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Executive summary 

The City of Fremantle is undertaking the Northbank Foreshore Stabilisation project to develop 

and assess concept options, determine issues related to foreshore stabilisation from community 

and stakeholders, recommend the most appropriate and cost-effective option to minimise future 

erosion damage, and improve amenity for the section of foreshore between the Fremantle 

Traffic Bridge abutment and the existing Northbank river-wall.  

Historical foreshore reclamation (riverbank realignment) between 1953 and 1965 altered the 

shape of northern foreshore between the Fremantle Traffic Bridge and the Stirling Highway 

Bridges. The reclamation reduced the cross sectional area of the river and constrained river 

flows in an already very narrow area. The impact to the study site is that it is prone to erosion 

because the river is trying to establish a new cross sectional profile and foreshore alignment, 

and because the opposite banks of the river are controlled by hard protection. Erosion has 

resulted from a combination of river, coastal and human induced processes including boat 

wakes, wind generated waves, storm surges and tidal and river flood currents.  

The Northbank residential development by Monteath Properties Pty Ltd was conditionally 

approved by the Western Australian Planning Commission (WAPC) in May 1995 with the 

requirement that a Foreshore Management Plan was prepared as part of the development 

application. The Northbank Foreshore Management Plan (1997) recommended the construction 

of a hard-edged foreshore to extend from the Fremantle Traffic Bridge abutment across the 

western portion of the development area. The contractor however went into receivership in 2001 

and the foreshore management plan was not fully implemented including the construction of the 

foreshore edge treatments.  

In 2004 the City of Fremantle with financial contributions from the WAPC undertook foreshore 

landscaping and the construction of the block retaining foreshore wall in front of developed land 

at that time. The ‘Rivershores’ apartment building was the last building constructed within the 

Northbank Development Area which was completed in 2012. 

The project site is bound by the existing limestone retaining wall to the east and the Fremantle 

Traffic Bridge abutment retaining wall to the west. The site is impacted by tidal currents, residual 

swell waves penetrating through the Fremantle Harbour, wind generated waves, and boat 

wakes from ferries and other recreational and commercial vessels. The site also has potential 

acidity and contamination issues which have been reviewed from past documentation, but 

should be investigated at the detailed design phase or prior to construction to prevent risks to 

the environment and the public. 

Stakeholder consultation was undertaken with Department of Biodiversity Conservation and 

Attractions (DBCA), Department of Planning Lands and Heritage, Fremantle Port and City of 

Fremantle and Main Roads WA through a facilitated session and phone and email 

communication. Opportunities and constraints identified from stakeholder consultation identified 

opportunities to align the foreshore restoration with the MRWA maintenance of the Fremantle 

Traffic Bridge Abutment; and opportunities for future foreshore improvements, such as transport 

linkages, during the future proposed Fremantle Traffic Bridge replication project. DBCA are joint 

funding partners for this project and opportunities for Riverbank funding may be available for the 

detailed design and construction phases of the project. 

There were two phases of community consultation undertaken for the project. The purpose of 

the first session was to hear what the local community had to say regarding this area, provide 

an overview of the project scope (what is in and out of scope) and provide an overview of the 

development of the project. The second phase of consultation was in the form of a community 
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information session to assist the community to provide feedback on the concept options through 

the City of Fremantle’s MySay website. The community information session was held on 

Thursday 31 May 2018 and included a presentation providing details on the concept options 

and an opportunity for the community to ask questions from GHD, the City and DBCA.  

The options identified and developed to concept level were: 

 Option 1 – Block wall – Riverward alignment  

 Option 2  – Block wall – Landward alignment 

 Option 3 – Sand bag wall with rock groynes 

Two variations to Option 1 and Option 2 were investigated considering construction with, or 

without a rock toe for beach stabilisation:  

 A – Without rock toe for beach stabilisation 

 B – With rock toe for beach stabilisation 

In all, five different concept options were investigated.  

The two alignments considered for the block walls were: 

 Riverward alignment - to minimise excavation and disposal volumes of soil from 

construction. This alignment requires a net import of fill material. 

 Landward alignment - To provide an alignment similar to that proposed in the Building 

Licences’ site plan drawings by Hassel in 2010. This option minimises introduction of fill 

material on site but requires more excavation and disposal of displaced materials. 

There are also a number of features not considered in the concept options such as the 

presence and location of stairs or access ramps for kayaks and small vessels that can be 

considered in detailed design stage of the project. 

A Multi Criteria Analysis (MCA) was undertaken to assist identifying the preferred foreshore 

stabilisation option or options. An MCA is a decision-making tool used to assist in the 

comparison of options. An MCA evaluates the benefits and impacts of options based on the 

relative importance of several criteria. 

The criteria used in foreshore stabilisation MCA are summarised Table 1-1. 

Table 1-1 Summary of MCA Criterion 

Criterion Groups Criterion 
Weighting 

Criterion 

Community 0.10 Community Preference 

Amenity 0.09 Land Area 

Beach Area 

Access to and from water 

Environment 0.18 Soil treatment 

Structural Footprint 

Feasibility 0.27 Beach Stability 

Design Life 

Cost 0.36 Implementation cost (higher) 

Beach Maintenance Cost 
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The MCA provides a strong indication that Option 1A, a block retaining wall along the riverward 

alignment is the recommended option to be taken forward to detailed design on both raw sum 

and weighted sum. This indicates that regardless of the weightings applied, the ranking for this 

option is not very sensitive to changes in the weightings applied. 

Before detailed design is undertaken, it is recommended that detailed investigations into acid 

sulphate soils and site contaminants is undertaken to provide increased certainty into the cost of 

implementation for the City of Fremantle and to inform development of the construction 

management plans in relation to these aspects.  
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1. General 

1.1 Purpose of this Report 

This report was prepared by GHD Ltd Pty (GHD) for the City of Fremantle (CoF) to document 

the investigation and development of the foreshore stabilisation plan for the area between the 

Fremantle Traffic Bridge abutment and the existing Northbank river-wall (the project site). 

This project is joint funded by the City of Fremantle and the Department of Biodiversity 

Conservation and Attractions ‘(DBCA) Rivers and Estuaries Division by Riverbank funding. The 

steering committee for this project includes both members of the City of Fremantle and DBCA. 

1.2 Background 

The project site is a section of the Swan River Estuary foreshore, within the City of Fremantle’s 

parks and recreation reserve. The study area extends from the riverwall of the Fremantle Traffic 

Bridge abutment in the west, to the block retaining riverwall that stops at the boundary between 

the Rivershores Apartments and “the Brighton” as shown in Figure 1-1. Upstream of the study 

area is the Northbank Jetty, and downstream is the Fremantle Traffic Bridge and Fremantle 

Port. This area of foreshore has been maintained by sand replenishment predominantly from 

the maintenance dredging of the berths at the adjacent Northbank Jetty.  

Historical foreshore reclamation (riverbank realignment) between 1953 and 1965 altered the 

shape of northern foreshore between the Fremantle Traffic Bridge and the Stirling Highway 

Bridges. The reclamation reduced the cross sectional area of the river and constrained river 

flows in an already very narrow area. The impact to the study site is that it is prone to erosion 

because the river is trying to establish a new cross sectional profile and foreshore alignment, 

and because the opposite banks of the river are controlled by hard protection. 

The Northbank residential development by Monteath Properties Pty Ltd was conditionally 

approved by the Western Australian Planning Commission (WAPC) in May 1995 with the 

requirement that a Foreshore Management Plan was prepared as part of the development 

application. The Northbank Foreshore Management Plan (1997) recommended the construction 

of a hard-edged foreshore to extend from the Fremantle Traffic Bridge abutment across the 

western portion of the development area. The contractor however went into receivership in 2001 

and the foreshore management plan was not fully implemented including the construction of the 

foreshore edge treatments.  

In 2004 the City of Fremantle with financial contributions from the WAPC undertook foreshore 

landscaping and the construction of the block retaining foreshore wall in front of developed land 

at that time. The ‘Rivershores’ apartment building was the last building constructed within the 

Northbank Development Area which was completed in 2012. 
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Figure 1-1 Study area and adjacent infrastructure. 

The beach of the project site has experienced erosion from river and coastal process as well as 

stormwater drainage damage as a result of overflow from the Rivershores apartment’s 

infiltration tanks in recent years. The river erosion and inundation are resultant from a 

combination of boat wake, wind generated waves, storm surges and tidal currents. Storm water 

damage during large rainfall events has occurred as a result of water overflowing from the 

‘Rivershores’ apartments drainage infiltration cells and resulted in damage to the grassed 

foreshore and loss of sand from the beach area into the river. 

1.3 Purpose of this Project 

The City of Fremantle is undertaking the Northbank Foreshore Stabilisation project to develop 

and assess concept options to stabilise the riverbank of the parks and recreation reserve 

between the Fremantle Traffic Bridge abutment and the existing Northbank river-wall (the 

project site). The project will identify issues related to foreshore stabilisation from the community 

and key stakeholders, undertake an assessment of the concept options recommend the most 

appropriate and cost-effective options to minimise future erosion damage with the goal to 

improve amenity of the foreshore within the study site. 

1.4 Scope 

GHD’s scope for this study is to prepare a foreshore stabilisation plan to address current and 

future threats to both public and private assets adjacent the project site through: 

 Stakeholder Consultation 

 Site desktop assessment and review to inform the concept design including: 

– Met ocean conditions 

– Morphology of the beach and nearshore areas  

– Presence and likelihood of contamination and Acid Sulfate Soils.  

 Identification of opportunities and constraints 

 Provision of a suite of potential management actions 

– Concept options (x 5) 

– Advantages and disadvantages of the proposed options 

– Preliminary cost estimates  

 Recommendations for preferred treatment 

Project Site 
Fremantle 
Traffic 

Bridge 

Rivershores 

Apartments 

Traffic Bridge 

Car Park 

Northbank 

Jetty 
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– Identification of the preferred treatment based on economic, social and environmental 

criteria 

– Prioritisation of actions 

– Future management of site 

The scope of this document is to capture the findings of the: 

 Site desktop assessment and review 

 Identification of opportunities and constraints 

 Management options including concept designs 

 Options comparison including details on multi criteria assessment and preferred option 

1.5 Disclaimer 

This report: has been prepared by GHD for City Of Fremantle and may only be used and relied 
on by City Of Fremantle for the purpose agreed between GHD and the City Of Fremantle as set 
out in section 1.4 of this report. 

GHD otherwise disclaims responsibility to any person other than City Of Fremantle arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 
specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report. GHD has no 
responsibility or obligation to update this report to account for events or changes occurring 
subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 
made by GHD described in this report. GHD disclaims liability arising from any of the 
assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by City Of Fremantle and 
others who provided information to GHD (including Government authorities), which GHD has 
not independently verified or checked beyond the agreed scope of work. GHD does not accept 
liability in connection with such unverified information, including errors and omissions in the 
report which were caused by errors or omissions in that information. 

Climate change and seal level rise by nature are dynamic and ongoing process. The sea level 

rise estimates used in the concept design are based on publicly available information and 

advice provided by the Western Australian Department of Transport in: 

o Bicknell (2010). Sea Level Change in Western Australia: Application to Coastal 

Planning, prepared by the Department of Transport, Fremantle, WA. 

GHD has prepared preliminary cost estimates for the concept options set out in section 5.10 of 
this report (“Preliminary Construction Cost Estimate”) using information reasonably available to 
GHD employees who prepared this report and information from cost estimations undertaken by 
RBB (Northbank Foreshore, Fremantle, Foreshore Restoration Works Cost Plan No. 1, 
Preliminary Concept Estimate Rev 1 and based on assumptions and judgments made by GHD 
in regards to required construction materials and quantities. 

The Preliminary Construction Cost Estimate has been prepared for the purpose of preliminary 
understanding of the cost implications and to assist in comparing the options and is to be 
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considered a comparative costing, not an absolute costing and must not be used for any other 
purpose. 

The Preliminary Construction Cost Estimate is a preliminary estimate only. Actual prices, costs 
and other variables may be different to those used to prepare the Preliminary Construction Cost 
Estimate and may change. Unless as otherwise specified in this report, no detailed quotation 
has been obtained for actions identified in this report. GHD does not represent, warrant or 
guarantee that the [works/project] can or will be undertaken at a cost which is the same or less 
than the Preliminary Construction Cost Estimate. 

Where estimates of potential costs are provided with an indicated level of confidence, 
notwithstanding the conservatism of the level of confidence selected as the planning level, there 
remains a chance that the cost will be greater than the planning estimate, and any funding 
would not be adequate. The confidence level considered to be most appropriate for planning 
purposes will vary depending on the conservatism of the user and the nature of the project. The 
user should therefore select appropriate confidence levels to suit their particular risk profile. 
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2. Site Analysis 

2.1 Literature Review 

2.1.1 Northbank Foreshore Management Plan (1997) 

The 1997 Northbank Foreshore Management Plan (NFMP) produced by a team of firms led by 

Monteath Properties reviewed the physical, biological, and cultural environment, as well as 

access to foreshore, recreation, management, and management strategies of the Fremantle 

Northbank. A concept development plan with budgeting, staging, responsibility delegation also 

formed part of the Management Plan.  

The primary focus of the Concept Plan developed was on the area between the Fremantle 

Traffic Bridge and the Stirling Highway Traffic Bridge. With regards to the foreshore, the concept 

plan included staged development of soft edged landscaping, foreshore stabilisation, 

promenades, boardwalk and town wharf along the foreshore and three jetties, refer to Figure 

2-1 and Figure 2-3. 

Two types of retaining walls were referenced as appropriate foreshore retaining structures: 

 Rock armour walls only to be used underneath boardwalk or wharf structures which are not 

visible from the land, and 

 Limestone block retaining walls. 

 

Figure 2-1 Foreshore areas and edge treatments.
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Management issues relating to the hydrodynamic conditions of the area from strong tidal and 

stream flow conditions were identified and an assessment of survey transects of the nearshore 

area was undertaken. The study identified that while the eastern portion of the site (near Stirling 

Bridge) was stable over the 6 year survey period between 1989 and 1995, some erosion was 

experienced in the central portion (up to 0.5 m) and accumulation of material was recorded at 

the western end of the foreshore, although the source and nature of accumulation was not 

clear, refer to Figure 2-2. 

 

Figure 2-2 Beach profiles in the vicinity of the old slipway, in the vicinity of 

the project site. 

Site ground conditions inferred from historical published data and a geotechnical investigation 

undertaken by Coffey Partners International Pty Ltd (1995, referenced in Monteath 1997) 

identified three soil units within the investigation area. These consisted of fill material comprising 

medium grained sand with traces of shell fragments up to 1.5 m, likely originating from dredge 

spoil placed during the 1960s. This was underlain by assumed natural material up 0.6 m in 

thickness (typically 0.3 m) comprising medium grain black sand with some organic fines and 

organic fibre. Black medium grained sand interfingered with bands of organic fibre, (possibly 

seaweed) was encountered up to the investigation termination depth of 2.5 m below ground 

level. It should be noted that GHD was not privy to the Coffey Partners International Pty Ltd 

(1995) report at the time of this report preparation and therefore the actual site investigation 

locations (i.e. landward or foreshore) are unknown. Refer to sections 2.5.11 and 2.5.12 for 

further details on overcoming ASS and contamination data gaps. 

The report indicated that the area has previously been zoned as ‘Industry’, ‘Public Purposes’ 

and ‘Parks and Recreation’, land uses prior to the current residential development land use. 

Historically the site was utilised as productive farms, market gardens and primarily light 

industrial activities, including wool scouring, steam laundering, boat repairs and slipway. The 

former land uses which included the storage of fuels, oils and other chemicals may have 

resulted in some pollution and contamination. Industrial activities were reported to cease 

between 1994 and 1996 and remediation measures within identified contaminated areas were 

reported to subsequently be undertaken between 1995 and 1996.  
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2.1.2 Northbank Dredging Management Plan (2003) 

Bowman Bishaw Gorham prepared a dredging management plan for the Northbank Jetties 

(No.1) in 2003. The dredge area is approximately 100 m upstream from the project site and may 

provide some relevance to the project area.  

The investigation encountered riverbed sediments consisting of black, medium grained sand to 

an investigation termination depth (1.5 m) with particle sizes typically less than 75 um. These 

riverbed sediments were investigated at 30 locations (44 field samples) to inform the dredge 

management plan and identify potential contaminates of concern. The results indicated all 

samples were below the Screening Level specified by the Environment Australia: National 

Ocean Disposal Guidelines for Dredged Material (2002). Additionally, the dredged material was 

deemed suitable to be used as fill material based on the fact that the 95% Upper Confidence 

Limits of the mean concentrations of contaminants in the samples were below the 

Environmental Investigation Guidelines specified in the ANZECC/NHMRC: Australian and New 

Zealand Guidelines for the Assessment and Management of Contaminated Sites (1992). 

It is important to note that emerging contaminants of concern, screening levels and criteria 

outlined within the Northbank Dredging Management Plan are likely to have been amended 

since its preparation in 2003.  

 

Figure 2-3 Extract from NFMP indicating foreshore treatments and 

infrastructure completed by stage 8/9 of the Concept Design. 
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2.1.3 North Fremantle Foreshore Management Plan (2013) 

The 2013 Management Plan was prepared by the landscape designer UDLA. The Management 

Plan reviewed the condition of the North Fremantle Foreshore, and highlighted areas for 

improvement, such as revegetation, better connectivity between footpaths, replacement of 

public information signs, etcetera. Of relevance to this project, the following values, 

recommendations and actions have been identified: 

 The importance of areas for passive and active recreation including a swimming beach 

in front of the Rivershores apartment , 

 Shoreline and edge treatments including hard edge treatments for the study site, refer 

to Figure 2-5. 

 The importance of access and connectivity through the area was highlighted with the 

recommendation to upgrade and maintain the track connecting the Fremantle Railway 

Bridge carpark to the project site. 

 The project site was not identified as requiring management and maintenance of 

landscapes, however adjacent foreshore areas have been identified as requiring high 

maintenance due to the manicured formal garden beds and lawn. 

 

Figure 2-4 Recreation areas. 

 

Figure 2-5 Shoreline and edge treatments. 

2.1.4 North Fremantle Foreshore Study (2015) 

In 2015 Damara WA and Oceanica Consulting examined the impact of water level rise to a 250 

m section of North Fremantle foreshore between Johannah Street and Stirling Highway and 

developed options for erosion management. 

The study comprehensively reviewed the development history of this section of shoreline, traced 

back as early as European settlement. The study determined a number of key characteristics of 

the North Fremantle Foreshore using information from site measurements for wave / wind / 

current.  

Based on the assumption of vessels passing the site within 100 m from shore and at a speed of 

5 kts, Damara WA and Oceanica Consulting calculated a sequence of 20 passing vessels per 

hour would generate an estimated boat wake height of 0.40 m and a wake period of 2.5 s. This 

wake height was inclusive of the recommended 50% increase of wave height for the design of 
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shore protection structures, as suggested by CIRIA et al.: The Rock Manual (2007), and is 

similar to that of 10-year ARI wind-generated wave (Damara WA and Oceanica Consulting, 

2015).  

2.2 Historical Imagery Analysis – Shoreline Erosion 

To assess foreshore changes at the site including identification of erosion and changes in the 

shoreline position, analysis of historical aerial imagery provided by City of Fremantle via 

Landgate’s Slip Portal was undertaken. The aerial images range from 1947 to 2016 and capture 

the study area and adjacent infrastructure. An approximate outline of the shoreline position was 

obtained for all images (see Figure 2-6) to visually compare the changes in shoreline throughout 

the years. The base aerial image is from 2016. An enlarged image is included in Appendix A. 

 

Figure 2-6: Shoreline Position (1947 to 2012). 

In this assessment of foreshore movement, the vegetation line cannot be traced (as might be 

undertaken for assessing coastal erosion of a dune line) hence water level was used to indicate 

shoreline position. In this highly modified environment, it is not possible to calculate erosion 

rates from natural processes using aerial imagery analysis. Further, human activity has caused 

many of the changes to the shoreline through planting of lawn, construction of river walls, land 

reclamation and other activities. 

Figure 2-6 shows that the position of the shoreline changed significantly between 1947 and 

1965. The land reclamation resulted in a significant modification to the cross section of the river 

in this region. In response to this change, it is likely that river processes are trying to return to a 

state of equilibrium and therefore flows are eroding this section of the foreshore as the opposing 

banks are all hard. 

Between 1965 and 2016 there have been no large changes in the shoreline position. However, 

it is difficult to determine the exact shoreline shape using the water level. This is due to the tidal 

range and difficulty in tracing the waterline precisely. 

2.3 Impacts from Existing Infrastructures 

During the site visit, GHD observed minimum infrastructures exists around the project site, 

except the following:  

 A concrete retaining wall in front of the apartments (painted white) 

 A rock retaining wall holding the formation of the carpark and the foundation of the 

Railway Bridge (Main Roads WA asset). 
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 Further to the east (upstream the Swan River) an engineered scour protection adjacent 

to the boat pens (refer to Figure 2-8) was constructed in accordance with designs by 

MP Rogers and Associates in 2015. 

 

Figure 2-7 Panorama view of the project site, with the concrete retaining wall 

and rock retaining wall indicated. 

 

Figure 2-8 Boat pens and scour protection rock wall east to the project site.
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2.3.1 Northbank Jetty 

The Northbank Jetty is privately owned and operated by the Northbank Jetties (no. 1) Pty Ltd. 

The Jetty licence is managed by the Department of Transport and the riverbed lease through 

the Department of Biodiversity Conservation and Attractions (DBCA) under the Swan and 

Canning Rivers Management Act 2006. The river bed lease area for the jetty is shown in Figure 

2-9. A requirement on the lease of the privately owned jetty is to maintain two public berths 

(closest to the land) including a public foreshore platform for use at all times. In order to 

maintain access to the public berths dredging maintenance is undertaken by the Jetty operator 

and the sand disposed of along the beach in the project site.  

Construction of a rock scour wall between the boat pens and foreshore retaining wall was 

undertaken around 2005 and maintenance and upgrades completed in 2015. This has allowed 

an intertidal sandy terrace to be formed between the block retaining walls and the boat pens. 

The assumed purpose of the structure is to minimise the impact of maintenance dredging on the 

retaining wall stability.  

 

Figure 2-9 Northbank Jetty Lease Area. 

2.3.2 Site Access 

There are three main access routes to the study area: 

 To the east from the adjacent parks and recreation reserve (concrete footpath) 

 From the laneway between “the Brighton” and the Rivershores apartments and 

 From the Queen Victoria Street carpark at the top of the Fremantle Traffic Bridge abutment. 

In the North Fremantle Foreshore Management Plan (2013), the access to the project site from 

the Queen Victoria Street carpark has been identified as requiring upgrade and maintenance. 

Aged wooden steps lead down from the carpark, which finish at the top of the bridge abutment 
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retaining wall. There is no formal path from here to the beach, with the only access via the 

narrow top of the degraded limestone retaining wall which is no wider than 0.8 m, and stands 

approximately 1.2 m above ground level, which potentially is a safety risk, refer to Figure 2-10. 

The only alternative access down from the carpark to the beach of the project site is an informal 

goat track. This goat track also connects the Queen Victoria Street carpark to the project site, 

however on a milder gradient and at a safer way, as shown in Figure 2-11. 

 

 

Figure 2-10 Existing concrete step. 
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Figure 2-11 Exposed foot trail on traffic bridge abutment and carpark 

embankment. 

2.4 Proposed Rivershores Seawall 

A review of the Rivershores Design plan drawings, which were ‘Issued for Building Licence’, 

identified that the design was inclusive of a ramp and a ‘proposed retaining wall as seawall’ 

which was intended to extend across the majority of the site from the middle of the retaining wall 

to the Rivershores boat storage in the west to the existing staircase and retaining wall at the 

eastern end of the project site. No further details or design documentation of the retaining wall 

have been identified. 

 

Figure 2-12 Extract from Issued for Building Licence’ site plan drawing 

prepared by Hassel (2010) indicating proposed seawall highlighted 

in orange.
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2.5 Basis of Design 

GHD has developed the following basis of design using information from the literature review 

and public information. 

2.5.1 Design life 

The typical design life for foreshore stabilisation structures in the river is 25-50 years. Typically 

concrete or limestone block retaining walls are designed for a 50 year design life, whereas the 

design life of geotextile sand container structures is limited to the potential design life of the 

materials, which based on current projects, typically they last up to 25 years. 

2.5.2 Bathymetry Feature 

Based on the Department of Transport’s hydrographic survey data, a shallow subtidal terrace 

with elevation ranging from -1.8 to +0.8 m Chart Datum (CD) is located in front of the project 

site. The subtidal terrace extends approximately 45 m from the shoreline in to the river. The bed 

elevation deepens rapidly once the bathymetry passes the -1.8 m CD contour, reaching -4.0 m 

CD in only 12 m at the steepest section. The bathymetry further deepens until the centre of the 

Swan River where the bed elevation is approximately -6.3 m CD. 

On a larger scale, the Site is adjacent to the end of the Fremantle Port harbour basin. The basin 

is constantly maintained at -14.7 m CD and has a water depth of 16.1 m during Highest 

Astronomical Tide (HAT). The water depth reduces to 7.4 m approximately 11 m at the end of 

the basin (near the Fremantle Railway Bridge) and marries with the bathymetry feature 

described above.  

The bearing perpendicular to the foreshore at the project site is south-south easterly (150oN). 

2.5.3 Beach Morphology  

On the 12th of January 2018 GHD undertook a visual inspection of the beach in front of the 

foreshore. The subtidal terrace described in Section 2.5.2 can be observed from the beach. The 

beach sediment is medium grained, with pebble to rock sized debris located in the intertidal 

zone. 

The beach face is steeply sloping, resulting in a narrow strip of beach, with an elevation change 

of about 2 m between the nearshore subtidal terrace and the grassed terrace behind the beach, 

refer to Figure 2-13. 
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Figure 2-13 Beach profile looking west towards the Fremantle Traffic Bridge. 

2.5.4 Tides 

Tidal level in Fremantle is small in amplitude and are diurnal (one high tide and one low tide in 

24 hrs), with typical tidal range being 0.3 m (neaps) to 0.5 m (springs). Table 2-1 lists the tidal 

levels derived from Fremantle Submergence Curve. 

Table 2-1 Tidal levels at Fremantle (DoT 2016) 

Tidal Level* CD (m) AHD (m) 

Highest Astronomical Tide (HAT) 1.40 0.63 

Mean Highest High Water (MHHW) 1.15 0.38 

Mean Sea Level (MSL) 0.81 0.04 

Mean Lowest Low Water (MLLW) 0.47 -0.30 

Lowest Astronomical Tide (LAT) 0.26 -0.51 

Chart Datum (CD)** 0.00 -0.77 

* derived from 1615-13-02 Fremantle Fishing Boat Harbour submergence curve, ** CD is the Fremantle Low Water 

Mark 1949. 

2.5.5 Sea Level Rise 

Sea level rise allowance for concept options considers the design life of the construction and is 

in line with the Department of Transports recommendations on Sea Level Change in Western 

Australia (DoT 2010), refer to Figure 2-14. For a design life of 25 and 50 years, sea level rise 

allowances of a 0.15 m and 0.4 m respectively are recommended.  
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Figure 2-14 Sea level change curve for future planning periods (DoT 2010). 

2.5.6 Currents 

The project site is located just upstream of the mouth of the river at the Fremantle Port. The 

Swan River in the vicinity of the project site is approximately 200 m wide which is relatively 

narrow in comparison to other areas of the Swan River Estuary and as a result tidal currents up 

to 1.0 m/s have been reported (Bowman Bishaw Gorham, 2003). Combined with winter rainfall 

runoff, ebbing currents can reach up to 1.5 m/s in the central river channel near the project site. 

The 1997 Foreshore Management Plan (Monteath Pty Ltd.) suggested an estimated peak 

current flow of 2.0 m/s due to river discharge be considered.  

In situ measurement is available at the Fremantle Railway Bridge from 2004 to 2006, for which 

the current speed recorded is adopted for the development of this foreshore stabilisation plan. 

The record indicates that most of the current speeds are in the range of 0.0~0.4 m/s for flooding 

and 0.0~0.6 m/s for ebbing (Damara WA and Oceanica Consulting, 2015). 

Table 2-2 Flooding and ebbing speed occurrence (reproduced after Damara 2015) 

Flooding Ebbing 

UAVG (m/s) Occurrence UAVG (m/s) Occurrence 

> 0.6 0.01 > 0.8 0.04% 

0.5 – 0.6 0.72% 0.7 – 0.8 0.46% 

0.4 – 0.5 3.72% 0.6 – 0.7 1.49% 

0.3 – 0.4 8.61% 0.5 – 0.6 3.37% 

0.2 – 0.3 12.93% 0.4 – 0.5 5.51% 

0.1 – 0.2 12.79% 0.3 – 0.4 6.98% 

0 – 0.1 13.92% 0.2 – 0.3  8.22% 

- - 0.1 – 0.2 9.54% 

- - 0 – 0.1 11.64% 

2.5.7 Extreme Flood Levels and Scour Velocities 

The Northbank site location can be considered to be similar to the location for SW2 as reported 

in URS (2013). Based on this assumption, the extreme flood level for the Northbank site under a 

100 year ARI event at present is approximately 1.3 m AHD and approximately 1.1 m AHD under 

a 10 year ARI event. 
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Table 2-3 River Flood Levels 

 Present (mAHD) 2070*(mAHD) 

10 ARI 1.1 1.5 

100 ARI 1.3 1.7 

 Water levels for 2070 have been assumed to be the inundation level from present plus 

a 40 cm allowance for sea level rise  

In terms of scour velocities, previous reports focused on the area have indicated that both the 

10 year ARI events and the 100 year ARI events will both have an approximate near shore 

current velocity of 0.5 m/s at the Northbank site location (refer Figure 2-15 and Figure 2-16 

below). 

 

Figure 2-15 Flood Current Velocities - 10 Year ARI Event (MPR, 2017). 
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Figure 2-16 Flood Current Velocities - 100 Year ARI Event (MPR, 2017). 

2.5.8 Wind 

Figure 2-17 shows the wind record derived from the Swanbourne Automatic Weather Station 

(AWS) (station 9215). The Swanbourne AWS is located north of the project site, and is the 

closest AWS with recent records. GHD has therefore adopted the record from the Swanbourne 

AWS for this Project.  

The Swanbourne AWS records suggest bi-directional pattern of wind direction, corresponding to 

the land and sea breeze patterns (Damara WA and Oceanica Consulting, 2015).  

A review of the 17 years of the Swanbourne wind recordings at 9am and 3pm indicated that the 

strongest winds are from the north west to the south west. The prevailing 9am winds are from 

the east and the prevailing 3pm winds are recorded from the south west (local sea breeze). 

 

Figure 2-17 Wind distribution at Swanbourne analysed for Prawn Bay (source: 

Damara 2015) 
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Figure 2-18 Annual Wind Roses at 9am and 3pm for Swanbourne AWS 9215 

from September 1993 to Sep 2010 (BOM 2016). 

2.5.9 Wave 

Due to the limited fetch of the waters surrounding the site, the critical wave action experienced 

by the Northbank foreshore is driven by boat wake. The most severe of these wakes was 

reported to be the wake form the Rottnest ferry services that produced a wave height of 0.8 m 

with a period of 7 s as reported within MPR (2017). 

2.5.10 Stormwater Drainage 

Stormwater drainage overflows during significant rainfall events from the adjacent ‘Rivershores’ 

Apartments has resulted in repeated erosion damage to a section of foreshore shoreward of the 

infiltration cells on the south eastern corner of the property. The causes of the overflow were 

investigated by GHD as part of a separate project to assist the City.  

GHD visited the site on the 13 February 2018 to review the damage which occurred after a 50 

ARI rainfall event on the evening of 9 February 2018, refer to Figure 2-19. Figure 2-20 shows 

the erosion of grassed foreshore and the formation a small depositional feature on the beach. 

Current Status 

In July 2008 on behalf of Watersun Properties Pty Ltd, Pritchard Francis Consulting Engineers 

developed a design for stormwater disposal scheme for the Rivershores apartments. The 

consultant had designed the system which collected storm water runoff into a storage tank and 

infiltrated storm water without overflow in events up to and including the 1 in 100 year average 

recurrence interval, 20 minute duration event. Atlantis cells units were implemented to facilitate 

disposal of storm water via infiltration.  

The issue found was related to higher overflow than designed flow rate (7.5 l/sec) from the 

pumps and this was rectified in May 2017 by their maintenance unit. Based upon the review of 

video survey and the observation from the council officers, it was revealed that the storage tank 

and over flow systems failed to meet the design criteria and damaged the landscaping adjacent 

to the footpath (including riverbank and grassed areas) and the scour also damaged adjacent to 

the board walk viewing platform. 
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At a meeting on 15 August 2017, an option to convey system overflow to the City’s drainage 

system was discussed and it was agreed that Paul Symington of Pritchard Francis would need 

to evaluate and provide a design solution to Strata Management and the City with the cost for 

implementation of overflow to the city’s drainage system by Strata Management. 

This option was considered during the site meeting with the Paul Symington on November 2017 

and supported by the City. The City have not received an update or decision on the alternative 

design option which was presented to the City by Paul Symington of Pritchard Francis since the 

meeting was held on November 2017. 

 

Figure 2-19 Foreshore erosion after rainfall event on the 9 February 2017. 
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Figure 2-20 Photo taken on the 10/02/2017 provided by a resident of the 

Rivershores Apartments. 

2.5.11 Acid Sulfate Soil Desktop Assessment 

A review of the Acid Sulfate Soil Risk Map, Swan Coastal Plain (DWER-055) which was 

available through Government of Australia, National Map (2018) portal was undertaken in April 

2018. The risk map identifies that the immediate foreshore is located within a designated Class 

1 ASS risk area and the remainder of the site is within an area un-classified or Class 3 ASS risk 

classification area. The risk classifications are described below:  

 Class 1: High to moderate risk of ASS occurring within 3 m of natural soil surface. 

 Class 2: Moderate to low risk of ASS occurring within 3 m of natural soil surface, but high 

to moderate risk of ASS beyond 3 m of natural soil surface. 

 Class 3: Low to nil risk of ASS occurring within 3 m of natural surface that could be 

disturbed by most land development activities (ASS not known to occur below 3 m). 

The ASS risk map data has been determined from topographical maps, survey and Global 

Positioning Systems (GPS).  The mapped ASS disturbance risk and accuracy has been largely 

determined by geology unit mapping and Department of Agriculture 1:50 000 Swan Coastal 

Plain soil-landscape mapping. This is also supported by field soil survey and interpretation of 

high resolution aerial photography. Boundaries of high risk areas with any other risk categories 

identified by on-ground mapping are known to be accurate to +/-50 m, whereas accuracy of 

boundaries between moderate to low and low to nil map units are estimated to be at least +/-

100 m. On this basis, care should be taken when interpreting data solely from this data source.  

Additionally, historical information (refer to Section 2.1) indicates that dredged spoil from the 

Swan River was placed on the landward side of the site up to 1.5 m thick, typically around the 

1960s. The fill material comprised black, medium grained sand (BBG, 2003) and is considered a 

potential source of sedimentary sulfides including pyrites, metal complexes and potentially acid 

volatile sulfides. However, the site walkover presented no evidence of the filling material and the 

exposed face of the subtidal terrace and the foreshore indicated a fine to coarse grained sand 
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with carbonate material present such as shells and remnant shell debris as indicated in Figure 

2-13.  

A review of the concept designs indicate a relatively minor volume of material (maximum 500 

m3) potentially excavated during construction, this will however be dependent on the 

construction methodology and the finalised design.  

The desktop assessment and site walkover indicate a low risk of ASS occurrence at the subtidal 

terrace and the immediate foreshore area with carbonaceous sands observed at the surface. 

However, it would be prudent to undertake preliminary site investigation works to confirm the 

shallow soil surface once a concept design has been finalised. A preliminary investigation may 

consist of manual excavation at 50 m intervals and limited ASS laboratory analysis, if ground 

conditions vary from the surface carbonaceous sands.  

Potential treatment or disposal options 

In the event that ASS is present and anticipated to be disturbed during the construction of the 

concept options, it is recommended that a simplistic management plan reflective of the volume 

of excavation is prepared for the site.  

Excavated ASS could be treated (neutralised) on-site and reused during backfill or re-

instatement operations. Alternatively, ASS may be disposed off-site to landfill processing facility, 

although this is considered the least sustainable option and likely most expensive outcome.  

Treatment rates for ASS is likely to be within the range of $25 to $35 per m3 for on-site 

treatment.  

2.5.12 Site Contamination Desktop Assessment 

Historical photograph review 

The historical aerial photographs of the site, retrieved from the Landgate on-line mapping 

service, were reviewed in order to assess past activities and land uses at the site or within the 

immediate vicinity of the site. The historical photographs assist in the identification of potential 

areas of concern, which have the potential to result in soil contamination, such as land filling, 

demolition of buildings or earthworks.  

A summary of visual observations and findings from the review of aerial photography is 

presented below. The review is only applicable to the foreshore area and immediate vicinity of 

the site, it is also noted that photographed tidal fluctuations may impede the assessment of the 

foreshore area. 

Table 2-4 Summary of aerial photograph review 

Aerial photograph Comments 

12 December 1947 First publically available photograph. The photograph is black 

and white and of poor quality. The foreshore area appears to 

be undeveloped and vacant.  

Queen Victoria Street and the Fremantle Traffic Bridge are 

evident. Industrial buildings and assumed discharge outlet is 

evident to the east of the foreshore area.  

27 November 1953 No significant changes to the foreshore area appear evident. 

Further industrial development appears evident surrounding 

the site. 

11 March 1965 The foreshore area appears to have been infilled. 
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Aerial photograph Comments 

Railway line appears evident beyond Queen Victoria Street to 

the west. 

6 September 1974 to 29 

September 1979 

Docking facilities on the river and boat slipway appear evident 

on the foreshore. 

30 August 1981 Further infilling between Queen Victoria Street and the 

foreshore area appears evident. 

14 June 1983 to 6 February 

1995 

No significant changes to the foreshore area appear evident.  

17 March 1999 Pontoon construction appears evident at the foreshore.  

Stockpiles of material are present at the future Rivershores 

apartment site. 

24 February 2000 Pontoon construction has been removed. 

26 January 2001 to 26 

January 2006 

No significant changes to the foreshore area appear evident. 

Retaining wall associated with the adjoining apartment building 

to the east appears to have been constructed in the 2001 

aerial image.  

21 December 2003 No significant changes to the foreshore area appear evident. 

The Northbank Jetty appears to be under construction to the 

east of the foreshore area. Material for the jetty appears to be 

tracked from the Rivershores apartment building site to the 

construction area (along the foreshore). 

22 February 2004 to 12 

December 2004 

Northbank Jetty construction is not evident. 

16 March 2006 Northbank Jetty appears evident to east of foreshore. 

7 May 2006 to 6 July 2008 No significant changes to the foreshore area appear evident. 

17 December 2008 to 7 

February 2009 

A linear structure is located on the Rivershores apartment site. 

1 March 2010 Rivershores apartment site has been cleared and is fenced. 

2 November 2010 to 23 

March 2011 

Rivershores apartment building is under construction. 

 

29 August 2011 Rivershores apartment building appears to be complete. 

7 April 2012 to 23 

November 2017 

No significant changes to the site or immediate surrounding 

area.  

Contaminated sites database 

A review of the DWER contaminated sites database was undertaken on 6 April 2018, accessed 

through Government of Australia, National Map (2018). The site was not registered or evident 

during the review of the database, it is important to note that the database holds information on 

confirmed contaminated sites only. The site may be awaiting classification or the information is 

not currently publically available. 
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Registered contaminated sites including the Fremantle Port is located approximately 165 m 

west of the site. The Fremantle Port has been classified as remediated for restricted use given 

previous soil (asbestos and hydrocarbon) and groundwater (hydrocarbon) contamination. 

Potential contaminants of concern 

Historical evidence and reports indicate that the landward side of the foreshore area was 

developed and utilised for market gardens and light industrial activities including wool scouring, 

steam laundering and boat repairs and slipway. Industrial activities ceased between 1994 and 

1996 and remediation of the foreshore land was undertaken between 1995 and 1996 (BBG, 

2003). Details of the remediation undertaken was not available at the time of writing the 

Northbank Foreshore Stabilisation Plan, however this information is not expected to be critical to 

the progression or outcomes of the project if our recommendations below in regards to sampling 

and Construction Environment Management Plans are followed. 

With reference to ‘Assessment and management of contaminated sites’ (DER 2014), the 

following contaminants of potential concern (COPC) are generally associated with the above 

mentioned historical land uses. The COPC listed below are not considered an exhaustive list 

and additional contaminants may be identified.  

 Wool scouring: nutrients, total dissolved solids, oil and grease, detergents, pesticides and 

bleaching agents. 

 Steam laundering (dry cleaning establishments): solvents, volatile organic compounds 

(VOC). 

 Boat repairs and slipway (boat building and maintenance): metals such as copper, 

chromium, lead, mercury and zinc and antifouling paints (organotin, tributylin).  

 Market gardens: metals such as aluminium, arsenic, cadmium, copper, lead, mercury, 

magnesium and iron, organochlorine and organophosphorous pesticides (OCP and OPP), 

carbamates, total recoverable hydrocarbons (TRH) and benzene, toluene, ethyl benzene, 

xylenes and naphthalene (BTEXN). 

Asbestos containing materials (ACM) and asbestos products should also be considered. 

Historical investigation data 

The riverbed and foreshore area applicable to the redevelopment area are not known to have 

been historically investigated or recorded to have been subject to remediation activities. 

However, in 2003, a total of 44 field samples were collected from 30 locations in the riverbed 

sediments for the Northbank Jetty site located approximately 50 m from the redevelopment area 

(as shown in Figure 2-20). The samples were analysed for total petroleum hydrocarbons and 

metals to assist in the preparation of a dredging management plan (BBG, 2003).  
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Figure 2-21 Figure 2 22 Riverbed sediment sampling location (dredged area). 

The analytical data and with reference to current human health and ecological criteria for public 

open spaces (HIL-C, EIL-public open spaces) from ‘National Environment Protection 

(Assessment of Site Contamination) Measure: Schedule B1: Guideline on Investigation Levels 

for Soil and Groundwater’ (NEPM, 2013) has been reviewed and is presented below.  

 Total petroleum hydrocarbons C9-C32 concentrations ranged between <1 mg/kg and 

270 mg/kg, however, no current Department of Water and Environment Regulation (DWER) 

endorsed human health or ecological criteria is available to compare this data. 

 Concentrations of arsenic (ranging between <0.5 mg/kg and 5.5 mg/kg), cadmium 

(<0.1 mg/kg to 1.0 mg/kg), chromium (4.2 mg/kg to 18 mg/kg), lead (<1 mg/kg to 95 mg/kg), 

mercury (0.02 mg/kg to 0.30 mg/kg) and nickel (<0.5 mg/kg to 3.6 mg/kg) were all reported 

below the adopted current human health and ecological criteria for public open spaces. 

 Copper concentrations, ranging 2.2 mg/kg to 120 mg/kg, were below the human health 

criteria, however, exceeded the adopted ecological criteria for public open spaces 

(95 mg/kg) for two out of 44 samples. 

 Zinc concentrations, ranging 1.7 mg/kg to 300 mg/kg, were below the human health criteria, 

however, exceeded the adopted ecological criteria for public open spaces (70 mg/kg) for 

five out of 44 samples. 

It is pertinent to note that sampling and analysis of the river sediments was undertaken within 

areas of continuous deposition and erosion almost 15 years ago. It is unlikely that the above 

results reflect the current sediment quality of the dredged area. Additionally, sediment 

deposition in the Swan River has been recorded up to 1 m over a six-year period (BBG, 2003) 

further supporting the assumption that sediment quality and composition may vary since the 

investigation data was obtained.  

Recommendations 

Disturbance of the ground surface associated with the three concept designs indicate that 

excavations are likely to be approximately 1 m below ground level and typically within the 

subtidal terrace. Excavations are estimated to disturb approximately 500 to 1000 m3 during 
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construction and to date no sampling and analysis has been undertaken at the redevelopment 

area.  

In light of the above, it is recommended to undertake soil sampling and analysis at the site in 

locations where there is proposed ground disturbance and spoil will be generated, which is likely 

to require off-site disposal.  

Generic waste disposal classification criteria includes the following parameters. Additional 

parameters may be required depending on the disposal facility. 

 Metals/metalloids including aluminium, arsenic, cadmium, copper, chromium, lead, 

mercury, magnesium, iron and zinc. 

 Cyanide (amenable and total). 

 Total Recoverable Hydrocarbons (TRH) and BTEXN.  

It is also recommend that an unexpected finds procedure in regards to contamination and 

asbestos is prepared for the site prior to commencing construction. This should be detailed in 

the relevant documents including but not unlimited to: 

 Construction Environmental Management Plan (or similar).  

 Incorporation of an Asbestos Containing Materials (ACM) risk analysis into the construction 

contractors Health & Safety Plan (Job Safety and Environmental Analysis (JSEA), Safety& 

Health and Environment Work Method Statement (SHEWMS) or similar). 

 If materials suspected of containing asbestos are encountered during the civil and reuse 

works, it is recommended that appropriate management and confirmatory laboratory 

analysis (where required) is undertaken. A competent person (as defined in NOHSC 2005) 

or, an appropriately licenced contractor should be engaged, if the removal involves friable 

asbestos or volumes of bonded (non-friable) asbestos is in excess of 10 m2.   

Potential disposal options 

Disposal options and rates will be dependent on the waste classification assessment. However 

a guide to waste disposal costs are provided below and will be subject to cartage to an 

appropriate landfill facility. 

Table 2-5 Landfill Disposal Information 

Landfill Class Landfill Disposal (excluding cartage) 

Landfill Class I $120 per tonne (includes state government landfill levy) 

Landfill Class III $154 per tonne (includes state government landfill levy) 

Landfill Class IV $239 per tonne (includes state government landfill levy) 
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3. Community and Stakeholder 

Consultation 

The process of stakeholder and community engagement is fundamental to any project and 

formed a key component of this project.  

3.1 Overarching Consultation Strategy 

A Community Engagement Plan (CEP) was prepared to guide the consultation and engagement 

throughout the project. 

The CEP provided: 

 the overarching rationale for why engagement was being undertaken;   

 the engagement outcomes for the project; 

 a situational assessment to determine the project complexity, impact and sensitivity; 

 a list of identified stakeholders and their level of interest, impact and engagement; 

 the process for engagement and the associated plan; 

 communication and media plans; and 

 the indicative timeframe. 

For this project, the International Association of Public Participation (IAP2) spectrum (Figure 

3-1) is used as a framework to identify, in consultation with City of Fremantle, the appropriate 

level of participation and engagement with stakeholders and the community throughout the 

project. 

 

Figure 3-1 IAP2 Spectrum. 

Consultation was divided into two phases. Phase one was to establish an understanding of the 

local issues which may impact on stabilisation options. The second phase was to seek feedback 

on the stabilisation options.  
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During the first phase, consultation was undertaken with government agency stakeholders, 

particularly those who have assets adjacent to the project area or those that could have 

influence during the decision making process. The stakeholder agency consultation was 

undertaken in the form of a workshop. The first phase also included a community information 

session, where community members were able to obtain an overview of the project and provide 

comments relating to the stabilisation issues in the project area. 

The second phase of consultation was in the form of a community information session to assist 

the community to provide feedback on the concept options through the City of Fremantle’s 

MySay website. The community information session was held on Thursday 31 May 2018 and 

included a presentation providing details on the concept options and an opportunity for the 

community to ask questions from GHD, the City and DBCA.  

3.2 Stakeholder Consultation 

Two stakeholder sessions were held. The first was a facilitated stakeholder session with the 

Department of Biodiversity and Conservation and Attractions (DBCA) Rivers and Estuaries 

Division, Department of Planning, Fremantle Port and City of Fremantle held at GHD. The 

second session was an individual session with Main Roads WA (MRWA) who were unable to 

attend the first facilitated session.  

The purpose of this session was to share intelligence and exchange information on the project 

area with key stakeholders. It was also designed to allow the project team to understand the 

future planning for this area and identify any issues and or elements that may impact on the 

stabilisation options for the area. 

3.2.1 Facilitated Stakeholder Session 

The key outcomes of this session were: 

 A number of assets were identified in the area including public and privately 

owned/managed. 

 The area is predominantly used by the local residents 

 The purpose of the area is not clearly defined. 

 The space should be accessible to everyone, used for passive recreation, be sympathetic 

to development and the environment and provide protection for infrastructure.  

 The opportunities identified included: 

– Connection to old traffic bridge  

– Safe access  

– Improve amenity  

– Natural enhancement   

– Improved passive uses – benches, visual amenity, shade  

– Increasing accessibility  - along and up to bridge  

– Soft-scaping, improved health/enviro values  

 The identified negative impacts included: 

–  Currently – too private. Close to Port, rail and traffic  

– Community resistance – reducing the private use and enjoyment by surrounding 

residents  
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– Increased use pressures on existing facilities (parking)  

– Increased access without improved and safe access -may increase likelihood of safety 

hazards   

– Perceptions of safety and crime   

– Impact of port activities – complaints  

– Renourishment impacting jetty infrastructure  

– Costs of maintaining  

– Access to maintain (machinery)  

– Investment is not consistent with MR/States future plans  

– Might be inconsistent with DoT/DBCA Aquatic Use Framework. 

DBCA are joint funding partners for this project and opportunities for Riverbank funding may be 

available for the detailed design and construction phases of the project. 

3.2.2 MRWA Stakeholder Session 

Separate to the joint stakeholder session (which MRWA was unable to attend), a separate 

teleconference was arranged with MRWA as well as email communication. The key outcomes 

of this consultation process were: 

 Identification of potential future opportunities to connect the Northbank Foreshore 

Stabilisation with adjacent foreshore and ground improvement works for the Fremantle 

Traffic Bridge Duplication Project if or when the project goes ahead. This project is not on 

the current MRWA works list and is therefore guaranteed not to be delivered within the next 

4 years (from May 2017); 

 MRWA expressed an interest in working together with CoF to improve this section of 

foreshore and indicated they would engage DBCA’s Rivers and Estuaries division and the 

City as required for future planning of foreshore works in this area;  

 GHD highlighted the condition and degradation of MRWA assets in the area including the 

staircase and riverwall to the Fremantle Traffic Bridge abutment;  

No confirmation of maintenance or repair works schedules was provided, however MRWA 

confirmed that this section of the river wall would be included as part of the design report and 

risk assessment for the next stage of works proposed at the Bridge (May 2017). 

3.3 Community Consultation 

There were two phases of community consultation undertaken for the project. The purpose of 

the first session was to hear what the local community have to say regarding this area, provide 

an overview of the project scope (what is in and out of scope) and an overview of the 

development of the project.  

3.3.1 Phase One – Community Consultation   

The first phase of consultation was undertaken in the form of a semi-formal community 

information session. Community members could drop in at any time during the evening session 

and speak to members of the project team. In addition to this, three short presentations were 

held throughout the evening providing an overview of the project as well as allowing time for 

questions and answer. All three presentations covered the same content.  

The session was attended by 24 community members and two Council Members. A summary of 

the key issues raised are outlined below. 
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Use and preference for future 

 Varying preferences for beach and seawall in the area (some residents strongly preferred a 

seawall whereas one was opposed to solutions that would modify nearshore flows). 

 Comments noting the range of activities taking place in the area including swimming, 

kayaking and fishing.  

 Access from Rivershores Kayak/dinghy storage to river. 

 Comments regarding swimming ban for this portion of foreshore. It was requested that 

Council minutes documenting the discussion be provided to GHD for consideration.  

Amenity  

 Comments relating to rubbish build up, its source and how will it be managed.  

 Council and City of Fremantle efforts to address the removal of rubbish 

Stability of the area 

 Comments regarding evidence of erosion for this portion of foreshore and what it is actually 

caused by – comments around natural tidal processes vs. boat wake. 

 Vessel speed limits and implications of 8 knot limit on boat wake generation. 

 Queries regarding what options are available for the foreshore and how they would be 

evaluated and assessed.  

 Issues related to flooding and the “One in 100 year flood” how this would impact the site 

(including Rivershores) and how the protection may or may not address this. 

 Comments relating to the stability of the foreshore being along the whole foreshore and 

queries why the project is limited to this area. 

 Comments relating to what sort of options would be investigated and how they would be 

evaluated and assessed. 

 Comments relating to who is responsible for foreshore stabilisation.  

 Comments relating to current flanking erosion being experienced in the vicinity of the stairs 

at the western end of the existing seawall 

Consultation and project program 

 Queries regarding the cost of the options and who will be responsible for paying for the 

works. 

 Concerns raised that this project would not progress 

 Comments that previous consultation had already been undertaken in this area so why is it 

being done again.  

 Community information session notification. 

 Overall project staging was and whether the community was going to be consulted on the 

options. 

Areas adjacent to project area 

 Comments relating to the importance of the project taking into consideration the protection 

of the Rivershores apartment building.   

 Safety concerns around the stairs and retaining wall at the Fremantle traffic bridge.  
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 Potential impacts of the Fremantle traffic bridge realignment (duplication) and potential rail 

bridge duplication.  

 Comments relating to jetty operations from the jetty owner – regarding maintenance of 

public berths. 

 Impacts of the river flow from the bridge abutments 

 Current flanking erosion being experienced in the vicinity of the stairs at the western end of 

the existing seawall. 

 Comments relating to the presence of an adequate beach at Sorell Park – “great for 

wading/dog walking/swimming”. 

 Comments relating to the heritage value of Fremantle traffic bridge pilings. 

Community members were also encouraged to complete a short survey to understand where 

the attendees were from and seek feedback on the session. The survey was only complete by 

one attendee. 

The opportunity to provide feedback online was also made available for those community 

members who were unable to attend the information session. Two responses were received. A 

summary of the verbatim comments is provided below.  

Question: Do you have any comments about the Northbank foreshore now? 

 Yes. We need to build a bank like the one in front of the Brighton Building.  

 Thanks for consulting. 

 Should be a landscape driven solution and not engineering alone. 

 Connectivity to Bridge by foot and bike if grade allows.  

 Lack of P/Toilets in the parks at Nth Freo, could be considered for car park to north west to 

also allow food truck capability i.e. power/water outlet. Touristic benefits lost in North 

Fremantle as no loop pedestrian track along rive[r]. 

 SUP launching ramp could be considered into any reversal. 

 Lighting important. 

Question: Do you have any comments or concerns if this area were to change? 

 No. It needs to change. 

 No. 

Both respondents had a preference for online information and survey for the next phase of 

consultation. 

Following the session, the City of Fremantle followed up with those attendees of the workshop 

who requested additional information. This included a community member who requested 

empirical evidence of erosion. 

Overall the information session was considered successful and there were a number of good 

discussions and feedback received in relation to the area. 

3.3.2 Phase Two – Community Consultation 

The purpose of the second phase of consultation was to seek feedback on the community’s 

preferences for the different stabilisation concept options and in particular to assess the 

importance and likely impacts upon beach amenity and land amenity.  
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A community information session was held for the Community to provide an overview of the 

concept options developed. The purpose of the information session was to inform the 

community about the results of desktop investigations and the advantages and disadvantages 

of the concept options developed to assist them to provide feedback to the City of Fremantle on 

their preferences for the stabilisation of the parks and recreation reserve of the study area.  

The information session was held at the North Fremantle Community Hall on Thursday 31 May 

2018. The session commenced at 5.30pm and concluded at 7.30pm. A 20 minute presentation 

was given and at the completion of the presentation there was time for the community to ask 

questions and the City, GHD and DBCA to respond. In general the comments were focussed on 

individual implications of specific options and current uses and less focussed on general public 

uses and what would be best for the greater community. The perception from the community 

was that cost should not be a factor or concern when implementing a solution here. The City, 

GHD and DBCA provided answer to questions where required but a large number of members 

raised comments and voiced opinions instead of asking direct questions. 

The MySay Fremantle survey was open from the Friday the 18th May to the 6th of June.  

In total 76 submissions were received and the results indicated that: 

 The key priorities by the community are having a sandy beach and having a visually 

pleasing area.  

 Interestingly easy access between the land and water was not highlighted as a key 

importance which strongly contrasts some of the opinions stated at the information session. 

 Weighting of the key criteria by the community indicate that amenity and beach stability are 

most important. Environment and cost are the least important, with land stability being 

considered in the middle. 

 By far the most preferred option was Option 3 with 67% of people identifying this as a 

preferred option followed by Option 1A with 18% of people identifying this as a preferred 

option (respondents were allowed to select up to two responses). 

 Key community concerns from comments highlighted importance of an area for launching 

and landing of kayaks and the current impacts of sediment transport on the operability of 

adjacent jetty public berths and how specific options may assist to increase operability. 

A more detailed summary of the Consultation Activities and Outcomes for Phase 1 and Phase 2 

can be found in Appendix B.
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4. Opportunities and Constraints 

This section of the report provides context for the opportunities and constraints of developing 

concept options at the site. Before undertaking the concept design phase, any additional 

constraints and opportunities will be identified through a community and stakeholder 

engagement and updated at the completion of the initial stages. 

4.1 Physical Opportunities 

Based on outcome of the site visit and literature review, GHD has identified the following 

physical opportunities of the project site: 

 The project site is sheltered from the incident SWS wind wave by the Fremantle 

Railway Bridge abutment 

 The foreshore stabilisation measure may be tied-in with the bridge abutment to form a 

continuous stretch of protection work 

 Minimum public facilities in the vicinity of the project site, reducing the potential 

interfacing issue with other agency 

 The width of the beach at the project site is narrow, however it is considered adequate 

to incorporate foreshore stabilisation modifications 

4.2 Physical Constraints 

In addition to opportunities, GHD has identified the following physical constraints of the project 

site: 

 Adjacent to important infrastructure: 

– Fremantle traffic bridge duplication; 

– Fremantle traffic bridge abutment riverwall; 

– Riverwall and stair case at eastern end of site; and 

– Northbank No 1 Jetty – including consideration of access for machinery to undertake 

maintenance dredging via the foreshore. 

 Overland drainage from the Rivershores Apartment’s urban stormwater drainage system, 

which has resulted in the scour of the beach during intense rainfall events and could 

compromise the stability of foreshore stabilisation measures implemented if they remain 

unresolved. Rivershores Apartments are required to resolve their stormwater drainage 

issues and so the drainage issue should not present as a physical constraint to the next 

stage of the project. 

 ASS and soil contamination may impact the cost for treatment/disposal of excavated 

materials during construction. An investigation into the presence and levels of ASS and 

contamination at the site is recommended during the detailed design stage. 

4.3 Opportunities/Constraints from Stakeholder Consultation 

 Opportunities to align the foreshore restoration with the MRWA maintenance of the 

Fremantle Traffic Bridge Abutment; and 

 Opportunities for future foreshore improvements, such as linkages, during the future 

proposed Fremantle Traffic Bridge replication project. 
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5. Development of Concept Options 

This section details the development of five concept options for the Northbank foreshore study 

area. The options investigated were selected based on advice and discussions between GHD, 

DBCA and the City of Fremantle. The options identified and developed to concept level were: 

 Option 1 – Block wall – Riverward alignment  

 Option 2  – Block wall – Landward alignment 

 Option 3 – Sand bag wall with rock groynes 

Two variations to Option 1 and Option 2 were investigated considering construction with, or 

without a rock toe for beach stabilisation:  

 A – Without rock toe for beach stabilisation 

 B – With rock toe for beach stabilisation 

In all, five different concept options were investigated.  

The two alignments considered for the block walls were: 

 Riverward alignment - to minimise excavation and disposal volumes of soil from 

construction. This alignment requires a net import of fill material. 

 Landward alignment - To provide an alignment similar to that proposed in the Building 

Licences’ site plan drawings by Hassel in 2010. This option minimises introduction of fill 

material on site but requires more excavation and disposal of displaced materials. 

- There are also a number of features not considered in the concept options such as the 

presence and location of stairs or access ramps for kayaks and small vessels that will be 

considered in detailed design stage of the project. 

5.1 Objectives 

The City of Fremantle and DBCA’s key objectives for the foreshore stabilisation options are 

 Reduce the risks of erosion and inundation to public infrastructure through stabilisation of 

the shoreline and adjacent public land.  

 Improvement in site amenity through the provision of a healthy and well maintained 

foreshore area. 

5.2 General Considerations 

The following general considerations are relevant to all concept options presented below: 

 The height of all of the structures was limited to +1.50 m AHD to tie into the existing river 

wall structure immediately east of the Northbank location as the purpose of the foreshore 

stabilisation options are to stabilise the foreshore and not to prevent inundation of assets 

behind the structure; 

 Whilst stepped geotextile sand containers are able to be utilised by users as a pedestrian 

beach access between levels, blockwork retaining wall structures typically have a shear 

vertical face and an allowance will need to be made to facilitate continual beach 

access/egress between the levels; and 

 GHD understands the potential for ASS and contamination of soil are present and that it 

may be more cost effective to construct any retaining wall structure closer to the water to 

reduce the amount of excavation and disturbance required of the existing foreshore.  
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 Two alignments of the riverwall have been considered in the assessment. One that 

minimises soil disturbance, but requires a net import of soil material to the site. The second 

alignment has a higher volume of soil disturbed, but it minimises the need to import fill 

material. Each alignment has different pros and cons considering the uncertainty around 

soil conditions. 

5.3 Artists Perspectives 

Artists perspectives of each of the concept options have been prepared to assist the community 

and decision makers to consider what the foreshore may look like after an option has been 

implemented. These perspectives are the artists interpretation of the engineering concept 

designs and do not reflect how the foreshore would necessarily look after implementation as 

there are likely to be revisions to the designs and components between now (the concept 

design phase) and preparation of issued for construction drawings during the detailed design 

phase. Artist’s perspectives for each of the options are included in Appendix C along with 

concept options sketches. 

5.4 Block Retaining Wall Construction Types 

Two types of block wall construction were considered in the investigation including a limestone 

blockwork wall and a coloured concrete block and geogrid retaining wall. Details on each of the 

construction types is provided below in sections 5.4.1 and 5.4.2. The appearance of the both 

types of construction will be very similar once constructed and both options are expected to 

perform in a similar manner with regards to their durability and effect on coastal processes. 

There are pros and cons to both construction types as summarised in Table 5-1.  

5.4.1 Limestone Blockwork Retaining Wall 

A limestone blockwork retaining wall us a mass retaining wall structure involves the use of a 

traditional mass limestone blockwork retaining wall to be installed along the toe line of the 

existing grassed area. The retaining wall would require a compacted foundation and concrete 

blinding layer to ensure that the wall is well seated and that any settlement of the structure is 

minimised. The seaward toe of the structure includes a limestone armour rock apron to prevent 

erosion at the toe of the wall from wave and current induced scour. A typical cross section of a 

limestone blockwork retaining wall is shown in Figure 5-1. 

 

Figure 5-1 Typical Limestone Blockwork Wall Cross Section. 

5.4.2 Concrete Block and Geogrid Retaining Wall 

A concrete block and geogrid retaining wall involves the use of modular concrete blocks to form 

a retaining wall structure and relies on geogrid ties to anchor the wall in place as opposed to a 

mass limestone block wall. The geogrid is tied back into the soil landward of the wall during 
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construction to provide the horizontal load capacity for the wall to retain soil and any surcharges 

applied. Similarly to the limestone blockwork retaining wall, the geogrid wall would also require a 

limestone rock armour apron to prevent erosion at the toe of the wall from wave and current 

induced scour. 

The required length and number of geogrid anchors would need to be addressed during 

detailed design to ensure the wall is appropriately supported from horizontal earth and 

surcharge pressures. This consideration would affect the exact excavation profiles required. The 

length of these ties has been assumed to be 3.3 m. 

A typical cross section of a concrete block and geogrid retaining wall is shown in Figure 5-2 

 

Figure 5-2 Typical Geogrid Concrete Block Wall Cross Section. 

5.4.3 Comparison of Block Retaining Wall Construction Types 

Table 5-1 provides a summary of the pros and cons of the two types of block wall construction 

but does not consider the absolute differences of a particular wall alignment. The feasibility of 

implementing the different types of block retaining walls is dependent on specific site factors 

that will be determined in the detailed design investigation phase. 

Table 5-1 Comparison of Block wall construction types. 

 

Limestone Blockwork Retaining 
Wall 

Concrete Block and Geogrid 
Retaining Wall 

Aesthetic 
Impact 

The aesthetic appearance of the 
limestone block work wall will 
match the existing limestone wall 
to the east of the site.  

Blockwork for this type is concrete 
and the blocks are slightly smaller 
than the limestone blocks. 
Colouring of the concrete should 
enable the appearance to be 
similar to adjacent limestone wall. 

Constructability Requires larger machinery and 
access may be restrictive at this 
site. 

Inclusion of services landside of 
retaining wall is easier. 

Smaller concrete blocks are 
easier to construct with, little to no 
lifting machinery required 
Inclusion of services landside of 
retaining wall is more difficult. 

Dewatering Required to enable construction 
of the foundations in the initial 
stages of the works. 

Required to enable construction 
of foundations in the initial stages, 
plus is likely to be required to 
enable compaction of soil 
between lower geogrid layers. 

Excavation Requires less excavation Requires more excavation 

Design Life 50 years 50 years 
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Limestone Blockwork Retaining 
Wall 

Concrete Block and Geogrid 
Retaining Wall 

Surplus material More surplus material Less surplus material 

Environment Planting behind limestone wall to 
soften appearance of concrete 
blocks and to reduce area of 
grass.  

Planting behind concrete blocks 
will be limited to grasses and very 
shallow rooted plants as the geo-
grid and geotextile layers and 
compacted soils will inhibit root 
growth. 

Scour 
Protection 

The seaward toe of the structure 
includes a limestone armour rock 
apron to prevent erosion at the 
toe of the wall from wave and 
current induced scour. 

The seaward toe of the structure 
includes a limestone armour rock 
apron to prevent erosion at the 
toe of the wall from wave and 
current induced scour. 

Costs The costs for implementing limestone block work vs concrete block and 
geogrid retaining walls is similar. Concept level cost estimates 
undertaken by RBB indicate that the difference in pricing between the 
options is within the order of accuracy of the pricing. 

 

5.5 Option 1A – Block Wall – River Alignment 

Option 1A is a block retaining river wall. The key features of this option are that it provides 

increased land area for land based amenity, a durable solution with a 50 year design life and its 

appearance will match the adjacent limestone block retaining wall, see Figure 5-3 for the artist’s 

perspective and Figure 5-4 for the engineering plan sketch. 

The retaining wall in this option provides a clear separation between the landside and water is 

closer to the water’s edge, retaining more land and also minimising the amount of soil disturbed 

in the foreshore area during construction. Table 5-2 provides a comparison of this option against 

key criteria.  

 

Figure 5-3 Artist perspective of Option 1A. 

 



 

GHD | Report for City Of Fremantle - Northbank Foreshore Stabilisation Plan, 6135392 | 38 

 

Figure 5-4 Option 1A - Plan View. 
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Table 5-2 Option 1A – Advantages and Disadvantages 

Criterion Advantages Disadvantages 

A
m

e
n

it
y
 

Beach/ land 

Amenity 

Provides the greatest area for 

land based amenity 

(Approximately 500 m2). 

Provides no guarantee of beach 

amenity. A small beach may be 

present at low tide levels. 

(Approximately 0 m2) 

Access  Ease of access from the land to 

water is restricted. 

E
n

v
ir
o

n
m

e
n

t 

Excavation & 

Surplus 

Quantity 

This option has the least disturbance of soils. This option also has 

the least generation of surplus excavation materials (approximately 

0 m3) which will reduce costs but also does not provide as great an 

opportunity to undertake remediation of soils compared with other 

options.  

Structural 

Footprint 

Once constructed this option 

has the least surface area of 

exposed built structure 

compared to the other options. 

(28 m2)  

 

River 

Processes 

This option will have minimal 

interruption to alongshore 

sediment transport and flood 

conveyance. 

 

F
e

a
s
ib

ili
ty

 Beach Stability This option does not provide 

for a beach area. 

 

Design Life 50 years  

C
o

s
t 

Implementation 

Cost Estimate 

$530,000 to $600,000 

dependent upon levels of ASS 

and contamination identified. 

Please refer to section 5.10 for 

full details of costing 

assumptions. 

 

Operation/ 

Maintenance 

Cost Estimate 

$0. Please refer to section 

5.11 for full details of costing 

assumptions. 
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5.6 Option 1B – Block Wall – River Alignment – With Beach Scour 

Protection 

Option 1B is a block retaining wall the same as Option 1A, but this option includes sand 

nourishment to maintain a beach area and a rock toe to minimise erosion or scour of the beach 

area. The key features, similar to Option 1A are that it provides increased land area for land 

based amenity, a durable solution with a 50 year design life and its appearance will match the 

adjacent limestone block retaining wall plus it provides the added benefit of increased beach 

amenity from the stability provided by the rock toe. See Figure 5-5 for the artist’s perspective 

and Figure 5-6 for the engineering plan sketch. 

The retaining wall in this option provides a clear separation between the landside and water is 

closer to the water’s edge, retaining more land and also minimising the amount of soil disturbed 

in the foreshore area during construction. Table 5-3 provides a comparison of this option against 

key criteria.  

 

Figure 5-5 Artist perspective of Option 1B. 
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Figure 5-6 Option 1B - Plan View. 
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Table 5-3 Option 1B – Advantages and Disadvantages 

Criterion Advantages Disadvantages 

A
m

e
n

it
y
 

Beach/ land 

Amenity 

Provides the greatest area for 

land based amenity 

(Approximately 500 m2).               

A moderate area of beach 

(Approximately 300 m2). 

 

Access  Ease of access from the land to 

water is restricted. Scour 

protection may inhibit access to 

the water. 

E
n

v
ir
o

n
m

e
n

t 

Excavation & 

Surplus 

Quantity 

This option has the least disturbance of soils compared to other 

options. This option also has a moderate generation of surplus 

excavation materials (Approximately 640 m2) which will provide an 

opportunity to undertake some remediation of soils in the foreshore. 

Structural 

Footprint 

Once constructed this option 

has a lesser surface area of 

exposed built structure 

compared to the other options. 

(330 m2)  

 

River 

Processes 

This option will have a 

moderate interruption to 

alongshore sediment transport 

and flood conveyance due to 

the presence of the rock toe. 

 

F
e

a
s
ib

ili
ty

 Beach Stability This option provides increased 

beach stability. 

 

Design Life 50 years  

C
o

s
t 

Estimate 

Implementation 

Costs 

 $850,000 to $1,200,000 

dependent upon levels of ASS 

and contamination identified. 

Please refer to section 5.10 for 

full details of costing 

assumptions. 

Operation/ 

Maintenance 

Cost Estimate 

 $200,000. Please refer to section 

5.11 for full details of costing 

assumptions. 

  



 

GHD | Report for City Of Fremantle - Northbank Foreshore Stabilisation Plan, 6135392 | 43 

5.7 Option 2A – Block Wall – Land Alignment 

Option 2A is a block retaining river wall, similar to Option 1A, but the alignment of the wall is 

closer towards the land and matches closely to the proposed alignment as per Hassel’s ‘Issued 

for Building Licence’ drawings. The key features of this option are that it provides a balanced 

between land and beach based amenity, is a durable solution with a 50 year design life and its 

appearance will match the adjacent limestone block retaining wall. See Figure 5-7 for the artist’s 

perspective and Figure 5-8 for the engineering plan sketch. 

The retaining wall in this option provides a clear separation between the landside and water is 

closer to the land. The excavation required to implement this option will be greater than Option 

1A because the wall is closer to more elevated land. This will result in increased soil disturbance 

and higher surplus soil volumes in the foreshore area during construction. Table 5-4 provides a 

comparison of this option against key criteria. 

 

Figure 5-7 Artist perspective of Option 2A. 
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Figure 5-8 Option 2A - Plan View. 
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Table 5-4 Option 2A – Advantages and Disadvantages 

Criterion Advantages Disadvantages 

A
m

e
n

it
y
 

Beach/ land 

Amenity 

Provides a moderate area for 

land based amenity 

(Approximately 300 m2). 

A lower area of beach. 

(Approximately 200 m2) 

Access  Ease of access from the land to 

water is restricted. 

E
n

v
ir
o

n
m

e
n

t 

Excavation & 

Surplus 

Quantity 

This option has a moderate disturbance of soils than other options. 

This option also has the least generation of surplus excavation 

materials (approximately 370 m2) which will reduce costs but also 

does not provide as great an opportunity to undertake remediation 

of soils compared with other options. 

Structural 

Footprint 

Once constructed this option 

has the least surface area of 

exposed built structure 

compared to the other options. 

(25 m2)  

 

River 

Processes 

This option will have minimal 

interruption to alongshore 

sediment transport and flood 

conveyance. 

 

F
e

a
s
ib

ili
ty

 Beach Stability This option has the lowest 

beach stability. 

 

Design Life 50 years  

C
o

s
t 

Estimate 

Implementation 

Costs 

$550,000 to $750,000 

dependent upon levels of ASS 

and contamination identified. 

Please refer to section 5.10 for 

full details of costing 

assumptions. 

 

Operation/ 

Maintenance 

Cost Estimate 

 $200,000. Please refer to section 

5.11 for full details of costing 

assumptions. 
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5.8 Option 2B – Block Wall – Land Alignment – With Beach Scour 

Protection 

Option 2B is a block retaining wall the same as Option 2A, but this option includes a rock toe to 

minimise erosion or scour of the beach area. The key features, similar to Option 2A are that it 

provides a balance between land and beach based amenity, is a durable solution with a 50 year 

design life and its appearance will match the adjacent limestone block retaining wall plus it 

provides the added benefit of increased beach amenity from the stability provided by the rock 

toe. See Figure 5-9 for the artist’s perspective and Figure 5-10 for the engineering plan sketch. 

The retaining wall in this option provides a clear separation between the landside and water is 

closer to the land. The excavation required to implement this option will be greater than Option 

1B because the wall is closer to more elevated land. This will result in increased soil disturbance 

and higher surplus soil volumes in the foreshore area during construction. Table 5-5 provides a 

comparison of this option against key criteria.  

 

 

Figure 5-9 Artist perspective of Option 2B. 
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Figure 5-10 Option 2B - Plan View. 
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Table 5-5 Option 2B – Advantages and Disadvantages 

Criterion Advantages Disadvantages 

A
m

e
n

it
y
 

Beach/ land 

Amenity 

Provides a moderate area for 

land based amenity 

(Approximately 300 m2). 

The highest area of beach. 

(Approximately 545 m2) 

Access  Ease of access from the land to 

water is restricted. Scour 

protection may inhibit access to 

the water. 

E
n

v
ir
o

n
m

e
n

t 

Excavation & 

Surplus 

Quantity 

This option has the greatest disturbance of soils compared to other 

options. This option also has a higher generation of surplus 

excavation materials (Approximately 1000 m2) which will provide an 

opportunity to undertake some remediation of soils in the foreshore. 

Structural 

Footprint 

Once constructed this option 

has a lesser surface area of 

exposed built structure 

compared to the other options. 

(330 m2)  

 

River 

Processes 

This option will have a 

moderate interruption to 

alongshore sediment transport 

and flood conveyance due to 

the presence of the rock toe. 

 

F
e

a
s
ib

ili
ty

 Beach Stability This option provides increased 

beach stability. 

 

Design Life 50 years  

C
o

s
t 

Estimate 

Implementation 

Costs 

 $850,000 to $1,400,000 

dependent upon levels of ASS 

and contamination identified. 

Please refer to section 5.10 for 

full details of costing 

assumptions. 

Operation/ 

Maintenance 

Cost Estimate 

$100,000. Please refer to 

section 5.11 for full details of 

costing assumptions. 
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5.9 Option 3 – Groynes & Geotextile Sand Container Wall 

Option 3 involves the use of a Geotextile Sand Container (GSC) wall in conjunction with three 

(3) limestone rock groynes (one located at each end of the beach and the third located centrally 

within the existing beach). GSCs are large engineered sandbags, designed to act as building 

blocks made of a synthetic non-woven, vandal deterrent fabric. 

Considering the potential for overtopping and scour behind the GSC wall during storm surge 

events, a two container-wide wall (in cross section) was proposed. The two container-wide 

system is more robust than a single container wide system and has the benefits of mitigating the 

risk of wall failure and reducing the maintenance requirements of the GSC structure. 

Detailed design of this option would need to consider the longshore sediment transport 

processes in this area to determine the coastal effects the three groynes in terms of sediment 

trapping and the potential to cause downdrift erosion. 

Variations of this option that could be considered include the use of alternate materials such as 

GSC groynes instead of rock groynes or a rock revetment instead of the GSC wall. The main 

differentiating factor is that rock has a longer design life than GSCs, while GSCs may be easier 

to remove and are generally considered to have better amenity. There are also construction 

cost efficiencies for the use of only one material type, removing the need for two types of 

equipment to install the two materials. The cost estimate and pros and cons table below applies 

to rock groynes with a GSC wall. 

The key features of Option 3 are that it provides a balance between land and beach based 

amenity, it provides improved beach stability and it provides better access from the land to the 

beach and water than the other options, but along shore access and sediment transport will be 

interrupted by the rock groynes. Construction of rock groynes and a GSC wall will likely require 

larger plant than the block retaining wall options. The excavation required to implement this 

option will be greater than all of the other options, but this also provides a remediation benefit. 

Table 5-6 provides a comparison of this option against key criteria. 

The finished appearance will not tie into the adjacent foreshore treatments as effectively as the 

other options. GSCs also have the potential to become discoloured with marine growth, but this 

is not represented in the artist’s perspectives. See Figure 5-11 for the artist’s perspective and 

Figure 5-12, Figure 5-13 and Figure 5-14 for the engineering plan and section sketches. 
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Figure 5-11 Artist perspective of Option 3. 

 

Figure 5-12 Option 3 – Plan form. 
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Figure 5-13 Typical Groyne Section. 

 

 

Figure 5-14 Typical GSC Wall Section. 
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Table 5-6 Option 3 – Advantages and Disadvantages 

Criterion Advantages Disadvantages 

A
m

e
n

it
y
 

Beach/ land 

Amenity 

A higher area of beach 

(approximately 400 m2).  The 

GSC wall provides perception 

of greater beach area. 

Provides a lower area for land 

based amenity (Approximately 

150 m2) however the GSCs 

provide a surface for people to sit 

on or walk over. 

Access Better access to the water 

from the land 

Access along the foreshore is 

restricted by the rock groynes and 

may make access to maintain 

public berths of jetty difficult. 

E
n

v
ir
o

n
m

e
n

t 

Excavation & 

Surplus 

Quantity 

This option has the greatest disturbance of soils compared to other 

options. This option also has the greatest generation of surplus 

excavation materials (Approximately 1100 m2) which will provide an 

opportunity to undertake some remediation of soils in the foreshore. 

Structural 

Footprint 

Once constructed this option 

has the highest surface area of 

exposed built structure 

compared to the other options. 

(560 m2)  

 

River 

Processes 

This option will have the 

highest interruption to 

alongshore sediment transport 

and flood conveyance due to 

the presence of the rock 

groynes. 

 

F
e

a
s
ib

ili
ty

 

Beach Stability This option provides increased 

beach stability. 

 

Design Life  25 years due to the design life of 

the GSC bags. 

C
o

s
t 

Estimated 

Implementation 

Costs 

 $800,000 to $1,400,000 

dependent upon levels of ASS 

and contamination identified. 

Please refer to section 5.10 for 

full details of costing 

assumptions. 

Operation/ 

Maintenance 

Cost Estimate 

$100,000. Please refer to 

section 5.11 for full details of 

costing assumptions. 
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5.10 Preliminary Construction Cost Estimate 

A preliminary concept cost estimate has been prepared by RBB for Option 2A and 2B 

considering both block wall construction types and for Option 3 which is provided in Appendix D. 

The development of Options 1A and 1B was undertaken after RBB prepared the cost estimate 

and so GHD has prepared the cost estimate for these options on the basis of the rates provided 

by RBB and the assumptions as detailed in Appendix D and provided below after Table 5-7. 

Option cost estimates have been provided purely for comparative purposes to assist in the 

decision making process and are not to be used for any other purpose. 

GHD has considered that there is the potential for significant variation in the costs of 

implementing the options depending on the ASS treatment and soil disposal costs associated 

with each option. The costs for ASS treatment and soil disposal are dependent upon the 

outcomes of acid sulfate soil and soil contamination investigations recommended to be 

undertaken prior to the detailed design. The least conservative costs assume that no ASS 

treatment and no costs to specific landfill treatment facilities are provided for. The more 

conservative costs assumes that ASS treatment of all excavated materials and disposal of 

excess material to a Class 3 Landfill facility. These costs are based on these assumptions and if 

levels of contamination or ASS do not meet these assumptions costs could be higher.  

Cost estimates are presented in Table 5-7 and further assumptions are detailed below. Note: 

cost estimates provided for Option 3 do not consider that at the end of the 25 year design life 

significant upgrades are likely to be required.  

Table 5-7 Preliminary Cost Estimates (inclusive of GST) rounded to the 

nearest $10,000 

Option Estimated costs assuming no 

acid sulfate soil treatment 

and surplus material suitable 

for re-use. 

Estimated costs assuming acid 

sulfate soil treatment to disturbed 

soil and disposal of surplus to 

Class 3 Landfill facility. 

1A – Block wall – 

River Alignment 

$530,000 $600,000 

1B – Block wall – 

River Alignment – with 

Rock Beach 

Stabilisation 

$850,000 $1,200,000 

2A– Block wall – Land 

Alignment  

$550,000 $750,000 

2B– Block wall – Land  

Alignment – with Rock 

Beach Stabilisation 

$850,000 $1,400,000 

3 – Rock Groynes & 

Geotextile Sand 

Container Wall 

$800,000 $1,400,000 

Assumptions: 

The following assumptions have been incorporated into the cost estimates: 

1. All costing has been prepared on the basis of the concept options presented above; 
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2. All prices are inclusive of GST; 

3. Quantities are based on the extrapolation of typical cross sectional areas applied along the 

full design length of the various structures; 

4. A 15% contingency was applied to the estimated volumes produced by GHD to allow for 

uncertainty within the concept level designs; 

5. RBB has allowed for separate contingencies which predominantly relate to changes 

between the concept designs and final detailed design (20%) as well as construction 

contingencies (10%); 

6. The works are assumed to be competitively tendered, locally sourced and are based on 

present day pricing; 

7. It is assumed that all works can be undertaken using land-based plant; 

8. Works are limited to those described in the detailed cost breakdown; 

9. Optional items, including steps at the western end of river wall or small boat launching 

ramp, have been excluded; 

10. Figures are based on a typical cross-section taken midway along the existing beach and 

based on the latest survey provided to GHD by the City of Fremantle; 

11. It is assumed that excavated beach material will be suitable for use a general fill placed 

landward of the retaining wall. 

12. It is assumed that clean imported beach sand will be used to restore the beach profile to 

the original levels seaward of the retaining wall; 

13. Limestone density assumed to be 1.8 t/m3; 

14. It is assumed that the surplus material to be disposed of has a mean density of 2,000 

kg/m3, on the grounds that it is wet, sandy material and has undergone some natural 

compression; 

15. The estimated costs in the first row of Table 5-7 assume that no treatment is required for 

ASS for excavated materials. It also assumes that excess excavated material can be 

transported for use elsewhere and does not require disposal. 

16. The estimated costs in the second row of Table 5-7 assumes that only excavated materials 

used on site will require treatment for ASS and has taken the conservative assumption that 

100% of excess cut material will require disposal to a facility that accepts Class 3 Landfill. 

17. It should be noted that the likelihood of soil requiring treatment for ASS is low based on 

past experience of similar projects in the river; and 

18. Note: Capital costs for Option 3 do not consider that at the end of the 25 year design life 

significant upgrades are likely to be required. 

Exclusions: 

The following items have been specifically excluded from the cost estimates: 

1. No allowance was made for client costs, contingency, financing or escalation; 

2. No allowance was made for client costs, contingency, financing or escalation; 

3. No allowance was made for the provision of additional drainage works associated with the 

overflow from infiltration tank; and 

4. Balustrades along the edge of the river wall have not been allowed for and the requirement 

for them will be considered during the detailed design stage. 
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5.11 Maintenance Costs 

In addition to capital costs each options structural variation will have different expected 

maintenance costs. The costs for maintaining block walls is typically much lower than that for a 

geotextile sand container wall. GSC walls area likely to require bag replacement if bags become 

damaged or removed. The costs for maintaining a beach area are dependent upon the level of 

protection the option provides to the beach, the volume of replenishment required and the 

potential frequency of replenishment. 

Predicting sand replenishment volumes/costs is difficult due to low accuracies associated with 

estimating sediment transport rates. At the project site there is a lack of historical beach profiles 

or sand nourishment volumes that could be used to estimate sediment transport rates which 

makes calculation of rates or calibration of sediment transport modelling difficult. Therefore 

costs are indicative only and based on engineering judgement of the relative difference in the 

frequency of nourishment required. Costs have been estimated base on the anticipated 

maintenance costs over the design life.  

In determining these costs the following assumptions have been made: 

 It has been assumed that no beach area is provided or required to be maintained in Option 

1A.  

 Option 1B will be under higher erosion pressure than Option 2B as the beach is narrower 

and the wall is closer to the water so reflection of wave energy is expected to be higher. 

Option 1B - replenishment assumed to be required approximately every 2.5 years. 

 Option 2A has a wider beach and no beach stabilisation measures so is most vulnerable to 

erosion. Option 2A - replenishment assumed to be required approximately every 2.5 years. 

 Option 2B - has a wider beach but reflection of wave energy is expected to be lower than 

option 1B. Option 2B - replenishment assumed to be required approximately every 5 years. 

 Option 3 is protected against alongshore sediment transport, but cross shore action and the 

short length of groynes may allow sediment to be eroded beyond the zone of the groynes 

capture. Access to nourish sections of this beach may also be more difficult. Option 3 - 

replenishment assumed to be required approximately every 2.5 years plus GSC bag 

maintenance is expected to be much higher than block wall options.  

A summary of indicative maintenance costs considering the above factors is provided below in 

Table 5-8. 

Table 5-8 Indicative Maintenance Costs 

Option Indicative 

Maintenance Costs 

1A – Block wall – River Alignment $0 

1B – Block wall – River Alignment – with Rock Beach Stabilisation $200,000 

2A– Block wall – Land Alignment  $200,000 

2B– Block wall – Land  Alignment – with Rock Beach Stabilisation $100,000 

3 – Rock Groynes & Geotextile Sand Container Wall $250,000 
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6. Recommended Foreshore Stabilisation 

Plan 

The following section provides the methodology undertaken and results of the assessment used 

to identify the preferred concept option to be developed in the Detailed Investigation and 

Detailed Design stage of the project.  

Additional aspects of the preferred option to be developed during the detailed design stage of 

the project should include landscaping levels and sloping behind the riverwall, width and shape 

of stairway access at western end of foreshore, inclusion of specific beach access features 

within the walls or between the existing Fremantle traffic bridge abutment riverwall, and 

inclusion of landscaping elements. 

6.1 Multi Criteria Analysis 

A Multi Criteria Analysis (MCA) was undertaken to assist identifying the preferred foreshore 

stabilisation option or options. An MCA is a decision-making tool used to assist in the 

comparison of options. An MCA evaluates the benefits and impacts of options based on the 

relative importance of several criteria. An MCA however is not a tool to identify fatal flaws. The 

MCA outcomes provide a ranking of options against a set of criteria.  

The criteria used in the MCA should not double count similar aspects to prevent bias towards or 

against an option. For example, the ease of construction is usually factored by a contractor in 

the construction cost. Therefore either ease of construction or construction cost but not both 

should be used as criteria. More criteria are not necessarily better as this dilutes the weighting 

likely to be assigned and will make it harder to differentiate between the options. The criteria 

should reflect the values and the feasibility factors that are important in decision making. Where 

possible the criteria scores for each option should be quantitative inputs over qualitative. E.g. 

instead of saying one option is better on a scale of 1 to 5 than another because one offers the 

opportunity to remediate more soil, use the potential volume of soil to be remediated  in each of 

the options instead. Options scores are normalised to allow a combined raw score to be 

calculated. 

The MCA process scores each option against the criteria. Each criteria is weighted or assigned 

a different percentage, based on its relative importance. This weighting should be considered in 

isolation. Options are then ranked based on their weighted scores. 

6.2 Criteria Scoring and Weighting 

The criteria used in this analysis, how they were scored and the weightings assigned are 

summarised below in Table 6-1. The weightings to the options were discussed and assigned by 

CoF and DBCA in a steering committee meeting facilitated by GHD.  
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Table 6-1 Criteria and weighting used in the MCA. 

Decision Criteria Units Criteria 
Weight 

 

Community Community 
Preference 

% 0.1 0.1 

Amenity Land Area m2 0.023 0.09 

Beach Area m2 0.023 

Access to and from 
water 

0 or 1 (1 is better access) 0.045 

Environment Soil treatment Excess Cut Material (m3) 0.135 0.18 

Structural Footprint m2 0.05 

Feasibility Beach Stability 0 or 1 (1 is more stable beach) 0.135 0.27 

Design Life years 0.135 

Cost Implementation cost 
(higher) 

$100k 0.18 0.36 

Indicative 
Maintenance Cost 

$100k 0.18 

Community preference was based on the result of the MySay survey. Land and beach areas 

were measured from the engineering plan sketches. Structural footprint considered the visible 

plan surface area of constructed material after construction is completed. Access to water and 

Beach stability were considered on a scale of 0 or 1 with 0 being bad and 1 being good based 

on engineering judgement. Soil treatment is considered by the volume of contaminated soil to 

potentially be removed from the site. The removal of contaminated soil from within the foreshore 

reserve to a managed land fill site is considered a benefit for the local environment at the site. 

Costs used were taken from sections 5.10 and 5.11, implementation costs considered the 

higher cost figures for each option, assuming acid sulfate soil treatment to disturbed soil and 

disposal of surplus to Class 3 Landfill facility. Indicative maintenance costs were based on the 

results from Table 5-8 and is a reflection of the beach stability and design element maintenance 

costs likely to be incurred over the design life. 

6.3 Results 

Table 6-2 compares the various concept options over a series of criteria and assigns each 

option a rank based on assessment of these options against key criteria. Full details of the 

scoring results against the criteria can be found in Appendix E. 

Table 6-2 Concept Options MCA Results 
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Sum 

58.7 41.6 44.6 49.2 43.2 

Rank 1 5 3 2 4 
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The results of the MCA indicate that on both raw sum and weighted sum (624.1 and 58.7 

respectively), the best scoring option is Option 1A. This also indicates that regardless of the 

weightings applied, the ranking for this option is not very sensitive to the weightings applied. 

This nearest ranked option, Option 2B was over 10 points lower on weighted score. Rankings 2 

to 5 all scored within 8 weighted points of each other between 41.6 and 49.2.  

6.4 Conclusions and Recommendations 

The MCA provides a strong indication that Option 1A is the recommended option to be taken 

forward to detailed design. Before detailed design is undertaken, it is recommended that 

detailed investigations into ASS and site contaminants is undertaken to provide increased 

certainty into the cost of implementation for the City of Fremantle and to assist to inform and 

require construction management plans in relation to these aspects.  
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Appendix A – Shoreline Change Mapping 
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Appendix B – Community Consultation Memos  

 



 

12 July 2017 

To City Of Fremantle 

Copy to  

From Rachel Marie Tel +61 8 6222 8525 

Subject Phase 1 Community Consultation Outcomes Job no. 6135392 

 

A community information session was held for the Northbank Foreshore Stabilisation Project. The 

purpose of the information session was to inform the community about the project and invite comment 

on current and future issues or elements they believed should be considered when assessing the 

stabilisation options. 

Community information session details 

The information session was held at the North Fremantle Community Hall on Thursday 6 July 2017.  

The session commenced at 5.00pm and concluded at 7.00pm.  

The format of the session was semi-formal, where community members could drop in at any time 

between 5.00-7.00pm and speak to members of the project team. In addition three short 

presentations were held throughout the evening at 5.15 pm, 5.45 pm and 6.15 pm providing an 

overview of the project as well as allowing time for questions and answer. All three presentations 

covered the same content. The- layout and venue set up is shown in the attachment below. 

The community information session was attended by three GHD project team members and one 

representative from the City of Fremantle.  

The workshop materials and display information included: 

- Welcome desk with survey, attendance details slips and project business cards; 

- Posters with project information and historical aerial imagery; 

- Presentation space including projector, screen, laptop and approximately 20 chairs; and 

- Refreshments table with tea, coffee and biscuits. 

A total of 24 community members attended the session and two Council Members. 

The majority of the information session attendees attended the first and second information sessions 

(15 people at session one, six people at session two excluding Councillors). There were only two 

attendees at the final presentation of the evening. Due to the larger volume of attendees at the first 

session, the question and answer period was much longer, resulting in a delay of the scheduled 

commencement time of the second and third presentations.  

Attendees were encouraged to leave their contact details in order to receive updates on the project. 

These were collected by the City at the end of the session.  

 



 

Summary of key issues raised 

Generally the queries and comments raised where of a more technical manner as attendees wanted 

to understand the rationale for the project, the options for stabilisation and the causes of the erosion.   

The following provides an overview of the key issues raised during the question and answer period of 

the presentation, as well as in the one-on-one discussion with project team members.  

Use and preference for future 

- Varying preferences for beach and seawall in the area (some residents strongly preferred a 

seawall whereas one was opposed to solutions that would modify nearshore flows). 

- Comments noting the range of activities taking place in the area including swimming, kayaking 

and fishing.  

- Access from Rivershores Kayak/dinghy storage to river. 

- Comments regarding swimming ban for this portion of foreshore. It was requested that Council 

minutes documenting the discussion be provided to GHD for consideration.  

Amenity  

- Comments relating to rubbish build up, its source and how will it be managed.  

- Council and City of Fremantle efforts to address the removal of rubbish 

Stability of the area 

- Comments regarding evidence of erosion for this portion of foreshore and what it is actually 

caused by – comments around natural tidal processes vs. boat wake. 

- Vessel speed limits and implications of 8 knot limit on boat wake generation. 

- Queries regarding what options are available for the foreshore and how would they be evaluated 

and assessed.  

- Issues related to flooding and the “One in 100 year flood” how this would impact the site 

(including Rivershores) and how the protection may or may not address this. 

- Comments relating to the stability of the foreshore being along the whole foreshore and queries 

why the project is limited to this area. 

- Comments relating to what sort of options would be investigated and how they would be 

evaluated and assessed. 

- Comments relating to who is responsible for foreshore stabilisation.  

- Comments relating to current flanking erosion being experienced in the vicinity of the stairs at the 

western end of the existing seawall 

Consultation and project program 

- Queries regarding the cost of the options and who will be responsible for paying for the works.  

- Concerns raised that this project would not progress 



 

- Comments that previous consultation had already been undertaken in this area so why is it being 

done again.  

- Community information session notification. 

- Overall project staging was and whether the community was going to be consulted on the 

options. 

Areas adjacent to project area 

- Comments relating to the importance of the project taking into consideration the protection of the 

Rivershores apartment building.  

- Safety concerns around the stairs and retaining wall at the Fremantle traffic bridge.  

- Potential impacts of the Fremantle traffic bridge realignment (duplication) and potential rail bridge 

duplication.  

- Comments relating to jetty operations from the jetty owner – regarding maintenance of public 

berths. 

- Impacts of the river flow from the bridge abutments 

- Current flanking erosion being experienced in the vicinity of the stairs at the western end of the 

existing seawall. 

- Comments relating to the presence of an adequate beach at Sorell Park – “great for wading/dog 

walking/swimming”. 

- Comments relating to the heritage value of Fremantle traffic bridge pilings. 

 

Survey results  

A survey was made available to attendees to complete on their departure. The intention of the survey 

was to understand where the attendees were from and to seek feedback on the session. The survey 

was only completed by one attendee. 

The respondent was a landowner of the Rivershores apartment. They attended the session to obtain 

more information about the project. They found the session somewhat useful and would prefer an 

online information and survey consultation for the next phase. 

 

‘MySay’ Online feedback 

Some residents indicated they were not able to attend the session but wished to still provide 

feedback. Comments could be submitted online through the City’s ‘MySay’ website. Two responses 

were received. A summary of the verbatim comments is provided below.  

Question: Do you have any comments about the Northbank foreshore now? 

- Yes. We need to build a bank like the one in front of the Brighton Building.  



 

- Thanks for consulting. 

- Should be a landscape driven solution and not engineering alone.  

- Connectivity to Bridge by foot and bike if grade allows.  

- Lack of P/Toilets in the parks at Nth Freo, could be considered for car park to north west to also 

allow food truck capability i,e power/water outlet. Touristic benefits lost in North Fremantle as no 

loop pedestrian track along rive[r]. 

- SUP launching ramp could be considered into any reversal. 

- Lighting important. 

Question: Do you have any comments or concerns if this area were to change? 

- No. It needs to change. 

- No. 

Both respondents had a preference for online information and survey for the next phase of 

consultation. 

 

Lessons Learned 

The information session was successful1 however in order to improve the consultation undertaken in 

the next phase, the following should be taken into consideration.  

- Consultation invitations should be provided earlier to allow attendees sufficient notice of the 

event.  

- Greater consideration should be given in relation to information session/consultation notifications 

and who is being sent an individual notice and who is not. It is noted that the session was open 

to all community members to attend, however individual notices were only provided to the 

Rivershores apartment.  Comments were made that some people were not aware of the session 

and found out through non-City of Fremantle sources.  

- If multiple presentations are to be provided, consider a reduced number of presentations to allow 

greater question and answer time. This will avoid subsequent sessions commencing late and 

reduce excess noise from previous attendees staying at the venue to continue discussion. eg It 

was difficult for attendees to hear the information being presented during the second 

presentation due to the close proximity of the display and entrance areas.  Alternatively, alter the 

venue and/or set up to accommodate the number of sessions. 

- There was a positive response to the posters – they were of assistance when clarifying the 

project and provided a point of discussion, particularly the historical aerials. Attendees were also 

able to view information whilst waiting for the presentation.  

                                                             
1
 Based on the interest and extended question time at the conclusion of each presentation and the number of people who 

stayed after each presentation to interact and ask questions of the project team.  



 

- Attendees who were late, appreciated that the information presented was the same and that the 

presentations still took place despite there being less people in the audience. (ie. we delivered 

the session as advertised which assisted in building rapport and trust in the process). 

- Only one survey was complete. Consideration should be given to a shortened survey that people 

can complete on their arrival. Consider the purpose of the survey and whether it is beneficial to 

the consultation.   

- Additional City representatives to assist in general discussion with attendees. Due to the format 

of the session, it was difficult for GHD staff to undertake multiple one-on-one discussion as 

presentations were commencing.  

- The impression from the team was that people thought it would be more of a visioning exercise 

or that there would be options to look at, rather than seeking general feedback. Provide 

additional information in the invitation regarding the sorts of inputs we would be seeking during 

the session.  

- Additional background in the presentation and on the posters – ie. how does this project fit in with 

the broader foreshore management. There were comments raised in relation to this being ‘just 

another study that wouldn’t go anywhere’ as they had previously attended consultation in the 

area.  

 

Additional Information  

Following the session, the City of Fremantle followed up with those attendees of the workshop who 

requested additional information. This included a community member who requested empirical 

evidence of erosion. 

  

Matters to be actioned  

- City to provide GHD with Council minutes regarding swimming ban for this portion of foreshore.  

 

Conclusion  

Overall the information session was considered successful and there were a number of good 

discussions and feedback received in relation to the area. Based on the comments received, we 

believe that the community is expecting the opportunity to have a discussion in the next phase of 

consultation, therefore an in-person consultation format is recommended. This can be further 

supplemented by online materials. Some attendees appeared to be disheartened with the City and 

concerned that this would be just another study that does not progress. Therefore consultation 

moving forward should be carefully considered to ensure the approach and format is appropriate and 

that the project continues to progress.  

Regards 

 



 

 

Rachel Marie 
Senior Planner 

  



 

North Fremantle Community Hall – Community information session layout  
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15 August 2018 

To City Of Fremantle 

Copy to  

From Gemma Bertrand Tel +61 8 6222 8525 

Subject Community Consultation Outcomes Job no. 6135392 

 

A community information session was held for the Northbank Foreshore Stabilisation Project to 

provide an overview of the concept options developed. The purpose of the information session was to 

inform the community about the results of desktop investigations and the advantages and 

disadvantages of the concept options developed  in order for the community to provide feedback to 

the City of Fremantle on their preferences for the stabilisation of the parks and recreation reserve in 

the study area. 

Community information session details 

The information session was held at the North Fremantle Community Hall on Thursday 31 May 2018.  

The session commenced at 5.30pm and concluded at 7.30pm.  

The format of the session was semi-formal, with two presentations followed by Q&A session planned 

for 5.45pm and a second for 6.45 pm. The 5:45pm session was undertaken as planned. The 6:45 pm 

session did not go ahead as planned as no community members were in attendance 

The twenty minute presentation provided an overview of the results of desktop assessment and 

causes for erosion at the site, and, presented artists perspectives of the concept options alongside 

advantages and disadvantages of the options against key criteria. At the completion of the 

presentation there was time for the community to ask questions and the City, GHD and DBCA to 

respond. There was approximately twenty minutes of Q&A’s from the community. Before and after the 

presentation, informal one-on-one or small group discussions were held. The- layout and venue set 

up is shown in the attachment below. 

The community information session was attended by three GHD project team members and one 

representative from the City of Fremantle.  

The workshop materials and display information included: 

 Welcome desk with attendance register and copy of MySay surveys; 

 Posters of site analysis findings, historical aerial imagery, artists perspectives with advantages and 

disadvantages of concept options; 

 Presentation space including projector, screen, laptop and approximately 25 chairs; and 

 Refreshments table with tea, coffee and light refreshments. 

 



 

A total of approximately 25 community members attended the session. (23 members signed. 2 

attendees declined to register ). The attendance register indicated that a high proportion of attendees 

were local residents from immediate buildings adjacent to the study area. 

As previously stated, all community members attended the first session, and no additional community 

members arrived after this session, so a second presentation did not proceed. The project team 

remained at the venue until the proposed end time at 7.30pm in case additional community members 

did arrive.  

Attendees were encouraged to participate in the MySay Survey (either online or with hard copies 

provided at the welcome table) after the presentation or in their own time. The paper copies were 

collected by the City at the end of the session along with other paper copies submitted by the 

community and combined with the online survey results before being analysed.  

Summary of key issues raised 

In general the comments were focussed on individual implications of specific options and current uses 

and less focussed on general public uses and what would be best for the greater community. The 

perception from the community was that cost should not be a factor or concern when implementing a 

medium to long-term solution for the site area. The City, GHD and DBCA provided answers to 

questions where required however, a large number of members raised comments and voiced 

opinions instead of asking direct questions. 

The following provides an overview of the key issues raised during the question and answer period of 

the presentation, as well as in the one-on-one discussion with project team members.  

Access 

 Stair /ramp access requested for kayaks and canoes etc 

 Concerns were raised on how the scour rock toe will impact access to the water 

 Unhappy about the current state of access to the site from the Fremantle Traffic Bridge carpark as 

it is unsafe and informal. 

Rock Groynes 

 Sand builds up under jetty impacting public berths. River currents take sediment up and down the 

river. Only groynes can assist. 

GSC Wall 

 Instead of a stepped GSC wall it should be a stepped limestone block wall to improve access 

 Kids like beach access – GSC walls allow for easy access 

 Both positive and negative feedback on the visual impacts of GSC’s in East Fremantle near 

Zephyr Café. 

o GSC groyne walls turning green – looks ugly, looks natural 

o Liked the appearance 

o Causes mosquitoes 

Beach & Environment 

 Based on local experience – contamination of sediments is probably worse further into the river 

 Adjacent foreshore was full of old tyres, timbers etc. While machinery is available on site get 

volunteers to pull rubbish out. Health of marine environment has since improved. Seagrass and 

fish now 



 

 Would like to see how water/river flows are influenced by structures. 

 Where would sand fill come from? Does it need to come from the area? 

Use and preference for future 

 Conflicting stories on use of the area: 

 “No-one uses the beach to swim. Only to fish. Need access to the water not sure why there is so 

much emphasis on the beach” 

 Some people do use the beach. Grand kids love it. 

 Unsafe to swim near the bridge due to currents. 

Cost 

 CoF need to increase potential spending and might need to look at more funding options. 

Project program 

 Query was raised about the likely timeframe of implementation of an option. 

Project Steering Committee 

 Query about representatives on the Steering Committee (SC) and why local representatives from 

Rivershores, the Brighton and York weren’t a part of the SC? Need other people’s ideas on the 

steering committee. 

Areas adjacent to project area 

 Construction of rocks (underwater rock mound at Fremantle Port to protect the Traffic Bridge) has 

resulted in sediment accreting in the lee. Sand could be reused at the site. 

 



 

‘MySay’ Online Information and Survey 

 

Figure 1 Extract from MySay Fremantle website. 

Project information and a short survey were provided on MySay Fremantle website. The site was 

open from the Friday the 18th May to the 6th of June. A summary of the findings from the MySay 

Survey is provided below: Full details of the survey questions are included in attachment 1. A total of 

76 responses were received, 58 online and 18 hard copy.  

  



 

Question 1: 

  

The key priorities as indicated by question 1 are having a sandy beach and having a visually pleasing 

area. Interestingly easy access between the land and water was not highlighted as a key importance 

which contrasts some of the opinions stated at the information session. 

Question 2: 

  

The key priorities to the community indicates are amenity and beach stability are most important. 

Environment and cost are the least important, with land stability being considered in the middle. 

0 10 20 30 40 50 60

Having a sandy beach area

Having a sandy beach area including access to walk
in the water (e.g. no rocks along shoreline)

Having a visually pleasing area

Maintaining the natural river processes

Having a land/ grassed area for recreation

Minimal/ no disturbance of below surface soil

Easy access between the land and water (e.g. no
rocks along shoreline or walls)

48

14

53

15

9

5

5

What are your top two priorities for this site?  

1 1.5 2 2.5 3 3.5 4 4.5 5

Amenity (use of land or beach)

Beach stability

Land stability (design life)

Environment

Cost

1.97

2.16

2.97

3.52

4.33

To prepare the scoring we would like to know how 
important each aspect is to you. Please share your 

thoughts, ranking from 1 the most important 
consideration, to 5 the least important consideration. 



 

Question 3: 

  

By far the most preferred option was Option 3 with 67% of people identifying this as a preferred option 

followed by Option 1A with 18% of people identifying this as a preferred option (respondents were 

allowed to select up to two responses). 

Question 5: 

  

Themes raised from review of responses in Questions 4 and 6: 

 A large number (33) of responses raised the idea of having limestone block steps instead of GSC’s 

in Option 3. 

 A number (5) raised issues of access to sand/water. 

 14 responses mentioned importance of area for kayak launching and landings 

 11 responses mentioned the impacts of different solutions on the adjacent public boat pens and 

preference for groynes. 

 Other comments included themes on access, sandbag visual concerns, queried use of gsc’s with 

rock groynes, siltation impacts and private benefits, concerns about flooding to Northbank and 

sea level rise. 

  

0 10 20 30 40 50 60

1A ‐ Build a limestone wall along the river…

1B ‐ Build a limestone retaining wall along the …

2A ‐ Build a limestone wall along the land alignment

2B ‐ Build a limestone wall along the land …

3‐ Build three rock groynes and use geotextile…

14

2

12

5

51

Please review the five options for Northbank presented 
above. Which option/s would you prefer to see chosen? 
If you like multiple options you can select more than one. 

0 5 10 15 20 25 30 35 40

I'm a Northbank resident (e.g. Rivershores,
Belgravia buildings)

I visit this area for recreation

Other

40

33

3

What is your interest in the Northbank stabilisation 
project?



Lessons Learned 

The information session was successful and there was generally a positive response to the 
presentation 1 however in order to improve effectiveness of future consultation campaigns the 

following should be taken into consideration.  

In presenting options to the community it is important that all the options are presented, but if 
particular options are considered to have fatal flaws (such as  prohibitive costs) consider whether 

community feedback/preferences be focussed only on the options that are feasible and provide 
justification of why some options are not considered feasible. This may improve alignment from 
community feedback with recommended options. 

Conclusion  

Overall the information session was considered successful and there were a number of good 
discussions and feedback received on the presentation. Based on the questions asked and 

statements made by the community there appeared to be a divide between those who preferred river 
wall solutions and those who preferred the rock groyne and sand bag solutions. 

Some concerns were raised about the potential timeframes between now, detailed design phase and 

the likely implementation phases of this project. Therefore consultation moving forward should be 
maintained to ensure the community is kept up to date with the future phases including the outcomes 
from when the Foreshore Stabilisation Plan is presented to Council.  

Regards 

Gemma Bertrand 
Senior Coastal Engineer 

Attachments: 

1. MySay Survey Questions

2. North Fremantle Community Hall – Community information session layout

1 Based on the verbal positive feedback from different community members after the presentation and the interest and 
extended question time at the conclusion of the presentation. 



 

1 MySay Fremantle - Survey Questions: 

1. What are your top two priorities for this site?   

a. Having a visually pleasing area,  

b. Having a land/ grassed area for recreation 

c. Maintaining the natural river processes 

d. Minimal/ no disturbance of below surface soil 

e. Having a sandy beach area including access to walk in the water (e.g. no rocks along 

shoreline),  

f. Easy access between the land and water (e.g. no rocks along shoreline or walls) 

2. The criteria being used to assess the five concepts are: amenity, environment, beach stability, 

land stability and cost. To prepare the scoring we would like to know how important each 

aspect is to you. Please share your thoughts, ranking from 1 the most important 

consideration, to 5 the least important consideration. 

a. Amenity (use of land or beach) 

b. Beach stability 

c. Land stability (design life) 

d. Environment 

e. Cost 

3. Please review the five options for Northbank presented above. Which option/s would you 

prefer to see chosen? If you like multiple options you can select more than one. 

a. 1A - Build a limestone wall along the river alignment  

b. 1B - Build a limestone retaining wall along the river alignment and place rocks along 

the water edge of shoreline (a ‘rock toe’) 

c. 2A - Build a limestone wall along the land alignment 

d. 2B - Build a limestone wall along the land alignment and place rocks along the water 

edge of shoreline (a ‘rock toe’) 

e. 3- Build three rock groynes and use geotextile sand bags on the bank 

4. Please tell us why you prefer this option or options. 

5. What is your interest in the Northbank stabilisation project? 

a. I'm a Northbank resident (e.g. Rivershores, Belgravia buildings) 

b. I visit this area for recreation 

c. Other (please specify) 

6. Is there anything not addressed in these options that is important to you? Include any 

concerns or information we need to know.  



 

2 North Fremantle Community Hall – Community information session layout  

 

 
 
  
 

Entrance 

~15m 

~15m 

~5m 

Refreshments 

Toilets 

Kitchen 



 

GHD | Report for City Of Fremantle - Northbank Foreshore Stabilisation Plan, 6135392 

Appendix C – Artists Perspectives and Concept 
Option Sketches 

 



Option 1A Block Wall - River Alignment  

 



Option 1B Block Wall - River Alignment  - With Rock Toe 

 



Option 2A Block Wall - Land  Alignment  

 



Option 2B Block Wall - Land  Alignment   - With Rock Toe 

 



Option 3 Rock Groynes and Geotextile Sand Container Wall 
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Appendix D – Preliminary Concept Cost Estimations 

 



Page 1

Client: 

Project Title: Northbank Foreshore Restoration - Concept Options

Estimate:

Operating Centre/Job No:

Ref 1A 1B 2A 2B 3

1 Preliminaries  $               45,000  $               66,000  $               43,000  $               65,000  $               60,000 

2 Demolition  N/A  N/A  N/A  N/A  N/A 

3  $               35,000  $               35,000  $               35,000  $               35,000  $               35,000 

4  $                 9,700  $                 9,700  $                 8,250  $                 8,250  $                 5,600 

5a  $               21,750  $               21,750  $               30,300  $               30,300  $               54,500 

5b  $               66,800  $               66,800  $             217,400  $             217,400  $             570,500 

6  $             195,300  $             195,300  $             186,200  $             186,200  - 

7  $               22,500  $               22,500  $               19,900  $               19,900  - 

8a  $             145,100  $             145,100  - 

8b  $             442,100  $             442,100  - 

9  -  -  -  -  $             184,000 

10  -  -  -  -  $             117,700 

11  $               10,000  $               10,000  $                 6,000  $                 6,000  $                 3,000 

12a  $             339,250  $             505,350  $             328,650  $             495,750  $             519,800 

12b  $             384,300  $             847,400  $             515,750  $             979,850  $          1,035,800 

13  $               72,000  $             135,000  $               84,000  $             148,000  $             156,000 

14  $               36,000  $               67,500  $               42,000  $               74,000  $               78,000 

15  Excluded  Excluded  Excluded  Excluded  Excluded 

16  Excluded  Excluded  Excluded  Excluded  Excluded 

17  N/A  N/A  N/A  N/A  N/A 

18  Excluded  Excluded  Excluded  Excluded  Excluded 

19  $               36,000  $               67,500  $               42,000  $               74,000  $               78,000 

20  $             144,000  $             270,000  $             168,000  $             296,000  $             312,000 

21a  $             483,250  $             775,350  $             496,650  $             791,750  $             831,800 

21b  $             528,300  $          1,117,400  $             683,750  $          1,275,850  $          1,347,800 

22a  $               48,325  $               77,535  $               49,665  $               79,175  $               83,180 

22b  $               52,830  $             111,740  $               68,375  $             127,585  $             134,780 

23a  $             531,575  $             852,885  $             546,315  $             870,925  $             914,980 

23b  $             581,130  $          1,229,140  $             752,125  $          1,403,435  $          1,482,580 

OPTIONS
Option 1A Block Wall - River Alignment 
Option 1B Block Wall - River Alignment  - With Rock Toe
Option 2A Block Wall - Land  Alignment 
Option 2B Block Wall - Land  Alignment   - With Rock Toe
Option 3 Groynes and Geotextile Sand Container Wall

Assumptions & Notes

It is assumed that the surplus material to be disposed has a mean density of 2000kg/m3, on the grounds that it is wet sandy material and has undergone some natural 
compression

The lower bound cost assumes that no treatment is required for ASS for excavated materials. The upper bound assumes that only excavated materials used on site will 
require treatment for ASS. It should be noted that the likelihood of soil requiring treatment is low.

The low cost for excess excavated material assumes that material can be transported for use else where and does not require disposal. The high has taken the 
conservative assumption that 100% of excess cut material wll require disposal to a facility that acceps Class 3 Landfill.

Optional items including steps at western end of river wall or small boat launching ramp have been excluded.

Figures are based on a typical cross section taken midway along the existing beach and based on the latest survey provided to GHD by the City of Fremantle.

It is assumed that excavated beach material will be suitable for use a general fill placed landward of the retaining wall.

It is assumed that clean imported beach sand will be used to restore the beach profile seaward of the retaining wall to the original levels.

Limestone density assumed at 1.8t/m3

GST (10%) (lower bound) 

GST (10%) (upper bound)

Estimated Total Commitment (incl GST) (lowe)

Estimated Total Commitment (incl GST) (high)

Profesional fees & disbursements (10%)

Subtotal

Totals

Estimated Total Commitment (excl GST) (low)

Estimated Total Commitment (excl GST) (high)

Design Contingency (20%)

Construction Contingency (10%)

Client Contingency

Staging Requirements

Headworks

Land costs

Rock Groyne

Landscaping

Subtotal (low)

Subtotal (high)

Construction Costs

Earth Works (high)

Retaining Walls

Rock Armour; Retaining Walls

Beach Scour Protection (low)

Beach Scour Protection (high)

Geosynthetic Sand Containers

Materials and Preliminaries

Temporary Works

Site Preparation

Earth Works (low)

City of Fremantle

Concept Cost Estimate

61-35392

Northbank Foreshore Stabilisation - Concept Options - SUMMARY

Scope
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NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

SUMMARY 2-Oct-17

REF SCOPE OPTION 1A OPTION 1B OPTION 2

$ $ $

1 PRELIMINARIES 62,000.00 63,000.00 58,000.00

2 DEMOLITION Nil Nil Nil

3 TEMPORARY WORKS 35,000.00 35,000.00 35,000.00

4 SITE PREPARTION 8,000.00 9,000.00 6,000.00

5 EARTHWORKS 27,000.00 32,000.00 87,000.00

6 RETAINING WALLS 156,000.00 159,000.00 N/A

7 ROCK ARMOUR; RETAINING WALLS 17,000.00 17,000.00 N/A

8 BEACH SCOUR PROTECTION 162,000.00 162,000.00 N/A

9 GEOSYNTHETIC SAND CONTAINERS N/A N/A 137,000.00

10 ROCK GROYNE N/A N/A 118,000.00

11 LANDSCAPING 5,000.00 5,000.00 3,000.00

12 SUB-TOTAL 472,000.00 482,000.00 444,000.00

13 Regional Loading - Perth Region 1.00 0.00 0.00 0.00

14 NET CONSTRUCTION COST 472,000.00 482,000.00 444,000.00

15 Design Contingency 20% 94,000.00 96,000.00 89,000.00

16 Construction Contingency 10% 47,000.00 48,000.00 44,000.00

17 Client Contingency Excluded Excluded Excluded

18 Staging requirements Excluded Excluded Excluded

19 Headworks N/A N/A N/A

20 Land costs Excluded Excluded Excluded

21 Professional fees & disbursements 10% 47,000.00 48,000.00 44,000.00

22 GROSS PROJECT COST (At current Prices) 660,000.00 674,000.00 621,000.00

23 Escalation to Tender Excluded Excluded Excluded

24 ESTIMATED TOTAL COMMITMENT (excl GST) 660,000.00 674,000.00 621,000.00

25 GST 10% 66,000.00 67,400.00 62,100.00

26 ESTIMATED TOTAL COMMITMENT (Incl GST) 726,000.00 741,400.00 683,100.00

OPTIONS

27 OPTION 1A - Limestone Block Retaining wall

28 OPTION 1B - Geogrid Keystone Block Retaining Wall

29 OPTION 2 -  Groynes and Geotextile Sand Container Wall

Northbank Foreshore - Cost Plan 1 - Preliminary Concept Estimate Rev 1 3 of 9



NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

SUMMARY 2-Oct-17

REF SCOPE OPTION 1A OPTION 1B OPTION 2

$ $ $

NOTES

30 This estimate is based on the following information from GHD:

GHD provided quantities (ref (Gemma Bertrand's email dated 17-Sep-17)

31 No allowances have been made for the following:

Removal of hazardous material or waste

Client costs and contingency

Financing costs

Escalation

The drainage swale or bridge over

Balustrade to top of retaining walls (understood from GHD not required)

32 This estimate assumes that the works shall be competitively tendered.

33

34 The estimate assumes that all works (including the rock groynes) will be undertaken by land based plant and equipment.

35 Refer to the main body of the estimates for works included.

Rev 1 Changes

36 Text corrections as per Iain Robinson's email dated 29-Sep-17

37

38 Option 2 - 50% of bulk excavation to be removed as class III waste

39 Option 2 - minor review of GSC rates

This estimate assumes that the works will be sourced locally.

Sketch drawings:61-35392-SK001 and SK002

All rock armour expressed in tonnes (including associated unit rate), as per GHD BQ, converted back from m3, all as per Iain 

Robinson's email dated 29-Sep-17
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NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

OPTION 1A - LIMESTONE BLOCK WALLING 2-Oct-17

REF SCOPE UNIT QTY RATE SUB-TOTAL TOTAL

$ $

DEMOLITION AND ALTERNATIONS

1 No allowances Note

TEMPORARY WORKS

2 Dewatering; allowance Item 1 25,000.00 25,000.00

3 Temporary access and removal; allowance Item 1 10,000.00 10,000.00

4 Rounding 0.00 35,000.00

SITE PREPARATION

5 Site preparation / devegetation; retaining wall m2 575 10.00 5,750.00

6 Miscellaneous works Item 1 2,500.00 2,500.00

7 Rounding -250.00 8,000.00

EARTHWORKS

8 Excavate and stockpile; retaining wall m3 730 15.00 10,950.00

9 Backfill with selected excavated material; behind 

retaining wall m3 350 15.00 5,250.00

10 Disposal for surplus excavated material; off site m3 380 14.00 5,320.00

11 Imported sand; spread and level; beach sand m3 150 35.00 5,250.00

12 Rounding 230.00 27,000.00

RETAINING WALLS

13 250 thick compacted limestone sub-base; retaining 

wall and steps m2 205 15.00 3,075.00

14 Concrete blinding; 25mpa; retaining wall and steps m3 20 300.00 6,000.00

15 Limestone retaining wall; 2100 high x 1750 wide at 

base m 75 1,706.00 127,950.00

16 Limestone steps; 350 x 350 blocks m 24 170.00 4,080.00

17 Crushed rock aggregate; backfill behind retaining 

wall; drainage m3 40 35.00 1,400.00

18 Texcel 1200R geotextile membrane m2 300 15.00 4,500.00

19 Weephole; 50 dia x 1100 long PVC pipe; built into 

wall; assume at 1000 centres No 75 50.00 3,750.00

20 Balustrade to top of retaining wall Excluded

21 Balustrade to stair; allowance Item 1 5,000.00 5,000.00

22 Rounding 245.00 156,000.00

ROCK ARMOUR; RETAINING WALL

23 Rock armour; 250 to 750kg; limestone; retaining wall t 140 100.00 14,000.00

24 Texcel 1200 geotextile membrane m2 225 15.00 3,375.00

25 Rounding -375.00 17,000.00

BEACH SCOUR PROTECTION

34 Excavate beach sand; class 3 m3 640 15.00 9,600.00

35 Disposal of class 3 excavated material; off site m3 640 110.00 70,400.00

36 Rock armour; 250 to 750kg; limestone t 680 100.00 68,000.00

37 Texcel 1200R geotextile membrane m2 900 15.00 13,500.00

38 Rounding 500.00 162,000.00

Northbank Foreshore - Cost Plan 1 - Preliminary Concept Estimate Rev 1 5 of 9



NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

OPTION 1A - LIMESTONE BLOCK WALLING 2-Oct-17

REF SCOPE UNIT QTY RATE SUB-TOTAL TOTAL

$ $

LANDSCAPING

38 Revegetation; native plants; at top of retaining wall m2 250 20.00 5,000.00

39 Rounding 0.00 5,000.00

40 Sub-Total $ 410,000.00

41 General Preliminaries 15% 62,000.00

42 TO SUMMARY $ 472,000.00
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NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

OPTION 1B - GEOGRID KEYSTONE BLOCK RETAINING WALL 2-Oct-17

REF SCOPE UNIT QTY RATE SUB-TOTAL TOTAL

$ $

DEMOLITION AND ALTERNATIONS

43 No allowances Note

TEMPORARY WORKS

44 Dewatering; allowance Item 1 25,000.00 25,000.00

45 Temporary access and removal; allowance Item 1 10,000.00 10,000.00

45 Rounding 0.00 35,000.00

SITE PREPARATION

46 Site preparation / devegetation; retaining wall m2 650 10.00 6,500.00

47 Miscellaneous works Item 1 2,500.00 2,500.00

48 Rounding 0.00 9,000.00

EARTHWORKS

49 Excavate and stockpile; retaining wall m3 900 15.00 13,500.00

50 Backfill with selected excavated material; behind 

retaining wall m3 650 15.00 9,750.00

51 Disposal for surplus excavated material; off site m3 250 14.00 3,500.00

52 Imported sand; spread and level; beach sand m3 150 35.00 5,250.00

53 Rounding 0.00 32,000.00

RETAINING WALLS

54 200 thick compacted limestone sub-base; retaining 

wall and steps m2 100 15.00 1,500.00

55 Concrete blinding; 25mpa; steps m3 2 300.00 600.00

56 Concrete footing; retaining wall m3 8 350.00 2,800.00

57 Keystone TW3 retaining wall system m2 158 350.00 55,300.00

58 Tensar RE500 geogrid m2 2,100 25.00 52,500.00

59 Crushed rock aggregate; backfill behind retaining 

wall; drainage m3 50 35.00 1,750.00

60 Texcel 1200R geotextile membrane m2 2,250 15.00 33,750.00

61 Weephole; 50 dia x 400 long PVC pipe; built into wall; 

assume at 1000 centres No 75 25.00 1,875.00

62 Limestone steps; 350 x 350 blocks m 24 170.00 4,080.00

63 Balustrade to top of retaining wall Excluded

64 Balustrade to stair; allowance Item 1 5,000.00 5,000.00

65 Rounding -155.00 159,000.00

ROCK ARMOUR; RETAINING WALL

66 Rock armour; 250 to 750kg; limestone; retaining wall t 140 100.00 14,000.00

67 Texcel 1200 geotextile membrane m2 225 15.00 3,375.00

68 Rounding -375.00 17,000.00
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NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

OPTION 1B - GEOGRID KEYSTONE BLOCK RETAINING WALL 2-Oct-17

REF SCOPE UNIT QTY RATE SUB-TOTAL TOTAL

$ $

BEACH SCOUR PROTECTION

77 Excavate beach sand; class 3 m3 640 15.00 9,600.00

78 Disposal of class 3 excavated material; off site m3 640 110.00 70,400.00

79 Rock armour; 250 to 750kg; limestone t 680 100.00 68,000.00

80 Texcel 1200R geotextile membrane m2 900 15.00 13,500.00

81 Rounding 500.00 162,000.00

LANDSCAPING

81 Revegetation; native plants; at top of retaining wall m2 260 20.00 5,200.00

82 Rounding -200.00 5,000.00

83 Sub-Total $ 419,000.00

84 General Preliminaries 15% 63,000.00

85 TO SUMMARY $ 482,000.00
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NORTHBANK FORESHORE, FREMANTLE

FORESHORE RESTORATION WORKS

COST PLAN No. 1

PRELIMINARY CONCEPT ESTIMATE REV 1

OPTION 2 - GROYNES & GEOTEXTILE SAND CONTAINER WALL 2-Oct-17

REF SCOPE UNIT QTY RATE SUB-TOTAL TOTAL

$ $

DEMOLITION AND ALTERNATIONS

86 No allowances Note

TEMPORARY WORKS

87 Dewatering; minor allowance Item 1 25,000.00 25,000.00

88 Temporary access and removal; allowance Item 1 10,000.00 10,000.00

88 Rounding 0.00 35,000.00

SITE PREPARATION

89 Site preparation and site strip m2 310 10.00 3,100.00

90 Miscellaneous works Item 1 2,500.00 2,500.00

91 Rounding 400.00 6,000.00

EXCAVATION

92 Excavate and stockpile; GSC wall m3 1,050 15.00 15,750.00

93 Backfill with selected excavated material m3 140 15.00 2,100.00

94 Disposal for surplus excavated material; off site m3 455 14.00 6,370.00

95 Disposal of class 3 excavated material; off site m3 455 110.00 50,050.00

96 Imported sand; spread and level; beach sand m3 130 35.00 4,550.00

97 Supply sand for GSC m3 520 15.00 7,800.00

98 Rounding 380.00 87,000.00

GEOSYNTHETIC SAND CONTAINERS

99 Concrete blinding; 25mpa; limestone kerb m3 3 300.00 900.00

100 Limestone kerb 165 x 300 m 64 100.00 6,400.00

101 Hire of filling frames; allowance Item 1 5,000.00 5,000.00

102 GSC; 0.75m3; vandal proof No 582 180.00 104,760.00

103 GSC with scour flaps; 0.75m3; vandal proof No 48 215.00 10,320.00

104 Transportation of GSC; ex Landsdale Item 1 5,000.00 5,000.00

105 Texcel 1200R geotextile membrane m2 250 15.00 3,750.00

106 Anchoring for geotextile membrane m 64 15.00 960.00

107 Rounding -90.00 137,000.00

ROCK GROYNE

108 Site preparation m2 415 20.00 8,300.00

109 Rock armour 250 to 750kg; limestone; including 

carefully placing t 670 125.00 83,750.00

110 Rock armour 25 to 75kg; limestone t 190 100.00 19,000.00

111 Texcel 1200R geotextile membrane m2 440 15.00 6,600.00

112 Rounding 350.00 118,000.00

LANDSCAPING

113 Revegetation; native plants; area at top of GSC wall; 

assume 2m wide strip m2 128 20.00 2,560.00

114 Rounding 440.00 3,000.00

115 Sub-Total $ 386,000.00

116 General Preliminaries 15% 58,000.00

117 TO SUMMARY $ 444,000.00
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Appendix E - Full MCA Results 
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Table 7-1 Full Multi Criteria Analysis Results 
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Community Community Preference % 18% 3% 16% 7% 67% 24 0 20 6 100 0.100 0.100 Community 

Amenity 

Land Area m2 500 500 300 300 150 100 100 43 43 0 0.023 

0.090 Amenity 

Beach Area m2 0 300 200 545 400 0 55 37 100 73 0.023 

Access to and from water 0 or 1 (1 is better access) 0 0 0 0 1 0 0 0 0 100 0.045 

Environment 

Soil treatment Excess Cut Material (m3) 0 640 370 1010 1100 0 58 34 92 100 0.135 

0.180 Environment 

Structural Footprint m2 28 330 25 330 560 99 43 100 44 0 0.045 

River Processes 0 to 1 (1 is higher impact) 0 0.5 0 0.5 1 100 50 100 50 0 0.000 

Feasibility 

Beach Stability 
0 or 1 (1 is more stable 
beach) 0 0.5 0 0.5 1 0 50 0 50 100 0.135 

0.270 Feasibility Design Life years 50 50 50 50 25 100 100 100 100 0 0.135 

Cost 

Implementation cost (upper) $100k 600 1200 750 1400 1400 100 25 81 0 0 0.180 

0.360 Cost Beach Maintenance Cost $100k 0 200 200 100 250 100 20 20 60 0 0.180 

       Raw Sum 624.1 501.6 534.8 544.7 473.4   1.00    

     Weighted SUM 58.7 41.6 44.6 49.2 43.2    

     Rank 1 5 3 2 4    
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