should aim to ensure that the marine 
environmental quality and associated values outside the marina and 
within Marmion Marine Park are maintained. 

8. Outline the proposed ongoing governance arrangements for the 
management of marine environmental quality, maintenance dredging and 
ongoing wrack management within the marina waterbody in accordance 
with the Western Australian Planning Commission’s Development Control 
Policy 1.8 Canal Estates and Artificial Waterways Developments. 

6.2.7 

Peer review Commission, in consultation with the OEPA, and include in the PER a peer 
review of the hydrodynamic and flushing studies and the predicted impacts to 
marine environmental quality (scopes 3, 5, 6a and 6b). 

Table 6-2 
Appendix 4 

Relevant 
policy 

ANZECC and ARMCANZ, 2000 Australian and 
New Zealand Guidelines for Fresh and Marine 
Water Quality, National Water Quality 
Management Strategy No. 4.  

The following policies have been considered in 
this PER: 

 the ANZECC and ARMCANZ (2000) guidelines 
have been used to assess the baseline water 
quality in the local area (Section 6.2.1). 

Australian Government, 2009 National 
Assessment Guidelines for Dredging. 

 the NAGD (Australian Government 2009a) 
have been used to determine the appropriate 
density of sediment survey sites within the area 
to be dredged (Section 6.2.1). 

Department of Conservation and Land 
Management, 1992  Marmion Marine Park 
Management Plan 1992-2002 National Parks 
and Nature Conservation Authority, Perth, 
Western Australia. 

 the environmental values identified in the 
Marmion Marine Park Management Plan 
(CALM & NPNCA 1992) were used to develop 
an appropriate EQMF (prepared in accordance 
with EAG 15) (Section 6.2.4). 

Environmental Assessment Guideline No. 7 
Marine Dredging Proposals.  

 consistent with EAG 7, the impact assessment 
identifies a Zone of Influence (ZoI), Zone of 
Moderate Impact (ZoMI) and Zone of High 
Impact (ZoHI) (Section 6.5). 

EPA Position Statement 2000 Perth's Coastal 
Waters: Environmental Values and Objectives.  

 Perth's Coastal Waters: Environmental Values 
and Objectives (EPA 2000), was used to 
identify the existing Level of Protection 
(Section 6.2.4). 

Government of WA, 2004 State Water Quality 
Management Strategy Document No.6.  

 

 State Water Quality Management Strategy 
Document No. 6 (GoWA 2004) outlines the 
application of EQMF, EQO and EQCs; updated 
subsequent to the release of EAG 15 
(Section 6.5.1). 
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EPA 
objective 

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

Marine Parks and Reserves Authority, 2012 10 
year audit of the implementation of the 
Marmion Marine Park Management Plan 1992-
2002. 

 the environmental values identified in the 10 
year audit of the Marmion Marine Park 
Management Plan (MPRA 2012a) were used to 
develop an appropriate EQMF (prepared in 
accordance with EAG 15) (Section 6.5.1). 

McAlpine, KW Wenziker, KJ Apte, SC and 
Masini, RJ 2005 Background quality for coastal 
marine waters of Perth, Western Australia, 
Department of Environment, Perth, Western 
Australia. 

 the water quality identified in Background 
quality for coastal marine waters of Perth, 
Western Australia (McAlpine et al. 2005) was 
used to compare the water quality in the local 
area (Section 6.2.1). 

Western Australian Planning Commission, 
2012 Development Control Policy 1.8 Canal 
Estates and Artificial Waterways 
Developments. 

 Development Control Policy 1.8 (WAPC 2012a) 
was used in the development of appropriate 
wrack management procedures (Section 6.2.7). 

6.2 Required work 

The City has used the results from the surveys outlined in Table 6-2 to support the assessment of potential 

impacts of the Proposal on marine environmental quality.   The reports are presented in Appendix 4.    

Table 6-2:  Marine environmental quality studies completed for the Proposal 

Investigation  Scope Peer review 

Ocean Reef Baseline 
Water and Sediment 
Quality Desktop 
Study  

(Oceanica 2014) 

Reports the results of a desktop study conducted on relevant 
water and sediment quality data for the Ocean Reef region in 
the Marmion Marine Park and existing Ocean Reef Boat 
Harbour.   

Not required. 

Ocean Reef Marina 
Baseline Water 
Quality Results 

(Oceanica 2016a) 

Reports the results of the baseline water quality surveys 
completed in the area potentially affected by the Proposal in 
the Marmion Marine Park.   

Not required. 

Ocean Reef Marina 
Proposed 
Development – 2015 
Sediment Survey 

(Oceanica 2016b) 

Reports the results of the sediment survey completed at 11 
sites within in the Proposal footprint to: 

 assess the material to determine whether sediment is of 
acceptable quality for dredging 

 characterise the material to determine whether it is 
appropriate for onshore disposal 

 characterise the baseline sediment quality within the 
marina development footprint.  

Not required. 

Technical Note: 
Ocean Reef Marina 
Development PER: 
EQMF, EQC, EQP 
and Marine EIA 
advice 

(Oceanica 2016c) 

Describes the Marine Environmental Quality Plan (EQP) and 
overarching marine Environmental Quality Management 
Framework (EQMF) as relevant to: 

 defining terminology, issues and parameters for EIA 

 a gap analysis of modelled/predicted environmental 
impacts 

 setting the framework for environmental monitoring and 
management plans (EMMPs)  

 alignment with the ecological and social values specified 
by the Marmion Marine Park Management Plan (CALM & 
NPNCA1992) and with reference to recommendations of 
the MPRA’s ten-year audit report.  

Not required. 
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Investigation  Scope Peer review 

Ocean Reef Marina – 
Marine Modelling 
Study 

(RPS APASA 2016) 

Reports the results of the hydrodynamic modelling, including: 

 natural flushing rates within the proposed marina 

 potential for changes to current circulation  

 fates of sediment plumes generated during construction  

 potential for sustained algal growth within the proposed 
marina (due to the combination of its natural flushing time 
combined with nutrient loading from groundwater 
discharge) 

 potential effect of climate change scenarios. 

Dr Doug Treloar, Senior 
Principal Coastal Engineering, 
Cardno.   

The peer review involved an 
assessment of the report 
against the ESD requirements 
(refer to Table 6-1). 

The peer review is provided 

Appendix 4. 

City of Joondalup 
Ocean Reef Marina 
Concept 7.2 Water 
Quality Investigations 

(MR&A 2011) 

Investigation of the flushing rate of the proposed single 
entrance marina configuration in early design phase.   

Dr Doug Treloar, Senior 
Principal Coastal Engineering, 
Cardno.   

The peer review involved an 
assessment of the report 
against the ESD requirements 
(refer to Table 6-1). 

The peer review is provided in 

Appendix 4. 

Ocean Reef Marina: 
Groundwater 
Modelling to Assess 
Nutrient Loads in 
Groundwater 
Discharging to the 
Ocean and Marina 

(Rockwater 2015) 

Provides calculated seasonal values of groundwater flows 
and nutrient loads using the groundwater monitoring data.  
The report provides a review of the implication of climate 
change on groundwater flows and nutrient loads. 

Dr Doug Treloar, Senior 
Principal Coastal Engineering, 
Cardno.   

The peer review involved an 
assessment of the report 
against the ESD requirements 
(refer to Table 6-1). 

The peer review is provided in 

Appendix 4. 

6.2.1 Baseline water quality 

Regional water quality 

Water quality within the Marmion Marine Park is influenced by a number of natural and anthropogenic 

(human) factors.  Natural influences are complex and variable (both seasonally and between years) and 

include currents, temperature, wave action, groundwater inputs and biological processes.  Anthropogenic 

influences also have the potential to exacerbate or diminish natural influences, such as increasing nutrient 

loads in groundwater discharges to the ocean which adds a further degree of complexity to the system.   

Detailed water quality monitoring within the Marmion Marine Park has been ongoing for nearly two 

decades following operation of the Water Corporation Ocean Reef ocean outfall, located approximately 

1.6 km offshore of the existing Ocean Reef Boat Harbour.  Monitoring for the Water Corporation under the 

Perth Long-term Ocean Outlet Monitoring (PLOOM) Programme included (shown in Figure 6-1): 

 seasonal sampling from 1996–2009 at three sites (N1 approximately 4 km south of the outfall, N2 

at the outfall and N3 approximately 4 km northwest of the outfall) (Table 6-3) 

 ’summer only’ water quality data from 2002–2013 from 35 offshore sample sites (twenty of the 

offshore sites were within ~1 km of the ocean outlet diffuser, and the remaining 15 offshore sites 

were greater than ~1 km from the ocean outlet diffuser) and nine shoreline sites (Table 6-4). 

The results of the PLOOM Program (summarised in Oceanica 2014) conclude that, over the period of 1996 

– 2009 there was no clear seasonal water quality trend for chlorophyll-a, ortho-phosphate, ammonia and 

NOx.  As expected, the monitoring site at the outfall, N2, recorded higher concentrations of chlorophyll-a, 

ortho-phosphate, ammonia, and NOx than sites N1 and N3, and also had greater fluctuation in the 

concentrations of these parameters.   

The more intensive ‘summer only’ monitoring from 2002 – 2013 focused on the potential for algal blooms 

and identified that reduced water quality (i.e. higher concentrations of ortho-phosphate, NOx, and total 

nitrogen (TN) at the offshore sites) was generally restricted to within ~1 km of the ocean outlet diffuser.   
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The monitoring also identified that the shoreline sites generally had the highest concentrations of 

chlorophyll-a, ammonia, NOx, and TN.  The water quality at the shoreline sites represents the influence of 

groundwater discharge, surface run-off, nutrient recycling from beach-cast wrack, and/or high benthic 

productivity in the shallower waters (Oceanica 2014). 

Table 6-3:  Water Corporation seasonal baseline water quality data 1996-2009  

 

 

# of 
samples 

Mean 
Std 
Dev 

Min  Max 
Median 
(50th%ile) 

80
th
%ile 90

th
%ile 95

th
%ile 

Site N1 13 years of ~2 sampling occasions each year 

Ammonia  
(µg/L) 

Spring 22 7.4 8.2 1.5 34 5 9.8 12.8 25.4 

Summer 28 2.8 1.7 1.5 7 2.5 4 4.6 6.7 

Autumn 26 3.1 2.1 1.5 8 2.5 4 6.5 7.8 

Winter 15 4 2.8 1.5 10 2.5 7 7.6 8.6 

Chloro-
phyll-a  
(µg/L) 

Spring 24 1.2 0.9 0.1 4.1 0.8 1.6 2.4 2.8 

Summer 30 0.7 0.4 0.1 1.7 0.6 1 1.3 1.6 

Autumn 28 0.7 0.6 0.1 2.7 0.5 1.1 1.3 1.6 

Winter 15 0.5 0.3 0.1 1.3 0.3 0.7 0.7 0.9 

NOx   
(µg/L) 

Spring 22 84.2 70.1 6 242 59.5 144.8 189 194.8 

Summer 28 26.1 24.8 3 98 17.5 33 60.2 81.7 

Autumn 26 17 16.3 3 73 14 20 34.5 49.5 

Winter 15 11.4 7.3 3 29 9 16.2 19.4 23.4 

Ortho-
phos-
phate  
(µg/L) 

Spring 22 32.9 19.8 7 77 30 50.2 60.9 63.9 

Summer 28 17.3 23.3 6 100 9.5 15.6 24.3 74.1 

Autumn 26 10.1 4 5 20 9 14 15 16.5 

Winter 15 7.9 4.1 3 17 7 9.2 13.6 16.3 

Site N3 13 years of ~2 sampling occasions each year 

Ammonia 
(µg/L)  

Spring 24 3.9 3.2 1.5 14 2.5 6 6.7 9.5 

Summer 30 2.7 1.5 1.5 8 2.5 4 4 4.6 

Autumn 26 2.4 1.2 1.5 6 1.5 3 4 4 

Winter 16 3.7 2.9 1.5 13 2.5 4 6 8.5 

Chloro-
phyll-a  
(µg/L)  

Spring 24 0.8 0.9 0.2 4.1 0.5 0.8 1.9 2.3 

Summer 30 0.7 0.6 0.1 2.5 0.5 1 1.5 1.7 

Autumn 28 0.7 0.4 0.1 1.7 0.6 0.9 1.4 1.6 

Winter 16 0.6 0.5 0.1 2.2 0.5 0.8 0.9 1.2 

NOx   
(µg/L)  

Spring 24 14.2 10.7 1 47 12 20 26.3 30.7 

Summer 30 10.3 10.1 2 41 7.5 12.2 21.4 35.7 

Autumn 26 19.4 15.1 3 70 16 28 32.5 48.5 

Winter 16 33.1 19.3 10 68 23.5 57 62.5 66.5 

Ortho-
phos-
phate  
(µg/L) 

Spring 24 10.4 4.4 4 23 10 12.4 14.7 19.3 

Summer 30 11.6 5.9 5 27 9 17 20.3 24.1 

Autumn 26 10.1 3.5 6 18 9 13 15.5 16 

Winter 16 12.5 6.3 6 28 10.5 16 21 22.8 
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Table 6-4:  Water Corporation baseline water quality data: 2002-2013 Summer period – January and 

February 

 

# of 
samples 

Mean 
Std 
Dev 

Min  Max 
Median 
(50th%ile) 

80
th
%ile 90

th
%ile 95

th
%ile 

Ammonia (µg/L) 992 4.3 9.1 1.5 200 1.5 5 8 12 

Chlorophyll-a  
(µg/L) 198 0.6 0.5 0.1 3.3 0.5 0.9 1.1 1.3 

NOx  (µg/L) 992 16.1 22.7 1 200 7 24 43.9 65.4 

Ortho-phosphate  
(µg/L) 992 13.3 13.7 3 120 9 17 27 37 

Total nitrogen  
(µg/L) 993 144.4 54.5 70 720 130 176 208 240 

Total phosphorus  
(µg/L) 993 29.5 19.3 7 180 24 41 48 59 

10 Monitoring Sites: 36, 48, 57, 61, 64, D, E, F, G, H.  

~12 years of ~2-3 surface and bottom water sampling occasions at each site. 

Future changes to the ocean outfall 

The EPA released its report and recommendations regarding the Beenyup Wastewater Ocean Outlet 

Duplication into Marmion Marine Park in January 1990 (EPA Report No. 393). This proposal has been 

implemented under Ministerial Statements (MS) 382 and 569. 

In August 2016, the Water Corporation requested a change to Ministerial conditions for MS 382 and 569 

under Section 46 of the EP Act to address future changes to the Beenyup Wastewater Ocean Outfall 

discharge following the proposed expansion of the Perth GWRS.  A key environmental aspect associated 

with the Section 46 change to the conditions is the increased concentration of discharge from the ocean 

outfall.  

The EPA is currently inquiring into the requested change to conditions including the potential impacts to 

marine environmental quality and the established environmental quality management framework for the 

Ocean Reef Ocean Outlets. The nearest of these outlets is located 1.6 km offshore of the existing Ocean 

Reef Boat Harbour.   

The potential interaction of the Water Corporation Proposal with the Ocean Reef Marina will be considered 

in the assessment. 

Health monitoring 

In addition to regional environmental water quality monitoring, the Department of Health (DoH), in 

partnership with local government authorities and other stakeholders, currently undertake a regional water 

quality monitoring program that focuses on human health.  Water samples are collected to test for bacteria 

and assess the health of a number of popular waterways used for swimming, diving, surfing and water 

skiing in Western Australia.  The testing allows grading of 43 swimming beaches along the metropolitan 

coastline (DoH 2016).   

The health-based assessment includes two parameters: 

1. Microbial Assessment Category (MAC): Assessment of long-term bacterial water quality monitoring 

results. 

2. Sanitary Inspection Category (SIC): Sanitary inspection and risk assessment of potential faecal 

contaminants. 

The program includes 15 sites within the Marmion Marine Park including three within the existing Ocean 

Reef Boat Harbour and three within Hillarys Boat Harbour (Table 6-5 and Figure 6-2).  All sites within the 

Marmion Marine Park were classified as ‘good’ for MAC with the exception of one site within the existing 

Ocean Reef Boat Harbour.  Groundwater monitoring did not identify any sources of groundwater 

contamination that could contribute to this contamination.  Although the source of this contamination has 

not been confirmed, a boat within the boat harbour at the time of the sample is likely to be the source. 
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The majority (12 of 15) of sites within the Marmion Marine Park recorded a ‘fair’ classification for SIC.  This 

result indicates that bacterial water quality results to date are ‘good’; however, animal pollutant sources 

(e.g. bird faeces) may elevate bacterial levels following rainfall.  The other three sites were all classified as 

good for SIC, two of which were recorded in the existing Ocean Reef Boat Harbour.  This can be attributed 

to the absence of stormwater drains in the vicinity of the harbour.   

The three sites within Hillarys Boat Harbour were all classified as ‘good’ for MAC and fair for SIC.  This is 

consistent with the sites to the north and south.  Water quality for swimming at the three sampling points 

within the Hillarys Boat Harbour is equivalent to Scarborough, Sorrento, Trigg and Watermans beach. 

 

  



Figure 6-1:   Location of PLOOM water quality sites
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Table 6-5:  Beach grade classifications within the Marmion Marine Park (Source:  DoH 2016) 

Location MAC SIC Summary 

Burns Beach Good Fair Based upon incomplete information available to date, bacterial water quality appears to be safe for swimming most of the time. 

Ocean Reef Boat Harbour 
Entrance (Beach) 

Good  Good  Bacterial water quality appears to be safe for swimming most of the time. 

Ocean Reef Boat Harbour 
(Beach) 

Fair  Fair  Bacterial water quality appears to be variable at this location. Water quality results at times appear to be safe for swimming; however, elevated 
bacterial levels can also make this site unsuitable for swimming. 

Ocean Reef Boat Harbour 
(1st platform near toilets) 

Good  Good  Bacterial water quality appears to be safe for swimming most of the time. 

Key West Good  Good  Based upon incomplete information available to date, bacterial water quality appears to be safe for swimming most of the time. 

Mullaloo Beach Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Pinnaroo Point Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Hillarys Marina (North) Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Hillarys Marina (Middle) Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Hillarys Marina (South) Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Hillarys (South Break) Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Sorrento Beach (Surf Club) Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Watermans Beach Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Hamersley Pool Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 

Mettams Pool Good Fair Bacterial water quality appears to be safe for swimming most of the time. 

Elevated bacterial levels are likely to be due to animal pollutant sources e.g. bird faeces, and from contaminants flushing into the water following 
rainfall.  Standard warnings apply: avoid swimming after heavy rainfall (>10mm): for 1 day in ocean/marine waters. 



Figure 6-2:   Location of DoH water quality monitoring sites
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Local water quality 

Consistent with the requirements of the ESD (required work item 1 for marine environmental quality), 

monitoring was undertaken by Oceanica (2016a) to build on the existing baseline data and further 

characterise water quality in the vicinity of the Ocean Reef Marina Development.  The monitoring 

investigated spatial and seasonal trends in the local area between October 2014 and August 2015, 

covering all seasons.  The monitoring included nine sites within, or in close proximity to, the Development 

Envelope (Development sites) and an additional seven sites along Burns Beach Reef north of the 

proposed marina that align with abalone habitat survey sites (Burns Beach sites) (Figure 6-3).  The 

monitoring included nutrients, biological productivity indicators (e.g. chlorophyll-a) and physical parameters 

(i.e. Total Suspended Solids [TSS] and Dissolved Oxygen [DO]).  

No clear spatial trends for nutrient concentrations were observed at the Development sites throughout the 

year of the 2015 sampling event.  Concentrations of NOx were higher at near-shore sites compared to sites 

located further offshore, (with the exception of site WQ3, which is affected by the Ocean Reef ocean 

outfall)  indicating a spatial trend of elevated nutrients near-shore which is consistent with the regional 

water quality monitoring.  Water clarity was typically lower inshore in proximity to the Development 

Envelope compared to sites further offshore and northward along the coast.  Sharp thermoclines (rapid 

gradients of decreasing temperature) were also observed at mid-water depths around the proposed 

marina.   

Seasonally, nutrient concentrations (and corresponding chlorophyll-a concentrations) were higher in 

winter/autumn than in summer/spring at all locations (Table 6-6).  Wrack breakdown and an increase in 

groundwater discharge from winter storms may be responsible for this trend (Oceanica 2016a).   

Table 6-6 compares water quality for the Development sites and the Burns Beach sites against ANZECC 

and ARMCANZ (2000) default trigger values for inshore marine waters in south-west Western Australia.  

Water quality at both locations is broadly similar to the default trigger values, with the exception of NOx and 

chlorophyll-a.  Given site-specific characteristics vary significantly, exceedances of the default criteria do 

not indicate a non-compliance but rather, identify the need to create site-specific criteria.   

The results of the 2014-2015 baseline study (Table 6-6) are consistent with the value of the long-term 

PLOOM study (shown in Table 6-3 and Table 6-4) which has been ongoing since 1996. 

 

 



Figure 6-3 Baseline water sampling sites
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Table 6-6:  Baseline water quality results in vicinity of the Development Envelope 

Analyte Units 
Default 
trigger

1
 

Development sites Burns Beach sites 

Summer/spring 
(median)* 

Winter/autumn 
(median)* 

Range ** 
Summer/spring 

(median)* 
Winter/autumn 

(median)* 
Range ** 

Total nitrogen μg/L 230 112 117 80–160 133 133 100–160 

Total phosphorus μg/L 20 18 20 14–44 19.4 23.9 16–37 

Ammonia μg/L 5 <3 <3 <3–3.0 <3 <3 <3–4.0 

Ortho-phosphate μg/L 5 6 6 4–27 6 7.9 3–24 

Nitrate+nitrite μg/L 5 <2–2.3 8 <2–41 4.3 10.4 <2–41 

Chlorophyll-a μg/L 0.7 0.5 1.7 0.2–3.4 0.54 1.13 0.3–3.3 

Phaeophytin-a μg/L n.d. 0.25 0.8 <2–1.8 0.79 0.84 0.2–2.7 

Total suspended solids μg/L n.d. 5.6 2.9 1–9 5.3 2.9 1–9 

Light attenuation 
coefficient 

Log10 m-1 
n.d. 

0.102 0.168 0.064–0.230 0.153 0.179 0.103–0.253 

Secchi disk depth M 1.6 5.3 4.9 2.5–8.3 4.1 4.8 2.1–6.7 

Salinity PSU n.d. 35–36.4 35-36.4 35–36.4 35-1–36.4 35–1-36.4 35.1–36.4 

Temperature °C n.d. 20–25 16–22 16–25 21–25 16–22 16–25 

Dissolved Oxygen 
% 

saturation 
n.d. 

81.3–115.2 93.5–109 81.3–115.2 86.7–106 93–104.2 86.7–106 

pH  n.d. 8.0–8.4 8.0–8.4 8.0–8.4 8.0–8.3 8.0–8.3 8.0–8.3 

Turbidity NTU 1–2 0.1–6.2 0.1–8.4 0.1–8.4 0.3–4.7 0.2–5.8 0.2–5.8 

Adapted from Oceanica (2016a) 

*  Median is the average of median values from each sampling site. 

** Range is the lowest value to the highest value from all sampling sites. 
1
  Default trigger values for slightly disturbed inshore marine waters in south west Western Australia and the default trigger value for protecting the visual clarity of water used for swimming (ANZECC & 

ARMCANZ 2000).  Red text indicates an exceedance of the default trigger values. 

n.d. = no data. 

NA = not applicable. 
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Baseline water quality for algae 

Chlorophyll-a is used as an indicator of algal concentrations.  The results of the PLOOM study and the 

2014-2015 baseline water quality study have been used to determine an overall chlorophyll-a baseline.  

The results of the PLOOM 1996-2009 seasonal study, PLOOM 2002-2013 summer only study and 2014-

2015 baseline study showed consistent results and trends outside of the area of influence of Ocean Reef 

ocean outfall.  The summer median (50
th
 percentile) for the chlorophyll-a is 0.5 μg/L for all seasons and 

surveys with a range of up to 4.1 μg/L (Table 6-7). 

Table 6-7:  Comparison of recorded chlorophyll-a levels (μg/L) 

Survey Season 
# of 
samples 

Mean 
Std 
Dev 

Min  Max 
Median 
(50

th
%ile) 

80
th
%ile 90

th
%ile 95

th
%ile 

N1  
1996- 
2009 

Spring 24 1.2 0.9 0.1 4.1 0.8 1.6 2.4 2.8 

Summer 30 0.7 0.4 0.1 1.7 0.6 1 1.3 1.6 

Autumn 28 0.7 0.6 0.1 2.7 0.5 1.1 1.3 1.6 

Winter 15 0.5 0.3 0.1 1.3 0.3 0.7 0.7 0.9 

N3  
1996- 
2009 

Spring 24 0.8 0.9 0.2 4.1 0.5 0.8 1.9 2.3 

Summer 30 0.7 0.6 0.1 2.5 0.5 1 1.5 1.7 

Autumn 28 0.7 0.4 0.1 1.7 0.6 0.9 1.4 1.6 

Winter 16 0.6 0.5 0.1 2.2 0.5 0.8 0.9 1.2 

PLOOM 
2002-
2013 Summer 198 0.6 0.5 0.1 3.3 0.5 0.9 1.1 1.3 

Baseline 
2014-
2015 

Spring 9 0.4 0.2 0.2 0.7 0.4 0.6 0.6 0.7 

Summer 48 0.5 0.2 0.3 1.7 0.5 0.6 0.6 0.7 

Autumn 16 0.5 0.1 0.3 0.8 0.5 0.7 0.7 0.7 

Winter 32 1.9 0.7 0.9 3.4 1.8 2.6 3 3.1 

6.2.2 Sediment quality 

Consistent with the requirements of the ESD (required work item 1 for marine environmental quality), 

sediment sampling was conducted which included analysis of existing baseline data and a targeted 

monitoring program.   

Sediment monitoring had previously been conducted within the existing Ocean Reef Boat Harbour to 

support maintenance dredging.  Sampling was undertaken at four sites in 2009 and nine sites in 2013 

(Oceanica 2014).  The samples were analysed for particle size, organic carbon, nutrients, metals, 

organotins and hydrocarbons.  The sites comprised predominantly medium to coarse sands with low Total 

Organic Carbon (TOC) content.  Sites inside the harbour had higher total nutrient concentrations than 

those in the harbour entrance.  Sediment concentrations were below guideline values for metals, 

organotins and hydrocarbons for both sampling events.   
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In accordance with the ESD, a detailed targeted sediment investigation was conducted to further 

characterise the area that will be dredged which will in turn inform dredge spoil management.  The ESD 

identifies that the National Assessment Guidelines for Dredging (NAGD) (Australian Government 2009a) 

as a relevant policy.  The NAGD identifies that sampling intensity is dependent on the volume of sediment 

to be dredged and that sampling intensity should be documented in a Sampling Analysis Plan (SAP).  

Although the NAGD specify that a SAP is only required where the dredge material is to be dumped at sea 

(i.e. it is not applicable where the material is to be used in land reclamation), the sampling intensity 

guidelines were still adhered to.   

Based on geotechnical investigations the total sediment (i.e. sand) content to be dredged is estimated to 

be approximately 20 500 m
3
 (Table 6-8).  Outside the harbour, sediment is limited to 0.5 m overlaying a 

limestone reef, whereas within the harbour sediment tends to accumulate to a depth of up to 1.0 m.  A total 

of 11 sediment sites were sampled to meet requirements of NAGD (Oceanica 2016b).   

Table 6-8:  Volumes of sand and rock to be dredged as part of the Proposal 

Substrate 

 

Outside existing 
harbour 

Inside existing 
harbour 

Total 

Rock (m
3
) 75 300 4000 79 300 

Sand (m
3
) 10 500 10 000 20 500 

Total (m
3
) 85 800 14 000 99 800 

Sediment sampling was undertaken in October 2015 by Oceanica (2016b), and comprised six samples 

outside the Ocean Reef Boat Harbour as well as five inside the harbour (Figure 6-4). 

All samples were analysed for metals (aluminium, antimony, arsenic, cadmium, chromium, copper, lead, 

mercury, nickel, silver and zinc), particle size and TOC.  A risk assessment based on past usage identified 

the potential for contamination from organotins (i.e. tributyl tin or TBT) within the existing harbour and as 

such, the sites within the existing harbour were also sampled for organotins.  

All sediments inside and outside the existing harbour had total metal concentrations below NAGD 

screening levels.  Samples outside the existing harbour were generally dominated by medium to coarse 

grained sands with very small amounts of silts, while sites within the harbour were generally dominated by 

very fine to medium grained sands with a higher proportion of silts.  The TOC content was low at all 

sample sites with levels generally at or below the level of reporting outside the harbour and up to 4.9% 

inside the harbour. 

After normalisation of the TBT concentrations (to 1% TOC), the samples within the harbour were below 

NAGD screening levels, with the exception of one sample (EH3-S) located adjacent to the current boat 

ramps.  The normalised TBT concentration at EH3-S (9.33 μg Sn kg
-1

) slightly exceeds the screening level 

(9.00 μg Sn kg
-1

).  When converted to Elutriate TBT, the EH3-S sample (0.02 μg Sn L
-1

) exceeded the 

ANZECC & ARMCANZ (2000) 95% Species Protection Trigger Value (applicable to harbours) (0.006 μg 

Sn L
-1

) but met the 90% Species Protection Trigger Value (0.02 μg Sn L
-1

).   

Based on the concentrations of TBT in the sediment Oceanica (2016b) concluded that it is unlikely that 

harmful concentrations of TBT would be released from sediments during dredging.  The onshore disposal 

of this material is considered an effective management action and an overall benefit to the marine 

environment.   

 

  



 

Figure 6-4:  Sediment sampling locations 
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Source: Oceanica 2016a 
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6.2.3 Hydrogeology of groundwater system 

Groundwater discharge into the proposed marina will affect nutrient inputs and also affects flushing in the 

marina waterbody through the physical discharge of groundwater.  Therefore, groundwater monitoring 

results and predicted groundwater flows from a groundwater model (Rockwater 2015) were inputs into the 

hydrodynamic model.  Surface water inputs to the proposed marina are expected to be small and not 

change significantly as a result of the Proposal.   

Consistent with the requirements of the ESD (required work item 3 for marine environmental quality), 

groundwater monitoring was undertaken to identify the quality, quantity and seasonal and spatial variability 

of groundwater flows into the proposed marina.  To supplement existing bores additional groundwater 

bores were installed to measure groundwater levels and groundwater quality (Figure 6-6).  As this work 

was also required as part of the District Water Management Strategy process, the groundwater monitoring 

program for the Proposal area was developed and agreed with DoW.   

Groundwater levels and flows 

The Project is located on the western side of the Gnangara Mound (South), with groundwater flow in a 

westerly direction towards the coast (Figure 6-6).  The water levels obtained through the groundwater 

monitoring program were compared to the historic water levels at the DoW Bore 4931 located to the south 

of the Development Envelope.  Groundwater levels had been recorded in the DoW bore from 1982 to 2011 

(Figure 6-5).   

Figure 6-5:  Historical water levels at DoW Bore 4931, 1982-2011 

 

Historical water levels (over thirty years) at DoW Bore 4931 show that while groundwater levels have a 

strong seasonal variability (ranging from approximately 0.5 mAHD in summer to 0.9 mAHD in winter), there 

is only limited variation between years despite highly variable rainfall.    
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Based on the results of groundwater monitoring, a numerical model was used to predict groundwater flows 

and nutrient loads that will discharge into the Development Envelope.  The groundwater model was based 

on a portion of the Perth Regional Aquifer Modelling System (PRAMS) groundwater model that has been 

developed by the Water Corporation and the DoW.  The groundwater model predicted a discharge of 

groundwater into the Development Envelope at a rate of 5022 kL/d at the end of summer to 8396 kL/d at 

the end of winter (Table 6-9).  The discharge rates that were used in the model (i.e. a summer and winter 

values) are consistent with the long-term variation shown in the groundwater levels in DoW Bore 4931 

(Figure 6-6) (i.e. showing a strong season variability but not a strong annual variability). 

Discharge through the seabed occurs within 20–30 m of the shoreline.   

Table 6-9:  Calculated groundwater flows 

Case modelled 
Groundwater Flow (kL/d)  

End of summer End of winter 

To existing harbour 2149 3346 

Existing coast within Development 
Envelope 

4851 7989 

To Development Envelope 5022 8396 

Source: Rockwater (2015) 

Groundwater quality 

The results of the recent analyses indicate that TN concentrations in the area generally range from 2–

3 mg/L.  This is higher than the 1971–1992 values measured in other bores and can be attributed to 

fertiliser use and urbanisation of the catchment.  Bores CB03 and CB07 are close to septic tanks and 

leach drains at the Ocean Reef Sports Club and the public toilets.  The high concentration at CB07 reflects 

its location and probable point-source contamination.  Total Phosphorous (TP) concentrations measured in 

2014 ranged from <0.05 to 0.29 mg/L; a similar to slightly higher range than for the old values in the 

Department of Water (DoW) database.  Strong adsorption by the Tamala Limestone will have kept 

concentrations low, counteracting the effects of urbanisation. 

Table 6-10:  Average Nitrogen and Phosphorus concentrations measured in 2014 

Bore No. of Analyses (2014) 
TN TP 

Average mg/L 

MB01 3 12.7 <0.05 

MB 02 3 8.9 0.10 

MB03 3 3.0 0.05 

GE5 (DoW 4931) 3 4.8 0.29 

CB01 1 10.0 0.09 

CB02 1 9.0 0.06 

CB03 1 9.8 0.14 

CB05 1 7.1 0.12 

CB06 1 1.8 <0.05 

CB07 1 24.0 0.17 

Source: Rockwater (2015) 

  



Figure 6-6:  Location of groundwater bores
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Groundwater discharge to marina 

Nutrient loads in groundwater discharged into the Development Envelope are expected to be 64.5–

107.9 kg/d for TN and 0.4–0.7 kg/d for TP, with the smaller loads occurring in summer (Table 6-11).  

However, a point source contamination in one bore has likely resulted in predicted nitrogen being higher 

than actually expected.  The predicted nutrient loads indicate that the discharge of nutrients into the 

Development Envelope will be largely unchanged from the existing situation.  

The hydrodynamic model (RPS APASA 2016) incorporates the seasonal groundwater inputs into the water 

quality predictions. 

Table 6-11:  Calculated nutrient loads 

Case Modelled 
TN Loads (kg/d) TP Loads (kg/d) 

End of summer End of winter End of summer End of winter 

To existing harbour 26.5 41.2 0.2 0.3 

Existing coast within 
Development Envelope 

61.0 102.2 0.4 0.7 

To Development Envelope 64.5 107.9 0.4 0.7 

Source: Rockwater (2015) 

Predictions by Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia’s 

national science agency, are of reduced rainfall resulting in a drier climate and a corresponding decrease 

in groundwater through-flow and therefore discharge to the ocean.  While increased runoff from 

urbanisation may offset this to some extent, modelling by Rockwater (2011) indicates groundwater levels 

may decrease by 3 m inland while remaining close to current levels along the coast (due to the relatively 

constant influence of sea level).  Consequently, groundwater flow to the Development Envelope may 

decrease by up to 8% over the coming decade and may decrease further in subsequent decades.   

In addition, climate change may result in a sea level rise of up to 0.9 m by the end of 2110.  The 

combination of a higher sea level and reduced groundwater discharge may cause the coastal saltwater 

wedge to move further inland.  Lower inland groundwater levels from reduced rainfall and higher 

groundwater levels at the coast to match sea level rise would reduce hydraulic gradients and has the 

potential to decrease groundwater discharge.   

6.2.4 Environmental Quality Plan  

Consistent with the requirements of the ESD (required work item 2 for marine environmental quality) an 

Environmental Quality Plan (EQP) has been prepared that spatially represents the Environmental Values 

(EVs), Environmental Quality Objectives (EQOs) and Levels of Ecological Protection.  The EQP is part of 

an overarching marine Environmental Quality Management Framework (EQMF) which is used to define 

the values, objectives and quality criteria for monitoring.   

The ESD identifies that Perth's Coastal Waters: Environmental Values and Objectives (EPA 2000) and 10-

year audit of the implementation of the Marmion Marine Park Management Plan 1992–2002 (MPRA 

2012a) are relevant to the preparation of the EQP.  Figure 2 of the Perth Coastal Values study identifies a 

Moderate Level of Ecological Protection (LEP) within the existing Ocean Reef Boat Harbour, Hillarys 

Marina and Mindarie Marina and a High LEP for the surrounding area (Figure 6-7).  In addition to these 

documents the EPA (2015c) published EAG 15 after the release of the ESD. 

LEPs are intended to represent long-term objectives for environmental quality (EPA 2015c).  The objective 

for a High LEP is to allow for small measurable changes in the quality of water, sediment and biota but not 

to a level that changes ecosystem processes, biodiversity or abundance and biomass of marine life 

beyond the limits of natural variation.  A Moderate LEP may be applied to relatively small areas within 

inner ports and adjacent to heavy industrial premises where pollution from current and/or historical 

activities may have compromised a high level of ecological protection.  This level of ecological protection is 

also considered relevant for marinas and harbours (EPA 2015c). 
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In accordance with the EQMF concept outlined in EAG 15, an assessment of the five EVs (i.e. ecosystem 

health, fishing and aquaculture, recreation and aesthetics, cultural and spiritual and industrial water supply) 

was undertaken to identify which EQOs required the development of specific Environmental Quality 

Criteria (EQC) to ensure their protection.  The assessment (Oceanica 2016c), included in Appendix 4 and 

summarised in Table 6-12) identified that three EVs and five corresponding EQOs require the development 

of specific EQCs.  The other EVs and EQOs are still relevant to the assessment but are considered to be 

protected by default through the protection of the ecosystem health values.   

Table 6-12:  Summary of Environmental Values and Environmental Quality Objectives 

Environmental values Environmental Quality Objective 
Relevant for the development of specific 
EQG 

Ecosystem health Maintenance of ecosystem integrity Yes 

Fishing and aquaculture Maintenance of aquatic life for human 
consumption 

Yes 

Maintenance of aquaculture Protection of ecosystem health is an 
adequate proxy 

Recreation and aesthetics Maintenance of primary contact 
recreation values 

Yes 

Maintenance of secondary recreational 
values 

Yes 

Maintenance of aesthetic values Yes 

Cultural and spiritual Maintenance of Cultural and spiritual 
values 

Protection of ecosystem health is an 
adequate proxy 

Industrial water supply Maintenance of Industrial water supply 
values 

Protection of ecosystem health is an 
adequate proxy 

The LEP relate only to the maintenance of ecosystem integrity EQO (EPA 2000 and 2015c).  The 

proposed EQP shifts the high LEP boundary from around the existing boat harbour to the entrance of the 

proposed marina, with the internal marina waters managed as a Moderate LEP (Figure 6-8).  EAG 15 

identifies that for toxicants, a High LEP corresponds with 99% ANZECC (2000) species protection level 

and a Moderate LEP corresponds with a 90% ANZECC (2000) species protection level. 

Given the absence of measurable outcome-based objectives within the Marmion Marine Park 

Management Plan, the 10-year audit (MPRA 2012a) adopted those from the Shoalwater Islands Marine 

Park.  These performance indicators included ecological and social values that were applied in a manner 

consistent with EVs and EQOs as set out in the EAG 15.  

The establishment of zones and corresponding targets for marine parks provides an equivalent level of 

ecological protection as would be identified in the EQMF described in EAG 15.  Therefore, by applying the 

EQMF in accordance with EAG 15 and maintaining a High LEP outside the proposed marina, the long-

term targets developed as part of the 10-year audit of the Marmion Marine Park are unlikely to be 

compromised by the Proposal.  



 

Figure 6-7  Existing level of protection in Perth s Coastal Waters: Environmental 

   Values and Objectives  
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Figure 6-8:  Operational Environmental Quality Plan
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EQ O for the protection of Ecosystem  Hea lth
• Toxica nt concentra tions a re pred icted  to m eet the Hig h LEP criteria
both within a nd  outsid e of the m a rina
• Dissolved  oxyg en a nd  a lg a l concentra tions to m eet Mod era te LEP 
criteria  within the m a rina  a nd  Hig h LEP outsid e the m a rina
EQ O for the protection of Fishing  a nd  Aquaculture
• All EQ C for m a inta ining  sea food  sa fe for hum a n consum ption (includ ing  
a lg a l toxins, fa eca l coliform s a nd  toxica nts) a re expected  to be met both within
a nd  outsid e of the m a rina .
EQ O for m a inta ining  prim a ry conta ct recrea tion
• All EQ C for m a inta ining  prim a ry conta ct recrea tion (includ ing  a lg a l toxins, 
fa eca l coliform s a nd  toxica nts) a re expected  to be m et both within a nd  outsid e
of the m a rina .
EQ O for second a ry conta ct recrea tion (e.g . boa ting )
• All EQ C for m a inta ining  second a ry conta ct recrea tion a re expected  to be m et
both within a nd  outsid e of the m a rina .
EQ O for m a inta ining  aesthetic va lues
• All EQ C for m a inta ining  aesthetic va lues will be protected  
both within a nd  outsid e of the m a rina  
Note:  the ‘Cultura l a nd  Spiritua l’ a nd  ‘Ind ustria l Wa ter Supply’ Environm enta l Va lues
will be protected  by d efa ult throug h the a pplica tion of the Ecosystem  Hea lth criteria .
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6.2.5 Hydrodynamic model 

Consistent with the requirements of the ESD (required work item 5 for marine environmental quality), a 

three-dimensional hydrodynamic model was developed by RPS APASA (2016) (Appendix 4) to understand 

dispersion, dilution and accumulation of sediments and contaminants from marine-based construction, 

maintenance activities and outflow from the marina.  This model was the subject of a peer-review (included 

in Appendix 4) by Dr Doug Treloar, a recognised expert in coastal engineering and water quality modelling.  

The peer review was conducted in three phases with initial review of the proposed model methodology 

followed by review of the draft report, results and conclusion.  The final peer review letter concluded that 

the work undertaken meets the relevant requirements of the ESD Items 3 to 5, 6a and 6b. 

The hydrodynamic model was based on an earlier model that was updated and enhanced to cover a wider 

area (extended 20 km to the north and south) and provide a much greater level of detail.  The 

hydrodynamic model actually involves four distinct models (a base hydrodynamic model, a wave model, a 

sediment fate model and an ecological model) that were set-up, calibrated and validated using tide, 

current, wave, meteorological and seasonal ocean data.  The hydrodynamic model was used to conduct 

the following water quality assessments: 

1. Assessment of flushing rates within the proposed marina, together with an assessment of the 

potential for accumulation of nutrients sourced from groundwater within the marina. 

2. Assessment of the potential for sustained algal growth within the marina due to the combination of 

natural flushing time combined with nutrient loading from groundwater discharge. 

3. The potential for changes to current circulation and flushing patterns due to the proposed marina, 

particularly in relation to abalone habitat nearby. 

4. The fate of sediment plumes generated by the construction phase of the Proposal. 

5. The potential effect of climate change scenarios on the natural flushing time of marina. 

The findings of these assessments are summarised below. 

Flushing rates 

Flushing is a measure of the rate of exchange of waters within a defined water body and is used to predict 

water quality within the marina.  A water body that is efficiently flushed experiences a turnover in water that 

results in local water quality similar to that of the adjacent source water.  Flushing is controlled by local 

environmental parameters and marina design.  The flushing assessment for the Proposal was completed 

as part of the hydrodynamic model (RPS APASA 2016) and builds on previous work undertaken in 2011 

(APASA 2011), which involved a dye release within the existing Ocean Reef Boat Harbour.  The flushing 

assessment (in RPS APASA 2016) involved two components: 

1. Flushing of a contaminant from the marina. 

2. Potential for nutrient accumulation within the marina (nitrogen and phosphorus) and subsequent algal 

growth.   

The hydrodynamic model assessed the rate of flushing for eight 15-day periods within each season and for 

spring and neap tide conditions.  The maximum flushing time (expressed as e-folding time) at any point 

within the marina during any of the scenarios was approximately seven days, with the median around six 

days.  This maximum occurred in the northern part of the marina.  The ‘monitoring’ stations that were 

located along the south and mid coastal sections had maximum e-folding times that were slightly lower at 

six days.  The shortest flushing time was only 2.4 days for a simulation commencing 9 August 2013 which 

included winter storm conditions. The range in flushing time results is due to the different modelled 

weather conditions. 

RPS APASA (2016) identified that for context the flushing results are comparable to the results from 

measurements taken at Hillarys Boat Harbour (Schwartz and Imberger 1988).  Based on measurements 

taken in the month of April/May 1987, during a period when winds speeds were up to 12 m/s, the flushing 

time for Hillarys Boat Harbour was calculated to be 5 days. This result sits between the minimum and 

maximum flushing times predicted for the proposed marina, which were based on a wider sample of 

weather conditions. 
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Nutrients 

EAG 15 identifies that for physio-chemical stressors within a High LEP area (i.e. the area outside the 

marina including the Marmion Marine Park) the relevant EQC should be derived based on 20
th

 or 80
th
 

percentile for natural background.  Baseline nitrogen concentrations measured along Burns Beach Reef 

and the area within the proposed Development Envelope ranged from 0.1 to 0.16 mg/L (Oceanica 2016a).  

For the assessment of nutrient accumulation, the highest modelled 50
th

 percentile concentrations of 

phosphorus within the marina were significantly below the 80th percentile, whereas the nitrogen 

concentrations exceeded the 80
th

 percentile value (Table 6-13).   

Table 6-13:  Modelled nutrient concentration  

Nutrient ANZECC guideline value (mg/L) 
80

th
 percentile of natural 

background 
Maximum predicted 
median (50th percentile) 
concentrations (mg/L) 

Total Nitrogen 0.23 (annually) 0.12 0.48 

Total Phosphorous 0.02 (summer), 0.04 (winter) 0.02 0.0031 

The background water quality concentrations for Perth’s northern waters have been recorded to range 

between 0.14 to 0.47 mg/L (Buckee et al. 1994).  Therefore, the predicted increase in nutrients is not 

expected to exceed the range of background values at a regional scale.   

Potential for algal growth 

Consistent with the ESD, the potential for algal growth was modelled to predict the ecological responses to 

potential changes to marine environmental quality, both within the marina and as a result of outflows from 

the marina.  The results of this modelling are presented in this section.  The comparison of these results to 

the relevant benchmarks for water quality in Environmental Quality Criteria Reference Document for 

Cockburn Sound (EPA 2015e) are presented in Section 6.5.3. 

Elevated levels of algal production within the marina would be undesirable for recreational use and can 

lead to odour and aesthetic issues.  High levels of algal growth can also lead to low oxygen levels and fish 

deaths.  In addition, high levels of algal production have the potential to affect the quality of outflow water 

from the marina into the marine environment.   

Algal concentrations are expressed in this document as chlorophyll-a concentrations (in μg/L) for 

comparison with guidelines and baseline water quality monitoring.  Table 6-7 provides a summary of the 

chlorophyll-a concentrations recorded in the PLOOM study and the 2014-2015 baseline water quality 

study.  The summer median (50
th

 percentile) for chlorophyll-a is consistently 0.5 μg/L in all studies.   

The potential for algal growth in the marina was assessed by modelling the seasonal growth rate in 

comparison to the flushing rate.  The growth rate is influenced by concentrations of inorganic nitrogen and 

phosphorus as well as the number of daylight hours per day.  The accumulation of algae is affected by the 

flushing parameters (i.e. wind and wave conditions).  The model conservatively assumed a maximum 

growth parameter that was twice the rate that has been recorded for Perth coastal waters (RPS APASA 

2016).   

Spatial contours of predicted algae concentration (above background) at selected time instances are 

presented in Figure 6-9 to Figure 6-12.  The predicted increase above background concentrations of algae 

is presented in time series graphs over spring and summer within the marina (Figure 6-13) and in the High 

LEP (at the entrance to the marina and at three points 70 m from the entrance, Figure 6-13).  In summary, 

during summer and autumn the counteracting influences of algal growth and (weather dependent) flushing 

tend to balance out and lead to relatively stable algal concentrations within the marina that are not 

substantially higher than background levels.  The comparison of results against guidelines is presented in 

Section 6.5.3. 
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The higher variability in concentration during winter and spring was due to variance in weather that is 

typically experienced in these seasons as well as the higher nutrient inputs from groundwater during 

winter.  The variability is a result of calm periods punctuated by storm events that result in higher rates of 

flushing.  The higher concentrations within the marina during these seasons led to a larger effect of 

outflows from marina, with influence detectable for up around 1 km in some instances. 

Changes to water movement 

The hydrodynamic modelling included consideration of predicted changes to water movement as a result 

of the Proposal, including: 

 current speeds  

 flushing behaviour of the coastal margin 

 surface waves. 

The predicted changes in hydrodynamic processes are outlined below as part of the model outputs. 

However, the impacts of these predicted changes are relevant to benthic habitats and communities and 

are discussed in Section 7.5. 

Current speed 

The analysis of impacts on current speeds was based on a comparison of the current flows for the existing 

coastline with the Proposal which gives the residual current changes.  This modelling was based on eight 

15-day simulation periods which covered the four seasons in both neap and spring tide conditions.   

For the majority of the year the dominant current is northward except during winter.  Under the northward 

current regime, the Proposal increases the residual current speeds along the southwestern edge of the 

breakwaters and slightly reduces speeds to the north.  During winter the residual speeds are lower and 

accordingly the residual current speeds are less pronounced but percentage change is relatively constant.   

While current speed will be variable in response to changing winds and tides, the modelling indicated a 

reduction in current speed in a northerly direction along the shoreline for the majority of the year.  The 

predicted change in currents is most pronounced in summer when peak instantaneous absolute 

differences of current speed from modelling of the existing coastline (including the boat harbour) compared 

to the Proposal scenario were in the order 5–10 cm/s (Figure 6-15 and Figure 6-16).  Alternatively in 

winter, when the current is from the north, the area subject to a reduced current and the amount of the 

reduction is more limited (Figure 6-17 and Figure 6-18).  

Modelling showed changes in current speed resulting in a: 

1. Reduction in current of 40–60% for < 500 m north of the marina.   

2. Reduction in current of 20% or less for 500–1500 m north of the marina.  

3. No detectable change in current at distances > 1500 m north of the marina. 

 

 
  



 

Figure 6-9:  Distribution of algal concentrations (μg/L) in surface layer during

  summer season scenario  
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Source: RPS APASA 2016 



 

Figure 6-10:  Distribution of algal concentrations (μg/m3) in surface layer during

  autumn season scenario  
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Source: RPS APASA 2016 



 

Figure 6-11:  Distribution of algal concentrations (μg/m3) in surface layer during

  winter season scenario  
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Source: RPS APASA 2016 



 

Figure 6-12:  Distribution of algal concentrations (μg/m3) in surface layer during

  spring season scenario  
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Figure 6-13:  Time series graphs detailing the concentration of algae within the  

      marina during spring and summer  
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Figure 6-14:  Time series graphs detailing the concentration of algae at entry to 

      marina and at 70 m from entrance during spring and summer  
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Figure 6-15:  Maps of residual currents from a 15-day scenario commencing on 9 January 2013 (greatest change scenario).  

       Black boxes indicate the grid cells with the abalone habits north and south of proposed marina  
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Figure 6-16:  Time series of point current differences within abalone habitat areas

  for a scenario commencing on 9 January 2013  
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Figure 6-17:  Maps of residual currents from a 15-day scenario commencing 19 July 2013  

                       Black boxes indicate the grid cells with the abalone habits north and south of proposed marina  

 COJ14177_01_R001_Rev3_F006-17 Nov-2016 

 

 

 

 

 

Source: RPS APASA 2016 

Note 
Note the different scales on the two colour legends 

Note 



 

Figure 6-18:  Time series of point current differences within abalone habitat areas

  for a scenario commencing on 19 July 2013  
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Flushing behaviour of coastal margin 

Groundwater discharges into the coastal margin close to the shore.  Water movement naturally mixes and 

dilutes the nutrients in the marine environment.  The predicted changes in current flows are predicted to 

affect the rate of flushing in the coastal margin north of the Proposal.  This potential change was examined 

through modelling the difference in the fate of a surface tracer released (hypothetically) in the current boat 

harbour compared with the proposed marina. 

Modelled flushing immediately north of the marina was significantly reduced (based on the increases in 

time taken for a tracer concentration to fall below 2% of its initial release concentration as a surrogate of 

mixing).  The flushing time taken increased from 1 hour (existing coastline), to 7.5 hours (with marina) at a 

site immediately to the north of the proposed marina. 

The Proposal scenario results indicated that the tracer had undergone an approximate 2-fold dilution by 

the time it reached a point 2 km north of the marina.  As a result of lower current speed with the Proposal, 

the time taken for the tracer to dilute to below 2% at this distance, increases from 21.3 hours to 38.5 hours.   

Surface waves 

The northern and southern breakwaters that will enclose the proposed marina have the potential to affect 

the local wave climate. 

Comparison of modelled wave heights indicated that the Proposal would result in very little difference in 

wave heights during any season.   

Potential for sediment plumes during construction 

Detailed sediment fate modelling was conducted to predict the suspended sediment load and likely 

sedimentation within the surrounding marine environment.   

Suspended sediment 

Modelling of the suspended sediment load included an estimate of both the 99
th
 percentile extent (used in 

assessment of impacts) and the 100
th
 percentile of >2 mg/L to illustrate the potential visible plume extent.  

The modelling was completed for two construction stages: 

1. Breakwater and reclamation seawall construction. 

2. Dredging and reclamation operations. 

As identified in Section 2.10, the construction schedule involves constructing the northern and southern 

breakwaters in parallel.  Following substantial construction of the breakwaters, the northern reclamation 

and peninsula reclamation areas would then be progressed.  The construction of the breakwaters is 

expected to take six months (i.e. November to April).  Dredging would be undertaken after the breakwaters 

are sufficiently constructed to enable installation of silt curtains.   

Estimates of the percentage of fine material (< 100 mm) were based on measurements from a similar 

limestone breakwater construction at Rous Head.  As the amount of fine material is likely to be 5% of the 

total volume, a conservative loss rate of the full 5% (i.e. all fine material) of core material was modelled.   

Modelling of sediment fate during construction was conducted using the environmental parameters from 

November 2012 through to the end of November 2013 (i.e.13 months in duration).  This modelling time 

period was selected on the basis of being a typical year and a reasonable representation of the expected 

conditions at the site during the proposed construction period.  Breakwater and reclamation construction 

activities were assumed to be completed towards the end of April with dredging operations commencing 

immediately thereafter. 
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During breakwater construction, sediment sources arise from the dumping of core material as the 

breakwaters progress seaward from the shoreline.  Although the magnitude of the source is relatively small 

and much of the material is relatively coarse, the construction face is relatively exposed to incident wave 

conditions and prevailing currents.  This part of the construction process cannot be contained behind a silt 

curtain. 

Figure 6-19 presents the 99
th

 percentile of maximum TSS concentration resulting during the breakwater 

and reclamation construction phase which occurs during the first six months of the program.  The 99
th

 

percentile for the six month breakwater construction period indicates the maximum TSS concentrations 

that occur over this time and demonstrate that the extent of elevated TSS concentrations is likely to be 

very localised within 70 m of the breakwaters.   

This prediction is not intended to present a snapshots of the expected plume (visible or not) at any one 

time, rather it provides detail of the level of effect that is predicted to be exceeded 1% of the time or less.  

Any event exceeding the 99
th
 percentile would equate to less than 2 days during the 6 month construction 

period and less than 8 hours over any month.  The rapidly dispersing nature of the local waters and effect 

of the daytime only construction schedule limits both the potential for elevated TSS and extent of any 

areas of elevated TSS concentrations.   

Dredging would only commence once the breakwaters are sufficiently complete to allow installation of the 

silt curtains (or other turbidity management measures).  The silt curtain barrier(s) would be placed around 

the active construction area to prevent the majority of fine material escaping into the external marine 

environment.  The silt curtain(s) will be a highly effective barrier to turbidity as they will be used in optimal 

conditions (i.e. in a protected environment) and maintained and monitored.  Modelling was based on the 

assumed use of a single silt curtain, however if necessary, additional silt curtains would be deployed.  

Modelling of the barrier has assumed that fine material present in the upper portion of the water column 

would have the potential to wash over the barrier under certain conditions.  These assumptions regarding 

the effectiveness of silt curtains are justified based on the widespread and successful use of silt curtains in 

the containment of sediment plumes during construction. 

Figure 6-20 presents the 99
th

 percentile contour of maximum TSS concentration resulting from the 

dredging period.  The results show that sediment is expected to be contained within the marina.  As 

expected, TSS concentrations are shown to be locally higher within the marina during dredging when 

compared to concentrations during the breakwater construction and reclamation process.  Suspended 

sediment will gradually settle within the marina and is unlikely to be re-suspended by natural processes 

based on the depth of the water within the marina (the majority of the marina will be greater than 6 m). 

Figure 6-21 presents the modelled extent of visible turbidity (2 mg/L TSS above background) at any time 

(100
th

 percentile) during the entire construction phase.  The extent includes areas where elevated turbidity 

occurs at any depth of the water column even for very short periods of time (up to a few hours) and 

represents the summation of maximum values over the entire construction program. A visible plume may 

be present at varying persistence over this zone and is generally predicted to be confined to the near 

vicinity of the construction site as illustrated by Figure 6-17 and Figure 6-18 which show that turbidity 

values will not be greater than 2 mg/L (or visible above background) for 99% of the time.   

The extent of a visible plume represents a broad definition of the potential ZoI related to the proposed 

construction and dredging activities and predicted impacts on the marine environment are only expected to 

occur with prolonged turbidity. 

Seabed deposition of sediments 

Figure 6-22 shows the maximum predicted seabed deposition (in units of g/m
2
) at any time during the 

modelled construction period.  The image represents the maximum levels taken from all time-steps 

simulated rather than a static situation.  However, outside the proposed marina the conditions are 

sufficiently dynamic to ensure that any settled material is quickly re-suspended and dispersed into the 

background environment. 
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Figure 6-22 shows that beyond the immediate vicinity of the proposed marina (approximately 70 m from 

the breakwater) seabed deposition is expected to be less than 100 g/m
2
 at any time.  To place these levels 

in context, 100 g/m
2
 equates to a deposited thickness of approximately 0.1 mm.   

Potential influences of climate change 

As identified in Section 6.2.3, climate change has the potential to affect groundwater and surface water 

inputs (in terms of quality and/or quantity).  Changes to these inputs have the potential to affect the 

flushing regime and therefore the environmental quality of the marina waterbody and the Marmion Marine 

Park.  

In order to account for the potential influence of climate change, two scenarios were modelled based on 

predictions identified by coastal infrastructure guidelines prepared by Department of Transport (2010).   

The first climate change scenario represents a forecast for the year 2040.  Based on an assumed 20% 

reduction in groundwater recharge, it was forecast groundwater discharge to the Development Envelope 

under this scenario would reduce from the base case by 8% and 6% for summer and winter respectively.  

Conversely, sea level is predicted to increase by 0.13 m above 2015 levels.  The maximum flushing times 

for this scenario are forecast to increase by around 24 to 36 hours.  The median e-folding time in both the 

March and July periods increased from approximately six days to approximately seven days. 

The second climate change scenario represents a long-term forecast to the year 2115.  Sea level for this 

scenario was forecast to increase by 0.9 m above 2015 levels.  As changes in groundwater discharge 

cannot be reliably estimated, they were assumed to reduce by 40% relative to the base case values (this 

estimate is based on based on an assumed 20% reduction in groundwater recharge identified in 

Rockwater 2015).  This is intended to serve as an extreme estimate given the uncertainty.  Depending on 

the period, the maximum flushing times for this scenario increased by approximately two to three days.  

The median flushing time was forecast to increase from approximately six days to approximately eight 

days for the July period and from seven days to nine days for the March period. 

These values used in the model are much greater than the predicted changes and are likely to over-

estimate the changes to groundwater discharge and flushing as a result of climate change .  The effect of 

changes in rainfall on groundwater yield on the Swan Coastal Plain was assessed by CSIRO as part of the 

Groundwater yields in south-west Western Australia: A report to the Australian Government from the 

CSIRO South-West Western Australia Sustainable Yields Project (CSIRO 2009).  The project ran 

assessments of groundwater yield (which can be considered analogous to discharge) under a number of 

climate change scenarios, including a Cmid (average climate change scenario) with a reduction of 5-10% 

in mean rainfall in the northern suburbs and Gnangara Mound area and a Cdry (dry climate change 

scenario) with a drop of 20-30% in mean rainfall in the area.  Under both of these scenarios, the decrease 

in groundwater yield in the coastal northern suburbs was less than 5%.  The report also identified that 

groundwater yield in this area is not highly dependent on rainfall. 

 

   



 

Figure 6-19:  Map of the 99th percentile of maximum TSS concentrations during the breakwater construction period                  

       (six months)  
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Source: RPS APASA 2016 



 

Figure 6-20:  Map of the 99th percentile of maximum TSS concentrations during the dredging period (final 7 months) 
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Figure 6-21:  Potential extent of visible plumes during entire construction phase 
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Figure 6-22:  Potential extent of the area where bottom deposition of sediments above model thresholds is expected to occur 

       at any time during the full construction period  
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6.2.6 Management and mitigation for marine environmental quality  

The majority of management measures put in place to minimise the impact on water quality within the 

Marmion Marine Park have been incorporated into the design and construction staging of the Proposal.  

The proposed marina has been designed to flush sufficiently to dilute nutrient concentrations faster than 

algae can grow.  The construction schedule has also been designed to allow construction of the 

breakwater prior to commencement of dredging in order to contain sediment during dredging. 

The key management measure that will be in place to minimise the potential for impacts to marine water 

quality is the use of a silt curtain(s) during dredging.   

The establishment of zones and corresponding targets for marine park zones, as outlined in the 10-year 

audit of the Marmion Marine Park, provides an equivalent level of ecological protection as would be 

identified in the EQMF described in EAG 15.  Therefore, in applying the EQMF in accordance with EAG 

15, the long-term targets developed as part of the 10-year audit of the Marmion Marine Park are unlikely to 

be compromised by the Proposal. 

Consistent with the requirements of the ESD (required work item 7 for marine environmental quality), a 

Marine Construction Monitoring and Management Plan (MCMMP) and a Marina Environmental Quality 

Management Plan (MEQMP) have been prepared and are included in Appendix 3.   

6.2.7 Ongoing governance arrangements  

The WAPC Development Control Policy 1.8 (DC 1.8) for Canal Estates and Other Artificial Waterways 

Developments (WAPC 2012a) outlines the requirements for ongoing governance arrangements for 

marinas.   

DC 1.8 stipulates the need for a Deed of Agreement to be finalised by the Proponent, prior to the 

completion of the planning process, which includes: 

 timing of development 

 feasibility assessment 

 identification of the waterways manager 

 funding arrangements for ongoing monitoring and maintenance costs, including the provision of 

bonds and a costed 25 year maintenance plan 

 contingency management strategies. 

The Proponent is required to remain a party to the Deed of Agreement for at least five years.  The Deed of 

Agreement for the Proposal will be developed and approved as part of the planning approval process. 

6.3 Potential impacts and risks 

Construction of breakwaters, dredging and operation of the Proposal have the potential to affect marine 

environmental quality.  An exercise was undertaken at the referral stage of the Proposal to scope the key 

elements that have the potential to impact marine environmental quality.  This scoping was carried out in 

consultation between the City, decision-making authorities and interested agencies, consistent with EAG 

10: Scoping a proposal (EPA 2013b).  These activities or aspects of the Proposal that have the potential to 

affect marine environmental quality, not considering mitigation measures, include: 

 removal of existing breakwaters and marine infrastructure may temporarily affect water quality 

due to increased turbidity and the release of any nutrients and contaminants in sediments 

 dredging to allow for the construction and maintenance of the marina waterbody may temporarily 

affect water quality due to increased turbidity and the release of any nutrients and contaminants in 

the dredged sediments 

 seepage of return water from land reclamation areas may temporarily impact marine 

environmental quality due to increased turbidity and the release of any nutrients and 

contaminants in the dredged sediments 
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 placement of limestone for the marina breakwaters and leaching of fines from the limestone may 

cause temporary turbidity during and after limestone placement 

 surface and stormwater drainage into the marina waterbody may affect water and sediment 

quality 

 outflow of marina water into adjacent marine waters may result in changes in turbidity, nutrient 

and/or contaminants which may adversely affect marine ecology and function, particularly within 

the Marmion Marine Park 

 increased boat numbers potentially increasing pollution. 

The first four activities/aspects listed above are all construction related aspects of the Proposal and have 

been addressed in this assessment according to the construction process: 

1. Breakwater construction and construction of internal seawalls through the placement of rock 

products including limestone and granite is the initial phase of construction (dot point 4 above).  The 

key potential impacts of this phase are: 

 sediment in the water column, known as turbidity or total suspended sediments reduces water 

clarity and may ‘shade’ seagrass or reef systems 

 seabed deposition of sediments can smother seagrass, reef or algae. 

2. Dredging, removal of existing boat harbour and reclamation (dot points 1, 2 and 3) will all be 

conducted behind the protection of the outer breakwaters and silt curtains.  The key potential impacts 

of this phase are: 

 potential disturbance of any historical contamination through dredging 

 potential for contamination from machinery during dredging (e.g. hydrocarbon spills). 

The final three activities/aspects listed above relate to the operational phase of the Proposal.  Following 

construction, the proposed marina has the potential to affect water quality primarily by sheltering and 

containing a body of water so that it does not ‘flush’ nutrient inputs (primarily from groundwater) as 

effectively as the open marine environment.  Having water that flushes more slowly can give algae the 

chance to grow and accumulate which in extreme cases can lead to low oxygen conditions and fish deaths 

as well as odour and aesthetic issues.   

As described in Section 2.10, the dredging is proposed to be completed using a land-based hydraulic 

excavator working from a series of temporary bunds created using similar methods and materials to the 

breakwaters.  The bunds will be reworked multiple times, being progressively constructed and removed in 

line with the dredging works.  Typically, a long excavator can reach up to 15 m either side of the bund 

centreline.  Existing in-situ rock will be initially broken with a hydraulic rock breaker, or pulled up by the 

hydraulic excavator.  This material will then be dredged with an open excavator bucket.  It is anticipated 

that dredged material will be loaded into trucks and utilised in the reclamation area.  It is proposed that the 

reclamation areas will be enclosed by a limestone core bund to prevent the release of material from the 

dumped dredge spoil when placed as general fill.  There will be no use of explosives (blasting) for 

construction of the Proposal. 

This construction method limits the potential impacts, such as the potential introduction of marine pests 

from marine construction vessels and dredging equipment. 

6.4 Mitigation hierarchy  

Consideration during planning was given to avoiding, minimising and rectifying or rehabilitating the 

potential impacts of the Proposal.  These measures are summarised in Table 6-14.  The planned 

mitigation measures have been taken into account when predicting the residual impacts of the Proposal.  

The proposed offsets for significant residual impacts are addressed in Section 10. 
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Table 6-14:  Application of the mitigation hierarchy to potential impacts on marine environmental quality 

Potential impact Avoid Minimise Rectify/rehabilitate Offset 

Removal of existing breakwaters and 
marine infrastructure may temporarily 
affect water quality due to increased 
turbidity and the release of any nutrients 
and contaminants in sediments. 

The avoidance of impacts to 
marine environmental quality is 
not possible during construction. 

Construction management to minimise turbidity and 
sedimentation: 

 construction of the outer breakwaters first to provide 

protection and containment of turbidity from the rest of 

construction 

 use of silt curtain(s). 

Operation management to minimise contamination: 

 marina configuration has been designed to flush 

effectively and this has been tested with hydrodynamic 

modelling 

 strict regulation of potentially contaminating boating 

activities within the marina. 

No opportunity to rectify marine 
environmental quality from operation.  
Construction effects will be 
temporary and will naturally 
ameliorate once construction ceases. 

Described in Section 
10. 

Dredging to allow for the construction 
and maintenance of the marina 
waterbody may temporarily affect water 
quality due to increased turbidity and 
the release of any nutrients and 
contaminants in the dredged sediments. 

Seepage of return water from land 
reclamation areas may temporarily 
impact marine environmental quality 
due to increased turbidity and the 
release of any nutrients and 
contaminants in the dredged sediments. 

Placement of limestone for the marina 
breakwaters and leaching of fines from 
the limestone may cause temporary 
turbidity during and after the limestone 
is placed. 

Surface and stormwater drainage into 
the marina waterbody may affect water 
and sediment quality. 

Not applicable.  Configuration of the marina is designed to minimise the 
impacts to water quality impacts. 

Not applicable. No offset required. 

Outflow of marina water into adjacent 
marine waters may result in changes in 
turbidity, nutrient and/or contaminants 
which may adversely affect marine 
ecology and function particularly within 
the Marmion Marine Park. 

The configuration of the marina 
is designed to flush faster than 
algae can generate. 

 

Not applicable. 

The size of the marina is based on servicing the needs of the 

growing population in the northern metropolitan area and as 

such, the size of the marina footprint could not be reduced 

without compromising the Proposal objectives.   

Not applicable. No offset required. 

Increased recreational boating activity 
leading to pressures on benthic 
communities at key sites within the 
Marmion Marine Park. 

Not applicable. The Proposal will provide a base for surveillance, monitoring 
and research regarding the marine environment, including 
recreational use and management of the Marmion Marine 
Park.  This may improve the management of threatening 
processes associated with boating in the Marmion Marine 
Park. 

Not applicable. No offset required. 
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6.5 Assessment of predicted likely direct and indirect residual impacts 

6.5.1 Proposed Environmental Quality Plan and levels of protection 

The proposed Operational EQP to allow for the Proposal is identified in Figure 6-8 and is based on a 

boundary between the High LEP and the Moderate LEP at the entrance of the marina.  The change to the 

new EQP will decrease the previous extent of the High LEP in the Marmion Marine Park by 29.6 ha.  All 

water within the marina will have a Moderate LEP and this area includes 33.9 ha (i.e. including 4.3 ha of 

water outside the boundary of the Marmion Marine Park).   

The new EQP has been proposed to take into account ongoing operational impacts.  Consistent with 

EAG 15, the indicators for appropriate ecosystem health are defined for the High and Moderate LEP areas 

in Table 6-15).   

Table 6-15:  Appropriate indicators for relevant levels of protection 

Indicator  High  Moderate 

Physico-chemical stressors 20
th
 or 80

th
 percentile of natural 

background 
5

th
 or 95

th
 percentile of natural background 

Toxicants 99% species protection guideline 
trigger 

90% species protection guideline trigger 
levels 

As identified in Figure 6-19, the majority of construction-related impacts include the transport of sediment 

plumes which are expected to be relatively short-lived (approximately 6 months) and have a low impact 

beyond the Development Envelope.  The assessment of impacts related to construction has been 

conducted in accordance with EAG 7 which identifies the requirement to establish a ZoI and zones of 

potential impact.  Table 6-17 provides a breakdown of the extent of TSS and sedimentation during 

construction.  The level of turbidity is expected to be high within the marina during construction, however 

all other parameters are expected to meet the relevant criteria for the Moderate LEP.   

The Moderate LEP within the marina will not be applied for turbidity related EQC during construction but 

will be applied for other criteria during construction as outlined in the EQMF described in Section 6.5.2. 

The extent of construction impacts in the proposed EQP is outlined in Figure 6-24. 

6.5.2 Construction impacts in the context of the Environmental Quality Management 

Framework 

A conceptual EQMF for the construction phase was developed to identify potentially relevant EQCs for the 

Moderate LEP inside the marina and High LEP outside the marina (presented in Figure 6-23, Figure 6-24 

and summarised in Table 6-16).  The conceptual EQMF identified that during construction EQOs have the 

potential to be affected by two key aspects: 

 sediment plume (both suspended sediment and sedimentation) 

 potential contamination from release of toxicants in sediments. 
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Table 6-16:  Assessment of relevant Environmental Quality Criteria during construction 

Environmental 
values 

Environmental Quality 
Objective 

Environmental 
Quality Criteria  

Potential impacts 

Ecosystem 
health 

Maintenance of ecosystem 
integrity 

TSS Breakwater construction and dredging causing 
turbid plume and sedimentation leading to BPPH 
loss. 

Toxicants Toxicant release during breakwater construction 
and dredging causing water contamination. 

Fishing and 
aquaculture 

Maintenance of aquatic life 
for human consumption 

Biological 
contaminants, 
toxicants 

Biological (faeces) or chemical contaminant 
release during breakwater construction and 
dredging causing seafood contamination. 

Recreation and 
aesthetics 

Maintenance of primary 
contact recreation values 

Water clarity - 
TSS 

Breakwater construction and dredging causing 
turbid plumes causing decrease in water clarity 
unsuitable for primary contact recreation. 

Maintenance of secondary 
recreational values 

Biological 
contaminants, 
toxicants 

Biological (faeces) or chemical contaminant 
release during breakwater construction and 
dredging causing water not suitable for primary or 
secondary contact recreation. 

Maintenance of aesthetic 
values 

Visual aspects - 
TSS 

Breakwater construction and dredging activities 
causing visual impacts unsuitable for aesthetic 
values. 

  



 

Figure 6-23:  Conceptual Environmental Quality Management Framework for the

  construction phase  
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Sediment plume 

Section 6.2.5 presents the modelled outcomes associated with transport of sediment plumes (both 

suspended sediment and seabed deposition) during construction (including construction of breakwaters, 

dredging and removal of existing breakwaters).  The assessment of TSS and sedimentation identifies that 

sediment plumes outside the Proposal footprint will be restricted to the first six months of construction (i.e. 

during breakwater construction) with the sediment plume in later phases being contained by the 

breakwater and silt curtain(s).   

The extent of increased TSS and deposition outside the 70 m boundary and 100 m Development Envelope 

boundary (and boundary of the Marmion Marine Park) is shown in Table 6-17.  This approach is consistent 

with EAG 7 (EPA 2011) and further outlined in relation to benthic habitats in Section 7.5.  The extent of the 

ZoI (total area within which sediment may be visible at any time during construction) within the boundary of 

the Marmion Marine Park is presented in Table 6-17 and shown in Figure 6-24.  While the ZoI extends for 

244.2 ha outside the Development Envelope, when considered at a 99
th
 percentile (identifying any areas 

which may have visible turbidity for 1% or more of the time), there is no predicted extent beyond the 

Development Envelope and only 0.16 ha beyond 70 m from the breakwaters. 

Table 6-17:  Extent of Total Suspended Solids and seabed deposition during construction 

Element 
Details 

Extent outside 70 m 
boundary (ha) 

Extent outside 
Development Envelope 
(ha) 

Total suspended sediment 

Visible plume extent  

(2 mg/L) 100
th
 percentile 

(ZoI) 
248.0 244.2 

(2 mg/L) 99
th
 percentile 

during construction of 
breakwater 

0.16 0.0 

Seabed deposition 1000 g/m
2 
(>1 mm) 0.07 0.0 

The potential for elevated TSS or seabed deposition is limited to within 70 m of the breakwater.  

Construction effects to marine environmental quality will be temporary and will naturally ameliorate once 

construction ceases.   

The potential for construction related impacts are also considered in terms of impacts to BPPH in 

Section 7.5.2. 

Contamination from release of toxicants 

The potential for release of toxicants during construction is during the dredging of marine sediments.   

Section 6.2.1 summarised the results of sediment quality investigations.  All sediments were below the 

NAGD screening levels for metal concentrations and organotins, with the exception of one sample within 

the existing boat harbour which with further testing (Elutriate TBT) achieved the 95% ANZECC and 

ARMCANZ (2000) Species Protection Trigger Value appropriate for a Moderate LEP.  These results and 

the results of the geotechnical testing indicate that the sediment is expected to be clean with a low risk of 

contamination release during dredging.  The monitoring program (both of water quality in the marina and of 

the dredged sediments) is described in the MCMMP and would identify any contamination if it was 

exposed during dredging. 

Dredging would occur only when silt curtain(s) are installed and this is expected to restrict the potential for 

spread of any contaminants due to sediment disturbance to within the existing harbour.  
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Summary 

This section provides a summary of the potential impacts from construction within the context of the 

EQMP.  Figure 6-24 overlays the footprint limit of predicted construction impacts within the EQP 

established for the project, including the High LEP area (outside the marina) and Moderate LEP (inside the 

marina).  Within this footprint, the EQOs for all EVs are generally expected to be met during construction.  

However, six types of potential impacts that may compromise the EQOs and EVs during construction have 

been outlined in Table 6-16 and Figure 6-24.   

The likely extent, severity and duration of these potential impacts and areas where EQOs may not be 

achieved during construction are described below 

1. Within the High LEP area (Figure 6-24) there will be direct and indirect BPPH loss that may 

potentially impact the EV of Ecosystem Health.  Section 7 of the PER assesses the extent and 

consequence of potential BPPH loss. 

2. The potential for toxicants to be released during breakwater construction and dredging has been 

assessed; and toxicant concentrations are predicted to meet the EQC and EQO for the protection of 

Ecosystem Health (within both the High and Moderate LEP areas). 

3. Similarly, the potential for biological or chemical contaminant release during breakwater construction 

and dredging has been assessed; and contaminant concentrations are predicted to meet the EQO for 

the protection of the EV of Fishing and Aquaculture both within and outside the marina throughout 

construction period. 

4. During the construction phase, the turbid plumes created during breakwater construction and 

dredging may cause a decrease in water clarity such that waters within the limit of construction 

impacts (Figure 6-24) may be unsuitable for primary contact recreation (e.g. swimming).  Within this 

footprint, the EQO of maintaining primary contact recreation is not expected to be met at some times.  

As such, swimming will be prohibited within the limit of construction impacts. 

5. The potential for biological or chemical contaminant release during breakwater construction and 

dredging has been assessed; and contaminant concentrations are predicted to meet the EQO of 

maintaining secondary contact recreation (e.g. boating). 

6. At any given time during the construction phase, the turbid plumes created during breakwater 

construction and dredging may cause a reduction of visual amenity such that waters within the limit of 

construction impacts (Figure 6-24) may not meet the EQO of maintaining aesthetic values. 

 

 

  



Figure 6-24 Extent of construction impacts within Environmental Quality Plan
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6.5.3 Operational impacts in the context of the Environmental Quality Management 

Framework 

A conceptual EQMF for the operation phase was developed to identify potentially relevant EQCs for the 

protection of the Moderate LEP within the marina and High LEP outside the marina (presented in 

Figure 6-25 and summarised in Table 6-18).  The conceptual EQMF identified that during operation EQOs 

have the potential to be affected by two key impacts: 

 algal growth associated with nutrients which may then affect a range of EQCs (both inside and 

outside the marina) 

 contamination from release of toxicants. 

Table 6-18:  Assessment of relevant EQC during operation  

Environmental 
values 

Environmental Quality 
Objective 

Environmental 
Quality Criteria  

impacts 

Ecosystem 
health 

Maintenance of ecosystem 
integrity 

Algae Outside marina:  Operation of marina causing 
elevated nutrients (eutrophication) causing algal 
growth, shading and BPPH loss. 

Inside marina:  Operation of marina causing 
elevated nutrients (eutrophication) causing algal 
growth, collapse and anoxia. 

Toxicants Toxicant release during operation of marina 
causing water contamination. 

Fishing and 

aquaculture 

Maintenance of aquatic life 
for human consumption 

Algae  Operation of marina causing elevated nutrients 
(eutrophication) causing algal growth of toxic 
species and seafood contamination. 

Biological 
contaminants, 
toxicants 

Biological (faeces) contaminant release during 
operation of marina (e.g. swimming and boat 
sullage) causing seafood contamination. 

Recreation and 
aesthetics 

Maintenance of primary 
contact recreation values 

Algae  Operation of marina causing elevated nutrients 
(eutrophication) causing algal growth of toxic 
species and water to not be suitable for primary or 
secondary contact recreation. 

Maintenance of secondary 
recreational values 

Biological 
contaminants, 
toxicants 

Biological (faeces) or chemical contaminant 
release during operation of marina (e.g. swimming 
and boat sullage) causing water to not be suitable 
for primary or secondary contact recreation. 

Maintenance of aesthetic 
values 

Visual aspects - 
Algae 

Operation of marina causing visual impacts 
unsuitable for aesthetic values. 

  



 

Figure 6-25:  Conceptual Environmental Quality Management Framework for the

  operation phase  
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Algal growth 

Section 6.2.5 presents the modelled outcomes associated with marina flushing and potential for algal 

growth during operation of the Proposal.  As identified in Figure 6-13, at the entry of the marina the 

concentration of algae quickly reduces as nutrients were diluted outside the marina.   

The predicted algal concentrations for the summer season results were directly compared to relevant 

benchmarks for water quality in accordance with the processes identified in Environmental Quality Criteria 

Reference Document for Cockburn Sound (EPA 2015e). To achieve this comparison, the predicted algal 

concentrations determined from the modelling were added to the median summer background 

concentration to give a ‘total’ predicted concentration. These values were then compared to the relevant 

EQG for protection of nutrient enrichment and for phytoplankton biomass (or algal blooms). 

The EQG for phytoplankton biomass (an assessment of algal bloom risk) is based on (EPA 2015e): 

 Moderate LEP: 3 times 80
th

 percentile of median baseline values (summer only) 

 High LEP: 3 times median baseline values.(summer only). 

In accordance with EPA (2015e), RPS APASA (2016) compared the total predicted algal concentrations 

with the EQG for phytoplankton biomass.  The EQG and the predicted concentrations are presented in 

Table 6-19 and in both the Moderate and High LEPs, the predicted algal concentration was well below the 

appropriate EQG.  On this basis algal blooms are unlikely both inside and outside the marina.   

Table 6-19:  Assessment of predicted summer algal concentration against EQG derived using baseline 

datasets 

 High LEP Moderate LEP 

Application Within the marina Outside the marina 

EQG (EPA 2015e) 3 x 50
th
 percentile 3 x 80

th
 percentile 

Chlorophyll-a baseline value (μg/L) 0.5 (50
th
 percentile) 0.6 (80

th
 percentile) 

Conversion factor Multiplied by 3 Multiplied by 3 

EQC Chlorophyll-a value (μg/L) 1.5 1.8 

Predicted median summer algal 
concentrations 

0.5 (at 70 from marina) 0.7 

The predicted algal concentrations were also evaluated against the Moderate LEP and High LEP EQG for 

nutrient enrichment (EPA 2015e) (Table 6-20).  The summer baseline values used in the calculation of the 

guideline values were the 2014/15 local baseline water quality monitoring results summarised in Table 6-7.  

 Table 6-20:  Total predicted chlorophyll a concentrations compared to relevant EQG (EPA 2015e) 

Location 
Predicted summer 
concentration (μg/L 
chlorophyll-a) 

High LEP guideline (80
th
 

percentile of baseline 
values) 

Moderate LEP guideline 
(95

th
 percentile of baseline 

values) 

Within marina (Moderate LEP) 0.7 NA 0.7 

Outside marina; 70 m from marina 
entrance (High LEP) 

0.5 0.6 NA 

The predicted median summer algal concentration (Table 6-20) outside the marina (High LEP) is 0.5 μg/L 

which meets the High LEP EQG for nutrient enrichment.  It is noted that the predicted median summer 

algal concentrations inside the marine would meet the Moderate LEP EQG, however this guideline is not 

applicable as the impact assessment assumes total loss of benthic habitat inside the marina. 

The monitoring program of chlorophyll-a against the EQG is outlined in the MEQMP. 

The environmental values of the Marmion Marine Park for marine environmental quality will not be 

significantly affected by any changes to ecological processes. 



 Ocean Reef Marina 

COJ14177_01 R001 Rev 3  

14-Nov-16  96 

Contamination from release of toxicants 

The predicted dispersion of a potential toxic contaminant was modelled and the results are summarised in 

Section 6.2.5.  The assessment of flushing within the marina identified that the maximum flushing time 

(expressed as e-folding time) at any observation point during all scenarios considered was approximately 

seven days.   

The key potential source for toxic contamination for a marina is from the growth of toxic algae.  Modelling 

of the rate of flushing identified that the marina will flush faster than the growth of algae.  This means that 

within the marina the algal concentration (of chlorophyll-a) in summer will remain around 0.7 μg/L, which is 

similar to that of typical background values for Perth coastal waters (0.5 μg/L).  Regardless of the type of 

algae (toxic or not) this means that the rate of flushing is predicted to prevent any algal bloom occurring in 

the marina. 

The assessment of flushing also determined that the marina would flush sufficiently to dilute any 

contaminant that was spilt or discharged into the marina.  The prediction of the flushing of the coastal 

margin identified that a contaminant plume would undergo an approximately 2-fold dilution by the time it 

reached 2 km north and then dilute below 2% within 38.5 hours.  This means that any contamination event 

would quickly be diluted.   

Surface and stormwater drainage  

Surface water inputs to the proposed marina are expected to be small and not change significantly as a 

result of the Proposal.  The flushing of the marina is more sensitive to groundwater discharge and this was 

considered in detail through the marine modelling.  Even when climate change scenarios are considered 

out to 2115 (with groundwater discharge reduced to 40% of current rates and a mean sea level increase of 

0.9 m) the rate of flushing is not substantially reduced, with the median flushing rate forecast to only 

increase from approximately six days to approximately eight days for the July period and from seven days 

to nine days for the March period. 

Maintenance dredging effects 

Similar to the existing boat harbour, the proposed marina will require routine maintenance dredging.  

Predictions of environmental impacts during maintenance dredging will be linked to environmental 

monitoring and adaptive management, based on Department of Transport protocols for the maintenance 

dredging of its coastal facilities in Western Australia.  A maintenance dredging monitoring and 

management plan will be prepared in accordance with WAPC (2012a) and monitoring will include seagrass 

health and water quality as appropriate. 

Based on the application of routine management measures and the limited volumes of material expected, 

the dredging is unlikely to result in reduced water quality in terms of TSS or nutrients is unlikely. 

Increased boat numbers 

Due to population growth in the northern metropolitan area and increased levels of boat ownership in the 

region, there is a predicted increase in the number of boats traversing the Marmion Marine Park 

(Section 8.5.3).  The Proposal itself will not result in a significant increase in the number of boats above 

what is predicted due to population growth.  Water quality impacts due to sediment re-suspension by 

boating activity are unlikely given the marina extends into deep water and the marina entrance water depth 

is more than 8 m.   

The release of hydrocarbons and heavy metals from boat engine emissions will increase in proportion to 

boating traffic.  However, there is already heavy use of the Marmion Marine Park and the existing eight 

Ocean Reef boat ramps.  The Proposal will provide an opportunity for an increased management presence 

in this area of the Marmion Marine Park.  The Proposal will improve an aging and outdated facility; it will 

also provide re-fuelling facilities and sullage pump-out facilities which are currently not available in this 

area. 
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6.5.4 Influence of climate change to groundwater and surface water inputs 

The influence of climate change is considered in the modelling of potential impacts and has been 

described in Section 6.2.5.  Under long-term forecast scenarios (in the year 2115 with a sea level increase 

by 0.9 m above 2015 levels and groundwater discharge reduced by 40%) the median flushing rate is 

forecast to increase from approximately six days to approximately eight days for the July period and from 

seven days to nine days for the March period. 

6.5.5 Consideration of best and worst case scenarios and cumulative impacts 

The consideration of best and worst case scenarios have been captured in the hydrodynamic modelling 

which includes flushing and water quality impact predictions for a range of weather conditions and 

seasons.  These scenarios effectively model the best and worst case outcomes for the existing natural 

variability in the hydrodynamic system.  Overall, the assessment has used conservative assumptions 

regarding nutrient inputs and algal growth to ensure that the assessment includes a reasonable worst case 

scenario.  In the long term, the modelled effect of climate change with significantly reduced groundwater 

discharge provides an understanding of the long term worst case scenario for flushing of the marina. 

Cumulative impacts have been incorporated by using groundwater and marine water quality data that has 

been influenced by existing developments.   

6.5.6 Summary of predicted impacts 

The residual impacts of the Proposal on marine environmental quality are predicted to be: 

1. The turbidity plume from construction may be visible anywhere within a 244.2 ha area within the 

Marmion Marine Park depending on currents and wind direction.  The visible plume was defined in 

the model as any exceedance of 2 mg/L TSS at any time (100
th

 percentile) during construction.  No 

environmental impacts would be expected from short term turbidity. However, when considered at a 

99
th

 percentile, the 2 mg/L TSS plume (a conservative threshold for any environmental effect) will not 

extend beyond the Development Envelope.   

2. The extent of seabed deposition is expected to be restricted to within the Development Envelope.  

Seabed deposition of >1000 g/m
2 

or 1 mm depth will not occur outside the Development Envelope. 

3. The marina will flush with a maximum e-folding time of approximately seven days (and median of six 

days).  The rate of flushing dilutes nutrients in the marina (discharged from groundwater) which limits 

the growth of algae.  The algae modelling results indicate that during summer and autumn the marina 

is adequately flushed to prevent significant algal growth, with the median total predicted 

concentration within the marina being 0.7 μg/L of chlorophyll-a, which represents an increase on the 

baseline chlorophyll-a 0.5 μg/L of only 0.2 μg/L of chlorophyll-a.  The predicted increase in 

chlorophyll-a above background in winter and spring is higher and more variable as a result of higher 

nutrient inputs and alternative periods of calm and stormy weather (which affect flushing).  

4. An assessment of the predicted algal concentration against appropriate criteria for the Moderate LEP 

and High LEP identified that in both LEPs the predicted algal concentration was below the 

appropriate EQC triggers.  

5. The sediment to be dredged meets NAGD screening levels (with one exception which further tests 

showed met the appropriate guidelines) and is unlikely to discharge contaminants.  Based on the 

concentrations of contaminants, including TBT, Oceanica (2016b) concluded that it is unlikely that 

harmful concentrations of contaminants would be released from sediments during dredging and the 

onshore use of this material in the reclamation areas is appropriate.   

6. Geotechnical testing indicates that the sediment is expected to be clean with a low risk of 

contamination release during dredging.  The monitoring program (both of water quality in the marina 

and of the dredged sediments) is described in the MCMMP and would identify any contamination, if it 

was exposed during dredging.  Any seepage from dredged material to the marina would be through a 

geotextile lining and into the marina behind a silt curtain.   

7. The methodology, reporting and conclusions of the marine modelling were considered appropriate by 

the peer reviewer. 
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The impacts above are the residual impacts of the Proposal after the mitigation hierarchy has been applied 

(as described in Section 6.4).    
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7. Benthic communities and habitat 

7.1 Relevant environmental objectives, legislation, policies and guidelines 

The ESD outlines the work required for the environmental impact assessment of key environmental factors 

in the PER; these requirements for benthic communities and habitat and where they have been addressed 

are outlined in Table 7-1. 

Table 7-1:  ESD requirements for benthic communities and habitat 

EPA 
objective 

To maintain the structure, function, diversity, distribution and viability of benthic communities and habitats 
at local and regional scales. 

Relevant 
aspects 

Dredging; construction and operation of coastal infrastructure including the 
breakwaters and marina waterbody. 

Relevant PER 
Section 

Potential 
impacts 
and risks 

The proposal may have the following effects: 

 direct removal of benthic communities and habitat to allow for the construction of 
the marina waterbody and breakwaters 

 indirect impacts to benthic communities and habitats due to altered sediment and 
water movement and flows caused by breakwaters 

 reduction in marine environmental quality that supports healthy benthic 
communities and habitat during construction and operation of the marina 

 increased recreational boating activity leading to pressures on benthic communities 
at key sites within Marmion Marine Park. 

7.3 

Required 
work 

1. Characterise the environment by designing and conducting a benthic communities 
and habitat survey to accurately map the spatial extent of benthic habitats. Based 
on the findings of the surveys, produce geo-referenced maps showing the extent 
and distribution of the different benthic communities and habitats and present 
these at the appropriate scale. Mapping is to extend to the outer boundary of the 
area where both reversible and irreversible effects of biota are predicted to occur 
and into the zone of influence and for appropriate reference sites.  Surveys should 
be conducted to a standard such that the results can be used as a baseline for 
future monitoring both during construction and operation of the proposal. Mapping 
techniques and habitat classification should be consistent with those used by the 
Department of Parks and Wildlife for marine reserve management. The habitat 
map for Marmion Marine Park (Department of Environment and Conservation, 
2002) is to be assessed for its accuracy within the predicted zone of influence. 
Where the map is deemed inaccurate it is to be updated, through methods that 
may include ground truthing, in consultation with the Department of Parks and 
Wildlife.  

7.2.1 

Appendix 4 

 

2. Assess the values and significance of benthic communities and habitats within the 
proposal and adjacent areas and describe these values in a local and regional 
context.  This assessment must also specifically address the values and 
significance of benthic communities and habitats in the context of Marmion Marine 
Park and for abalone and western rock lobster habitat. 

7.2.2 

3. Identify elements of the proposal which may potentially affect benthic communities 
and habitat, including both direct and indirect impacts and for both construction 
and operation.  

7.3 

ESD 
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EPA 
objective 

To maintain the structure, function, diversity, distribution and viability of benthic communities and habitats 
at local and regional scales. 

4. Predict the residual impacts from the proposal, both direct and indirect, on benthic 
communities and habitat after demonstrating how the mitigation hierarchy – avoid, 
minimise, rectify and offset – has been considered and applied.  Impact 
predictions are to include the likely extent, severity and duration of direct and 
indirect impacts of the proposal on benthic communities and habitats through 
spatially defining the zones of high and moderate impact and the zone of influence 
consistent with EAG 7 Marine Dredging Proposals.  Any irreversible loss of, or 
serious damage to, benthic primary producer habitat (BPPH), will need to be 
addressed in the context of EAG 3 Protection of Benthic Primary Producer 
Habitats in Western Australia’s Marine Environment including an appropriately 
defined local assessment unit (LAU) and an assessment of any loss against EAG 
3’s cumulative loss guidelines.   

5. For the purposes of applying EAG 3, the EPA recommends using the boundaries 
of Marmion Marine Park, including Hillarys and Ocean Reef boat harbours, as the 
local assessment unit (LAU). When applying EAG 3, the proponent should take 
into account the direct disturbance and indirect effects of Hillarys and Ocean Reef 
boat harbours, the two Beenyup waste water outlets and any other previous 
proposals within the LAU.  

7.4 and 7.5 

 

6. Impact predictions are also to specifically address the potential short and long 
term impacts to abalone and western rock lobster habitats. 

7.5.6 and 7.5.7 

7. Include in the MCMMP details of the monitoring and management to occur during 
and after construction to demonstrate and ensure that the EPA’s objectives for 
benthic communities and habitats can be met and that residual impacts are not 
greater than predicted.  The MCMMP is to include the protocols and procedure for 
mapping turbidity plumes and reporting the realised extent of the zones of impact 
and influence defined for the proposal. 

7.2.3 

Appendix 3 

Relevant 
policy 

Department of Conservation and Land Management 
1992, Marmion Marine Park Management Plan 1992-
2002, National Parks and Nature Conservation 
Authority, Perth, Western Australia. 

 

The following policies have been considered in 
this PER: 

 the values and significance of benthic 
communities and habitats identified in the 
Marmion Marine Park Management Plan 
were considered in the description of the 
local values (Section 7.2.2). 

Department of Environment and Conservation, 2003, 
Marine Habitats of Western Australia dataset. 

 

 the marine habitat dataset was used as the 
base mapping dataset in the creation of a 
detailed benthic habitat map (Oceanica 
2016d). 

Environmental Assessment Guideline No. 3, 
Protection of Benthic Primary Producer Habitat in 
Western Australia's Marine Environment.  

 

 EAG 3 has been considered in the benthic 
habitat mapping and in consideration of the 
significance of predicted benthic habitat loss; 
section 7.5.5 and Oceanica 2016d. 

Environmental Assessment Guideline No. 7 Marine 
Dredging Proposals.  

 

 consistent with EAG 7, the impact 
assessment for benthic habitat identifies a 
ZoI, ZoMI and ZoHI as described in Section 
7.5.2. 

Marine Parks and Reserves Authority 2012, 10 year 
audit of the implementation of the Marmion Marine 
Park Management Plan 1992-2002. 

 the environmental values identified in the 10 
year audit of the Marmion Marine Park 
Management Plan were included in the 
assessment of benthic habitat values and 
significance (Section 7.2.2). 
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7.2 Required work 

The results from the surveys outlined in Table 7-2 have been used to support the assessment of potential 

impacts of the Proposal on benthic habitat and communities. 

Table 7-2:  Benthic habitat and communities studies completed for the Proposal 

Investigation  Scope 

Ocean Reef Baseline Studies – Marine 
Fauna Desktop Study 

(Oceanica 2015a) 

Identify marine fauna known or likely to occur within, or regularly pass 
through the Marmion Marine Park and where relevant, document any 
known uses of the area by them and identify marine species important to 
fisheries.  

Ocean Reef Benthic Habitat Map Report  

(Oceanica 2016d)  

To accurately identify and map the extent and distribution of benthic 
communities and habitat in detail within the potential impact area and 
more broadly within the Marmion Marine Park as context for the Proposal.   

Ocean Reef Baseline Studies – Abalone 
Habitat and Abundance at Burns Beach 
Reef  

(Oceanica 2016e) 

To outline the abalone habitat and abundance adjacent to the existing 
Ocean Reef Boat Harbour.  

Roe’s Abalone Environmental Sensitivity 

(Oceanica 2016f) 

To review knowledge on the environmental sensitivities of the abalone 
during its life cycle and the complex interactions within the shallow reef 
ecosystem.  

Technical Note: Ocean Reef Marina 
Development PER: EQMF, EQC, EQP 
and Marine EIA advice 

(Oceanica 2016c) 

Describes the Marine Environmental Quality Plan (EQP) and overarching 
marine Environmental Quality Management Framework (EQMF) as 
relevant to: 

 defining terminology, issues and parameters for EIA 

 a gap analysis of modelled/predicted environmental impacts 

 setting the framework for environmental monitoring and management 
plans (EMMPs)  

 alignment with the ecological and social values specified by the 
Marmion Marine Park Management Plan (CALM 1992) and with 
reference to recommendations of the MPRA’s ten-year audit report. 

Ocean Reef Marina Development – Phase 
2: Water Quality Modelling  

(RPS APASA 2016) 

Model several environmental water quality aspects that relate to either the 
construction of the Proposal or the ongoing operation of the Proposal. 

7.2.1 Baseline benthic communities and habitat survey 

Benthic communities and habitats provide an important foundation for many ecosystem processes that 

underpin marine ecology.  A benthic communities and habitat survey was conducted to accurately map the 

spatial extent of benthic habitats within the area of potential impact (Intensive Study Area) and more 

broadly within the Marmion Marine Park.  The Marmion Marine Park, with the inclusion of Hillarys and 

Ocean Reef boat harbours, was defined in the ESD as the appropriate LAU for assessment of impacts in 

accordance with EAG 3 (EPA 2009).  The methodology, ground-truthing and accuracy assessment is 

described in Oceanica (2016d) and is included in Appendix 4.  The results of the surveys were used to 

produce geo-referenced maps showing the extent and distribution of the different benthic communities and 

habitats within the Intensive Study Area and LAU.  In addition, an extended study area to the north of the 

Marmion Marine Park is shown due to the availability of Parks and Wildlife mapping in this area and as 

context for the habitats described in the Marmion Marine Park.  The mapping is suitable for use as a 

baseline and is consistent with available Parks and Wildlife classification techniques. 

Consistent with the requirements of the ESD (required work item 1 for benthic communities) the habitat 

mapping work extends to the outer boundary of the area where both reversible and irreversible effects on 

biota are predicted to occur and into the ZoI and for appropriate reference sites.  The detailed ground-

truthing work was undertaken within the 1953 ha Intensive Study Area which included the Development 

Envelope and surrounding marine environment to a radius of approximately 3  km in order to capture all 

potentially affected areas as well as some surrounding unaffected marine environment for reference 

(Oceanica 2016d).  The hydrodynamic modelling work (RPS APASA 2016) subsequently confirmed that all 

predicted impacts (both direct and indirect) were within this detailed mapping area. 
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The habitat map for the Marmion Marine Park has been updated to ensure a consistent classification 

across the LAU.  This has been done in consultation with the Department of Parks and Wildlife (meetings 

on 18 November 2015 and 1 February 2016).   

To provide a consistent classification and map for the remainder of the Marmion Marine Park and adjacent 

boat harbours (established as the LAU), Oceanica undertook the following work (Oceanica 2016d): 

 utilised the existing Parks and Wildlife mapping and the more detailed Water Corporation map 

(undertaken in 2013 for the ocean outfall) as the base dataset 

 collected detailed ground-truth data using towed video camera surveys in the Intensive Study 

Area  

 habitat classification updated using the ground-truth data and bathymetry variables (extracted 

from the latest available LiDAR bathymetry dataset) 

 validation and accuracy assessment. 

Benthic habitats of Marmion Marine Park 

The benthic habitats within the Marmion Marine Park were mapped at two scales: three BPPH types 

representing the broad functional ecological communities and seven benthic habitat units which further 

delineates bathymetry variables and tidal categories in accordance with Parks and Wildlife classification 

methodology.   

The BPPH types were used to determine risk to ecological integrity in accordance with EAG 3 (EPA 2009) 

which requires that impacts be avoided or mitigated as far as possible and that “calculations of cumulative 

loss of each benthic primary producer habitat type and assessment of the overall risk to the ecological 

integrity within a defined local assessment unit” are considered. 

The most common BPPH types in the Marmion Marine Park are ‘mobile sand’ (4721 ha [comprising 50%]) 

and ‘macroalgae’ (3613 ha [comprising 38%]) with ‘seagrass’ being less prevalent (1159 ha [comprising 

12%]) as presented in Table 7-3 and shown in Figure 7-1. 

Table 7-3:  Area of Benthic Primary Producer Habitat types within the Marmion Marine Park in 2014 

Benthic habitat type Hectares (ha) Percentage of habitat 

Seagrass perennial 1159 12 

Macroalgae 3613 38 

Mobile sand 4721 50 

Total 9493 100 

Source: Oceanica (2016d) 

The benthic habitat units have been used to provide a more detailed understanding of benthic habitats.  

This more detailed classification and mapping has been specifically used to define Western Rock Lobster 

(Panulirus cygnus) habitat and in the abalone impact assessment to examine impacts on this habitat niche 

(Section 7.5.6). 

The benthic habitat of the Marmion Marine Park is characterised by the outer reef units ‘macroalgae 

(subtidal) low relief' and 'macroalgae (subtidal) high relief' protecting inner 'mobile sand lagoonal' and 

'seagrass perennial' habitats.  These habitat classifications are based on the documented classification 

used by Parks and Wildlife (Oceanica 2016d).  The main area of perennial seagrass is to the south of the 

Ocean Reef ocean outlet diffuser and extends to an area just south of the Hillarys Boat Harbour.  The 

near-shore reef habitat (known as Burns Beach Reef), located to the north of the proposed marina and just 

south of Hillarys Boat Harbour, is comprised of intertidal and subtidal macroalgae units.  The spatial extent 

of the benthic habitats described in Oceanica 2016d is shown in Table 7-4.   

The main benthic habitat type within the Marmion Marine Park is ‘mobile sand lagoonal’ while ‘macroalgae 

(subtidal) low relief’ and ‘seagrass perennial’ are the other major habitat types present.  'Macroalgae 

(subtidal) high relief', 'mobile sand offshore', 'macroalgae (intertidal)', and 'bare reef (intertidal) offshore' are 

represented in small amounts within the Marmion Marine Park (Table 7-4, Oceanica 2016d). 
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Table 7-4:  Area of benthic habitat types within the Marmion Marine Park in 2014 

Benthic habitat type Area (ha) Percentage of habitat 

Mobile sand lagoonal 4474 47.1 

Macroalgae (subtidal) low relief offshore 2286 24.1 

Macroalgae (subtidal) low relief shoreline 14.5 0.15 

Macroalgae (subtidal) high relief offshore 1146 12.1 

Macroalgae (subtidal) high relief shoreline 126 1.32 

Seagrass perennial 1159 12.2 

Mobile sand offshore 239 2.52 

Macroalgae (intertidal) 40.7 0.43 

Bare reef (intertidal) offshore 6.52 0.07 

Total 9492 100 

Source: Oceanica (2016d) 

Benthic habitats of the Development Envelope 

The benthic habitat of the Development Envelope predominantly includes near-shore reef habitats and 

mobile sand as shown in Figure 7-1.  No perennial seagrass is located within the Proposal footprint; 

however as outlined in Section 7.5.1, a small amount of indirect loss may occur. 

Figure 7-2 identifies examples of key habitat types with letters A to F that occur in proximity to the Proposal 

footprint.  

7.2.2 Values and significance of benthic habitats and communities 

The values and significance of benthic communities and habitats in the context of the Marmion Marine 

Park and for abalone and Western Rock Lobster habitat (as required by the ESD) are outlined below. 

Marmion Marine Park values  

The Marmion Marine Park Management Plan 1992–2002 (CALM &NPNCA 1992) identifies values for the 

Marmion Marine Park.  These include (adapted from CALM & NPNCA 1992): 

 conservation values: 

 rich and diverse marine communities that represent a variety of marine habitats 

 habitats for marine mammals 

 seagrass beds in the shallow lagoons that contribute to energy flows in coastal ecosystems 

and stabilise sandbanks 

 natural marine features supplement attractive coastal panoramas 

 recreational and commercial values: 

 marine habitats that support a major resource for recreational fishing (including abalone, fin 

fish and rock lobster) 

 marine habitats that support a valuable commercial fishing industry, particularly abalone 

 commercial diving tours are tourist attractions 

 research values: 

 the diversity of important marine habitats, along with the Park's proximity to Perth, make it well 

suited to future research initiatives. 

These values were also discussed generally in the Report on the 10-Year Audit of Marmion Marine Park 

Management Plan (MPRA 2012a) with the “key structural components of the ecosystem (e.g. seagrass, 

macro-algae and benthic communities)” identified as one of the five key ecological values of the Marmion 

Marine Park. 
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The value and significance of the benthic habitat values in the Marmion Marine Park are outlined in 

Table 7-5.  The most significant habitat within the Marmion Marine Park is the near-shore reef at Burns 

Beach Reef (made up of two macroalgae units) as this supports a significant Roe’s abalone fishery.  

Potential impacts to Roe’s abalone are assessed in Section 7.5.6. 
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Figure 7-1:  Benthic habitat distribution within the Marmion Marine Park 
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Source:  Oceanica 2016c 
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Figure 7-2:  Benthic habitat distribution within and adjacent to the Proposal

   footprint  
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Table 7-5:  Values and significance of benthic habitats in the Marmion Marine Park 

Feature Value Significance 

Seagrass 
perennial 

 Seagrass beds in the shallow lagoons that contribute to energy flows in coastal ecosystems and stabilise 
sandbanks 

 This habitat is foraging habitat for marine mammals such as turtles which occasionally utilise the Marmion Marine 
Park 

 Habitat for finfish (Oceanica 2015a). 

Locally significant as these habitats are widespread in the Perth 
metropolitan coastal waters. 

Macroalgae 
(intertidal) 

 Limited habitat unit within the Marmion Marine Park (30 ha) 

 This near-shore reef unit (part of Burns Beach Reef) provides habitat for Roe’s abalone which is valuable for 
recreational and commercial fishing (Oceanica 2016e). 

Abalone habitat is locally and regionally significant as it supports 
commercial and recreational fishing values.  Burns Beach Reef 
within the Marmion Marine Park is one of three main abalone 
fisheries within Perth metropolitan coastal waters. 

Macroalgae 
(subtidal) low 
relief 

 Habitat for a variety of finfish and potentially western rock lobster (Oceanica 2015a). Locally significant as these habitats are widespread in the Perth 
metropolitan coastal waters. 

Macroalgae 
(subtidal) high 
relief 

 This near-shore reef unit includes habitat for Roe’s abalone which is valuable for recreational and commercial 
fishing (Oceanica 2016e) 

 Marine habitats that support a valuable commercial fishing industry, particularly abalone 

 Commercial diving tours are tourist attractions 

 Habitat for a variety of finfish and potentially Western rock lobster (Oceanica 2015a). 

The majority of this habitat type is locally significant as these 
habitats are widespread in the Perth metropolitan coastal waters. 

This unit includes near-shore abalone habitat which is locally and 
regionally significant as it supports commercial and recreational 
fishing values.  Burns Beach Reef within the Marmion Marine Park 
is one of three main abalone fisheries within Perth metropolitan 
coastal waters.  

Bare reef 
(intertidal) 
offshore 

 Natural marine features (such as exposed limestone reef) supplement attractive coastal panoramas (CALM & 
NPNCA 1992) 

 Little Island and Burns Rock are designated Sanctuary Zones within the Marmion Marine Park and include 
exposed reef.  These areas are documented resting areas for the Australian Sea-lion, with small numbers 
recorded hauling out at these sites (CALM & NPNCA 1992). 

Regionally significant as these habitats make up a small proportion 
of habitats in the Marmion Marine Park and the broader Perth 
metropolitan coastal waters. 

Mobile sand 
lagoonal 

 Sandy seabed areas can support microalgae or microphytobenthos (micro-algae which live amongst or on 
sediment particles).  Microphytobenthos habitats can provide a significant contribution to overall benthic primary 
productivity and provide habitat for short-range endemic fauna (EPA 2009) 

 Has the potential support ephemeral seagrass and may include habitat suitable for perennial seagrass (just not at 
the time of survey).  Ephemeral seagrass communities and perennial seagrass communities are known to have 
measureable spatial variability in their meadows over several years to decades (Oceanica 2016d) 

 Habitat for finfish and occasionally marine mammals and sharks (Oceanica 2015a). 

Potentially locally significant due to the potential for these habitats 
to support seagrass.  These habitats are widespread in the Perth 
metropolitan coastal waters. 

Mobile sand 
offshore 

 Sandy seabed areas can support microalgae or microphytobenthos (micro-algae which live amongst or on 
sediment particles).  Microphytobenthos habitats can provide a significant contribution to overall benthic primary 
productivity and provide habitat for short-range endemic fauna (EPA 2009) 

 Habitat for finfish and occasionally marine mammals and sharks (Oceanica 2015a). 

Locally significant as these habitats are widespread in the Perth 
metropolitan coastal waters. 

Combination 
of habitats 

 Rich and diverse marine communities that represent a variety of marine habitats 

 Habitats for marine mammals - Bottlenose dolphins are considered a coastal or near-shore species (<30 m deep), 
being found in areas of reef, sand or seagrass (Oceanica 2015a) 

 The diversity of important marine habitats, along with the Park's proximity to Perth make it well suited to future 
research initiatives. 

Regionally significant as it forms a significant part of the Perth 
metropolitan marine reserves system. 
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Abalone habitat values 

Early environmental investigations and feedback from stakeholders identified potential impacts on the 

abalone population at the near-shore Burns Beach Reef (north of the Proposal footprint) as an issue for 

consideration in the impact assessment.  The ESD includes the requirement to identify the values and 

significance of benthic communities and habitats for abalone. 

Within the Perth metropolitan area, the Burns Beach Reef (the area from the Proposal footprint to 

approximately 3 km north) is an important abalone habitat for Roe’s abalone.  Moreover, Roe’s abalone is 

the only abalone species to inhabit the Marmion Marine Park.   

The section of near-shore reef which is habitat for the Roe's abalone along Burns Beach Reef is oriented 

roughly north to south, running parallel to the coast.  Burns Beach Reef is approximately 3 km long and 

100 m wide although the width varies.  The reef extends from the shoreline to approximately 300 m 

offshore and a depth of approximately 4–6 m.  There are two distinct abalone habitats on the near-shore 

reef; platform and sub-tidal.  The platform section is <2 m deep and the sub-tidal section is typically 2–6 m 

deep.   

One of the crucial components of abalone habitat is a suitable substratum for abalone larvae to settle on.  

Abalone larvae are known to be dependent on non-geniculated coralline algae (NCA) species for 

successful settlement and metamorphosis (Oceanica 2016f).  Specific chemicals in the NCA induce 

settlement of larvae and then contact triggers metamorphosis to the post-larval life stages.  Abalone relies 

on NCA for the following: 

 abalone larvae (dispersed from the home reef by currents) receive a biochemical inducer from 

NCA which is necessary for settlement and metamorphosis  

 following settlement, contact with NCA induces metamorphosis 

 the pitted topography of the NCA surface provides suitable microhabitats for abalone and shelter 

from predators  

 NCA is a reliable source of nutrition for abalone – during the first 10 days post-settlement, the 

larvae feeds on the surface mucus, diatoms and bacteria; after that, the larvae feed on epibionts 

and the upper layers of the NCA itself  

 the larvae takes up the colour of the NCA due to ingestion of pigments, and is thus effectively 

camouflaged from predators. 

A healthy benthic habitat with NCA is therefore essential for abalone populations.  Recruitment is greatly 

reduced when the NCA is either smothered by sediments or overgrown with filamentous turfing algae. 

During the benthic habitat map survey within the Marmion Marine Park (Oceanica 2016d), abalone habitat 

was initially described along the near-shore macroalgae reefs of Burns Beach Reef and south of Hillarys 

Boat Harbour (from Sorrento Beach to Trigg Island).  To further delineate the distribution of abalone 

habitat, habitat distribution ground-truthing was undertaken in conjunction with an abalone abundance 

survey conducted by Oceanica (2016d).  Field survey work and observations during reconnaissance work 

were used to develop a map comprising a habitat category of 'near-shore reef with Roe's abalone' based 

on the benthic primary producer habitat map (Figure 7-3). 

These investigations estimated that within the Marmion Marine Park, a total of 131 ha of near-shore reef is 

currently supporting populations of Roe’s abalone in two areas; Burns Beach Reef and a second reef 

approximately 1 km south of Hillarys boat harbour extending to the southern boundary of the Marmion 

Marine Park (Oceanica 2016d), as shown in Figure 7-3.   

The abalone abundance and distribution survey undertaken by Oceanica (2016e) is described in 

Section 8.2.3. 

  



 

Figure 7-3:  Abalone habitat at Burns Beach Reef 
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Western rock lobster habitat values 

The Western Rock Lobster is endemic to Western Australia with a range extending from North-West Cape 

to Cape Leeuwin.  The Western Rock Lobster has a complex life cycle which includes both pelagic (living 

in the open ocean) and benthic (living on the seafloor) stages.  Larval stages are pelagic before settlement 

on the reef for juvenile development.  Juveniles and mature Western Rock Lobster predominantly live in 

reef systems with an annual adult offshore migration to spawn. 

Reef systems and seagrass beds provide hides and micro-habitats for Western Rock Lobster juveniles and 

adults.  These habitats are important during different stages of the Western Rock Lobster lifecycle.  Post-

puerulus, juvenile and adult Western Rock Lobster typically inhabit the shallow reefs and will forage for 

food at night over several hundreds of metres.  The large sand flats (offshore mobile sand habitat) beyond 

the inshore reefs are important areas for juvenile (white) Western Rock Lobster during their migration 

offshore.  

Studies within the Marmion Marine Park have concluded that Ocean Reef is not a significant nursery area 

for juvenile Western Rock Lobster; however adult Western Rock Lobster were encountered in larger 

numbers (Meagher and LeProvost 1975 in Bellchamber et al. 2012). 

Inshore reefs within the Marmion Marine Park are potential habitat for juvenile and adult Western Rock 

Lobster with the greatest habitat value in the 'high' relief reef with macroalgae assemblages which are 

relatively widespread in the Marmion Marine Park.  A Western Rock Lobster habitat map has been 

prepared by highlighting the areas of high relief reef (>1 m) that may be most important for Western Rock 

Lobster (Figure 7-6).  It is noted that these areas are likely to be the most important habitats for Western 

Rock Lobster in the Marmion Marine Park, but low relief reef will provide some habitat for juveniles.  

Sand/seagrass areas can also provide some shelter and foraging/migration areas for Western Rock 

Lobster at different life stages.   

No mapped potential adult Western Rock Lobster habitat is located within the Development Envelope or 

within the ZoI of the construction impacts.  Therefore, the predicted impact on Western Rock Lobster 

habitat as a result of the Proposal is negligible.   

Finfish habitat values 

The Marmion Marine Park Management Plan (CALM & NPNCA 1992) identified 19 species of finfish 

commonly caught by recreational fishers in the Marmion Marine Park and their preferred habitats 

(Table 7-6).  These habitats all occur within the Development Envelope but are also widespread 

throughout the region.  Table 7-6 also provides a description of the fishing pressures and benthic habitat 

types that are used by the species.  The assessment of fishing pressures identifies that the majority of the 

species are not considered to be under pressure, with the exception of Australian herring and West 

Australian dhufish.  
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Table 7-6:  Finfish commonly caught within the Marmion Marine Park, their habitat associations and fishing pressures 

Finfish Distribution Fishing pressure 

Benthic Habitat Association 

Seagrass Macroalgal 
reef 

Mobile 
sand 

Southern garfish 
(Hyporhamphus 
melanochir) 

Southern garfish are generally found within sheltered coastal waters and bays 
along the southern Western Australia border to Lancelin (DoF 2010, 
Smallwood et al. 2013).  Southern garfish are closely associated with weed 
beds or seagrass habitat; which provide protection, a source of food and an 
attachment for eggs (DoF 2010, Smallwood et al. 2013).  Garfish have limited 
migration, often remaining in the seagrass where they are born, making them 
susceptible to localised fishing pressure or habitat loss (DoF 2010). 

Southern garfish are commonly caught by shore and boat-
based recreational line fishers and caught opportunistically 
by commercial fishers, rather than being targeted. 

Current stock levels listed as acceptable for the West Coast 
bioregion (Smallwood et al. 2013). 

X   

Western school 
whiting (Sillago 
vittata) 

Western school whiting are endemic to Western Australia, and have a large 
range spanning from Dampier to Geographe Bay (Brown et al. 2013).  As 
juveniles western school whiting stay close to shore, in sheltered waters.  As 
adults the western school whiting remain in the surf zone but within deeper 
water and over a sand substrate (Brown et al. 2013).   

Western school whiting are commonly targeted from the 
shore by recreational line fishers, and some boat-based 
fishers, in coastal and estuarine waters of the Western 
Australia coast.  This species is also targeted by a variety of 
commercial fisheries in the West Coast bioregion. 

Current stock levels for this species are unassessed.  
However, stock vulnerability is minimal for the West Coast 
bioregion (Brown et al. 2013). 

  X 

Tailor 
(Pomatomus 
saltatrix) 

Tailor are associated with coastal temperate and tropical waters and in 
Western Australia are found from the southern border north to Onslow 
(Smallwood et al. 2013, FRDC 2014).  This species tends to shelter in 
estuaries and shallow coastal areas, with important nursery habitat areas 
between Cervantes and Bunbury.  Juvenile tailor tend to school closer to the 
beach in the surf zone, moving further offshore with size and age (Smallwood 
et al. 2013, FRDC 2014).   

Predominantly a recreationally caught species in Western 
Australia, with approximately 85% taken by shore-based 
fishers (FRDC 2014). 

Fishing restrictions, the fast growth rate and early maturity of 
tailor mean that current stock levels are sustainable for the 
West Coast bioregion (Smallwood et al. 2013, FRDC 2014). 

  X 

Australian herring 
(Arripis 
georgianus) 

Australian herring are found in the southern coastal areas of Western 
Australia, from Shark Bay to Albany, and also along the south coast of South 
Australia, as far east as Victoria (Smallwood et al. 2013).  Australian herring 
spawn around reefs off the lower Western Australia coast (Perth to Cape 
Leeuwin).  Many juveniles settle in Port Geographe Bay, making this area an 
important source of recruitment for the Western Australia fishery (Smallwood et 
al. 2013).  Australian herring school close to the surface (top 1–2 m of water) in 
large numbers over seagrass meadows and reefs. 

Australian herring are a popular recreational fish species, 
targeted by shore-based fishers.  This species is also 
frequently caught by commercial nearshore and estuarine 
fishers. 

Reduced recreational bag limits and a buy-back of 
commercial licences by the State Government have reduced 
fishing pressure on this species. However, stock levels are 
uncertain in Western Australia and the vulnerability for this 
species is high (Smallwood et al. 2013). 

 X  

Skipjack trevally 
(Pseudocaranx 
georgianus) 

Skipjack trevally are found around the southern Western Australia border to 
Lancelin, including Rottnest.  Skipjack trevally spawn in nearshore reef areas 
and as juveniles stay within inshore waters (<20 m in depth) over bare sand 
(Smallwood et al. 2013).  This species tends to move further offshore with size 
and age, and tend to school over reef, seagrass, macroalgal habitats and can 
be found in water depths >60 m (Smallwood et al. 2013). 

In Western Australia this species a popular shore and boat-
based recreational fish.  However, commercial fisheries for 
skipjack trevally are concentrated in southern Australian 
waters (Smallwood et al. 2013). 

Current sustainability status is listed as medium to high for 
the West Coast bioregion (Smallwood et al. 2013). 

X X X 
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Finfish Distribution Fishing pressure 

Benthic Habitat Association 

Seagrass Macroalgal 
reef 

Mobile 
sand 

Yellowtail scad 
(Trachurus 
novaezelandiae) 

The yellowtail scad is a common schooling species of southern Australia from 
Queensland to northwest Western Australia (Australian Museum 2016).  
Yellowtail scad are associated with a large range of habitats and can be found 
in surface waters to depths of 500 m (Australian Museum 2016). 

Often caught by recreational fishers from wharfs and a low-
volume targeted commercially in Australia (Australian 
Museum 2016).  

Stock estimates and vulnerability are undefined. 

X X X 

Wrasse (several 
species) 

Wrasses are widespread in temperate coastal and continental shelf waters 
throughout the world.  Wrasse can be found in very shallow nearshore reef 
areas or in water depths of 100 m but are primarily associated with reef habitat 
for protection, foraging and spawning.   

Generally not a targeted fish species but may be caught as 
by-catch by the rock lobster and crab fisheries. 

Stock estimates and vulnerability are undefined. 

X X  

Cobbler 
(Cnidoglanis 
macrocephalus) 

Cobbler can be found in shallow coastal waters and lower parts of estuaries 
from the Abrolhos Islands in the north to southern Western Australia 
(Smallwood et al. 2013).  Juveniles are generally associated with detached 
seagrass (wrack) or macrohpytes in surf zones adjacent to sandy beaches, 
sheltered embayments or estuaries.  As adults cobbler inhabit coastal waters 
over reefs or seagrass meadows, and also shallow bays or sandy inlets near 
rivers (Smallwood et al. 2013). 

Occasionally taken by recreational fishers but more 
frequently caught commercially in estuarine and nearshore 
fisheries in Western Australia (Smallwood et al. 2013). 

Stock estimates not assessed for the West Coast bioregion, 
although restrictions are in place for some of Western 
Australia's estuaries (i.e. Swan Estuary) (Smallwood et al. 
2013). 

X X  

Sea trumpeter 
(Pelsartia 
humeralis) 

The sea trumpeter is endemic to southern Australian waters, from the Abrolhos 
islands in Western Australia to Kangaroo Island in South Australia (SA) (Bray 
2011).  The sea trumpeter is generally found in shallow seagrass meadows, 
while juveniles can be found along the shoreline in drifting macrophytes (Bray 
2011). 

Stock estimates and vulnerability are undefined. X X  

Yellow fin whiting 
(Sillago 
schomburgkii) 

There are two distinct populations of yellow fin whiting endemic to southern 
Australia; from Exmouth to Albany in Western Australia and from the Spencer 
Gulf to Fleurieu Peninsula in SA (Smallwood et al. 2013).  The yellow fin 
whiting is abundant in shallow waters (<5 m) in nearshore surf zones and 
associated with reef or sandy substrates (Smallwood et al. 2013).  

Stock estimates and vulnerability are undefined.  X X 

Red mullet 
(Upeneichthys 
vlamingii) 

The red mullet is widespread but most common in SA and coastal waters of 
Tasmania (Bray 2011).  The red mullet can be found in water depths from 2–
200 m and are generally associated with sheltered coastal waters, bays and 
estuaries, over rocky or sandy substrate (Bray 2011).   

Stock estimates and vulnerability are undefined.  X X 

Yelloweye mullet 
(Aldrichetta 
forsteri) 

The yelloweye mullet has a wide distribution in temperate waters from Shark 
Bay in Western Australia to just north of Sydney in New South Wales, including 
Tasmania (Bray & Gormon 2011, Smallwood et al. 2013).  Yelloweye mullet 
spawn in protected coastal waters and estuaries, over sand or seagrass 
meadows in depths up to 10 m, and generally stay in these habitats as adults 
(Bray & Gormon 2011, Smallwood et al. 2013).  

Commercial fishing of yelloweye mullet is mainly restricted to 
estuaries and embayments south of Perth (Smaller et al. 
2013). 

Stock estimates and vulnerability are undefined for Western 
Australia. 

X  X 

Leather jacket 
(several species) 

Common over seagrass meadows. Generally not a targeted fish species. 

Stock estimates and vulnerability are undefined. 

X   
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Finfish Distribution Fishing pressure 

Benthic Habitat Association 

Seagrass Macroalgal 
reef 

Mobile 
sand 

Blowfish 
(Torquigener 
pleurogramma) 

Blowfish are widespread around the southern half of Australia.  In Western 
Australia, blowfish are common in estuaries and shallow coastal waters (DoF 
2011).  Blowfish are generally associated with sandy bottoms but can also 
school over seagrass meadows or reef areas.  Generally blowfish leave 
estuaries (e.g. the Swan Estuary) to spawn in the shallow waters along Perth's 
coastal waters (DoF 2011).  

Generally not a targeted fish species. 

Stock are abundant in Western Australia. 

X X X 

Snook 
(Sphyraena 
novaehollandiae) 

Snook are found in various location through Indo-Pacific but in Australia are 
limited to the southern coastline, ranging from central Western Australia to 
Victoria, including Tasmania (Schultz 2011).  Snook form small schools and 
are generally found over seagrass meadows and macroalgae reefs, near areas 
of sand (Schultz 2011). 

Popular with recreational fishers but not targeted by 
commercial fisheries (Schultz 2011). 

Stock estimates and vulnerability are undefined. 

X X X 

Shark (several 
non-protected 
species) 

Offshore roving species throughout the water column and a number of different 
habitats.  Some sharks, like the port jackson shark, have close association with 
reef habitat but are generally widespread. 

In some cases commercial collection of shark species (for 
non-listed species) is controlled by State Government 
legislation. 

 X X 

West Australian 
dhufish 
(Glaucosoma 
hebraicum) 

The West Australian dhufish is endemic to Western Australia, from Esperance 
to Shark Bay.  Spawning is generally associated with nearshore reef habitat 
and juveniles tend to stay in sheltered inshore waters (2–48 m) over sand with 
light seagrass cover or sand inundated reef (Bray 2011, Smallwood et al. 
2013).  Adults are found in deeper waters (20–50 m) in higher relief reef 
habitat.  The West Australian dhufish have restricted movements along the 
coast, except during spawning when juveniles move into shallower waters 
(Bray 2011, Smallwood et al. 2013).  

This is a popular boat-based recreational fish.  The West 
Australian dhufish is also targeted by the West Coast 
Demersal Scalefish Fishery. 

Breeding stock levels assessed as recovering in the West 
Coast bioregion, although, stock vulnerability is high 
(Smallwood et al. 2013). 

X X X 

Sea mullet (Mugil 
cephalus) 

The sea mullet is widespread in tropical and subtropical nearshore shallow 
coastal and estuarine waters, and can be found along the entire Western 
Australia coast (Bray 2011, Smallwood et al. 2013).  These fish are migratory 
and also highly euryhaline, and tend to migrate north along the Western 
Australia coast and also into the upper reaches of estuaries (Bray 2011, 
Smallwood et al. 2013). 

Commercial targeting of the species is mainly restricted to 
waters from Shark Bay southwards (FRDC 2014). 

The current stock level for sea mullet is listed as sustainable 
for the West Coast bioregion, as a result of reduced 
commercial effort in coastal and estuarine areas (FRDC 
2014). 

X X X 

Australian salmon 
(migratory) 
(Arripis trutta) 

The Australian salmon is endemic to the southern half of Australia, and found 
as far north as Kalbarri in Western Australia (Bray & Gormon 2011, Smallwood 
et al. 2013).  Spawning generally takes place south of Perth, causing maturing 
adults to migrate south (between Busselton and Cape Leeuwin) in mid-late 
summer (Bray & Gormon 2011, Smallwood et al. 2013).  Juvenile salmon 
inhabit shallow sheltered bays and coastal waters while adults form schools in 
exposed coastal waters near reefs and the surge zone (Bray & Gormon 2011, 
Smallwood et al. 2013).  

Broader environmental issues such as ocean warming and 
changes in the Leeuwin current over the past decade may 
be affecting fish stocks (FRDC 2014).  The current stock 
level is listed as sustainable for the West Coast bioregion 
due to restrictions and reduced fishing effort (FRDC 2014). 

 X X 

NB: List of finfish commonly caught within the Marmion Marine Park sourced from CALM and NPNCA (1992). 
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7.2.3 Monitoring and management during and post construction outlined in the Marina 

Construction Monitoring and Management Plan 

Construction 

The key management measure that will be in place to minimise the potential for impacts to benthic habitats 

from turbidity and sedimentation during construction is the use of silt curtains during dredging.  The 

construction schedule has also been designed to allow construction of the breakwaters prior to 

commencement of dredging in order to contain sediment during dredging.  A monitoring program has been 

designed to ensure that the water quality impacts of the construction process are as predicted and to 

adaptively manage construction if different, or worse, water quality effects occur.  The relevant 

contingencies depend on the phase of work however the options will include: 

 investigate cause of exceedance 

 ensure source material being used meets all fines specifications 

 amended construction method to minimise turbidity  

 maintenance of, or use of additional, silt curtains to ensure effectiveness. 

If all other methods cannot adequately manage turbidity then the rock would be washed and wash water 

contained. 

Monitoring of adjacent seagrass health and abalone habitats will be evaluated throughout the construction 

period to ensure that no unexpected effects are occurring.  The MCMMP (Appendix 3) includes details of 

the benthic habitat and water quality monitoring program which will include areas potentially affected by 

the Proposal, reference sites and post construction monitoring.   

It is also proposed to include monitoring of water and sediments in the dredged material placed in 

reclamation areas to confirm predictions that overall concentrations of contaminants (especially TBT) meet 

relevant EQG.  

Operation 

The extent of the ‘halo’ effect around the Proposal footprint will be confirmed after construction for a period 

of two years.  Seagrass extent will be monitored through high resolution aerial imagery. 

The benthic habitat monitoring program during operation will be designed to determine whether there is 

any measurable change in seagrass health in areas adjacent to the Proposal footprint and whether there is 

any measurable change in algae cover in the abalone monitoring sites.  All abalone sites monitored during 

the baseline surveys will continue to be monitored annually post construction.   

Predictions of environmental impacts during maintenance dredging will be linked to environmental 

monitoring and adaptive management based on DoT protocols for the maintenance dredging of its coastal 

facilities in Western Australia.  A maintenance dredging monitoring and management plan will be prepared 

and monitoring will include seagrass health and water quality, as appropriate. 

7.3 Potential impacts and risks 

Dredging, reclamation, breakwater construction, changes to the shoreline profile, altered patterns of 

sediment movement and hydrodynamics have the potential to affect benthic habitats.  These potential 

impacts are assessed in Section 7.5. 
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An exercise was undertaken at the referral stage of the Proposal to scope the key elements of the 

Proposal which have the potential to impact benthic communities and habitat.  This was carried out in 

consultation between the City, decision-making authorities and interested agencies, consistent with 

EAG 10: Scoping a proposal (EPA 2013b).  The potential impacts as identified in the ESD are: 

 direct removal of benthic communities and habitat to allow for the construction of the marina 

waterbody and breakwaters (addressed in Section 7.5.1) 

 indirect impacts to benthic communities and habitats due to altered sediment and water 

movement and flows caused by breakwaters (addressed in Section 7.5.1) 

 reduction in marine environmental quality that supports healthy benthic communities and habitat 

during construction and operation of the marina: 

 Section 7.5.2 addresses the potential impacts of reduction in marine environmental quality 

during construction on benthic habitats 

 Section 7.5.3 addresses the potential impacts of reduction in marine environmental quality 

during operation on benthic habitats 

 Section 7.5.6 addresses the potential impacts of reduction in marine environmental quality on 

abalone habitat 

 Section 7.5.7 addresses the potential impacts of reduction in marine environmental quality on 

Western Rock Lobster habitat 

 increased recreational boating activity leading to pressures on benthic communities at key sites 

within the Marmion Marine Park (addressed in Section 7.5.4). 

The application of the mitigation hierarchy to these potential impacts is outlined in Section 7.4 and an 

assessment of residual impacts is presented in Section 7.5. 

7.4 Mitigation hierarchy 

Consideration was given to avoiding, minimising and rectifying or rehabilitating the potential impacts during 

planning for the Proposal; these measures are summarised in Table 7-7.  The planned mitigation 

measures are taken into account when predicting the residual impacts of the Proposal.  The proposed 

offsets for significant residual impacts are addressed in Section 10. 



  Ocean Reef Marina 

COJ14177_01 R001 Rev 3  

14-Nov-16   119 

Table 7-7:  Application of the mitigation hierarchy to potential impacts on benthic communities and habitat 

Potential impact Avoid Minimise Rectify/rehabilitate Offset 

Direct removal of 
habitat 

Site selection includes the already disturbed 
footprint of the Ocean Reef Boat Harbour, avoiding 
disturbance to BPPH in this area.  In terms of 
BPPH, this means that approximately 4.3 ha (or 
500 m) of the Proposal footprint has already been 
disturbed by the boat harbour (breakwaters and 
internal waters), reducing the predicted residual 
loss of BPPH as a result of the Proposal. 

The configuration of the Ocean Reef Marina 
Development was designed to avoid direct 
disturbance of seagrass BPPH which was known to 
occur to the south west of the Proposal Footprint. 

The avoidance of impacts to the near-shore reef 
was not possible as this BPPH type is almost 
continuous to the north and south of the Ocean 
Reef boat harbour. 

Not applicable. 

The size of the Ocean Reef Marina Development is based on servicing 

the needs of the growing population in the northern Metropolitan area 

and as such, the Proposal footprint could not be reduced without 

compromising this objective.   

 

No opportunity to rectify as 
rehabilitation of the affected near-
shore reef areas is not possible. 

Described in 
Section 10. 

Indirect impacts due 
to altered sediment 
and water movement 
and flows caused by 
breakwaters 

Not applicable.  The indirect loss of benthic habitat 
in a ‘halo’ around the breakwaters is unavoidable. 

Configuration of the Ocean Reef Marina Development is designed to 
minimise the impacts to hydrodynamic processes. 

As above. Described in 
Section 10. 

Reduction in marine 
environmental quality 
during construction 
and operation 

The avoidance of impacts to marine environmental 
quality is not possible. 

Construction management to minimise turbidity and sedimentation: 

 construction of the outer breakwaters first to provide protection and 
containment of turbidity from the rest of construction 

 use of silt curtain(s). 

Operation management to minimise contamination: 

 marina configuration has been designed to flush effectively and this 
has been tested with hydrodynamic modelling 

 strict regulation of potentially contaminating boating activities within 
the marina. 

No opportunity to rectify marine 
environmental quality from 
operation.  Construction effects 
will be temporary and will naturally 
ameliorate once construction 
ceases. 

Described in 
Section 10. 

Increased 
recreational boating 
activity leading to 
pressures on benthic 
communities at key 
sites within the 
Marmion Marine 
Park 

Not applicable. The Ocean Reef Marina Development will provide a site for 
surveillance, monitoring and research regarding the marine 
environment, including recreational use and management of the 
Marmion Marine Park.  This may improve the management of 
threatening processes associated with boating in the Marmion Marine 
Park. 

Not applicable. No offset 
required. 
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7.5 Assessment of predicted direct and indirect residual impacts 

Sections 7.5.1 to 7.5.10 present an assessment of predicted direct and indirect residual impacts on benthic 

communities and habitat after the mitigation hierarchy has been applied (as described in Section 7.4).   

7.5.1 Footprint related impacts 

The total area to be affected by the direct removal of benthic communities and habitat for the Proposal 

footprint is 8.63 ha.  In addition to the direct Proposal footprint, the following footprint related impacts are 

also predicted to result in benthic habitat loss: 

1. The benthic habitat within the marina waterbody will be substantially modified due to construction and 

operation (by dredging, maintenance dredging, construction of boat pens, shading from boats and 

boat movements) thus, 100% loss has been assumed within the Proposal footprint. 

2. The habitat around the breakwaters may be smothered due to altered patterns of longshore sediment 

transport adjacent to the breakwater, and/or eroded by bottom shear stresses due to wave shoaling 

and reflection in front of the breakwater.  These effects typically result in a bare sand ‘halo’ around 

most breakwaters and groynes located in seagrass meadows. 

The Proposal is located in a relatively high energy environment and the ‘halo’ effect extends to 70 m 

beyond the breakwaters (Figure 6-24) to allow for erosion and sedimentation effects due to changes in 

wave and current action (Oceanica 2016d).  The ‘halo’ takes into account indirect impacts associated with 

the modelled increase in current speeds to the south-west of the Proposal footprint (Figure 6-15 and 

Figure 6-17).  The shearing stress that results from increased currents will be greatest close to the 

Proposal footprint and in shallower waters.  Beyond 70 m, the increased current speed is not expected to 

result in any indirect impacts to benthic habitats.  The 70 m ‘halo’ disturbance footprint was predicted 

based on post construction monitoring performed on Hillarys Boat Harbour which has a comparable depth 

and wave energy environment (Oceanica 2016d).   

The total predicted footprint related (direct and indirect) benthic habitat loss is 47.58 ha as presented in 

Table 7-8 and Table 7-9.  Benthic habitat distribution within, and adjacent to the Proposal footprint is 

illustrated in Figure 7-4 (Oceanica 2016d).  'Mobile sand lagoonal' is the most widespread BPPH within the 

Proposal footprint and the 70 m ‘halo’.  No seagrass was located within the direct Proposal footprint but the 

potential indirect impact area contains 0.62 ha. 

Table 7-8:  Benthic primary producer habitat units within the Proposal footprint and the total potential 

impact area 

Benthic primary producer habitat  Proposal footprint (ha) 
Potential footprint related BPPH loss 
(direct and indirect) (ha) 

Seagrass 0.00 0.62 

Macroalgae 2.71 13.13 

Mobile sand 5.92 33.83 

Total 8.63 47.58 

Source: Oceanica (2016d) 
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Table 7-9:  Benthic habitat types within the Proposal footprint and the total potential impact area 

Benthic habitat type  Proposal footprint (ha) 
Potential footprint related BPPH loss 
(direct and indirect) (ha) 

Seagrass perennial 0.00 0.62 

Macroalgae (intertidal) 0.46 3.11 

Macroalgae (subtidal) low relief shoreline 0.52 1.48 

Macroalgae (subtidal) high relief shoreline 1.73 8.53 

Mobile sand lagoonal 5.92 33.83 

Total 8.63 47.58 

Source: Oceanica (2016d) 

The predicted loss of abalone and Western Rock Lobster habitat is presented in Section 7.5.6 and 7.5.7. 

7.5.2 Construction-related indirect impacts on BPPH 

The hydrodynamic modelling of the Proposal included consideration of the potential for deposition of 

suspended sediment.  Sediment deposition has the potential to impact BPPH through the direct burial of 

habitats or substrates if it occurs for an extended period (RPS APASA 2016).  The assessment was 

conducted by analysing the deposition and re-suspension of sediments.   

Shading of seagrass due to turbidity generated during construction can cause reversible or irreversible 

impacts on seagrass.  The turbidity plume was modelled based on TSS concentrations during construction 

(RPS APASA 2016).  The potential impacts of turbidity and deposition of sediments were considered in the 

context of EAG 7 (EPA 2011) including the definition of spatially defined ZoI and impact: 

 ZoI – the area where changes in environmental quality associated with dredge plumes were 

predicted, but these changes were not expected to result in a detectible impact on benthic biota. 

The ZoI represents the predicted maximum extent of the dredge plumes; beyond it there should 

be no dredge-generated plumes discernible from background conditions at any stage during the 

dredging campaign.  EAG 7 (EPA 2011) notes that the ZoI can be large, but at any point in time 

the dredge plumes are likely to be restricted to a relatively small portion of the ZoI.  Reference 

sites for monitoring natural variability are ideally located outside the ZoI of the dredging activities 

 ZoMI – the area where predicted impacts on seagrass and benthic organisms were expected to 

be sub-lethal and/or the impacts were recoverable within a period of five years following 

completion of the dredging activities 

 ZoHI – the area where impacts on seagrass meadows and associated benthic organisms were 

predicted to be irreversible (defined as lacking a capacity to return or recover to a pre-dredging 

state within a timeframe of five years or less).  

The ZoI for the Proposal has been defined as the full visible plume extent, which includes the area where 

visible plumes (defined as 2 mg/L above background) may occur at any time during the total construction 

period at any level in the water column.  This definition is consistent with EAG 7.  The predicted ZoI 

extends 244.2 ha outside the Development Envelope and extends approximately 1 km north, 2 km 

offshore and 2 km south of the Development Envelope (Figure 7-4). 

The ZoHI was determined based on an analysis of predicted seabed deposition and TSS.  Seagrass is 

known to be one of the most sensitive BPPHs to prolonged shading effects; therefore, the potential 

impacts have been discussed in terms of potential seagrass loss.  TSS has been used as an indicator of 

potential seagrass shading and both the severity and the duration of shading is relevant to the potential 

impact.  The time taken for irreversible loss of seagrass due to shading effects is presented in Oceanica 

(2016c) as: 

 Posidonia sinuosa (perennial species): 3–6 months shading below minimum light requirements 

 Amphibolis griffithii (perennial species): 3 months shading below minimum light requirements 

 Halophila ovalis (ephemeral species): 21 days shading below minimum light requirements 

 Zostera marina (ephemeral species): 18 days shading below minimum light requirements. 
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The visible turbidity limit of 2 mg/L above background has been used as a conservatively low threshold for 

potential shading effects in prolonged events (greater than 14 days).  The 99
th

 percentile model outputs 

show the areas where TSS elevations above background may persist for up to 1% of the designated time 

period which includes: 

 breakwater construction (six month period where 99
th
 percentile is less than 2 days):  elevated 

TSS  is predominantly within the 70 m predicted ‘halo’ loss  (exceedances of 2 mg/L outside of 

70 m are <0.2 ha), as shown in Figure 6-19 

 dredging (seven month period):  no exceedance as the suspended sediments will be contained 

within the marina by the breakwater and silt curtain(s), as shown in Figure 6-20. 

During the entire construction period (13 months) there will be exceedances of 2 mg/L, predominantly 

within the 70 m ‘halo’, for a total period of less than four days which would not be expected to have any 

measurable effect on seagrass health. 

No loss of seagrass or other BPPH due to construction turbidity would be expected beyond the 70 m ‘halo’.   

The second potential construction-related impact on benthic habitat is bottom deposition of suspended 

sediments which can smother benthic habitats.  There is a high level of uncertainty regarding the depth 

and duration of seabed deposition which would have an impact on benthic habitats as these habitats 

(especially in the near-shore area) are adapted to a high variability in sediment movement, deposition and 

re-suspension as a result of natural hydrodynamic processes.  Other impact assessments have cited that 

most BPPH communities are expected to persist through a level of 3 cm sedimentation (Fremantle Ports 

2009). 

For the purpose of this impact assessment, a very low deposition of 1 mm (equivalent to 1000 g/m
2
) has 

been selected to analyse the extent of deposition and therefore the area of benthic habitat potentially 

affected.  Figure 6-22 shows the extent of bottom deposition of sediments expected over the entire 

construction period.  Negligible (<0.1 ha in an area of mobile sand BPPH type) deposition of >1 mm is 

predicted beyond 70 m from the breakwater at any time during the construction period.   Sedimentation of 

>1 mm is only predicted to extend up to 100 m from the breakwater.   

The modelling also showed that the seabed deposition events were short-lived with deposited sediment 

being re-suspended, typically in the order of a few hours.  This is consistent with the expectation that only 

very fine sediment is likely to be dispersed away from the construction site which can be readily re-

suspended given exposure to wave energy incidental to the local coastline and reef system (RPS APASA 

2016). 

Following the TSS and deposition assessment, no construction-related impact (reversible or irreversible) is 

expected beyond 70 m from the breakwaters.  Therefore, the 70 m ‘halo’ limit has been set as the ZoMI 

and ZoHI boundary.  The zones of influence and impact are shown in Figure 7-4 and have been defined 

as: 

 ZoI – the outer boundary of the ZoI was defined using the 100
th

 percentile of the area where a 

TSS threshold of 2 mg/L above background was exceeded at any time during the modelled 

construction period, representing the maximum extent of the visible plume  

 ZoHI – extends to 70 m from the breakwater.  This is within the extent of Proposal footprint-

related benthic habitat losses (direct and indirect ‘halo’ effects which are estimated to extend up 

to 70 m from the breakwater).  No irreversible or reversible impacts on benthic habitats is 

expected outside of this zone as a result of construction-related turbidity and seabed deposition 

 ZoMI – defined as coincident with the ZoHI as an assessment of potential impacts on benthic 

habitats showed that no potential impact (temporary and reversible) is predicted outside of the 

ZoHI.  This assessment was based on there being no exceedance of the following environmental 

thresholds outside the 70 m ZoHI around the breakwaters: 

 TSS of >= 2 mg/L for a prolonged period (nominally one week based on seagrass shading) 

 seabed deposition of >= to 1 cm for any length of time.  

  



Figure 7-4:  Zones of influence and predicted impact on benthic habitat

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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7.5.3 Reduction in marine environmental quality that supports healthy benthic 

communities and habitat due to the presence and operation of the proposed 

marina  

The potential impacts of the Proposal on marine environmental quality have been assessed in Section 

6.2.5.  Changes in marine environmental quality during construction and the associated potential impacts 

on BPPH have been addressed in Section 7.5.2.  All changes relevant to abalone are addressed in 

Section 7.5.6. 

Other potential impacts associated with the presence and operation of the Proposal include: 

 nutrient-related algal growth can result in shading or smothering of benthic habitats 

 pollution events can cause loss of benthic communities and habitats 

 maintenance dredging causing turbidity and seabed deposition of sediments. 

The assessment of nutrient-related algal growth was conducted as part of the hydrodynamic modelling 

work undertaken by RPS APASA (2016) which predicted the algal production response to the modelled 

hydrodynamic changes; specifically, the potential for increased algal growth in the marina waterbody and 

the subsequent impact of this water as it outflows to the adjacent marine environment.  This assessment 

and outcomes are detailed in Section 6.2.5.   The outcome of the modelling showed that the predicted 

increase in nutrients is expected to be relatively small compared to background levels and no significant 

impact on algal growth is anticipated as a result.  Modelling of algal concentrations showed that algal 

growth outside the marina was mostly similar to background levels.  There were no exceedances of 

background levels in summer or autumn and the two small exceedances in winter and spring were short-

lived and unlikely to have an effect on the health of BPPH.   

The fate of a contaminant plume caused by pollution events (whether point source or diffuse) depends on 

the nature and volume of the contaminant involved.  The modelling indicates that all water that outflows 

from the marina will be diluted to less than 50% of its original concentration by the time it reaches 100 m 

from the marina (RPS APASA 2016) and beyond that, will be further diluted.  Pollution is illegal under the 

EP Act and any spill will be managed by the marina manager.  Ongoing water quality monitoring is outlined 

in the MEQMP included in Appendix 3. 

Maintenance dredging (likely to be carried out every ten years) is unlikely to exceed the turbidity generated 

during construction of the breakwaters.  Maintenance dredging would be monitored and managed so that it 

is unlikely that a visible plume would extend beyond the marina entrance.  Therefore, the potential impacts 

of turbidity and seabed deposition would be expected to be within the 70 m ZoMI/ZoHI where total loss of 

BPPH has been assumed based on ‘halo’ effects. 

7.5.4 Potential impacts on benthic habitat due to increased boat numbers 

Due to population growth in the northern metropolitan area and increased levels of boat ownership in the 

region, there is a predicted increase in the number of boats traversing the Marmion Marine Park 

(Section 8.5.3).  The Proposal itself will not result in a significant increase in the number of boats above 

what is predicted due to population growth.   

Water quality impacts, and any associated deposition effects on benthic habitat, due to sediment re-

suspension by boating activity are unlikely as the marina extends into deep water with the marina entrance 

in 8 m water depth.   

The release of hydrocarbons and heavy metals from boat engine emissions will increase in proportion to 

boating traffic.  However, there is already heavy use of the Marmion Marine Park and the existing eight 

Ocean Reef boat ramps and the Proposal will provide an opportunity for an increased management 

presence in this area of the Marmion Marine Park.  The Proposal will improve an aging and outdated 

facility; it will also provide re-fuelling facilities and sullage pump-out facilities which are currently not 

available in this area. 
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7.5.5 Assessment of benthic habitat loss against EAG 3  

EAG 3 provides cumulative loss guidelines for BPPH within defined LAUs.  The cumulative loss guidelines 

are not intended to be applied as rigid limits and decisions on the acceptability of impacts will, in all cases, 

be the judgement of the EPA based on the application of the mitigation hierarchy, predicted cumulative 

losses and assessment of the overall risk to ecological integrity. 

In accordance with the ESD the Marmion Marine Park, with the inclusion of Hillarys and Ocean Reef boat 

harbours, has been defined as the LAU for this assessment and would be considered a 'High Protection 

Area' (i.e. Category B), where the EAG 3 cumulative loss guideline for BPPH within the LAU is 1%.  The 

cumulative loss guidelines have been considered against the BPPH types which represent the broad 

functional ecological communities and are appropriate for consideration of historical loss estimates, where 

no detailed information is available.  

Oceanica (2016d) undertook an assessment of the estimated historical loss of BPPH types in the Marmion 

Marine Park (Appendix 4).  Loss of BPPH within the Marmion Marine Park has occurred historically as a 

result of the Hillarys Boat Harbour footprint and ‘halo’ effects and the Ocean Reef ocean outfall pipelines 

installed by the Water Corporation in 1972 and 1992.   

The cumulative loss estimates for the LAU are presented in Table 7-10.  Predicted losses of BPPH types 

from the Proposal only are less than 1%, with 0.72% of the mobile sand unit being the largest area and 

percentage affected.    

The estimated cumulative loss of seagrass historically, without the Proposal, is 2.16% which already 

exceeds the cumulative loss guideline.  The Proposal will result in a small increase in the area of seagrass 

affected (0.05%), bringing the estimated cumulative loss to 2.21%.  Given the Proposal has avoided all 

direct impacts on seagrass and has a very small predicted indirect loss (0.62 ha), this potential loss is 

unlikely to compromise the EPA objective for benthic communities and habitat which is to “maintain the 

structure, function, diversity, distribution and viability of benthic communities and habitats at local and 

regional scales”.   

The cumulative loss guideline for macroalgae is not exceeded (Table 7-10) whereas the cumulative loss 

guideline is almost exceeded for mobile sand.  The mobile sand BPPH type has the lowest productivity of 

the benthic habitats in the area and a cumulative loss of 1% within the LAU is unlikely to have a significant 

ecological effect. 

Table 7-10:  Predicted cumulative loss of Benthic Primary Producer Habitat from the Proposal and 

estimates from Hillarys Boat Harbour and the ocean outfalls 

Benthic 
habitat type  

Current 
habitat 
area 
(ha) 

Estimated 
loss from 
Hillarys 
Boat 
Harbour 
(ha) 

Estimated 
loss from 
ocean 
outfalls (ha) 

Historical 
loss (%) 

Predicted loss 
from Proposal 
(ha) 

Predicted 
loss from 
Proposal (%) 

Estimated 
cumulative 
loss in LAU 
(%) 

Seagrass 1159 25 0.1 2.16 0.62 0.05 2.21 

Macroalgae 3613 0 0 0 13.13 0.36 0.36 

Mobile sand 4721 13 0.3 0.28 33.83 0.72 1.00 

It is noted that although the macroalgae BPPH type is well below the cumulative loss threshold, it has been 

identified that the near-shore macroalgae habitat at Burns Beach Reef is ecologically significant for Roe’s 

abalone.  On this basis, an additional study has been dedicated to the Burns Beach Reef Roe’s abalone 

habitat and abundance (Oceanica 2016e).  An assessment of predicted impacts on this habitat is 

addressed in Section 7.5.6. 
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7.5.6 Abalone habitat 

As described in Section 7.2.2, within the Marmion Marine Park there is a total of 131 ha of abalone habitat.  

The Proposal footprint extends north of the existing Ocean Reef Boat Harbour into abalone habitat and will 

result in direct removal of 2.7 ha of abalone habitat.   

The predicted footprint related abalone habitat loss (including the Proposal footprint, marina waterbody 

and associated 70 m ‘halo’ described in Section 7.5.1 and shown in Figure 7-4) will result in a total 

footprint related loss of 12.54 ha or 9.6% of the mapped abalone habitat within the Marmion Marine Park 

(Table 7-11). 

Table 7-11:  Potential footprint related loss of near-shore reef habitat supporting Roe’s abalone within the 

Marmion Marine Park 

Current near-shore 
reef habitat area (ha) 

Direct loss from Proposal footprint 
Loss from potential Proposal footprint related 
BPPH loss (direct and indirect) 

(ha) (%) (ha) (%) 

131 2.7 2.1 12.54 9.6 

Source: Adapted from Oceanica (2016d) 

Predicted impact on abalone habitat from changes to marine environmental quality 

In addition to footprint related loss (direct loss and associated 70 m ‘halo’) there are also potential impacts 

due to changes in the marine environment during construction and operation of the marina.  The potential 

sensitivity of abalone to environmental changes was analysed in a literature review conducted by 

Oceanica (2016a) and included: 

 changes in hydrodynamics 

 seabed sediment deposition 

 changes in freshwater fluxes 

 changes in water temperature 

 changes in wrack deposition. 

The Proposal is not expected to affect freshwater fluxes (groundwater outflow to the near-shore reef) or 

water temperature in the near-shore reef.  As such, these variables are not assessed further. 

Reef scale hydrodynamics 

Modelling indicates that changes in current speed and residual currents will occur as a result of the 

Proposal, particularly to the north (RPS APASA 2016).  Changes in current speeds may affect the particle 

sizes that can remain suspended in the water column and potentially affect the amount and fractions of 

both sediments and wrack (drift algae) that will be supplied to the areas of abalone habitat.  Drift algae is 

an important food source for Roe’s abalone therefore the change in current speed could have a direct 

impact on food availability (Oceanica 2016f).  Changes in coastal processes (Section 9) may also affect 

the deposition, breakdown and distribution of wrack close to the Proposal. 

Changes in the current speed along Burns Beach Reef may also have an effect on the settling location of 

broadcast larvae along the reef which are dispersed in the water column and transported to the reef on the 

currents.  The predicted change in currents is most pronounced in summer when peak instantaneous 

absolute differences of current speed from modelling of the existing coastline (including the boat harbour) 

compared to the Proposal scenario were in the order of 5–10 cm s
-1

 (Figure 6-17).   
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The results of the hydrodynamic modelling (RPS APASA 2016) indicate changes in current speed resulting 

in: 

 a reduction in current of 40–60% within 500 m north of the Proposal footprint with flushing 

immediately north of the marina significantly reduced  

 a reduction in current of around 20% or less 500–1500 m north of the Proposal footprint  

 no detectable change in current at distances > 1500 m north of the Proposal footprint. 

The percentage changes for the eight modelled scenarios are outlined in Table 7-12.  It is important to 

note, that although the predicted change within 500 m of the Proposal footprint is considered potentially 

significant, the net change in current flows is still small and the majority (85%) of predicted current speed 

reductions are less than 0.02 m/s (RPS APASA 2016).  Beyond 500 m, predicted current speed changes 

are generally less than 20% (or less 0.006 m/s). 

Seasonal analysis 

The predicted change in currents is most pronounced in summer when current speeds are highest and 

therefore the flow interruption of the Proposal has the greatest effect.  In the modelled scenarios for 

January and February, the Proposal reduced current speeds generally by approximately 0.05 m/s (Figure 

6-15) or 20-60% (Table 7-13).   

In autumn, the predicted percentage changes were similar but the magnitude of the predicted changes 

were less (generally <0.02 m/s).  The July winter scenario had the most irregular pattern with highly 

variable current reductions (but consistent percentages) based on the effect of relatively low flow 

conditions interspersed with winter storm conditions resulting in current speed changes of up to 1.0 m/s).  

In the July and August scenarios there is still a 20-60% reduction in flows within 500 m of the Proposal 

footprint but this is a low flow time period and therefore the reduction in current speed equates to 

approximately 0.02 m/s during calm weather in the modelled scenario.  Beyond 500 m there is generally a 

<20% reduction in current speed (Figure 6-16 and Figure 6-18).   

Winter is the spawning time for abalone therefore the predicted changes could potentially impact on the 

distribution of larvae.  The cycle of calm periods interspersed with high flow conditions will still occur and 

this natural variability has a much greater effect on currents at this time of year than the predicted changes 

from the Proposal. 

In the October and November scenarios, there was an initial high percentage change in a period of very 

low current.  After three days, currents picked up and the percentage changes were once again in the 

usual range of >40% change within 500 m and <20% change beyond 500 m.   

There are no known thresholds for the sensitivity of abalone to changes in hydrodynamics and the 

relationship is likely to be complex.  Based on the level of predicted environmental change, it has been 

assumed that: 

 the reduction in current within 500 m of the Proposal footprint is significant and may reduce the 

population of abalone in this area of the reef.  Due to the level of uncertainty, a worst case 

scenario of 100% loss of abalone has been assumed in this area and will be addressed in the 

offsets strategy (Section 10) 

 the reduction in current within 500–1500 m of the Proposal footprint is small and is not expected 

to cause a measurable change in the abalone population.  Due to the residual level of uncertainty 

within this distance, monitoring will be undertaken and if changes in the population of abalone are 

detected, a proportional offset will be provided, as described in Section 10 

 no impact is expected on abalone populations >1500 m north of the Proposal footprint.  

Monitoring will be undertaken to verify the modelling results and impact assessment assumptions. 

No substantial change was predicted in current speed over abalone habitat south of the Proposal footprint 

as the habitat is >500 m from the Proposal footprint and the current is dominated by northward flow for 

most of the year.    
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Table 7-12:  Predicted average current speed changes in selected abalone habitat zones for eight simulation periods. Averages are computed from a 15-day hourly time series and 

based on all grid cells within each zone. The percentage changes are based on absolute value changes (i.e. positive or negative) 

Zone 
Current speed 
changes 

Season Summer Summer Autumn Autumn Winter Winter Spring Spring 

Cycle Spring Neap Spring Neap Spring Neap Spring Neap 

Start Date 9 January 13 12 February 13 8 April 12 21 March 12 19 July 13 9 August 13 24 October 14 1 November 14 

North Reef 

0-500m 

<20%  1 2 4 4 3 5 2 0 

20-40%  50 37 48 48 39 43 29 36 

>40%  48 61 48 48 58 52 69 64 

North Reef 

500-1500m 

<20%  98 97 96 98 89 76 94 91 

20-40%  2 2 2 2 7 12 4 7 

>40%  0 1 1 0 4 12 2 2 

South Reef 

500-1500m 

<20%  98 95 94 95 70 73 95 93 

20-40%  2 3 5 3 17 12 4 5 

>40%  0 2 1 3 13 14 1 2 

Source: RPS APASA (2016) 

* 0-500m zone does not exist for south reef.
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Seabed deposition of sediments 

The potential for seabed deposition of >1 cm is limited to an area within 70 m of the Proposal footprint 

while deposition of <1 mm occurs at distances up to 100 m from the Proposal footprint.  Outside this area 

there may be periodic deposition of fine sediment; however, the modelling indicates that this will generally 

be re-suspended within 1–2 days (model results taken from the closest abalone reef site to the north of the 

Proposal footprint) (RPS APASA 2016).  In the shallow zones (2–6 m water depth) that abalone inhabit, 

the finer sediment able to be dispersed over larger distances from the source location tends to be re-

suspended due to wave action (RPS APASA 2016).   

No deposition of sediment is expected on the reef south of the Proposal as it is greater than 500 m from 

the Proposal footprint.   

Seabed deposition of sediments within 100 m of the Proposal footprint could have a significant impact on 

abalone habitat through inundating habitat or smothering the NCA which the abalone rely on for settling, 

shelter and as a food source during their juvenile development (Oceanica 2016f).  The area of potential 

impact from seabed deposition is within the predicted 500 m zone that will experience significant changes 

to current speed and flushing.  Therefore, no additional impact is predicted from seabed deposition. 

Nutrient concentrations 

Increased nutrient concentrations on the reef could favour the growth of certain algal community species 

(referred to as turfing algae) and increase canopy cover within the abalone habitat area.  In turn, this can 

increase sedimentation on the reef and lead to the smothering of NCA.  

The accumulation of nutrients in the sheltered water of the Proposal and then the distribution and dilution 

of these nutrients in the adjacent marine waters has been modelled (RPS APASA 2016).  Within the 

marina, modelling shows a potential increase in nutrient concentrations with a maximum 50
th
 percentile 

concentration reaching 0.48 mg/L for nitrogen and 0.0031mg/L for phosphorus (see Section 6.2.5).  

Subsequent modelling of the influence of outflows from the Proposal indicated that the maximum 

concentration that would reach the abalone habitat immediately north of the Proposal footprint would be 

15.1% of the concentration in the marina.  Assuming a worst case scenario of 0.48 mg/L for nitrogen and a 

worst case dilution of 15.1% reaching the nearest abalone habitat, this would result in a maximum 

concentration increase of 0.072 mg/L for nitrogen.  Baseline concentrations measured along Burns Beach 

Reef and the area immediately within the Proposal footprint ranged from 0.1–0.16 mg/L (Oceanica 2016a).  

An increase of 0.072 mg/L for nitrogen would result in a total concentration of 0.17–0.23 mg/L for nitrogen.  

The background water quality concentrations for Perth’s northern waters have been recorded to range 

between 0.14–0.47 mg/L (Buckee et al. 1994).  Therefore, the predicted increase in nutrients is expected 

to be relatively small compared to background and no significant impact on reef algal composition is 

anticipated as a result.   

Summary of predicted changes to abalone habitat and populations from changes to marine 

environmental quality 

A summary of the predicted environmental changes (indirect impacts due to changes in flows or water 

quality) which may affect abalone habitat or populations is presented in Table 7-13.  The most significant 

potential impact on abalone (outside of the footprint related impacts) is considered to be the reduction in 

current speed within 500 m of the marina.  A reduction in current speed may reduce the availability of drift 

algae, which is a major food source for abalone.  All other potential impacts would be well within the 500 m 

zone that will experience significant changes to current speed and flushing.  On this basis, within 500 m of 

the marina, total loss of the abalone population has been assumed (although total loss is unlikely to occur).  

Beyond 500 m, the likelihood of a significant change in abalone habitat and populations is considered low 

and monitoring will be undertaken to determine if there is an impact and address uncertainty regarding the 

impact assessment.  In the event that impacts are detected through monitoring, a pre-determined 

proportional offset will be applied.  This offset approach is outlined in Section 10. 
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Figure 7-5 outlines that the potential loss of abalone population 500 m north of the Proposal footprint 

would result in the additional loss of 5.40 ha of viable abalone habitat.  It is noted that these changes in 

habitat are related to water flows and do not indicate changes to benthic habitat.  In addition to the 

footprint related loss of abalone habitat (direct loss plus the 70 m ‘halo’ around the Proposal footprint) of 

12.54 ha, the total loss of abalone habitat would be up to 17.94 ha.  This represents 41% of the Burns 

Beach Reef (including the area immediately south of the Proposal footprint) and approximately 14% of the 

131 ha of abalone habitat within the Marmion Marine Park. 

Table 7-13:  Summary of the predicted changes to marine environmental quality which may affect abalone 

populations on Burns Beach Reef  

Parameter modelled 
to have substantial 
changes 

Potential changes to 
natural reef system 

Change in parameter based on distance north of the Proposal 
footprint along Burns Beach Reef 

0–500 m  500–1500 m >1500 m 

Reef scale 
hydrodynamics 

Shift in distribution of:   

 sediment deposition 

 wrack deposition 

 drift algae load 

 abalone larvae 
dispersion. 

Reduction of current 
speed by 40–60% 

Reduction of current 
speed by 20% 

None 

Sediment deposition  loss of cryptic 
microhabitats for 
abalone 

 smothering of non-
geniculate coralline 
algae. 

Seabed deposition 
<100 g/m

2
 (i.e. 

0.1 mm of thickness)  

None None 

Nitrogen 
concentration 

 shift in algae 
community structure 

 increased growth of 
turfing algae 

 seawater surface 
layer concentrations 
of algae. 

An increase of 
0.072 mg/L for 
nitrogen is within 
background and 
unlikely to be 
significant 

Negligible None 

Significant residual impact? Yes Unlikely No 

Details of impact 100% loss of habitat 
within 500 m 
assumed (as a result 
of reduction to 
current speed) and 
will be offset 

Monitoring to 
determine if there is 
an impact on abalone 
populations.  
Predetermined 
proportional offset 
applied if appropriate 

Monitoring to 
confirm prediction 
of no impact 

7.5.7 Western Rock Lobster habitat 

Western Rock Lobster are highly mobile and small changes to marine environmental quality are unlikely to 

affect this species.  The potential key habitat areas (high relief reef >1 m) have been identified in Figure 

7-6.  No designated potential adult Western Rock Lobster habitat is located within the Proposal footprint or 

within the ZoI of construction impacts.  Therefore, negligible impact on Western Rock Lobster habitat as a 

result of the Proposal is predicted.   

 

  



Figure 7-5:  Loss of abalone habitat

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
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Figure 7-6:  Western rock lobster habitat in Marmion Marine Park 
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7.5.8 Reduction in fish habitat 

The Proposal footprint will result in 47.58 ha of benthic habitat loss, incorporating 13.13 ha of macroalgal 

habitat (intertidal and subtidal reef), 0.62 ha of seagrass habitat and 33.83 ha of mobile sand habitat.  The 

19 finfish species caught by recreational fishers within the Marmion Marine Park are generally widespread 

throughout Western Australia and have limited localised association with the predicted habitat lost as a 

result of the Proposal (as described in Table 7-6).   

While some of the fish species listed have restricted migration or movements within certain habitat types 

(e.g. Southern garfish or the West Australian dhufish), the Marmion Marine Park is not a recognised 

nursery breeding area for any of the species listed in Table 7-6.  As shown in Table 7-14 the Proposal will 

affect (including direct and indirect impacts) less than 1% of any habitat for any finfish species.  The 

Proposal is therefore unlikely to significantly impact finfish diversity and geographic distribution in the 

Marmion Marine Park. 

Table 7-14:  Predicted loss of direct and indirect habitat for finfish species 

  Seagrass  
Macroalgal 
reef  

Mobile sand  
Total habitat 
(ha) 

Loss (ha) Loss (%) 

Extent within Marmion 
Marine Park (ha) 

1159 3613 4721 
9493  

  

Direct and indirect impact 
(ha) 

0.62 13.13 33.83   47.58 0.50 

Southern garfish 
(Hyporhamphus 
melanochir) 

X     1159 0.62 0.05 

Western school whiting 
(Sillago vittata) 

    X 4721 33.83 0.72 

Tailor (Pomatomus 
saltatrix) 

    X 4721 33.83 0.72 

Australian herring (Arripis 
georgianus) 

  X   3613 13.13 0.36 

Skipjack trevally 
(Pseudocaranx 
georgianus) 

X X X 9493 47.58 0.50 

Yellowtail scad 
(Trachurus 
novaezelandiae) 

X X X 9493 47.58 0.50 

Wrasse (several species) X X   4772 13.75 0.29 

Cobbler (Cnidoglanis 
macrocephalus) 

X X   4772 13.75 0.29 

Sea trumpeter (Pelsartia 
humeralis) 

X X   4772 13.75 0.29 

Yellow fin whiting (Sillago 
schomburgkii) 

  X X 8334 46.96 0.56 

Red mullet 
(Upeneichthys vlamingii) 

  X X 8334 46.96 0.56 

Yelloweye mullet 
(Aldrichetta forsteri) 

X   X 5880 34.45 0.59 

Leather jacket (several 
species) 

X     1159 0.62 0.05 

Blowfish (Torquigener 
pleurogramma) 

X X X 9493 47.58 0.50 

Snook (Sphyraena 
novaehollandiae) 

X X X 9493 47.58 0.50 

Shark (several non-
protected species) 

  X X 8334 46.96 0.56 

West Australian dhufish 
(Glaucosoma hebraicum) 

X X X 9493 47.58 0.50 
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  Seagrass  
Macroalgal 
reef  

Mobile sand  
Total habitat 
(ha) 

Loss (ha) Loss (%) 

Extent within Marmion 
Marine Park (ha) 

1159 3613 4721 
9493  

  

Direct and indirect impact 
(ha) 

0.62 13.13 33.83   47.58 0.50 

Sea mullet (Mugil 
cephalus) 

X X X 9493 47.58 0.50 

Australian salmon 
(migratory) (Arripis trutta) 

  X X 8334 46.96 0.56 

7.5.9 Assessment of long and short term impacts 

This report describes both short- and long-term effects on abalone, Western Rock Lobster and finfish 

species as a result of the predicted impacts to benthic habitat.  The short-term impacts associated with the 

construction phase relate to the limited sediment plume from the construction of the breakwater.  As 

described in Section 6.5.2, the plume will largely be restricted to within 70 m of the breakwater, with the 

exception of an area of 0.16 ha where the turbidity trigger may be exceeded (i.e. the 99th percentile plume 

≥2 mg/L during construction of breakwater) and an area of 0.07 ha that will experience sedimentation at a 

rate of >1000 g/m
2
 (>1 mm) for short periods.  The short-term construction impacts will temporarily affect 

all species within the immediate vicinity of the Proposal footprint. 

The long-term impacts relate to the footprint related loss of habitat as well as an area north of the Proposal 

footprint that will experience changed reef hydrodynamics.  The footprint related loss of benthic habitat will 

result in a long-term effect on abalone and finfish habitat.  The changes to reef hydrodynamics for an area 

of 500 m north of the Proposal footprint are only predicted to affect abalone habitat and not affect Western 

Rock Lobster or finfish species. 

7.5.10 Summary of predicted impacts 

The residual impacts of the Proposal on benthic habitats and communities are predicted to be: 

1. The footprint related direct and indirect impacts will result in a total of 47.58 ha of BPPH loss; 

including the Proposal footprint, the entire marina waterbody and a 70 m ‘halo’ around the footprint.  

This predicted loss consists of 0.62 ha seagrass, 13.13 ha macroalgae and 33.83 ha of mobile sand 

BPPH.  

2. The predicted changes in marine environmental quality during construction and operation are not 

expected to cause any impact on BPPH beyond 70 m from the breakwater (designated as the ZoMI 

and concurrent ZoHI), with the exception of abalone habitats.  

3. The estimated cumulative loss of seagrass historically, without the Proposal, is 2.16% which already 

exceeds the EPA cumulative loss guideline.  The Proposal will result in a small increase in the area 

of seagrass affected (0.05%), bringing the estimated cumulative loss to 2.21%.  Given the Proposal 

has avoided all direct impacts on seagrass and has a very small predicted indirect loss (0.62 ha), this 

potential loss is unlikely to compromise the EPA objective for benthic communities and habitat which 

is to “maintain the structure, function, diversity, distribution and viability of benthic communities and 

habitats at local and regional scales”.   

4. The cumulative loss guideline for macroalgae is not exceeded (cumulative loss of 0.36%) whereas 

the cumulative loss guideline is almost exceeded for mobile sand (cumulative loss of 1.00%).  The 

mobile sand BPPH type has the lowest productivity of the benthic habitats in the area and a 

cumulative loss of 1% within the LAU is unlikely to have a significant ecological effect. 

5. Footprint related loss of abalone (within the 70 m ‘halo’) is expected to be 12.54 ha (or 9.6%) of the 

mapped extent of abalone habitat in the Marmion Marine Park. 

6. Within 500 m north of the Proposal footprint, significant impacts on the abalone population are 

primarily expected as a result in the reduction of current in this area.  This may affect abalone 

populations in an additional 5.4 ha abalone habitat area.  Beyond 500 m, a significant impact on 

abalone is considered unlikely.  Predicted impacts on abalone populations will be confirmed with 

monitoring. 
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7. No mapped Western Rock Lobster habitat occurs within the potential impact areas.  Therefore, there 

is predicted to be negligible impact on Western Rock Lobster habitat as a result of the Proposal.   

8. The Proposal will result in an increased number of boats traversing the Marmion Marine Park; 

however, this is inevitable with or without the Proposal due to population growth in the northern 

metropolitan area and increased levels of boat ownership in the region.  No significant change to the 

risks associated with boating in relation to potential impacts on BPPH is expected. 

These impacts are the predicted residual impacts of the Proposal after the mitigation hierarchy has been 

applied, as described in Section 7.4.   
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8. Marine fauna 

8.1 Relevant environmental objectives, legislation, policies and guidelines 

The ESD outlines the work required for the environmental impact assessment of key environmental factors 

in the PER; these requirements for marine fauna and where they have been addressed are outlined in 

Table 8-1. 

Table 8-1:  ESD requirements for benthic marine fauna 

EPA 
objective 

To maintain the diversity, geographic distribution and viability of fauna at the species and 
population levels. 

Relevant 
aspects 

Dredging; construction and operation of coastal infrastructure, including the 
breakwaters and marina waterbody. 

Relevant PER 
section 

Potential 
impacts and 
risks 

The proposal may have the following effects: 

 construction activities may cause temporary displacement of marine fauna 
through noise impacts, vessel strikes and entanglement 

8.5.1 

 increased public access resulting in increased interactions between humans 
and marine fauna 

8.5.2 

 increased boat numbers causing increased fishing pressure and the potential 
for boat strikes 

8.5.3 

 increased risk of introduced marine species due to increased numbers of large 
recreational vessels berthing in the marina 

8.5.4 

 potential impacts to species, including western rock lobster and abalone through 
direct and indirect impacts from construction and operation such as from 
changes to water and nutrient flows and processes. 

8.5.5 

Required 
work 

1. Conduct a desktop study of available information to provide a comprehensive 
listing of marine fauna known or likely to occur within, or regularly pass 
through, Marmion Marine Park and where relevant document any known uses 
of the area by them (e.g. foraging, migrating, calving, nursing, spawning, 
roosting and nesting etc).  The study is to identify any critical windows of 
environmental sensitivity for marine fauna in the proximity of the proposal area, 
including for marine mammals, abalone, finfish and western rock lobster.  The 
listing should include the identification of both conservation significant marine 
fauna species and marine species important to fisheries (both commercial and 
recreational) that are likely to occur in the area. 

Conservation significant marine fauna species include those listed under both 
the Western Australian Wildlife Conservation Act 1950 and the Environment 
Protection and Biodiversity Conservation Act 1999 and species listed by the 
Department of Parks and Wildlife as Priority fauna.  

8.2.1 

2. Design and conduct a survey for conservation significant marine fauna and for 
species important to fisheries (both commercial and recreational) that may be 
affected by the proposal (as identified in 1. above) to identify significant 
habitats or areas and to estimate abundance, where relevant.  The survey for 
conservation significant marine fauna species shall be undertaken in 
consultation with the Department of Parks and Wildlife.  The survey for marine 
fauna species important for fisheries (commercial and recreational) shall be 
undertaken in consultation with the Department of Fisheries. 

8.2.3 

3. Design and conduct a baseline survey in consultation with the Department of 
Fisheries and in accordance with the guidelines provided by the Australian 
National System for the Prevention of Marine Pest Incursions (DAFF 2009) to 
identify if there any introduced marine pests in the existing Ocean Reef Boat 
Harbour and/or adjacent waters. 

8.2.4 

4. Assess the values and significance of marine fauna in the proximity of the 
proposal and describe these values in a local, regional and State context.  This 
assessment must also specifically address the values and significance of 
conservation significant marine fauna in the context of Marmion Marine Park 
and for abalone, finfish and western rock lobster in the context of fisheries.  

8.2.5 

5. Identify elements of the proposal which may potentially affect marine fauna 
(identified in 1. above), including both direct and indirect impacts and for both 
construction and operation.  This is to include the risks posed by introduced 
marine organisms from construction and ongoing operations. 

8.3 
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EPA 
objective 

To maintain the diversity, geographic distribution and viability of fauna at the species and 
population levels. 

6. Predict the residual impacts from the proposal, both direct and indirect, after 
demonstrating how the mitigation hierarchy – avoid, minimise, rectify and offset 
– has been considered and applied. Impact predictions are to include both 
short and long-term impacts.  For conservation significant marine fauna 
populations predictions are to include how the proposal may change their 
patterns of use e.g. ongoing viability of feeding, haul-out, roosting, nesting, 
migratory patterns, spawning and nursery areas.  For species important for 
fisheries such as abalone, predictions are to include how the proposal may 
change food availability as a result of a shadowing effect of the breakwaters 
and impacts resulting from changes to water quality during construction and 
operation. 

8.5 

7. Identify management and mitigation measures for the proposal to demonstrate 
that the EPA’s objectives for marine fauna can be met and to ensure residual 
impacts are not greater than predicted. This is to include management and 
monitoring protocols for introduced marine organisms during construction and 
operation. 

8.4 

8. Include in the MCEMP details of the monitoring and management during and 
after construction to demonstrate and ensure that residual impacts to marine 
fauna are not greater than predicted. 

8.2.6 

Relevant 
policy 

Commonwealth of Australia, 2009 National 
Biofouling Management Guidance for Non-
trading Vessels.  

The following policies have been considered in this 
PER: 

 consistent with the National Biofouling 
Management Guidance for Non-trading Vessels, 
the use of an accredited biofouling inspector will 
be required (Section 8.2.6). 

Department of Conservation and Land 
Management, 1992 Marmion Marine Park 
Management Plan 1992-2002 National 
Parks and Nature Conservation Authority, 
Perth, Western Australia. 

 the values and significance of the marine fauna 
(including commercial and recreational fishing) in 
the Marmion Marine Park Management Plan were 
considered in the description of the local values 
(Section 8.2.1).  

Marine Parks and Reserves Authority, 2012 
10 year audit of the implementation of the 
Marmion Marine Park Management Plan 
1992-2002. 

 the environmental values identified in the 10 year 
audit of the Marmion Marine Park Management 
Plan were included in the assessment of marine 
fauna values and significance (Section 8.2.1). 

Wildlife Conservation Act 1950.  the search for conservation significant marine 
fauna within the Marmion Marine Park included 
those listed under the WC Act (Section 8.2.1).   

8.2 Required work 

The results from the surveys outlined in Table 8-2 have been used to support the assessment of potential 

impacts of the Proposal on marine fauna. 

Table 8-2:  Marine fauna studies undertaken for the Proposal 

Investigation  Scope 

Ocean Reef Baseline Studies – 
Marine Fauna Desktop Study  

(Oceanica 2015a) 

Identify marine fauna known or likely to occur within, or regularly pass 
through the Marmion Marine Park and where relevant, document any known 
uses of the area by them and identify marine species important to fisheries.  

Ocean Reef Marina Baseline Studies 
– Marine Pest Survey  

(Oceanica 2015b) 

Report results from the survey undertaken to determine if there are any 
introduced marine pests in the existing Ocean Reef Boat Harbour and/or 
adjacent waters.  

Ocean Reef Benthic Habitat Map 
Report  

(Oceanica 2016d)  

To accurately identify and map the extent and distribution of benthic 
communities and habitat in detail within the potential impact area and more 
broadly within the Marmion Marine Park as context for the Proposal.   

Ocean Reef Baseline Studies – 
Abalone habitat and Abundance at 
Burns Beach Reef  

(Oceanica 2016e) 

Report the results of the survey into the existing abalone environment 
surrounding the Proposal, identifying any significant habitat and estimating 
the abundance of abalone populations in these areas.  
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Investigation  Scope 

Roe’s Abalone Environmental 
Sensitivity 

(Oceanica 2016f) 

To report the known biology, habitat and ecology of Roe’s abalone, provide 
information from past abalone population declines and to identify the 
potential environmental sensitivities of Roe’s Abalone along Burns Beach 
Reef.  

8.2.1 Marine fauna within Marmion Marine Park 

Oceanica (2015a) conducted a desktop study to identify marine fauna present within the Marmion Marine 

Park.  This section describes the potential abundance of marine species within the Marmion Marine Park 

including: 

 conservation significant marine species 

 other marine species 

 commercial and recreational species (finfish, abalone and Western Rock Lobster). 

Conservation significant fauna 

The desktop assessment undertaken by Oceanica (2015a) initially identified species of conservation 

significance that could potentially occur within the vicinity of the Marmion Marine Park.  An EPBC Act 

Protected Matters database search was undertaken to identify marine fauna species listed by 

Commonwealth legislation as potentially known or likely to occur within, or regularly pass through the 

Marmion Marine Park.  In addition to the EPBC Act Protected Matters database search, an additional 26 

species under the WC Act and two species listed by Parks and Wildlife as Priority Fauna could occur.  

In total, 79 species of conservation significance were identified as having the potential to occur in the 

vicinity of the Development Envelope (Oceanica 2015a).  The Proposal was referred to DotE on 

5 June 2014 and was assessed as ‘Not a controlled action’ on 4 July 2014 indicating that no significant 

impact on these species was considered likely to occur as a result of the Proposal.   

The 79 species identified in broad database searches were assessed to determine their potential 

occurrence in the Marmion Marine Park based on known ranges and habitats.  The assessment identified 

that the Marmion Marine Parks was likely to be used by: 

 24 conservation significant species 

 two species listed as Priority Species by Parks and Wildlife 

 one locally significant species. 

The potential presence of these 27 species within the Marmion Marine Park and the likelihood that they 

occur within the Development Envelope was further assessed by Oceanica (2016c) and summarised in 

Table 8-3.  None of the significant species identified were determined as likely to occur within the 

Development Envelope with the exception of the bottlenose dolphin (Table 8-3).  The habitat and 

abundance of the bottlenose dolphin is discussed in Section 8.2.3.   

Further information to support the summary in Table 8-3 regarding the habitat requirements and known 

ranges of conservation significant species or groups (e.g. marine birds) is provided in Table 8-4.  
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Table 8-3:  Significant marine fauna and their potential window of environmental sensitivity with the potential to occur within proximity of the Proposal 

Marine Fauna with 
environmental sensitivity 

rating ≥7 points 
Common name 

Conservation status 
Likely or 

unlikely 
within 

Marmion 
Marine Park 

Sensitive processes 
potentially occurring in 
Marmion Marine Park 

Timing of species 
presence within 

Marmion Marine Park 

Likely or unlikely to occur 
within Development 

Envelope
1
 

EPBC Act 
WC Act & DPaW Priority 

fauna 

Balaenoptera musculus Blue whale Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct  

Unlikely NA NA Unlikely 

Eubalaena australis Southern right 
whale 

Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Calving, nursing, resting May-December Unlikely 

Megaptera novaeangliae Humpback whale Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Migrating with calves September–December Unlikely 

Neophoca cinerea Australian Sea-
lion 

Threatened 
species 

(vulnerable) 

Schedule 4 – Other specially 
protected fauna 

Likely Resting, hauling out Year round Unlikely 

Dermochelys coriacea Leatherback 
turtle 

Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Chelonia mydas Green turtle Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Possible foraging Unknown Unlikely 

Caretta caretta Loggerhead 
turtle 

Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Possible foraging Unknown Unlikely 

Natator depressus Flatback turtle Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Carcharodon carcharias Great white 
shark 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Foraging, feeding Year round Unlikely 

Anous tenuirostris melanops Australian lesser 
noddy 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Diomedea amsterdamensis Amsterdam 
albatross 

Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 
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Marine Fauna with 
environmental sensitivity 

rating ≥7 points 
Common name 

Conservation status 
Likely or 

unlikely 
within 

Marmion 
Marine Park 

Sensitive processes 
potentially occurring in 
Marmion Marine Park 

Timing of species 
presence within 

Marmion Marine Park 

Likely or unlikely to occur 
within Development 

Envelope
1
 

EPBC Act 
WC Act & DPaW Priority 

fauna 

Diomedea dabbenena Tristan albatross Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Diomedea epomophora Southern royal 
albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Diomedea exulans Wandering 
albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

 & 

Schedule 3 – Migratory birds 
protected under an 

international agreement 

Unlikely NA NA Unlikely 

Diomedea sanfordi Northern royal 
albatross 

Threatened 
species 

(endangered) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Puffinus assimilis Little shearwater Listed marine 
species 

NA Likely Foraging, feeding Year round Unlikely 

Sterna anaethetus Bridled tern Migratory marine 
species 

NA Likely Breeding, feeding, 
foraging 

Year round Unlikely 

Sterna caspia Caspian tern Migratory marine 
species 

Schedule 3 – Migratory birds 
protected under an 

international agreement 

Likely Breeding, feeding, 
foraging 

Year round Unlikely 

Sterna dougallii Roseate tern Migratory marine 
species 

Schedule 3 – Migratory birds 
protected under an 

international agreement 

Likely Foraging, feeding Year round Unlikely 

Thalassarche carteri Indian yellow 
nosed albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Likely Foraging, feeding Year round Unlikely 

Thalaissarche cauta Shy albatross Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Thalassarche impavida Campbell 
albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 
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Marine Fauna with 
environmental sensitivity 

rating ≥7 points 
Common name 

Conservation status 
Likely or 

unlikely 
within 

Marmion 
Marine Park 

Sensitive processes 
potentially occurring in 
Marmion Marine Park 

Timing of species 
presence within 

Marmion Marine Park 

Likely or unlikely to occur 
within Development 

Envelope
1
 

EPBC Act 
WC Act & DPaW Priority 

fauna 

Thalassarche melanophris Black-browed 
albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Thalassarche steadi White-capped 
albatross 

Threatened 
species 

(vulnerable) 

Schedule 1 – Fauna that is 
rare or is likely to become 

extinct 

Unlikely NA NA Unlikely 

Other marine fauna of significance 

Phycodurus eques Leafy seadragon Listed marine 
species 

DPaW Priority Fauna Likely Resident all year round 
(foraging, breeding etc.) 

Year round Unlikely 

Puffinus carneipes Flesh-footed 
shearwater 

Migratory marine 
species 

DPaW Priority Fauna Likely Migrating May–June Unlikely 

Tursiops truncatus Bottlenose 
dolphin 

Cetacean NA Likely Resident all year round 
(foraging, breeding etc.) 

Year round Likely 

Source: Oceanica (2015a) 

Note:   
1. Likely or unlikely to occur within the Marmion Marine Park and Development Envelope. 
2. NA = not applicable. 

Table 8-4:  Description of habitat and ranges of conservation significant marine fauna 

Key species Description 

Blue Whale In the Southern Hemisphere, two subspecies of blue whales have been recorded in Australian waters: the southern (or 'true') blue whale (Balaenoptera musculus intermedia) and 
the ‘pygmy' blue whale (B. musculus brevicauda).  Nearly all blue whales sighted in Australia are most likely pygmy blue whales.  In Western Australia, the Perth Canyon (west of 
Rottnest Island) is the only recognised feeding area for the species (between November and May).  It has also been documented as a blue whale aggregation area.   

Pygmy blue whale migratory patterns in Western Australia have a north-bound migration leaving the Perth Canyon and travelling up the coastline between April and August and 
continuing into Indonesian waters.  From October to late December, pygmy blue whales migrate south-bound along the 500–1000 m depth contour on the edge of the slope.  On 
review of the state of knowledge for this species, pygmy blue whales could potentially be sighted along their migratory pathways in deeper waters offshore from the Marmion Marine 
Park; however, it is highly unlikely that these marine mammals will occur within the Development Envelope.   

Southern Right Whale In Australian coastal waters, southern right whales occur between May and November along the southern coastline (including Tasmania) and generally as far north on the west 
coast as Perth and as far north on the east coast as Sydney.  In coastal areas, southern right whales generally occur within 2 km offshore and tend to be distinctly clumped in 
aggregation areas.   

There have been occasional sightings of southern right whales with their calves in the Marmion Marine Park, close inshore.  However, a closer look at the known coastal 
aggregation areas for southern right whales reveals that they do not have established, emerging or historical high use areas in Perth.  On review of the state of knowledge, it 
appears that southern right whales may occur within the Marmion Marine Park.  However, the Marmion Marine Park is not a known high use aggregation area for this species and 
therefore it is unlikely they will occur in the near-shore marine environment of the Development Envelope.   
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Key species Description 

Humpback Whale From June to November, humpback whales are known to migrate along the Western Australia coastline between their summer Southern Ocean feeding grounds and their winter 
breeding grounds of Camden Sound in the Kimberley (Jenner et al. 2001).  The north-bound migration of humpback whales occurs in deep offshore waters and peaks off Perth in 
mid-June to early July.  Following the calving period, the humpback whale southern migration occurs closer to the coast, in shallower waters, with peak numbers in the Perth coastal 
area from late September to October.   

While humpbacks are known to pass through Perth, it is not a documented resting area.  Humpback whales seasonally occur in the Marmion Marine Park during their southern 
migration and recreational tourism is known to operate whale watching tours from Hillarys Boat Harbour during spring months (October and November).  On review of the state of 
knowledge, humpback whales appear likely to occur seasonally in the Marmion Marine Park and may occur in proximity to the Development Envelope from late September to late 
November.  While humpback whales are likely to occur seasonally in the Marmion Marine Park, it is unlikely that humpback whales will occur within the near-shore marine 
environment of the Development Envelope (only ~450 m from the shoreline) and this species is not known to use this area as a resting place. 

Australian Sea-lion The Australian Sea-lion is an endemic species that is found in Australian waters from the Houtman Abrolhos Islands in Western Australia to The Pages in South Australia.  Their 
breeding rookeries are mainly offshore islands and their year-round haul-out areas are primarily beaches and rocky shores.   

In Perth, six locations have been documented as known haul-out sites for male Australian Sea-lions: Penguin Island, Seal Island, Carnac Island, Dyer Island, Little Island and Burns 
Rock.  Little Island and Burns Rock are designated Sanctuary Zones within the Marmion Marine Park, located ~4–5 km south and north of the Proposal, respectively.  These zones 
are documented resting areas for the Australian Sea-lion, with small numbers recorded hauling out at these sites.  The vicinity of haul-out sites for Australian Sea-lions within the 
Marmion Marine Park suggest that it is likely that individuals may infrequently be sighted.  There are no documented haul-out sites within the Development Envelope and it is 
considered unlikely that Australian Sea-lions will be found in the Development Envelope as the closest resting areas/haul-out sites are ~4–5 km away and only small numbers of 
Australian Sea-lion have been recorded at these sites.   

Marine Turtles Four species of marine turtles are listed as having foraging, feeding or related behaviour occurring within the Marmion Marine Park.  However, these species usually occur further 
north in tropical waters of Western Australia and are only occasionally carried south by the warm Leeuwin Current.  Leatherback turtles have the greatest worldwide distribution but 
occur at low densities throughout their range and rarely nest in Australia.  Green turtles are the most common species found worldwide and nest in north Western Australia.  The 
southern limit of green turtles' nesting range is the North West Cape, yet they are found foraging in waters as far south as Rottnest Island.  Flatback turtles are endemic to 
Australian tropical waters and are not commonly found below the North West Cape of Western Australia.  The loggerhead turtle has a more temperate distribution and has the most 
southerly nesting range (Shark Bay, Western Australia) of all species.  The loggerhead is also the most commonly observed marine turtle in southern Western Australia and young 
loggerhead turtles have occasionally been sighted in the Marmion Marine Park (Oceanica 2015a).  

On review of the state of knowledge for marine turtles, the loggerhead and the green turtle appear to be the only marine turtles that may occur in the Marmion Marine Park. 

Great White Shark Great white sharks are a temperate, cooler water species that occasionally move into warmer waters.  They occur along all of the southern Western Australia coast and occasionally 
at least as far north as Karratha.  The Great White Shark is known to occur in Perth coastal waters, particularly during the southward-bound humpback whale migration season from 
September to November.  There have been occasional sightings of the Great White Shark within the Marmion Marine Park from recreational Western Rock Lobster fishers offshore 
of Hillarys.  On review, the great white shark may occur within the larger Marmion Marine Park; however, it is considered unlikely that this species would occur in the small (~32 ha) 
near-shore environment of the Development footprint or would be impacted by the Proposal.   

Marine Birds Six seabirds of conservation significance were identified as likely to occur within the Marmion Marine Park (Table 8-4).  Of these, five species are expected to occur year round and 
one species (the flesh-footed shearwater) would only be expected to occur in the Marmion Marine Park in May to June.  None of these species is likely to occur within the 
Development Envelope. 

Potential impacts on these conservation significant species were addressed in the EPBC referral which resulted in a ‘not a controlled action’ decision. 

Leafy Sea-dragon The leafy sea-dragon is endemic to waters off southern Australia and has been sighted in the Marmion Marine Park and in Hillarys Boat Harbour.  A different species (the weedy 
sea dragon) has been sighted in the Ocean Reef Boat Harbour.  However, to date no leafy sea dragons have been documented within the Ocean Reef Boat Harbour and therefore 
it seems unlikely the leafy sea dragon will occur within the Development Envelope.   

Bottlenose Dolphin Bottlenose dolphins (including both Tursiops aduncus and T. truncatus) are commonly sighted in the Marmion Marine Park.  A number of bottlenose dolphins are believed to have 
their home range in the Marmion Marine Park waters.  Consistent with this, there are records of small pods of dolphin hunting fish in the Marmion Marine Park.  As bottlenose 
dolphins are known to occur throughout the Marmion Marine Park (Oceanica 2015a) and are coastal/near-shore species, it appears these marine mammals may be encountered in 
the near-shore marine environment of the Development Envelope.   

Adapted from:  Oceanica (2015a) 
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Sea and shorebirds 

The Marmion Marine Park and adjacent nature reserves are important nesting and foraging areas for at 

least fourteen species of sea and shorebirds (MPRA 2012a).  Sea and shorebirds utilise the Marmion 

Marine Park year round. 

Other marine mammals 

In addition to the conservation significant species (dolphins, whales and sea-lions), Australian fur seals are 

pinnipeds that occur within the Marmion Marine Park.  Australian fur seals are frequent visitors to marinas 

and fishing areas and would be expected to visit the marina and interact with recreational boating. 

Commercial and recreation fishing 

The Marmion Marine Park is a multi-use reserve that caters for a wide range of activities (Section 5.2.2).  

To ensure human usage does not significantly impact the environment, the Marmion Marine Park is 

managed through the implementation of three management zones.  These zones reflect the characteristics 

of the natural resources present and allow the largest range of possible recreational and commercial 

activities while minimising conflicts between those seeking to use the park’s resources for different 

purposes.  Recreational and commercial fishing can be undertaken within the Marmion Marine Park but is 

subject to rules that apply in each zone.  The three management zones are described in Table 8-5 and 

presented in Figure 8-1.   

Table 8-5:  Management zones in the Marmion Marine Park 

Zone Description 
Fishing allowed 

Commercial Recreational 

Sanctuary zones Provides total protection for marine life.  X X 

General use Established in 1969 to ensure a representative collection of 
marine plants and animals was kept in a condition as close 
as possible to its original state.  

  

Watermans Reef 
Observation Area 

Contain high conservation values but do not require special 
protection given the existing levels of use and threats. 

  

(by line from 
shore only) 

X 

Source:  DEC & DoF (2012) 

Commercial fishing within the Marmion Marine Park is regulated under the Fish Resources Management 

Act 1994 (FRMA) and managed by DoF in consultation with Parks and Wildlife.   

Most Western Australian commercial fisheries are managed by management plans that control aspects 

such as the number of fishing licences issued, fishing seasons, permitted fishing areas, size limits and the 

quantities of catch.  Species targeted by commercial fisheries within the Marmion Marine Park include 

abalone, Western Rock Lobster and a variety of finfish species (including whitebait, herring, mullet and 

whiting) (Oceanica 2015a).   

Recreational anglers tend to target pelagic and reef finfish species, crabs, Western Rock Lobster and 

abalone.  These species are caught through line-fishing, drop-netting (blue swimmer crabs) and spear-

fishing (Oceanica 2015a).  Recreational fishers must adhere to bag and size limits outlined by the DoF.  

Marine species important to recreational and commercial fisheries are explained below.  

Finfish 

The commercial fishery within the Marmion Marine Park centres around species caught offshore such as 

sharks, snapper and groper as well as species caught via beach seine netting including whitebait, herring, 

mullet and whiting.  The 10-year audit of the Marmion Marine Park Management Plan (MPRA 2012a) 

assessed the fishing pressure as high with target finfish fully or overexploited.  Non target finfish stocks 

were assessed as good but pressure is increasing due to overall fishing pressure.   

  



 

Figure 8-1:  Sanctuary zone boundaries in the Marmion Marine Park 
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Source: MPRA 2012a 
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Abalone  

Roe’s abalone is one of three types of abalone fished in Western Australia and is a significant commercial 

fishery target due to their high export value (Oceanica 2016e).  Fishing for abalone is permitted in the 

‘General Use Zone’ of the Marmion Marine Park but is subject to seasonal licences and bag limits imposed 

by DoF.   

Commercial and recreational abalone fishing is undertaken in Western Australia between the South 

Australian and Western Australian border in the south to Northern Territory and Western Australian border 

in the north and is split into eight fishing areas.  The Perth metropolitan area is within Area 7 which extends 

from Cape Bouvard (in the south) to Moore River at Guilderton (in the north).     

The reef platforms comprising Roe's abalone habitat in the Perth metropolitan area are exposed during low 

tide, making the recreational fishery highly accessible for large numbers of people wading out to collect 

abalone (commercial divers target abalone in sub-tidal water).  The recreational fishers are limited to the 

platform area, and to limit the competition between commercial and recreational fishers, they are not 

permitted to use diving equipment aids.  

Recreational fishing for abalone within the Perth metropolitan area is only open on the first Sunday of each 

month from November to March from 0700-0800 (i.e. a total of five hours for the season).  Commercial 

fishers do not have the same seasonal restrictions; however, they are limited to their sub-tidal fishing by 

weather conditions.  Roe’s abalone catch numbers in the Perth metropolitan area and Western Australia 

statewide are listed in Table 8-6.   

Table 8-6:  Roe’s abalone catch number (tonnes) in Perth metropolitan area and Western Australia 

statewide 

Fishing Season – catch (tonnes) 2012/2013 2013/2014 2014/2015 

Western Australia 

Commercial 67 67% 73 68.2% 49 59% 

Recreational 
estimates 

32 32.3% 34 31.8% 34 41% 

Total 99  107  83  

Perth metropolitan 

Commercial 28 60.9% 36 64.3% 32 62% 

Recreational 
estimates 

18 39.1% 20 35.7% 20 38% 

Total 46  56  52  

Source: Hart et al. (2013); Hart et al. (2014); Hart et al. (2015) 

The percentage of the Roe's abalone statewide catch that was from the Perth metropolitan area was 57% 

during the 2012/2013 season and 52% during the 2013/2014 season.  The 2013/2014 Roe's Abalone 

Fishery Status Report assessed the stock level as adequate and the fishing level as acceptable in the 

Perth metropolitan area (Hart et al. 2014). 

Burns Beach Reef is the most popular Roe's abalone recreational fishery in the Perth metropolitan area 

and is a significant source for the commercial fishery.  The platform section is generally the recreational 

abalone fishery portion and the sub-tidal section is typically the commercial fishery portion.  The 10 year 

average commercial catch at Burns Beach Reef is 15.3 tonnes with recreational fishers taking a further 

14.1 tonnes.   

Based on these figures, the 10 year average commercial abalone catch at Burns Beach Reef represents 

approximately 46% of the total Perth metropolitan area commercial fishery with the recreational catch at 

Burns Beach Reef being 48% of the total 10 year average recreational fishery (WCAA 2014).  
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The West Coast Abalone Divers Association (WCAA 2014) with assistance from DoF provided a 

breakdown of the 2013/2014 commercial catch throughout the Burns Beach Reef (Table 8-7).  The 

analysis provided by WCADA identified 10 sections within the Burns Beach Reef and the 2013/2014 

commercial catch from these sections is provided in Figure 8-2.  The breakdown in Table 8-7 and Figure 

8-2 provides an approximation of the commercial catch, however it should be noted that the values were 

rounded to the nearest 500 kg, with the exception of the furthest south section (which only recorded 

300 kg).   

Table 8-7:  Distribution of abalone catch along Burns Beach Reef during 2013/2014 

Reef 
section 

Kg of abalone 
(rounded) 

% of total catch 

1 2000 11 

2 1500 8 

3 5000 27 

4 1000 5 

5 1500 8 

6 1500 8 

7 1500 8 

8 2000 11 

9 2000 11 

10 300 2 

Source: WCAA (2014) 

Western rock lobster 

The Western Rock Lobster is an endemic crustacean and forms the most valuable single-species 

commercial fishery in the West Coast Bioregion (Oceanica 2015a).  Fishing for rock lobster is permitted in 

the ‘General Use Zone’ of the Marmion Marine Park but is subject to seasonal licences and bag limits 

imposed by DoF.  The habitat and abundance of Western Rock Lobster is discussed in Section 8.2.3.   

 

  



Figure 8-2:  Distribution of commercial catch of Abalone along Burns Beach Reef

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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8.2.2 Summary of critical windows of environmental sensitivity 

Table 8-8 provides a summary of critical windows of sensitivity (times of the year when species are 

particularly vulnerable to disturbance) for marine fauna.     

Table 8-8:  Summary of critical windows of sensitivity   

Feature Window of sensitivity 

Conservation 
status species 

Table 8-3 identifies that the bottlenose dolphin is the conservation significant species likely to occur 
in proximity to the Proposal footprint. 

The bottlenose dolphin is a year round resident but no sensitive processes potentially occurring in 
Marmion Marine Park have been identified. 

Finfish Table 7-6 identifies that these habitats all occur within the Development Envelope but are also 
widespread throughout the region with the majority of species occurring over a range of habitats.  
Finfish are generally highly mobile and without specific windows of sensitivity. 

Abalone Section 7.2.2 identifies that one of the crucial components of abalone habitat is a suitable 
substratum for abalone larvae to settle on.  Abalone larvae are known to be dependent on non-
geniculated coralline algae (NCA) species for successful settlement and metamorphosis (Oceanica 
2016f).  Specific chemicals in the NCA induce settlement of larvae and then contact triggers 
metamorphosis to the post-larval life stages. 

A healthy benthic habitat with NCA is therefore essential for abalone populations.  Recruitment is 
greatly reduced when the NCA is either smothered by sediments or overgrown with filamentous 
turfing algae.  Abalone spawning is variable, depending on temperature and food availability.  In the 
Perth metropolitan area, Roe’s abalone generally have major spawning events in winter; however, 
minor spawning events can occur between winter and December. 

As identified in Section 2.10.1, breakwaters construction (which is the phase with the greatest 
potential to generate a sediment plume) will not occur between the start of June and the end of 
October in order to minimise impacts during the abalone spawning period. 

Western rock 
lobster 

Section 7.2.2 identifies that reef systems and seagrass beds provide hides and micro-habitats for 
Western Rock Lobster juveniles and adults.  These habitats are important during different stages of 
the Western Rock Lobster lifecycle.  Post-puerulus, juvenile and adult Western Rock Lobster 
typically inhabit the shallow reefs and will forage for food at night over several hundreds of metres.  
The large sand flats (offshore mobile sand habitat) beyond the inshore reefs are important areas for 
juvenile (white) Western Rock Lobster during their migration offshore. 

None of life cycle stages of the Western Rock Lobster have been identified as likely to result in 
sensitivity to impact from the Proposal. 

8.2.3 Significant fauna potentially affected by the Proposal 

Conservation significant fauna potentially affected by the Proposal 

No conservation significant species identified in Section 8.2.1 were determined as likely to occur within the 

vicinity of the Development Envelope with the exception of the bottlenose dolphin.  Bottlenose dolphins are 

considered a coastal or near-shore species (<30 m deep), being found in areas of reef, sand or seagrass.  

It is believed the Marmion Marine Park is within the home range for some dolphins with recorded incidents 

of small pods hunting within the Marmion Marine Park (Oceanica 2015a).   

Other significant fauna potentially affected by the Proposal 

Section 8.2.1 identified finfish, abalone and Western Rock Lobster as species important to commercial and 

recreational fisheries.  While finfish are able to traverse often vast distances in search of food and habitat, 

abalone and to a lesser extent Western Rock Lobster, are dependent on specific benthic habitats for 

survival.  Significant habitats within the Marmion Marine Park for abalone and Western Rock Lobster are 

identified below.   

Abalone  

Certain elements of the Proposal may alter the population demography of abalone along Burns Beach 

Reef.  Oceanica (2016f) undertook a desktop review of the ecology of Roe’s abalone to develop an 

understanding of the environmental conditions abalone need to survive.   
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Abalone depend on specific habitat types for survival, relying on suitable substratum for settlement, 

suitable topography for shelter and specific algae for settlement and development (NCA).  The crucial 

components of abalone habitat are discussed in Section 7.2.2.   

In the Perth metropolitan area, Roe’s abalone generally have major spawning events in winter; however, 

minor spawning events can occur between winter and December.  Female abalone can release millions of 

eggs each year that are then fertilised by sperm released by male abalone.  The fertilised eggs hatch 

within 24 hours into organisms called larvae.  Larvae are dispersed by ocean currents and take up 

nutrients from the seawater or eat phytoplankton, although they usually return to their natal reef.  After 

about a week (depending on water temperature) the tiny larvae develop into small juveniles (often called 

‘spat’) and settle on the surface of NCA (DoF 2013).  Juveniles feed on microscopic algae until they reach 

approximately 5 mm in length and then start feeding on larger species of algae, in particular drifting red 

algae.   

Roe's abalone in the Perth metropolitan area are known to reach maturity at ~40 mm in length.  Maturity of 

species may occur at different sizes based on different growth rates at different locations and the 

environmental stressors present.  Abalone take about four years to reach legal size to collect (60 mm) 

which gives females at least two spawning seasons before they can be taken by fishers (Oceanica 2016f).   

Abalone growth rates vary based on local conditions of food availability and temperature among other 

environmental stressors.  Along the Perth metropolitan reefs, availability of food appeared to control 

growth rate.  Overall, growth rates are likely to be affected by: 

 differences in temperature  

 food availability 

 periods of reproductive activity. 

Growth rates recorded at Watermans Bay were estimated to be 40 mm at one year (maturity), 60 mm at 

two years (legal catch size), 74 mm at three years and 120 mm (maximum size) at five years.  Burns 

Beach Reef only recorded 20 mm growth in the first year and 6–14 mm per year for a 40 mm animal with 

an average maximum size of 89 mm.  This suggests early growth is highly variable between sites which 

were <10 km apart.  Roe's abalone may live two years on the platform section of the reef and then move to 

sub-tidal regions to achieve superior growth rates, likely due to greater access to drift algae (Oceanica 

2016f).   

Comprehensive mortality data for natural populations are hard to estimate due to historical fishing 

however, natural mortality of adult Roe's Abalone is between 12–16% per annum.  Roe's abalone are 

thought to have natural mortality at ~10 years (Oceanica 2016f). 

The abalone abundance survey involved an assessment of the abundance and density of Roe’s abalone 

at six locations along Burns Beach Reef and at a site at Mindarie (Figure 8-3).  Densities were relatively 

high at all locations with densities on reef platforms generally higher than sub-tidal zones (Table 8-9).  No 

clear spatial trend was apparent between the survey locations, although sites towards the centre of Burns 

Beach Reef tended to have higher densities.  The survey location closest to the Proposal footprint had the 

second lowest density overall (Figure 8-4).  A higher percentage of legal sized abalone was observed in 

the sub-tidal zone compared to the reef platforms (Figure 8-5).   
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Table 8-9:  Summary statistics for Roe’s Abalone along Burns Beach Reef (March 2015) 

Site Reef section 
Minimum density 
(m

2
) 

Maximum 
density (m

2
) 

Mean density 
(abalone m

2
) 

Standard 
deviation  

Mindarie 
Platform  0 108 48 30 

Sub-tidal 0 22 6 8 

AB4 
Platform  16 132 75 42 

Sub-tidal 0 50 20 18 

Burns Beach 
Platform  54 200 113 51 

Sub-tidal 2 174 84 50 

AB3A 
Platform  8 88 49 30 

Sub-tidal 14 114 64 34 

Shenton Avenue 
Platform  24 204 87 57 

Sub-tidal 76 128 99 20 

AB2 
Platform  20 208 94 48 

Sub-tidal 20 90 56 20 

Beaumaris 
Platform  18 116 63 31 

Sub-tidal 4 50 15 14 

AB1 
Platform  8 48 31 15 

Sub-tidal 26 58 40 11 

Source: Oceanica (2016e) 

The results of the abundance and habitat survey were generally consistent with the distribution of 

commercial catches along Burns Beach Reef with no clear spatial trend evident (Figure 8-3).  Areas of 

Burns Beach Reef with higher commercial catches did align quite closely with areas found to have higher 

proportions of legally sized abalone and mature aged abalone (greater than >4 years old).   

Western rock lobster 

Commercial and recreational fishing for Western Rock Lobster is very popular in Western Australia.  The 

commercial Western Rock Lobster industry is the most important fishery in the West Coast Bioregion with 

the 2013/14 commercial catch valued at $270 million.  An estimated 400 000 Western Rock Lobster are 

also taken annually by recreational anglers.  The majority of these are caught in the Perth metropolitan 

region and Geraldton.  General Use Zones are the only areas within the Marmion Marine Park that 

Western Rock Lobster fishing is allowed although it is still subject to season, licence and bag limits.  The 

2013/2014 West Coast Rock Lobster Fishery Status Report assessed the stock level as adequate and the 

fishing level as acceptable (Oceanica 2015a).   

The life cycle and the preferred habitats for Western Rock Lobster are discussed in Section 7.2.2.   

Studies within the Marmion Marine Park have concluded that Ocean Reef is not a significant nursery area 

for juvenile Western Rock Lobster however, adult Western Rock Lobster were encountered in larger 

numbers (Meagher and LeProvost 1975 in Bellchamber et al. 2012).  No designated potential adult 

Western Rock Lobster habitat is located within the Proposal footprint or within the ZoI of the construction 

impacts.  Therefore, negligible impact on Western Rock Lobster habitat is predicted as a result of the 

Proposal and this species is not considered further in this section. 

 

  



 

Figure 8-3:  Abalone survey site locations at Burns Beach Reef and the Mindarie  

  site  
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Figure 8-4:  Mean densities of Roe's abalone and percentage of age class at the 

    Burns Beach Reef Sites and Mindarie  
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Figure 8-5:  Mean densities of abalone and percentage of abalone of legal catch 

    size limit  
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8.2.4 Marine pests  

The introduction of marine pests has been identified as a potential risk of the Proposal.  The introduction of 

marine species into areas outside their native range is a serious risk to Australia’s native marine life and 

can greatly impact on commercial fisheries and aquaculture industries.  The two primary mechanisms by 

which introduced marine species can enter a new location are through ballast water and biofouling.   

The introduction of introduced marine species may result in a number of impacts on native fauna including: 

 increased competition for food 

 increased competition for shelter 

 higher rates of predation 

 degradation of habitat 

 reduction or loss of biodiversity 

 reduction or loss of ecosystem function 

 increased of maintaining infrastructure (for example cleaning biofouling from seawater intake 

pipes). 

Oceanica (2015b) undertook a baseline survey to identify marine pest species present within the existing 

Ocean Reef Boat Harbour.  The survey was undertaken in consultation with DoF and was designed based 

on the Australian Marine Pest Monitoring Guidelines (DAFF 2010a) and manual (DAFF 2010b) and was 

completed with expert taxonomic assistance.  A total of 26 pest species that could potentially occur were 

targeted over two days in June 2015 at 23 sites both within the existing Ocean Reef Boat Harbour and in 

the adjacent waters (Figure 8-6).   

During the survey, eight specimens were identified by field staff for follow up analysis as possible marine 

pest species.  Laboratory staff determined six of these were not marine pests and the two remaining 

specimens were sent for taxonomic identification by the Western Australian Museum who concluded that 

the specimens were not trigger listed species.  No marine pest species were identified within the existing 

Ocean Reef Boat Harbour as defined in the Australian Marine Pest Monitoring Guidelines (DAFF 2010a).  

Target species are provided in Appendix 4.  The report was provided to DoF on 13 August 2015 as a 

requirement of the Instrument of Exemption (LAT15/165) issued by DoF.   

While there are no known marine pests in Ocean Reef Boat Harbour, marine pests do exist on artificial 

structures at Hillarys Boat Harbour and in Fremantle Harbour.  

8.2.5 Values and significance of marine fauna 

As identified in Section 8.2.1, the Marmion Marine Park Management Plan (CALM and NPNCA 1992) 

identified values for the Marmion Marine Park.  These values were also discussed generally in the 10-year 

audit of the Marmion Marine Park Management Plan (MPRA 2012a).  Values relevant to marine fauna and 

their significance in a local, regional and state context are summarised in Table 8-10.   

 

  



 

Figure 8-6:  Marine pest screening locations within the existing Ocean Reef 

  Marina  
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Table 8-10:  Values and significance of marine fauna in the vicinity of the marine park 

Feature Value Significance 

Conservation 
status species 

A number of conservation significant species may potentially occur within the Marmion Marine 
Park including: 

 79 species protected under the EPBC Act 

 26 species under the WC Act 

 2 species listed by Parks and Wildlife as Priority Fauna (Oceanica 2015a).  

Conservation significant species are of state, regional and local significance as there 
are species likely to be present within the Marmion Marine Park that are protected 
under State and Commonwealth legislation.  

Finfish  a diverse finfish fauna contributes significantly to the biodiversity of the Marmion Marine 
Park 

 a suite of marine species characteristic of Western Australia’s mid-west coast, that 
contribute to the biodiversity and overall conservation value of the marine reserve estate 

 commercial diving and whale-watching tours, are major tourist attractions 

 school groups, tertiary institutions and outdoor clubs use the park for educational projects 
such as intertidal biology and snorkelling classes. 

Finfish are predominantly locally significant as most finfish species are widespread in 
Perth metropolitan waters. 

Tourism wise and educationally, the finfish have regional significance as they provide 
educational opportunities within the Marmion Marine Park and provide a number of 
commercial opportunities.  

Abalone  Burns Beach Reef is one of three main abalone fisheries within the Perth metropolitan 
waters 

 valuable to both recreational and commercial fisheries (Oceanica 2016e) 

 commercial abalone diving tours are tourist attractions. 

Locally and regionally significant as the population supports commercial and 
recreational fishing values.  

Western rock 
lobster 

 the Marmion Marine Park provides habitat for Western Rock Lobster (Oceanica 2016e) 

 Western Rock Lobster are valuable to both recreational and commercial fisheries 

 commercial and recreational diving tours are tourist attractions.  

Locally significant as Western Rock Lobster are widespread throughout Western 
Australian waters. 

Commercial fishing  the Marmion Marine Park is important for commercial fishers targeting Western Rock 
Lobster, abalone and a variety of fish species through beach seine netting (CALM & 
NPNCA1992) 

 it is estimated that approximately 20% of the total Western Australian commercial abalone 
catch is taken from the stretch of reef between Ocean Reef and the groyne on Burns 
Beach (WCAA 2014) 

 the ten-year average commercial abalone catch for Burns Beach Reef is estimated at 
15.3 t (WCAA 2014) 

 The commercial catch of Western Rock Lobster from the 2013/2014 reporting season was 
$270 million (Oceanica 2015a) highlighting the economic importance of the Western Rock 
Lobster fishery in Western Australia. 

Commercial abalone fishing in the Marmion Marine Park is locally and regionally 
significant as it makes up a large percentage of the total state catch.  

Finfish and Western Rock Lobster commercial fishing within the Marmion Marine Park 
is of local significance as the Marmion Marine Park is not a major area of catch for the 
fisheries.  

Recreational 
fishing 

 line fishing, netting and spearfishing methods target a variety of pelagic and reef finfish 
species, crabs, Western Rock Lobster and other invertebrates within the Marmion Marine 
Park (CALM & NPNCA1992) 

 the ten-year average recreational abalone catch for Burns Beach Reef is estimated at  
14.1 t (WCAA 2014) 

 recreationally in Western Australia, ~20 000 people are documented to fish an estimated 
400 000 rock lobsters per year across the State (Oceanica 2015a). 

Recreational abalone fishing is locally and regionally significant as it makes up a large 
percentage of the total state catch. 

Recreational fishing for finfish and Western Rock Lobster is locally significant as they 
are widespread throughout Western Australian waters. 
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8.2.6 Monitoring and management during and post construction outlined in the Marina 

Construction Monitoring and Management Plan 

Required work item 8 for the marine fauna section of the ESD identifies the requirement to: 

Include in the MCMMP details of the monitoring and management during and after construction to 

demonstrate and ensure that residual impacts to marine fauna are not greater than predicted. 

Construction 

The key management measure that will be in place to minimise the potential for impacts to marine fauna 

habitats from turbidity and sedimentation during construction is the use of silt curtains during dredging.  

The construction schedule has also been designed to allow construction of the breakwaters prior to 

commencement of dredging in order to contain sediment during dredging.  The monitoring program has 

been designed to ensure that the water quality impacts of the construction process are as predicted and to 

adaptively manage construction if different, or worse, water quality effects occur.  The relevant 

contingencies depend on the phase of work but options will include: 

 investigate cause of exceedance 

 ensure source material being used meets all fines specifications 

 amended construction method to minimise turbidity  

 maintenance of, or use of additional, silt curtains to ensure effectiveness 

 if all other methods cannot adequately manage turbidity then the rock would be washed and wash 

water contained. 

Monitoring of adjacent seagrass health and abalone habitats will be evaluated throughout the construction 

period to ensure that no unexpected effects are occurring.  The MCMMP (Appendix 3) includes details of 

the benthic habitat and water quality monitoring program which will include areas potentially affected by 

the Proposal, reference sites and post construction monitoring.   

It is also proposed to include monitoring of water and sediments in the dredged material placed in 

reclamation areas to confirm predictions that overall concentrations of contaminants (especially TBT) meet 

relevant EQG.  

Operation 

The extent of the ‘halo’ effect around the Proposal footprint will be confirmed after construction for a period 

of two years.  Seagrass extent will be monitored through high resolution vertical digital imagery (captured 

from a plane). 

The benthic habitat monitoring program during operation will be designed to determine whether there is 

any measurable change in seagrass health in areas adjacent to the footprint and whether there is any 

measurable change in algae cover in the abalone monitoring sites.  All abalone sites monitored during the 

baseline surveys will continue to be monitored annually post construction.   

Predictions of environmental impacts during maintenance dredging will be linked to environmental 

monitoring and adaptive management, based on DoT protocols for the maintenance dredging of its coastal 

facilities in Western Australia.  A maintenance dredging monitoring and management plan will be prepared 

in accordance with WAPC (2012a) and monitoring will include seagrass health and water quality, as 

appropriate. 

8.3 Potential impacts and risks 

Construction techniques, changes to sediment and wrack movement, increased boating numbers and 

increased public access all have the potential to affect marine fauna.   
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An exercise was undertaken at the referral stage of the Proposal to scope the key elements of the 

Proposal which have the potential to impact marine fauna.  This was undertaken in consultation between 

the City, decision-making authorities and interested agencies, consistent with EAG 10 Scoping a proposal 

(EPA 2013b).  The aspects of the Proposal that have the potential to affect marine fauna as identified in 

the ESD, not considering mitigation measures, include: 

 construction activities may cause temporary displacement of marine fauna through noise impacts, 

vessel strikes and entanglement (Section 8.5.1) 

 increased public access resulting in increased interactions between humans and marine fauna 

(Section 8.5.2) 

 increased boat numbers causing increased fishing pressure and the potential for boat strikes 

(Section 8.5.3) 

 increased risk of introduced marine species due to increased numbers of large recreational 

vessels berthing in the marina (Section 8.5.4) 

 potential impacts to species (including Western Rock Lobster and abalone, seabirds, other marine 

fauna and finfish) through direct and indirect impacts from construction and operation e.g. 

changes to water and nutrient flows and processes (Section 8.5.5). 

8.4 Mitigation hierarchy 

In accordance with the Administrative Procedures (GoWA 2012), consideration was given during the 

planning for the Proposal to avoid, minimise and rectify or rehabilitate the potential impacts.  These 

measures are summarised in Table 8-11.  The planned mitigation measures are taken into account when 

predicting the residual impacts of the Proposal.  The proposed offsets for significant residual impacts are 

addressed in Section 10. 
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Table 8-11:  Application of the mitigation hierarchy to potential impacts on marine fauna 

Potential impact Avoid Minimise Rectify/rehabilitate Offset 

Construction 
activities 

Site selection includes the already disturbed 
footprint of the Ocean Reef Boat Harbour. 
Approximately 4.3 ha of potential fauna habitat has 
already been disturbed by the existing boat 
harbour, thereby reducing the overall predicted loss 
as a result of the Proposal, compared to if another 
non-developed site was chosen.   

The configuration of the proposed marina was 
designed to avoid direct disturbance of seagrass 
habitat which was known to occur to the south-west 
of the Proposal footprint.  

The avoidance of impacts to the near-shore reef 
was not possible as this BPPH type is almost 
continuous to the north and south of the Ocean 
Reef Boat Harbour. 

The use of land based construction techniques 
avoids the potential for vessel strikes during 
construction. 

 ‘Best practices’ are to be used to minimise contamination inputs 
to the marina including facility design and management, and 
strict regulations regarding general boating-related activities 

 The MCMMP outlines the proposed breakwater and other 
construction methods, and proposed management measures 

 A Marine Fauna Observer will be on site if marine fauna are 
identified as being active within the breakwater construction 
area 

 The short duration and the design of the dredging will minimise 
impact on marine fauna communities 

 Induction of all construction workers about correct waste 
management procedures 

 Implementing strict environmental management standards for 
the Proposal during construction, including regular clean-up of 
any debris from the marina waters 

 Promoting/displaying information to encourage appropriate 
behaviour during construction, and informing users of the 
dangers of entanglement to marine fauna. 

Not applicable. Refer to 
Section 10. 

Increased public 
access 

Not applicable. Management measures will be implemented including: 

 implementing educational measures to encourage appropriate 
disposal of fishing line through the provision of fishing line 
discard bins and display of information signs 

 regular patrolling of the marina to remove line or other 
entanglement sources and support clean-up measures around 
fishing 'hot spots' 

 implementing strict environmental management standards for 
the Proposal, including regular clean-up of debris from the 
marina waters 

 implementing educational measures to discourage any illegal 
feeding of marine fauna through  the provision of information 
signs 

 promoting/displaying information to encourage appropriate 
behaviour, and informing users of relevant wildlife regulations 

 feeding of dolphins will be prohibited in the marina, and users of 
the marina facility will be warned that they risk losing privileges 
if observed feeding dolphins or violating other environmental 
regulations. 

Not applicable. Refer to 
Section 10. 
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Potential impact Avoid Minimise Rectify/rehabilitate Offset 

Increased boat 
numbers 

The number of boat pens and boat stacker berths 
available are limited to up to 750. 

Management measures to minimise increases in fishing pressure 
include: 

 providing a potential base for surveillance, monitoring and 
research in the marine environment, including the impacts of 
recreational use and management activities 

 promoting/displaying information about ecological values and 
appropriate behaviour in the marine environment 

 promoting/displaying information about recreational fishing 
regulations (e.g. catch limits, legal fish size etc). 

Management measures to minimise increased vessel strikes 
include: 

 promoting/displaying information about ecological values (e.g. 
including daily cycles of dolphins, where they forage, potential 
for displacement by watercraft and vessel strikes) and 
appropriate behaviour in the marine environment 

 providing a base for surveillance, monitoring and research in 
the marine environment, including the impacts of recreational 
use and management activities 

 encouraging recreational boat owners and charter operators to 
participate in filling out observation sheets of dolphins at sea or 
other conservation significant fauna, with observation sheets 
collected quarterly by the marina manager and sent to the 
nominated researcher.   

The Proposal also offers opportunities for public education 
programs about the impact boating-related activities have on the 
marine environment.   

Not applicable. Refer to 
Section 10. 

Marine pest species The construction of the Proposal will be undertaken 
using land-based equipment; therefore the risk of 
introducing marine species is considered negligible 
during construction.  

To mitigate the risks of ongoing operation of the marina, DoF 
sanctioned signage will be installed and maintained throughout the 
marina to educate marina users about marine pests; including 
appropriate vessel maintenance measures in-line with relevant  
Department of Fisheries (DoF) guidance and policy (DoF 2014a 
and 2014b) and the National System for the Prevention and 
Management of Marine Pest Incursions for Recreational, Non-
trading and Commercial Fishing Vessels (CA 2009a, 2009b and 
2009c). 

The marina operator will contact DoF prior to dredging to discuss 
management of any biosecurity risks if marine equipment (rather 
than land based equipment) is to be used in maintenance 
dredging. 

Not applicable.  Refer to 
Section 10. 

Changes to water 
and nutrient flows 

Not applicable.  The indirect loss of benthic habitat 
in a ‘halo’ around the breakwaters is unavoidable. 

Configuration of the proposed marina is designed to minimise the 
impacts to hydrodynamic processes. 

Detailed further in Section 7.4.   

No opportunity to rectify; as 
rehabilitation of the affected near-
shore reef areas is not possible at this 
time. 

Refer to 
Section 10. 
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8.5 Assessment of predicted direct and indirect residual impacts 

8.5.1 Construction activities 

The ESD requires the assessment of the potential displacement of fauna caused by noise, vessel strikes 

and potential entanglement during construction activities.   

Marine noise 

Pile driving during jetty construction, dredging and rock dumping during breakwater construction will 

generate noise underwater.  Based on the construction methodology, the construction of the breakwaters 

will take six months.   

Noise during construction of the breakwaters may cause temporary avoidance of the area by some marine 

fauna.  However, as the Development Envelope is not known to be an important habitat for any marine 

fauna (with the exception of abalone), the avoidance of the area by fauna is likely to be the most effective 

at preventing any detrimental effects on marine fauna.  Best practice construction techniques will be used 

to minimise construction-related noise as much as possible.   

There will be no use of explosives (blasting) for construction of the Proposal. 

Vessel strikes 

Vessel strikes refer to a collision between a boat and marine fauna.  The construction of the Proposal will 

be land-based and therefore all construction equipment will be operated from on-land.  A small number of 

vessels will be used throughout the construction of the Proposal for monitoring or inspection and have the 

potential to collide with fauna species (particularly dolphins).  Due to the land based construction methods, 

it is highly unlikely there will be vessel strikes during the construction phase.   

Vessel-fauna collisions have the potential to result in injury to the fauna, or even death.  It may also result 

in interruptions to resting periods on the surface, or could move them away from preferred feeding areas.  

Injuries sustained from collisions may also affect a species ability to catch prey or evade predators.  As 

discussed in Section 8.2.3, the bottlenose dolphin is the only significant fauna species identified with 

potential to occur in the Development Envelope and, although highly unlikely, vessel strikes are possible 

with this species during construction.   

The breakwaters will be constructed by dumping core material (most likely well graded limestone rubble) 

from trucks, starting from the land and progressively moving seaward as the core is built.  If daily 

observations by the construction contractor identify that dolphins or other marine mammals are active in 

the immediate breakwater construction area, work will not commence until a dedicated Marine Fauna 

Observer (MFO) is present.  The MFO would: 

 demonstrate a knowledge of marine wildlife species in the Perth metropolitan region, particularly 

species listed under the WC Act and associated notice 

 be on call to attend the construction site if marina fauna are spotted in the immediate area during 

construction works 

 maintain a log of observations of marine fauna, including injured or dead fauna (of any species) 

within 500 m of construction, which is to be submitted to DEC at the completion of construction. 

No breakwater construction would commence until the MFO has verified that the observed fauna had 

moved on and no dolphins or sea-lions had been observed within a radius of 500 m of construction 

vessels for at least 30 minute prior to commencement or re-commencement of construction work.   

Dredging and pile driving will only occur once the breakwaters are sufficiently complete to enable silt and 

sediment to be trapped.  Vessel-fauna collisions are therefore unlikely during the construction of the 

Proposal.   
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Entanglements 

Construction has the potential to result in an increase in rubbish and building materials in the vicinity of the 

Proposal thereby increasing the possibility of entanglement.  Construction will increase the number of 

people, the amount of building materials and potentially general litter within the vicinity of the Proposal.  

Buildings materials and litter have the potential to affect marine fauna such as dolphins and sea-lions by 

ingestion or entanglement in discarded litter such as plastic bags or rope.   

The results of entanglement can include death, injury, adverse behavioural and physiological changes, 

and reduced body condition and/or immune function to individual fauna.  These processes may also 

interact with the natural processes such as disease and predation.  To limit the risk of entanglements, 

standard management and mitigation measures to minimise the potential for entanglements will be 

incorporated during construction, including:   

 induction of all construction workers about correct waste management procedures 

 implementing strict environmental management standards for the Proposal during construction, 

including regular clean-up of any debris from the marina waters 

 promoting/displaying information to encourage appropriate behaviour during construction, and 

informing users of the dangers of entanglement to marine fauna.  

Management measures are outlined in the MCMMP.   

8.5.2 Increased public access 

Increased public access will increase the number of people utilising the foreshore areas and the inner 

waters of the proposed marina and the Marmion Marine Park; this will increase human-fauna interactions.  

For the purpose of this section, human-fauna interaction is defined as a direct or indirect human action that 

influences the way species of marine fauna live, feed, behave or interact.  Potential impacts to fauna may 

occur as a result of: 

 litter and entanglements 

 harassment and illegal feeding 

 increased boat numbers 

 increased fishing pressure 

 vessel strikes 

 introduction of marine pest species.  

Impacts resulting from increased public access on the foreshore and the breakwaters of the Proposal are 

discussed below.  Impacts related to boating activities, including increased fishing pressure and boat 

strikes, are addressed in Section 8.5.3 and the increased risk of introduced marine species is addressed in 

Section 8.5.4.   

Litter and entanglements 

Following construction an increase in the number of people utilising the foreshore area of the Ocean Reef 

Marina Development tourist precinct and the inner waters of the Marmion Marine Park may increase the 

litter in these areas (such as plastic bags, empty bottles, fishing line and other fishing gear).  Litter can 

affect marine fauna such as dolphins, turtles and sea-lions by ingestion and entanglement in discarded 

fishing line or plastic.  Potential effects may include death, injury, adverse behaviour and physiological 

changes and reduced body condition and/or immune function to individual fauna.   
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The risks of litter and entanglement already exist with the current Ocean Reef Boat Harbour.  While the 

Proposal will increase the number of people accessing the area, management measures minimising 

potential impacts resulting from litter and entanglements will also increase.  Management measures 

include: 

 implementing educational measures to encourage appropriate disposal of fishing line through the 

provision of fishing line discard bins and displaying of information signs (similar to those 

developed by Coastcare) at the proposed marina  

 providing contact phone numbers to report fauna entanglements or other fauna incidents 

 regular patrolling of the marina to remove line or other entanglement sources and support clean-

up measures around fishing 'hot spots' in and around the proposed marina 

 implementing strict environmental management standards for the Proposal, including regular 

clean-up of debris from the marina waters. 

In view of the existing risk present and the proposed management measures, the impacts of increased 

human-fauna interaction will be minor; however, will add to the human-related stress that animals 

experience in this region.   

Harassment and illegal feeding  

An increase in the number of people using the Marmion Marine Park has the potential to result in an 

increase in illegal feeding and harassment of marine fauna.  Fauna such as dolphins, turtles and Sea-lions 

may be negatively impacted by people disturbing or harassing them.  This has the potential to result in 

injury, adverse behaviour and physiological changes and reduced body condition and/or immune function 

to individual fauna.  Similarly, illegal feeding has the potential to impact fauna such as dolphins.  Fauna 

may potentially become reliant on illegal feeding interrupting their natural feeding and behavioural 

patterns.  Management measures to reduce the risk of illegal feeding and harassment include: 

 implementing educational measures to discourage any illegal feeding of marine fauna through  

the provision of information signs  

 promoting/displaying information to encourage appropriate behaviour, and informing users of 

relevant wildlife regulations 

 feeding of dolphins will be prohibited in the marina, and users of the marina facility will be warned 

that they risk losing privileges if observed feeding dolphins or violating other environmental 

regulations. 

The risk of illegal feeding already exists within the existing Ocean Reef Boat Harbour and therefore the 

impact of potential harassment and illegal feeding is expected to be minor; however, will add to the human-

related stress that animals experience in this region.   

8.5.3 Increased boat numbers 

Due to population growth in the northern metropolitan area and increased levels of boat ownership in the 

region (discussed in Section 2.7), there is a predicted increase in the number of boats traversing the 

Marmion Marine Park.    

Access to the Marmion Marine Park for trailer boat users is currently available via launching facilities at 

Hillarys Boat Harbour (six lane ramp), Mindarie Marina (four lane ramp) and the existing Ocean Reef Boat 

Harbour (eight lane ramp).  The Proposal will provide an upgrade of launching and trailer parking facilities, 

however will not increase the size or number of public boat ramps available.  Additional boat ramps will be 

provided in the yacht club area.  The number of existing launching facilities in the vicinity of the Marmion 

Marine Park, and the fact the Proposal will not increase the number of ramps available, suggests that the 

Proposal is only likely to result in a minor increase in trailer boats accessing the Marmion Marine Park 

above the anticipated numbers predicted by the DoP due to population growth.   
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The provision of boat pens and boat stacking services is likely to result in an increase in the number of 

non-trailerable boats within the Marmion Marine Park.  Non-trailerable boats are defined as boats greater 

than 7.5 m in length.  There are up to 750 boat pens/stackers proposed for the Proposal to be used by the 

sea sports club, the public and marina residents.  Non-trailerable boats are expected to visit the Proposal 

to utilise the marina facilities.  Therefore, the Proposal is expected to result in an increase in non-trailerable 

boats able to access the Marmion Marine Park.   

Recreational fishing  

An increase in boat and human access to the Marmion Marine Park from the Proposal is not predicted to 

cause a significant increase in recreational fishing pressure above that anticipated due to population 

growth.   

Recreational fishing pressure within the Marmion Marine Park is a regional issue that comes under the 

jurisdiction of DoF.  Fish stocks are managed by bag and size limits, no fishing areas and seasons.  

Recreational fishing from boats also requires a licence from DoF.  The health of fish stocks for marine 

species that are under pressure is constantly monitored by DoF (with the aid of other agencies) with future 

management measures reflecting the health of each population.   

Increased recreational fishing pressure due to increased population is predicted for the waters of the 

Marmion Marine Park, irrespective of whether the Proposal goes ahead or not.  As stated above, the 

population in the City of Joondalup is predicted to increase from 164 942 people in 2016 to 180 812 by 

2036, an increase of 9.62% (CoJ 2016).  Shore-based recreational pressure will increase accordingly.  

There are currently a multitude of options for shore-based anglers at and surrounding the existing Ocean 

Reef Boat Harbour (i.e. beaches, Hillarys Boat Harbour breakwaters, Mindarie Marina breakwaters), as 

such the Proposal is likely to see only a minor increase in shore-based fishing above that expected from 

population growth.   

At present, boat-based recreational fishing pressure within the Marmion Marine Park is largely due to 

boats launched from, or in pens within Hillarys Boat Harbour, the existing Ocean Reef Boat Harbour and 

Mindarie Marina.  As discussed above, the increase in access to trailer boats and non-trailerable boats 

resulting from the Proposal is likely to cause a small increase in recreational boating pressure within the 

Marmion Marine Park.  This will lead to a small increase in recreational fishing pressure within the 

Marmion Marine Park.  The focus of fishing for these boats will be from both waters within the Marmion 

Marine Park and traversing the Marmion Marine Park to access waters further offshore.   

Through increasing the ease of access for boats it is likely that additional finfish and Western Rock Lobster 

may be taken by the potential increase in boating traffic of recreational fishermen (refer to Section 8.2.1).  

However, access to these species already exists from the existing facilities so it is impossible to predict if 

any impact on the overall fish stock will occur (Oceanica 2015a).  The Proposal will also offer opportunities 

to reduce stress on the marine ecosystem though: 

 promoting/displaying information about ecological values and appropriate behaviour in the marine 

environment, including sustainable fishing practices 

 promoting/displaying information about recreational fishing regulations (e.g. catch limits, legal fish 

size etc.) 

 providing a base for surveillance, monitoring and research in the marine environment, including 

the impacts of recreational use and management activities. 

In summary, while the Proposal may cause a small increase in recreational fishing pressure, it is not likely 

to constitute a major source of recreational pressure.   

Vessel strikes  

The increase in boating numbers during operation of the Proposal has the potential to increase the number 

of vessels striking fauna within the Marmion Marine Park.  While the Proposal is likely to result in a small 

increase in vessel movements through the Marmion Marine Park (discussed above), it is not likely to 

constitute a major source of vessel strikes.   
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As stated in Section 8.5.1, the risk of a vessel-fauna collision may have detrimental effects on a species 

ability to rest, feed, evade predators or behaviour naturally and may even result in injury or death.  Larger 

species of marine fauna are particularly vulnerable due to their size and agility.  Examples found in the 

Marmion Marine Park and their seasonal occurrences in the Marmion Marine Park include (Oceanica 

2015a): 

 Southern Right Whale (May to December) 

 Humpback Whale (September to December) 

 Australian Sea-lion (year round) 

 Green and Loggerhead Turtles (unknown) 

 Great White Shark (year round) 

 variety of marine birds (year round) 

 Bottlenose dolphins (year round). 

Possible management measures that could be undertaken to reduce the potential impact of increased 

vessel movements and vessel strikes on marine fauna as a result of the Proposal include: 

 promoting/displaying information about ecological values (e.g. including daily cycles of dolphins, 

where they forage, potential for displacement by watercraft and vessel strikes) and appropriate 

behaviour in the marine environment (including appropriate boat speeds to minimise boat strikes 

on dolphins, sharks and Sea-lions) 

 providing a base for surveillance, monitoring and research in the marine environment, including 

the impacts of recreational use and management activities 

 encouraging recreational boat owners and charter operators to participate in filling out observation 

sheets of dolphins at sea or other conservation significant fauna, with observation sheets 

collected quarterly by the marina manager and sent to the nominated researcher.   

Boat access to the Marmion Marine Park is already available via Hillarys Boat Harbour, Mindarie Marina 

and the existing Ocean Reef Boat Harbour, therefore an inherent vessel strike risk already exists.  While 

the Proposal is expected to result in a small increase in boat numbers and boat traffic (see above), the 

impact on fauna by vessel strikes is expected to be marginal. 

8.5.4 Increased risk of introduced marine species 

Despite introduction of the Proposal resulting in increased human activity and boat traffic, which is 

generally associated with an increased occurrence of introduced marine species, the Proposal is not 

expected to significantly increase the risk of introduced marine species to the vicinity of the Proposal or the 

Marmion Marine Park.   

No marine pest species were found to currently exist within the Ocean Reef Boat Harbour; however, the 

pest Didemnum perlucium has been identified on a vessel at nearby Mindarie Marina, approximately 8 km 

to the north, and on artificial structures at Hillarys Boat Harbour, approximately 7 km to the south.  

Additionally, being in close proximity (35 km) to Fremantle Harbour where at least 46 introduced marine 

species have been documented, there is an existing risk for marine pests to be introduced to the existing 

Ocean Reef Boat Harbour (Oceanica 2015b).   

The Proposal will see an increase in the size and number of boats within the proposed marina.  The 

Proposal will adhere to standard management practices for boating activities and ballast water during the 

operation of the Proposal including The National System for the Prevention and Management of Marine 

Pest Incursions for Recreational, Non-trading and Commercial Fishing Vessels (CA 2009a, 2009b and 

2009c).  This will ensure the risk of introducing marine pests to the Development Envelope or the Marmion 

Marine Park is not above what already exists.  Further detail on the monitoring and management 

measures to be implemented during operation of the Proposal is provided in the MEQMP. 
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The construction of the Proposal will be land-based; with dredging and reclamation activities being 

undertaken with land based excavation equipment.  All rock and landfill required for reclamation and 

breakwaters will be sourced either from the site or from inland quarries.  Therefore, the risk of introducing 

marine pests during construction is negligible. 

8.5.5 Potential impacts to species 

Abalone 

Abalone habitat within the Marmion Marine Park with the potential to be impacted by the Proposal exists 

immediately to the north of the existing Ocean Reef Boat Harbour along Burns Beach Reef (Section 7.2.2).  

The construction of the Proposal will result in the direct removal of abalone habitat.  Section 7.5.6 identifies 

that the loss due to the Proposal footprint and the 70 m ‘halo’ (described in Section 7.5.1) is 12.54 ha (or 

9.6%) of the mapped abalone habitat within the Marmion Marine Park.  

Based on the ecology of abalone and its habitat requirements (Oceanica 2016f), the predicted indirect 

impacts as a result of a change to the marine environment described in Section 7.5.6 are expected to be: 

 the reduction in current within 500 m of the Proposal footprint is significant and may reduce the 

population of abalone in this area of the reef.  Due to the level of uncertainty, a worst case 

scenario of 100% loss of abalone has been assumed in this area and will be addressed in the 

offsets strategy (Section 10)  

 the reduction in current within 500–1500 m of the Proposal footprint is small and is not expected 

to cause a measurable change in the abalone population.  Due to the residual level of uncertainty 

within this distance, monitoring will be undertaken and if changes in the population of abalone are 

detected, a proportional offset will be provided, as described in Section 10 

 no impact is expected on abalone populations >1500 m north of the Proposal footprint.  

Monitoring will be undertaken to verify the modelling results and impact assessment assumptions. 

All other predicted changes such as seabed deposition of sediments and reduced water quality are 

predicted to occur in a very constrained area near the Proposal footprint.  Therefore, there are no 

significant indirect impacts expected outside of the 500 m area impacted by a reduction in current outlined 

above.  The predicted changes in current speeds are considered significant as they may affect the particle 

sizes that can remain suspended in the water column and potentially affect the amount and fractions of 

both sediments and wrack (drift algae) that will be supplied to the areas of abalone habitat.  Drift algae is 

an important food source for Roe’s abalone therefore the change in current speed could have a direct 

impact on food availability (Oceanica 2016f). 

No substantial change was predicted in current speed over abalone habitat south of the Proposal footprint 

as the habitat is >500 m from the Proposal footprint and the current is dominated by northward flow for 

most of the year.    

Predicted reduction to abalone catch 

The direct and indirect impacts on abalone are predicted to result in the loss of 41% of the abalone habitat 

and a corresponding 32% reduction to the abalone fishery at Burns Beach Reef.  The reduction in abalone 

habitat represents a reduction of 14% within Marmion Marine Park or approximately 10% of the catch from 

the Perth metropolitan area.  This analysis and the proposed approach to reducing the fishing pressure are 

described in Section 7.5.6. 

The potential ecological significance of this reduction in abalone within the Burns Beach Reef has been 

analysed based on the Roe’s Abalone environmental sensitivity report (Oceanica 2016f) which outlines the 

effect of abalone on algae in the near-shore reef ecosystem.  The literature documents that although 

abalone are grazers, their removal from the reef ecosystem does not have an effect on algal cover as long 

as other grazers such as chitons and limpets are present (Oceanica 2016f).  Limpets and chitons are 

known to exist on the Burns Beach Reef (Oceanica 2016f) and would be likely to maintain grazing levels 

on the reef if there is any reduction in abalone numbers.  Therefore, a reduction in abalone abundance 

within the predicted impact area, 500 m north of the Proposal footprint, is not expected to have 

consequential effects for the ecosystem of Burns Beach Reef. 
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As identified in Section 8.2.1, the 10 year average commercial catch at Burns Beach Reef is 15.3 tonnes 

and recreational catch was 14.1 tonnes (WCAA 2014).  Based on the estimated abalone distribution 

calculated by WCADA and DoF and the 10 year average catch at Burns Beach Reef, the commercial and 

recreational catch for each section of the reef is reported in Table 8-12.  The recreation and total catch 

estimates assume that the distribution of the recreational catch matches the commercial catch.  While this 

may not be accurate, it is considered an appropriate approximation in the absence of recreational catch 

data. 

Table 8-12:  Projected abalone catch distribution along Burns Beach Reef based on 10 year average 

abalone catch 

Section 
Projected 
contribution (%) 

Commercial 
catch (kg) 

Recreational 
catch (kg) 

Total catch (kg) 

1 11 1672 1541 3213 

2 8 1254 1156 2410 

3 27 4180 3852 8033 

4 5 836 770 1607 

5 8 1254 1156 2410 

6 8 1254 1156 2410 

7 8 1254 1156 2410 

8 11 1672 1541 3213 

9 11 1672 1541 3213 

10 2 251 231 482 

Total 
(rounded) 

100.0 15 300 14 100 29 400 

The estimated distribution of abalone in Table 8-12 has been used to determine the predicted reduction in 

the abalone catch as a result of the Proposal.   

The predicted reduction in abalone catch has been determined based on the reduction in habitat based on 

the Proposal footprint and 70 m ‘halo’ and as a result of changes to water flows and quality.  The following 

sections outline the area of reef predicted to be affected which was then used to calculate predicted loss of 

abalone catch.  

Shown in Figure 7-5, the predicted reduction to abalone catch from the Burns Beach Reef was determined 

using the predicted impacts summarised in Table 7-13 and the projected total abalone distribution (based 

on the estimated distribution and the 10 year average commercial and recreational catch as provided by 

WCADA and DoF in Table 8-6).   

As shown in Figure 8-7, the footprint related impact is expected to affect abalone habitat sections 10, 9 

and the southern portion of section 8.  In addition to the footprint related impact, the changes to currents 

will extend for 500 m and also partially affect section 7.  Using the estimated total abalone distribution 

within the Burns Beach Reef sections, the total reduction in abalone catch has been estimated by 

assuming the total loss of catch from sections 10 to 7.  Therefore, the Proposal would reduce the total 

catch by 9.3 tonnes or approximately 32% of the total Burns Beach Reef catch (around 10% of the total 

Perth metropolitan fishery).  This equates to 4.5 tonnes of the recreational catch and 4.8 tonnes of the 

commercial catch.  This estimate is considered to be an over-estimate of the impact as it assumes total 

loss of abalone within all sections within the 500 m predicted impact zone.   

It is proposed that the abalone catch allocation throughout the Perth metropolitan area is reduced by DoF 

directly proportional to the predicted reduction in catch.  Ongoing monitoring will determine if the predicted 

impact is accurate, with the catch allocations to be reviewed and adjusted as appropriate.  This proposed 

offset approach is further outlined in Section 10.5.2. 
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Table 8-13:  Projected abalone distribution based on 10 year average abalone catch 

Section 
Projected 
contribution (%) 

Total catch 
(kg) 

Potential impact 

1 11 3213 No predicted impact 

2 8 2410 No predicted impact 

3 27 8033 No predicted impact 

4 5 1607 No predicted impact 

5 8 2410 No predicted impact 

6 8 2410 No predicted impact 

7 8 2410 
Within 500 m zone of predicted loss, therefore total loss of 
all abalone has been assumed 

8 11 3213 
Within 500 m zone of predicted loss, therefore total loss of 
all abalone has been assumed 

9 11 3213 
Footprint related impacts resulting in total loss of all 
abalone 

10 2 482 
Footprint related impacts resulting in total loss of all 
abalone 

Total 

(rounded) 100.0 29 400 

 

Western Rock Lobster 

As shown on Figure 7-6, no Western Rock Lobster habitat is predicted to be affected.  Western Rock 

Lobster are not expected to be affected by this Proposal. 

Sea and shorebirds 

The increased public access, boating and fishing in the Marmion Marine Park may potentially increase 

litter, fauna entanglements, fauna harassment and illegal feeding of sea and shorebirds above the level 

that already exists. These risks will be managed through the provision of appropriate waste facilities 

(including fishing line disposal facilities) and educational signage that guides users on the appropriate 

behaviour, regulations and provides contact details in case of entanglements or other injury to birds. 

Changes to marine environmental quality, reduction in benthic habitat and reef hydrodynamics are not 

predicted to affect sea and shorebird species. 

In view of the existing risk present and the proposed management measures, the impacts of increased 

human-fauna interaction will be minor, but will add to the human-related stress that animals experience in 

this region.   

Other marine fauna 

The increased public access, boating and fishing in the Marmion Marine Park may potentially increase 

litter, fauna entanglements, fauna harassment and illegal feeding of Australian fur seals above the level 

that already exists. Australian fur seals are particularly vulnerable to these risks as they are inherently 

attracted to fishing activities.  These risks will be managed through the provision of appropriate waste 

facilities (including fishing line disposal facilities) and educational signage that guides users on the 

appropriate behaviour, regulations and provides contact details in case of entanglements or other injury to 

Australian fur seals. 

Changes to marine environmental quality, reduction in benthic habitat and reef hydrodynamics are not 

predicted to affect any other marine species. 

In view of the existing risk present and the proposed management measures, the impacts of increased 

human-fauna interaction will be minor, but will add to the human-related stress that animals experience in 

this region.   

   



Figure 8-7:  Impacts to abalone catch

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
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Finfish 

The reduction in potential habitat will be minimal (<1%) within the Marmion Marine Park for all commonly 

caught finfish species as a result of the predicted impacts to benthic habitat.  Species that occur are widely 

distributed in Western Australia waters and do not rely on specific habitat within the Marmion Marine Park.  

Section 7.2.2 identifies that assessment of fishing pressures identifies that the majority of the species are 

not considered to be under pressure, with the exception of Australian herring and West Australian dhufish.   

Changes to marine environmental quality, reduction in benthic habitat and reef hydrodynamics are not 

predicted to affect finfish species. 

Recreational fishing pressure within the Marmion Marine Park is a regional issue that comes under the 

jurisdiction of DoF.  Increased recreational fishing pressure due to increased population is predicted for the 

waters of the Marmion Marine Park, irrespective of whether the Proposal goes ahead or not.  While the 

Proposal may cause a small increase in recreational fishing pressure, it is not likely to constitute a major 

source of recreational pressure.   

8.5.6 Summary of predicted impacts 

The residual impacts of the Proposal on marine fauna are predicted to be: 

1. Bottlenose dolphins are the only species of conservation significance likely to occur within the 

Development Envelope.  Australian fur seals do not have specific conservation significance but are 

an iconic species that would also be likely to occur within the Development Envelope.  The potential 

impact of habitat loss for dolphins ad fur seals are not considered significant as the area around the 

Development Envelope is not an important habitat (i.e. not used for breeding or important foraging 

habitat) and the species and their habitats are widespread in the region. 

2. The 19 finfish caught by recreational fishers within the Marmion Marine Park are generally 

widespread throughout Western Australia and have limited localised association with the habitat lost 

as a result of the Proposal.  Marmion Marine Park is not a recognised breeding or foraging area for 

any of these finfish species and the Proposal is therefore unlikely to significantly impact finfish 

diversity and geographic distribution. 

3. No Western Rock Lobster habitat occurs within the potential impact areas.  Therefore, there is 

predicted to be negligible impact on Western Rock Lobster habitat as a result of the Proposal.   

4. Construction of the Proposal will create temporary marine noise and may result in some construction 

related litter.  The marine noise may cause temporary avoidance of the area by some marine fauna 

but as no critical habitats are known to exist in the Proposal footprint, no significant impact is 

expected.   

Increased potential for entanglements will be mitigated by the majority of construction being 

undertaken using land-based techniques and all dredging to be undertaken behind a silt curtain.   

5. The Proposal will result in an increase in public access to the Marmion Marine Park which may 

potentially increase litter, fauna entanglements, fauna harassment and illegal feeding above the level 

that already exists.  In view of the existing risk present and the proposed management measures, the 

impacts of increased human-fauna interaction will be minor, but will add to the human-related stress 

that animals experience in this region.   

6. The Proposal will result in an increased number of boats traversing the Marmion Marine Park; 

however, this is inevitable with or without the Proposal due to population growth in the northern 

metropolitan area and increased levels of boat ownership in the region.  No significant change to the 

risks associated with boating in relation to increased fishing pressure and boat strikes is expected. 

7. The Proposal will result in no major change in activity than already exists in Ocean Reef Boat 

Harbour and will adhere to standard management procedures for boating and ballast water to 

manage the risk of introduced marine pests during operation. 

8. The footprint related direct and indirect impacts will result in a total of 47.58 ha of marine fauna 

habitat loss including the Proposal footprint, the entire marina waterbody and a 70 m ‘halo’ around 

the footprint.   
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9. The most significant potential impact on marine fauna is the predicted abalone habitat loss.  It is 

predicted that there will be a total direct and indirect loss of 17.94 ha of abalone habitat.  This 

represents 41% of the Burns Beach Reef abalone habitat or approximately 14% of the abalone 

habitat within the Marmion Marine Park.   

10. Footprint related loss of abalone (within the 70 m ‘halo’) is expected to be 12.54 ha (or 9.6%) of the 

mapped extent of abalone habitat in the Marmion Marine Park. 

Within 500 m north of the Proposal footprint, significant impacts on the abalone population are primarily 

expected as a result in the reduction of current speeds in this area, resulting in an additional 5.40 ha of 

abalone habitat being affected.  Beyond 500 m, a significant impact on abalone is considered unlikely.  

Predicted impacts on abalone populations will be confirmed with monitoring.  These impacts are the 

residual impacts of the Proposal after the mitigation hierarchy has been applied, as described in 

Section 8.4.   

.
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9. Coastal processes 

9.1 Relevant environmental objectives, legislation, policies and guidelines 

The ESD outlines the work required for the environmental impact assessment of key environmental factors 

in the PER; these requirements for coastal processes and where they have been addressed are outlined in 

Table 9-1. 

Table 9-1:  ESD requirements for coastal processes 

EPA 
objective 

To maintain the morphology of the subtidal, intertidal and supratidal zones and the 
local geophysical processes that shape them 

Relevant 
aspects 

Construction and operation of coastal infrastructure, including the breakwaters 
and marina waterbody. 

Relevant PER 
section 

Potential 
impacts and 
risks 

The proposal may have the following effects: 

 construction of the marina entrance breakwater and marina waterbody may 
alter wave dynamics and interrupt longshore sediment transport 

 

9.5.1 

 construction of the breakwaters may trap sediment and cause further loss of 
near shore benthic communities and habitat 

9.5.2 

 construction of the breakwaters may trap algae and seagrass wrack both inside 
and adjacent to the marina 

9.5.3 

 the construction of the breakwaters may interrupt wrack movement, 
accumulation and breakdown and impact near–shore communities and 
connected habitats. 

9.5.4 

Required 
work 

1. Characterise the environment by describing the current coastal processes in 
the proximity of the proposal.  This is to include, but not be limited to:  

a. modelling the local current and wave climate 

b. conducting a detailed analysis of existing long-shore sediment movements 
to estimate erosional and depositional patterns including for cross-shore 
processes 

c. determining beach profiles 

d. determining coastal vulnerability and the potential impacts as a result of 
climate change, including through using multiple tide gauge records in the 
Perth Region to determine local sea level rise.  

The characterisation is to consider all temporal scales, including seasonal and 
inter-annual, and the spatial scale must be adequate to address all coastal 
processes and patterns likely to be affected as a result of the proposal. The 
characterisation should define the limit of where impacts are expected to occur. 

 

9.2.1 

2. Identify elements of the proposal which may potentially affect coastal 
processes, including both direct and indirect impacts and for both construction 
and operation.   

9.2.2 

3. Predict the residual impacts from the proposal, both direct and indirect, after 
demonstrating how the mitigation hierarchy – avoid, minimise, rectify and 
offset – has been considered and applied.  Impact predictions are to:  

a. be provided at a sufficient scale to allow all impacts resulting from the 
proposal to both up and down coast processes as well as onshore-offshore 
processes to be assessed 

b. be informed by monitoring previously undertaken at local harbours and 
marinas 

c. determine changes to local current and wave climate, long-shore sediment 
movements and the erosional and deposition patterns (including to cross-
shore processes), and beach profiles resulting from the proposal 

d. consider cumulative impacts from other and to other coastal developments 

e. be for both the short and long-term (100 year planning horizon); be 
provided for best, most likely and worst case scenarios; and consider the 
likely impacts of climate change 

f. examine the need (if any) for coastal structures to mitigate the impacts of 
wave shadows that would be caused by the proposal 

 

 

9.2.2 
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EPA 
objective 

To maintain the morphology of the subtidal, intertidal and supratidal zones and the 
local geophysical processes that shape them 

g. address the frequency, volume and potential environmental impacts of 
sand/wrack bypassing/backpassing and maintenance dredging within and 
adjacent to the harbour/marine park boundary 

h. address the requirements of State Planning Policy 2.6. 

4. Identify management and mitigation measures for the proposal to demonstrate 
that the EPA’s objectives for coastal processes can be met and to ensure 
residual impacts are not greater than predicted.  This is to include the 
identification of areas of land and sea within the harbour/marina boundary to 
allow for management works and buffer areas to manage sand and/or wrack 
accumulations. It is also to include a comprehensive beach monitoring and 
management program to manage the beaches and avoid adverse impacts. 

9.6 

5. Outline the proposed ongoing governance arrangements for the management 
of coastal processes including the roles and responsibilities for sand/wrack 
bypassing/backpassing requirements and maintenance dredging. 

9.6.2 

Peer review Commission, in consultation with the OEPA, 
and include in the PER a peer review of the 
coastal process modelling and the predicted 
impacts to coastal process (scopes 1 and 3). 

Peer reviews undertaken are described in 
Table 9-2.  

The Peer review is provided in Appendix 4. 

Relevant 
policy 

Department of Conservation and Land 
Management 1992, Marmion Marine Park 
Management Plan 1992-2002, National Parks 
and Nature Conservation Authority, Perth, 
Western Australia. 

The following policies have been considered in 
this PER: 

 the values and significance of the coastal 
processes in the Marmion Marine Park 
Management Plan were considered in the 
description of the local values (Section 9.2.1). 

IPCC, 2014: Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part A: Global 
and Sectoral Aspects. Contribution of Working 
Group II to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change 
[Field, C.B., V.R. Barros, D.J. Dokken, K.J. 
Mach, M.D. Mastrandrea, T.E. Bilir, M. 
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. 
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White 
(eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, 
USA. 

 the predictions of climate change outlined in 
the IPCC report have been incorporated into 
predictions of climate change scenarios 
(Section 9.2.2). 

IPCC, 2014: Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part B: Regional 
Aspects. Contribution of Working Group II to the 
Fifth Assessment ,Report of the 
Intergovernmental Panel on Climate Change 
[Barros, V.R., C.B. Field, D.J. Dokken, M.D. 
Mastrandrea, K.J. Mach, T.E. Bilir, M. 
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. 
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White 
(eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, 
USA. 

 the predictions of climate change outlined in 
the IPCC report have been incorporated into 
predictions of climate change scenarios 
(Section 9.2.2). 

Marine Parks and Reserves Authority 2012, 
Position Statement: Seawrack Management in 
Marine Parks and Reserves. 

 Position Statement: Seawrack Management 
in Marine Parks and Reserves was used in 
the development of appropriate wrack 
management procedures (Section 9.2.2). 

Marine Parks and Reserves Authority, 2012 10 
year audit of the implementation of the Marmion 
Marine Park Management Plan 1992–2002. 

 the environmental values identified in the 10 
year audit of the Marmion Marine Park 
Management Plan were included in the 
assessment of changes to coastal processes 
(Section 9.5). 

State of Planning Policy No. 2.6 State Coastal 
Planning Policy. 

 Statement of Planning Policy No. 2.6 was 
used in the development of the Coastal 
Hazard and Risk Management Adaptation 
Plan (Section 9.2.2). 
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9.2 Required work 

The results from the surveys outlined in Table 9-2 have been used to support the assessment of potential 

impacts of the Proposal on coastal processes.  The outcomes from these investigations have assisted in 

detailed comprehensive understanding of the coastal processes that exist in the Ocean Reef area and 

may impact, or be impacted, by the Proposal.   

Table 9-2:  Coastal processes studies undertaken for the Proposal 

Investigation  Scope Peer review undertaken? 

Ocean Reef Marina - 
Beach Wrack 
Management  

(MR&A 2016d) 

To estimate the timing and accumulation 
of wrack around the proposed marina 
and provide advice on management 
practices.    

Dr Doug Treloar, Senior Principal Coastal 
Engineering, Cardno.  The peer review 
involved an assessment of the report against 
the ESD requirements (refer to Table 9-1). 

The peer review is provided in Appendix 4. 

Ocean Reef Marina 
Coastal Processes 
Assessment 

(MR&A 2016c) 

To model local wave conditions to 
simulate the effect of the Proposal on 
coastal processes and their effect on the 
coastline.    

Dr Doug Treloar, Senior Principal Coastal 
Engineering, Cardno.  The peer review 
involved an assessment of the report against 
the ESD requirements (refer to Table 9-1). 

The peer review is provided in Appendix 4. 

Ocean Reef Marina 
Development – Phase 2: 
Water Quality Modelling 

(RPS APASA 2016) 

Model several environmental water 
quality aspects that relate to either the 
construction of the Proposal or the 
ongoing operation of the Proposal. 

Dr Doug Treloar, Senior Principal Coastal 
Engineering, Cardno.   The peer review 
involved an assessment of the report against 
the ESD requirements (refer to Table 6-1). 

The peer review is provided in Appendix 4. 

City of Joondalup: 
Coastal Hazard and 
Vulnerability Assessment 

(MR&A 2016a) 

Assess the vulnerability of the shoreline 
to storm erosion and sea level rise over 
the short and longer 50 and 100 year 
timeframes.   

Not applicable. 

Ocean Reef Marina – 
Coastal Hazard and Risk 
Management Adaptation 
Plan  

(MR&A 2016b) 

To confirm the specific extent of coastal 
hazards, evaluating the risks associated 
with the Proposal and to establish and 
provide guidance on the present and 
future risk management and adaption 
measures.   

Dr Doug Treloar, Senior Principal Coastal 
Engineering, Cardno.  The peer review 
involved an assessment of the report against 
State Planning Policy 2.6 and the ESD 
requirements (refer to Table 9-1). 

The peer review is provided in Appendix 4. 

9.2.1 Current coastal processes 

The geology and geomorphology of a shoreline can significantly affect the coastal processes of an area.  

The existing Ocean Reef Boat Harbour is situated on a calcerenite-dominated section of the shore 

approximately 5 km in length, extending from around 1 km south of the existing Ocean Reef Boat Harbour 

to Burns Beach in the north.  This stretch of coastline consists of small, transient embayed beaches 

formed along the rocky shoreline and are fronted by a mixture of platforms, reefs and rocks.   

The reef systems along the shoreline are particularly important when considering the coastal processes of 

the area.  The reef systems can significantly affect the rate and magnitude of longshore transport, wave 

energy hitting the shoreline and ocean currents.   

In addition to the influence of the reef, the Ocean Reef Boat Harbour creates an existing impediment to the 

movement of waves, currents and sediment along the coastline.  The following sections focus on 

characterising the current environment with respect to coastal processes including: 

 local current regime 

 wave climate 

 longshore sediment transport 

 wrack 

 current beach profiles 

 coastal vulnerability and potential impacts of climate change. 
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Local current regime 

Ocean currents are influenced by a number of factors such as wind, large currents, tides, swells and 

weather.  Near-shore currents within Perth coastal waters are generally influenced by winds rather than 

tides; particularly during summer when the sea breeze is at its strongest.  This relationship however tends 

to diminish in deeper, offshore waters (RPS APASA 2016).   

Offshore of the Proposal footprint, the current regime is dominated by both winds and the southward 

flowing Leeuwin Currrent which is at its strongest in winter.  In summer, the prevailing southerly winds 

drive the relatively inshore Capes Current which is a northward flowing current.  The Capes Current 

weakens the Leeuwin Current, pushing it further offshore.  The longshore component of currents speeds 

(monthly mean) in the Perth coastal region (~30 m depth) are generally in the range of 0–15 cm/s 

(RPS APASA 2016).   

Wave climate 

Waves are the main driver of sediment transport and deposition along the coastline with the majority of 

sediment movement occurring in the zone where waves break.  Changes to the wave climate affect 

shoreline development.  Historical wave records indicate that there are four types of wave events that are 

experienced in the Perth metropolitan region (MR&A 2016c):  

1. Sea breeze. 

2. Swell. 

3. Storm. 

4. Severe storm.   

The number and severity of these events varies from year to year and affects the behaviour of coastal 

processes.   

In accordance with the ESD (required work item 1a), wave modelling was undertaken by MR&A (2016c) to 

characterise the existing current wave environment.  The modelling used the SWAN third-generation wave 

model to generate waves and swell in coastal regions and inland waters.  The following information was 

input into the SWAN model to simulate the incident and locally generated waves: 

 offshore wave conditions (recorded at the DoT waverider buoy south-west of Rottnest) 

 local wind conditions  

 observed water levels.  

The extent of the modelling was from the 50 mAHD depth contour to the shoreline and far enough north 

and south of the Development Envelope to ensure that it adequately captured the local wave climate.   

Wave directions along the shoreline were determined to be: 

 from the south-west during sea breeze events (Figure 9-1) 

 almost perpendicular to the shoreline during the swell events except for areas behind reefs where 

incident directions may not be exactly perpendicular to the shoreline (Figure 9-1) 

 from the west-north-west during the storm and severe storm events (Figure 9-2). 

The spatial output from the wave modelling highlights the effect of the near-shore reef systems in reducing 

wave heights reaching the shoreline.  The reef systems create localised wave breaking, significantly 

reducing wave height and the time between wave crests (wave periods) that reach the shoreline.  This is 

especially evident during events with higher wave conditions such as swell, storm and severe storm events 

(MR&A 2016c).  The modelling is explained in detail in Ocean Reef Marina Coastal Processes 

Assessment (MR&A 2016c) which is included in Appendix 4.  This report was the subject of a peer review. 

The review concluded that the report “meets the relevant Coastal Processes requirements of the ESD 

items 1 to 5”.  



 

Figure 9-1:  Swan output for sea breeze and swell prior to marina construction 
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Source: MR&A 2016c 



 

Figure 9-2:  Swan output for storm and severe storm prior to marina construction 
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Longshore sediment transport 

In its most basic form, longshore sediment transport occurs when an incoming wave agitates sediment in 

the surf zone of a beach, placing it in suspension from where it can be transported.  If the wave 

approaches the shoreline at an angle, the suspended sediment is transported along the beach.  

Suspended sediment transport is supported by bedload transport which is when sediment is rolled over the 

seabed by the shear force of the wave.  Longshore sediment transport along rocky sections of shoreline, 

such as that adjacent to the Ocean Reef Boat Harbour, is potentially more complex (MR&A 2016c) due to 

interruptions in these wave and current forces by the reef structure itself.   

Given the most significant factors in longshore sediment transport are wave and current conditions, the 

amount of sediment movement varies significantly from year to year.  In Perth, sediment transport is 

usually: 

 to the north in summer due to south-west sea breeze conditions 

 to the south in winter due to waves generated from the north in winter storm conditions.   

To determine sediment transport surrounding the Ocean Reef Boat Harbour, MR&A (2016c) calculated a 

net annual sediment budget using the volume of erosion and accretion of the shoreline between Hillarys 

Boat Harbour and Mindarie Marina.  This length of shoreline was chosen as the two structures sufficiently 

impede sediment movement to create a relatively closed cell between the two.  Data from the period 

between 1995–1996 and 2013 was used, including aerial photography, shoreline movement plans and 

beach profile surveys (Figure 9-3).   

The shoreline surrounding the Proposal footprint is moderately active with transport of net sediment in a 

predominantly northerly direction.  The sediment budget identifies the estimated net volumes of sediment 

transported up and down the coastline and areas that experience net shoreline recession and net 

shoreline accretion.   

Seasonal transport rates on the sandy beach between Mullaloo Beach and Hillarys are expected to be in 

the range of 30 000 to 60 000 m
3
 per season, with approximately 10 000 m

3
 of net sediment being 

deposited on Mullalloo Beach annually.  Under a summer sea breeze wind regime (November to April) 

there is accretion at the north of Mullalloo Beach (i.e. the beach to the south of the Ocean Reef Boat 

Harbour) as sediment is transported north and accretion to the south of Mullalloo Beach (near the Hillarys 

Boat Harbour) in winter (May to October) under the winter storm regime.   

It is estimated that, on average, approximately 7000 m
3
 of sediment is transported to the north past the 

Ocean Reef Boat Harbour each year.  Some of this material accumulates in and around the entrance to 

the Ocean Reef Boat Harbour.  An average of 4200 m
3
 of sediment is currently dredged out of the existing 

boat harbour each year and removed from the system, which is expected to include material that is 

transported north (in summer) and then trapped as well as material transported south (in winter).  The 

results of the sediment budget generally aligns with the 5000–10 000 m
3
 of sediment estimated by Worley 

Parsons to pass the Ocean Reef Boat Harbour each year in its 2009 study, Ocean Reef Marina – Coastal 

sediment transport assessment (MR&A 2016c).   

 
 
 
 



 

Figure 9-3:  Estimated sediment budget 1995-1996 to 2013 
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Wrack 

The accumulations of detached macrophytes and seagrass in the surf zone and on beaches are commonly 

referred to as wrack.  In south-western Australia, wrack comprises a mixture of seagrasses and 

macroalgae (MR&A 2016d).  Wrack plays an essential role in the nutrient cycles and enrichment of 

nearshore marine ecosystems and is protected under the Fish Resources Management Act 1994 (FRM 

Act).  The MPRA Position Statement regarding Sea Wrack Management in Marine Parks and Reserves 

(MPRA 2012b) does not support the removal of sea wrack for any purpose from within marine parks or 

reserves. 

Excessive build up of wrack in marinas can affect water quality, amenity, safety and recreational access 

and therefore needs to be monitored and removed from the marina (but relocated within the Marmion 

Marine Park) if necessary.   

Perth-based marinas 

Wrack accumulation affects the local amenity and potentially ecology at a number of marinas and beach 

locations throughout Western Australia including Port Geographe, Two Rocks and Jurien Bay.  An 

assessment of wrack accumulation in the vicinity of the Proposal was undertaken as part of the Ocean 

Reef Marina Beach Wrack Management report (MR&A 2016d).  This report reviewed past studies and 

summarised accumulation and management of wrack at nearby Perth marinas.   

Analysis of Perth-based marinas with similar design features to the Proposal (Hillarys, Mindarie, Two 

Rocks, Port Coogee and Fremantle Harbour) found wrack generally entered the marinas during north-

westerly wind and storm events, with wrack at other times generally accumulating immediately south of 

their southern breakwaters (MR&A 2016d).  In typical conditions, the volume of wrack accumulation did not 

require removal by mechanical means.  In years with abnormally long lasting and strong north-westerly 

wind events, removal of wrack accumulation has been required.  The typical wrack accumulations at these 

marinas and typical management measures are summarised in Table 9-3.   

Ocean Reef Boat Harbour 

The reef offshore of the Ocean Reef Boat Harbour (primarily to the south) is dominated by a number of 

species of seagrass known to be sources of wrack including (MR&A 2016d): 

 brown algae (Ecklonia radiata) 

 foliose brown algae (Sargassum sp.) 

 seagrass (Posidonia coriacea and Amphibolis antarctica). 

The volume of wrack that currently accumulates on the Ocean Reef shoreline was estimated using typical 

weather and metocean conditions.  The mass of wrack was calculated using aerial photographs and the 

bulk density of wrack (as previously determined by Oldham et al. 2010).  Approximately 500 m
3
 (35 t) of 

wrack enters the Ocean Reef Boat Harbour each year during north-westerly wind and storm events, 

accumulating on the southern beach inside the marina.  Larger amounts of approximately 5000 m
3
 (350 t) 

accumulate from time to time on the beaches to the north of the Ocean Reef Boat Harbour and on the 

northern end of Mullalloo beach (to the south of the Ocean Reef Boat Harbour) (Figure 9-4).  Increased 

frequency and duration of north-west storms and wind conditions, such as those experienced in 2013, 

result in larger volumes of wrack accumulating (MR&A 2016d).  Typical management measures for wrack 

accumulations at Ocean Reef Boat Harbour are monitoring and opportunistic removal. 
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Table 9-3:  Current wrack situations at existing recreational boating facilities near Ocean Reef 

Marina/boat 
harbour 

Proximity to 
Ocean Reef 

Wrack supply 
Managing authority 

Accumulation Management  

Hillarys 10 km south  Substantial seagrass meadows 
surrounding the harbour and algae 
dominated reefs offshore 

DoT Typical: small amounts occasionally enter the harbour 
ending up on the eastern beach.  

Atypical: large amounts of wrack entered harbour. 

Typical:  removed by DoT who mulch it 
onsite. 

Atypical:  contactors had to remove 
150 t of wrack (only time in recent years 
contractors were required). 

Mindarie 10 km north Limited seagrass meadows.  
Significant areas of algae 
dominated reef surrounding marina 

Marina: Sanctus Pty Lt.  

Surrounding beaches: 
City of Wanneroo 

Typical:  very small quantities of macroalgae during north-
west storms. 

Atypical: NA. 

Typical:  cleaned off boat ramp 
occasionally as part of general waste 
and cleaning activities.  

Atypical – NA. 

Two Rocks 35 km north Large amount of macroalgae 
dominated limestone reef and rock 

Yanchep Sun City  Typical:  approximately 20 000 m
3
 of wrack accumulates 

on beach immediately south of marina yearly.  Small 
amounts enter marina in north-west winds and storms. 

Atypical: large quantities of wrack south of marina. 

Typical:  none inside marina required.   

Atypical:  no issues inside marina.   

Port Coogee 40 km south  Substantial sea grass meadows Marina: Port Catherine 
Developments Pty Ltd   

Surrounding beaches: 
City of Cockburn 

Typical:  occasionally small amounts on beaches with high 
tides, etc.  Occasionally small amounts enter marina in 
south-west winds. 

Atypical:  large amounts entered marina.   

Typical:  moves out with south-west 
winds and disperses naturally.   

Atypical:  half removed naturally and 
half mechanically.   

Fremantle 
harbours 

32 km south  Seagrass meadows surrounding 
the three harbours 

Fremantle Fishing Boat 
and Challenger Harbours: 
DoT 

Success Harbour: 
Fremantle Sailing Club 

Typical:  Small amounts enter harbours (100 m
3
 yearly on 

bathers beach). 

Atypical: NA. 

Typical:  removed daily (more rubbish 
than wrack). 

Atypical: NA. 

 

Note:  

 Typical: a year of typical weather conditions 

 Atypical: based on weather conditions in 2013, a year of sustained north-westerly winds for an abnormally long period. 

 

 



 

Figure 9-4:  Wrack accumulations inside Ocean Reef Boat Harbour and on Mullaloo Beach 
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Source: MR&A 2016d 
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Current beach profiles 

The extent of the study area for the assessment of coastal processes was from Hillarys Boat Harbour in 

the south to Mindarie Marina to the north (Section 9.2.1).   

South of the Ocean Reef Boat Harbour and the adjacent rocky shoreline is Mullalloo Beach which extends 

south to Pinnaroo Point.  Mullalloo Beach experiences significant variance in width due to seasonal 

sediment fluxes.  South of Pinnaroo Point to Hillarys Boat Harbour, the beach and shoreline are more 

sheltered due to Hillarys Boat Harbour and the near-shore reef systems (Wanneroo Reef and Cow Rocks).  

North of the existing Ocean Reef Boar Harbour and the rocky shoreline associated with Burns Beach Reef, 

lies a continuous sandy beach that runs all the way to Mindarie Marina.   

The active profile height of a beach is defined as the vertical height over which beach profile evolution 

occurs.  The active height is generally accepted to extend from the crest of the foredune to a depth 

offshore, known as the closure depth, where the extent of profile elevation change decreases to zero.  For 

the shoreline surrounding the existing Ocean Reef Boat Harbour, the foredune heights ranged between 3–

5 m and the offshore closure depths ranged from 6–8 m.  On this basis, maximum active heights were 

generally estimated to be in the order of 9–12 m for the coastline (MR&A 2016c).   

As shown in Section 9.2.1, the shoreline is moderately active in terms of its sediment movement with the 

amount of sediment transported, eroded and deposited dependent on prevailing weather and metocean 

conditions each year (i.e. the number of storm, severe storm, swell and sea breeze events).  Subsequently 

the beach profiles surrounding the proposed marina are highly variable from year to year and it is 

impossible to predict a definitive beach profile during any particular season.   

As previously described, an average of 4200 m
3 

of sediment is dredged out of the existing Ocean Reef 

Boat Harbour each year and removed from the system.  Therefore, since the introduction of the existing 

Ocean Reef Boat Harbour, the shoreline to the north has been at a yearly sediment deficit of 4200 m
3 

with 

an estimated 3800 m
3
 being transported north each year.  Given the existing marina only extends 

approximately 200 m, there is however an ongoing supply of sand to the north. 

Coastal vulnerability and potential impacts of climate change 

MR&A has undertaken an assessment of the coastal hazards and vulnerability of the shoreline around the 

proposed marina to climate change and sea level rise (MR&A 2016a). 

Specifically, MR&A (2016a): 

 determined the coastal erosion hazard for the shoreline around the proposed marina in the 

coming 100 years, including: 

 potential severe storm erosion at key locations within the area 

 analysis of historical shoreline movement across the area and assessment of the likely 

shoreline movement in the coming 100 years 

 assessment of the potential impacts of sea level rise 

 determined the potential coastal inundation hazard for the shoreline in the coming 100 years 

 assessed the vulnerability of the shoreline in the area to the coastal hazards 

 assessed the impact of the Proposal on the potential coastal hazards and vulnerability. 

Coastal vulnerability refers to the horizontal extent of the coast potentially affected by coastal processes 

above the horizontal shore datum (HSD; the line where maximum water levels current reach in storm 

events).  The assessment area is the section of shoreline from the northern end of Mullaloo Beach to 

Burns Beach. 

State Coastal Planning Policy (SPP 2.6; WAPC 2013) was used as a guideline for the coastal vulnerability 

assessment.  Schedule One of SPP 2.6 provides guidance on calculating the coastal hazards (including 

erosion and inundation) allowing for landform stability, natural variability and climate change over a 100 

year time frame. 
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The coastline within the assessment area includes a mixture of sandy coast and long sections of limestone 

rock cliffs, reefs and rock platforms with embayed beach.  The area was therefore separated into two 

classifications for the coastal hazard assessment: 

 the sections of coastline without visible, continuous and sufficiently elevated limestone rock cliffs 

were assessed as sandy coast 

 the sections of coastline appearing to have adequate limestone rock shoreline were assessed as 

rocky coastline. 

The vulnerability of the coastline to severe storm erosion, historic shoreline movement trends and sea level 

rise was assessed over both the short term and the longer 50 and 100 year time frames.  The coastal 

hazards and vulnerability were assessed using SPP2.6 as a guideline. 

Severe storm erosion modelling was completed using the SBEACH computer model to simulate the extent 

of beach erosion within the assessment area.  It was estimated that approximately 28 to 37 m of erosion 

behind the HSD may be experienced during a severe storm event. 

An assessment of the historical shoreline movement trends was completed for the 1965 to 2013 period. 

The analysis showed that the majority of the shoreline experienced a slight recession of the shoreline over 

this period.  The exception to this was the most northern part of the assessment area which experienced 

slight accretion. 

An allowance for sea level rise based upon a potential rise of 0.9 m over the next 100 years was included 

in the assessment.  Based on timeframes of 50 and 100 years, this resulted in recessions due to sea level 

rise of 35 m and 90 m respectively. 

Assessment of vulnerability to coastal processes to 2066 and 2116 were determined. Table 9-4 presents 

the coastal erosion hazard allowances for both the sandy and rocky sections of coastline.  For the sections 

of coastline that did not have a rocky coastline, the coastal vulnerability allowances ranged from 80 m to 

170 m behind the HSD.  For the sections of rocky coastline, an initial allowance of 5 m was used to 

determine coastal infrastructure that may require management over the planning timeframes.   

An assessment of the coastal inundation levels was completed based on the 500 year ARI water level as 

shown in Figure 9-5 .  The shoreline within the assessment area generally has a low risk of inundation 

from the combined impact of sea level risk and storm surge to 2116.  The low risk is due to a combination 

of the rocky coastline and steep dune system in the assessment area.  This presents a high elevation 

barrier to potential storm surge inundation.   

The only area of coastal infrastructure shown to be at risk from inundation is the lower lying sections of the 

existing Ocean Reef Boat Harbour.  The Proposal and full Ocean Reef Marina development will include 

new breakwaters and land development at increased elevations to take into account potential sea level 

rise.  This will reduce the coastal inundation risk to acceptable levels. 

Results from the coastal vulnerability assessment estimated that within the existing Ocean Reef Boat 

Harbour: 

 the Whitfords Volunteer Sea Rescue building and associated areas may be vulnerable to severe 

storm erosion unless it is protected by buried rock 

 over the longer term, a number of items of infrastructure may be vulnerable to coastal processes 

including the Whitfords Volunteer Sea Rescue, Ocean Reef Sea Sports Club, section and the 

dual use pathway and road 

 low lying sections of the existing boat harbour are the only locations in the assessment area 

affected by coastal inundation hazards. 

Development of the Proposal will include appropriate programs for monitoring and managing the coastal 

processes.  This is likely to include sand nourishment or similar management to provide minimal 

interruption to the movement of sediment past the development.  The impacts of the Proposal are 

therefore expected to have little effect on the coastal hazard allowances on the adjacent sections of 

shoreline. 
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Table 9-4:  Estimated coastal vulnerability allowances 

Chainage (m) Time 
frame 

S1: Severe 
storm erosion 

S2: Historical 
shoreline 

movement 

S3: Recession 
due to sea level 

rise (m) 

Allowance for 
uncertainty 
(0.2 m/yr) 

Total 
allowance (m) 

500 m south 
of Ocean 
Reef Boat 
Harbour 

2116 ROCK 5 (public 
infrastructure) 

>30 
(leasehold 

infrastructure) 

0 to 200 2116 ROCK 5 (public 
infrastructure) 

>30 
(leasehold 

infrastructure) 

200 to 300 2066 33 7.5 35 10 85.5 

2116 15 90 20 158 

300 to 700 2116 ROCK 5 (public 
infrastructure) 

>30 
(leasehold 

infrastructure) 

700 to 900 2066 33 12.5 35 10 90.5 

2116 25 90 20 168 

900 to 1850 2116 ROCK 5 (public 
infrastructure) 

>30 
(leasehold 

infrastructure) 

1850 to 2050 2066 28 7.5 35 10 80.5 

2116 15 90 20 153 

2050 to 3800 2116 ROCK 5 (public 
infrastructure) 

>30 
(leasehold 

infrastructure) 

3800 to 4700 2066 37 7.5 35 10 89.5 

2116 15 90 20 162 

4700 to 5700 2066 35 12.5 35 10 92.5 

2116 25 90 20 170 

5700 to 5900 2066 35 0 35 10 80 

2116 0 90 20 145 

Source: MR&A (2016a) 

Notes: 

1. Transition zones of 50 m between adjoining hazard estimates are used.  In all cases, the transition zone carries into 

the lesser of the two allowances. 

 



 

Figure 9-5:  Coastal erosion and inundation hazard 2066 and 2116 
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Source: MR&A 2016a 
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9.2.2 Results of investigations and modelling 

The mitigation measures utilised for the Proposal are outlined in Section 9.4.1.  The studies referred to 

below have all taken into account the mitigation measures outlined for the Proposal and were undertaken 

at a sufficient scale to capture all of the reversible and irreversible effects of the Proposal.   

Changes to existing coastal processes 

This section outlines the changes to coastal processes that have the potential to occur as a result of the 

Proposal.  The residual impacts of these changes are discussed in Section 9.5.1.   

Impact to local current regime 

Modelling of the local current regime by RPS APASA (2016) identified changes resulting from the 

Proposal.  The modelling methodology is outlined in the study Ocean Reef Marina Development: Phase 2: 

Water quality monitoring (RPS APASA 2016) which is provided in Appendix 4.  

The dominant pattern of the residual currents surrounding the Proposal footprint is northward, except 

during winter periods where the residual current is southward.  Under the northward current regime, the 

primary effect of the Proposal is an increase in current speeds on the south-western edge of the proposed 

marina and a slight decrease in current speeds to the north.  During times of a southward current regime, a 

small decrease in current speed is expected within distances less than 500 m south of the Proposal 

footprint.  These predicted changes are described in Section 6.2.5 and their implications for abalone 

habitat are assessed in Section 7.5.6. 

Wave dynamics 

The construction of infrastructure along a shoreline has the potential to change incident wave height and 

directions.  Wave climate modelling by MR&A (2016c) determined that there is potential for minor wave 

shadows to occur during certain wave events (Figure 9-6):  

 a minor wave shadow on the northern side of the Proposal footprint during sea breeze events; 

however, this has been minimised with the rounded design of northern breakwater 

 no major changes during a swell event as direction is still perpendicular to the shoreline  

 minor wave shadowing on the southern side of the Proposal footprint during storm and severe 

storm events. 

Any wave shadowing resulting from the Proposal is likely to be minor and restricted to a few hundred 

metres either side of the breakwaters.   

  



 

  

Swell events Storm events 

  

Severe storm events Sea breeze events 

 

Figure 9-6:  Difference in wave height pre and post construction for wave events 
 

 

 COJ14177_01_R001_Rev3_F009-6 Nov-2016 

 

 

 

Source: MR&A 2016c

 

 
Swell events 



 Ocean Reef Marina 

 

COJ14177_01 R001 Rev 3  

14-Nov-16  191 

Longshore sediment transport 

The addition of structures along a shoreline has the potential to alter current, wave and sediment transport 

regimes.  Changes to these factors will affect the sediment balance and result in a realignment of the 

shoreline until a new equilibrium is reached.  Modelling was undertaken by MR&A (2016c) to determine 

how changes to the wave and hydrodynamic regimes as a result of the Proposal would alter the longshore 

sediment transport regime.  The year 2008 was chosen as an example of a ‘typical’ year as the number of 

wave events in 2008 is similar to the mean number of wave events per year over the available wave record 

from 1995 to 2015.  The year 2010 was chosen as an ‘abnormal’ year as it experienced a higher number 

of sea breeze events and a lower than usual number of storm events than average years.  Results of the 

modelling for pre- and post-construction of the Proposal for both typical and atypical years are discussed 

below.   

The sediment budget used in the model was prepared using available data including aerial photography, 

shoreline movement plans and some beach profile surveys (discussed in Section 9.2.1).  Although the 

system is highly variable on weather patterns, this level of data on the sediment budget is considered 

appropriate for planning purposes.   

The modelling is explained in detail in Ocean Reef Marina Coastal Processes Assessment (MR&A 2016c) 

(Appendix 4).   

Typical year 

Prior to the construction of the Proposal, modelling suggests that gross seasonal movements in the order 

of 30 000–45 000 m
3
 occur on Mullalloo Beach over an average year.  However, to the north of the 

Development Envelope (where the coastline is influenced by the limestone cliffs) the sediment transport is 

predominantly northerly with little seasonal swing.  This is expected to be due to the fact that, as the 

shoreline is predominantly rocky in this area the only sediment source is from Mullalloo Beach to the south.  

The modelling results (presented in Figure 9-7) indicate that currently: 

 approximately  18 000 m
3 

of net sediment is transported north from Hillarys during a typical year 

with approximately 9000 m
3
 of net sediment being deposited on Mullalloo Beach annually 

 approximately 7000 m
3
 is estimated to be transported north past the Ocean Reef Boat Harbour 

annually 

 approximately 2500 m
3 
of sediment is captured north of the existing Ocean Reef Boat Harbour 

annually 

 approximately 2 km north of the Ocean Reef Boat Harbour, the sediment transport is reduced to 

4500 m
3
 per year and is predominantly in a northerly direction.   

These values compare reasonably well with the values estimated in the sediment budget (discussed in 

Section 9.2.1) together with the volumes of sand that are extracted from the entrance to Ocean Reef Boat 

Harbour each year. 

To assess the impacts that the construction of the Proposal would have on the sediment transport rates, 

the same model simulation was completed with an updated model grid that included the Proposal.  Results 

were generally consistent with the pre-Proposal modelling along Mullalloo Beach, indicating it would 

continue to accrete sand at the same historical rate (Figure 9-8).  Further north, results indicate that the 

introduction of the Proposal may result in the volume of around 2000 m
3
 being trapped to the south of the 

Proposal.  Subsequently, the modelling results suggest that the Proposal could reduce sediment supply to 

the northern shoreline 2 km beyond the Proposal footprint in the order of a third of its current supply (i.e. 

reduced from 4500 m
3
 to 3000 m

3
).   

The mean total sediment transport plots for pre and post Proposal construction are displayed in Figure 9-9.  

The volumes of sediment transported along the coastline and the differences pre and post Proposal are 

displayed in Table 9-5.   

The extent of the predicted reduction to the northern beaches is small and within a similar magnitude to the 

values originally estimated for the existing shoreline. 
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Atypical year 

Modelling of atypical weather conditions (high number of sea breeze events and low number of storm 

events) by MR&A (2016c) show that, compared to a typical year, there is a much higher net transport of 

sediment to the north along Mullalloo Beach, with around a 50% increase in the total volume of sediment 

transport.  In this scenario, the lower frequency of winter storms means that less sediment is moved to the 

south in winter, resulting in an overall increased net transport to the north during summer conditions.  

Mullalloo Beach is predicted to continue to accrete under the atypical conditions of 2010.   

The sediment transport rates along the rocky shoreline and around the Ocean Reef Boat Harbour are 

generally similar to those in an average year.  There is a slight reduction in the sediment transport rate 

along the rocky shoreline north of the marina (Figure 9-10).   

Inclusion of the Proposal into the model highlighted similar trends to those previously observed during a 

typical year (Figure 9-11).  The total volume of sediment transported around the proposed marina reduced 

from around 7000 m
3
 per year to approximately 5000 m

3
 per year in the model, which also further reduced 

the volume of sediment feed along the northern beaches.  Nevertheless, the predicted reduction of 

sediment is relatively small, and remains a similar magnitude to the value presented in the original 

sediment budget.  

The volumes of sediment transported along the coastline and the differences pre and post Proposal are 

displayed in Table 9-5.   

Impacts to beach profiles 

Section 9.2.1 identified that the evolution of the Ocean Reef shoreline is highly variable and dependent on 

the prevailing weather and metocean conditions.  Construction of the Proposal has the potential to 

interrupt longshore sediment transport and alter the way the shoreline evolves each year.   

Based on the results of the coastal processes modelling, the extension of the southern breakwater will 

result in an additional 2000 m
3
 being accumulated immediately south of the southern breakwater.  In 

shallow water this sediment will be active, being agitated and washed around by wave action along the 

rocky shoreline and the inshore reef, before eventually settling in deeper water adjacent to the southern 

breakwater of the Proposal.  The amount of sand being accumulated each year will vary depending on the 

prevailing metocean and weather conditions.  Consequently, this will result in a sand deficit along the 

shoreline to the north of the Proposal footprint, reducing the amount of sand deposited along the northern 

beaches.  Beaches to the south of the Proposal (e.g. Mullalloo Beach) are expected to accrete at their 

historical rate.   

Any significant changes to beach profiles surrounding the Proposal footprint other than what would 

naturally occur will be mitigated through the implementation of a monitoring and management program 

(Section 9.6).   
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Table 9-5:  Sediment transport prior and post construction of the Proposal for typical and atypical years 

Location  
Typical year (m

3
) Aytpical year (m

3
) 

Prior to Proposal Post Proposal Difference Prior to Proposal Post Proposal Difference 

Transported north from Hillarys 18 000 18 000 0 26 000 26 000 0 

Accumulated on Mullalloo Beach 9000 9000 0 16 500 16 000 -500 

Transported north of Mullalloo Beach 9000 9000 0 9500 10 000 +500 

Accumulated immediately south of the Development Envelope 2000 4000 +2000 2500 5000 +2500 

Past Development Envelope 7000 5000 -2000 7000 5000 -2000 

Deposited north of Development Envelope 2500 2000 -500 4000 3000 -1000 

Transported past northern shoreline (2 km north) 4500 3000 -1500 3000 2000 -1000 

Adapted from MR&A (2016c) 
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Figure 9-7:  Modelled sediment dynamics prior to the Proposal during a typical year 
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Source: MR&A 2016c 



 

Figure 9-8:  Modelled sediment dynamics post Proposal construction during a typical year 
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Source: MR&A 2016c 



 

Figure 9-9:  Mean total sediment, transport plots for pre and post Proposal construction 
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Source:  MR&A 2016c 
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Figure 9-10:  Modelled sediment dynamics prior to the Proposal during an atypical year 
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Source: MR&A 2016c 



 

Figure 9-11:  Modelled sediment dynamics post Proposal construction during an atypical year 
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Source: MR&A 2016c 
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Cumulative impacts from other, and to other, coastal developments 

As outlined in Section 9.2.1, Hillarys Boat Harbour to the south, Mindarie Marina to the north and the 

existing Ocean Reef Boat Harbour effectively control the movement of sand along the coast.  This control 

on the movement of sand is critical in the establishment of the current beach profiles and sediment 

transport conditions.  Hillarys Boat Harbour and Mindarie Marina in particular are significant impediments 

to longshore sediment, resulting in a relatively closed sediment cell between the two (MR&A 2016c).   

The introduction of the Proposal will increase the potential interruption of coastal processes along the 

coastline in the vicinity of the Proposal.  The influence of the Proposal on coastal processes will, however, 

be outside the impact area of Hillarys Boat Harbour and Mindarie Marina and therefore will not result in 

any cumulative impacts additional to that which has already occurred with the existing Ocean Reef Boat 

Harbour.   

Climate change scenarios 

The likely impacts of climate change for the short and long-term (100 year planning horizon) are discussed 

in Section 9.2.1.  

Wave shadow infrastructure 

There is potential for minor wave shadows to form to the north and south of the Proposal footprint during 

certain weather events.  The risk is that areas within the wave shadows may no longer receive the same 

amount of wave energy as the area outside the shadow.  This change to the wave energy alters the 

amount of sediment transport between the two areas and a sediment gradient occurs, interrupting the 

sediment transport pathways which can affect areas of sand accumulation and loss, resulting in alterations 

to the shoreline profile.   

No wave shadow infrastructure is expected to be required on the southern side of the Proposal footprint.   

Sand and wrack bypassing or backpassing and maintenance dredging 

The proposed marina has been designed to utilise natural flushing processes, minimise the maintenance 

dredging requirements and minimise the potential for wrack to enter the waterway.  The entrance of the 

marina has been purposefully sited at the deepest location offshore to minimise risk of excess sediment or 

wrack accumulating against the breakwaters and entering the waterway. However, some suspended 

sediment and wrack will enter the waterway as a part of natural flushing processes. 

Wrack 

Section 9.2.1 outlines the yearly wrack accumulations in the vicinity of the existing Ocean Reef Boat 

Harbour and the management regime proposed to prevent excessive build up.   

The Proposal will increase the width of the marina entrance by 20 m (currently at 30 m, to be increased to 

50 m).  This is expected to result in an increase in wrack entering the marina proportional to the increased 

size of the entrance.  Timing of wrack accumulations are not expected to change with accumulations over 

the months of July to October, from and following north-westerly storms most likely (MR&A 2016d).   

Table 9-6 presents the predicted quantities of wrack to accumulate annually within the marina based on 

the above calculations and typical weather and metocean conditions.  Impacts to water quality, 

navigational clearance and recreational pursuits may potentially be impacted if these wrack accumulations 

are allowed to remain and decompose within the marina.   
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Table 9-6:  Quantities of wrack at the Proposal 

Wrack accumulations Existing Ocean Reef Boat Harbour Proposal 

Volume (internal) 500 m
3
 850 m

3
 

Mass (internal)  35 t 60 t 

Volume (external) 5000 m
3
 5000 m

3
 

Mass (external) 350 t 350 t 

Source:  MR&A (2016d) 

The location of wrack accumulations are dependent on prevailing metocean and weather conditions 

although it is believed that with the design of the Proposal, wrack will accumulate on the internal beach 

and near the boat ramp.  Wrack will also accumulate on the seafloor within the marina.  The introduction of 

a spur groyne to the north and the extension of the southern breakwater may act to trap more wrack on the 

shorelines immediately adjacent to the Proposal footprint.  Other examples of north facing beaches (such 

as Cottesloe and Port Coogee) have experienced minor wrack accumulations during winter months; 

however, to date these have not required any mechanical removal.  It is anticipated this will be similar for 

the Proposal (MR&A 2016d).   

The volume of wrack accumulating within the vicinity of the Proposal will vary from year to year.  In years 

of small accumulations, wrack may be allowed to disperse naturally, while in years of larger accumulations 

wrack may require relocation by mechanical means.  The frequency and volume of wrack relocated 

through management measures will be based on a monitoring program.  The proposed wrack monitoring 

and management measures are addressed in Section 9.6.  The monitoring and management measures 

are an extension of the existing measures in place rather than an additional environmental impact. 

Sediment 

The potential changes to longshore sediment transport that may result from the Proposal were outlined 

earlier in this section.  Table 9-7 summarises the locations and volumes of potential sediment 

accumulations and reductions during years of typical and atypical conditions.   

Table 9-7:  Potential sediment accumulations and reductions in the vicinity of the Proposal based on the 

results of the sediment modelling 

Location 

Accumulation (m
3
) 

Difference from current 
situation (m

3
) 

Typical year 
Atypical 
year 

Typical year 
Atypical 
year 

Mullalloo Beach 9 000 16 000 0 -500 

Immediately south of the 
southern breakwater   

4000 5000 +2000  +2500 

Transported past the 
Proposal 

5000 5000 -2000 -2000 

Immediately north of the 
northern breakwater 

2000 3000 -500   -1000 

Transported further north to 
the northern beaches 

3000 2000 -1500 -1000 

Adapted from MR&A (2016c) 

The Proposal will result in a potential sediment accumulation immediately south of the southern 

breakwater and potential deficits immediately north of the northern breakwater as well as approximately 

2 km north of the Development, being transported to the northern beaches.  Given that the volumes of 

sediment are small, management will be dependent on monitoring to identify when management measures 

are required.  Management and monitoring measures for sediment are discussed in detail Section 9.6.   
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State Planning Policy 2.6 

To satisfy section 3h of the ESD and to address the requirements of SPP 2.6, MR&A undertook a Coastal 

Hazard Risk Management and Adaptation Plan (CHRMAP, MR&A 2016b).  The CHRMAP analysed the 

future risks to the Proposal over a range of planning timeframes (present day, 25 years, 50 years, 75 

years, 100 years) through the: 

 assessment of coastal erosion to the requirements of Statement of Planning Policy No. 2.6: State 

Coastal Planning Policy (SPP 2.6) and the CHRMAP guidelines (WAPC 2014) 

 assessment of coastal inundation to the requirements of SPP 2.6 and the CHRMAP guidelines 

 development of recommended coastal monitoring and management programmes for the 

proposed marina. 

The CHRMAP is provided in Appendix 4. 

SPP2.6 applies to the coast throughout Western Australia with the objectives to: 

 protect, conserve and enhance coastal values, particularly in areas of landscape, nature 

conservation, indigenous and cultural significance 

 provide for public foreshore areas and access to these on the coast 

 ensure the identification of appropriate areas for the sustainable use of the coast for housing, 

tourism, recreation, ocean access, maritime industry, commercial and other activities 

 ensure that the location of coastal facilities and development takes into account coastal 

processes including erosion, accretion, storm surge, tides, wave conditions, sea level change and 

biophysical criteria. 

SPP 2.6 outlines the requirements in terms of the application of coastal foreshore reserves and 

development setbacks for physical processes.  Coastal setbacks refer to the distance required between 

development and specific coastal features to provide for the protection of both physical and ecological 

factors.  The policy provides a number of variations to the standard case, where development may need to 

occur within an area identified to be potentially impacted by physical processes within the 100 year 

planning timeframe.  Section 7.4 of the SPP 2.6 identifies Industrial and Commercial development (e.g. 

marinas) as one such variation.  This section notes the following: 

Industrial and commercial development that is demonstrably dependent on a foreshore location.  

Such development may include, for example, marinas for tourism and recreational boating 

facilities, cage based aquaculture operations, and port facilities.   

SPP 2.6 does not provide specific guidance on the calculation of coastal erosion or inundation hazards for 

marinas and specifies that assessment shall be completed on a case by case basis.  The standard 

assessment of coastal erosion hazards is not applicable for the Proposal as the majority of the key assets 

are to be protected from erosion by the external breakwaters and seawalls or internal revetments.  The key 

assets for the Proposal are presented Figure 9-12 and include:   

 external assets (not protected by the breakwaters): 

 fishing platform (deck level at +1.5 m and +5 mAHD) 

 southern rocky shoreline – limestone cliffs and sandy, perched beach 

 northern rocky shoreline – limestone cliffs and sandy, perched beach 

 minor car park behind external beach 

 internal assets (protected by breakwaters): 

 breakwater access – pedestrian 

 breakwater assess – vehicular 

 boat ramp – ramp, finger jetty structure and trailer parking 

 public promenade and landscaped areas 

 residential development (this includes all associated services) 
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 internal beach 

 vessels and vessel moorings 

 marine commercial zone – hardstand area, buildings, structures and storage areas 

 commercial/retail/restaurants inside marina. 

The CHRMAP process involves three main steps: 

 hazard identification 

 risk analysis 

 risk adaption and mitigation strategies. 

The methods used for the CHRMAP are outlined in MR&A (2016b) (Appendix 4).   

The CHRMAP identified three hazards that are potential future risks to the Proposal: 

 coastal erosion 

 coastal inundation 

 wave topping.  

Coastal erosion hazards 

The coastal protection structures of the external breakwaters, seawalls and internal revetments will be 

designed in accordance with contemporary design methods to accommodate the 100 year Average 

Recurrence Interval (ARI) design event.  Therefore, with the exception of the internal beach, internal 

assets within the Proposal will be protected from coastal erosion hazards.  The internal beach may be 

impacted by small waves and boat wakes that will be present inside the marina waterbody.  This beach will 

be backed by a vertical wall or revetment, therefore erosion behind the defined area for the internal beach 

is unlikely.   

As discussed in Section 9.2.1, the Proposal is to be located in a section of shoreline that is dominated by 

limestone cliffs and rocky embayments.  The limestone rock present in these cliffs provides significant 

protection from the processes of the ocean.  Similar rock is found at Cottesloe and Halls Head, Mandurah.  

In Mandurah, surveys of the rocky cliffs from the last century indicate there has been less than 5 m 

movement of the cliffs in over 100 years.  Given the level of coastal erosion protection provided by the 

cliffs, no external assets are anticipated to be threatened by coastal erosion in the rocky shoreline area.  

Perched, sandy beaches fronting the rocky shorelines to the north and south of the Proposal are likely to 

experience some erosion and accretion due to the Proposal.  Erosion and accretion currently occurs in 

these areas due to the prevailing weather conditions (Section 9.2.1).   

A minor public car park is proposed to the north of the Proposal behind the northern perched beach.  This 

car park would have a service life of around 25 years.  SPP2.6 provides a number of variations to the 

standard freehold case.  One such variation is public recreation facilities with finite lifespan (less than 30 

years) that can be removed or modified should they be threatened by erosion.  Therefore, the car park is a 

variation to the standard case and may be located in an area that may be threatened by coastal erosion in 

the coming 100 years. 

The analysis of the proposed development levels of the assets, the likelihood of coastal erosion and the 

potential consequences to the assets resulted in all of the key assets vulnerable to coastal erosion being 

assessed as having acceptable or tolerable risk levels over the 100 year exposure period.  The sandy 

beach to the north of the proposed marina has an assessed Medium coastal erosion risk, as sand is 

expected to erode and accrete depending on the prevailing metocean conditions.  The management 

requirements for this beach and the other assets should ultimately be informed by a coastal monitoring 

regime, as outlined in Section 9.6 (MR&A 2016b). 
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Coastal inundation  

For freehold residential and commercial developments, a coastal inundation assessment is to be 

completed with reference to an event with a 0.2% chance of exceedance per year (akin to the 500 year 

ARI event). 

The Coastal Inundation allowance is calculated by combining three water level components: 

1. 500 year ARI steady water level. 

2. Sea level rise. 

3. Local wind and wave setup. 

Tidal information used for the long-term water level calculations was taken from a tidal gauge located at 

Fremantle Fishing Boat Harbour that has had accurate recordings since 1950.  The sea level rise values 

were based on the recommendations of DoT.  Even with the protection of the breakwaters there is the 

potential for local wind and wave setup within the marina.  Winds blowing across the water inside the 

marina are likely to generate waves and subsequent wave setup, as well as causing wind setup.   

One hundred year forecasts for the three water level components were combined to give the potential 

steady water levels at the marina shoreline (Table 9-8).  These were compared to the proposed 

development levels of the assets.  Based on the findings reported in Table 9-8, a development level of 

+2.7 mAHD is recommended for freehold residential and associated commercial development within the 

areas protected by the breakwaters for the 100 year planning timeline.   

Table 9-8:  500 year ARI steady water level inside marina 

Planning timeframe 
500 year ARI steady water 
level in 5 m of water 
(mAHD) 

Local wind and wave setup 
inside marina (m) 

500 year ARI steady water 
level at marina shoreline 
(mAHD) 

Present day +1.44 0.3 +1.74 

25 years +1.56 0.3 +1.86 

50 years +1.78 0.3 +2.08 

75 years +2.05 0.3 +2.35 

100 years +2.34 0.3 +2.64 

Source: MR&A (2016b) 

The analysis of the proposed development levels of the assets, the likelihood of coastal inundation over a 

100 year exposure period and the potential consequences to the assets resulted in all of the key assets 

being assessed as having acceptable and tolerable levels of risk to coastal inundation over the next 

100 year exposure period (MR&A 2016b). 

Wave Overtopping 

Wave overtopping occurs when a wave hits an impermeable structure or natural feature and results in 

water rushing over the top of the structure.  The breakwaters, seawalls and revetments are to be designed 

to accommodate wave overtopping during the 100 year ARI design event.   

The sandy beaches identified as assets for the Proposal are highly permeable and not subjected to wave 

overtopping and therefore have not been assessed for wave overtopping hazards.  An analysis of the 

likelihood of wave overtopping infrastructure over a 100 year exposure period and the potential 

consequence to the assets identified only three key assets with intolerable wave overtopping risk levels.  

These assets are: 

 external fishing platforms at +1.5 m and +5 m AHD 

 breakwater access  

 public promenade and landscaped areas.  
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None of these assets are associated with environmental assets and therefore their risk adaption and 

mitigation measures will not be discussed further.  The remainder of the assets were assessed as having 

acceptable or tolerable risk levels over the 100 year exposure period (MR&A 2016b).   

 
 

 



 

Figure 9-12:  Key assets of the Proposal identified in the CHRMAP 
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9.3 Potential impacts and risks 

While the Ocean Reef Boat Harbour has an existing impact on coastal processes along the coastline and 

is a managed system, the Proposal will see an increase in the potential interruption of these processes 

and associated requirement for management. 

An exercise was undertaken at the referral stage to scope the key elements of the Proposal which have 

the potential to impact coastal processes.  This was carried out in consultation between the City, decision-

making authorities and interested agencies, consistent with EAG 10: Scoping a proposal (2013).  These 

were captured in the ESD which is located in Appendix 2.  The aspects of the Proposal that have the 

potential to affect coastal processes, not considering mitigation measures, include: 

 construction of the marina entrance breakwater and marina waterbody may alter wave dynamics 
and interrupt longshore sediment transport 

 construction of the breakwaters may trap sediment and cause further loss of near-shore benthic 
communities and habitat 

 construction of the breakwaters may trap algae and seagrass wrack both inside and adjacent to 
the marina   

 the construction of the breakwaters may interrupt wrack movement, accumulation and breakdown 
and impact near-shore communities and connected habitats. 

9.4 Mitigation 

9.4.1 Mitigation hierarchy 

In accordance with the Administrative Procedures (GoWA 2012), consideration was given to avoiding, 

minimising and rectifying or rehabilitating the potential impacts.  These measures are summarised in 

Table 9-9.  The identified mitigation measures are taken into account when predicting the residual impacts 

of the Proposal.  A substantial component of the mitigation hierarchy for coastal processes is in the 

implementation of monitoring and management measures.  These are identified in Table 9-9 and 

discussed in more detail in Section 9.6.  The proposed offsets for significant residual impacts are 

addressed in Section 10.   
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Table 9-9:  Application of the mitigation hierarchy to potential impacts on coastal processes  

Potential impact Avoid Minimise Rectify/rehabilitate Offset 

Construction of the marina entrance 
breakwater and marina waterbody 
may alter wave dynamics and interrupt 
longshore sediment transport.  

Not applicable.  The complete 
avoidance of impacts to wave 
dynamics and longshore sediment 
transport is not possible.   

Site selection includes the footprint of the Ocean Reef Boat 
Harbour, minimising the impact by extending the 
breakwaters rather than introducing completely new 
infrastructure.  

The rounded configuration of the breakwaters minimises the 
interruption on wave dynamics and the creation of wave 
shadows.  

Not applicable. Not applicable. 

Construction of the breakwaters may 
trap sediment and cause further loss 
of near-shore benthic communities 
and habitat.  

Not applicable.  The complete 
avoidance of impacts to wave 
dynamics and longshore sediment 
transport is not possible.   

The rounded configuration of the breakwaters minimises the 
trapping of sediment.   

There are a number of management options that will be 
considered for sediment or wrack accumulations, beach 
erosion or wave shadow effects.  Options include: 

 mechanical wrack movement 

 sand bypassing 

 beach nourishment 

 back-passing or forward-passing 

 dredging. 

Not applicable. Refer to Section 10.5. 

Construction of the breakwaters may 
trap algae and seagrass wrack both 
inside and adjacent to the marina.   

The trapping of algae and seagrass 
wrack already occurs and avoiding it is 
not possible.  

Management options, such as the mechanical removal of 
wrack, will be implemented if the monitoring program 
identifies it as necessary.   

Not applicable. Not applicable. 

The construction of the breakwaters 
may interrupt wrack movement, 
accumulation and breakdown and 
impact near–shore communities and 
connected habitats. 

Site selection includes the already 
disturbed footprint of the Ocean Reef 
Boat Harbour, avoiding further 
disturbance to benthic communities in 
this area. 

The rounded configuration of the breakwaters minimises the 
interruption of coastal processes and wrack accumulation.   

See above for management options should large 
accumulations occur.   

Not required. Refer to Section 10.5. 
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9.5 Assessment of predicted direct and indirect residual impacts 

9.5.1 Wave dynamics and longshore sediment transport 

MR&A (2016c) modelled the potential changes to wave dynamics and longshore sediment transport 

resulting from the construction of the Proposal breakwaters.  The outcomes of this work are summarised in 

Section 9.2.2.   

Wave dynamics 

The construction of the Proposal breakwaters may create minor wave shadows immediately north of the 

northern breakwater and immediately south of the southern breakwater during certain wave events (refer 

to Section 9.2.2).   

Waves arriving from the south-west during sea-breeze events will result in a minor wave shadow to the 

north of the Proposal footprint, while waves arriving from the north-west during storm and severe storm 

events will result in a minor wave shadow to the south.  There will be minimal change to the wave 

dynamics during swell events.   

Potential exists for sediment to be trapped within the wave shadows, consequently limiting the transport of 

that material further along the shoreline.  This is more likely to be an issue on the proposed beach adjacent 

to the northern side of the Proposal as the spur groyne required to hold the beach may prevent sediment 

being transported further north.  The size of the wave shadows is not predicted to be significant, extending 

only a few hundred metres either side of the breakwaters.  Management of sediment can therefore be 

mitigated through the use of management measures, in particular the back-passing or forward-passing of 

sand (discussed further in Section 9.6).   

The impact of the Proposal on wave dynamics is not significant and can be appropriately managed.   

Longshore sediment transport 

The Proposal will result in minor alterations to the longshore sediment transport of the coastline; however, 

these changes are not expected to have impacts that cannot be mitigated through appropriate monitoring 

and management.  As discussed in Section 9.2.2, modelling was undertaken to determine changes during 

years of typical and atypical (higher incidence of sea-breeze events and less storm and severe storm 

events) conditions.   

The sediment budget used for the modelling clearly shows the historical accretion of Mullaloo Beach with 

sediment transported from beaches to the south around Pinnaroo Point.  The modelling results predict that 

the Proposal will not impact this trend.   

The modelling did indicate the potential for the accumulation of approximately 2000 m
3
 of sediment per 

year immediately south of the southern breakwater.  Consequently, the volume of sediment transported 

north, past the Proposal and to the northern beaches will be reduced by approximately 2000 m
3
 per year.  

Presently, an average of 4200 m
3
 of sediment has been removed from the existing Ocean Reef Boat 

Harbour each year between 1998 and 2013.  This means the beaches to the north of the Proposal 

Envelope have already been at a deficit each year.  The reduction in sediment flux north may therefore 

have little impact on the northern shoreline.   

Given the small volume of sediment involved, any changes to the current system can be mitigated through 

the incorporation of management measures including beach nourishment, sand bypassing and/or sand 

back-passing/forward-passing.  These management measures are discussed in Section 9.6.   
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9.5.2 Sediment accumulation and near-shore benthic communities and habitat 

Sediment deposition has the potential to impact the environment over time through burial of habitats or 

substrates.  In shallow water zones exposed to wave action, the finer sediment that is able to disperse 

larger distances from the source location tends to be readily re-suspended, resulting in little residual 

depositional impact.  The Proposal is likely to interrupt the current coastal processes resulting in an altered 

longshore sediment transport regime.  Seabed sediment deposition is also likely during the construction 

phase.  

Likely changes to the sediment transport regime from the Proposal are discussed in Section 9.2.2.  

Modelling (MR&A 2016c) determined the potential for an extra 2000 m
3 
of sediment to be trapped 

immediately south of the Proposal and a minor wave shadow trapping small volumes of sediment on the 

shoreline immediately north of the northern breakwater.  Accumulations of sediment already occur in these 

areas surrounding the existing Ocean Reef Boat Harbour.  The modelled increases in the size of these 

accumulations are minor and can be readily mitigated via a monitoring and management program.  A 

proposed sediment monitoring program and likely management measures are outlined in Section 9.6.   

Modelling of potential seabed sediment deposition throughout the construction period was conducted as 

part of the hydrodynamic modelling work undertaken by RPS APASA (2016).  This was discussed in 

reference to potential impacts on abalone habitat in Section 7.5.5.   

The modelling concluded that the areas potentially impacted by seabed deposition is within the extent of 

the footprint related loss and the loss due to changes in current speed and marina flushing.  Seabed 

deposition during construction beyond the ZoMI will be lower than levels of environmental concern for 

benthic habitats and near-shore communities (Section 7.5.3).   

Minor increases in sediment accumulation and seabed deposition during construction is not expected to 

have consequential effects for the ecosystem surrounding the Development Envelope.   

9.5.3 Algae and seagrass wrack accumulation 

As outlined in Section 9.2.2, approximately 500 m
3
 (35 t) of wrack enters the existing Ocean Reef Boat 

Harbour each year during north-westerly winds and storm events, accumulating on the internal beach and 

boat ramp.  Accumulations of approximately 5000 m
3 

(350 t) also occur on the beaches to the north of the 

Ocean Reef Boat Harbour and on the northern end of Mullaloo Beach to the south.  Currently no 

monitoring or physical wrack management is required and any wrack accumulations disperse or degrade 

naturally.  To date, there have been no occurrences of major build-ups.   

The Proposal is likely to result in a minor increase in the amount of wrack that enters the marina, while the 

shoreline surrounding the Proposal footprint is not expected to see any noticeable increase in the amount 

of wrack accumulation.  The increase in the width of the entrance from 30 m to 50 m is expected to result 

in an estimated total of 850 m
3
 (60 t) of wrack entering the marina, with the majority deposited on the 

internal beach or boat ramps depending on metocean conditions.  Surrounding the Proposal, the 

introduction of the spur groyne to the north and the perpendicular extension of the southern breakwater 

are likely to result in the wrack accumulations being concentrated on the shorelines immediately adjacent 

to the Proposal footprint, rather than being spread further along the surrounding shoreline as is currently 

the case.   

If allowed to remain and decompose within the marina, wrack accumulations could eventually impact 

recreation, navigational clearance and water quality.  On the basis of the current situation at the Ocean 

Reef Boat Harbour and the situations at similar boat harbours and marinas within Perth metropolitan 

waters, any wrack accumulations within and/or surrounding the marina can be mitigated through the 

incorporation of regular monitoring and management measures (outlined in Section 9.6).   

9.5.4 Wrack accumulation and near-shore communities and connected habitats 

MR&A's (2016d) study of wrack at existing marinas in the Perth metropolitan region and the benthic 

habitats surrounding the Proposal footprint identified that only a minor increase of 350 m
3
 (25 t) in wrack 

accumulation will occur within the marina.  This is summarised above in Section 9.5.3.   
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It was concluded that a wrack monitoring program and likely management measures will be sufficient to 

mitigate any potential impacts related to wrack accumulation (outlined in Section 9.6).  Wrack 

accumulations will be monitored twice yearly and immediately after large storm events with management 

measures informed by the monitoring results.  If small accumulations are observed it is likely the wrack will 

be allowed to naturally disperse.  If large amounts of wrack accumulate along the shoreline, it will be 

removed by mechanical means and disposed of accordingly.  If the wrack remains within the water 

column, it will be subject to natural processes and allowed to disperse naturally unless it poses a 

navigational risk.  A water monitoring program will be undertaken to ascertain if water quality issues arise 

from wrack accumulations.   

Potential impacts to near-shore communities and benthic habitats as a result of likely nutrient 

concentrations are addressed in Section 7.5.6.  

9.6 Management measures 

9.6.1 Monitoring and management 

In order to meet the environmental objectives for coastal processes, management measures will be 

implemented to minimise the potential impacts of sand and wrack accumulations and deficits around the 

Proposal.   

Section 9.5 outlines the sand and wrack accumulations and deficits that will potentially result from the 

Proposal.  It also identifies the likely areas of land and sea where accumulations or deficits will occur.  

Given that the anticipated volumes of wrack and sediment are small, the type and frequency of 

management will be dictated by results of the wrack and sediment monitoring programs.  Application of the 

mitigation hierarchy is outlined in Section 9.4.1.   

Monitoring 

Wrack 

Visual inspection for wrack accumulations within the marina will help determine when management actions 

are required.  Monitoring actions include: 

 aesthetics: a daily inspection of wrack in the marina, the internal beach, the boat ramps and the 

sheltered beach to the north of the Proposal by the Marina Manager as a part of their daily 

operations  

 navigation: wrack accumulations within the water column may disrupt safe navigation depths so 

key areas such as the entrance to the marina may be surveyed annually while a full survey of the 

Proposal could be undertaken every five years 

 water quality: will be undertaken as wrack deterioration within waterways can negatively impact 

water quality with analytes typically including dissolved oxygen, nutrients and toxicants.   

The proposed wrack monitoring schedule is provided in Table 9-10. 

Table 9-10:  Proposed wrack monitoring schedule 

Item  Frequency Completed by 

Visual monitoring of internal wrack 
accumulation  

Daily Marina Manager 

Photo monitoring of external beaches 
and seagrass wrack accumulation 

Twice annually and after storms City Officers 

Coastal processes and seagrass 
wrack monitoring report  

Every 2 years Coastal Engineers 

Navigational survey for sand and 
seagrass wrack accumulation 

Annually for 5 years then every 5 
years thereafter 

Licensed Surveyors 

The proposed coastal monitoring program and the responsible party are presented in Table 9-12.  The 

monitoring program is provided in greater detail in the MCMMP.   
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Sediment  

Regular sediment monitoring is the most important aspect of the management regime for the Proposal as it 

will inform the City of management measures required.  Monitoring will target: 

 volume of sediment trapped on the south side of the Proposal 

 volume of sediment deficit from northern beaches 

 volume of sediment trapping occurring in the wave shadows (especially to the north) created by 

the Proposal 

 volume of sediment trapping in the marina entrance.   

A proposed management schedule for beach nourishment, sand bypassing, sand back-passing and 

maintenance dredging is presented in Table 9-11.   

Table 9-11:  Proposed management schedule 

Item  Volume (m
3
) Frequency 

Sand nourishment of northern beach using imported fill or 
sand removed from immediately south of southern breakwater 

15 000 As required approximately 
every 5 years. 

Maintenance dredging in entrance to the marina 10 000 – 20 000 As required approximately 
every 10 years. 

Source: MR&A (2016c) 

The proposed coastal monitoring program and the responsible party is presented in Table 9-12.  The 

monitoring program is provided in greater detail in the MCMMP.   

Table 9-12:  Coastal Monitoring Program 

Item 
Years since breakwater construction 

Responsibility 
0 1 2 3 4 5 6 7 8 9 

Visual monitoring of internal wrack 
accumulation 

Daily 
Marina 

Manager 

Photo monitoring of external beaches and 
seagrass wrack accumulation

1
 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
City Officers 

Coastal structures visual monitoring, crest 
survey and reporting 

X X X X X X X X X X 

Coastal 
Engineers & 

Licensed 
Surveyors 

Shoreline mapping
2
 

X  X  X  X  X  

City Officers 
or Coastal 
Engineers 

Dune, beach and near-shore surveys
2
 

X  X  X  X  X  
Licensed 
Surveyors 

Coastal processes and seagrass wrack 
monitoring report 

2
 X  X  X  X  X  

Coastal 
Engineers 

Navigational survey for sand and seagrass 
wrack accumulation

3
 X X X X X     X 

Licensed 
Surveyors 

Multibeam survey of breakwater and full 
internal waterway X    X     X 

Licensed 
Surveyors 

Review sea level rise and CHRMAP 

X         X 

City Officers 
or coastal 
engineers 

Source: MR&A (2016c) 

Note:  

1. Completed at least twice annually and following severe storms. 

2. Baseline data on shoreline movement and beach surveys should be collected a number of years prior to the 

marina construction. 

3. Monitoring frequency extends to once every 5 years if no significant siltation or seagrass wrack accumulation 

identified in first five years. 
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Management  

Wrack 

Under an existing agreement with DoT, the City is responsible for the management of the existing Ocean 

Reef Boat Harbour.     

Following the identification of wrack accumulations (via the monitoring program), a number of management 

actions may be considered.  These are summarised in Table 9-13.  A proposed Coastal Management 

Regime is presented in Table 9-14.   

Table 9-13:  Management actions for wrack accumulations 

Accumulation Location Removal options Removed to Other examples 

Small 
quantities 

Rocks of breakwaters, edge 
walls, internal beach, boat 
ramp, other structures 

Part of general 
rubbish removal 

Landfill Consistent with 
Fremantle 
harbours 

Beaches Disperse/degrade 
naturally 

NA Existing Ocean 
Reef Boat 
Harbour 

Large 
quantities 

On top of water column Weed barge, trap or 
machine 

Relocated to 
approved wrack 
disposal sites   

Consistent with 
Fremantle 
harbours 

Beach, boat ramp Machine: bobcat, 
excavator 

Relocated to 
approved wrack 
disposal sites 

NA 

At depth in water column Fishing trawler Offshore disposal 
site or approved 
wrack site 

Jurien Bay, Port 
Geographe 

Dredge Relocated to 
approved wrack 
disposal sites   

Port Geographe  

Adapted from MR&A (2016d) 

Sediment  

Currently, an average of 4200 m
3
 of sand is removed annually from inside the Ocean Reef Boat Harbour.   

Management measures adopted for the Proposal will be based on the results of monitoring surveys 

discussed above.  Methods likely to be used to manage sediment movement include: 

 sand bypassing 

 beach nourishment 

 back-passing or forward-passing 

 dredging.  

As discussed in Section 9.2.2, there is potential for some sediment to be trapped on the southern side of 

the Proposal and a subsequent sediment deficit north.  Sand bypassing and beach nourishment will 

maintain the flow of sediment along the coastline.  Total volumes of sediment required to balance this 

deficit are expected to be small, with replenishment likely to be required every five years with an estimated 

15 000 m
3
 of sand required each time (MR&A 2016c).  Ideally, sand trapped to the south of the Proposal 

will be extracted to feed the northern littoral system; however, as the sediment pathway in this area is 

along near-shore reef edges, access may be limited.  In the instance that sediment to the south is 

inaccessible, alternative suitable terrestrial sources would be located.     

Sediment trapping within the wave shadows of the Proposal will also be monitored.  Monitoring will focus 

on the northern side of the Proposal as the spur groyne may prevent sediment from being transported 

north and sand back-passing or forward-passing may be required.   
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Dredging of sediment trapped in the existing Ocean Reef Boat Harbour entrance is currently a 

management measure and one expected to be continued for the Proposal.  Sediment modelling by MR&A 

(2016c) indicated the volume of material accumulating within the marina entrance is likely to be around 

2000 m
3
 per year.  Based on this estimate, dredging of about 10 000 – 20 000 m

3
 every decade may be 

required.  This dredged sand may be able to be placed on nearby beaches to aid in beach nourishment as 

outlined above. 

Table 9-14:  Coastal management regime 

Item  Frequency 

Management of small internal wrack accumulations As required 

Management of internal wrack accumulations by weed barge or 
mechanical excavation 

As required, approximately every 1 year 

Management of external wrack accumulations (northern beach) As required, approximately every 1 year 

Sand nourishment of northern beach using imported fill As required, approximately every 5 years 

Management of external wrack accumulations (southern beach) As required, approximately every 5 years 

Maintenance of coastal structures As required, approximately every 5 years 

Relocation of wrack accumulations and sand build-up on marina 
seabed 

As required, approximately every 10 years 

Source: MR&A (2016c) 

Management access 

As stated above, management measures for coastal processes will be dictated by the results of 

monitoring.  Modelling undertaken for sediment transport and a desktop review of wrack accumulations 

indicate there is a potential for sediment and wrack accumulations immediately south of the southern 

breakwater and potential for a sediment deficit immediately north of the northern breakwater.   

Provisions for machinery access to the sheltered beach to the north of the Proposal is proposed which will 

allow for wrack and sand to be removed from south of the Proposal and be transported to the northern 

side.  Access further north, out of the wave shadow will also be maintained to allow for beach nourishment 

to feed the littoral system to the north.   

9.6.2 Ongoing governance arrangements 

The WAPC Development Control Policy 1.8 (DC 1.8) for Canal Estates and Other Artificial Waterways 

Developments (WAPC 2012a) outlines the requirements for ongoing governance arrangements for 

marinas.   

In accordance with DC 1.8, the proposed marina has been designed to utilise natural flushing processes, 

minimise the maintenance dredging requirements and minimise the potential for wrack to enter the 

waterway.  The entrance of the marina has been purposefully sited at the deepest location offshore to 

minimise risk of excess sediment or wrack accumulating against the breakwaters and entering the 

waterway. Some suspended sediment and wrack will enter the waterway as a part of natural flushing 

processes of the waterway.  Conservative allowances have been made regarding the volumes of wrack 

which may require to be managed based on similar marinas (Fremantle, Port Coogee, Mindarie, Two 

Rocks and Hillarys) and suitable management allowances and budgets included in the Proposal 

operational planning and business case.  Any build up of organics and sediment within the waterbody will 

be monitored and then cleared as part of the maintenance dredging program conservatively expected to 

be required once every 10 years (section 9.6.1).   
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DC 1.8 stipulates the need for a Deed of Agreement to be finalised by the Proponent, prior to the 

completion of the planning process, which includes: 

 timing of the development of the Proposal 

 feasibility assessment 

 identification of the waterways manager 

 funding arrangements for ongoing monitoring and maintenance costs outlined above, including 

the provision of bonds and a costed 25 year maintenance plan 

 contingency management strategies. 

The Proponent is required to remain a party to the Deed of Agreement for at least five years.  The Deed of 

Agreement for the Proposal will be developed and approved as part of the planning approval process.  

This Deed of Agreement will cover the responsibilities and funding for monitoring management of coastal 

processes as outlined in Section 9.6.1. 

9.6.3 Summary of predicted impacts 

The residual impacts of the Proposal on coastal processes are predicted to be: 

1. Minor wave shadow may occur within 500 m north and immediately south of the Proposal footprint 

during sea breeze, storm and severe storm wave events.    

The Proposal may result in a sediment accumulation of approximately 2000 m
3
 per year immediately 

south of the southern breakwater.  This would result in a sediment deficit on the shoreline north of the 

Proposal footprint.  A coastal management regime will monitor this sediment accumulation and it is 

estimated that 10 000 m
3
 to 20 000 m

3
 will be required to be moved to the north of the marina every 

five years.  Accumulations of sediment already occur as a result of the existing Ocean Reef Boat 

Harbour and are removed regularly.   

2. Seabed sediment deposition resulting from construction related activities will primarily occur within 

the extent of the footprint related loss and the loss due to changes in current speed and marina 

flushing.  Seabed deposition during construction will be largely restricted to within 70 m of the 

Proposal footprint, with the exception of an area of only 0.07 ha.   

3. The Proposal is likely to result in a minor increase (from 35 tonnes to 60 tonnes) in the amount of 

wrack that enters the marina waterbody.  As per the existing management measures at the Ocean 

Reef Boat Harbour and the similar boat harbours and marinas within Perth metropolitan waters, any 

wrack accumulations within and/or surrounding the Proposal footprint can be mitigated through the 

incorporation of regular monitoring and management measures.  If the accumulations are large 

enough then they will be removed by mechanical means as part of the monitoring and management 

program.  

The amount of wrack accumulating on the shoreline surrounding the marina is not expected to 

change. 
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10. Integrating factors – Offsets 

10.1 Relevant environmental objectives, legislation, policies and guidelines 

The ESD outlines the work required for the environmental impact assessment of key environmental factors 

in the PER; these requirements for consideration of offsets and where they have been addressed are 

outlined in Table 8-1. 

Table 10-1:  ESD requirements for offsets 

EPA 
Objective 

To counterbalance any significant residual environmental impacts or 
uncertainty through the application of offsets. 

Potential 
impacts 

 Potential significant residual impacts on marine environmental quality, benthic habitat and 
communities and marine fauna 

 Potential significant impacts to the conservation and amenity values of Marmion Marine Park. 

Work and 
output 
required 

 Provide a summary of significant residual impacts for the proposal for 
each potential impact listed above. For impacts to benthic habitats, these 
should be described as percentage of the total habitat type within Marmion 
Marine Park and should distinguish between impacts from the proposal 
and cumulative loss from other approved developments. 

Relevant PER 
section 

10.2 

 

 Investigate where the conservation values that are likely to be lost occur 
outside Marmion Marine Park, focusing on areas adjacent to current 
boundaries of Marmion Marine Park, and areas identified in the document 
A Representative Marine Reserve System for Western Australia. 

10.3 

 

 If required, provide an overall offsets strategy for the proposal and include 
these in the PER. 

10.5 

Relevant 
policy/ 
guidance 
documents 

Department of Conservation and Land 
Management 1992, Marmion Marine Park 
Management Plan 1992-2002 National 
Parks and Nature Conservation Authority, 
Perth, Western Australia. 

Government of Western Australia 2011, 
WA Environmental Offsets Policy.  

Government of Western Australia, 2014 
WA Environmental Offset Guidelines. 

Environmental Protection Bulletin No.1 
Environmental Offsets. 

The listed policies have been considered in the 
development of the Offset Strategy and the 
information provided.   

10.2 Summary of residual impacts 

Based on the impact assessment undertaken, the significant residual impacts of the Proposal are: 

 potential excision of 48 ha from the Marmion Marine Park 

 benthic habitat loss of approximately 47.58 ha within the Marmion Marine Park including: 

 0.62 ha  seagrass 

 13.13 ha macroalgae 

 33.83 ha mobile sand 

 partial loss of abalone habitat at Burns Beach Reef. 
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An assessment of these impacts in terms of the Marmion Marine Park ecological values (MPRA 2012a) is 

presented in Table 10-2 and an assessment of impacts on the Marmion Marine Park social values is 

presented in Table 11-1 under the Other Factor addressing Marmion Marine Park social values.  Related 

to the above, the potentially significant residual impacts on the Marmion Marine Park are: 

 Ecological values: 

 loss of 3.11 ha of intertidal reef communities (within the benthic primary producer habitat unit 

of macroalgae 

 the loss of 10.01 ha of macroalgal (subtidal reef) communities (within the benthic primary 

producer habitat unit of macroalgae). 

 Social values: 

 potential impacts (direct and indirect) to 17.94 ha of abalone habitat will affect the commercial 

fishing values of the Marmion Marine Park 

 potential impacts (direct and indirect) to abalone habitat will also reduce the area and stock 

available to support the recreational fishing values of Marmion Marine Park. 
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Table 10-2:  Assessment of impacts on Marmion Marine Park ecological values 

 Ecological Value Long term management target for value Predicted residual impacts to value 

Finfish (KPI) Finfish (KPI) – A diverse finfish fauna 
contributes significantly to the 
biodiversity of the marine park. 

No loss of finfish diversity or non-targeted finfish species 
biomass as a result of human activity in the marine park.  
Abundance and size composition of finfish species in 
sanctuary zones and special purpose zones and non-
targeted finfish species in other zones to be at natural

a
 

levels. 

No significant residual impact.   

Habitat for 19 species of finfish commonly caught by recreational fishers in the 
Marmion Marine Park occurs within the Development Envelope but is 
widespread throughout the region. 

The 19 finfish caught by recreational fishers within the Marmion Marine Park are 
generally widespread throughout Western Australia and have limited localised 
association with the habitat loss (<1% of benthic primary producer habitat units) 
as a result of the Proposal.  While some of the fish species have restricted 
migration or movements within certain habitat types, the Marmion Marine Park 
is not a recognised nursery breeding area for any of these species. 

The Proposal is not predicted to cause a significant increase in boat and human 
access to the Marmion Marine Park above that anticipated due to population 
growth.   

Seagrass 
Communities (KPI) 

Seagrass Communities (KPI) – Sea 
grass is an important primary producer 
and the extensive and diverse 
perennial seagrass meadows are 
important habitats for invertebrates and 
finfish. 

No loss of seagrass species diversity or perennial 
seagrass biomass

b
 as a result of human activity in the 

marine park. 

No significant residual impact. 

The Proposal will result in the loss of 0.62 ha of seagrass which equates to 
0.05% of seagrass within the LAU (which is based on the Marmion Marine Park 
boundary but includes Hillarys Boat Harbour and the existing Ocean Reef Boat 
Harbour). 

Invertebrates Invertebrates - A high diversity and 
abundance of invertebrate fauna in the 
marine park forms a critical component 
of the food web that supports the 
variety of marine animals including sea 
and shorebirds and finfish. 

No loss of invertebrate diversity or non-targeted 
invertebrate species biomass

b
 as a result of human 

activities in the marine park.  Abundance and size 
composition of invertebrate species in sanctuary zones 
and non-targeted invertebrate species in other zones to 
be at natural

a
 levels.  Management targets for targeted 

invertebrate species to be determined in consultation 
with DoF and stakeholders. 

No significant residual impact. 

The impact of the Proposal on invertebrates was not specifically assessed (with 
the exception of abalone and western rock lobster).  Protection of benthic 
primary producer habitats and water and sediment quality is often used as 
default mechanisms for protecting biodiversity and ecological integrity overall; 
including invertebrates.  The Proposal will result in the loss of less than 1% of 
any benthic habitat type in the LAU and there will be no significant impact on 
water or sediment quality outside the Development Envelope. 

Therefore, there would not be expected to be a significant impact on 
invertebrates as a result of the Proposal. 

Intertidal Reef 
Communities 

Intertidal Reef Communities (KPI) – 
Intertidal reef communities provide 
shelter for a variety of intertidal 
organisms, which in turn are a valuable 
food source. 

No loss of intertidal reef species diversity or community 
biomass

b
 as a result of human activity in the marine 

park. 

Significant residual impact. 

The Proposal will result in the loss of 3.11 ha of intertidal reef communities, 
which is considered significant within the Marmion Marine Park. 

Macroalgal 
(subtidal reef) 
Communities 

Macroalgal (subtidal reef) Communities 
(KPI) – Subtidal reefs support an 
extensive macroalgae community that 
has a high floral diversity.  The 
macroalgae communities are important 
primary producers, which in turn are 
important refuge areas for a diverse 
range of finfish and invertebrates. 

No loss of intertidal reef species diversity or community 
biomass

b
 as a result of human activity in the marine 

park. 

Significant residual impact. 

The Proposal will result in the loss of 10.01 ha of macroalgal (subtidal reef) 
communities, which is considered significant within the Marmion Marine Park. 
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 Ecological Value Long term management target for value Predicted residual impacts to value 

Subtidal Soft-
bottom 
Communities 

Subtidal Soft-bottom Communities – 
These habitats support a variety of 
invertebrate species both in and on the 
sediments. 

No loss of subtidal soft-bottom species diversity or 
community biomass

b
 as a result of human activity in the 

marine park. 

No significant residual impact. 

This category was not specifically included in the benthic habitat mapping 
undertaken for the Proposal in consultation with Parks and Wildlife.  However, it 
is equivalent to the range of habitats included in the mapped ‘mobile sand’ 
category.  The Proposal will result in the loss of 1 % of this habitat unit within 
the LAU and is therefore not expected to have a significant impact on these 
values in the Marmion Marine Park. 

Australian Sea-Lion Australian Sea-Lion (KPI) – The 
Australian sea lion (Neophoca cinerea) 
is a threatened species endemic to 
Australia and specially protected under 
the Wildlife Conservation Act.  It uses 
the marine park waters to feed and the 
islands and rocks as haul-out sites. 

No loss in abundance
b
 of Australian sea lions as a result 

of human activity in the marine park. 
No significant residual impact. 

Australian Sea-Lions were assessed as unlikely to occur within the 
Development Envelope.   

Little Island and Burns Rock are designated Sanctuary Zones within the 
Marmion Marine Park and include exposed reef.  These areas are documented 
resting areas for the Australian Sea-lion, with small numbers recorded hauling 
out at these sites.  These zones will not be directly affected by the Proposal. 

Potential indirect impacts associated with increased human interaction are not 
expected to be significant as the Proposal is not predicted to cause a significant 
increase in boating numbers above that anticipated due to population growth. 

Sea and 
Shorebirds 

Sea and Shorebirds – The marine park 
and adjacent nature reserves are 
important nesting and foraging areas 
for at least 14 species of sea and 
shorebirds. 

No loss of seabird or shorebird diversity or abundance
b
 

as a result of human activity in the marine park. 
No significant residual impact. 

Potential indirect impacts on sea and shorebirds associated with increased 
human interaction are not expected to be significant as the Proposal is not 
predicted to cause a significant increase in boating numbers above that 
anticipated due to population growth. 

Cetaceans Cetaceans – Cetaceans are of special 
conservation status and five species 
have been observed in the marine 
park. 

No loss of cetacean abundance
b
 as a result of human 

activity in the marine park. 
No significant residual impact. 

No cetaceans are likely to occur within the Development Envelope.  Some 
interaction may occur between boating traffic and cetaceans within the broader 
Marmion Marine Park but this is unlikely to cause a loss in cetacean 
abundance. 

Water and 
Sediment quality 

Water and Sediment Quality (KPI) – 
The maintenance of good water and 
sediment quality is essential for a 
healthy marine ecosystem. 

Maintain water and sediment quality at the current high
c
 

level, except for designated area where a different level 
of acceptable change is approved by the appropriate 
Government regulatory authority. 

No significant residual impact. 

The Proposal is expected to meet High LEP for water and sediment quality 
outside of the marina. 

Geomorphology Geomorphology – A complex seabed 
and coastal topography consisting of 
islands, limestone ridges and reef 
platforms, protected inshore areas and 
deeper basins, sandbars and beaches. 

In sanctuary zones: no change in seabed structural 
complexity and coastal landforms as a result of human 
activity in the marine park In general use zone: no 
change in seabed structural complexity or coastal 
landforms, except in designated areas where some level 
of acceptable change is approved by the appropriate 
Government regulatory authorities. 

No significant residual impact. 

Outside the Development Envelope (where any disturbance will have prior 
approval under the EP Act), there will be no change in seabed structural 
complexity or coastal landforms.   

a
 In this context „natural’ refers to the abundance that would occur in areas that are undisturbed and/or unexploited by human activities. 

b
 In this context a loss or change in „abundance‟ or „biomass‟ excludes losses of a minor, transient or accidental nature. 

c
 A high level of protection has been defined for the marine park as set out in Perth’s coastal Waters Environmental Values and Objectives (EPA 2000). 
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10.3 Representation of affected conservation values outside of the 

Marmion Marine Park 

The ESD requires an assessment of where the conservation values that are likely to be lost occur outside 

the Marmion Marine Park, focusing on areas adjacent to current boundaries of the Marmion Marine Park 

and areas identified in A Representative Marine Reserve System for Western Australia (Parks and Wildlife 

2016).  The current reservation of the Marmion Marine Park is discussed in A Representative Marine 

Reserve System for Western Australia’ (Parks and Wildlife 2016).  There are no specific recommendations 

for the extension or expansion of the Marmion Marine Park in Parks and Wildlife (2016).  However, 

Recommendation two in the Ten-year Audit of the Marmion Marine Park Management Plan (MPRA 2012a) 

states; “A study should be undertaken with a view to extending the existing Marmion Marine Park to the 

north, perhaps as far as Two Rocks”.   

The benthic habitat mapping for the Proposal included an area 5 km to the north of the Marmion Marine 

Park to provide some local context for the values that may be affected.  This area was chosen based on 

the availability of data.  The stretch of coastline 5 km to the north shows the near-shore habitat is mapped 

predominantly as ‘macroalgae (subtidal) low relief’ and does not appear to include the reef platform 

associated with Burns Beach Reef.  

The conservation values and significance of the Marmion Marine Park benthic habitats and marine fauna 

are described in Table 7-5 and Table 8-10 based on information in the Marmion Marine Park Management 

Plan (CALM and NPNCA 1992), the Ten-year Audit of the Marmion Marine Park Management Plan (MPRA 

2012a) and studies undertaken for the Proposal.  The affected conservation values, including values that 

may not be significantly affected, are: 

 Ecological Values: 

 finfish 

 seagrass 

 invertebrates 

 intertidal reef communities 

 macroalgal (subtidal reef) communities, and 

 sub-tidal soft-bottom communities 

 Social Values: 

 commercial fishing 

 recreational fishing 

 scientific research and education. 

The affected conservation values are important in the context of the Marmion Marine Park but are not 

unique to the local area.  Rather, most are also regionally well represented in other areas along the 

Western Australian coastline, especially in the near-shore areas between Cape Leeuwin and Jurien Bay.  

Table 10-3 lists Marmion Marine Park ecological values within the Development Envelope and summarises 

the representation of these values within other regional marine parks.  Table 10-4 provides a brief 

synopsis and description of similar habitat types and values that are known to occur outside of Marmion 

Marine Park.  It is noted that the social values of commercial fishing, recreational fishing and scientific 

research/education are derived from, and supported by, the listed ecological values. 

It is apparent from review of Table 10-3 and Table 10-4 that there is considerable similarity in habitat 

types, flora and fauna assemblages and ecosystem processes within areas outside of Marmion Marine 

Park); although it is noted that a small proportion of the species within some communities may differ to 

those outside of Marmion Marine Park.  Further, the review presented in Table 10-3 has only taken into 

account ecological values of other marine parks within close proximity to Marmion Marine Park (since 

these areas have been well documented) and therefore provides a conservative assessment of the 

prevalence of these habitat types and ecological/social values supported outside of the Proposal footprint. 
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It may be concluded that the ecological and derived social values of Marmion Marine Park potentially 

impacted within the Development Envelope, are broadly represented within the region, outside of the 

marine park. 

Table 10-3:  Marmion Marine Park ecological values within the Development Envelope: summary of 

representation within other regional marine parks 

Ecological value of 
Marmion Marine Park 

Representation of ecological value in other marine parks 

Ngari Capes Marine Park 
Shoalwater Islands Marine 
Park 

Jurien Bay Marine Park 

Finfish Broad Broad Broad 

Seagrass Broad Broad Broad 

Invertebrates Broad Broad Broad 

Intertidal reef communities Broad Broad Broad 

Macroalgal (subtidal reef) 
communities 

Broad Broad Broad 

Sub-tidal soft bottom 
communities Not listed as a value Broad Not listed as a value 
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Table 10-4:  Summary of conservation values found in ‘near-by’ marine parks in Western Australia 

Location Finfish Seagrasses Invertebrates Intertidal reef communities 
Macroalgal (subtidal reef) 
Communities 

Sub-tidal Soft-bottom 
Communities 

Reference 

Ngari Capes 
Marine Park 
(approximately 
150 km south of 
Perth) 

 Fish 
assemblages 
within the park 
consist of tropical 
and temperate 
species, with at 
least 150 species 
have been 
identified 
throughout the 
marine park as 
being reef-
associated 

 Targeted fishes 
have generally 
been found to be 
low in abundance 
in the coastal 
waters of the 
capes region, 
while non-
targeted species 
are considered to 
occur in 'natural' 
abundances. 

 There is a high 
diversity of 
seagrasses across 
the park (13 
species) 

 Seagrasses make 
up 39% of BPPH 
with the park and 
therefore cover an 
extensive area 

 Most seagrass 
meadows are 
considered to be in 
pristine condition.  

 

 Extremely high 
diversity, with the 
occurrences of both 
tropical and 
temperate species  

 Most invertebrate 
populations are 
undisturbed, 
although lobsters 
and crabs occur in 
low abundances 
due to being 
targeted by 
commercial and 
recreational fishers.  

 

 Intertidal reefs occur 
intermittently along the 
141 km of coastline 

 Most communities are 
dominated by algae (26 
species) which form 
foundation species 

 Most reefs typically host 
turf algae, mussels, 
crabs, barnacles, and 
anemones as well as 
sea stars, sponges and 
juvenile reef fish and 
many other 
invertebrate/fishes 

 Mostly reefs are 
considered to be in 
pristine condition. 

 Subtidal macroalgal 
communities occur in both 
shallow (<10 m) and deep 
water (> 10 m) 

 Shallow subtidal reef 
communities consist of a 
diverse range of reef 
dependent plants and 
animals 

 Many differences occur in 
algal assemblages between 
high and low relief 
limestone reefs. In 
sheltered, low relief 
limestone areas, Kelp 
species are dominant 

 Shallow subtidal reef 
communities are generally 
undisturbed physically, but 
there is localised depletion 
of rock lobster and targeted 
finfish species.  

 Sub-tidal soft-bottom 
communities have not 
been identified as an 
ecological value within 
the Ngari Capes Marine 
Park. 

DEC (2013) 
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Location Finfish Seagrasses Invertebrates Intertidal reef communities 
Macroalgal (subtidal reef) 
Communities 

Sub-tidal Soft-bottom 
Communities 

Reference 

Shoalwater 
Islands Marine 
Park 

 The fish fauna 
found in the 
marine park are 
composed mostly 
of warm-
temperate 
species, with 
smaller numbers 
of tropical and 
subtropical 
species 

 There have be 75 
species recorded 
in the marine 
park, ~50% of 
which have are 
affiliated with 
seagrasses 

 Most finfish 
populations are 
considered to be 
stable. However 
localised 
depletions have 
occurred for the 
targeted species. 

 Seagrasses cover 
~15% of the marine 
park area 

 There are a variety 
of seagrasses 
meadows in the 
park, but are mostly 
dominated by 
Posidonia and 
Amphibolis 

 These seagrasses 
provide important 
habitats for many 
species, including 
diverse finfish 
populations 

 The seagrass 
meadows are 
generally 
undisturbed apart 
from some localised 
disturbance where 
there is evidence of 
eutrophication 
and/or small losses 
from anchor and 
mooring damage. 

 There is a diverse 
array of marine 
invertebrates in the 
marine park and the 
subtidal reefs 
harbour a 
particularly high 
richness of sponges 

 Burrowing 
invertebrates, 
including certain 
species of molluscs 
and polychaete 
worms, are the 
dominant fauna in 
sandy areas 

 Most invertebrate 
populations are 
considered to be 
stable. However 
anecdotal 
information 
suggests some 
molluscs and 
crustaceans may 
be significantly 
depleted. 

 

 Reef platforms 
surround some of the 
smaller islands and also 
occur along or adjacent 
to the southern, 
western and northern 
sides of Penguin Island  

 In general, the upper 
intertidal reef areas are 
mostly devoid of flora 

 The lower levels of the 
reef platforms are 
generally dominated by 
small red and green turf 
algae, sometimes with 
an overstorey of 
macroalgae 

  Reef platforms support 
a variety of marine 
fauna with bivalve 
shells, snails, crabs, 
worms and small fish 
seeking refuge from 
desiccation in shallow 
rock pools at low tide, 
while larger fish and 
other marine animals 
come in to feed on 
these organisms when 
the tide is high. The 
dominant animals of 
reef platforms include 
Roe’s abalone, whelk, 
chiton and large turban 
shell 

 The intertidal reef 
communities adjacent 
to the smaller rocks are 
generally undisturbed; 
however they are 
significantly disturbed 
adjacent to Cape Peron 
and Penguin Island. 

 Subtidal reefs comprise 
~20% of the benthic 
structure of the marine park 

 The high diversity of the 
plant community combined 
with the reef structure 
provides habitat for a 
diverse range of finfish and 
a variety of immobile 
invertebrates 

 The macroalgae 
communities in the marine 
park are currently in good 
condition, although they are 
susceptible to a number of 
impacts including physical 
disturbance from anchoring, 
infrastructure and fishing. 

 Subtidal soft-bottom 
communities in the park 
consist of silt or sand 
habitat. Approx. 25 % of 
the benthic habitat in the 
marine park is silt and 25 
per cent is bare sand 

 The faunal assemblages 
that occur in the central 
deep basins are unique 
on the central west coast 
of Western Australia, with 
at least 222 species from 
the six major invertebrate 
phyla recorded 

 These habitats are 
generally considered 
undisturbed, apart from 
localised areas of 
disturbance. 

DEC (2007) 
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Location Finfish Seagrasses Invertebrates Intertidal reef communities 
Macroalgal (subtidal reef) 
Communities 

Sub-tidal Soft-bottom 
Communities 

Reference 

Jurien Bay 
Marine Park 

 The fish fauna 
which is found in 
the marine park is 
composed of a 
mixture of warm 
temperate, 
subtropical and 
tropical species 

 There are ~250 
fish species that 
are known to 
occur in the 
marine park 

 Non target finfish 
species are likely 
to be in a close to 
“natural state”. 
However, the 
abundance and 
state of all 
targeted finfish 
species is not 
known. 

 Seagrass meadows 
are extensive in the 
more sheltered 
areas in the 
lagoonal 
environments of the 
marine park 

 Seagrass meadows 
cover ~25% of the 
marine park 

 Most of the 
seagrass meadows 
in the marine park 
consist of perennial 
genera. Ephemeral 
species also occur, 
but are less 
dominant 

 Apart from localised 
mooring damage, 
the extent and 
condition of 
seagrass meadows 
is considered 
pristine. 

 Invertebrate 
communities are 
amongst the most 
diverse and 
ecologically 
important groups 
within the marine 
park and are found 
throughout the 
habitats of the 
marine park 

 Approx. 205 
invertebrate 
species have been 
recorded, with the 
highest diversity of 
invertebrates being 
recorded in the 
subtidal limestone 
reef habitats 

 The rich sponge 
fauna recorded are 
of ecological 
interest because of 
their endemicity 

 Non target 
invertebrate 
species are likely to 
be in a close to 
“natural state”; 
however, the 
abundance and 
state of all targeted 
invertebrates is not 
known. 

 Intertidal reef platforms 
are a major feature 
adjacent to the 
coastline and islands of 
the area 

 Significant areas of 
intertidal reef platforms 
are located between 
Green Head and North 
Head and between 
Cervantes and Wedge 

  These areas contribute 
significantly to the 
variety of habitats and 
therefore the biological 
diversity of the marine 
park. The shoreline 
intertidal reef at North 
Head is of particular 
biological interest due 
to similarities with the 
intertidal reefs of 
Rottnest Island 

 These reefs are mostly 
considered to be in 
good condition but with 
some high use areas 
likely to have been 
impacted by human 
use. 

 The macroalgal 
communities in the marine 
park consist of at least 125 
species 

 The subtidal limestone 
reefs are dominated by red 
algae (95 species), with 
brown algae (22 species) 
and green algae (8 species) 
also occurring 

 Macroalgae are the 
dominant plant 
communities in terms of 
biomass and therefore are 
a key primary producer in 
the marine park 

 Most communities are 
thought to be in very good 
condition, although recent 
surveys (Wernberg et al 
2016) suggest that kelp 
assemblages may have 
suffered considerable 
declines following climate-
driven regime shift.  

 Sub-tidal soft-bottom 
communities were not 
identified as an ecological 
value. 

CALM (2005) 
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10.4 Stakeholder consultation 

The potential for impacts, both direct and indirect, on abalone and finfish has been discussed in general 

terms with the abalone industry representatives, DoF and RecfishWest.  Early discussions (pre-referral) 

identified a number of potential offset options: 

1. Incorporation of artificial intertidal reef platforms into the design of the breakwater. 

2. Seeding of local reefs with laboratory-reared abalone juveniles. 

3. Financial compensation for loss of commercial abalone stocks. 

4. Access within the marina for recreational fishers targeting finfish. 

5. Proposal of artificial reef for finfish production offshore from Ocean Reef. 

Options 1, 2 and 5 involve artificially increasing habitat or abundance of finfish and abalone.  These 

options were reviewed early in the development of the Proposal and it was concluded that they were 

ineffective offset strategies given the very low level of certainty and high costs associated with 

implementation.  Option 3 is being investigated and is discussed further in Section 10.5.  Access for 

recreational fishers is an inherent part of the Proposal providing opportunities for recreational fishing and 

facilities such as boat ramps and pens. 

10.5 Offsets strategy for the Proposal 

10.5.1 Marmion Marine Park and benthic habitat loss proposed offset strategy 

In considering an offset strategy for the Proposal it is noted that a direct offset for the loss of area within 

the Marmion Marine Park and predicted loss of environmental values is not possible.  The option of 

extending the Marmion Marine Park to maintain the total area protected within reserves requires 

substantial consultation, management planning and a Parliamentary amendment process which requires 

the agreement of third parties.  This process is therefore beyond the control of the Proponent.  Further, 

there is no established practice for the rehabilitation of the affected near-shore reef ecosystems. 

Parks and Wildlife has released a Corporate Policy Statement regarding its marine and estuarine reserves 

system in Western Australia (Parks and Wildlife 2016).  The Ocean Reef Marina Development provides the 

opportunity to facilitate the implementation of this policy in relation to the Marmion Marine Park.  In 

particular, there is a pressing need to update the Marmion Marine Park Management Plan 1992–2002, 

which was prepared almost 25 years ago.   

The proposed approach to offsetting the direct and indirect impacts on the Marmion Marine Park and 

environmental values is to provide resources for and/or undertake research/investigations to improve 

knowledge of the values or threatening processes within the Marmion Marine Park and potentially 

adjoining areas (to the north).  This information could then be used to facilitate improved management 

planning for the Marmion Marine Park, including review of the outdated Marmion Marine Park 

Management Plan.  Management planning may address issues including expanding sanctuary zones or 

extending the marine park boundary as raised in 10-year audit of the implementation of the Marmion 

Marine Park Management Plan 1992–2002 (MPRA 2012a).  It is expected that the investigations would 

include a focus on near-shore areas, given these are the environmental values most affected by the 

Proposal. 

The nature, timing and resources required for the proposed research or investigations will be determined in 

consultation with the relevant Government agencies (OEPA, Parks and Wildlife and DoF) to ensure that 

the work undertaken best addresses knowledge gaps and supports the management and protection of the 

Marmion Marine Park. 
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The proposed research approach is based on the principle that better knowledge results in better decision 

making and management.  This offset strategy is consistent with the definition and purpose of indirect 

offsets as outlined in the Western Australian Government Environmental Offsets Policy (GoWA 2011): 

“indirect offsets are those actions aimed at improving scientific or community understanding and 

awareness of environmental values that are affected by a development or activity.  These actions are 

designed to result in positive conservation outcomes and may include research to improve the 

management and protection of existing conservation estate or contributions to State Government 

initiatives, policies or strategic funds.” 

The EPA provides guidance on environmental offsets in Environmental Protection Bulletin No. 1 (EPA 

2014).  This guidance includes a list of information requirements that is addressed in Table 10-5.   

Table 10-5:  Offset details required by EPA (2014) for the Marmion Marine Park offset 

Information required Offset details 

Objectives and 
completion criteria 

The objective of the research offset would be to improve knowledge of the environmental 
values of the Marmion Marine Park (particularly the near-shore reef) in order to inform and 
improve management planning and to facilitate the update the Marmion Marine Park 
Management Plan.  

Plans and policies The development of the offset has considered environmental offsets guidelines and policy 
(GoWA 2011 & 2014, EPA 2014), available information regarding the management of the 
Marmion Marine Park (CALM & NPNCA 2002, MPRA 2012a) and overall marine reserve 
planning for Western Australia (Parks and Wildlife 2016). 

Timelines and 
milestones 

The final scope and funding arrangements for the research offset would be settled in 
consultation with the agencies following environmental approval.  The agreed scope of 
works would then commence at least 12 months prior to construction.   

Governance 
arrangements 

Parks and Wildlife is the manager of the Marmion Marine Park and would be ultimately 
responsible for approving the scope of work required for the research offset.  The work could 
be undertaken by Government agencies with funding provided by the Proponent, or it could 
be undertaken directly by the Proponent.   

Financial arrangements The financial arrangements for the research offset will be determined in consultation with the 
agencies and depends on whether Government or the Proponent will undertake the work 
required.  If a Government agency agrees to take on the scope of works, then the Proponent 
would provide an agreed financial sum for completion of a specified scope of works.  If it is 
agreed that the Proponent shall undertake the work; the scope of works and detailed 
completion criteria would be agreed rather than resources required. 

Risk management The risk associated with this offset strategy is considered low.  Relevant agencies and 
stakeholders will be consulted to identify the highest priority datasets (e.g. detailed benthic 
habitat surveys) which will facilitate management planning. 

Monitoring Not applicable.  The agreed research/investigations will be undertaken, then reported. 

Reporting The outcomes of the research/investigations will be made publicly available. 

10.5.2 Abalone proposed offset strategy 

The predicted residual impacts on abalone include loss of all abalone habitat within the Proposal footprint, 

plus an area of predicted loss within 500 m to the north of the marina from hydrodynamic changes (as 

described in Section 7.5.6).  This would result in the loss of up to 17.94 ha of abalone habitat which 

equates to 14% of the abalone habitat within the Marmion Marine Park.  This would reduce the total 

abalone catch (commercial and recreational) by 9.3 tonnes or approximately 32% of the total Burns Beach 

Reef catch (around 10% of the total Perth metropolitan fishery).  Between 500 m and 1500 m of the 

Proposal footprint, some potential for hydrodynamic changes has been predicted but are not expected to 

be sufficient to cause changes in the abalone abundance in this area.  Due to the low level of certainty 

around cause and effect pathways for abalone, this area will be monitored for five years to determine if 

there is an impact on the population and a pre-determined proportional offset will be applied if an impact 

occurs.   

The Proposal will result in loss of abalone and abalone habitat at Burns Beach Reef.  Therefore, the 

proposed offset is to maintain the overall biomass of abalone by reducing the catch allocations.  This 

process would be managed and coordinated by DoF.   
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The reduction in total abalone catch of 9.3 tonnes (commercial and recreational) from the Burns Beach 

Reef is considered to be an over-estimate of the impact and assumes a total loss of abalone from within 

the 500 m predicted impact zone.   

In addition, if monitoring indicates that there has been a loss of abalone abundance beyond 500 m, an 

estimate of the loss of tonnage would be reached by DoF and the catch allocation further reduced by the 

same amount.  The monitoring would be undertaken at the seven monitoring sites and one control site 

identified by Oceanica (2016e) and monitoring would continue for five years. 

The EPA provides guidance on environmental offsets in the Environmental Protection Bulletin No. 1 (EPA 

2014).  This guidance includes a list of information requirements that is addressed in Table 10-6 in relation 

to the abalone offset strategy. 

Table 10-6:  Offset details required by EPA (2014) for abalone offset strategy 

Information required Offset details 

Objectives and completion 
criteria 

The objective of the offset is to maintain the total biomass of Roe’s abalone in the Perth 
metropolitan area.  The initial offset will be complete when the catch allocations are 
reduced.  Monitoring would be conducted for five years to determine whether an 
additional offset is required. 

Plans and policies The current management of the abalone fishery, as described by Hart et al (2015) has 
been taken into account in developing the offset strategy. 

Timelines and milestones The proposed reduction in allocation directly proportionate to the predicted loss  would 
be completed prior to construction commencing.  Monitoring of the Burns Beach Reef 
abalone stocks would then be undertaken for five years (following completion of the 
construction of the marina breakwaters) to determine whether additional offsets are 
required.  If the monitoring program indicates a reduction in abalone stocks beyond 
500 m from the Proposal a further reduction in allocation would be made. 

Governance arrangements DoF is the responsible authority for managing the Roe’s abalone fishery.  The proposed 
offset package is being developed in consultation with DoF.  As the Fisheries Manager, 
DoF will need to agree (prior to Proposal approval) with the proposed offset strategy and 
to administer the reduction in allocation limits. 

Financial arrangements The Proponent will be responsible for the full cost of monitoring and any direct costs 
associated with reduced catch allocations.  Financial arrangements will be agreed with 
DoF as the responsible authority in this matter. 

Risk management The risks associated with this offset strategy are considered moderate.  The offset will 
ensure that the total fishing effort for abalone in the Perth metropolitan area is reduced 
to take into account the predicted loss of a portion of the Burns Beach Reef abalone 
fishery.  However, the allocation limits are for the total Perth metropolitan area and there 
is no control over where that fishing effort is concentrated.  Therefore, the decrease in 
fishing may not all occur at the affected Burns Beach Reef. 

Monitoring of the Burns Beach Reef fishery will provide information on breeding stocks 
to ensure the fishery can continue to be adaptively managed. 

Monitoring Monitoring is an essential component of the offset strategy to confirm the predicted 
outcomes of the modelling, impacts on abalone stocks and to determine whether an 
additional offset is required in the future.  The monitoring program is described in the 
MEQMP. 

Reporting The results of the monitoring program and any requirement for additional offsets will be 
made publicly available. 
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Table 10-7:  Offset table 

Potential 
environmental 
impact 

Mitigation 
Significant residual 
impact 

Offset calculation methodology 

Avoid  Minimise Rehabilitation Type Risk 
Likely offset 
success 

Time 
lag 

Offset 
quantification 

Potential 
excision of 
45.2 ha of the 
Marmion 
Marine Park. 

Proposal includes 
and expands the 
existing Ocean 
Reef Boat Harbour 
which is already 
excluded from the 
Marmion Marine 
Park. 

The size of the 
Proposal is based 
on servicing 
boating needs in 
the area and is fit 
for purpose i.e. the 
size cannot be 
reduced without 
compromising 
project objects.  

 

NA.  Project 
infrastructure and 
the excision will be 
permanent. 

Yes.  

Extent: 45.2 ha. 

Quality:  Marine 
Park reservation. 

Conservation 
significance:  NA. 

Land tenure:  NA. 

Time scale:  NA. 
permanent 
infrastructure. 

This residual 
impact is 
significant because 
of the total loss of 
habitat protected in 
marine reserves. 

 

Research projects 
(specifically 
baseline 
environmental 
investigations) to 
improve knowledge 
of the values of the 
remaining Marmion 
Marine Park and 
potentially 
adjoining areas (to 
the north).  This 
information can 
then be used to 
facilitate improved 
management 
planning 
(particularly of 
near-shore areas) 
for the Marmion 
Marine Park 
(including 
consideration of 
sanctuary zones 
and potential 
extension of the 
Marmion Marine 
Park).  

No direct offset is 
proposed as a 
Proponent cannot 
directly create 
protection 
mechanisms in the 
marine 
environment.  

Low. 

Relevant agencies 
and stakeholders 
will be consulted to 
identify the highest 
priority datasets 
(such as benthic 
habitat mapping) 
which will facilitate 
management 
planning. 

Improved baseline 
datasets facilitate 
better decision 
making and 
management; 
however, there are 
many other factors 
and stakeholder 
inputs which affect 
management 
planning. 

Agencies will be 
consulted to 
ensure that the 
baseline 
investigations 
undertaken best 
address knowledge 
gaps and support 
the management 
and protection of 
the existing 
Marmion Marine 
Park and 
potentially facilitate 
consideration of 
increasing 
sanctuary zones 
and/or expansion 
of the Marmion 
Marine Park to the 
north. 

NA. The quantification 
of this offset will be 
determined 
following agency 
consultation 
regarding the 
priorities for 
baseline datasets 
to improve 
management 
planning for the 
Marmion Marine 
Park. 
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Potential 
environmental 
impact 

Mitigation 
Significant residual 
impact 

Offset calculation methodology 

Avoid  Minimise Rehabilitation Type Risk 
Likely offset 
success 

Time 
lag 

Offset 
quantification 

Loss of 
47.58 ha of 
benthic 
habitat 
including: 

 0.62 
seagrass 

 13.13 ha 
macro-
algae 
(including 
intertidal 
and 
subtidal 
reef values 
recognised 
in MPRA 
21012a) 

 33.83 ha 
mobile 
sand. 

 

Proposal includes 
and expands the 
existing Ocean 
Reef Boat Harbour 
which is already 
disturbed. 

The Proposal was 
designed to 
minimise the 
potential impacts 
on seagrass and 
offshore reef.  
Near-shore reef is 
relatively 
continuous in this 
area and therefore 
could not be 
avoided. 

As above. 

Construction will 
be conducted to 
minimise the 
potential for 
benthic habitat loss 
associated with 
turbidity.  Methods 
used will include 
the use of silt 
curtains to contain 
turbidity during 
reclamation and 
dredging.  

NA. Near-shore reef 
(including intertidal 
and subtidal reef 
values recognised 
in MPRA 2012a) 
supporting abalone 
habitat. 

Negligible impact 
on seagrass 
(0.62 ha including 
indirect impacts) 
not considered 
significant. 

Mobile sand is a 
widespread habitat 
type within and 
outside of the 
Marmion Marine 
Park and the 
predicted loss 
(1.00% of the area 
within the Marmion 
Marine Park) is not 
considered 
significant. 

Predicted loss of 
13.13 ha of 
macroalgae is not 
considered 
significant as the 
cumulative impact 
will be less than 
0.35%.  

As above.   

The baseline 
environmental 
investigations will 
include a focus on 
near-shore 
environments to 
facilitate improved 
management and 
protection of these 
in the Marmion 
Marine Park and 
any potential future 
extension to this. 

Low. 

As above. 

As above. NA. As above. 



   Ocean Reef Marina 

COJ14177_01 R001 Rev 3  

14-Nov-16   232 

Potential 
environmental 
impact 

Mitigation 
Significant residual 
impact 

Offset calculation methodology 

Avoid  Minimise Rehabilitation Type Risk 
Likely offset 
success 

Time 
lag 

Offset 
quantification 

Loss of up to 
17.94 ha of 
abalone 
habitat. 

As above. As above. NA. Predicted loss of 
9.3 tonnes (32%) 
of the total abalone 
catch in the Burns 
Beach fishery, 
which is significant 
to the recognised 
Environmental 
Value of fishing 
and aquaculture 
(EAG 15), both for 
the recreational 
and commercial 
abalone fishery. 

Significant residual 
impacts to the 
abalone fishery will 
be offset by a 
reduction in the 
catch allocation for 
abalone by DoF.   

Low. 

This offset has 
been developed in 
close consultation 
with DoF and the 
abalone industry. 

The offset will 
ensure that the 
total fishing effort 
for abalone in the 
Perth metropolitan 
area is reduced to 
take into account 
the predicted loss 
of a portion of the 
Burns Beach 
abalone fishery.  
However, the 
allocation limits are 
for the total Perth 
Metropolitan Area 
and there is no 
control regarding 
where that fishing 
effort is 
concentrated.  
Therefore, the 
decrease in fishing 
may not all occur 
at the affected 
Burns Beach Reef. 

NA. The proposed 
reduction in catch 
allocation would be 
directly 
proportionate to the 
predicted loss.  
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Potential 
environmental 
impact 

Mitigation 
Significant residual 
impact 

Offset calculation methodology 

Avoid  Minimise Rehabilitation Type Risk 
Likely offset 
success 

Time 
lag 

Offset 
quantification 

Increased 
public access, 
boat numbers 
and risk of 
introduced 
marine 
species in the 
Marmion 
Marine Park. 

NA regarding 
public access and 
boat numbers.  
The Proposal is 
designed to 
provide for 
increased boating 
and coastal 
recreation demand. 

The risk of 
introduced marine 
species during 
construction will be 
avoided as all 
construction will be 
undertaken using 
land based 
equipment with no 
potential to be 
carrying introduced 
marine species. 

Provision of 
signage and 
education 
regarding 
interactions with 
marine fauna, 
fishing regulations 
and marine pests. 

Provision of a boat 
pen and space for 
government 
agencies within the 
Proposal to 
facilitate 
management of 
increased numbers 
of the Marmion 
Marine Park users. 

NA.  No.  The Proposal 
is responding to 
increasing 
population growth 
in the northern 
Perth metropolitan 
area and the 
associated 
increase in boating 
and coastal 
recreational 
demand.  
Therefore, 
although it will 
facilitate increased 
use of the Marmion 
Marine Park, the 
Proposal in itself is 
not the primary 
cause of this 
increase.  In 
addition, the 
facilities and 
increased 
management 
presence within the 
marina will improve 
management of the 
Marmion Marine 
Park, along with 
the increased use. 

NA.  NA. NA. NA. NA. 
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10.6 Analysis against offset principles 

When considering proposed environmental offsets, the Western Australia Government is guided by the 

following principles as outlined in the Offset Policy (GoWA 2011): 

1. Environmental offsets should only be considered after avoidance and mitigation options have been 

pursued.  

Avoidance and mitigation measures that have been incorporated into the Proposal are described in 

the environmental impact assessment for each factor.  Offsets have only been proposed for the 

predicted significant residual environmental impacts. 

2. Environmental offsets are not appropriate for all projects. 

The environmental impact assessment for each factor concluded that following application of the 

mitigation hierarchy, the EPA objectives could be met. 

3. Environmental offsets will be cost-effective, as well as relevant and proportionate to the significance 

of the environmental value being impacted. 

The offset package has been based on providing the most effective mechanisms to counter the 

predicted significant residual impacts on the Marmion Marine Park, marine habitats and the Roe’s 

abalone fishery.  The proposed offsets are considered to be the most effective as they have the 

highest likelihood of success. 

4. Environmental offsets will be based on sound environmental information and knowledge. 

The proposed offset package will address knowledge gaps in relation to the Marmion Marine Park 

and utilise the existing management framework to address potential impacts on the Roe’s abalone 

fishery.  The offset strategy therefore uses sound environmental information and knowledge but also 

includes monitoring programs to address elements of uncertainty. 

5. Environmental offsets will be applied within a framework of adaptive management. 

The proposed offset package includes monitoring to confirm the model predictions and the predicted 

impacts on abalone abundance on Burns Beach Reef.  If monitoring indicates that impacts are 

greater than predicted, additional offsets will be considered. 

6. Environmental offsets will be focussed on longer-term strategic outcomes. 

 The proposed research/investigation offset is designed to improve knowledge of the Marmion Marine 

Park to facilitate improved management in the medium and long-term.   
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11. Other factors 

11.1 Marmion Marine Park 

The Marmion Marine Park occupies an area of 9500 ha from the high water mark to approximately 5.5 km 

offshore and extends from Trigg Island in the south to Burns Rocks in the north.  The Marmion Marine 

Park contains habitats including intertidal reef platforms, coastal sandy beaches, a high limestone reef, a 

number of reefs as well as Little Island which include complex assemblages of sea floor communities such 

as seagrass meadows, algal limestone pavement communities and crevice animal associations.   

The Marmion Marine Park is an important destination for boating and recreation, providing a large area for 

yachting, powerboat use and a range of recreational activities.  The shoreline of the Marmion Marine Park 

currently supports three recreational boating facilities; Hillarys Boat Harbour, Mindarie Marina and the 

existing Ocean Reef Boat Harbour which offer a limited number of boat pens, boat stacking and boat 

launching facilities. 

The Marmion Marine Park also has outstanding conservation and social values.  An overview of the social 

values of the Marmion Marine Park identified in the 10 year audit of the Marmion Marine Park (MPRA 

2012a) and assessment of the significance of impacts from the Proposal is provided in Table 11-1.  

Potential impacts on the ecological values of the Marmion Marine Park have been assessed in detail in the 

rest of the PER.  The offset of potentially significant residual impacts is addressed in Section 10.5.1. 

Table 11-1:  Social values recognised in the 10 year audit of the Marmion Marine Park 

Value Description  Management Objectives 
Significance of 
impacts  

Seascapes Panoramic vistas of azure 
waters, offshore islands, 
reefs and beaches are major 
aesthetic attractions of the 
marine park. 

Ensure the aesthetic values of the marine park 
are not degraded by human activities and 
minimize visual intrusions on seascape and 
coastal vistas  in and adjacent to the marine 
park with no reduction in the spatial extent of 
the major seascape qualities and no significant 
loss of aesthetic values as a result of human 
activity in the marine park. 

The seascape 
qualities and 
associated values will 
not be significantly 
affected by the 
Proposal. 

Aboriginal 
Heritage 

The area has significant 
Aboriginal heritage value, 
including oral recall of fish 
trap usage, possibly at 
Mettams Pool. 

Ensure that, in collaboration with local 
Aboriginal people and the relevant 
management authorities, human activities do 
not significantly impact sites of significance to 
Aboriginal people in the marine park. Involve 
local aboriginal people in the management of 
the marine park and raise awareness and 
knowledge of Aboriginal relationships with the 
marine environment. 

The aboriginal 
heritage values 
associated with the 
Marmion Marine Park 
will not be significantly 
affected by the 
Proposal. 

Maritime 
Heritage 

The marine park has a 
significant maritime heritage 
and at least one historic 
shipwreck (the Centaur, 
wrecked 1874) is located in 
the marine park. 

In collaboration with the Western Australian 
Maritime Museum, ensure that human 
activities do not significantly impact historical 
sites or shipwrecks in the marine park and 
increase awareness of the maritime heritage 
within the local community and among visitors. 

No specific heritage 
sites have been 
located within the 
Development 
Envelope. 

Marine 
Nature-
based 
tourism 

The marine offers a wide 
range of attractions and 
opportunities for visitors to 
the area, which support a 
marine nature-based 
tourism industry. 

Manage marine nature-based tourism in a 
manner that is consistent with maintaining the 
marine park’s values and maintain the 
ecological and social values of the marine park 
that are important to the marine nature-based 
tourism industry. 

The facilities within 
the Proposal are 
expected to promote 
the marine nature-
based tourism. 

Commercial 
Fishing 

The marine park is important 
for commercial fishers 
targeting rock lobster, 
abalone, and a variety of 
fish species through beach 
seine netting.  

In collaboration with the industry and DoF, 
ensure that commercial fishing activities in the 
marine park are managed in a manner 
consistent with maintaining the marine park’s 
values and to maintain the ecological values of 
the marine park that are important to 
commercial fisheries. 

With the exception of 
abalone, the Proposal 
is not expected to 
affect the commercial 
fisheries that operate 
within the Marmion 
Marine Park. 
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Value Description  Management Objectives 
Significance of 
impacts  

Recreational 
Fishing 

Line fishing, netting and 
spearfishing methods target 
a variety of pelagic and reef 
finfish species, crabs, rock 
lobster and other 
invertebrates. 

In collaboration with the industry and DoF, 
ensure that recreational fishing activities in the 
marine park are managed in a manner 
consistent with maintaining the marine park’s 
values and to maintain ecological values of the 
marine park that are important for maintaining 
quality recreation fishing opportunities. 

The Proposal will 
increase the 
opportunities for 
recreational fishing, in 
particular disabled 
fishers from 
designated access 
points. 

Recreational 
Water 
Sports 

The location, scenery, 
wildlife and marine 
environment makes the 
marine park a popular 
location for a range of 
activities including boating, 
diving and surface water 
sports. 

Ensure recreational water sports are managed 
in a manner that is consistent with maintaining 
the marine park’s ecological and social values 
and minimises conflict between users. 

Recreational sports 
will continue to be 
managed in a manner 
consistent with the 
values of the Marmion 
Marine Park. 

Coastal and 
Island Use 

The coastline (including 
beaches, dunes and rocky 
shorelines) in and adjacent 
to the marine park provides 
for a range of recreational 
uses. 

Ensure that coastal uses are managed in a 
manner that is consistent with maintaining the 
marine park’s ecological and social values and 
ensure integration of marine, coastal and 
terrestrial management. 

Access to recreational 
opportunities at the 
coast line will be 
increased by the 
Proposal.   

Scientific 
Research 

The diversity of the flora and 
fauna, combined with the 
range of human activities 
which occur in the marine 
park, provide opportunities 
for ecological and social 
research. 

Provide access and opportunities for 
ecological and social research and to ensure 
ecological and social research is ethical and 
ecologically sustainable in the marine park. 

This assessment has 
resulted in a 
substantial increase in 
the level of scientific 
knowledge of the 
Marmion Marine Park 
and opportunities to 
undertake scientific 
research will be 
maintained. 

Education The unique array or 
ecological and social values 
in the marine park combines 
with the ease of access and 
the close proximity of the 
marine park to the Perth 
metropolitan area provides 
opportunities for community 
education about the marine 
environment. 

Promote and facilitate the use of the marine 
park for marine education, ensure that the 
educational programs are ethical and 
ecologically sustainable and maintain the 
ecological values. 

Access to educational 
opportunities within 
the Marmion Marine 
Park will be increased 
by the Proposal.   

11.2 Amenity 

The ESD identified amenity as an ‘other factor’ to be concisely described and discussed.  Specifically, the 

ESD required consideration of “Amenity, particularly regarding the impacts of construction and operation 

noise and vibration on surrounding residences.” 

Noise and vibration will be associated with construction traffic and earthworks, including dumping of rocks 

for the breakwater construction and use of a hydraulic rock breaker to enable dredge excavation.  The 

level of construction traffic will be highest during breakwater construction , however the majority of 

construction material (including limestone breakwater core and reclamation material) will be sourced from 

within the site and this will limit construction traffic outside of the Proposal footprint.  Granite armour will be 

sourced from offsite.  Breakwater construction will involve the movement of approximately 2000 to 4000 

tonnes per day with dumping of core material approximately every 6 minutes at each breakwater.  

Construction will be undertaken in accordance with the limits imposed by the Environmental Protection 

(Noise) Regulations 1997.   

The impacts of construction noise on nearby residences will be mitigated by the high coastal topography at 

Ocean Reef which will partially ‘shelter’ residences from construction noise.   
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Hodges Drive and Ocean Reef Road will be utilised by construction traffic and therefore noise along these 

traffic corridors will be slightly increased during breakwater construction.  Use of material from onsite will 

minimise the requirement for transport of raw materials on public roads. 

The Proposal will be subject to Environmental Protection (Noise) Regulations 1997 during construction.  

However, under Regulation 13, noise from construction sites are not required to meet the assigned levels, 

provided certain conditions are met.  The Proponent will ensure that: 

 construction equipment is the quietest reasonably available 

 construction work will be carried out in accordance with Section 6 of the Australian Standards 

2436–1981 “Guide to noise control on construction, maintenance and demolition sites” 

 establishment of a complaints management system to ensure complaints by nearby residents are 

captured and the source of noise addressed. 

Dust is another construction issue that could affect amenity.  The potential for dust generation from core 

dumping will be managed through the minimisation of fines (also relevant to minimisation of turbidity 

generation) in the core material and managing the moisture content of material.  Dredging and reclamation 

has a low potential for dust generation given the material to be used will be wet. 
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12. Summary of environmental impact assessment 

12.1 Environmental factors and management 

Table 12-1 provides a summary of the assessment, management and predicted outcomes after the application of management measures.  The predicted outcomes are also assessed against the relevant EPA objective for each preliminary key environmental factor. 

Table 12-1:  Summary of environmental impact assessment of key environmental factors 

EPA objective Existing environment Potential impact Environmental management  Predicted outcome Compliance with EPA objective 

Marine environmental 
quality. 

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

Detailed water quality monitoring 
within the Marmion Marine Park 
has been ongoing for nearly two 
decades following operation of 
the Water Corporation Ocean 
Reef ocean outfall, located 
approximately 1.6 km offshore of 
the existing Ocean Reef Boat 
Harbour.  In addition, a water 
quality survey was undertaken in 
2014/15 covering all seasons 
over an 11 month period. 

Monitoring indicates that nutrients 
were generally higher and water 
clarity generally lower in 
nearshore sites.   

Seasonally, nutrient 
concentrations (and 
corresponding chlorophyll-a 
concentrations) were higher in 
winter/autumn than in 
summer/spring at all location.  
Wrack breakdown and an 
increase in groundwater 
discharge from winter storms may 
be responsible for this trend. 

Chlorophyll-a is used as an 
indicator of algal concentrations.  
The results of the available long 
term monitoring and the 2014-
2015 baseline water quality study 
have been used to determine an 
overall chlorophyll-a baseline.  
The summer median (50

th
 

percentile) for the chlorophyll-a is 
0.5 μg/L for all seasons and 
surveys. 

Potential impacts include: 

 removal of existing breakwaters and marine 
infrastructure may temporarily affect water quality 
due to increased turbidity and the release of any 
nutrients and contaminants in sediments 

 dredging to allow for the construction and 
maintenance of the marina may temporarily affect 
water quality due to increased turbidity and the 
release of any nutrients and contaminants in dredged 
sediments 

 seepage of return water from land reclamations 
areas may temporarily impact marine environmental 
quality due to increased turbidity and the release of 
any nutrients and contaminants in dredged 
sediments 

 placement of rock for the breakwaters and leaching 
of fines from the rock may cause temporary turbidity 
during and after the rock is placed 

 surface and stormwater drainage into the marina may 
affect water and sediment quality 

 outflow of marina water into adjacent marine waters 
may result in changes in turbidity, nutrient and/or 
contaminants which may adversely affect marine 
ecology and function particularly within the Marmion 
Marine Park 

 increased boat numbers increasing the potential for 
pollution 

 all construction activities including dredging will be 
land-based therefore the risk of introducing marine 
pests during this phase of the Proposal is negligible. 

Environmental monitoring and management will 
include: 

 configuration of the marina is designed to 
minimise the impacts to water quality  

 construction of the outer breakwaters first to 
provide protection and containment of turbidity 
from the rest of construction 

 use of silt curtain(s) during dredging 

 marina configuration has been designed to flush 
effectively and this has been tested with 
hydrodynamic modelling 

 regular water and sediment quality monitoring 
during construction and operation to ensure 
appropriate levels of protection are met 

 regulation of potentially contaminating boating 
activities within the marina 

 adherence to the National System for the 
Prevention and Management of Marine Pest 
Incursions for Recreational, Non-trading and 
Commercial Fishing Vessels as applicable (CA 
209a, 2009b and 2009c) and applicable 
Department of Fisheries (DoF) guidance and 
policy. 

 

Construction and operation of the Proposal will likely result in: 

 the turbidity plume from construction may be visible anywhere within a 
244.2 ha area within the Marmion Marine Park, depending on currents and 
wind direction.  The visible plume was defined in the model as any 
exceedance of 2 mg/L TSS at any time (100

th
 percentile) during construction.  

No environmental impacts would be expected from short term turbidity. When 
considered at a 99

th
 percentile, the 2 mg/L TSS plume (a conservative 

threshold for any environmental effect) will not extend beyond the 
Development Envelope 

 the extent of seabed deposition is expected to be restricted to within 70 m 
from the Proposal footprint.  Seabed deposition (>1000 g/m

2
 or 1 mm depth) 

will extend over an area of approximately 0.07 ha outside the 70 m 
construction impact boundary but will not extend outside the Development 
Envelope 

 the marina will flush with an e-folding time of approximately seven days.  The 
rate of flushing dilutes nutrients in the marina (discharged from groundwater), 
which limits the growth of algae.  The algae modelling results indicated that 
the potential for algal growth within the marina in summer is around 0.7 μg/L 
for chlorophyll-a, which represents a small 0.2 μg/L increase in the baseline 
chlorophyll-a values (0.5 μg/L) 

 an assessment of the predicted algal concentration against appropriate 
criteria for the Moderate LEP and High LEP identified that in both LEPs the 
predicted algal concentration was below the appropriate EQC triggers 

 the sediment meets NAGD screening levels (with one exception which further 
tests showed met the appropriate guidelines) and is unlikely to discharge 
contaminants.  Based on the concentrations of contaminants, including TBT, 
Oceanica (2016b) concluded that it is unlikely that harmful concentrations of 
contaminants would be released from sediments during dredging and the 
onshore use of this material is considered an effective management action 
and an overall benefit to the marine environment 

 geotechnical testing indicates that the sediment is sand and limestone with a 
low risk of contamination release during dredging.  The monitoring program 
(both of water quality in the marina and of the dredged sediments) is 
described in the MCMMP and would identify any contamination, if it was 
exposed during dredging.  Any seepage from dredged material to the marina 
(would be through the geotextile lining) behind a silt curtain 

 the methodology, reporting and conclusions of the marine modelling were 
considered appropriate by the peer reviewer.   

After the application of mitigation 
and management measures, the 
EPA objective for marine 
environmental quality is expected 
to be met. 

Benthic communities and 
habitat 

To maintain the structure, 
function, diversity, 
distribution and viability of 
benthic communities and 
habitats at local and regional 
scales. 

The benthic habitat of the 
Development Envelope includes 
predominantly near-shore reef 
habitats and mobile sand.  No 
perennial seagrass is located 
within the Proposal footprint; 
however, a small amount occurs 
within the Development Envelope. 

The most significant habitat within 
the Marmion Marine Park is the 
near-shore reef at Burns Beach 
Reef (made up of two macroalgae 
units) as this supports a 
proportion of the abalone fishery.   

Potential impacts include: 

 direct removal of benthic communities and habitat to 
allow for the construction of the marina waterbody 
and breakwaters 

 indirect impacts to benthic communities and habitats 
due to altered sediment and water movement and 
flows caused by breakwaters 

 reduction in marine environmental quality that 
supports healthy benthic communities and habitat 
during construction and operation of the marina 

 increased recreational boating activity leading to 
pressures on benthic communities at key sites within 
the Marmion Marine Park. 

Environmental monitoring and management will 
include: 

 use of silt curtains during dredging and 
reclamation 

 construction of the breakwater prior to 
commencement of dredging in order to contain 
sediment during dredging 

 monitoring to verify that water quality impacts of 
the construction process are as predicted and to 
adaptively manage construction if different, or 
worse, water quality effects occur 

 monitoring of adjacent seagrass health and 
abalone habitats will be monitored throughout the 
construction period to ensure that no unexpected 
effects are occurring 

 monitoring of seagrass health to determine the 
extent of the ‘halo’ effect around the Proposal 
footprint 

 abalone monitoring program (including algal 
cover) to verify predicted impact zone and 
determine whether additional offsets are required. 

Construction and operation of the Proposal will likely result in: 

 the footprint related direct and indirect impacts will result in a total of 47.58 ha 
of BPPH loss; including the Proposal footprint, the entire marina waterbody 
and a 70 m ‘halo’ around the footprint.  This predicted loss consists of 0.62 ha 
seagrass, 13.13 ha macroalgae and 33.83 ha of mobile sand BPPH 

 the predicted changes in marine environmental quality during construction 
and operation are not expected to cause any impact on BPPH beyond the 
above losses, with the exception of abalone habitats 

 the estimated cumulative loss of seagrass in the LAU historically, without the 
Proposal, is 2.16% which already exceeds the EPA cumulative loss guideline.  
The Proposal will result in a small increase in the area of seagrass affected 
(0.05%), bringing the estimated cumulative loss to 2.21% within the LAU.  
Given the Proposal has avoided all direct impacts on seagrass and has a very 
small predicted indirect loss (0.62 ha), this potential loss is unlikely to 
compromise the EPA objective for benthic communities and habitat which is 
to “maintain the structure, function, diversity, distribution and viability of 
benthic communities and habitats at local and regional scales” 

 the cumulative loss guideline for macroalgae is not exceeded (cumulative loss 
of 0.36%) whereas the cumulative loss guideline is almost exceeded for 
mobile sand (cumulative loss of 1.00%).  The mobile sand BPPH type has the 
lowest productivity of the benthic habitats in the area and a cumulative loss of 
1% within the LAU is unlikely to have a significant ecological effect 

After the application of mitigation 
and management measures, the 
EPA objective for benthic 
communities and habitat is 
expected to be met. 
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  footprint related loss to abalone (within the 70 m halo) are expected to be 
12.54 ha or 9.6% of the mapped extent of abalone habitat in the Marmion 
Marine Park 

 within 500 m north of the Proposal footprint, significant impacts are expected 
on the abalone population primarily as a result in the reduction of current in 
this area.  This would result in a further loss of 5.40 ha of viable abalone 
habitat (due to changes in water flows rather than benthic habitat) and a total 
loss of 17.94 ha.  Beyond 500 m, a significant impact on abalone is 
considered unlikely.  Predicted impacts on abalone populations will be 
confirmed with monitoring.  These predicted significant residual impacts will 
be offset by reduced fishing allocations 

 no mapped Western Rock Lobster habitat occurs within the potential impact 
areas.  Therefore, there is predicted to be negligible impact on Western Rock 
Lobster habitat as a result of the Proposal 

 the Proposal will result in an increased number of boats traversing the 
Marmion Marine Park; however, this is inevitable with or without the Proposal 
due to population growth in the northern metropolitan area and increased 
levels of boat ownership in the region.  No significant change to the risks 
associated with boating in relation to potential impacts on BPPH is expected. 

Marine fauna 

To maintain the diversity, 
geographic distribution and 
viability of fauna at the 
species and population 
levels. 

The Marmion Marine Park 
provides significant habitat for a 
high fish diversity and abundance.  
Of the 79 conservation significant 
species identified in a database 
search further assessment 
identified that the Marmion Marine 
Park could potentially be used by: 

 24 State listed conservation 
significant species  

 two species listed as Priority 
Species by Parks and Wildlife 

 one locally significant species. 

However, of these only the 
Bottlenose Dolphin is likely to 
occur in the Development 
Envelope. 

Key species, including the 
Southern Right Whale, Humpback 
Whale, Australian Sea-Lion, 
Loggerhead Turtle, Great White 
Shark, Leafy Sea-dragon and 
Little Penguins may occur within 
the Marmion Marine Park but are 
unlikely to occur within the 
Development Envelope.  

Species of finfish, Western Rock 
Lobster and Roe’s abalone are 
targeted by recreational and 
commercial fisheries within the 
Marmion Marine Park.  Roe’s 
abalone are of particular 
importance as Burns Beach Reef 
(north of the existing boat 
harbour) is one of the main 
abalone fisheries in Perth 
metropolitan waters.   

No known marine pests currently 
exist within the Ocean Reef Boat 
Harbour but are known to occur at 
Hillarys Boat Harbour and in 
Fremantle Harbour.  

Potential impacts include: 

 construction activities may cause temporary 
displacement of marine fauna through noise impacts, 
vessel strikes and entanglement 

 increased public access resulting in increased 
interactions between humans and marine fauna 

 increased boat numbers causing increased fishing 
pressure and the potential for boat strikes 

 increased risk of introduced marine species due to 
increased numbers of large recreational vessels 
berthing in the marina 

 potential impacts to species, including western rock 
lobster and abalone through direct and indirect 
impacts from construction and operation such as 
from changes to water and nutrient flows and 
processes. 

‘Best practice’ construction methods to be used 
during construction.   

Any potential for vessel strikes and entanglements 
during construction will be avoided as construction 
will be undertaken using land-based techniques and 
all dredging (by hydraulic excavators) will be 
undertaken behind a silt curtain. 

Management measures to reduce potential impact on 
marine fauna during operation include: 

 promoting/displaying information on ecological 
values and appropriate behaviour, sustainable 
fishing practices , wildlife regulations, boat speeds 

 providing a base for surveillance, monitoring and 
research in the marine environment 

 provision of fishing line discard bins and 
information signs 

 inspection of marina to remove line and other 
entanglement sources and to support clean up 
measures 

 implementing strict environmental management 
standards for the marina 

 encourage and promote best practice measures 
for refuelling, cleaning vessels, oil spills, bilge 
water, detergents, stormwater runoff 

 marina operator will provide biosecurity 
information to all vessels arriving from interstate of 
International waters 

 collaboration with DoF to prevent and respond to 
incidents of introduced marine pests, or significant 
amounts of fouling organisms or sediment. 

Construction of the Proposal will likely result in: 

 Bottlenose dolphins are the only species of conservation significance likely to 
occur within the Development Envelope. Australian fur seals do not have 
specific conservation significance but are an iconic species that would also be 
likely to occur within the Development Envelope.  The potential impact of 
habitat loss for dolphins and fur seals are not considered significant as the 
area around the Development Envelope is not an important habitat (i.e. not 
used for breeding or important foraging habitat) and the species and their 
habitats are widespread in the region 

 the 19 finfish caught by recreational fishers within the Marmion Marine Park 
are generally widespread throughout Western Australia and have limited 
localised association with the habitat lost as a result of the Proposal.  
Marmion Marine Park is not a recognised breeding or foraging area for any of 
these finfish species and the Proposal is therefore unlikely to significantly 
impact finfish diversity and geographic distribution 

 no Western Rock Lobster habitat occurs within the potential impact areas.  
Therefore, there is predicted to be negligible impact on Western Rock Lobster 
habitat as a result of the Proposal 

 minor temporary marine noise associated with construction of the breakwaters 
and dredging will cause avoidance behaviour by marine fauna 

 the Proposal will result in an increase in public access to the Marmion Marine 
Park which may potentially increase litter, fauna entanglements, fauna 
harassment and illegal feeding above the level that already exists.  In view of 
the existing risk present and the proposed management measures, the 
impacts of increased human-fauna interaction will be minor, but will add to the 
human-related stress that animals experience in this region 

 the Proposal will result in an increased number of boats traversing the 
Marmion Marine Park; however, this is inevitable with or without the Proposal 
due to population growth in the northern metropolitan area and increased 
levels of boat ownership in the region.  No significant change to the risks 
associated with boating in relation to increased fishing pressure and boat 
strikes is expected 

 The Proposal will result in no major change in activity than already exists in 
Ocean Reef Boat Harbour and will adhere to standard management 
procedures for boating and ballast water to manage the risk of introduced 
marine pests during operation 

 The most significant potential impact on marine fauna is the predicted 
abalone habitat loss.  It is predicted that there will be a total direct and indirect 
loss of 17.94 ha of abalone habitat.  This represents 41% of the Burns Beach 
Reef abalone habitat or approximately 14% of the abalone habitat within the 
Marmion Marine Park.   

After the application of mitigation 
and management measures, the 
EPA objective for marine fauna is 
expected to be met.  
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Coastal processes 

To maintain the morphology 
of the subtidal, intertidal and 
supratidal zones and the 
local geophysical processes 
that shape them. 

A number of recreational boating 
facilities exist in the vicinity of the 
Proposal, the most significant of 
which are Hillarys Boat Harbour 
(opened 1988), Mindarie Marina 
(constructed 1988) and Ocean 
Reef Boat Harbour (constructed 
1977) and create existing 
impediments to the movement of 
waves, currents and sediment 
along the coastline.   

The coastline surrounding the 
Proposal contains a mixture of 
rock platforms, rocky cliffs, small 
transient embayed beaches, reefs 
and sandy beaches.   

Local inshore currents are 
influenced by wind especially 
during summer when the sea 
breeze is at its strongest. 

Waves are the main driver behind 
sediment transport and can be 
summarised as four types of 
wave events in the Perth 
metropolitan region; se-breeze, 
swell, storm and severe storm.  

Alongshore sediment transport is 
dictated by prevailing weather 
and metocean conditions.  The 
shoreline in the vicinity of the 
Proposal is moderately active in 
terms sediment transport with 
sediment generally transported to 
the north in summer due to south-
west sea breeze conditions and to 
the south in winter due to waves 
generated from the north during 
winter storm conditions.  
Presently, an average of 4200 m

3
 

of sediment is removed from the 
existing Ocean Reef Boat 
Harbour each year. 

Wrack accumulation currently 
occurs within and surrounding the 
Ocean Reef Boat Harbour during 
winter months.  The size and 
location of accumulations is 
dependent on prevailing weather 
and metocean conditions.   

Potential impacts include: 

 construction of the marina breakwaters and marina 
waterbody may alter wave dynamics and interrupt 
longshore sediment transport 

 construction of the breakwaters may trap sediment 
and cause further loss of near shore benthic 
communities and habitat 

 construction of the breakwaters may trap algae and 
seagrass wrack both inside and adjacent to the 
marina 

 the construction of the breakwaters may interrupt 
wrack movement, accumulation and breakdown and 
impact near–shore communities and connected 
habitats. 

Sediment accumulations will be monitored at regular 
intervals within and surrounding the Proposal.  
Management measures will be implemented based 
on the monitoring results to maintain the sediment 
transport along the coastline.   

Wrack accumulations will be monitored twice 
annually and after storm events and accumulations 
relocated if necessary within the Marmion Marine 
Park.   

The Proposal is likely to result in: 

 wave modelling concluded that minor wave shadows may occur immediately 
within 500 m north of the northern breakwater and immediately south of the 
southern breakwater during sea-breeze, storm and severe storm wave 
events.  Sediment may be trapped in the wave shadows (particularly to the 
north) limiting the amount of material transported further along the shoreline.  
The size of the wave shadows are not predicted to be significant, extending 
only a few hundred metres either side of the breakwaters 

 sediment transport modelling indicates the potential for the accumulation of 
approximately 2000 m

3
 of sediment immediately south of the southern 

breakwater.  This will result in a reduction of sediment provided to the 
shoreline north of the Proposal footprint.  A coastal management regime will 
monitor this sediment accumulation and it is estimated that approximately 
10 000 m

3
 will be required to be moved to the north of the marina every five 

years.   An average of 4200 m
3
 of sediment is presently removed from the 

existing Ocean Reef Boat Harbour each year and the beaches to the north of 
the Proposal footprint have already been running at a deficit and the proposed 
management would better manage the coastal processes.  Given the small 
volume of sediment involved, any changes to the current system will be 
mitigated through the incorporation of management measures 

 the increase in the size of the entrance of the Proposal is predicted to result in 
a minor increase in wrack inside the boat harbour (from 35 t to 60 t).  The 
amount accumulating on the shoreline surrounding the Proposal is not 
expected to change.  The extension of the breakwaters and introduction of the 
spur groyne to the north may concentrate wrack accumulations immediately 
adjacent to the Proposal footprint.  On the basis of other marinas in the Perth 
metropolitan region, any wrack accumulations can be mitigated through 
regular monitoring and subsequent removal 

 the monitoring program and management measures for wrack will mitigate 
any potential impacts on near-shore communities and connected habitats.  

After the application of monitoring 
and management measures, the 
EPA objective for coastal 
processes is expected to be met.   

Integrating factors – 
offsets 

To counterbalance any 
significant residual 
environmental impacts or 
uncertainty through the 
application of offsets. 

The Department of Parks and 
Wildlife has released a Corporate 
Policy Statement regarding its 
marine and estuarine reserves 
system in Western Australia 
(Parks and Wildlife 2015).  The 
Proposal provides the opportunity 
to facilitate the implementation of 
this policy in relation to the 
Marmion Marine Park.  In 
particular, there is a pressing 
need to update the Marmion 
Marine Park Management Plan 
1992-2002, which was prepared 
almost 25 years ago.   

Potential impacts include: 

 potential significant residual impacts on marine 
environmental quality, benthic habitat and 
communities and marine fauna 

 potential significant impacts to the conservation and 
amenity values of the Marmion Marine Park. 

 

  

Not applicable as offsets are part of the mitigation 
hierarchy. 

The proposed offset strategy for direct and indirect impacts on the Marmion 
Marine Park and environmental values is to provide resources for and/or 
undertake research/investigations to improve knowledge of the values or 
threatening processes within the Marmion Marine Park and potentially adjoining 
areas (to the north).   

The objective of the research offset would be to improve knowledge of the 
environmental values of the Marmion Marine Park, particularly the near-shore 
reef, in order to inform and improve management planning and to facilitate the 
update the Marmion Marine Park Management Plan.  

The Proposal will result in loss of abalone populations and habitat at Burns 
Beach Reef.  Therefore, the proposed offset is to maintain the overall biomass of 
abalone by reducing the abalone fishing allocations.  The objective of the offset 
is to maintain the total biomass of Roe’s abalone in the Perth metropolitan area.   

The proposed offset approach is 
expected to counterbalance the 
significant residual environmental 
impacts and uncertainty 
associated with the Proposal. 
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12.2 Consistency with environmental principles 

In 2003, the EP Act was amended to include a core set of Principles that are applied by the EPA in 

assessing proposals.  These environmental protection principles listed in s 4a of the EP Act are set out in 

Table 12-2 together with a summary of how the City has considered these principles in its design and 

planned implementation of the Proposal. 

Table 12-2:  Consistency with Principles of Environmental Protection 

Environmental Protection Principle Consideration given in the Proposal 

1.  The precautionary principle 

Where there are threats of serious or irreversible 
damage, lack of full scientific certainty should not 
be used as a reason for postponing measures to 
prevent environmental degradation. 

In application of this precautionary principle, 
decisions should be guided by –  

 careful evaluation to avoid, where practicable, 
serious or irreversible damage to the 
environment; and 

 assessment of the risk-weighted consequences 
of various options. 

The impact assessment for this PER is based on detailed 
environmental investigations.  Impact predictions have been 
made based on peer reviewed modelling and all assumptions 
have been documented.   

Where there are areas of uncertainty regarding potential 
impacts, conservative assumptions have been made and 
documented to facilitate decision making.  These assumptions 
will be reviewed through the monitoring and management 
outlined in the project management plans. 

2.  The principle of intergenerational equity 

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

The City is aiming to provide a Proposal that facilitates the 
sustainable use of the Marmion Marine Park now and for future 
generations.  The Proposal is not predicted to compromise the 
health, diversity and productivity of the surrounding 
environment.  The Proposal offers a substantial benefit for the 
long term protection and management of the Marmion Marine 
Park by providing improved information to support the update of 
the Marmion Marine Park Management Plan. 

3.  The principle of conservation of biological 
diversity and ecological integrity 

Conservation of biological diversity and ecological 
integrity should be a fundamental consideration. 

The conservation of biological diversity and ecological integrity 
is a major environmental consideration for the Proposal, 
particularly as it relates to the Marmion Marine Park. 

Detailed investigations into the benthic habitats of the 
Development Envelope and surrounds have been undertaken 
as these habitats, in conjunction with marine environmental 
quality, support the biological diversity and ecological integrity of 
the marine environment.  The PER provides a detailed analysis 
of potential impacts to these factors and ongoing monitoring and 
management of potential impacts will be integrated into the 
implementation of the Proposal. 

The Proposal has been designed to minimise potential impacts 
to the key environmental values of its locality.  

4.  The principles relating to improved 
valuation, pricing and incentive mechanisms 

Environmental factors should be included in the 
valuation of assets and services. 

The polluter pays principles – those who generate 
pollution and waste should bear the cost of 
containment, avoidance and abatement. 

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

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

The City accepts that the cost of the Proposal must include 
environmental impact mitigation, management, monitoring and 
maintenance activities.  These requirements will be incorporated 
into the overall Proposal costs. 
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Environmental Protection Principle Consideration given in the Proposal 

5.  The principle of waste minimisation 

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

The City’s approach to waste management is to, in order of 
priority: 

 avoid and reduce at source 

 reuse and recycle 

 treat and/or dispose. 

The Proposal has been designed to ensure that the proposed 
dredging and reclamation volumes required are balanced so 
that all dredged material (following testing to verify it is suitable) 
will be utilised in the reclamation areas.  This will minimise the 
generation and transport of waste. 
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