
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Agenda attachments under 
separate cover 

 
 

Ordinary Meeting of Council 
 

Wednesday, 11 December 2019 
 



  Agenda attachment under separate cover  
Ordinary Meeting of Council 

11 December 2019   
 

Page 1 

C1912-9 PORT BEACH COASTAL RISK MANAGEMENT AND ADAPTATION 



m p rogers & associates pl  Port Beach Coastal Adaptation Options 
 K1618,  Report R1189 Rev 1,  Page (i) 

 

 

 

R1189 Rev 1 

September 2019 

 

 

City of Fremantle 

 

Port Beach 
Coastal Adaptation Options 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.coastsandports.com.au 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page i 

m p rogers & associates pl 
creating better coasts and ports 

Suite 1,  128 Main Street,  Osborne Park,  WA  6017 
p:  +618 9254 6600 
e:  admin@coastsandports.com.au 
w:  www.coastsandports.com.au 

 

K1618, Report R1189 Rev 1 
Record of Document Revisions 

Rev Purpose of Document Prepared Reviewed Approved Date 

A Draft Issued for Project Working 
Team Review A Clapin C Doak C Doak 21/7/2019 

0 Updated and Issued for Use A Clapin C Doak C Doak 14/8/2019 

1 Updated and Issued for Use 

A Clapin C Doak C Doak 
25/9/2019 

      

      

      

      

Form 035  18/06/2013 

 

Limitations of this Document 
This document has been prepared for use by the Client in accordance with the agreement 
between the Client and M P Rogers & Associates Pty Ltd.  This agreement includes constraints on 
the scope, budget and time available for the services.  The consulting services and this document 
have been completed with the degree of skill, care and diligence normally exercised by members 
of the engineering profession performing services of a similar nature.  No other warranty, 
expressed or implied, is made as to the accuracy of the data and professional advice included.  
This document has not been prepared for use by parties other than the Client and its consulting 
advisers.  It may not contain sufficient information for the purposes of other parties or for other 
uses. 

M P Rogers & Associates takes no responsibility for the completeness or form of any subsequent 
copies of this document.  Copying this document without the permission of the Client or 
M P Rogers & Associates Pty Ltd is not permitted. 

  

C D k



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page ii 

Executive Summary 
Port Beach is located within the City of Fremantle (City) and defined in this project as the beach 
area between the Rous Head Ultimate Extension (2009 to 2010) and the northernmost carpark 
along Port Beach Road.   

In 2017, the City completed a Coastal Hazard Risk Management and Adaptation Plan 
(CHRMAP; GHD) in partnership with the Town of Mosman Park, for the Port, Leighton and 
Mosman Beaches.  This process included assessing the coastline for the risks from coastal 
hazard impacts and subsequently identified Port Beach as being at extreme risk from erosion in 
the short term to 2030.  It was recommended that adaptation planning, based on further 
engineering feasibility assessments and designs, be completed as a priority.  

The City, on behalf of a broader Project Working Team (PWT), including the funding partners 
Department of Transport (DoT) and Fremantle Ports (FP), engaged M P Rogers & Associates 
(MRA) to provide coastal engineering and community and stakeholder engagement services for 
the development of coastal adaptation options at Port Beach.   

Many significant stakeholders were identified for coastal adaptation planning at Port Beach.  To 
enable consideration of all stakeholder opinions and objectives, and to provide a means of 
informing and consulting with the entire community throughout the project, a Port Beach 
Reference Group (PBRG) was established with 13 agencies / entities.  Two PBRG workshops, a 
wider online Community Values Survey and significant follow up consultation and engagement 
was completed by the Project Working Team (PWT) as part of the engagement process.  This 
enabled the stakeholders to provide input and direction into the development of the potential 
adaptation options for Port Beach. 

Other key considerations for the development of the potential adaptation options for Port Beach 
included the following: 

 The significant history of development and changes to the shoreline, including dredge 
material placement, severe erosion events, extensive reclamation and the demolition of built 
structures that once existed in close proximity to the shoreline.   

 The ongoing effects from coastal processes, identified by numerous studies and 
investigations completed over the years. 

 The existing coastal protection structures, including 2 seawalls and a headland managed by 
the City and a seawall managed by FP. 

 A set of design assumptions informed by the City and other key stakeholders  over a 20 year 
design life to 2040, considered to be an appropriate timeframe for this project.  

The State Planning Policy 2.6: State Coastal Planning Policy (SPP2.6; WAPC 2013) outlines a 
hierarchy of risk adaptation and mitigation options, in order of preference:  Avoid, planned or 
managed retreat, accommodate or protect.  Avoid as a coastal adaptation option involves avoiding 
development in areas impacted by coastal hazards.  Planned or managed retreat involves 
removing or relocating assets within areas with an intolerable risk of damage from coastal 
hazards.  Accommodation involves implementing measures that suitably address the identified 
risks.  Lastly, protect as a coastal adaptation option involves a structure that can be constructed to 
preserve the foreshore reserve, public access and public safety, property and infrastructure.  
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Each of these broader adaptation options were considered for managing the coastal erosion risk 
at Port Beach.  Based on the outcomes of the Community Values Survey, the following 4 concept 
adaptation options were identified as being potentially appropriate for Port Beach and selected for 
further investigation and assessment: 

 Option 1 - Retreat and Protect. 
Retreating vulnerable infrastructure in the shorter term and inevitably protecting Port Beach 
Road with a seawall. 

 Option 2 - Protect. 
Protecting the majority of the existing infrastructure adjacent to the beach with a seawall. 

 Option 3 - Headlands / Groynes. 
Providing sand holding structures and placing sand nourishment to create some protection 
and beach compartments with a sufficient buffer against storm erosion.  

 Option 4 - Sand Nourishment. 
Placing sand (either via truck (4a) or dredge (4b)) along the beach to create a sufficient 
buffer against storm erosion. 

A Multi Criteria Analysis (MCA) was developed in order to evaluate the 4 potential adaptation 
options, based on a range of relevant technical, social, environmental and economic criteria.  This 
process is useful for assessing multiple, often conflicting, decision making criteria and identifying 
a preferred option with the highest score. 

Based on the MCA completed for the 4 concept adaptation opt ions, the highest ranking option 
was sand nourishment via dredge.  It is recommended that this option is further evaluated for 
progression to future design phases.   

In order to progress the sand nourishment via dredge option, a number of considerations are 
required.  Firstly, further investigation is required to determine the costs and suitability of potential 
offshore sand sources.  An approvals process in the order of 12 to 18 months is also likely to be 
required.  Sediment transport modelling may also be required in order to confirm that the 
designed sand nourishment quantities and frequencies would achieve the desired outcome for 
Port Beach and would not adversely impact adjacent areas such as the Cottesloe Reef Habitat 
Protection Area.  Resultingly, it is expected that it will take roughly 2 years before the adaptation 
option could be implemented.  Therefore, given the risks currently posed to existing assets it is  
expected that interim protection measures may need to be enacted over the next 2 years to 
ensure the ongoing security of these assets. 

It is important to highlight that the outcomes of this project and the recommendations made are 
based on the currently available information, including the stakeholder values, understanding of 
coastal processes, the existing coastal protection structures and the set of considerations and 
design assumptions informed by the City and other key stakeholders.  Should these change in 
future, the MCA can be revisited to determine the highest ranking and preferred adaptation 
approach. 
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1. Introduction 
The City of Fremantle (City) is a local government within the Perth Metropolitan region.  The City 
covers an area of 19 km2, which includes around 2.5 km of coastline.  The City’s coastline 
features significant natural and built assets, located in close proximity to the shoreline, which are 
highly valued by the local community and visitors to the area. 

One of the City’s beaches, Port Beach, is defined in this project as the beach area between the 
Rous Head Ultimate Extension (completed in 2009 to 2010) to the south and the northernmost 
carpark directly off Port Beach Road to the north.  Port Beach was further classified into 3 higher 
resolution areas for this project, Sandtrax, South Tydeman Road and North Tydeman Road 
(Figure 1.1), to enable specific and potentially varying values and requirements to be captured.  
The relevant infrastructure is also labelled in the figure to provide context to the subsequent 
sections of this report. 

 
Figure 1.1 Port Beach Areas & Relevant Infrastructure 

In 2017, the City completed a Coastal Hazard Risk Management and Adaptation Plan  
(CHRMAP; GHD) in partnership with the Town of Mosman Park, for the Port, Leighton and 
Mosman Beaches.  This project was aided by Coastal Management Plan Assistance Program 
(CMPAP) grant funding and completed with the guidance of a multi-agency steering committee. 

The CHRMAP process included the assessment of the risks from coastal hazard impact for each 
of the Port, Leighton and Mosman Beach areas.  This risk assessment identified Port Beach as 
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being at extreme risk from coastal hazard impact, specifically erosion, in the short term to 2030 
and recommended adaptation as a priority. 

A high level Multi Criteria Analysis (MCA) was also completed as part of the CHRMAP process to 
identify potential short term adaptation options at a high level for each of the beach areas, as 
discussed further in Section 2.  It was recommended that the development and implementation of 
any adaptation be based on further engineering feasibility assessments and designs.   

The City, on behalf of a broader project team (as discussed below), subsequently engaged 
specialist coastal and port engineers, M P Rogers & Associates (MRA) to provide coastal 
engineering and community and stakeholder engagement services for the development and 
assessment of coastal adaptation options for Port Beach.  MRA engaged Elton Consulting as a 
specialist sub consultant to complete the community and stakeholder engagement component of 
the project. 

This project, as detailed throughout this report, was aided by the Department of Transport (DoT) 
Coastal Adaptation and Protection (CAP) grant funding and a contribution from Fremantle 
Ports (FP). 

To help manage and achieve the objectives of this project, a Project Working Team was 
established with members from the following project funding agencies:   

 City. 

 DoT. 

 FP. 

The Project Working Team met regularly over the course of the project to support the community 
and stakeholder engagement process and to provide input into the development of potential 
coastal adaptation options for Port Beach. 

Many significant stakeholders were identified for coastal adaptation planning at Port Beach.  To 
enable the effective consideration of all stakeholder opinions and objectives, and to provide a 
means of informing and consulting with the entire community, a Port Beach Reference Group was 
established with members from each of the following agencies / entities: 

 City. 

 FP. 

 DoT. 

 Town of Mosman Park. 

 Department of Water, Environment and Regulation. 

 Department of Planning, Lands and Heritage (DPLH). 

 LandCorp. 

 Main Roads Western Australia. 
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 Port Beach Polar Bears. 

 Fremantle Surf Life Saving Club. 

 North Fremantle Precinct Group. 

 Leighton Action Coalition. 

 Leighton Owners Precinct Group. 

Significant stakeholder consultation was completed throughout the project and included: 

 2 workshop sessions with the Port Beach Reference Group and a third scheduled in the 
coming months. 

 An online Community Values Survey. 

 Further meetings, discussions and site visits with various Port Beach Reference Group 
members throughout the duration of the project. 

The stakeholder engagement process helped to provide context and direction to the development 
of the potential adaptation options for Port Beach.  However, the history of the area from a coastal 
evolution perspective, including the development of coastal structures, combined with the ongoing 
effects of coastal processes, were also key considerations during the development of the 
adaptation options.   

This report provides an overview of each of these aspects and presents details of the potential 
adaptation options, including assessment of the options through a detailed MCA process.   The 
highest ranking option from the MCA is then discussed and key considerations for further 
evaluation and progression are outlined. 
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2. Background 
2.1 History of Port Beach 
There is a long and significant history of development and changes to the shoreline at Port Beach.  
To provide context to subsequent sections of this report, the following Table 2.1 summarises key 
historical events over the last approximately 130 years that have resulted in the Port Beach we 
see today.  This includes dredge material placement, severe erosion events, extensive 
reclamation and the demolition of built structures that once existed in close proximity to the 
shoreline. 

Table 2.1 Key Historical Timeline Relevant to Port Beach 

Date Description Photograph 

1865 Town of Fremantle Map 
Royal Western Australian 

Historical Society 
Collection. 

 

1892-
1901 

Inner Harbour 
Construction 

Dredged material 
including rock bar 

entrance placed offshore 
north of harbour. 

 

Rock bar 
entrance 
dredged 

between 12 and 
25 ft below LWM 

Inner Harbour 
dredged between 

12 and 25 ft 
below Low Water 

Mark (LWM) 

North Mole 
constructed 

South Mole 
constructed 

Reclaimed areas 

1897 - Inner Harbour As Cons 

1865 - Town of Fremantle 
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Date Description Photograph 

1920’s Deepening of the Inner 
Harbour 

Dredged material placed 
along shoreline and 

offshore north of harbour.  

 

 

1945 - 
1963 

Ampol Fuel Storage 
Tanks, Carparks and 

Port Beach Road 
Constructed 

Fuel tanks and carparks 
constructed on the 

western side of Port 
Beach Road.  

 

Inner Harbour 
dredged to 36 ft 

below LWM 

Entrance Channel 
dredged to 36 ft 

below LWM 

1920 - Inner Harbour As Cons 

Inner Harbour 

Port Beach 
Road 

Fuel tanks 
and 

infrastructure 

Port 
Beach 

1965 - Beach & Inner Harbour 
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Date Description Photograph 

1950’s 
and 

1960’s 

Harbour Extensions & 
Maintenance Dredging 

No. 10 Berth Stage 1 
dredged material trucked 
to foreshore near Rous 

Head for reclamation and 
granite placed along 

shoreline as a seawall to 
retain reclaimed land. 
No. 10 Berth Stage 2 

dredged material pumped 
to form a beach in front of 

the seawall.  

 

1965 - 
1968 

Extension of Inner 
Harbour 

Dredged material from 
up-river extension used to 
reclaim land for industrial 
use along Port Beach - 

the shoreline was pushed 
out some 140 m. 

Seawall constructed as 
far north as Rudderham 
Drive to retain material.  

 

Inner Harbour 

No. 10 Berth 
Port 

Beach 

Granite 
seawall 

1955 - Beach & Inner Harbour 

Inner Harbour 

Port 
Beach 

Reclamation 
and seawall 

Up river 
extension 

1970 - Beach & Inner Harbour 
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Date Description Photograph 

1989 - 
1991 

Inner Harbour 
Deepening 

Construction of Rous 
Head commercial boat 
harbour and seawall. 

 

1995 Maintenance Dredging 
Construction of Rous 

Head Partial Extension 
and reclamation 100 m 

offshore.  

 

1989 - Rous Head 

Port Beach 

Rous Head 

Inner Harbour 
dredged to 13 m 

below LWM 

2008 - Port Beach & Inner Harbour 

Inner Harbour 

Rous Head 
Partial 

Extension 

Port 
Beach 
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Date Description Photograph 

2009 - 
2010 

Inner Harbour 
Deepening Project 
Deepening of Inner 

Harbour, deepening of 
channels and construction 

of Rous Head Ultimate 
Extension. 

 

 

The current position of the Port Beach shoreline is the result of 130 years of construction activities 
that have resulted in significant changes.  As described in Table 2.1, dredged material was placed 
directly along the shoreline or immediately adjacent to Port Beach in the 1920’s, 1950’s and 
1960’s (DPI 2004).  The constructed nature of the shoreline at Port Beach is perhaps best 
summarised by the following Figure 2.1 which shows: 

 Approximate position of the shoreline in 1901. 

 Vegetation lines available from DoT mapped from 1945 and 2004 aerial images.   Changes 
to the position of vegetation lines are a more reliable measurement than the shoreline, 
which fluctuates with the water level and season. 

 Approximate position of the shoreline in April 2018, shown by the background aerial image. 

  

Port Beach 

Rous Head Ultimate 
Extension 

Inner Harbour 
dredged to 

14.7 m below 
LWM 

Entrance dredged 
between 16.1 to 16.8 m 

below LWM 

2018 - Rous Head Ultimate Extension 
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Figure 2.1 Shoreline Position Change at Rous Head & Port Beach Since 1901 
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2.2 Previous Studies 
Numerous studies and investigations have been completed over the years for Port Beach.  
Several of these, relevant to this project, are summarised below to provide context to later 
sections of this report. 

2.2.1 Port Beach Coastal Erosion Study (DPI 2004) 
In May 2003, a severe storm event caused significant erosion at Port Beach and highlighted 
concerns about the Port Beach Road realignment planned for 2004.  The Department of Planning 
and Infrastructure (DPI; 2004) subsequently completed the Port Beach Coastal Erosion Study. 

The study included an investigation into the extent and causes of the erosion at Port Beach.   

DPI (2004) evaluated survey data from 2000 to 2003 to estimate the volumes of longshore 
sediment transport over typical summer and winter seasons, noting that these can vary drastically 
from season to season depending on the metocean conditions.  Similarly, cross shore transport 
and accretion and erosion trends, based on a shoreline movement analysis, were considered in 
developing the conceptual littoral transport model provided in the figure below. 
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Figure 2.2 Conceptual Model of Littoral Transport (DPI 2004) 
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As shown in the conceptual littoral transport model, it was estimated that each summer about 
50,000 m³ of sand is transported northwards from Port Beach.  However, during winter it was 
estimated that only 40,000 m³ of sand returns south to Port Beach.  Thus, there was an estimated 
net deficit to the north of 10,000 m³ at Port Beach.   

To manage the erosion at Port Beach, DPI (2004) presented the following six potential coastal 
management options: 

 Sand nourishment. 

 Upgrade and extend seawalls with sand nourishment. 

 Spur groyne and sand nourishment. 

 Headlands, spur groyne and sand nourishment. 

 Offshore breakwaters with spur groyne and sand nourishment.  

 Groynes with spur groyne and sand nourishment. 

The study provided capital, maintenance and net present value (over 20 years) cost estimates for 
each of the six options and recommended the selection of a preferred option/s for further 
investigation and public consultation. 

DPI (2004) also analysed a sediment sample of ‘native’ material from the swash zone at Port 
Beach following a storm and identified mixed quartz and calcium carbonate sand with a grain size 
(d50) of 0.45 mm.  The study notes that the material sampled is typical of marine sand, however 
from the history (discussed in Section 2.1), is likely to be a combination of historical dredge 
material and natural coastal sand. 

Port Beach Interagency Technical Group 
Also following the severe erosion event in May 2003, the Port Beach Interagency Technical Group 
(PBITG) was formed to manage the erosion issues at Port Beach.  The PBITG included 
representatives from the following agencies: 

 City. 

 FP. 

 DPI. 

The PBITG met a number of times between 2003 and 2005 to discuss the outcomes of the Port 
Beach Coastal Erosion Study and consider the potential adaptation options recommended.  The 
PBITG also arranged for ongoing beach monitoring to be completed for the area between Rous 
Head and the Cables Surf Break located offshore from the intersection of Marine Parade and 
Curtin Avenue.  This was based on an existing monitoring program previously completed by FP 
following the construction of the Rous Head (completed between 1989 and 1991). 

2.2.2 Port Beach Wave and Shoreline Modelling (MRA 2007)  
In 2007 MRA were engaged by DPI to investigate the wave and sediment dynamics at Port 
Beach.  This work was instigated due to concern over the long-term stability of the beach 
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following damage to existing infrastructure, located adjacent to the beach, during the severe storm 
in May 2003.   

As per previous recommendations by DPI (2004), the study investigated 3 proposed options for 
the management of Port Beach.  These options included:  

 no further works;  

 the construction of a 70 m spur groyne off the Rous Head extension; and 

 the construction of a spur groyne together with 2 artificial headlands.   

The chosen options needed to provide a balance between the recreational and port uses of  Port 
Beach. 

In addition to these 3 options, another scenario was modelled which involved the construction of 
the Rous Head Ultimate Extension.  This modification to Rous Head was completed in 2009 and 
2010. 

In this study, detailed wave and shoreline modelling was used to determine the likely impacts on 
the shoreline position for each of the proposed management options and for the Rous Head 
Ultimate Extension. 

It is noted that detailed survey information provided by DPI for use in this study actually indicated 
that a net accretion of about 23,500 m³ was experienced at Port Beach in the period between 
October 2003 and November 2005.  The accretion at Port Beach over this time was obviously 
contrary to the erosion that has been observed, on average, over the past few decades, but 
highlights the natural variability of the system.   

The modelling revealed the following:  

 If no further work was completed then ongoing erosion of the shoreline would occur at 
Sandtrax.   

 The construction of a spur groyne would result in the seaward movement of the shoreline at 
Sandtrax, thus providing a wider beach in this area. 

 The construction of 2 headlands in combination with the spur groyne would likely result in 
the biggest change to the shoreline.  Regions of high erosion and accretion of the shoreline 
(up to around 25 m) could occur and would depend largely on the final locations of the 
artificial headlands.  For this reason it was recommended that if this option was to be 
completed, then sand nourishment would need to be placed to limit any potential erosion or 
sediment starvation from adjacent sections of the shoreline. 

 The proposed ultimate extension of Rous Head showed similar trends to the no further 
works scenario; although the modelling did indicate that construction of the Rous Head 
Ultimate Extension may result in a slight accretion of the shoreline along Port Beach due to 
sheltering of waves from the southwest. 

2.2.3 Port Beach Monitoring 2010 (MRA)  
MRA were engaged by FP to complete a review of the available monitoring information at Port 
Beach.  The results from the monitoring showed that there had been little change to the beach 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page 14 

over the previous 3 years.  The surveys showed the seasonal movement of sediment to the south 
in winter and to the north in summer due to the prevailing wind & wave directions.  Cross-shore 
transport of sediment during storms which erode the beach berm was also evident, as was the 
reformation of the beach berm during periods of swell. 

As the construction of the seawall for the Rous Head Ultimate Extension had only recently been 
completed, its impact (if any) was considered unlikely to be observed for another few years.   

2.2.4 Port Beach Monitoring 2013 (MRA 2014)  
In 2014 FP engaged MRA to complete a review of the monitoring results for the period up to and 
including October 2013.  Monitoring information consisted of nearshore hydrodynamic surveys, 
which were augmented with the review of aerial imagery and photo-monitoring.   

The results from the monitoring of Port Beach showed that there had been only minor changes to 
the beach since the construction of the Rous Head Ultimate Extension.  Even with the large 
number of sea breeze events experienced in 2010 and 2011 the beach remained relatively stable.  

Therefore, the monitoring results suggested that the impacts from the construction of the Rous 
Head Ultimate Extension were as expected from the modelling in 2007 (MRA).   

2.2.5 Port, Leighton & Mosman Beaches CHRMAP (GHD 2017) 
In 2016, the City and the Town of Mosman Park engaged GHD to undertake a CHRMAP for their 
coastlines.  The study area included the Port, Leighton and Mosman Beaches between the Rous 
Head Ultimate Extension (2009 to 2010) to the south and the Curtin Avenue carparking (at the 
Town of Cottesloe border) to the north.  The CHRMAP was completed to better understand the 
vulnerability of the relevant coastal areas and to develop adaptation pathways.  

Coastal values, including economic, social and environmental, are important considerations in any 
adaptation planning process.  To ascertain the social values related to the Port, Leighton and 
Mosman Beaches, a community values survey was completed as part of the CHRMAP process.  
These values were considered in the development of the subsequent risk assessment and the 
potential adaptation responses presented in the CHRMAP.  From the survey, it was clear that the 
Port, Leighton and Mosman Beaches support a wide range of social values, in particular access 
to: 

 Coastal amenity. 

 Coastal recreation. 

 Community facilities. 

 Entertainment and socialising opportunities. 

 Employment and economic activities. 

 Private benefits. 

To inform the CHRMAP, GHD (2017) completed a Coastal Hazard Assessment in accordance with 
the State Planning Policy 2.6: State Coastal Planning Policy  (SPP2.6; WAPC 2013).  This 
included assessing Port Beach for potential erosion and inundation hazards over each of the 
following timeframes: 
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 Present (2016). 

 Short term to 2030. 

 Medium term to 2070. 

 Long term to 2110. 

The subsequent risk assessment completed as part of the CHRMAP, based on the Coastal 
Hazard Assessment results, identified Port Beach to be at extreme risk from erosion hazards over 
the short, medium and long term timeframes.  Based on the tolerance level matrix presented in 
the CHRMAP, these risks were considered to be intolerable / unacceptable and requiring 
treatment. 

For the vulnerable coastal areas requiring risk mitigation, including Port Beach, a first pass MCA 
was completed as part of the CHRMAP process.  This was completed at a high level to help 
identify potential short, medium and long term coastal adaptation options available for the Port, 
Leighton and Mosman Beaches.  Adaptation options were scored and ranked using a number of 
criteria and the following preliminary adaptation pathways were recommended for Port Beach:  

 Short term to 2030 - 1. Seawall and nourishment or 2. Dune stabilisation, revegetation and 
nourishment. 

 Medium term to 2050 - Interim protection or retreat. 

 Long term to 2110 - Interim protection or retreat. 

The CHRMAP notes that the results of this first pass MCA assessment do not necessarily indicate 
the acceptability of the proposed options and are recommended only to guide the timing and 
nature of upcoming projects.  It was recommended that further engineering feasibility studies are 
completed to assess these adaptation pathways in more detail. 

The CHRMAP also recommended for an extension to the existing Port Beach monitoring program 
(MRA 2014) to be undertaken for the entire Port, Leighton and Mosman Beach coastal area and 
include the following: 

 Review of publicly available metocean data such as coastal surveys, vegetation line 
mapping and ongoing studies. 

 Installation of nearshore hydrodynamic instrumentation to collect wave and water level 
conditions to enable better calibration and validation to be completed for any future 
modelling. 

 Completion of photo monitoring on a biannual (winter / summer) basis and during / post 
storm events to provide a visual comparison to measured data.  

 Completion of LIDAR survey and aerial photography every 5 to 10 years and comparison 
with previous datasets. 

The CHRMAP was adopted by the City Council in November 2017.  
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2.2.6 Port Beach Development History & Small Rock Issues (MRA 2018a)  
The occurrence of small rock fragments at Port Beach has caused concerns to beach  users in the 
last 2 or so decades.  In 2018, FP engaged MRA to review and summarise the development 
history at Port Beach and the exposure and aggregation of small rock fragments along the 
shoreline.   

The study summarised the significant changes to Port Beach over the last Century (refer to 
Section 2.1) and outlined that the position of the shoreline at Port Beach had moved significantly 
westward overtime with the placement of dredged material used to form the beach and reclaim 
land.  Based on the geology of the Fremantle Harbour and comparable dredge campaigns in the 
Inner Harbour (1892 to 1901), it was considered likely that a significant amount of rock fragments 
existed within this placed material and therefore exist today in the nearshore, beach and dune 
areas of Port Beach. 

This was thought to be the main source of rock fragments found along Port Beach, however other 
likely potential sources, included the following, were identified: 

 Sections of car park and other coastal infrastructure previously eroded dur ing a significant 
storm event in May 2003. 

 Small unstable rock being washed out of the deteriorated rock headland on Port Beach.  

Based on the assessment, it was considered most likely that the aggregation of rock fragments 
will continue along Port Beach from time to time in the future. 

2.3 Coastal Processes 
The shape of the coastline is continuously changing in response to the forces acting on it: wind, 
currents, waves, water levels and man-made changes.  All of these factors influence the 
movement of sediment along the coastline and subsequently influence its stability.  Key to the 
understanding of potential future shoreline change is the quantification / estimation of the local 
sediment budget.  A local sediment budget describes the estimated average rates of sediment 
movement along the coastline resulting from the ongoing action of coastal processes.  
Additionally, shoreline stability is also influenced by the impacts of severe storm erosion events.  
Details of the local sediment budget and potential impacts of severe storm erosion events are 
provided within this section. 

2.3.1 Water Levels 
DoT measures water levels at the Fremantle Fishing Boat Harbour and has prepared a 
submergence curve from these measurements.  The tidal and other characteristics , including the 
highest and lowest levels recorded at the Fremantle Fishing Boat Harbour are listed below in 
Table 2.2 to provide context to later sections of this report. 
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Table 2.2 Fremantle Fishing Boat Harbour Tidal Characteristics 

Characteristic Australian Height Datum (mAHD) 

Highest Recorded (5/11/2005) 1.35 

Highest Astronomical Tide (HAT) 0.63 

Mean Higher High Water (MHHW) 0.38 

Mean Sea Level (MSL) 0.04 

Mean Lower Low Water (MLLW) -0.30 

Lowest Astronomical Tide (LAT) -0.51 

Lowest recorded (13/01/1986) -0.92 

Note:  1. Taken from DoT submergence Curve 1615-13-02 
 

2.3.2 Local Sediment Budget 
Simplistically, longshore sediment transport occurs where approaching waves agitate the beach 
sand and place it into suspension.  If the waves are approaching the beach at an angle, then a 
longshore current can form and this can transport the suspended sand along the beach.  The 
suspended load transport is accompanied by a bed load transport where sand is rolled over the 
bottom by the shear of the water motion.  This process is illustrated in Figure 2.3.   

 
Figure 2.3 Longshore Sediment Transport 

The biggest influence on the directionality of transport within the Perth Metropolitan area is the 
incident wave direction. As a result, there can be considerable variation in the magnitude and 
direction of the longshore transport from season to season and year to year.  In Perth, longshore 
sediment transport is typically towards the north in summer and south in winter.   
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The northerly transport of sediment in summer is driven by the prevailing sea breezes which blow 
from the south-west in summer, creating wind waves at an angle to the shoreline.  This transports 
sediment to the north (Masselink and Pattiaratchi 2001).  In winter, severe storms generate waves 
from the north-west, swinging to the south over their duration.  This typically transports sediment 
to the south in winter storms (Masselink and Pattiaratchi 2001).  Furthermore, the storm event 
conditions from the southwest at Port Beach are relatively more sheltered by Rottnest, Carnac 
and Garden Islands and their respective reef systems. 

Investigations by Searle & Semeniuk (1985) and Stul (2005) have classified the Mandurah to Two 
Rocks coastline in terms of primary and secondary sediment cells.  More recently, Damara (2012) 
classified the coastline between Cape Naturaliste and Moore River in terms of primary, secondary 
and tertiary level sediment cells.   

The differences in cell hierarchy reflect the varying timescales for assessment of each sediment 
cell level.  Primary cells relate to geological processes and trends that may alter over geological 
timescales, but exchange of sediment between primary cells is considered to be relatively 
constant in the shorter developmental planning timeframes.  Secondary cells describe the 
contemporary sediment movement and inter-decadal trends and landform response.  Tertiary cells 
generally cover the reworking and movement of sediment in the nearshore area with shoreline 
responses over the seasonal to inter-annual timescales (Damara 2012).  Figure 2.4 shows an 
extract from Google Earth with the sediment cell boundaries from Damara (2012) overlain.   
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Figure 2.4 Sediment Cells Surrounding the Study Area 

Consideration of the shoreline response at Port Beach is being undertaken over decadal 
timescales.  Based on the commentary within Damara (2012) this would mean that the 
assessment of future change should be limited to the extent of the bounding secondary cell.  
Using this approach, the study area should be limited to between South Mole and Mudurup Rocks 
(better known as the Cottesloe Groyne).  It is believed that little sediment exchange occurs at 
either end of this sediment cell over decadal timescales and as a result, a sediment budget within 
this region can be expected to be reasonably contained, with little transport into or out of the cell  
for the relevant timeframe of this project.   

Primary Sediment 
Cell Boundary 

Secondary Sediment 
Cell Boundary 

Tertiary Sediment 
Cell Boundary 

Port Beach 

Leighton Beach 
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To generate an indicative sediment budget the extent of shoreline movement needs to be 
determined along the coastline.  This extent of shoreline movement can then be used to estimate 
the volume of sediment erosion and accretion within each area.  For this study, these volumes 
were estimated by multiplying the observed shoreline movement by the active profile height 
estimated for each area.   

The active profile height is defined as the vertical height over which beach profile evolution 
occurs.  The active height is generally accepted as extending from the crest of the foredune to 
some depth offshore, known as the closure depth, where the extent of profile elevation change 
decreases to zero.  The timescale of the beach profile change is an important consideration when 
determining the active height, as longer period changes over decadal timescales will generally 
have a greater active profile height compared to the profile change over a single winter.   

Estimates of the closure depth over decadal timescales can be made from review of beach profile 
movement under extreme storm conditions, such as those modelled in MRA (2005).  These 
modelling results suggest that the closure depth at beaches within the study area is generally 
around -5 mAHD.  Foredune heights along this section of coastline have been influenced by the 
development that has occurred along the shoreline and are therefore variable, however heights 
are typically in the order of around 3 mAHD, extending up to 5 mAHD in some cases.  As a result, 
total active heights for this section of shoreline were assumed to be between 8 and 10 m.   

Sediment fluxes were estimated along the coastline by quantifying the amount of longshore 
transport of sediment that was required to match the shoreline movements that were observed 
historically.  Historical vegetation lines dating back to 1943 were provided by DoT.  The accuracy 
of the position of these vegetation lines is believed to be in the order of ±6 m, depending on the 
resolution of the aerial photographs and the rectification process.   

Review of the local geomorphology shows that the section of shorel ine extending from Rous Head 
to the Cottesloe Groyne is essentially a closed sediment cell, with minimal sediment exchange, if 
any, expected to occur past the coastal structures at either end over contemporary timescales.  
This is reflected by the secondary sediment cell boundary shown in Figure 2.4, which suggests 
relative stability within the relevant decadal timeframes considered for this project.  As a result, 
changes in the historical shoreline position should be considered in the context of changes 
observed over the entire beach.  Using the vegetation lines, the position of the shoreline was 
determined at 100 to 500 m intervals across the sediment cell.  Figure 2.5 shows the chainages 
assigned for this assessment.   
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Figure 2.5 Shoreline Movement Chainages – Rous Head to Cottesloe Groyne 

The shoreline movements, relative to 1942 / 1945, are presented in Figure 2.6.  It should be noted 
that, due to availability, the 1945 vegetation line was used as the baseline up to chainage 3,000 m 
and the 1942 vegetation line was used thereafter. 
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Figure 2.6 Historical Shoreline Movement Relative to 1943 / 1945 Baseline 

The analysis of the vegetation lines shows that Port and Leighton Beaches have generally 
accreted since 1942, while there has been minimal movement of the vegetation line in the 
northern rocky section of the sediment cell.  DPI (2004) explains that this accretion over the 
longer term was largely sustained by the 10 million m3 of dredge material that was disposed of 
along the shoreline and further offshore between 1890 and 1970.  This dredge material provided 
an artificial supply of sediment to Port Beach (chainage 0 to 1,200 m) which, based on the 
shoreline movement information, appears to have stopped by around 1993, as since this time the 
shoreline at Port Beach has experienced a chronic erosion trend.   

In order to gain a greater understanding of the more recent shoreline movement trends since the 
apparent cessation of the offshore sediment feed, Figure 2.7 presents the shoreline movements 
relative to 1993.   

 
Figure 2.7 Historical Shoreline Movement Relative to 1993 Baseline 
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Figure 2.7 shows that the portion of the shoreline from chainage 1,200  m to 2,500 m has been 
accreting since 1993.  However, the figure clearly shows that the shoreline at the southern end of 
the sediment cell (Port Beach from chainage 0 to 1,200 m) has been consistently receding since 
1993.  In part, this is expected to be due to the artificial shoreline alignment that was present in 
1993 due to the large onshore feed of sediment that had been occurring (refer to Section 2.1).  As 
a result, it is not unexpected that a shoreline realignment has occurred since the sediment feed 
substantially diminished. However, it would be expected that this shoreline realignment would 
potentially slow as the shoreline adjusts to the incident wave conditions in the absence of the 
significant anthropogenic feed of sediment.   

When reviewing these figures, it is significant to note that at Sandtrax (approximately chainage 
0 to 400 m), the position of the shoreline in 1993 was as seaward as has been observed since 
1945.  As previously discussed, this is likely to have been an artificial shoreline alignment due to 
the anthropogenic feed of sediment.  Therefore, consideration of the potential erosion rates since 
1993 captures what is expected to have been a realignment of the shoreline after  the feed 
diminished and is likely to result in a somewhat conservative assessment of the future shoreline 
movement.       

From the review of the historical shoreline movement rates (Figure 2.8), it is clear that the rocky 
coast in the northern section of the sediment cell has been relatively stable. It is also apparent 
that the rate of shoreline movement between 1993 and 2016 is similar to the rate of shoreline 
movement between 2008 and 2016, albeit the rates of erosion at the southern end of the 
sediment cell appear to be slightly lower over the period from 2008 to 2016 compared to the 
broader period from 1993 to 2016.  This is significant as the construction of the Rous Head 
Ultimate Extension occurred in 2009 / 10.  The fact that the shoreline movement trends are similar 
pre and post the construction of the Rous Head Ultimate Extension suggests it has had minimal 
impact on the shoreline.  

 
Figure 2.8 Historical Shoreline Movement Rates 

Given the closed nature of the secondary sediment cell, the shoreline movement rates suggest 
that sediment from Port Beach has been feeding the accretion that has been observed to the 
north at Leighton Beach.  This allows an estimate of the net annual sediment flux to be made.   
Further specific detail showing the elevated erosion rates at Sandtrax compared to the reduced 
erosion rates North of Tydeman Road (from 1993 to 2016) are shown in Figure 2.9. 
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Figure 2.9 Port Beach Shoreline Movement Rates (From 1993 to 2016) 

Seasonal sediment fluxes are also obvious by assessing the changes in beach widths that occur, 
as observed in available aerial imagery.  Examples of seasonal changes are shown in 
Figures 2.10 and 2.11.  Based on results of similar assessments over a number of different years, 
it is apparent that the change in the area of the beach adjacent to Rous Head is between 2,000 
and 3,000 m2 per season.  As a result, it is estimated that this would correspond to seasonal 
transport rates in excess of 20,000 m3.  These patterns agree quite well with the results of survey 
analysis completed by MRA (2013), although it should be noted that the surveys presented in 
MRA (2013) did not pick up the area in the swash zone, which is where the majority of the beach 
change would be expected.  DPI (2004) also note seasonal transport rates of around 40,000 to 
50,000 m3. 

Sandtrax 
Approximately 
1.7 m/year 

South Tydeman Road 
Approximately  
0.6 m/year 

North Tydeman Road 
Between approximately 
0.5 m/year and 0 m/year 
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Figure 2.10 Aerial Photographs Showing Seasonal Change in Beach Widths 

28 October 2018 to 2 May 2019 (Source: Nearmap) 

2 May 2019 28 October 2018 
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Figure 2.11 Aerial Photographs Showing Seasonal Change in Beach Widths 

4 March to 28 November 2016 (Source: Nearmap) 

Using the above information, an indicative sediment budget can be prepared for the entire 
secondary sediment cell.  This sediment budget is presented in Figure 2.12.  Most significantly, 
this indicative sediment budget suggests that the broader Port Beach shoreline is losing between 
7,500 to 10,000 m3 per year, with this material contributing to accretion at Leighton Beach.  It is 
noted that the apparent rate of accretion at Leighton Beach is larger than the rate of erosion from 
Port Beach.  This may mean that sediment is still being contributed to the system by onshore feed 
of sediment from either previous dredged material or along the bank offshore from Leighton 
Beach.  Alternatively, this discrepancy could be caused by limitations in the accuracy of the 
volume estimation.     

4 March 2016 28 November 2016 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page 27 

 
Figure 2.12 Estimated Indicative Sediment Budget  
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2.3.3 Severe Storm Erosion 
Severe storm events have the potential to cause acute erosion of the shoreline due to the 
combined effect of large waves and high water levels.  Under such conditions the ocean forces 
impact directly on higher elevations of the beach profile, such as the dune, which are not normally 
subject to wave action.  Beach profile changes occur rapidly as a result, with sand from high on 
the beach profile transported offshore under what is known as cross shore transport.  This is 
illustrated in Figure 2.13. 

 
Figure 2.13 Cross Shore Sediment Transport 

Whilst storm events result in a rapid offshore transport of sediment, periods of persistent swell 
waves transport sand in an onshore direction.  This process restores the beach; however, this 
restorative process is much slower, particularly where severe dune erosion has occurred, in which 
case recovery can take many years.   

As part of the CHRMAP, GHD (2017) completed cross shore erosion modelling for Port Beach for 
a variety of different Average Recurrence Interval (ARI) events.  Results of this modelling are 
summarised in Table 2.3.  These results indicate that up to 25 m of severe storm erosion could be 
experienced in rare events with an ARI of around 100 years.    
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Table 2.3 Potential Storm Erosion Distances (GHD 2017) 

Location  Almost Certain 
(~1 yr ARI) 

Possible  
(~20 yr ARI) 

Rare  
(~100 yr ARI) 

Port Beach  10 m 15 m 25 m 

 

2.3.4 Coastal Processes Summary 
There is a long timeframe over which studies and investigations have been completed at Port 
Beach, however their analysis is mostly consistent and a number of conclusions can be made, as 
summarised below. 

 Generally, there is a net transport of sediment south in winter and north in summer in the 
littoral zone.  This is due to the typical storm event conditions from the northwest during 
winter and sea breeze events from the southwest during summer.  It is noted that storm 
event conditions are also experienced from the southwest at Port Beach, however are 
relatively more sheltered by Rottnest, Carnac and Garden islands and their respective reef 
systems.   

 Sediment also moves offshore to form banks during winter storms and can return to the 
beach berm during summer swell conditions.   

 The critical weather conditions from an erosion perspective at Port Beach, would be a period 
where there are a large number of sea breeze events causing sediment flow to the north and 
few winter storms in over the subsequent winter period resulting in limited return sediment 
flow to the south.  However, offshore transport of sand during severe winter storms, or a 
number of consecutive winter storms, is also likely to cause erosion over shorter timeframes. 

 Prior to the early 1990’s, the southern end of Port Beach adjacent to the now Rous Head 
Ultimate Extension (2009 to 2010) had been accreting since the mid 1940’s.  However, 
consideration needs to be given to the man-made changes over this period (refer to 
Section 2.1). 

 In about the last 30 years, the southern portion of Port Beach adjacent to the now Rous 
Head Ultimate Extension (2009 to 2010) has been eroding, the northernmost end of Port 
Beach has been relatively stable and Leighton Beach has been accreting.  The shoreline 
movement rates have been calculated between 1993 and 2016, using available vegetation 
lines mapped by DoT, for the 3 Port Beach sections (Sandtrax, South Tydeman Road and 
North Tydeman Road) considered in this project (Figure 2.9).   

 Changes to the climate system, including sea level rise and variations to location weather 
patterns over the timeframes analysed, are likely to have influenced the sediment dynamics 
at Port Beach.  Historical structures, reclamation and dredging campaigns over the last 130 
years have also changed the sediment dynamics at Port Beach (refer to Section 2.1).   

2.4 Other Considerations 
2.4.1 Contaminated Sites 
The nature of the existing Port Beach area, west of Port Beach Road, needs to be considered by 
the adaptation options presented in Section 5 of this report.   
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The Department of Water and Environmental Regulation’s (DWER) Contaminated Sites Database 
(2019) doesn’t shown any contaminated sites west of Port Beach Road along this extent, as 
shown below in Figure 2.14.  It is noted that the previous Contaminated Sites Database (2019) 
presented in the CHRMAP (GHD 2017) showed contaminated areas west of Port Beach Road and 
it is understood that these areas are currently undergoing further investigation and remediation by 
Caltex due to the former Ampol and gantry sites located along this extent.  

 
Figure 2.14 Contaminated Sites Database (DWER 2019) 
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Any intrusive works in these areas, as required by several of the adaptation options presented in 
Section 5, requires consultation with Caltex and potentially further investigations to determine any 
contaminated sites implications and requirements for management plans.  It is recommended that 
this is completed during the future design phases for the adaptation option selected for 
progression. 

2.4.2 Land Tenure 
It is important to consider the tenure of the Port Beach foreshore and immediately adjacent areas 
in the development of the adaptation options.  This tenure is presented in Figure 2.15 for 
reference throughout this report. 
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Figure 2.15 Port Beach & Surrounding Area Land Tenure 
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2.4.3 Composition of Beach, Dune & Foreshore Areas 
Given that the shoreline at Port Beach is significantly westward of its 1901 position (Figure 2.1), 
due to the placement of dredged material, it is likely that a significant amount of rock fragments 
exists within the reclaimed areas.  These rocks have been a source of concern for beach users in 
the past. 

This needs to be considered by the adaptation options presented in Section 5 of this report.   

2.4.4 Existing Coastal Protection Structures 
The following Section 3 outlines inspections and assessments completed for the existing coastal 
protection structures along Port Beach and provides maintenance and timeframe 
recommendations.  These recommendations should be considered in conjunction with the 
adaptation options, as discussed further in Section 5. 
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3. Existing Coastal Protection Structures Assessment 
The City manage a headland and 3 seawall sections within the Port Beach extent.  The general 
location of these assets is shown in Figure 3.1.   

Also, within the Port Beach extent and shown in the figure, is a seawall managed by FP.  It is 
noted that FP also manage the Rous Head seawall adjacent to the southern end of Port Beach. 

 
Figure 3.1 Location Plan of Port Beach Coastal Protection Structures 

To ascertain the condition and performance of the City’s coastal protection structures, MRA 
completed an inspection and assessment, which included:  

 Reviewing background and historical information available for each of the structures.  

 Conducting a visual inspection of each of the structures. 

 Assessing the condition and performance of each of the structures, based on the relevant 
standards and guidelines. 

 Collating relevant information and providing recommendations for maintenance for each of 
the structures. 

Headland 

Carpark Seawall 

Rous Head 

Inner Harbour 

FP Seawall 

Surf Club & Temporary 
Change Rooms Seawalls 
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The City’s structures were divided into 10 m chainages for the assessment, as shown below in 
Figures 3.2 to 3.4.  The carpark seawall (Figure 3.3 between chainages 110 and 130 m) and the 
temporary change rooms seawall (Figure 3.4) aren’t visible in the aerial images ( from Nearmap 
taken 2 May 2019), since they were constructed between June and July 2019.  The surf club 
seawall (Figure 3.4) isn’t visible in the aerial image, since it was buried and only exposed during 
winter storms in early June 2019. 

 
Figure 3.2 Port Beach Headland 
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Figure 3.3 Carpark Seawall 

 
Figure 3.4 Port Beach Surf Club & Temporary Change Rooms Seawalls 

3.1 Headland Background
The City managed headland is a rubble mound structure, which acts somewhat like a groyne 
trapping sand on either side depending on the season.  

Surf Club C
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Based on available aerial imagery, the original structure appears to have been constructed in 
2003, following a severe storm that destroyed an existing industrial seawall along this extent.  The 
industrial seawall destroyed following the event in May 2003 is shown below in Figure 3.5. 

 
Figure 3.5 Port Beach Seawall Destroyed in May 2003 Storm (DPI 2004) 

Following the failure of the industrial seawall, it is believed that some of the rock was reused in 
the adjacent structures, including the headland and carpark seawall (Section 3.2) .  However, it 
appears that some of this rock was never removed and still exists in the nearshore area within the 
Sandtrax compartment today as discussed further and shown in Section 3.11.  

The headland structure is approximately 100 m long and consists of limestone and basalt (likely 
from the old failed industrial seawall) rock.  It is understood that additional rock has been added to 
the structure from time to time since construction.   

There were no available design or construction drawings for the headland. 

3.2 Carpark Seawall Background 
The City managed carpark seawall is a rubble mound structure, fronting the carpark to the south 
of Coast Restaurant, surf club and change rooms. 

Similar to the headland, the carpark seawall appears to have been originally constructed in 2003.  
Over the years, aerial imagery shows the seawall covered (by sand and vegetation) and also 
exposed, likely depending on the metocean conditions in the respective seasons. 

The carpark seawall structure is approximately 130 m long and consists of limestone and basalt 
(likely from the old industrial seawall) rock.  It is understood that rock has been added to this 
structure from time to time since construction.  There were no available design or construction 
drawings for the carpark seawall. 
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More recently, in early June 2019, several winter storms with large waves and high water levels 
resulted in significant erosion along much of Port Beach.  During these storms, damage was 
experienced adjacent to the carpark seawall’s northern tie in.  This included a section of carpark, 
kerbs, a drain and its respective outlet as shown in Figure 3.6.  To prevent further loss over the 
2019 winter season and address emergency public safety hazards, the City extended the carpark 
seawall by approximately 20 m (between chainages 110 and 130 m).  This work was completed in 
June and July 2019. 

 
Figure 3.6 Port Beach Carpark Seawall Northern Tie In Damage (12/6/19) 

3.3 Surf Club Seawall 
The City managed surf club seawall is a rubble mound structure, fronting the sur f club. 

It is uncertain whether the surf club seawall was constructed purposefully or whether it comprised 
of dumped rocks.  Available aerial imagery shows its current extent covered by both sand and 
vegetation.  MRA inspected the shoreline along Port Beach a number of times in early 2019 and 
several rocks were exposed in the dunes, as shown in Figure  3.7.  However, there was insufficient 
information (design or construction drawings) and insufficient sections of the structure visible to 
complete a formal seawall inspection and assessment. 
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Figure 3.7 Rocks in the Dunes Fronting the Surf Club (30/1/19) 

However, the loss of dunes fronting the surf club, during the early June 2019 storms, exposed an 
approximately 20 m seawall section.   

3.4 Temporary Change Rooms Seawall 
During the early June 2019 storms, the dunes fronting the change rooms were lost entirely, 
undermining a wall along this extent as shown in Figure 3.8.  

 
Figure 3.8 Change Rooms Undermined Wall (12/6/19) 

To prevent further loss over winter 2019 and address emergency public safety hazards, the City 
constructed an approximately 30 m temporary seawall against the wall in front of the change 
rooms. 

MRA assisted the City in designing the temporary seawall, the drawings for which are provided in 
Appendix D.  The temporary seawall was designed to withstand around 3 years  of wave impact to 
enable the longer term adaptation options, presented in Section 5 of this report, to be developed 
and implemented.  The temporary change rooms seawall design was completed on the basis that 
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some maintenance is completed over the 3 year service life and that the area behind the seawall 
is managed for overtopping risks during storm events.   

The temporary change rooms seawall was constructed by the City in June and July 2019. 

3.5 Inspection & Assessment Methodology 
The methodology for the inspection and assessment of the above coastal protection assets is 
summarised in the following sections. 

3.5.1 Visual Inspection 
A visual walkover inspection of the visible portions of the City’s coastal structures was completed 
by MRA Coastal Engineer, Alex Clapin in the afternoon on 15 February 2019.  Following the 
damage experienced in the early June 2019 storms, a further inspection was completed in the 
morning of 17 July 2019 to ascertain any changes from the February inspection and to assess the 
new / exposed seawall sections. 

During these inspections, the following information was recorded for each 10 m chainage of each 
of the structures: 

 Notes on the general condition of the structures and any damage or deterioration.  

 Photographs (refer to Section 3.5.2). 

 Condition ratings (refer Section 3.5.3). 

The February 2019 inspection is included as Appendix E for reference and the July 2019 
inspection is detailed in the following sections. 

3.5.2 Photographic Records 
During the inspections of the structures, photographs were taken showing the general condition 
as well as specific locations of defects and damage.  The photos were geotagged with their 
location to enable referencing to the chainages along the relevant structures. 

3.5.3 Condition Assessment 
To enable asset owners and managers to understand the condition of coastal and marine 
structures and to prioritise maintenance work, MRA have developed a condition rating system 
based on the methodology outlined in Condition and Performance Rating Procedures for Rubble 
Breakwaters and Jetties (USACE 1998).  This system was adopted for the assessment of the 
City’s rubble mound structures along Port Beach. 

USACE (1998) recommends that the condition and functional ratings consider a range of 
structural defects including the following: 

 Breach or loss of crest elevation. 

 Core exposure or loss. 

 Armour movement or loss. 

 Loss of armour interlocking. 
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 Armour defects, weathering and undersize armour. 

 Slope defects. 

For each of these categories, a rating of 0 to 100 was applied that, together with the formulas 
outlined in USACE (1998), enables an overall condition rating to be determined for each 10 m 
chainage.  The condition ratings adopted are outlined in the following table.  

Table 3.1 Condition Ratings for Rubble Mound Structures 

Condition 
Rating Score 

(1 - 5) 

USACE Condition 
Rating 

(0 - 100) 

Description Condition 
Rating 

0 0 Not assigned a condition rating. Not Rated 

1 85 - 100 Sound Physical Condition. Excellent 

2 70 - 84 Acceptable physical condition; minimal short 
term failure risk but potential for deterioration. Good 

3 40 - 69 Significant deterioration evident; failure unlikely 
in near future but further deterioration likely. Average 

4 25 - 39 Failure likely in the short term. Poor 

5 0 - 24 Failed or failure imminent / safety risk.   Very Poor 

 

For areas of each of the structures requiring maintenance, the consequence was also determined 
in line with the following Table 3.2.  This table focuses on the financial, social and environmental 
consequences of structural failure.   
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Table 3.2 Consequence Rating 

Consequence 
Rating Score 

Description Consequence 
Rating 

0 Not assigned a consequence rating. Not Rated 

1 
Loss of assets being protected to value of $0 - $1,000. 

Insignificant impact to public amenity on the beach.  
Environmental impact can be repaired within 1 month. 

Insignificant 

2 

Loss of assets being protected to value of $1,000 - $10,000. 
Small impact on public beach amenity – can be readily reinstated. 

Environmental impact repairable; can be repaired within 1 - 6 
months. 

Minor 

3 

Loss of assets being protected to value of $10,000 - $100,000. 
Some impact on public use and amenity; loss of beach 

functionality. 
Environmental damage; can be repaired within 6 - 12 months. 

Moderate 

4 

Loss of assets being protected to value of $100,000 - $1.0M. 
Significant impact on public use of the beach and amenity. 

Long term environmental damage; will require at least 12 months 
to repair 

Major 

5 
Loss of assets being protected to value of more than $1.0M. 

Public amenity lost. 
Irreversible environmental impact; cannot be repaired or restored. 

Catastrophic 

 

The condition and consequence ratings were then applied in conjunction, based on the matrix 
shown in Table 3.3, to assist in prioritising the required maintenance works in line with Table 3.4. 

Table 3.3 Condition / Consequence Rating Matrix 

  Condition Rating 

  1 2 3 4 5 

C
on

se
qu

en
ce

 R
at

in
g 

5 Medium High Urgent Urgent Urgent 

4 Low Medium High High Urgent 

3 Low Medium Medium High High 

2 Low Low Medium Medium High 

1 Low Low Low Medium Medium 
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Table 3.4 Approximate Works Timing Schedule 

Combined Rating Works Timing 

Urgent Urgent < 6 Months 

High 6 Months – 5 Years 

Medium 5 – 10 Years 

Low 10 Years + 

 

3.6 Headland Assessment & Recommendations 
The headland generally has the following key features: 

 2 layers of limestone or basalt armour rock, with 1 to 4 rocks across the crest.  

 A slope of approximately 1V:1.5H to 1V:2H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 0.2 t and 9 t, with a characteristic weight (W50) of around 0.7 t.  The 
basalt armour rocks were generally between about 0.2 t and 9 t, with a characteristic weight 
(W50) of around 0.7 t. 

Some general photos of the structure are shown in the following figures. 

  
Figure 3.9 Headland Looking South (L) & North (R) (17/7/19) 

  
Figure 3.10 Centre of Headland Looking South (L) & North (R) (17/7/19) 
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Figure 3.11 Headland Northern Tie In (17/7/19) 

 
Figure 3.12 Headland Southern Tie In (17/7/19) 

The headland was generally in Average condition (as shown in Appendix F), with one section at 
the southern (CH 0) in Good condition.  The main defects and damage identified for the headland 
is summarised in the following table. 
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Table 3.5 Main Defects for the Headland 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope (CH 70) Core exposed  

 

Additional armour rock to 
be added 

Slope 
throughout 

Small loose 
rocks exposed in 

outer layers 

 

Small rocks to be 
removed from outer 

layers 

Slope / Toe 
(CH 30 to 60) 

Shelves and 
voids at the 

waterline 

 

Additonal rock to be 
added or rocks repacked 

to remove voids 
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Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Toe (CH 30 to 
60) 

Armour rocks 
rolled out 

 

Replace rocks rolled out 
at toe 

 

The maintenance works given in Table 3.5 are recommended to improve the condition of the 
headland.  The consequence rating was generally Moderate for the structure and therefore, 
maintenance should be completed as a Medium priority (5 to 10 years) in line with Tables 3.3 
and 3.4. 

3.7 Carpark Seawall Assessment & Recommendations 
The carpark seawall generally has the following key features: 

 1 to 2 layers of limestone armour rock, with 1 to 2 rocks across the crest. 

 A section near the southern tie in with basalt armour rock.  

 A slope of approximately 1V:1.5H to 1V:3H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 0.3 t and 9 t, with a characteristic weight (W50) of around 0.7 t.   

Some general photos of the carpark seawall are shown in the figures below. 
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Figure 3.13 Carpark Seawall Looking South (L) & North (R) (17/7/19) 

  
Figure 3.14 Recently Constructed Northern Section (CH110 to 130) (17/7/19) 

 
Figure 3.15 Carpark Seawall Southern Tie In (17/7/19) 
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The carpark seawall was generally in Average condition (as shown in Appendix F), with 2 central 
sections (CH 50 and 80) in Good condition.  The main defects and damage identified is 
summarised in the following table. 

Table 3.6 Main Defects for the Carpark Seawall 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope and crest 
throughout  

Geotextile 
exposed 

 

Repair damaged sections 
and place sufficient filter 

and armour rock over 
geotextile layer 

Slope and crest 
throughout  

Foreign material 
and items in 
outer layers 

 

Foreign material and 
items to be replaced with 

armour rock 

Slope and crest 
throughout  

Voids with core 
exposed 

 

Additonal rock to be 
added or rocks repacked 

to remove voids 
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Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope 
throughout 

Small loose 
rocks exposed in 

outer layers 

 

Small rocks to be 
removed from outer 

layers 

Toe (CH 10, 30 
to 50 and 70) 

Armour rocks 
rolled out 

 

Replace rocks rolled out 
at toe 

Crest and mid 
slope of 
recently 

constructed 
northern 
section 

(CH 110 to 130) 

Small loose 
rocks and rubble 
exposed in outer 

layers 

 

Small rocks and rubble to 
be removed from outer 

layers 

 

The maintenance works given in Table 3.6 are recommended to improve the condition of the 
carpark seawall.  The consequence rating was generally Major for the structure due to popularity 
of the adjacent beach and users sitting in front or on the seawall as well as the high value 
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infrastructure that it protects.  Therefore, the maintenance should be completed as a High priority 
(6 months to 5 years) in line with Tables 3.3 and 3.4. 

It is noted that the armour rock of the recently constructed northern section was mostly hidden by 
sand at the toe and sand / rubble at the crest, placed after the armour rock.   

Storm events and subsequent large waves and high water levels, similar to those experienced in 
June 2019, will likely result in the overtopping of this seawall.  If the subsequent hydraulic 
pressure is high enough during these events, small loose rocks and rubble in the outer layers may 
become projectiles and create public safety hazards.  These loose rocks and rubble also have the 
potential to end up being spread along the nearby beach.  

3.8 Surf Club Seawall Assessment & Recommendations 
The surf club seawall generally has the following key features: 

 1 to 2 layers of limestone armour rock, with 1 to 2 rocks across the crest. 

 A slope of approximately 1V:1.5H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 1 t and 5 t, with a characteristic weight (W50) of around 4 t.   

Some general photos of the surf club seawall are shown in the figures below.  

 
Figure 3.16 Surf Club Seawall (17/7/19) 
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Figure 3.17 Surf Club Seawall Northern (L) & Southern (R) Tie Ins (17/7/19) 

The surf club seawall was generally in Average condition (as shown in Appendix F).  The main 
defects and damage identified for the surf club seawall is summarised in the following table. 

Table 3.7 Main Defects for the Surf Club Seawall 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Northern tie in 
(CH 0) 

Drainage pipe in 
mid slope 

 

Replace drainage pipe to 
meet current day 

standards 

Mid slope 
(CH 0) 

Broken armour 
rock 

 

Remove broken rock from 
outer layer 

 

The maintenance works given in Table 3.7 are recommended to improve the condition of the surf 
club seawall.  The consequence rating was generally Major for the structure due to popularity of 
the adjacent beach and users sitting in front of the seawall as well as the high value infrastructure 
that it protects.  Therefore, the maintenance should be completed as a High priority (6 months to 
5 years) in line with Tables 3.3 and 3.4. 
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3.9 Temporary Change Rooms Seawall Assessment & Recommendations 
The temporary change rooms seawall generally has the following key features: 

 1 to 2 layers of limestone armour rock, with 1 to 2 rocks across the crest. 

 A slope of approximately 1V:1.5H to 1V:2H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 0.1 t and 4 t, with a characteristic weight (W50) of around 1 t.   

Some general photos of the temporary change rooms seawall are shown in the figures below. 

  
Figure 3.18 Changerooms Seawall Looking South (L) & North (R) (17/7/19) 

  
Figure 3.19 Changerooms Seawall Northern (L) & Southern (R) Tie Ins (17/7/19)  

The temporary changerooms seawall was generally in Average condition (as shown in 
Appendix F).  The main defects and damage identified for the temporary change rooms seawall is 
summarised in the following table. 
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Table 3.8 Main Defects for the Temporary Changerooms Seawall 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope 
throughout 

Small 
insufficiently 
sized armour 

rocks 

 

Replace with sufficiently 
sized armour rocks 

Crest 
throughout 

Small loose 
rocks and rubble 
exposed in outer 

layers 

 

Small rocks and rubble to 
be removed from outer 

layers 

 

The maintenance works given in Table 3.8 are recommended to improve the condition of the 
temporary changerooms seawall.  The consequence rating was generally Major for the structure 
due to popularity of the adjacent beach and users sitting in front of the seawall as well as the high 
value infrastructure that it protects.  Therefore, the maintenance should be completed as a High 
priority (6 months to 5 years) in line with Tables 3.3 and 3.4.  

As for the northern section of the carpark seawall, the temporary changerooms seawall may 
experience overtopping during storm events and subsequent large waves and high water levels.  
This may result in the small loose rocks and rubble in the outer layers becoming projectiles and 
creating public safety hazards.  These loose rocks and rubble also have the potential to end up 
being spread along the nearby beach.  

3.10 FP Seawall 
The FP seawall is an approximately 250 m long limestone rubble mound structure that extends 
north from the Rous Head Ultimate Extension (2009 to 2010) along the western side of Port 
Beach Road.  The seawall was constructed in late 2004 in conjunction with the Port Beach Road 
realignment. 

The design and as constructed drawings of the Port Beach Road seawall are provided in 
Appendix G. 

FP complete annual visual inspection and condition monitoring of this seawall in line with a 
management plan for all of their coastal protection assets.  Recent photographs of the FP Port 
Beach Road seawall are provided below in Figure 3.20. 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page 54 

  
Figure 3.20 FP Port Beach Road Seawall  

The most recent inspection (MRA 2019a) determined that the majority of the FP seawall was 
covered by dunes and established vegetation and unable to be fully inspected.  Further analysis 
of aerial imagery since construction indicates that the structure has been buried since and is 
therefore unlikely to have suffered significant damage.  Based on a similar condition classification 
to that used in Table 3.1, the Port Beach Road seawall was considered to be in generally Good 
condition (MRA 2019a). 

3.11 Other Rock Sections Along Port Beach 
It was also noted during inspections at Port Beach, following the early June 2019 storms, that 
there are other sections of rock along the beach within the Sandtrax compartment.  

These included a section of armour sized limestone and basalt rocks south of the headland 
(Figure 3.21) and various patches of similar rock along the shoreline between the headland and 
Rous Head Ultimate Extension (2009 to 2010) (Figure 3.22).  These are likely remnants from the 
industrial seawall failed in 2003. 

 
Figure 3.21 Section of Rocks South of the Headland (17/7/19) 
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Figure 3.22 Sections of Exposed Rocks Between Headland & Rous Head (17/6/19) 
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4. Community Engagement 
At the commencement of the Port Beach adaptation options project, a community and stakeholder 
engagement plan was developed (MRA 2019b) in consultation with the Project Working Team.  
The overall aim of the community engagement approach was to provide opportunities for 
stakeholders and the local and broader community to meaningfully contribute and remain 
informed throughout the project.   

The community engagement process involved 2 key components: 

 A broader Community Values Survey. 

 Feedback sought through the formal engagement of key stakeholders in the Port Beach 
Reference Group. 

4.1 Community Values Survey 
The community were invited to complete a Community Values Survey to obtain feedback on how 
the City’s coastline is valued and used.  The survey was open between 22 February and 24 March 
2019 and available for completion online via www.mysay.fremantle.wa.gov.au.  The survey was 
advertised extensively through various mediums and a total of 214 valid responses were 
collected. 

The Community Values Survey Outcomes Report is provided in Appendix H and summarises the 
survey advertisement, questions, respondent demographics and responses received.   

Importantly, the outcomes of the Community Values Survey are consistent with outcomes from 
both of the following previous studies, which also included broader community engagement to 
understand the social and environmental values at Port Beach. 

 The Perth Coastal Recreational Use Study completed by Curtin University (2018) for the 
Department of Local Government, Sport and Cultural Industries. 

 The CHRMAP (GHD 2017), as summarised in Section 2. 

The results of the Community Values Survey were used to inform the development of the 
adaptation options and the MCA process which are detailed in Sections 5 and 6 respectively.  

4.2 Port Beach Reference Group 
The Project Working Team identified many significant stakeholders for coastal adaptation planning 
at Port Beach.  To enable the effective consideration of all of these stakeholders and to provide a 
means of informing and consulting with the entire community throughout the course of the project, 
a Port Beach Reference Group was established with members from each of the following 
agencies: 

 City. 

 FP. 

 DoT. 

 Town of Mosman Park. 
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 Department of Water, Environment and Regulation. 

 DPLH. 

 LandCorp. 

 Main Roads Western Australia. 

 Port Beach Polar Bears. 

 Fremantle Surf Life Saving Club. 

 North Fremantle Precinct Group. 

 Leighton Action Coalition. 

 Leighton Owners Precinct Group. 

The Port Beach Reference Group collaborated at 2 workshop sessions and achieved the 
following: 

Workshop 1 
 Understanding the history and development of Port Beach, high level coastal processes that 

impact the beach and the current issues facing the beach.  The purpose of the project being 
to identify adaptation options so as to mitigate the risk of erosion into the future was also 
explained.   

 Assisting in shaping the MCA assessment criteria and weightings prior to the Community 
Values Survey. 

 Understanding the key considerations of the Port Beach Reference Group and from other 
stakeholders. 

Workshop 2 
 Understanding the feedback from the Community Values Survey and how i t informed the 

development of the MCA criteria and weightings. 

 Assisting in evaluating the potential concept adaptation options related specifically to the 
social and environmental criteria in the MCA. 

A third workshop is scheduled with the Port Beach Reference Group to present and discuss the 
outcomes of this report and the next steps required to progress an adaptation option. 

Further consultation with the Port Beach Reference Group members was also completed 
throughout the duration of the project.  This various included meetings, discussions and site visits.  

Further details on the Port Beach Reference Group consultation and workshops are provided by 
the Community Values Survey Outcomes Report attached as Appendix H. 
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5. Adaptation Options 
5.1 Key Considerations 
Throughout the course of the project, consultation with the City identified the following 
considerations for developing a strategic direction for the management of Port Beach:  

 The Westport Strategy is currently underway to provide guidance to the State Government 
on the rail, road and port facilities required to deliver a 50 to 100 year integrated solution to 
Perth’s future infrastructure needs, create jobs and support the Western Australian economy.  
The outcomes of the Westport Strategy may influence the long term future of the Fremantle 
Port.  While the Port is operational, the City is supportive of mainta ining access to FP.  That 
being said, pending decisions on the long term future of the Fremantle Port, opportunities to 
relocate the Port Beach Road Reserve (including verge space for drainage, lighting and 
utility services) further east to establish an enduring coastal reserve over a longer term 
timeframe are to be reviewed and assessed.  This requires considerations, as outlined in the 
State Coastal Planning Policy (SPP2.6; WAPC 2013) Clause 5.9(i) including: 

 Significant natural features such as coastal habitats and, for their biodiversity, 
archaeological, ethnographic, geological, geo-morphological, visual or wilderness, 
biodiversity and ecosystem integrity, heritage, landscape, seascape, and visual 
landscape values. 

 Likely impacts of coastal hazards. 

 Opportunities for public access, public recreation needs and safety to lives and 
property. 

The provision of foreshore reserve is to be advocated through a joint planning exercise with 
the State Government and affected landowners. 

 Recognising the limited remaining lifespans of existing infrastructure (car park, change 
rooms, surf club and café), retreat within the coastal zone and the provision of temporary 
replacements is to be reviewed and assessed. 

Whilst the City’s strategic direction for the management of Port Beach are noted and are a key 
consideration when reviewing potential adaptation options, key requirements of other relevant 
stakeholders are also critically important.  For instance, the following key requirements came to 
light during stakeholder consultation.   

 Consultation with FP revealed safety concerns between large trucks accessing the Port and 
beach users accessing Sandtrax from Port Beach Road (including beach users accessing 
the southernmost carpark along Port Beach Road).  There is currently an approximately 
180 m long strip carpark that extends south from the existing City headland (Section 3).  FP 
have recorded incidents and near misses between trucks servicing the Port and vehicles / 
beach users at this section of Port Beach Road.  Resultingly, it was agreed by the Project 
Working Team and discussed with the Port Beach Reference Group that the adaptation 
options shouldn’t enhance or expand the carparking facilities in this location.  Any expansion 
or enhancement of the carparking facilities here would need to further investigate and 
adequately address any safety issues between the trucks servicing the Port and vehicles / 
beach users. 
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 Consultation with Main Roads Western Australia, indicated that any changes to Port Beach 
Road, such as realignment, are not feasible within the short term (to 2040).  This was 
conveyed to and discussed with the Port Beach Reference Group and confirmed in a 
meeting with Main Roads Western Australia in August 2019.  It was outlined that, while there 
may be a future scope to consider a realignment of Port Beach Road should the transport 
needs change with the Westport Strategy currently being investigated, adaptation would 
likely be required prior to this being considered.   

Given the above, the consideration of adaptation options within this assessment has focused on a 
short to medium term horizon to 2040.  This planning horizon is considered to be sufficient to 
provide a meaningful solution to the current erosion issue and justify the extensive engagement 
and adaptation option development process undertaken as part of this project.  The 2040 planning 
horizon also enables a sufficient length of time in order for subsequent longer term adaptation 
options to be developed when a better understanding of the potential for realignment of Port 
Beach Road or other factors is available.   

Further to the above, and in accordance with relevant planning and environmental requirements, it  
was highlighted among the Project Working Team that any adaptation options at Port Beach 
should not adversely impact the adjacent sections of coastline.  This includes transferring any of 
the Port Beach erosion issues downstream (north) with the construction of sand holding 
structures.  Similarly, any sand nourishment of Port Beach shouldn’t result in negative impacts to 
adjacent areas including the Cottesloe Reef Habitat Protection Area.  This area encompasses the 
Cottesloe Reef System from North Street to the southern boundary of the Town of Mosman Park.   

In summary, the City and other relevant stakeholder’s key considerations and requirements 
provides the parameters for the development / assessment of the adaptation options and the 
implementation of a selected option over a planning horizon to 2040.  However, in the context of 
this scope, Table 5.1 summarises the design assumptions for this assessment. 

Table 5.1 Design Assumptions for the Development of Adaptation Options 

Design Assumptions 

No additional development or provision of additional car parking areas around Sandtrax given safety 
issues associated with interactions between trucks servicing the Port and vehicles / beach users.  

Port Beach Road will not be relocated within the planning horizon to 2040 unless affected by future 
planning decisions in respect to the operation of the Port. 

Any development option cannot adversely impact adjacent sections of coastline.  

 

5.2 Available Adaptation Options 
The CHRMAP (GHD 2017) identified that risk adaptation strategies were required to address the 
erosion hazard risks at Port Beach.   

SPP2.6 outlines a hierarchy of risk adaptation and mitigation options, where options that allow for 
a wide range of future strategies are considered more favourably.  This hierarchy of options is 
reproduced in Figure 5.1.   
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Figure 5.1  Risk Management & Adaptation Hierarchy 

These 4 broad option categories are generally outlined below: 

 Avoid – avoid new development within the area impacted by coastal hazards. 

 Retreat – the relocation or removal of assets within an area identified as likely to be subject 
to intolerable risk of damage from coastal hazards. 

 Accommodation – measures which suitably address the identified risks. 

 Protect – used to preserve the foreshore reserve, public access and public safety, property 
and infrastructure.  

The assessment of these options is generally done in a progressive manner, moving through the 
various options until appropriate adaptation is found.  It is noted that appropriate adaptation 
measures may vary significantly depending on the location being considered and that a range of 
complimentary strategies may be appropriate.  For example, beach nourishment can be 
completed in conjunction with the construction of a seawall.  

To effectively develop risk adaptation and mitigation strategies, suitable for Port Beach, a number 
of options were identified and considered.  A full list of available risk adaptation and mitigation 
strategy options is summarised in Table 5.2.  The table presents a number of strategies within 
each of the 4 broad categories and outlines the respective names, codes, descriptions, 
considerations for the MCA and potentially applicable assets (WAPC 2014).  It is important to note 
that these strategies are generic in nature and outlined in order to provide context to the following 
sections of this report. 
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Table 5.2 Available Risk Adaptation & Mitigation Strategy Options 

Category Name Code Description Multi Criteria Analysis Consideration Potential Assets 

Avoid 

Locating assets 
landward in areas that 
will not be vulnerable 
to coastal hazards. 

AV1 Assets will not be vulnerable to coastal hazards. Financial resources will not be required to be spent on management and 
adaption. 

All assets in the coastal zone. 

Planned / 
managed 

retreat 

Leaving assets 
unprotected. 

PMR1 Accept loss following hazard event.  Only implement repairs to 
maintain public safety.  Allow for retreat that allows natural 

recession of the shoreline over the long term. 

Save financial resources for better use. All low cost / temporary / easily relocatable 
recreational amenities. 

Demolition / removal / 
relocation of assets 
from inside hazard 

areas. 

PMR2 This option is relevant for assets of low value where it is impractical 
both technically and financially to design the asset to withstand the 

impact of the hazards instead of relocating it. 

Allows amenities to be retained, realising the social and economic values, 
until such time that the asset needs to be relocated.  Can often coincide 

with asset replacement.  This also enables to cost of relocation to be 
shared with the cost of asset replacement.  This reduces the overall cost in 

present and future time. 

All low cost / temporary / easily relocatable 
recreational amenities. 

Prevention of further 
development / prohibit 
expansion of existing 

use rights. 

PMR3 This option would enable existing development and use rights to 
continue without increasing them, until such time that impacts arise.  

Specified in a local planning scheme. 

Generally applicable where protection of assets is not viable. All assets where it is impractical to ultimately 
implement protection. 

Voluntary acquisition. PMR4 This option would require the acquisition of affected properties, on a 
voluntary basis. 

This option enables for the removal of private property(s) located within a 
land use that would otherwise be permitted, to retreat to ensure land in the 
coastal zone is continuously provided for coastal foreshore management, 
public access, recreation and conservation, and where alternative options 

are not viable for the property and adjacent land. 

All private property where it is impractical to 
ultimately implement protection. 

Accommodate 

Notification on title 
(also relevant to 

planned/managed 
retreat and protect 

options). 

AC1 Indicates to current and future land owners that an asset is likely to 
be affected by coastal erosion and / or inundation over the planning 

timeframe.  Helps current and future owners make informed 
decisions about the level of risk they are / may be willing to accept 
and that risk management and adaptation is likely to be required at 

some stage within the planning timeframe. 

This option allows coastal hazard vulnerability to be conveyed to existing 
and future owners.  One means of implementation that is low cost, is 

through decision making for subdivision and development. 

All assets located within an area vulnerable to 
the adverse impacts of coastal erosion and 
inundation within the planning timeframe. 

Emergency 
evacuation plans (also 
relevant to planned / 
managed retreat and 

protect options). 

AC2 Where existing assets may be affected by inundation and are not 
already identified in an existing emergency evacuation management 

plan.  Such plans are important in managing the safety of 
community and stakeholders. 

This option is a low cost option in addressing the consequences of 
inundation with regard to safety to lives as the impact occurs. 

Roads (with particular regard to managing 
traffic flows during an event), carparks, 

residential property, hospitals, aged care 
facilities, schools, child care facilities and surf 

lifesaving clubs. 

Design assets to 
withstand impacts. 

AC3 Where avoiding or relocating an asset is not an option, design of 
assets to withstand the impact of inundation. 

This option is aimed at retaining existing assets in locations but reducing 
the consequences of the inundation hazard.  It is cheaper to mitigate the 

impacts with initial design outcomes as opposed to retrofitting existing 
assets in the future. 

Roads, carparks, residential property, 
hospitals, aged care facilities, schools, child 

care facilities and surf lifesaving clubs. 
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Category Name Code Description Multi Criteria Analysis Consideration Potential Assets 

Protect 

Beach nourishment or 
replenishment. 

PR1 This option involves the placement of sand on the upper beach face 
and dunes to re-establish the sandy beach and provide a sediment 

supply. 

Availability of suitable sand sources. Where suitable sources are not 
readily available or a considerable distance away, costs are increased.  If 

the nourishment sand is significantly finer than the existing beach sand the 
nourishment sand will be lost quickly. 

High use beaches and foreshore reserves 
where retreat is not an option. 

Groynes. PR2 This option involves the construction of groynes to stop or restrict 
the movement of sand around the end of the structure, to provide 

protection to assets behind the beach / foreshore reserve.  They are 
primarily effective where there is longshore sand supply. 

Groynes form a cross shore barrier that traps sand that moves alongshore.  
Groynes are not effective as a means of managing short term storm 
erosion.  Groynes could be expensive and change the nature and 

appearance of the coast.  This needs to be weighed up against the value of 
the assets being protected. 

High use beaches and foreshore reserves 
where retreat is not an option.  Where assets 
value is high and relocation is not an option. 

Seawalls. PR3 This option involves construction usually along an entire section of 
shoreline.  Where a beach is to be retained, this option should 

generally be accompanied with beach nourishment or 
replenishment. 

Seawalls are expensive and change the nature and appearance of the 
coast.  Seawalls protect the land not the beaches.  Needs to be 

accompanied by greater beach nourishment / replenishment, which adds to 
the cost of option.  This needs to be weighed up against the value of the 

assets being protected. 

High use beaches and foreshore reserves 
where retreat is not an option.  Where assets 
value is high and relocation is not an option. 

Do Nothing 

Do nothing. DN1 This option assumes all levels of risk are accepted, and assumes 
that there is no change in existing planning controls, and no actions 
are implemented (i.e. no controls are implemented to treat known 

coastal risks). 

This option does not involve any new action.  Where existing levels of risk 
are low, accepting the risk may be appropriate.  However, it may not be 

appropriate for high risk locations / assets.  The cost of "do nothing" may 
be substantially greater in the future than the current cost of implementing 
planning controls.  This is because the value of land at risk continues to 

increase, as does the cost of mitigating recession impacts over time (such 
as retrofitting or even abandoning lost lands).  Further, as the value of land 
at risk continues to increase over time, implementation of retreat options in 
the future, to ensure land in the coastal zone is continuously provided for 

coastal foreshore management, public access, recreation and 
conservation, become increasingly desirable while more difficult to 

implement. 

This option is assessed at all locations. 
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5.3 Preliminary Adaptation Options 
The primary aim of the Port Beach adaptation option project was to develop and assess 
4 preliminary adaptation options over the 20 year planning timeframe to 2040.   

Based on a preliminary assessment of the Community Values Survey outcomes (Section 4) and a 
review of the available adaptation options (Table 5.2), several concepts were workshopped by the 
Project Working Team.  From this, 4 adaptation options were identified as being potentially 
appropriate for Port Beach and selected for further investigation, discussions with the Port Beach 
Reference Group and assessment in the MCA (refer to Section 6).   

5.3.1 Considerations for All Adaptation Options 
As discussed previously, the occurrence of small rocks along the beach has been an ongoing 
issue at Port Beach for the City and FP (MRA 2018a).  Various remedial works have been 
completed over the years to manage this issue and to remove small rocks from the upper sand 
layers.  However, given the composition of the beach material at Port Beach (Section 2), likely 
comprising of a significant portion of small rock fragments from early dredg ing campaigns, the 
occurrences have continued.   

The ongoing issues regarding the small rocks have been recorded by the City and FP over the 
years and were again reflected in the Community Values Survey completed as part of this project.  
For each of the concept options developed, an allowance has been included in each of the 
construction cost estimates to screen and remove small rocks from the top 2 m of the beach at 
Sandtrax and the southern 200 m of South Tydeman.  However, as outlined in Section 2.2.6, the 
occurrence of small rock fragments is likely to continue to occur from time to time despite initial 
screening.  This would be a potential operating cost for all of the options  depending on the 
management requirements. 

An allowance has also been included in each of the construction cost estimates to remove the 
rock along the Sandtrax compartment shoreline from the remnant industrial seawall (refer to 
Section 3).  These rocks present a hazard to beach users and swimmers when exposed. 

5.3.2 Baseline 
It is important to consider the baseline case for Port Beach, if no adaptation is completed over the 
short term planning horizon to 2040.  Each of the 4 options presented in the following sections will 
be compared to this base case, which is essentially a “Do Nothing” strategy (refer to Table 5.2) 
over the 20 year design life. 

To determine the potential position of the shoreline at the end of the short term planning horizon 
(to 2040), if no adaptation is completed, the following factors were assumed: 

 Continuation of the erosion trends calculated between 1993 and 2016 (shown in Figure 2.9) 
over the 20 year timeframe to 2040. 

 11 m of erosion due to sea level rise, calculated as 100 times (SPP2.6) the projected sea 
level rise value of 0.11 m taken from the Department of Transport’s (2010) recommendations 
(Figure 5.2).  These allowances have been adopted by the Western Australian Planning 
Commission (WAPC; and SPP2.6) for use in coastal planning along the Western Australian 
coast. 
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Figure 5.2 Recommended Allowance for Sea Level Rise (DoT 2010) 

With regard to the continuation of erosion trends along this section of coastline, the approach 
used in the CHRMAP (GHD 2017) was the simplified approach advocated by SPP2.6  and was 
appropriate for this level of assessment.  This approach essentially forecasts the future erosion of 
the shoreline based on a continuation of the observed shoreline movement rate into the future 
without change.  This is a commonly implemented approach and provides an indication of 
potential risk, however the rationale for this approach is strongest when considering an 
uninterrupted shoreline where changes in shoreline alignment, as a result of the erosion, are not 
expected to be overly significant.   

In the case of Port Beach, the southern extent of the shoreline is bounded by the Rous Head 
Ultimate Extension (2009 to 2010).  Resultingly, as the shoreline erodes an overall rotation of the 
shoreline can be expected (due to a higher rate of erosion at the southern end of the beach than 
at the northern end of the beach).  The Shore Protection Manual (US Army Corp of 
Engineers 1984) outlines that a change in shoreline alignment by as little as 5 degrees can result 
in a reduction in longshore sediment transport by as much as an order of magnitude.  Therefore, 
ongoing erosion of the shoreline may actually result in a decrease in the rate of erosion along Port 
Beach in the future. 

As an example of this, results from shoreline evolution modelling previously completed by MRA for 
Port Beach are presented in Figure 5.3.  This modelling was completed to determine the potential 
future changes to the beach caused exclusively by longshore transport (excluding the impacts of 
sea level rise and storm erosion).  The results suggest that over the longer term the rate of 
shoreline recession at Port Beach should reduce, however for the period up to 2040, the rates of 
shoreline recession would be very similar to the observed contemporary rates.   
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Figure 5.3 Results from Previous UNIBEST Modelling of Port Beach Shoreline  
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Based on the results of the UNIBEST modelling and observed historical shoreline movement, in 
combination with an allowance for projected sea level rise, the indicative summer position of the 
shoreline (mean sea level) in 2040 is shown in the following Figures 5.4 and 5.5 as well as at a 
larger scale in Appendices A and B.  This is the baseline case to be used as a reference for 
evaluating each of the concept options presented in the following sections. 

 
Figure 5.4 Port Beach Base Line 

 
Figure 5.5 Base Line - Oblique Image 

It is noted that the shoreline position is also subject to acute erosion caused by severe storm 
events or a series of winter storms, which isn’t shown by the indicative 2040 shoreline in 
Figures 5.4 and 5.5.  Potential storm erosion was calculated in the Coastal Hazard Assessment 
(GHD 2017) as between 10 and 25 m (refer to Table 2.2) for various ARI events. 

Further erosion of the shoreline over the 20 year timeframe to 2040 would increase the coastal 
hazard risks (already considered extreme (GHD 2017) in the short term) and vulnerability of the 
Port Beach area to coastal erosion.  Infrastructure would likely also be lost within the 20 year 
timeframe, which could happen in quick succession with severe storm events or a  series of winter 
storms.  Indicative areas for infrastructure that could be lost are shaded in Figures 5.4 and 5.5. 

INFRASTRUCTURE 
MAY BE LOST 
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The risk tolerance of the City, as presented in the CHRMAP (GHD 2017), needs to be considered 
in deciding which adaption option to proceed with, whether this be the “Do Nothing” baseline case 
or one of the options presented in the following sections.  

5.3.3 Option 1 - Retreat & Protect 
Option 1 is to retreat the vulnerable assets, including the carparks, change rooms, surf club and 
café, to less vulnerable sections of the coastline further north and eventually (with further 
shoreline recession) build a seawall to protect Port Beach Road.   

In the shorter term timeframes, the vulnerable assets could be progressively removed (ideally at 
the end of their respective service lives) and rebuilt behind the more stable coastline , as labelled 
in the Figure 5.6.  However, since this area is currently considered to be at extreme risk 
(GHD 2017), some infrastructure would require retreat now to bring the risk  of erosion hazard 
impact to tolerable levels.  As per the design assumptions discussed in Section 5.1, Port Beach 
Road would require protection, which is provided in this option by a seawall extending from the 
existing FP seawall up to the relatively stable section of beach near Leighton.  The seawall would 
be a rubble mound structure, similar to the existing FP seawall, and would likely be buried in the 
shorter term timeframes.  The seawall would be expected to be exposed more frequently over the 
planning horizon with continued shoreline erosion. 

Based on the shoreline movement rates outlined in Section 2.3.2, it is expected that a seawall 
would be required to protect the critical sections of Port Beach Road within the coming decade. 

Design Requirements 
The design of the seawall will need to be able to withstand the impacts of elevated waves and 
water levels during the design event.  However, an important aspect to consider as part of the 
design will be the potential for shoreline recession that is expected to continue to occur over the 
20 year design life of the structure, given the ongoing effects of longshore transport losses 
combined with projected sea level rise (as discussed in Section 5.3).     

For concept design, the design event has been selected based on the recommendation of 
SPP2.6, which notes that the design event for coastal erosion hazards should be an event with an 
annual encounter probability of 1%.  This is equivalent to the 100 year ARI event.  Details of 
coastal erosion events with a 100 year ARI severity are provided in MRA (2018b) and were 
simulated using SBEACH as part of the concept design process to determine the potential design 
conditions at the seawall.  This information is summarised in Appendix I for reference. 

SBEACH was developed by the Coastal Engineering Research Centre to simulate beach profile 
evolution in response to storm events.  It is described in detail by Larson & Kraus (1989).  Since 
this time the model has been further developed, updated and verified based on field 
measurements (Wise et al 1996).  Primary inputs to the model include time histories of wind 
speed, wave height, period and still water level elevation, as well as the initial beach profile and 
seawall locations (refer to Appendix I).  

The level of exposure of the seawall to elevated waves and water levels will obviously vary with 
increased beach width in front of the structure.  Given the nature of the observed shoreline 
movement, with increased erosion rates towards the southern end of Port Beach, the exposure of 
the seawall is expected to be highest at the south where the beach width would be comparatively 
narrow.  The design conditions used for the concept design of the seawall are summarised in 
Appendix I, however also provided below for reference. 
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Table 5.3 100 Year ARI Design Event Conditions Along the Seawall  

Seawall Significant Wave 
Height 

Peak Wave Period Water Level 
(including setup) 

Primary Seawall 1.4 – 2.0 m 10 sec 1.7 – 2.0 mAHD 

 

Using the van der Meer formula (CIRA, 2007) for armour stability, the estimated armour rock size 
was determined.  Based on limestone armour rocks with a Saturated Surface Dry Density (SSDD) 
of 2.2 t/m3, a design armour size of 4 tonnes has been selected for the concept design.  It is noted 
that this armour size has been selected based on the most exposed section of the seawall and 
may therefore be slightly larger than actually required at the northern end of the structure.  
Nevertheless, for conceptual design it is considered appropriate to conservatively use the same 
armour size along the length of the seawall.  This conservative inclusion is made on the basis that 
if this option is preferred then the refinement of the design through the future design process can 
consider whether it is possible to reduce the armour size in the northern area once a more 
detailed assessment of future shoreline movement is made.  Additionally, it is noted that the 
extent of protection under this option is generally going to be limited to  the protection of Port 
Beach Road that is south of Tydeman Road.  It is noted that this section of road is less likely to be 
able to be retreated in the future due to the presence of Port infrastructure, including the rail line 
and rail terminal.  Thus, if this option was to be implemented, it may be desirable to increase the 
potential longevity of any protection in this area.  In this regard, an armour size that can 
accommodate further exposure in this area would be desirable.  

As a point of reference for the selected armour size, the existing seawall at the southern end of 
Sandtrax that was constructed by Fremantle Ports, also utilises 4 tonne limestone armour rock 
(Appendix G, ARUP 2006).    

Based on the existing elevation of the surrounding area, a crest height of 4.5 m AHD has been 
adopted for the concept design.  This elevation would provide a sufficient level of defence against 
wave overtopping to ensure that Port Beach Road would be safe for vehicle traffic during the 
design event and that the adjacent area would be safe for pedestrians.  This assessment is made 
based on the overtopping criteria outlined in EurOtop (2016) and an assessed overtopping rate of 
approximately 0.7 l/s/m at the rear of the structure crest (allowable overtopping rates for ve hicles 
is 10-20 l/s/m and 1 l/s/m for pedestrians).  To resist the potential for toe scour of the seawall a 
toe elevation of -1 mAHD has been used in the concept design based on an estimation of toe 
scour depths.   

A layout plan and typical cross section for this option is presented in Figure 5.6 as well as at a 
larger scale in Appendix A.  It is noted however, that the seawall is unlikely to remain buried over 
the planning horizon to 2040 and may be exposed from continued erosion or during storm events. 
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Figure 5.6 Option 1 - Retreat & Protect 

An important consideration for this option is the likely composition of the underlying material within 
the area being retreated.  The composition of this material likely includes small rock fragments 
from early dredging campaigns as well as old industrial infrastructure and services.  Retreating to 
provide usable beaches in these areas would require further investigation to determine the 
suitability of the underlying material.  The demolition and decommissioning of the infrastructure 
required for this Option 1 would likely be undertaken at a higher standard than that completed 
historically at Port Beach.  However, given that the shoreline has been moved significantly 
seaward (Figure 2.1) of its natural position with the placement of dredge material, this material 
may require screening or potentially excavation and replacement with suitable material.  This 
could result in significant cost increases which haven’t been allowed for in the following capital 
cost estimate (Table 5.4).   

The alignment of the existing headland has been retained in Option 1, since it assists somewhat 
in slowing down the longshore sediment transport of sediment from Sandtrax to the north. 

As accessing the beach over the proposed seawall wouldn’t be practical or safe, 3 beach access 
stairs are included in Option 1 that connect the foreshore path to the beach.  

To further illustrate what Option 1 could look like at Port Beach, the following indicative oblique 
image has been developed and is also provided at a larger scale in Appendix B. 
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Figure 5.7 Option 1 - Retreat & Protect Oblique Image 

The advantages and disadvantages for Option 1 are provided below: 

Advantages 
 Protects landward infrastructure (Port Beach Road). 

 The majority of the structure would be buried in the shorter term timeframes and could be 
vegetated to minimise visual impact. 

 In the short term, the retreat of existing assets would mean that a wider area of beach would 
be available for use. 

Disadvantages 
 The beach can be lost, exposing the seawall, from time to time during storm conditions , 

likely in the longer term timeframes with continued shoreline erosion. 

 There are a reduced number of access points (3) to the beach. 

 The amenities, relocated further north, are further away and more difficult to access from the 
Port Beach area. 

 Likely some loss in the number of carpark bays. 

 Small rock issues are likely to continue to occur from time to time from chronic and acute 
erosion. 

Construction & Operating Cost Estimates 
The concept level capital and operating cost estimates have been calculated for 
Option 1 - Retreat and Protect.  These are based on Contractor’s rates for similar projects 
completed recently in the Perth Metropolitan region and are summarised in Tables 5.4 and 5.5 
respectively. 
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Table 5.4 Option 1 - Retreat & Protect Capital Cost Estimate 

 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page 72 

Table 5.5 Option 1 - Retreat & Protect Operating Cost Estimate 

 

Based on the capital and annual operating costs of Option 1 - Retreat and Protect, the Net 
Present Value (NPV) was calculated as summarised in Appendix J.  The calculation assumed a 
discount rate of 3% over a period of 30 years and resulted in an NPV of approximately 
$8.5 million.  It is noted that an NPV period of 30 years has been used in this assessment, rather 
than a period of 20 years (which would correspond to the planning horizon), in order to provide 
some float in case the future adaptation planning and realisation of the City’s strategic direction is 
delayed in any way.  This was discussed and agreed with the Project Working Team.  

As shown in the NPV summary in Appendix J, the capital cost to construct the entire seawall has 
been allowed for in year 1.  However, if the seawall is constructed in a staged process, the cost 
estimates would need to be revised accordingly. 

5.3.4 Option 2 - Protect 
Option 2 is to protect the majority of the existing infrastructure with a seawall connecting to the FP 
seawall and running north up to the relatively stable section of beach near Leighton.  The 
protected infrastructure includes the change rooms, surf club, café and carparks (minus a small 
section of the carpark adjacent to the existing City seawall).  By removing the small section o f the 
carpark, a wider beach area would be provided in the short term and a useable beach would 
remain at this location for a longer period of time.  Furthermore, the minor loss of parking bays for 
this option could be offset by providing a formal carpark to the north, landward of the less 
vulnerable section of coastline.   

Design Requirements 
Similar to Option 1, the design of the seawall will need to be able to withstand the impacts of 
elevated waves and water levels during the design event.  A 100 year ARI design event has also 
been used for this option, consistent with the recommendations of SPP2.6.   

The level of exposure of a seawall that protects the existing infrastructure, and is therefore further 
seaward, will generally be consistently higher along its length for this option than for Option 1, 
where the seawall was located closer to Port Beach Road.  However, the peak exposure of this 
option, will still be similar to that from Option 1.  The design conditions used for the concept 
design of the seawall are summarised in Appendix I, however also provided in Table 5.6 for 
reference. 
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Table 5.6 100 Year ARI Design Event Conditions Along the Seawall 

Seawall Significant Wave 
Height 

Peak Wave Period Water Level 
(including setup) 

Primary Seawall 1.9 – 2.0 m 10 sec 1.7 – 2.0 mAHD 

 

As with Option 1, a design armour size of 4 tonne limestone has been selected for the concept 
design.  Once again, this is the same as the armour that was used for the seawall at the southern 
end of Sandtrax that was constructed by Fremantle Ports (Appendix G, ARUP 2006).    

A crest height for the seawall of 4.5 m AHD has also been adopted for this option given 
overtopping calculations show that this elevation is suitable for the safety of both pedestrians and 
vehicles.  To resist the potential for toe scour of the seawall a toe elevation of -1 mAHD has been 
used in the concept design based on an estimation of toe scour depths.   

This option layout and section is shown in Figure 5.8 as well as at a larger scale in Appendix A.  
An indicative profile of the buried toe, following construction, is illustrated.  However, it is noted 
that the seawall would be unlikely to remain buried over the 20 year planning horizon and could 
be exposed from acute or chronic erosion. 

 
Figure 5.8 Option 2 - Protect 

The alignment of the existing headland has been retained in Option 2, since it assists somewhat 
in slowing down the longshore sediment transport to the north.  
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As accessing the beach over the proposed seawall wouldn’t be practical or safe, 3 beach access 
stairs are included in Option 2 that connect the foreshore path to the beach. 

To further illustrate what Option 2 would look like at Port Beach in 2040, the following oblique 
image was developed and is also shown at a larger scale in Appendix B.  

 
Figure 5.9 Option 2 - Protect Oblique Image 

The advantages and disadvantages for Option 2 are provided below: 

Advantages 
 Protects landward infrastructure, including the carparks, change rooms, surf club and café in 

their existing locations, thereby maintaining the amenity within the Port Beach area. 

 The majority of the structure would be buried in the shorter term timeframes and could be 
vegetated to minimise visual impact. 

Disadvantages 
 The beach can be lost, exposing the seawall, from time to time during storm conditions, 

likely in the longer term timeframes and with continued shoreline erosion. 

 There are a reduced number of access points (3) to the beach.  

 Results a narrower beach (compared to the Option 1 seawall) over the longer term 
timeframes. 

 Small rock issues are likely to continue to occur from time to time due from chronic or acute 
erosion. 

Construction & Operating Cost Estimates 
The concept level capital and operating cost estimates have been calculated for 
Option 2 - Protect.  These are based on Contractor’s rates for similar projects completed recently 
in the Perth Metropolitan region and summarised in Tables 5.7 and 5.8 respectively. 
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Table 5.7 Option 2 - Protect Capital Cost Estimate 

 

Table 5.8 Option 2 - Protect Operating Cost Estimate 
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Based on the capital and annual operating costs of Option 2 - Protect, the NPV was calculated as 
summarised in Appendix J.  The calculation assumed a discount rate of 3% over a period of 30 
years and resulted in an NPV of around $7.3 million. 

5.3.5 Option 3 - Headlands / Groynes 
Option 3 is to construct a series (4) of offshore headlands at Port Beach, as shown in Figure 5.10 
and larger in Appendix A.  The construction of either a series of headlands or groynes would result 
in a very similar beach response, however based on feedback at the Port Beach Reference Group 
workshops, headlands were considered to be more acceptable than groynes since they permit 
continuous access along the beach.   

A series of either headlands or groynes at Port Beach would slow down the rate of sand loss to 
the north.  Headlands or groynes alter the longshore transport process (refer to Section 2.3) and 
result in the creation of beach compartments.  In summer there will likely be more sand 
immediately south of the structures and less sand immediately north.  Opposingly, in winter there 
will likely be more sand immediately north of the structures and less sand immediately south.   

It is important to note that headlands or groynes wouldn’t protect landward infrastructure along the 
entire beach extent.  For example, a severe storm or a number of smaller storms could erode the 
beach compartment between 2 headlands or groynes.  That being said, these structures could be 
optimally placed to provide some level of protection to more valuable infrastructure such as the 
coast café or surf club, whilst leaving less valuable infrastructure such as the carparks without 
protection. 

As outlined in the recommendations of MRA (2007), to provide sufficient beach compartments 
initially without causing erosion in other areas, sand nourishment would likely be required.  Sand 
bunds used during the construction of potential headlands, to provide access for  machines to 
place rocks, could be left in place to provide these compartments initially.  Overtime, as sediment 
is lost to the north, albeit at a slower rate than without the structures, the compartments would 
require further sand nourishment.   

Design Requirements 
The design of the headlands will need to be able to withstand the impacts of elevated waves and 
water levels during the design event.  However, as the headlands will be located further offshore 
in deeper water, the level of exposure will be much greater than for the seawalls considered in 
Options 1 and 2.   

The design conditions during the 100 year ARI event were estimated using SBEACH and are  
summarised in Appendix I, however also provided in Table 5.9 for reference. 

Table 5.9 100 Year ARI Design Event Conditions Along the Headlands 

Seawall Significant Wave 
Height 

Peak Wave Period Water Level 
(including setup) 

Primary Seawall 2.7 m 10 sec 1.7 mAHD 

 

Using the van der Meer formula (CIRA, 2007) for armour stability, the estimated armour size was 
determined.  Given the wave height, the use of limestone armour would no longer be cost 
effective for these structures.  Therefore, granite armour with a SSDD of 2.65 t/m3 has been 
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assumed for the concept design.   An armour size of 7 tonnes has been selected for the concept 
design based on the potential for plunging waves to directly impact the structure.   

A crest elevation of 3.5 mAHD has been adopted for the concept design of the headlands.  This 
elevation would provide a sufficient level of defence for the structure against wave overtopping, 
noting that this is the critical consideration for the option given the increased distance (relative to 
Options 1 and 2) of the structures from where pedestrians and vehicles are expected to be during 
the design event.   

The quantities of sand nourishment required initially, as well as over time, depends on the risk 
tolerance of the City.  As discussed in Section 2, the Port Beach area is currently considered to be 
at extreme risk based on the tolerance level matrix presented in the CHRMAP.  Given the 
strategic location of the headlands to provide some protection to key areas, such as Coast Café, 
as well as the presence of existing temporary protection structures, it is assessed that an increase 
of beach area by around 7,250 m2 would be required to initially saturate the headlands and 
provide a sufficient buffer to reduce the coastal erosion hazard risks to tolerable levels.  Assuming 
an active profile height of 8 m, this would require an additional sand nourishment volume of 
around 58,000 m3.  This estimate is on the basis that the sand nourishment material is a similar 
grain size to the native beach material, as smaller grain sizes are more easily transported out of 
the system, so increased volumes would be required.   

Whilst the headlands would generally help to hold the beach in place, some loss of material due 
to the ongoing action of coastal processes would be expected.  As a result, regular placement of 
sand nourishment would be required post construction to ensure that the option performed as 
intended.  Placement of sand nourishment on an intermittent basis is not perfect and is prone to a 
rapid redistribution given that it is placed out of alignment with the natural system (either from a 
longshore beach alignment perspective or a beach profile cross section perspective).  As a result 
it is assumed, based on previous experience, that material that is placed would move th rough the 
system approximately 30% more rapidly than the “native” material.  Therefore, it is assumed that 
approximately 5,700 m3 of material would need to be placed annually (on average) to maintain the 
system.  Should this option be selected, detailed modelling of the system could be used to better 
refine these numbers.   
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Figure 5.10 Option 3 - Headlands / Groynes 

No allowance has been included to remove the existing headland and seawalls (refer to 
Section 3) in Option 3, as they would be predominantly buried and could be vegetated to enhance 
the environment at Port Beach.  These structures would also last for longer without exposure to 
regular wave action and provide a last line of defence if the sand is lost.  

The extent to which Option 3 may shift the erosion problem downstream towards Leighton Beach 
would require further investigation if this option is selected for progression.  Furthermore, any 
potential adverse impacts on adjacent areas may require further investigation and sediment 
transport modelling. 

To further illustrate what Option 3 would look like at Port Beach, the following oblique image was 
developed and is also shown as a larger image in Appendix B. 
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Figure 5.11 Option 3 - Headlands / Groynes Oblique Image 

The advantages and disadvantages for Option 3 are provided below: 

Advantages 
 Creates beach compartments that maintain beach amenity on at least one side of each of 

the headlands or groynes. 

 Provides some level of shelter from wind and waves during summer sea breeze or winter 
storm conditions. 

 Can be strategically located to protect some more critical infrastructure. 

Disadvantages 
 Doesn’t necessarily provide direct protection to the landward infrastructure along the entire 

extent. 

 Requires maintenance in the form of sand nourishment to a level depending on the risk 
tolerance of the City. 

 Upsets a popular swimming route in the nearshore area between the café and Rous Head. 

 Has the potential to trap seagrass wrack. 

Construction & Operating Cost Estimates 
The concept level capital and operating cost estimates have been calculated for 
Option 3 - Headlands or Groynes.  These are based on Contractor’s rates for similar projects 
completed recently in the Perth Metropolitan region and summarised in Tables 5.10 and 5.11 
respectively. 
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Table 5.10 Option 3 - Headlands / Groynes Capital Cost Estimate 
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Table 5.11 Option 3 - Headlands / Groynes Operating Cost Estimate 

 

Based on the capital and annual operating costs of Option 3 - Headlands or Groynes, the NPV 
was calculated as summarised in Appendix J.  The calculation assumed a discount rate of 3% 
over a period of 30 years and resulted in an NPV of $13.1 million. 

5.3.6 Option 4 - Sand Nourishment 
Option 4 is for sand nourishment at Port Beach, as shown in Figure 5.12 and larger in Appendix A.  
This would generally involve placing large quantities of sand on the beach, using grain sizes 
similar to that of the native material, as smaller grain sizes are more easily transported out of the 
system.  The majority of the sand nourishment could be placed within the Sandtrax beach area 
and left to transport north under typical metocean conditions.  This could be completed annually 
or in response to severe erosion events or seasons and would involve machinery on the beach for 
a period of time. 

It is important to note that sand nourishment doesn’t offer any guaranteed protection to landward 
infrastructure and could be lost in a short timeframe during a severe storm or several consecutive 
storms.  Additionally, seasonal variations in metocean conditions could result in rapid 
transportation of material away from the location where it is needed as a buffer for key assets.  
The amount of sand nourishment required initially, as well as over time, depends on the risk 
tolerance of the City.  As discussed in Section 2.2, the Port Beach area is currently considered to 
be at extreme risk based on the tolerance level matrix presented in the CHRMAP (GHD 2017).   

Design Requirements  
The CHRMAP noted that the potential extent of severe storm erosion during the 100 year ARI 
event would be around 25 m.  Given the small buffer that is currently present to existing 
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infrastructure, this would mean that the beach width would need to be advanced by approximately 
20 m to provide the necessary level of protection.  Given the total distance of the shoreline 
requiring protection is almost 800 m, and assuming an active height of 8 m (refer to 
Section 2.3.2), approximately 126,000 m3 of material (assuming a comparable grain size to the 
“native” material) would require placement to widen the beach by 20 m.  However, as discussed 
previously, the placement of sand nourishment is not perfect and it is expected that during and 
immediately after placement of the material, increased transportation losses would be incurred, 
particularly since the only existing structure that assists in trapping sand (the headland) has a 
small capacity.  Given such a large volume is being placed initially, it is assumed that such 
additional losses could account for 20% of the placement volume (noting that this is less than the 
30% loss assumed for placement of smaller volumes as a larger placement volume means that 
comparatively less material is exposed to wave action).  Therefore, approximately 151,000 m3 of 
material would need to be placed to provide a necessary buffer to reduce the erosion hazard risks 
to tolerable levels.  For reference, this equates to approximately 3 times the maximum seasonal 
(summer) flux as illustrated in Figure 2.2 (DPI 2004). 

Even after this initial capital placement, ongoing losses would be incurred due to the ongoing 
influence of coastal processes.  With minimal holding structures in place, it is anticipated that the 
full volume of historic sediment loss would need to be replaced annually.  This would be 
approximately 11,400 m3 per annum, on the basis that due to the smaller volume, the rapid 
redistribution during and immediately after placement could account for 30% of the placement 
volume, with a current average annual transport rate of around 8,750 m3. 

 
Figure 5.12 Option 4 - Sand Nourishment 

No allowance has been included to remove the existing headland and seawalls (refer to 
Section 3) in Option 4, as they would be predominantly buried and could be vegetated to enhance 
the environment at Port Beach.  These structures would also last for longer without exposure to 
regular wave action and provide a last line of defence if the sand is lost.  
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Any potential adverse impacts on adjacent areas from sand nourishment may require further 
investigation and sediment transport modelling during design development if Option 4 is selected 
for progression.  Alternatively, it may be possible to backpass any sediment that builds up in these 
areas.  Backpassing would essentially involve excavating the material from Leighton or Mosman 
Beaches and placing it back at Port Beach.  Such an activity would potentially result in increased 
disruption to beach users at other beaches and may not be supported.  Nevertheless, this should 
be investigated in future design stages if the sand nourishment option is to be pursued.   

It is also important to note that the realignment of Port Beach, through sand nourishment, would 
likely result in higher rates of transport that those previously determined, in turn requiring more 
sand nourishment. 

The City would be required to monitor the beach profile and sand transport following nourishment 
to determine how the system responds.  The City may also be required to manage the scarps, 
drop offs and other unnatural changes in the beach form immediately following sand nourishment 
to protect public safety. 

To further illustrate what Option 4 could look like at Port Beach, the following oblique image was 
developed and is also shown as a larger image in Appendix B. 

 
Figure 5.13 Option 4 - Sand Nourishment Oblique Image 

The advantages and disadvantages for Option 4 are provided below. 

Advantages 
 Provides a buffer to acute storm erosion proportional to the amount of nourishment.  

 Generally maintains beach amenity. 

 Provides the greatest flexibility in terms of future adaptation.  

Disadvantages 
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 Placed sand nourishment can be lost at quicker rates during storm events or under typical 
longshore transport conditions. 

 Doesn’t provide guaranteed protect to any landward infrastructure.  Protection can only be 
achieved by ensuring that there is adequate buffer available.  

 Requires maintenance in the form of additional and ongoing sand nourishment to a level 
depending on the risk tolerance of the City. 

 Involves machinery on the beach for significant periods of time during sand nourishment and 
requires management to ensure that scarps, drop offs and other unnatural changes in beach 
form don’t generate public safety hazards. 

Sand Nourishment Sources 
During the development of the preliminary adaptation options, a number of sources for sand 
nourishment were considered.  The potential sources and the methodologies  for sand 
nourishment include the following, which are discussed in more detail in the following sections:  

 Terrestrial sand sources imported to Port Beach via truck and distributed using earthmoving 
equipment. 

 Dredged offshore sand spoil transported to Port Beach via dredge and distributed using 
bottom dumping or a rainbowing technique.  The location of any dredge operation would 
need to be covered by an appropriate environmental approval and would also need to 
confirm that adequate grain sizes and characteristics were available.  

Since the construction and operating costs, and therefore the corresponding performance in the 
adaptation options MCA, varies significantly depending on the source, terrestrial sand and 
dredged sand supply were considered separately as Options 4a and 4b respectively. 

Construction & Operating Cost Estimates 
The concept level capital and operating cost estimates have been calculated for Option  4a - Sand 
Nourishment via Truck.  These are based on Contractor ’s rates for similar projects completed 
recently in the Perth Metropolitan region and are summarised in Tables 5.12 and 5.13 for capital 
and operating costs respectively. 
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Table 5.12 Option 4a - Sand Nourishment via Truck Capital Cost Estimate 

 

Table 5.13 Option 4a - Sand Nourishment via Truck Operating Cost Estimate 
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Based on the capital and annual operating costs of Option 4a - Sand Nourishment via Truck, the 
NPV was calculated as summarised in Appendix J.  The calculation assumed a discount rate of 
3% over a period of 30 years and resulted in an NPV of around $15.3 million. 

Similarly, the capital and operating costs for sand nourishment via dredge are summarised in 
Tables 5.14 and 5.15 respectively.  The rates provided assume that the dredging is undertaken for 
sand nourishment purposes only, rather than as part of a maintenance dredging campaign already 
being completed.  

Table 5.14 Option 4b - Sand Nourishment via Dredge Capital Cost Estimate 
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Table 5.15 Option 4b - Sand Nourishment via Dredge Operating Cost Estimate 

 
Based on the capital and annual operating costs of Option 4b - Sand Nourishment via Dredge, the 
NPV was calculated as summarised in Appendix J.  The calculation assumed a discount rate of 
3% over a period of 30 years and resulted in an NPV of around $6.0 million.  
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6. Multi Criteria Analysis (MCA) 
An MCA assessment was developed in order to evaluate the 4 concept options, based on a range 
of relevant criteria, and determine a preferred option.  An MCA is a useful tool to evaluate 
multiple, often conflicting, decision making criteria and select an option(s) that achieves the best 
overall score.  This was considered to be the most reasonable way to account for the diverse 
needs and requests of the long list of stakeholders for coastal adaptation at Port Beach. 

The MCA process involves determining ratings and weightings for each of the criteria.  Based on 
the ratings and weightings of the criteria, an overall score can then be calculated for each of the 
options being assessed. 

Each of the criteria and respective weightings are shown in the MCA provided in Appendix C.  As 
shown, there are 4 broad criteria (technical, social, environmental and economic) that each 
incorporate various sub criteria.  Details of the criteria and weightings and how there were 
developed and rated are provided below: 

6.1 Overall Broad Criteria 
The overall broad criteria and weightings are listed below: 

 Technical (30%). 

 Social (25%). 

 Environmental (15%). 

 Economic (30%). 

The broad criteria and weightings were developed by the Project Working Team over a series of 
meetings.  These were presented and discussed at the Port Beach Reference Group Workshop 2.  
General agreement was received on the broad criteria and weightings at the workshop, however 
further refinements were made (particularly for the social and environmental criteria) to 
incorporate the feedback given. 

The technical criteria relate to the implementation of an option from a technical perspective, 
basically interrogating how well each option may work and how much certainty there is with the 
concept design.  For example, certainty regarding the suitability of the sand nourishment option is 
lower than for the seawall options at this concept design phase as further, more detailed analysis 
is required to determine how the shoreline would respond to the placement of sand nourishment, 
and how quickly this material could be transported away from Port Beach.  Inclusion of a set of 
criteria that assesses the technical competence of an option at the concept design stage is 
considered to be extremely important, as there is no point in implementing an option to achieve 
the social and environmental criteria unless it is feasible to construct and operate from a technical 
perspective.  The technical criteria were therefore assigned a 30% overall rating. 

The social criteria relate to the key values identified through the community engagement process, 
as discussed in Section 4.  This is considered to be important, as the community are the primary 
users of the beach and subsequent amenity, which will be determined by the selected adaptation 
option.  The social criteria were therefore assigned a 25% overall rating.  

The environmental criteria relate to the flora and fauna at Port Beach.  There isn’t a vast quantity 
of vegetation covering the dunes at Port Beach and available databases don’t identify any 
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threatened or significant ecological communities.  While the options presented in Section 5 will 
aim to enhance the environment at Port Beach where possible, the environmental criteria  were 
considered to be relatively less important in guiding the selection of an adaptation option for Port 
Beach.  The environmental criteria were therefore assigned a 15% overall rating.  

The economic criteria relate to the implementation of an option from a financial perspective.  This 
is extremely important, as there is no point in selecting an option for implementation to achieve 
the social and environmental criteria unless it is feasible from an economic perspective.  The 
economic criteria were therefore assigned a 30% overall rating. 

6.2 Technical 
The technical sub criteria and weightings are listed below and shown in Table 6.1: 

 Effectiveness (30%). 

 Level of design certainty (30%). 

 Adaptability (30%).  

 Constructability (30%). 

Table 6.1 Technical Sub Criteria 
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These sub criteria and weightings were developed by MRA, based on experience and knowledge 
of similar projects recently completed in the Perth Metropolitan region.  The Project Working Team 
were consulted on each of the technical sub criteria and provided input to the scales and 
weightings adopted. 

These technical sub criteria were rated by MRA for each of the 4 adaptation options, also based 
on experience and knowledge of similar projects recently completed in the Perth Metropolitan 
region.  These were further refined following feedback and input from the Project Working Team.  

6.3 Social 
The social sub criteria and weightings are summarised below and shown in Table 6.2: 

 Provide beach and active recreation opportunities (25%).  

 Provide coastal amenity and passive recreation opportunities (25%).  

 Provide carpark amenity (15%). 

 Surf club and change rooms (15%). 

 Safety for beach users due to debris on the beach (10%). 

 Entertainment and socialising opportunities (eg. café) (10%). 
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Table 6.2 Social Sub Criteria 

 

These sub criteria and weightings were developed based on the results from the Community 
Values Survey.  In particular, there were 2 questions that were especially informative when 
developing the ratings for the social sub criteria.  These questions asked respondents to rate how 
important it was to be able to access different beach use aspects at Port Beach, as well as to rate 
how importantly they valued each of the different elements of the area.   

Results from these 2 questions were analysed using a similar concept to a “net promoter score”, 
where survey responses that were affirmative were rated positively,  while negative responses 
were subtracted from the score.  For example, where a question asked respondents to give items 
a rating of 1 to 5, with 1 being not important and 5 being extremely important, results were 
collated and scored by multiplying the total number of scores of 1 by -2, scores of 2 by -1, scores 
of 3 by 0, scores of 4 by 1 and finally, scores of 5 by 2.  In this manner, the collective view of 
respondents could be assessed by review of a single ranking.  Results of this assessment for the 
2 key questions are summarised in Tables 6.3 and 6.4.  
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Table 6.3 Total Score and Rankings for Question: “How important is it to you to 
be able to access the following aspects at Port Beach?” 

 
Active 

recreation 
opportunities 

Coastal amenity 
and passive 
recreation 

Entertainment 
and socialising 
opportunities 

Community 
facilities 

Private 
benefits 

Employment 
and economic 

benefits 
Total 
Score 265 245 79 42 -13 -105 

Ranking 
(1 - 6) 1 2 3 4 5 6 

 

Table 6.4 Total Score and Rankings for Question: “When thinking about the 
potential impact coastal erosion at Port Beach could cause to the 
surrounding infrastructure and amenity, how important do you value 
each of the following?” 

 The 
beach 

The 
sand 

dunes 
Change 
rooms 

Foreshore 
parking 

Café / 
Restaurant 

Surf 
club 

Dual 
use 
path 

Other 

Total 
Score 394 301 32 184 -14 20 102 57 

Ranking 
(1 - 8) 1 2 6 3 8 7 4 5 

 

Based on the above results, it was clear that the key community values centred on the provision 
and availability of the beach, dunes and passive and active recreational opportunities.  These 
aspects are therefore weighted highest within the social sub criteria.  Thereafter, the provision of 
foreshore parking was most significant and was rated accordingly.  Interestingly, the value of the 
surf club did not rate highly among respondents, however given the essential safety service that is 
provided by the surf club its rating was increased by the Project Working Team to reflect the value 
of the service to public safety.   

Safety of beach users due the presence of rocks and debris, which was a consistent theme 
among the “other responses” and the opportunities for entertaining and socialising were also 
reflected within the criteria. 

The Port Beach Reference Group were consulted on each of these social sub criteria and 
provided input to the scales and weightings adopted.  

The social sub criteria were also rated by the Port Beach Reference Group in Workshop 2 for 
each of the 4 adaptation options assessed. 

6.4 Environment 
There was only one environmental criterion considered for this project , the preservation of beach 
environment (dunes, etc).  This criterion and the scale developed is shown in Table 6.5. 
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Table 6.5 Environmental Sub Criteria 

 

This criterion was developed based on the results from the Community Values Survey and rated  
for each of the 4 adaptation options by the Port Beach Reference Group in Workshop 2. 

6.5 Economic 
The economic sub criteria and weightings are summarised below and shown in Table 6.6: 

 Capital cost (30%). 

 Operating / maintenance cost (40%). 

 Net present value (30%). 
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Table 6.6 Economic Sub Criteria 

 

These sub criteria and weightings were developed by the Project Working Team.  It is noted that 
the capital, operating / maintenance and NPV rating scales were developed on a relative basis, 
based on the highest and lowest cost estimates.  This was due to the uncertainty of the future 
project budget, which is discussed in more detail in Section  7. 

The economic sub criteria were rated by MRA, based on the capital, operating and NPV cost 
estimates detailed in Sections 5.4.3 to 5.4.6 for each of the 4 adaptation options.  These are cost 
estimates are summarised in the following Table 6.7 for reference.  

Table 6.7 Summary of Adaptation Option Cost Estimates 

Option Capital Cost 
Estimate 

Operating Cost 
Estimate 

Net Present Value 

Option 1 - Retreat and Protect $7,625,760 $45,720 $8,503,056 

Option 2 - Protect $6,407,388 $48,480 $7,337,644 

Option 3 - Headlands / Groynes $9,717,840 $303,600 $13,141,725 

Option 4a - Sand Nourishment 
via Truck 

$6,324,480 $469,200 $15,327,703 

Option 4b - Sand Nourishment 
via Dredge 

$2,551,680 $177,600 $5,959,550 
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6.6 MCA Assessment 
Based on the ratings and weightings assigned in the MCA, overall scores were calculated for 
each of the 4 adaptation options.  The scores for the broad criteria (technical, social, 
environmental and economic) as well as the overall scores are detailed in Appendix C and 
summarised below in Table 6.8.  It is noted that these scores have been prepared on the basis of 
information and assumptions that have been developed for this study.  Should details change in 
the future, this could alter the outcomes of an MCA completed at that time.   

Table 6.8 MCA Summary of Broad Criteria & Overall Score 
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7. Adaptation Option Progression 
7.1 Highest Ranking Adaptation Option 
Based on the MCA criteria weightings and ratings, as shown in Appendix C and summarised in 
Table 6.8, the adaptation options have been ranked and are listed below: 

 Option 4b - Sand Nourishment (via dredge) (4.07). 

 Option 2 - Protect (3.63). 

 Option 1 - Retreat & Protect (3.29). 

 Option 4a - Sand Nourishment (via truck) (3.16). 

 Option 3 - Headlands / Groynes (3.11). 

It is important to highlight that the outcomes of the MCA process are based on the currently 
available information, including the stakeholder values, understanding of coastal processes, the 
existing coastal protection structures and the set of considerations and design assumptions 
informed by the City and other key stakeholders.  Should these change in future, the MCA can be 
revisited to determine the highest ranking and preferred adaptation approach.  

As shown, the highest ranking option is sand nourishment (via dredge).  It is recommended that 
this option is further evaluated for progression to future design phases. 

It is noted that the overall score for the selected concept level adaptation option will likely change 
to some degree during the design progression, as further investigations are completed and the 
constraints are known in more detail.  The MCA presented in Section 6 provides a useful tool to 
input of any updated or further information to reassess the adaptation options.   

Some of the key considerations for the further evaluation of Option 4b (sand nourishment via 
dredge) and implementation, if selected, are discussed in the following section. 

7.2 Key Considerations for Further Evaluation & Progression 
The key considerations for the further evaluation and implementation are discussed throughout 
earlier sections of this report, particularly in Section 5, however summarised below to assist with 
the selection process: 

Potential sources for sand nourishment via dredge have been investigated at a concept level in 
consultation with Fremantle Ports.  Available particle size distributions indicate that there may be 
suitable material at a previously dredged offshore source.  The costs and suitability of this 
material, in terms of sediment quality and aesthetic appearance, would require further 
investigation to confirm a suitable outcome could be achieved.   

Liaison with FP has indicated that the timeframe for EPA approvals required to dredge the 
offshore source would likely be in the order of 12 to 18 months.  This may include assessing the 
dredge site for environmental impacts, including: 
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 Direct and indirect impacts to benthic communities and habitats.  

 Changes to shorelines, bathymetry and habitats through modified ecological and physical 
processes. 

 Introduction of invasive pest species translocated in dredging (or ancillary) equipment that 
can have both ecological and economic consequences.  

 Adverse effects of contaminant release and dispersion on marine environmental quality. 

 Conflict with fisheries and impacts on fish, their habitats and fisheries production.  

 Changes to coastal processes and water circulation that impact on the environmental values 
of the coast and coastal waters. 

 Impacts on the behaviour and survival of marine wildlife, including specially protected 
species. 

Approvals may also be required to enable the placement of the dredged sand on Port Beach.  
Consultation with EPA would need to be completed to confirm these approval requirements if the 
sand nourishment via dredge option is selected for progression.  If required, this process could 
progress concurrently with the FP dredging approvals.  

The sand nourishment via dredge adaptation option assumed that dredging would be completed 
specifically to provide a source for sand nourishment.  However, the opportunity to use material 
won from scheduled maintenance dredging campaigns should be considered and evaluated for 
potential cost savings through the mutual benefits to both dredge and disposal parties. 

The risk tolerance of the City and key stakeholders, as presented in the CHRMAP (GHD 2017), 
should also be confirmed in order to determine and optimise the sand nourishment quantities and 
frequencies .   

Sediment transport modelling may also need to be completed in order to confirm that the potential 
sand nourishment quantities and designed frequencies would not adversely impact adjacent 
areas.  This modelling could be completed using a numerical wave model, coupled with a 
shoreline change model similar to that set up for a used to model the beach response at Port 
Beach for the Rous Head Ultimate Extension (2009 to 2010), previously completed by MRA 
(2007).  Alternatively, it may be possible to backpass any sediment that builds up in these areas.  
Backpassing would essentially involve excavating the material from Leighton or Mosman Beaches 
and placing it back at Port Beach.  Such an activity would potentially result in increased disruption 
to beach users at other beaches and may not be supported.  Nevertheless, this should be 
investigated in future design stages if the sand nourishment option is to be pursued.  

A staged implementation of the sand nourishment (via dredge) adaptation option is not considered 
to be practical.  This is due to quantities calculated being based on the City’s risk tolerance and a 
sufficient buffer against 25 m of potential acute storm erosion (GHD 2017).   Completing sand 
nourishment in a staged manner would result in there being an insufficient buffer and 
subsequently higher than tolerable risks prior to the full quantities being placed.  

To implement the sand nourishment via dredge adaptation option, the City would be required to 
manage the scarps, drop offs and other unnatural changes in the beach form immediately 
following sand nourishment to protect public safety.   
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7.3 Coastal Monitoring Considerations  
The City recently engaged Cardno (2019) to develop a coastal data monitoring program for the 
Port, Leighton and Mosman Beaches.  The aim of this program, as outlined by Cardno, is to 
inform and support decision making for land managers, with regard to local coastal hazards, and 
to assess the risk levels detailed in the CHRMAP.  

The coastal monitoring program currently being implemented by Cardno (2019) includes the 
following activities: 

 Remote imagery via 3 fixed cameras set up to capture hourly images of sections of the Port, 
Leighton and Mosman Beaches. 

 Manual imagery at 3 locations (beach adjacent Coast Restaurant, Bib and Tucker and the 
carpark over the railway line from Vlamingh Parade) at monthly intervals and prior 
to / following severe storm events. 

 Beach profile surveys at 30 locations along the extent between the Rous Head Ultimate 
Extension (2009 to 2010) and the Vlamingh Memorial off Curtin Avenue. 

 Sediment sampling of beach material to determine particle sizes. 

 Metocean data collection, including water levels and wave heights. 

MRA has reviewed the Coastal Monitoring Program and have the following recommendations  
regarding the methodology for its use to inform the progression of the Port Beach adaptation 
option project: 

 The manual imagery should be extended to cover  Sandtrax, as this is a critical section of 
Port Beach both in terms of community use and impact on shoreline behaviour.  

 While the number of survey profiles along the Port, Leighton and Mosman Beach shoreline 
is considered sufficient, these profiles only extend around 10 to 20 m into the water.  This is 
considered to be a major shortfall in using the dataset for further assessment, as changes to 
much of the active nearshore area will not be captured.  It is strongly recommended that the 
extent of these surveys be extended much further offshore (ideally to a depth of at least 6 m) 
to capture the majority of the beach profile changes that occur.   

It is recommended that the above concerns are addressed to ensure that the monitoring data 
captured is suitable for future use in the Port Beach adaptation project.  

7.4 Funding Opportunities & Constraints 
Funding has been recognised by the Project Working Team as a key consideration for the 
progression and implementation of the selected adaptation option.  The responsibility to fund 
coastal adaptation lies with the relevant beneficiaries, including the land and asset owners and 
the coastal users that benefit from the approaches implemented.  Ongoing communication 
between the City, State Government agencies and land / asset owners is required to realise 
potential funding opportunities and to address any constraints.  

A list of potential funding opportunities, relevant to coastal adaptation at Port Beach, is provided 
below for consideration: 



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Rev 1,  Page 99 

 Funding through local government budgets. 

 Funding through state government budgets. 

 Funding through federal government budgets. 

 DoT CAP grants, which provide financial assistance (up to $300,000 per project) for local 
projects that identify and manage coastal hazards. 

 WAPC Metropolitan Region Improvement Fund (MRIF) for the coastal foreshore reserve.  

 DPLH Coastal Management Plan Assistance Program (CMPAP) grants (up to $75,000 per 
project) for coastal land managers to prepare and implement long term coastal hazard 
adaptation planning and develop community appreciation / facilitate community input. 

 DPLH Coastwest grants to support ($5,000 to $50,000) land managers and community 
organisations to undertake projects to rehabilitate, restore and enhance coastal sites . 

The primary funding constraint in relation to progressing and implementing the selected Port 
Beach adaptation option is determining the responsibility and capacity for the beneficiaries to 
contribute.  The costs to implement the highest ranked option (sand nourishment via dredge) were 
estimated to be $2,551,680 and $177,700 for capital and maintenance (per year) respectively. 

Furthermore, the economic criteria scales adopted for the MCA assessment were developed on a 
relative basis due to the uncertainty of future funding.  Through the progression and further 
investigation of the selected adaptation option and the review of potential funding opportunities, 
the economic criteria may be subject to change and subsequently influence the outcomes of the 
MCA.  This will need to be considered throughout the next phases of the project.  

Another funding constraint is the ceiling values of the abovementioned grants, including CAP, 
CMPAP and Coastwest which are $300,000, $75,000 and $50,000 respectively, compared to the 
capital of $2,551,680 for the sand nourishment via dredge option.  Both of these grants also 
require at least 50% of the total project value to be funded by the applicant.  

It is important to note however, that the CAP, CMPAP and Coastwest grants are available annually 
which is consistent with the operational requirements for the implementation of the selected Port 
Beach adaptation option. 

7.5 Next Steps 
This project has identified the highest ranked coastal adaptation option through a detailed MCA 
which has been informed by key stakeholders and the community.  The options that have been 
presented, including the highest ranked option, are presented at a conceptual level.  As a result, 
further, more detailed works are required to advance the coastal protection at Port Beach.  It is 
recommended that the future stage of the project be completed in 2 phases: 

1) Resolving the outstanding assumptions and further discussing with stakeholders and 
potential funding sources, to arrive at a final concept design.  

2) Design progression to detailed design. 

As discussed previously, approval requirements to enable the dredging to occur are likely to take 
12 to 18 months.  This, combined with the time required for the development of the design and 
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sourcing of funding, is likely to mean that implementation of the adaptation option will likely be at 
least 2 years away.  Consequently, given the extreme risk posed to the existing assets, as 
demonstrated during early winter 2019, it is likely that interim protection measures will be required 
to make it through the next 1-2 winters.  Opportunities for these interim protection measures may 
include:  

 the construction of additional temporary seawalls, similar to those constructed in early winter 
2019 to protect the ablutions block; 

 importation of sand nourishment, either opportunistically when sand is available from other 
projects (lower cost), or by importing sand from dedicated sand pits (higher cost) – though in 
all cases the sand would need to be similar or larger in size than the material that is 
currently on the beach to prevent accelerated longshore transport losses; and/or  

 backpassing of sediment from Leighton Beach to Port Beach, a small quantity of which was 
completed in June and July 2019 together with the construction of the temporary seawall 
structures discussed in Section 3. 
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Appendix A Concept Base Line & Port Beach Adaptation Options 
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Appendix B Oblique Baseline & Port Beach Adaptation Options 
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Appendix C Multi Criteria Analysis 

 

 

 

  



K1618 Port Beach Adaptation Options
Multi Criteria Analysis

Environment 
Weighting 15%

Effectiveness Level of Design Certainty Adaptability Constructability Provide beach and active 
recreation opportunities

Provide coastal amenity 
and passive recreation 

opportunities 
Provide carpark amenity Surf club and ablutions

Safety for beach users 
due to debris on the 

beach

Entertainment and 
socialising opportunities 

(eg. café)
Preservation of beach 

environment (dunes, etc) Capital cost Operating / maintenance 
cost

Net Present Value over 30 
years

Weighting 30% Weighting 30% Weighting 30% Weighting 10% Weighting 25% Weighting 25% Weighting 15% Weighting 15% Weighting 10% Weighting 10% Weighting 100% Weighting 30% Weighting 40% Weighting 30%

3 4 3 2 3 2 2.5 3 3.5 2 3.5 2.2 5.0 3.9

3.5

3.5 4 3 3 3 4 3 3 3.5 3 3.5 2.8 5.0 4.4

3.5

3.5 3 2 2 4 4 3 3 4 3 4.5 1.0 3.7 2.0

4.5

3 2.5 5 2 4.5 4 3 3 4 3 5 2.9 1.0 1.0

5.0

3 2.5 5 3 4.5 4 3 3 4 3 5 5.0 3.8 5.0

5.0

Rating 
Description

Level of effectiveness in 
achieving key objectives: 1. 

Least adverse impact on 
adjacent coastline; and 2. 
Minimise ongoing issues 
(public perception and 

complaints)

Level of certainty 
associated with design 

outcomes being achieved 
during detailed design and 

operation

Ease with which option can 
be modified to account for 
changes in conditions, etc 

in the future

Duration and extent of 
disruption to project area 
during construction and 

ongoing 
operation/maintenance

Extent that the option 
provides a useable beach 
area and active recreation 

opportunities

Extent that the option 
provides opportunities for 

passive recreation and 
amenity, such as provision 
of dual use path, areas to 
sit and view the water, etc

Ranking based on number 
of car parking bays 

provided within the area

Ranking based on provision 
and likely functionality of 
surf club and ablutions

Extent of potential change 
in user safety caused by 

debris on the beach 
(includes both small rocks 
and larger remnant seawall 

rocks within Sandtrax)

Ranked based on whether 
option reduces, maintains 
or enhances facilities or 

leasing areas that enable 
entertainment and 

socialising opportunities

How well the option 
protects or provides for 

preservation of the beach 
environment, including 

dunes

Capital cost to construct
Ongoing operating and 
maintenance costs to 

maintain

Net Present value using 3% 
discount over 30 years

1 Not expected to be 
effective

No certainty that option will 
achieve design outcomes. Modification not possible

Disruption to significant 
project area (>75%) or for a 

significant duration (>6 
months) during construction 
or operation/maintenance 

(combined total >12 
months over 10 year 

period)

Significant loss in beach 
area and active recreation 

opportunities

Significant loss of amenity 
and passive recreation 

opportunities

Significant reduction in car 
parking bays within the 
region (>40% reduction) 
and proximity of bays to 

preferred beach use areas

Surf club and ablutions not 
provided

Increase in risk due to 
debris on beach 

Complete loss of facilities 
or leasing areas that 
provide additional 

socialising opportunities

Significant loss of beach 
environment $9.7 million $470,000 per year $15.4 million

2 Slightly effective
Low level of certainty that 
option will achieve design 

outcomes.

Only slight modifications 
possible with large effort

Disruption to significant 
project area (>50%) or for a 

significant duration (4 -6 
months) during construction 
or operation/maintenance 

(combined total  >6 months 
over 10 year period)

Slight decrease in beach 
area and active recreation 

opportunities

Slight decrease in amenity 
and passive recreation 

opportunities

Reduction in car parking 
bays within the region 
(>20% reduction) and 
proximity of bays to 

preferred beach use areas

Surf club and ablutions 
provided but with potential 
loss of functionality due to 
change in beach or areas 

of beach usage

No change in safety due to 
debris on beach

Some loss of facilities or 
leasing areas that provide 

additional socialising 
opportunities

Slight loss of beach 
environment $7.9 million $365,000 per year $13.1 million

3 Effective
Reasonable level of 

certainty that option will 
achieve design outcomes.

Reasonable potential for 
modification with some 

effort

Disruption to >25% of 
project area  or for a 

duration of 2-4 months 
during construction or a 

combined total of >3 
months 

operation/maintenance  
over 10 year period

No net change in beach 
area and active recreation 

opportunities

No net change to amenity 
and passive recreation 

opportunities

No net change in number 
of car parking bays or 
proximity of bays to 

preferred beach use areas

Surf club and ablutions 
provided within scheme 

with minimal potential for 
loss of functionality

Slight improvement in 
safety due to reduced 

debris on beach

Option preserves facilities 
or leasing areas that 

provide entertainment and 
socialising opportunities 

that currently exist

No net change in beach 
environment $6.1 million $260,000 per year $10.7 million

4 Very effective
High level of certainty that 
option will achieve design 

outcomes.

Modifications readily 
possible with moderate 

level of effort

Disruption to minor project 
area (>10%) or for a 
minimal duration (<2 

months) during construction 
or operation/maintenance 

(combined total  <1  
months over 10 year 

period)

Slight increase in beach 
area and active recreation 

opportunities

Slight increase in amenity 
and passive recreation 

opportunities

 Increase in number of car 
parking bays (>20% 

increase) and proximity of 
bays to preferred beach 

use areas

Surf club and ablutions 
provided with improved 

functionality

Significant improvement in 
safety due to reduced 

debris on beach

Some increase in facilities 
or leasing areas that 

provide additional 
socialising opportunities

Slight increase in beach 
environment $4.3 million $155,000 per year $8.4 million

5 Completely effective Certain that option will 
achieve design outcomes.

Complete modification of 
option easily achieved

No disruption to project 
area during construction

Significant increase in 
beach area and active 

recreation opportunities

Significant increase in 
amenity and passive 

recreation opportunities

Significant increase in 
number of car parking bays 

(>40% increase)and 
proximity of bays to 

preferred beach use areas

Surf club and ablutions 
ideally situated

No longer an issue with 
debris

Significant increase in 
facilities or leasing areas 

that provide additional 
socialising opportunities

Significant increase in 
beach environment $2.5 million $50,000 per year $6 million

Economic

Option Weighted 
Score

Weighting 30%

Type

3

1

3.8

Protect2

4.2

3.11

2.4

Retreat and 
Protect

Headlands / 
Groynes

3.29

3.63

Ra
tin

g 
Sc

al
e

Weighting 25%
Social

3.3

2.6

3.6

Description

Relocating assets to 
areas that aren't likely to 
be vulnerable to coastal 
hazards and constructing 

a seawall along Port 
Beach Rd

Relocating a relatively 
small section of carpark 
to an area that isn't likely 

to be vulnerable to 
coastal hazards and 

constructing a seawall 
around the remaining 

existing assets

Constructing headlands 
or groynes with the 

addition of sand 
nourishment to provide 

useable beach 
compartments

Weighting 30%
Technical

3.2

3.5

2.8

4 Sand 
Nourishment

4.07

3.7 4.5

4b) Completing capital 
and ongoing sand 

nourishment (via dredge 
spoil) to provide a 

useable beach

4a) Completing capital 
and ongoing sand 

nourishment (via truck) to 
provide a useable beach

3.16

3.7 1.63.4

3.5
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Explanation of Ratings 
The following information provides a brief summary of the reasoning for the different ratings. 

 Technical: Effectiveness 
Protect and Headlands options rated slightly higher as these options were assessed as likely 
to result in slightly less complaints and / or with less potential impact on the adjacent 
coastline (eg from sand nourishment) during both capital construction and operation. 

 Technical: Level of Design Certainty 
At concept design level, any design that relies upon the sand nourishment to provide a 
buffer to coastal erosion is inherently more uncertain that a structure to protect against 
costal erosion.  This uncertainty can be reduced through completion of an appropriate 
detailed design process for the sand nourishment options if selected.   

 Technical: Adaptability 
Sand nourishment options are highly adaptable.  Seawall options provide the opportunity for 
either incorporation of sand nourishment to provide additional amenity or the seawalls could 
be modified to withstand a longer planning horizon or removed completely, with the potential 
to reuse materials elsewhere.  The headland option is more difficult to adapt given the 
location of the structures further from the shoreline.  

 Technical: Constructability 
Construction of Option 1 would require a longer construction period than Option 2 given the 
amount of demolition that would be required.  Similarly, construction of the headlands would 
also be a more difficult and longwinded process.  Placement of nourishment would be 
comparatively quicker from a capital perspective, however annual nourishment operations 
would also be required which would disrupt beach users.  Placement of nourishment by 
dredge would be a quicker process than placement by truck and would therefore have less 
impact.   

 Social: Provide Beach & Active Recreation Opportunities  
Sand nourishment options would provide the largest area of uninterrupted beach and are 
rated slightly better than the headland option given the potential negative impact on 
swimming along the beach.  Options 1 and 2 would provide very little change to the 
opportunities that would be provided if nothing was done. 

 Social: Provide Coastal Amenity & Passive Recreation Opportunities  
Passive recreation opportunities include the ability to sit and watch the ocean (often from 
cars as indicated by the community values survey).  Options that retain the existing 
infrastructure are rated more highly in this regard. 

 Social: Provide Carpark Amenity 
Option 1, which would relocate the carpark to the north would rate slightly lower than the 
other options given the space may not be available to replace the total number of bays that 
are lost. 

 Social: Surf Club & Ablutions 
All options would provide for the surf club and ablutions, either in the existing location, or in 
a relocated area to the north. 

 Social: Safety for Beach Users due to Debris on the Beach 
All options would involve the removal of the remnant seawall from Sandtrax and the 
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screening of the top 2 m of the beach.  This would help to improve the safety of the beach.  
Options that place sand nourishment on the beach are rated slightly higher as they would 
help to provide a further buffer to any remaining rocks or debris.   

 Social: Entertainment & Socialising Opportunities 
Option 1 would require the removal of Coast.  This would reduce potential entertainment 
opportunities.  All other options would maintain the same level of entertainment and 
socialising opportunities that currently exist. 

 Environment: Preservation of Beach Environment (Dunes, etc)  
Sand nourishment options would provide the potential for the creation / re -establishment of 
dunes along this stretch of coastline.  The same opportunity would exist, though to a slightly 
lesser extent with Option 3.  Options 1 and 2 would provide a very slight improvement 
compared to if nothing was done, as the beach widths in some areas would be increased by 
removing some of the existing infrastructure. 

 Economic: Capital Cost 
Rating based on construction and operating cost estimates and scale presented in report. 

 Economic: Operating / Maintenance Cost 
Rating based on construction and operating cost estimates and scale presented in report. 

 Economic: Net Present Value over 30 Years 
Rating based on construction and operating cost estimates and scale presented in report.  
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Appendix D Temporary Change Room Seawall Drawings 
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Appendix E Existing Coastal Protection Structures Assessment 
(February 2019)  
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1. Existing Coastal Protection Structures Assessment 
The City of Fremantle (City) manage a Headland and a Seawall within the Port Beach extent.  The 
general location of these assets is shown in following figure. 

 
Figure 1.1 Location Plan of Port Beach Coastal Protection Structures 

To ascertain the current condition and performance of these assets, the City engaged M P Rogers 
& Associates (MRA) to complete an inspection and assessment, which included: 

 Reviewing background and historical information available for each of the structures.  

 Conducting a visual inspection of both structures. 

 Assessing the condition and performance of both structures, based on the relevant 
standards and guidelines. 

 Collating relevant information and providing recommendations for maintenance to each of 
the structures. 

The structures were divided into 10 m chainages for the assessment, as shown by Figures 1.2 
and 1.3 for the Headland and Seawall respectively. 

Headland 

Seawall 

Rous Head 

Inner Harbour 
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Figure 1.2 Port Beach Headland 

 
Figure 1.3 Port Beach Seawall 
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1.1 Port Beach Headland Background 
The Headland is a rubble mound structure, which acts somewhat like a groyne trapping sand on 
either side depending on the season.  

Based on available aerial imagery, the original structure appears to have been constructed in 
2003, following a severe storm that destroyed an existing seawall along this extent .  The seawall 
destroyed following the event in May 2003 is shown below in Figure 1.4.  

 
Figure 1.4 Port Beach Seawall Destroyed in May 2003 Storm 

The structure is approximately 100 m long and consists of limestone and basalt (likely from the 
old seawall) armour rock and core.  It is understood that additional rock has been added to the 
structure from time to time since construction.   

There were no available design or construction drawings for the Headland. 

1.2 Port Beach Seawall Background 
The Seawall is a rubble mount structure, fronting the carpark south of Coast Restaurant and the 
Port Beach Surf Club. 

Similar to the Headland, the Seawall appears to have been originally constructed in 2003.  Over 
the years, aerial imagery shows the Seawall both covered by sand and vegetation and also 
exposed, likely depending on the metocean conditions in the respective seasons. 

The structure is approximately 110 m long and consists of limestone and basalt (likely from the old 
seawall) armour rock and core.  It is understood that rock has been added to this structure from 
time to time since construction.   
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There were no available design or construction drawings for the Seawall. 

1.3 Inspection & Assessment Methodology 
The methodology for the inspection and assessment of the coastal protection assets is 
summarised below. 

1.3.1 Visual Inspection 
A visual walkover inspection of the visible portions of the City’s Headland and Seawall was 
completed by MRA Coastal Engineer, Alex Clapin in the afternoon on 15 February 2019. 

During these inspections, the following information was recorded for each 10 m chainage  of the 
Headland and Seawall. 

 Notes on the general condition of the structures and any damage or deterioration.  

 Photographs (refer to Section 1.3.2). 

 Condition ratings (refer Section 1.3.3). 

1.3.2 Photographic Records 
During the inspections of the two structures, photographs were taken showing the general 
condition as well as specific locations of defects or damage.  The photos were geotagged with 
their location to enable referencing to the chainages along the structure. 

1.3.3 Condition Assessment 
To enable asset owners and managers to understand the condition of coastal and marine 
structures and to prioritise maintenance work, MRA have developed a condition rating system 
based on the methodology outlined in Condition and Performance Rating Procedures for Rubble 
Breakwaters and Jetties (USACE 1998).  This system was adopted for the assessment of both of 
the City’s Port Beach rubble mound structures, the Headland and the Seawall. 

USACE (1998) recommends that the condition and functional ratings consider a range of 
structural defects including the following.  

 Breach or loss of crest elevation. 

 Core exposure or loss. 

 Armour movement or loss. 

 Loss of armour interlocking. 

 Armour defects, weathering and undersize armour. 

 Slope defects. 

For each of these categories, a rating of 0 to 100 is applied that together with the formulas 
outlined in USACE (1998) enables an overall condition rating to be determined for each 10 m 
chainage.  The condition ratings adopted are outlined in the following table.  



 

m p rogers & associates pl  City of Fremantle,  Port Beach Coastal Adaptation Options 
 K1618, Report R1189 Draft A,  Page 8 

Table 1.1 Condition Ratings for Rubble Mound Structures 

Condition 
Rating 

Score (1-5) 

USACE Condition 
Rating 
 (0-100) 

Description Condition 
Rating 

0 0 Not assigned a condition rating. Not Rated 

1 85 - 100 Sound Physical Condition. Excellent 

2 70 - 84 Acceptable physical condition; minimal short term 
failure risk but potential for deterioration. Good 

3 40 - 69 Significant deterioration evident; failure unlikely in 
near future but further deterioration likely. Average 

4 25 - 39 Failure likely in the short term. Poor 

5 0 - 24 Failed or failure imminent/ safety risk.   Very Poor 

 

For areas of the Headland and Seawall requiring maintenance, the consequence was also 
determined in line with the following Table 1.2.  This table focuses on the financial, social and 
environmental consequences of the structural failure.   

Table 1.2 Consequence Rating 

Consequence 
Rating Score 

Description Consequence 
Rating 

0 Not assigned a consequence rating. Not Rated 

1 
Loss of assets being protected to value of $0-$1,000. 
Insignificant impact to public amenity on the beach.  

Environmental impact can be repaired within 1 month. 
Insignificant 

2 
Loss of assets being protected to value of $1,000 - $10,000. 

Small impact on public beach amenity – can be readily reinstated. 
Environmental impact repairable; can be repaired within 1-6 months. 

Minor 

3 
Loss of assets being protected to value of $10,000-$100,000. 

Some impact on public use and amenity; loss of beach functionality. 
Environmental damage; can be repaired within 6-12 months. 

Moderate 

4 

Loss of assets being protected to value of $100,000-$1.0M. 
Significant impact on public use of the beach and amenity. 

Long term environmental damage; will require at least 12 months to 
repair 

Major 

5 
Loss of assets being protected to value of more than $1.0M. 

Public amenity lost. 
Irreversible environmental impact; cannot be repaired or restored. 

Catastrophic 
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The condition and consequence ratings were then applied in conjunction, based on the matrix 
shown in Table 1.3, to assist in prioritising the required maintenance works in line with Table 1.4. 

Table 1.3 Condition / Consequence Rating Matrix 

  Condition Rating 

  1 2 3 4 5 

C
on

se
qu

en
ce

 R
at

in
g 

5 Medium High Urgent Urgent Urgent 

4 Low Medium High High Urgent 

3 Low Medium Medium High High 

2 Low Low Medium Medium High 

1 Low Low Low Medium Medium 

 

Table 1.4 Approximate Works Timing Schedule 

Combined Rating Works Timing 

Urgent Urgent < 6 Months 

High 6 Mths – 5 Year 

Medium 5 – 10 Years 

Low 10 Years + 

 

1.4 Port Beach Headland Assessment & Recommendations 
The Port Beach Headland generally has the following key features: 

 2 layers of limestone or basalt armour rock, with 1 to 4 rocks across the crest. 

 A slope of approximately 1V:1.5H to 1V:2H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 0.2 t and 5 t, with a characteristic weight (W50) of around 1 t.  The 
basalt armour rocks were generally between about 0.2 t and 4 t, with a characteristic weight 
(W50) of around 0.7 t. 

Some general photos of the structure are shown in the following figures. 
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Figure 1.5 Port Beach Headland Looking South (Left) & North (Right) 

 
Figure 1.6 Northern Tie In  

  
Figure 1.7 Central Section Looking South (Left) & North (Right) 
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Figure 1.8 Southern Tie In  

The Port Beach Rock Headland was generally in Average condition (as shown in Appendix A), 
with two sections at the northern (CH 90) and southern (CH 80 to 100) tie ins in Good condition.  
The main defects and damage identified is summarised in the following table. 

Table 1.5 Main Defects for the Port Beach Headland 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope (CH 70) Core exposed  

 

Additional armour rock to 
be added 

Slope 
throughout 

Small loose 
rocks exposed in 

outer layers 

 

Small rocks to be 
removed from outer 

layers 
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Slope/Toe (CH 
30 to 60) 

Shelves and 
voids at the 

waterline 

 

Additonal rock to be 
added or rocks repacked 

to remove voids 

Toe (CH 30 to 
60) 

Armour rocks 
rolled out 

 

Replace rocks rolled out 
at toe 

 

The maintenance works given in Table 1.5 are recommended to improve the condition of the Port 
Beach Headland.  The consequence rating was generally Moderate for the structure and 
therefore, maintenance should be completed as a Medium priority (5 to 10 years) in line with 
Tables 1.3 and 1.4. 
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1.5 Port Beach Seawall Assessment & Recommendations 
The Port Beach Seawall generally has the following key features: 

 1 to 2 layers of limestone armour rock, with 1 to 2 rocks across the crest. 

 A section near the southern tie in with basalt armour rock. 

 A slope of approximately 1V:1.5H to 1V:2H. 

 Based on the dimension measurements taken by MRA, the limestone armour rocks were 
generally between about 0.3 t and 9 t, with a characteristic weight (W50) of around 0.7 t.   

Some general photos of the structure are shown in the figures below. 

  
Figure 1.9 Port Beach Seawall Looking South (Left) & North (Right) 

 
Figure 1.10 Northern Tie In  
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Figure 1.11 Southern Tie In  

The Port Beach Rock Seawall was generally in Average condition (as shown in Appendix A), with 
two central sections (CH 50 and 80) in Good condition.  The main defects and damage identified 
is summarised in the following table. 

Table 1.6 Main Defects for the Port Beach Seawall 

Asset 
Description 

and Chainage 
Description and Photos Recommended 

Maintenance 

Slope and crest 
throughout  

Geotextile 
exposed 

 

Repair damaged sections 
and place sufficient filter 

and armour rock over 
geotextile layer 
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Slope and crest 
throughout  

Foreign material 
and items 

(concrete, signs, 
asphalt and 

drainage pipes) 
in outer layers 

 

Foreign material and 
items to be removed and 

drainage pipe to be 
replaced to meet current 

day standards 

Slope and crest 
throughout  

Voids with core 
exposed 

 

Additonal rock to be 
added or rocks repacked 

to remove voids 

Slope 
throughout 

Small loose 
rocks exposed in 

outer layers 

 

Small rocks to be 
removed from outer 

layers 

Toe (CH 10, 30 
to 50 and 70) 

Armour rocks 
rolled out 

 

Replace rocks rolled out 
at toe 
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The maintenance works given in Table 1.6 are recommended to improve the condition of the Port 
Beach Seawall.  The consequence rating was generally Major for the structure due to popularity 
of the adjacent beach and users sitting in front or on the Seawall.  Therefore, the maintenance 
should be completed as a High priority (6 months to 5 years) in line with Tables 1.3 and 1.4. 

1.6 Other Rock Sections Along Port Beach 
It was also noted during the inspection that there are other sections of rock along the beach near 
to the formal Headland and Seawall structures.   

These included a section of armour sized limestone and basalt rocks south of the Headland 
(Figure 1.11) and various patches of similar rock along the shoreline between the Headland and 
Rous Head (Figure 1.12). 

 
Figure 1.11 Section of Rocks South of the Headland  
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Figure 1.12 Sections of Rocks Between Headland and Rous Head  

Rock is also present in the dunes fronting the surf club building, as shown in Figure 1.13.  
However, for all of these locations there was insufficient information or insufficient sections of the 
structure visible to complete a more thorough inspection.   

 
Figure 1.13 Rocks in the Dunes fronting the Surf Club 

  



K1618 - Port Beach Structures Inspection
Inspection Sheet

General Information
Site Name: Rock Seawall
Inspected by: ADC
Date: 15/02/2019
Time: 2:30 PM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope 
Defects Breach Core 

Exposure

0 60 60 80 50 70 80 58

10 55 60 80 40 60 80 51

20 60 65 80 50 60 80 59

30 60 65 85 60 85 80 65

40 60 60 80 50 85 70 59

50 85 70 85 85 85 70 74

60 85 70 60 85 85 70 66

70 60 60 65 85 85 90 66

80 85 70 75 85 85 90 75

90 85 45 90 85 60 90 56

100 85 45 90 85 60 90 56

K1618 - Port Beach Structures Inspection
Inspection Sheet

General Information
Site Name: Rock Headland
Inspected by: ADC
Date: 15/02/2019
Time: 3:15 PM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope 
Defects Breach Core 

Exposure

0 75 80 80 80 80 80 76

10 50 55 50 50 50 60 52

20 40 50 60 55 60 50 43

30 40 50 60 55 60 50 43

40 40 40 60 50 45 50 43

50 40 40 60 50 45 50 43

60 45 55 60 60 45 40 43

70 50 65 60 50 45 45 48

80 80 80 80 80 80 85 81

90 80 80 80 80 80 85 81

USACE 
Condition 

Rating

USACE 
Condition 

Rating

Structural Ratings

Structural Ratings
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Appendix F Coastal Structures Condition Assessment (July 2019) 
  



K1618 - Port Beach Structures Inspection
Inspection Sheet

General Information
Site Name: Port Beach Headland
Inspected by: ADC
Date: 17/07/2019
Time: 8:00 AM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope Defects Breach Core Exposure

0 75 80 80 80 80 80 76

10 50 55 50 50 50 60 52

20 40 50 60 55 60 50 43

30 40 50 60 55 60 50 43

40 40 40 60 50 45 50 43

50 40 40 60 50 45 50 43

60 45 55 60 60 45 40 43

70 50 65 60 50 45 45 48

80 60 60 80 65 75 65 64

90 60 60 80 65 75 65 64

General Information
Site Name: Port Beach Carpark Seawall
Inspected by: ADC
Date: 17/07/2019
Time: 8:30 AM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope Defects Breach Core Exposure

0 60 60 80 50 70 80 58

10 55 60 80 40 60 80 51

20 60 65 80 50 60 80 59

30 60 65 85 60 85 80 65

40 60 60 80 50 85 70 59

50 85 70 85 80 85 70 74

60 85 70 60 75 85 70 65

70 60 60 65 85 85 90 66

80 85 70 75 85 85 90 75

90 85 45 90 85 60 90 56

100 85 45 90 85 60 90 56

110 80 80 30 80 80 50 41

120 80 80 30 80 80 50 41

General Information
Site Name: Port Beach Surf Club Seawall
Inspected by: ADC
Date: 17/07/2019
Time: 9:00 AM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope Defects Breach Core Exposure

0 60 65 70 65 65 60 62

10 60 65 70 65 65 60 62

General Information
Site Name: Port Beach Temporary Change Rooms Seawall
Inspected by: ADC
Date: 17/07/2019
Time: 9:30 AM

Chainage 
(start) Armour Loss

Loss of 
Armour 

Interlock

Armour 
Quality 
Defects

Slope Defects Breach Core Exposure

0 80 70 65 65 90 70 69

10 80 70 65 65 90 70 69

20 80 70 65 65 90 70 69

USACE  
Condition 

Rating

USACE  
Condition 

Rating

USACE  
Condition 

Rating

USACE  
Condition 

Rating

Structural Ratings

Structural Ratings

Structural Ratings

Structural Ratings
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Appendix G FP Seawall Drawings (ARUP 2006) 
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Appendix H Community Values Survey Outcomes Report (Elton 2019) 
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1 Introduction 
1.1 Project Background 
During 2016 and 2017 the City of Fremantle in partnership with the Town of Mosman Park and Department of 
Planning, Lands and Heritage completed a Coastal Hazard Risk Management and Adaptation Planning (CHRMAP) 
process, to assess the vulnerability of the coastline and adjacent assets along Port, Leighton and Mosman 
beaches. 

The CHRMAP identified that the Port Beach area including Sandtrax Beach, is vulnerable to immediate and future 
coastal change and that development of coastal risk management options should be completed as a priority.  

To implement key recommendations of the CHRMAP, the City of Fremantle, in partnership with Fremantle Ports, 
was successful in acquiring a Department of Transport Coastal Adaptation and Protection grant to investigate a 
range of coastal risk management options and provide the community and key stakeholders with a defined 
concept plan to address the coastal hazard impacts of erosion. A Project Working Team (with project partners, 
the Department of Transport and Fremantle Ports) was established to oversee the process.   

1.2 Engagement Approach 
Elton Consulting was engaged by coastal engineering consultants, M P Rogers and Associates to support the 
Project Working Team to develop and implement a community engagement plan. 

The overall aim of the engagement approach was to provide opportunities for stakeholders and the local and 
broader community to meaningfully contribute to the assessment and then the development of recommendations 
and a concept plan for managing the impacts of coastal hazard risks at Port Beach.  

The stakeholder and community engagement plan was designed to align with the City of Fremantle’s Community 
Engagement Policy, helping to ensure the development of the risk mitigation and management process was 
clearly and transparently communicated to all stakeholders and designed to meet the following communication 
and engagement objectives: 

» To enable a diverse range of stakeholder and community values, priorities and expertise / local 
knowledge to inform the development of recommendations and a concept design to manage the 
impact of current and future coastal hazard risks at Port Beach, 

» To promote a shared understanding and dialogue around issues and opportunities relating to current 
and future coastal hazard risks; community and cultural values; stakeholder priorities and key coastal 
infrastructure and assets at risk; and 

» To promote a high level of stakeholder understanding and ownership of the final recommendations 
and concept and the pathway on how the City will address the risks over time 

To achieve both project and engagement objectives and align with the City’s Community Engagement Policy, a 
methodology combined both online and face to face engagement to target specific key stakeholder groups.  

The strategy focused on providing opportunities to engage the public between Inform and Collaborate on the 
International Association of Public Participation (IAP2) Spectrum, as illustrated in the figure below. 



ELTON CONSULTING 

Port Beach, North Fremantle 4 
 

Figure 1: IAP2 Spectrum 

 

A detailed engagement methodology is provided in the Coastal Engineering at Port Beach Project Plan (MRA) 
dated December 2018.  

1.3 Engagement Outcomes Report 
This report provides an overview of the key findings from the community engagement process. It provides 
outcomes from the:  

» broader community values online survey  

» feedback sought through the formal engagement of stakeholders through the Port Beach Stakeholder 
Reference Group. 

Findings from the engagement process informed the development of the multi-criteria analysis assessment tool, 
which was used by the project team to evaluate the proposed coastal management options and the final concept 
plan presented to the City of Fremantle Council for consideration. 

1.4 Key engagement statistics 
The core components of the engagement approach included a promotional campaign to encourage community 
participation in the consultation process. This included: Local poster drop to nearby businesses, a dedicated 
online engagement webpage (796 visitors during the survey period), an online survey (214 respondents), two 
Stakeholder Reference Group Meetings (18 members). The promotional campaign also included: 

» a pre-consultation media briefing,  

» three repeat ads in the Fremantle Herald 

» posters in beachside facilities at Port and Leighton beaches 

» dedicated beach signage at all access points between Port and Leighton beaches 

» City of Fremantle communications channels including: 

> digital channels including social media posts, online newsletter, City’s website and direct electronic 
marketing to the City’s database and key stakeholders identified as part of the community engagement 
process.  

» Members of the stakeholder reference group were also asked to promote the online engagement process 
through their membership bases, as discussed further in Section 5 of this report. 

Additional engagement was undertaken by the Project Working Team and M P Rogers and Associates, including 
key stakeholder meetings and informal conversations with community members. 

Calculating these numbers, it is reasonable to assume that well over 1000 people experienced a touchpoint for 
the engagement program. 
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2 Engagement Methodology  
In order to shape the assessment of coastal management options, the project team sought to understand the 
stakeholder values that both the local and broader community (visitors to the beach) attributed to the facilities 
and amenity surrounding Port Beach. 

The engagement approach was designed to position the Project Team and in particular the City of Fremantle as 
being proactive in responding to community feedback and demonstrating a desire to develop a deeper 
understanding of the community’s values. 

The engagement approach benefitted from the ‘My Say Freo’ website, an already established and trusted 
communication source managed by the City of Fremantle in collaboration with Bang the Table. Using this platform 
offered a range of functional tools, including the Survey and Q&A functions, by which to collect feedback and 
share information to support a transparent approach, which considered different interests and priorities within the 
community.  

 

In addition, we also recommended face to face engagement. The Port Beach Reference Group, was established 
for the life of the project comprising membership of key stakeholders and representatives of key community 
groups, who have a greater interest or likelihood of being impacted by the project. This Group was engaged to: 

» provide input into the evaluation performance criteria and weightings for the MCA prior to going out to 
the wider community (Via My Say Freo website) 

» provide feedback on four concept options.  

2.1 Communications Approach 
In collaboration with the City a communications strategy was developed 
and implemented to promote the engagement opportunities and guide 
media, social media and issues management as well. Key messaging and 
FAQs were developed to positively position the project, address 
misinformation and stakeholder concerns.                                       
(Please refer to Appendices for FAQs)  

Consultation fatigue was identified as a potential issue early on in the 
planning process due to previous engagement of the community for the 
CHRMAP process as well as the ongoing capacity of the community to be 
involved in the City’s broader engagement agenda. Therefore the 
timeliness and branding of the project was key to supporting a high 
participation rate in the engagement process. ‘Our Coastal Future’ was 
designed to attract participation. 

Online engagement supports: 

» Accessibility – an opportunity for people beyond the ‘usual suspects’ to contribute 
feedback and ideas 

» Interactivity – creates a dynamic space for people to interact to be informed and 
provide feedback, without the constraints of time and geography. 

» Transparency – people’s feedback is available for all stakeholders to see. This 
gives the consultation process credibility, because people can see real feedback is 
being captured and where there are diverse views, it helps to build empathy. 
‘There are more perspectives than just your  own.’ 
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3 Online Community Survey - 
Results 

An online community survey was live on the City’s website for just over four weeks (February 22 to March 24 
2019). The survey was self-selecting and contained a series of questions to gather insights into how people used 
Port Beach and the values they placed on the facilities, infrastructure and amenity surrounding the beach.  

In an effort to analyse responses efficiently and ensure a value for money approach, the survey was designed to 
be predominantly quantitative, with a couple of qualitative questions, which probed for ’other’ information if the 
respondent couldn’t find an option to select. 

During the time the survey was live, the project site saw a total of 796 visits and 214 surveys were completed. A 
detailed breakdown of the survey and responses can be found below. 

3.1 Respondents were asked what best describes 
them: 

The results indicate that Port 
Beach is widely valued beyond 
the City’s boundaries. The 
results may also demonstrate 
the broad reach of the 
promotional campaign to 
encourage participation in the 
consultation process. 

 

3.2 Respondents were asked if they visit Port Beach 
which of these activities do, they usually do? 
(respondents could select more than one option) 

Due to the sheltered nature of 
Port Beach, swimming was 
the most popular activity. In  
general however Port Beach 
provides the opportunity for a 
range of active recreational 
uses. 
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3.3 Respondents were asked to score how important 
it is to them to be able to access the following 
aspects at Port Beach: 

a) Active recreation opportunities (e.g. exercising, water sports, jogging / walking on beach) 

b) Coastal amenity (e.g. beach access; natural vegetation, views) 

c) Entertainment and socialising opportunities (e.g. café, picnics, events) 

d) Community facilities (e.g. surf club) 

e) Private benefits (e.g. living nearby, property values) 

f) Employment and economic benefits (e.g. tourism, small and local business) 
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In general respondents acknowledged that they can pursue active recreation opportunities at other locations but 
their preference is to use Port Beach. From the additional ‘open’ feedback received through the survey, the 
reason for this is the sheltered and undeveloped nature of Port Beach and the strong social connections many of 
the visitors have with other users. 

3.3.1 Active recreation opportunities (e.g. exercising, water 
sports, jogging / walking on beach) 

 

3.3.2 Coastal amenity (e.g. beach access; natural vegetation, 
views) 
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3.3.3 Entertainment and socialising opportunities (e.g. café, 
picnics, events) 

 

3.3.4 Community facilities (e.g. surf club) 
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3.3.5 Private benefits (e.g. living nearby, property values) 

 

3.3.6 Employment and economic benefits (e.g. tourism, small 
and local business) 
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3.4 Respondents were asked when they think about 
how they use Port Beach, to identify which 
section of the beach they spend most of your 
time at (refer to the map right 
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3.5 Respondents were asked to think about the 
section of beach they spend most of your time at, 
and what is the reason for spending time there? 
(respondents could select more than one option) 

 

With swimming being the most popular activity at the beach, the convenience and ease of access to the facilities 
such as changing rooms and the café are a drawcard to the section of the beach north of Tydeman Road. 
Equally, results from other survey questions demonstrate that people recognise that they can conveniently access 
a café at other locations and the facilities are not as important as retaining the beach and the sand dunes. 

Sandtrax and the southern end of the beach is a popular location for surfing and swimming in general and as a 
result access to parking at beach is important. 
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3.6 When thinking about the potential impact 
coastal erosion at Port Beach could cause to the 
surrounding infrastructure and amenity, 
respondents were asked to score how important 
they value each of the following:  

a) The beach  

b) The sand dunes 

c) Changing rooms 

d) Foreshore parking 

e) Café / restaurant 

f) Surf Club  

g) Dual Use Path 

h) Other – please provide a brief description of what you value at Port Beach 

 

As outlined in the detailed results 
below, when consideration is given to 
which aspects of Port Beach are 
significantly valued then both the beach 
and the sand dunes rank highest, when 
it comes to protecting them from 
coastal processes.  

Parking is also an important 
consideration, particularly for the local 
community due to the Beach’s proximity 
to the Port and relationship with Port 
Beach Road. Which provides a 
significant access point to Port Beach? 
but can be perceived to be a barrier and 
hinder ease of access. Subsequently the 
dual use path becomes an important 
access and connector point for Port 
Beach and a safe alternate option to 
accessing the beach and its amenities.  
This is particularly supported by parking 
opportunities further south at North 
Mole and from the north at 
neighbouring Leighton Beach. 
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3.6.1 The beach 

 

3.6.2 The sand dunes 
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3.6.3 Changing rooms 

 

3.6.4 Foreshore parking 
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3.6.5 Café / restaurant 

 

3.6.6 Surf Club 
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3.6.7 Dual Use Path 

 

3.6.8 Other – please provide a brief description of what you 
value at Port Beach 
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3.7 Respondents were asked if relocating facilities 
(e.g. parking, surf club) became a preferred 
option, would they continue to visit Port Beach? 

 

3.8 Respondents were asked to rank the relative 
importance of the below criteria to them: 

Social aspects: 
a) Active recreation on the beach and water (e.g. using the beach, swimming, water sports)  

b) Passive enjoyment (e.g. visit cafe, views) 

Environmental aspects: 
c) Preserve environmental values (minimising erosion, preserving dunes) 



ELTON CONSULTING 

Port Beach, North Fremantle 19 
 

 

3.8.1 Social aspects: 

Active recreation on the beach and water (e.g. using the beach, swimming, 
water sports) 

 

0 20 40 60 80 100 120 140 160 180 200

1 - not important

2

3

4

5 - extremely important

6

0

6

18

184



ELTON CONSULTING 

Port Beach, North Fremantle 20 
 

Passive enjoyment (e.g. visit cafe, views)

 

3.8.2 Environmental aspects: 

Preserve environmental values (minimising erosion, preserving dunes) 

 

 

This final questions affirms the importance of the role the sandy beach and sheltered nature of the water plays in 
supporting active recreation and why people value and enjoy this aspect of Port Beach. Equally the contribution 
the beach and sand dunes give to the natural amenity of Port Beach is valued. Hence when considering future 
options to adapt to coastal hazard risks, maintaining opportunities for active recreation both on land and within 
the water will be paramount within a natural environment which is not overly developed.  
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4 Other submissions 
A number of written submissions were also received during the engagement period as well as seven questions 
submitted via the Q&A tool. These submissions related to a range of themes including: 

» Rocks / rubble at Sandtrax 

» Artificial creation of sand dunes causing erosion 

» Sand taken from the beach to create sand dunes 

» Impact of building North Quay  

Overwhelmingly the additional submissions highlighted that Port Beach is an important community asset with: 

» A long history within both the Fremantle community and wider Perth open swimming community 

» Strong social values connecting people of all ages,  

» Tranquil waters unique to other metro beaches 

» The simplicity and undeveloped nature of Port Beach is important,  

» Access to the elderly, people with disabilities and families. 
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5 Stakeholder Reference Group 
A reference group was established early on in the engagement process by the City to support wider community 
participation in the engagement process. This forum became a sounding board to guide engagement of the 
broader community, helping to minimise any misinformation around the project and provide the community with 
a genuine and transparent channel to be kept informed and provide feedback.  

The reference group comprised representatives from the following organisations: 

» City of Fremantle, PWT lead  

» City of Fremantle, Strategic Planning  

» City of Fremantle North Ward Councillor/s  

» M P Rogers and Associates, Principal Coastal Engineer  

» Elton Consulting, Facilitator, Associate Director Communications and Engagement  

» Fremantle Ports, PWT member  

» Department of Transport, PWT member  

» One representative from each of the following:  

> Town of Mosman Park  

> Department of Water and Environment and Regulation  

> Department of Planning, Lands and Heritage  

> LandCorp  

> Main Roads WA  

> Port Beach Polar Bears  

> Fremantle Surf Life Saving Club  

> North Fremantle Precinct Group  

> Leighton Action Coalition  

> Leighton Owners Precinct Group (Meeting 2) 

Terms of Reference were established by the City and agreed by the Reference Group, which met twice with the 
following goals: 

5.1 Meeting One 
> assist in shaping the evaluation performance criteria and weightings for the MCA prior to engaging the 

community online 

> hear more about the process for preparing the risk management approach and how the community can 
have input 

> understand key considerations from other key stakeholders 

> be made aware of the broader community engagement process and how people can have their say 

 

This session also focused on promoting the community consultation process and the online engagement 
approach, particularly with stakeholder groups who have a significant number of members who are regular 
visitors to Port Beach. 
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Consistent with the community values survey, the Group identified the following elements to be considered in 
developing adaptation options: 

» Retention of the natural environment, including maintaining a clean ocean 

» No change to near shore water environment and or wave behaviour, which could pose a safety threat to 
swimmers 

» Uninterrupted access to enable walking along the length of the beach 

» Addressing amenity and perceived safety issues with small rocks on the beach and along the shoreline 

» Relocation and larger set-backs to allow natural beach processes to occur and reduce threat to infrastructure 

» Continuation of a recreational beach experience 

» Realignment or relocation of Port Beach Road whilst maintaining access into Rous Head 

» History and role of the Surf Life Saving Club’s Annex and relationship with the Polar Bears 

» Relocation of existing infrastructure preferred over removal 

When asked about the possible relocation of existing infrastructure (e.g. surf club, parking) to the north the 
strong discussion themes included: 

» Relocation creates more room to allow some ‘natural retreat’ of the beach 

» Long term certainty and ability to invest in plans to upgrade facilities and landscaping, however they would 
be further from Sandtrax AND South Tydeman Road area of the beach 

» The importance of retaining infrastructure further north, to support the social connection provided through 
the SLSC Annex and Polar Bears Club. 

» The cost associated with relocating infrastructure 

» Ensuring there is adequate parking 

» Uncertainty on how erosion will be managed if Sandtrax not protected. 

 

5.2 Meeting Two  
Following the conclusion of the online engagement process, the Stakeholder Reference met to: 

> share the findings from the community survey and how key themes and values shaped the Multi-
Criteria-Analysis (MCA) and concept development; 

> present the four concept options and evaluate these options using the MCA 

» It was recognised that the findings from the broader community were consistent with the group’s feedback 
from meeting one. 

Discussion points during the presentation and evaluation of the concept options included; 

» Distinguishing the impact of different adaptation options such as groynes and headlands and how they retain 
sand and slow down the longshore transport of sand. Compared to sand nourishment and the ongoing costs 
attributed to this option and disruption to beach users. 

» Ensuring options were ranked appropriately to support active recreation with appropriate future shoreline 
positions whilst also allowing space for car park amenity and whether this can be relocated along with other 
infrastructure. 

» Evaluating the rating for environmental considerations taking into account the opportunity adaptation options 
provided for rehabilitating sand dunes in the long term. 
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» The long-term future of Port Beach Road in the context of the future of the Port and possible options to 
relocate it. 

The Terms of Reference and Questions and Answers from the Stakeholder Reference Group are attached in the 
Appendices. 
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6 Conclusion  
Overall, Port Beach is enjoyed for providing a place where people feel safe to swim, due to the sheltered nature 
of the beach and where they can enjoy and access the beach for other active recreational activities, whilst 
appreciating the natural coastal amenity (including sand dunes and vegetation). The social connections provided 
through visiting the beach for recreational purposes and being part of a group – such as the Polar Bears 
Swimming Club - can be attributed as to why Port Beach remains one of the City’s most popular beaches. The 
convenient proximity of surrounding facilities such as changing rooms and café are a draw card and although not 
paramount to people’s enjoyment of the beach, their relocation within the Port Beach vicinity would be highly 
valued. 

Feedback does however also indicate a high level of awareness and understanding within the community about 
the risks associated with coastal processes and the need to address coastal hazard risks. Therefore, if coastal 
infrastructure has to be relocated in order to adapt to coastal erosion, the survey results indicate that people will 
tolerate this and continue to visit the beach, as long as the social and environmental values they attribute to Port 
Beach are preserved. 

The findings from the community values survey and further explored through the Stakeholder Reference Group 
were used to shape the Multi Criteria Analysis and in particular the weighting for social and environmental criteria. 
(Please refer to the Appendices for the MCA.) 

The MCA provides a method to balance elements of a decision based on the criteria’s relative importance / 
influence to the overall decision. As a result, the MCA will be used to inform decision making about which 
adaptation response is presented to the City of Fremantle Council for consideration. 

Four possible adaptation options are currently being considered against a base case, which demonstrates the 
potential alignment of the Port Beach shoreline in 2040 if no adaptation is completed. The concept adaptation 
options being considered are: 

» Retreat and Protect – Relocate all coastal infrastructure under threat e.g. car park and changing rooms and 
construct a seawall along Port Beach Road 

» Protect – relocate a small section of carpark and construct a seawall around the remaining existing assets 

» Groynes and Headlands – construction of headlands and groynes with the additional of sand nourishment 

» Sand Nourishment – bring in sand to place on the beach and dunes 

The engagement methodology and selected engagement tools were specifically chosen because they provided 
the best opportunity to gather individual sentiments, rather than opinions, which may have been skewed or 
influenced by others in a highly vocal or large group. The online tools and communications approach also enabled 
the engagement approach to be far reaching, allowing people who lived outside the City of Fremantle but enjoyed 
the use of Port Beach to also have an opportunity to participate in the process.  

To assist M P Rogers and Associates to respond to the project brief and develop adaptation options based on 
community feedback, we were able to present these findings through robust statistical data, that was supported 
by face to face engagement with the reference group, which represented a range of interest groups across the 
community. 
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6.1 Next Steps 
During this consultation process, Port Beach experienced a series of storms, highlighting the beach and 
surrounding infrastructure’s vulnerability to coastal hazard risks. The City of Fremantle Council are currently 
assessing the adaptation options with consideration of both the immediate impact, which has been addressed by 
short term mitigation options, alongside the values stakeholders and the community place on the coastline and 
surrounding assets and selecting an adaptation option that that will meet the future aspirations of Port Beach for 
the long term. 

Once the Council have made their consideration, the community will be informed and presented with: 

» The selected option to manage the impact of coastal hazard risks at Port Beach and mitigate the impact of 
current and future coastal erosion; and 

» The next phases of implementation.
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FAQs prepared for My-Say Freo Website 

1. Why are coastal risk management options for Port Beach in North Fremantle being 
investigated? 

During 2016 and 2017 the City of Fremantle in partnership with the Town of Mosman Park and 
Department of Planning, Lands and Heritage completed a Coastal Hazard Risk Management and 
Adaptation Planning (CHRMAP) process, to assess the vulnerability of the coastline and adjacent 
assets along Port, Leighton and Mosman beaches.  

The CHRMAP included a review of potential coastal risk management options to improve the 
consequences or reduce the likelihood of coastal hazard impacts of erosion. The development of the 
plan was co-funded by the State Government and adopted by both the City of Fremantle and Town 
on Mosman Park councils in 2017. 

The CHRMAP identified that the Port Beach area including Sandtrax Beach, is vulnerable to 
immediate and future coastal change and the development of coastal risk management options 
should be completed as a priority.  

To implement key recommendations of the CHRMAP, the City of Fremantle, in partnership with 
Fremantle Ports, was successful in acquiring a Department of Transport’s Coastal Adaptation and 
Protection grant to investigate a range of coastal risk management options and provide the 
community and key stakeholders with a defined concept plan to address the coastal hazard impacts 
of erosion. A Project Working Team (with project partners, the Department of Transport and 
Fremantle Ports) has been established to oversee this current process.    

 

2. What is causing the coastal erosion at Port Beach? 

The shape of the coastline is continuously changing in response to the forces acting on it: wind, 
currents, waves and the level of water. Furthermore, Port Beach is essentially an artificial beach that 
was shaped by the early construction work associated with the Fremantle Harbour and Fremantle 
Port.   

These early works placed large volumes of sand and rubble on the beach and in the nearshore area.  
Over time the sand placed on Port Beach has been lost due to natural coastal processes as the 
sediment has been transported to the north and the beach realigns to a more natural alignment.   

 

3. What is coastal risk management planning and what options will be considered for Port 
Beach? 

Coastal risk management planning is about being ready to manage the risks to the assets and values 
within the Port Beach locality associated with the impacts of changes to our coast line, by planning 
for the most appropriate decisions and options to implement over time.  

Feedback received from the community and key stakeholders will help to shape the assessment of 
coastal risk management options.  Possible options could include:  
- beach and dune nourishment (bringing in sand to place on the beach and dune),  
- relocation of coastal infrastructure, e.g. car park and changing rooms 
- construction of seawall,  
- construction of groynes,  
- a combination of these options or other options as required. 
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4. How will the coastal risk management options better manage the erosion at Port Beach? 

The risk management option/s chosen will determine how Port Beach will adapt to the effects and 
mitigate areas affected by coastal erosion in the future.  

For instance, a beach and dune nourishment option may help to protect coastal assets from erosion 
by increasing the buffer (distance and volume of sand) between the ocean and the assets.  
Alternatively, a seawall could protect coastal assets against erosion by providing a robust defence 
against the action of waves on the coastline.   

 

5. How will the coastal risk management options be evaluated? 

The evaluation of coastal risk management options will be completed using a multi-criteria analysis. 
This analysis will rank the options based on the relative benefits of each option across a range of 
criteria, which will be based on community feedback. These include social value, environmental 
impacts, economic impacts and construction and operation/maintenance costs. 

As part of selecting a preferred coastal risk management option, there will be consideration of trade-
offs between each of the potential options available for Port Beach. 

An example of this could include beach and dune nourishment which may maintain beach amenity 
and access, however would come with significantly higher and ongoing maintenance costs relative to 
other available options. Alternatively, a seawall may potentially result in the loss of beach from time 
to time and would be relatively expensive to construct, however would be relatively low in cost to 
maintain over time.  

6. Will the coastal risk management options impact facilities and amenity at Port Beach, 
such as: 

a. Parking 

b. Changerooms 

c. Surf Life Saving Club facility 

d. Commercial food and beverage outlets. 

The community and stakeholder engagement process will help to establish the community values 
attributed to these assets. Assets that are deemed to be very important, will be given greater 
consideration for accommodation within the coastal risk management options. It is possible that 
some assets will need to be relocated locally, to achieve better outcomes.  

7. How much will it cost to implement the coastal risk management options and how long 
will it take? 

The cost of both construction and ongoing operation/maintenance and the timeframe for 
implementation will depend on the selected risk management option(s). Opportunities to seek 
funding to assist with the construction will also be investigated. Consideration will be given to 
staging of the selected risk management option(s) wherever possible.   

 

8. Why are coastal risk management options at Port Beach only being considered and not 
Leighton or Mosman Beaches? 
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Through the CHRMAP process, Port Beach was identified as being highly vulnerable to coastal 
erosion. Both Leighton and Mosman Beaches do not have the same level of vulnerability from 
coastal hazard impacts and can be monitored and maintained through dune stabilisation over the 
short to medium term.  

The coastal risk management options that are developed for Port Beach will be designed to have 
minimal negative impact on Leighton or Mosman Beaches or the surrounding marine area. 

9. What is being done about the rocks on the beach and other site contamination?  

Port Beach is an artificially created beach built on a foundation of dredge material including sand, 
limestone rock and coral fragments that has historically been dumped there through the creation of 
the Port in the late 1800s. Limestone rock and coral fragments can be seen throughout the beach 
profile. From time to time conditions will be such that the lighter sand grains interspersed with the 
material will wash away and the limestone rock and coral fragments will be exposed. At other times 
the sand will come back and cover it up again.  

There are signs in place warning beach users about the possibility of exposed rocks and rubble on 
the beach during these erosion periods. 

In recent decades a number of attempts have been made to address the rocks on Port Beach, 
including using excavators and bobcats to remove them, but all of these attempts have only been 
successful in removing the rocks from the surface level. As the beach has been largely formed by 
dredged sand and rocks, it is expected rock fragments will continue to be present on Port Beach 
from time to time. 

10. Will the coastal risk management options impact access to Port Beach Road, North Mole 
and the Inner Harbour? 

Continued access to Port Beach Road, North Mole and the Inner Harbour will be a key consideration 
when evaluating coastal risk management options to ensure there is no impact. 

11. Will the community continue to have access to Port Beach and the water off Port Beach? 

Community access to Port Beach and the water off Port Beach will continue to be provided, however 
the location of and form of this access will depend on feedback received from the community and 
stakeholders and the risk management option(s) selected.   

12. How can I provide my feedback on the coastal risk management options? 

To stay updated on the project as well as opportunities to provide your feedback on what values are 
important for evaluating the coastal risk management options, visit 
www.mysay.fremantle.wa.gov.au 
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Port Beach Reference Group - Terms of Reference  

Reference groups are formed to provide ongoing feedback, and receive updates and 
progress on a project or council plan/strategy that is in progress. 

Project Overview 

The City of Fremantle, in partnership with Fremantle Ports and the Department of 
Transport, has commenced a project with the objective of managing the impact of 
coastal hazard risk at Port Beach. The partnership organisations form a Project Working 
Team (PWT) to oversee the implementation of the project. .  

The project tasks include a detailed assessment of the site, existing coastal protection 
structures and historical data to recommend a coastal adaptation concept for Port 
Beach that addresses the impact of current and future coastal erosion. A stakeholder 
and community engagement process has been developed to inform the project. 

A key component of the stakeholder and community engagement process is the 
establishment of a Port Beach Reference Group (the reference group).  

A. Purpose 

1. The purpose of the Port Beach Reference Group is to: 
1.1. Promote the stakeholder and community engagement program for the project to 

a wide range of stakeholders, including the broader community to generate 
understanding of the project and participation in the consultation process. 

1.2. Provide a forum to promote a shared understanding and dialogue around issues 
and opportunities relating to: 

1.2.1. current and future coastal hazard risks  
1.2.2. community and cultural values 
1.2.3. stakeholder priorities and key coastal infrastructure and assets at risk  
1.2.4. the pathway on how the City may address coastal hazard risk over time. 

1.3. Gather a diverse range of stakeholder and community views to inform the 
development of recommendations and a concept plan to manage the impact of 
current and future coastal hazard risks at Port Beach. 

 
B. Formation of group 

 
1. The reference group will be comprised of members who are representative of 

their department, organisation or community group. 
2. Membership shall comprise of: 
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 City of Fremantle, PWT lead 

 City of Fremantle, Strategic Planning 

 City of Fremantle North Ward Councillor/s  

 Mick Rogers and Associates, Principal Coastal Engineer 

 Elton Consulting, Facilitator, Associate Director Communications and 
Engagement 

 Fremantle Ports, PWT member 

 Department of Transport, PWT member 

 One representative from each of the following: 
 Town of Mosman Park 
 Department of Water and Environment and Regulation 
 Department of Planning, Lands and Heritage  
 LandCorp  
 Main Roads WA  
 Port Beach Polar Bears  
 Fremantle Surf Life Saving Club  
 North Fremantle Precinct Group  
 Leighton Action Coalition  
 The Leighton Owners Precinct 

 
With approval of the City and when relevant, specialist consultants or other 
stakeholders who are not members of the reference group may be invited to attend 
on behalf of or in addition to a member. 

C. Role of the group 

1. Members are to participate in meetings with a view to achieving the purpose of 
the reference group. 

2. Promote the stakeholder and community engagement program for the project to 
a wide range of stakeholders, including the broader community to generate 
understanding of the project and participation in the consultation process. 

3. Receive information and updates, and provide feedback on the project including. 
issues and opportunities relating to: 
3.1. current and future coastal hazard risks  
3.2. community and cultural values 
3.3. stakeholder priorities and key coastal infrastructure and assets at risk  
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3.4. the pathway on how the City may address coastal hazard risk over time. 
 

D. Facilitation of meetings 

1. Elton Consulting will facilitate the meetings, provide an agenda and keep clear 
notes to be registered in the City’s record keeping system.  

2. The facilitator will endeavour to circulate the agenda and any relevant meeting 
papers at least three days prior to a meeting. 

 
E. Decision making 

1. The reference group has no decision-making authority. 
2. Majority group consensus is required for suggestions to be progressed on behalf 

of the group. 
 

F. Frequency of meetings 

1. A minimum of two meetings will be held with provision for additional meetings in 
line with the project milestones.  

2. The timing of meetings will be outlined to members at the first meeting of the 
reference group. 
 

G. Term of group 

1. The reference group will disband upon completion of the project.  
2. The estimated completion date of the project is July 2019. 

 
 

Terms of reference approved by CEO 31 January 2019 
Amendment approved by CEO: 
Inclusion of The Leighton Owners Precinct to B: Formation 
of the group 

2 April 2019 
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Port Beach 
21st February 2019, 5:30pm 

 

Questions and Answers 
Port Beach - Coastal Engineering 

Stakeholder Reference Group 
Thursday 21st February 2019 

5:00pm for a 5:30pm start – 8:00pm 
North Fremantle Community Hall 

Question and Answers 

Welcome and Introductions 

Q: How is Port Beach defined in this project 

A: Map presented defining three Port Beach areas and advised that Port Beach extends slightly 
further, however that the area being considered was the vulnerable area identified by the CHRMAP. 

Project Overview  

Q: Has there been illegal dumping of waste material along Port Beach? 

A: There has been some historical dumping yards towards the northern end of Port Beach. 
 

Q: Has erosion only become a recent issue since the 1990’s? 

A: Port Beach accreted for many years up until around the 1990’s from dredged material placed 
on and near the shore, however has since eroded without this continued supply. 

Noting that the 2018 shoreline is still seaward of the 1945 vegetation line 
 

Q: How is retreat actually completed? 

A: It involves allowing the beach to recede naturally and relocating assets to less vulnerable areas 
 

Q: Is there an opportunity to discuss or recommend relocating infrastructure such as Port Beach 
Road? 

A: The next stage of the project will be looking at the “non-negotiables” and the adaptation 
options that are potentially available. 
 

Q: Who is responsible for managing the foreshore? 

A: Ultimately the State Government has control of the foreshore reserve, however that the City 
has a Management Order over the land and is responsible for it. 
 

Q: Can sand move over groynes? 

A: Sand can move over or around depending on the crest height and length of the groyne 

 

Q: How is the shoreline movement  measured? 

A: Shoreline itself moves around a lot with tides and weather conditions and that the vegetation 
line provides the best measure of movement 
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Questions and Answers 
Port Beach - Coastal Engineering 

Stakeholder Reference Group 
Thursday 11th April 2019 

5:00pm for a 5:30pm start – 8:00pm 
 North Fremantle Community Hall  
 

Questions and Answers 

Port Beach - Community Values Survey – Overview of community feedback 

Q: How effective is the overall survey process if there were only 214 respondents? 

A: Extremely effective relative to the CHRMAP engagement and similar engagement 
completed for other nearby Perth coastal projects.  Over 50% of the respondents live outside 
the City suggesting that the promotional methods worked.  The survey results are also 
consistent with the Perth Coastal Recreation Study and the CHRMAP engagement. 

Creating the MCA - developing criteria for analysis 

Q: Is there scope to relocate Port Beach Road to widen the foreshore at Port Beach? 

A: No, the CHRMAP recognised that Port Beach is vulnerable and requires adaptation in the 
short and medium term.  Over this time frame there is no scope to look at relocating Port 
Beach Road. 

Considering the adaptation options 

Q: Does the headland need to stay between Sandtrax and the section of Port Beach further 
north? 

A: The headland does help trap sand moving north and since it is there already, we have 
marked it for refurbishment in each of the adaptation options. 

Q: Does retreat involve ripping up the carpark for example and rebuilding it at a new 
location?  

A: Yes.  This will be included in the cost assessment of the relevant adaptation options. 

Reviewing the MCA ratings - social and environmental criteria 

Q: What assets are being relocated in Option 2 - Protect, as noted in the MCA description? 

A: A small section of the existing southern carpark. 

Q: Could groynes be used instead of headlands? 

A: Groynes and headlands are effectively interchangeable in terms of creating compartments 
that retain sand and slow down longshore transport.  There are however some differences in 
how they impact the beach. 

Q: Should Option 2 be rated lower in terms of providing beach and active/passive recreation 
opportunities due to the indicative shoreline position at 2040? 

A: The shoreline position for the base case and Option 2 are the same.  If anything, shifting 
the existing seawall landward in Option 2 provides a wider beach than the base case would. 

Q: Can the “Social - Provide carpark amenity” criteria include location as well as the number 
of bays. 

A: Yes, this will be updated and incorporated into the revised MCA. 

Q: Should there be a greater difference in the “Environmental - Preservation of beach 
environment” criteria ratings between Options 1/2 and 3/4, since the latter options may 
allow for the dunes to be rehabilitated? 

A: Yes, this will be updated and incorporated into the revised MCA. 
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K1618 Port Beach Adaptation Options
Multi Criteria Analysis

Environment 
Weighting 15%

Provide beach and active recreation 
opportunities

Provide coastal amenity and 
passive recreation opportunities Provide carpark amenity Surf club and ablutions Safety for beach users due to debris 

on the beach
Entertainment and socialising 

opportunities (eg. café)
Preservation of beach environment 

(dunes, etc) 

Weighting 25% Weighting 25% Weighting 15% Weighting 15% Weighting 10% Weighting 10% Weighting 100%

Rating Description
Extent that the option provides a 
useable beach area and active 

recreation opportunities

Extent that the option provides 
opportunities for passive recreation 

and amenity, such as provision of dual 
use path, areas to sit and view the 

water, etc

Ranking based on number of car 
parking bays provided within the area

Ranking based on provision and likely 
functionality of surf club and ablutions

Extent of potential change in user 
safety caused by debris on the beach 
(includes both small rocks and larger 

remnant seawall rocks within 
Sandtrax)

Ranked based on whether option 
reduces, maintains or enhances 

facilities or leasing areas that enable 
entertainment and socialising 

opportunities

How well the option protects or 
provides for preservation of the beach 

environment, including dunes

1 Significant loss in beach area and 
active recreation opportunities

Significant loss of amenity and passive 
recreation opportunities

Significant reduction in car parking 
bays within the region (>40% 

reduction) and proximity of bays to 
preferred beach use areas

Surf club and ablutions not provided Increase in risk due to debris on beach 
Complete loss of facilities or leasing 

areas that provide additional 
socialising opportunities

Significant loss of beach environment

2 Slight decrease in beach area and 
active recreation opportunities

Slight decrease in amenity and 
passive recreation opportunities

Reduction in car parking bays within 
the region (>20% reduction) and 

proximity of bays to preferred beach 
use areas

Surf club and ablutions provided but 
with potential loss of functionality due 
to change in beach or areas of beach 

usage

No change in safety due to debris on 
beach

Some loss of facilities or leasing areas 
that provide additional socialising 

opportunities
Slight loss of beach environment

3 No net change in beach area and 
active recreation opportunities

No net change to amenity and passive 
recreation opportunities

No net change in number of car 
parking bays or proximity of bays to 

preferred beach use areas

Surf club and ablutions provided within 
scheme with minimal potential for loss 

of functionality

Slight improvement in safety due to 
reduced debris on beach

Option preserves facilities or leasing 
areas that provide entertainment and 
socialising opportunities that currently 

exist

No net change in beach environment

4 Slight increase in beach area and 
active recreation opportunities

Slight increase in amenity and passive 
recreation opportunities

 Increase in number of car parking 
bays (>20% increase) and proximity of 

bays to preferred beach use areas

Surf club and ablutions provided with 
improved functionality

Significant improvement in safety due 
to reduced debris on beach

Some increase in facilities or leasing 
areas that provide additional 

socialising opportunities
Slight increase in beach environment

5 Significant increase in beach area and 
active recreation opportunities

Significant increase in amenity and 
passive recreation opportunities

Significant increase in number of car 
parking bays (>40% increase)and 

proximity of bays to preferred beach 
use areas

Surf club and ablutions ideally situated No longer an issue with debris
Significant increase in facilities or 

leasing areas that provide additional 
socialising opportunities

Significant increase in beach 
environment

4a) Completing capital and 
ongoing sand nourishment (via 

truck) to provide a useable 
beach

4 Sand 
Nourishment

Maintaining a buffer against storm 
erosion to a tolerable erosion 
hazard risk level to protect the 
existing assets, including Port 

Beach Rd

4b) Completing capital and 
ongoing sand nourishment (via 

dredge spoil) to provide a 
useable beach

Maintaining a buffer against storm 
erosion to a tolerable erosion 
hazard risk level to protect the 
existing assets, including Port 

Beach Rd

R
at

in
g 

Sc
al

e

Weighting 25%
Social

Key Objectives in Terms of 
Erosion Risk Mitigation

Protecting Port Beach Rd

Protecting the existing assets 
landward of the seawall, including 

Port 
Beach Rd

Maintaining a buffer against storm 
erosion to a tolerable erosion 
hazard risk level to protect the 
existing assets, including Port 

Beach Rd

Retreat and 
Protect

Headlands / 
Groynes

Constructing headlands or 
groynes with the addition of 
sand nourishment to provide 
useable beach compartments

Relocating assets to areas that 
aren't likely to be vulnerable to 

coastal hazards and 
constructing a seawall along 

Port Beach Rd

Relocating a relatively small 
section of carpark to an area 

that isn't likely to be vulnerable 
to coastal hazards and 

constructing a seawall around 
the remaining existing assets

3

1

Protect2

Option Type Description
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Appendix I SBeach Results 
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Figure I1 100 year ARI Storm for Metropolitan Region used in SBEACH 

Modelling (MRA 2018b) 
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Figure I2 SBEACH Modelling results for Option 1 Seawall 

 
Figure I3 SBEACH Modelling results for Option 2 Seawall 
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Figure I4 SBEACH Modelling results for Option 3 Headland 
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Appendix J Net Present Value Cost Estimates 
 
 
 

 

 

 



K1618 City of Fremantle, Port Beach Adaptation Options
Net Present Value Estimates (Assuming 3% Discount Rate)
Prepared by: Alex Clapin Checked by: Clint Doak Date: 30/5/19

Item Cost in Current Year Net Present Value Item Cost in Current Year Net Present Value Item Cost in Current Year Net Present Value Item Cost in Current Year Net Present Value Item Cost in Current Year Net Present Value
1 Capital Construction  $                       7,625,760 7,625,760$                        Capital Construction  $                       6,407,388 6,407,388$                        Capital Construction  $                       9,717,840 9,717,840$                        Capital placement  $                       6,324,480 6,324,480$                        Capital placement  $                       2,551,680 2,551,680$                        
2 Monitoring / maintenance  $                             45,720 44,388$                             Monitoring / maintenance  $                             48,480 47,068$                             Monitoring / maintenance  $                             62,100 60,291$                             Sand nourishment  $                          469,200 455,534$                           Sand nourishment  $                          177,600 172,427$                           
3 Monitoring / maintenance  $                             45,720 43,095$                             Monitoring / maintenance  $                             48,480 45,697$                             Monitoring / maintenance + sand nourishment  $                          303,600 286,172$                           Sand nourishment  $                          469,200 442,266$                           Sand nourishment  $                          177,600 167,405$                           
4 Monitoring / maintenance  $                             45,720 41,840$                             Monitoring / maintenance  $                             48,480 44,366$                             Monitoring / maintenance  $                             62,100 56,830$                             Sand nourishment  $                          469,200 429,384$                           Sand nourishment  $                          177,600 162,529$                           
5 Monitoring / maintenance  $                             45,720 40,622$                             Monitoring / maintenance  $                             48,480 43,074$                             Monitoring / maintenance + sand nourishment  $                          303,600 269,745$                           Sand nourishment  $                          469,200 416,878$                           Sand nourishment  $                          177,600 157,795$                           
6 Monitoring / maintenance  $                             45,720 39,438$                             Monitoring / maintenance  $                             48,480 41,819$                             Monitoring / maintenance  $                             62,100 53,568$                             Sand nourishment  $                          469,200 404,736$                           Sand nourishment  $                          177,600 153,199$                           
7 Monitoring / maintenance  $                             45,720 38,290$                             Monitoring / maintenance  $                             48,480 40,601$                             Monitoring / maintenance + sand nourishment  $                          303,600 254,260$                           Sand nourishment  $                          469,200 392,948$                           Sand nourishment  $                          177,600 148,737$                           
8 Monitoring / maintenance  $                             45,720 37,175$                             Monitoring / maintenance  $                             48,480 39,419$                             Monitoring / maintenance  $                             62,100 50,493$                             Sand nourishment  $                          469,200 381,503$                           Sand nourishment  $                          177,600 144,405$                           
9 Monitoring / maintenance  $                             45,720 36,092$                             Monitoring / maintenance  $                             48,480 38,271$                             Monitoring / maintenance + sand nourishment  $                          303,600 239,665$                           Sand nourishment  $                          469,200 370,391$                           Sand nourishment  $                          177,600 140,199$                           
10 Monitoring / maintenance  $                             45,720 35,041$                             Monitoring / maintenance  $                             48,480 37,156$                             Monitoring / maintenance  $                             62,100 47,594$                             Sand nourishment  $                          469,200 359,603$                           Sand nourishment  $                          177,600 136,116$                           
11 Monitoring / maintenance  $                             45,720 34,020$                             Monitoring / maintenance  $                             48,480 36,074$                             Monitoring / maintenance + sand nourishment  $                          303,600 225,907$                           Sand nourishment  $                          469,200 349,129$                           Sand nourishment  $                          177,600 132,151$                           
12 Monitoring / maintenance  $                             45,720 33,029$                             Monitoring / maintenance  $                             48,480 35,023$                             Monitoring / maintenance  $                             62,100 44,862$                             Sand nourishment  $                          469,200 338,960$                           Sand nourishment  $                          177,600 128,302$                           
13 Monitoring / maintenance  $                             45,720 32,067$                             Monitoring / maintenance  $                             48,480 34,003$                             Monitoring / maintenance + sand nourishment  $                          303,600 212,939$                           Sand nourishment  $                          469,200 329,087$                           Sand nourishment  $                          177,600 124,565$                           
14 Monitoring / maintenance  $                             45,720 31,133$                             Monitoring / maintenance  $                             48,480 33,013$                             Monitoring / maintenance  $                             62,100 42,287$                             Sand nourishment  $                          469,200 319,502$                           Sand nourishment  $                          177,600 120,937$                           
15 Monitoring / maintenance  $                             45,720 30,226$                             Monitoring / maintenance  $                             48,480 32,051$                             Monitoring / maintenance + sand nourishment  $                          303,600 200,715$                           Sand nourishment  $                          469,200 310,196$                           Sand nourishment  $                          177,600 117,415$                           
16 Monitoring / maintenance  $                             45,720 29,346$                             Monitoring / maintenance  $                             48,480 31,117$                             Monitoring / maintenance  $                             62,100 39,860$                             Sand nourishment  $                          469,200 301,162$                           Sand nourishment  $                          177,600 113,995$                           
17 Monitoring / maintenance  $                             45,720 28,491$                             Monitoring / maintenance  $                             48,480 30,211$                             Monitoring / maintenance + sand nourishment  $                          303,600 189,193$                           Sand nourishment  $                          469,200 292,390$                           Sand nourishment  $                          177,600 110,674$                           
18 Monitoring / maintenance  $                             45,720 27,661$                             Monitoring / maintenance  $                             48,480 29,331$                             Monitoring / maintenance  $                             62,100 37,572$                             Sand nourishment  $                          469,200 283,874$                           Sand nourishment  $                          177,600 107,451$                           
19 Monitoring / maintenance  $                             45,720 26,856$                             Monitoring / maintenance  $                             48,480 28,477$                             Monitoring / maintenance + sand nourishment  $                          303,600 178,333$                           Sand nourishment  $                          469,200 275,606$                           Sand nourishment  $                          177,600 104,321$                           
20 Monitoring / maintenance  $                             45,720 26,073$                             Monitoring / maintenance  $                             48,480 27,647$                             Monitoring / maintenance  $                             62,100 35,415$                             Sand nourishment  $                          469,200 267,578$                           Sand nourishment  $                          177,600 101,283$                           
21 Monitoring / maintenance  $                             45,720 25,314$                             Monitoring / maintenance  $                             48,480 26,842$                             Monitoring / maintenance + sand nourishment  $                          303,600 168,096$                           Sand nourishment  $                          469,200 259,785$                           Sand nourishment  $                          177,600 98,333$                             
22 Monitoring / maintenance  $                             45,720 24,577$                             Monitoring / maintenance  $                             48,480 26,060$                             Monitoring / maintenance  $                             62,100 33,382$                             Sand nourishment  $                          469,200 252,218$                           Sand nourishment  $                          177,600 95,469$                             
23 Monitoring / maintenance  $                             45,720 23,861$                             Monitoring / maintenance  $                             48,480 25,301$                             Monitoring / maintenance + sand nourishment  $                          303,600 158,447$                           Sand nourishment  $                          469,200 244,872$                           Sand nourishment  $                          177,600 92,688$                             
24 Monitoring / maintenance  $                             45,720 23,166$                             Monitoring / maintenance  $                             48,480 24,564$                             Monitoring / maintenance  $                             62,100 31,466$                             Sand nourishment  $                          469,200 237,740$                           Sand nourishment  $                          177,600 89,988$                             
25 Monitoring / maintenance  $                             45,720 22,491$                             Monitoring / maintenance  $                             48,480 23,849$                             Monitoring / maintenance + sand nourishment  $                          303,600 149,351$                           Sand nourishment  $                          469,200 230,815$                           Sand nourishment  $                          177,600 87,367$                             
26 Monitoring / maintenance  $                             45,720 21,836$                             Monitoring / maintenance  $                             48,480 23,154$                             Monitoring / maintenance  $                             62,100 29,659$                             Sand nourishment  $                          469,200 224,093$                           Sand nourishment  $                          177,600 84,823$                             
27 Monitoring / maintenance  $                             45,720 21,200$                             Monitoring / maintenance  $                             48,480 22,480$                             Monitoring / maintenance + sand nourishment  $                          303,600 140,778$                           Sand nourishment  $                          469,200 217,566$                           Sand nourishment  $                          177,600 82,352$                             
28 Monitoring / maintenance  $                             45,720 20,583$                             Monitoring / maintenance  $                             48,480 21,825$                             Monitoring / maintenance  $                             62,100 27,957$                             Sand nourishment  $                          469,200 211,229$                           Sand nourishment  $                          177,600 79,954$                             
29 Monitoring / maintenance  $                             45,720 19,983$                             Monitoring / maintenance  $                             48,480 21,189$                             Monitoring / maintenance + sand nourishment  $                          303,600 132,697$                           Sand nourishment  $                          469,200 205,076$                           Sand nourishment  $                          177,600 77,625$                             
30 Monitoring / maintenance  $                             45,720 19,401$                             Monitoring / maintenance  $                             48,480 20,572$                             Monitoring / maintenance  $                             62,100 26,352$                             Sand nourishment  $                          469,200 199,103$                           Sand nourishment  $                          177,600 75,364$                             

 $                       8,503,056  $                       7,337,644  $                     13,141,725  $                     15,327,703  $                       5,959,550 

Option 4b - Sand Nourishment (Dredge)

Total Net Present Value (Ex GST)

Year
Option 1 - Retreat & Protect Option 2 - Protect Option 3 - Headlands & Nourishment Option 4a - Sand Nourishment (Truck)
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