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Appendix A – Coastal Risk Mapping 

Prepared by BMT Oceanica for the Cockburn Sound Vulnerability Values and Risk Assessment 
Study
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Appendix B – MCDA Results and Sensitivity 
Analysis
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MCA results and sensitivity analysis
The results of the MCDA and associated sensitivity analysis plots are set out below.

The tables indicate the unweighted and weighted scores for each option.

The sensitivity analysis was carried out using HiView’s inbuilt analysis plots.

Sensitivity down plots 

The sensitivity down window calculates which criteria weights are sensitive. The criteria are listed down the middle of 
the screen. Where a change to the cumulative weight of a criterion can result in a new most preferred option, a bar is 
drawn on the graph. The bars are colour coded. A red bar is very sensitive, a yellow bar is less sensitive and a green 
bar would require a large weight change to change the most preferred option. The thresholds for colour coding are as 
follows:

Red - cumulative weight would have to change by 5 points or less in order to change the most preferred option.

Yellow - cumulative weight would have to change by between > 5 to 15 points in order to change the most preferred 
option.

Green - cumulative weight would have to change by more than 15 points in order to change the most preferred option.

The bars drawn to the left of the criteria list represent a decrease in cumulative weight, whilst the bars drawn to the 
right represent an increase. For each instance of a bar being drawn, the new most preferred option is displayed at the 
end of the bar. Where there is no bar, no amount of weight change will change the most preferred option. The 
sensitivity down window is used to direct further analysis of the model. Where criteria have a red bar, further analysis 
is a high priority. 

Sensitivity up plots 

The sensitivity up graph displays the sensitivity of the selected tree item with regard to the most preferred option at the 
top of the tree. 

This graph demonstrates how the most preferred option at the top of the tree varies with the cumulative weight on 
node selected. The x-axis represents the cumulative weight on the criterion. The y-axis shows the total weighted 
values, at the root node, of each of the options. The vertical red line shows the current cumulative weight of the 
selected node. Reading the y-values for each option, these are the same as the total weighted scores in the node data 
window for the root node. The line for each option shows how this total weighted score will change as the cumulative 
weight on the criterion changes. The most preferred option at any cumulative weight has the highest y-value. At the 
vertical red line, whichever line has the highest y-value is currently the most preferred option.
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Appendix D – Comparison of interim protection 
options for Coastal Management Unit 3 – North Coogee 

Context

The coastline was modified with groynes, seawalls and breakwaters during the mid-1940s to the 
mid-1960s and more recently in 2006 with the Coogee Marina construction, which have altered 
the natural coastal processes. The beaches in this area are fed by the Success Bank offshore 
of Catherine Point, which leads to long-term accretion due to sediment being trapped by these 
various coastal structures. In more recent years, erosion has occurred north and south of 
Catherine Point Groyne due to a movement in the crest of the Success Bank and a reduction in 
the rate of sand feed (MPR, 2014). Erosion north of the groyne appears to have stabilised while 
south of the groyne continues to be eroded which resulted in a coastal path needing relocation 
in 2013.  

Setback studies undertaken by MP Rogers in 2014, predicted that immediately south of the 
groyne may continue to erode 10 to 20 metres over the next two decades while further south 
may also experience some erosion before the coastline returns to dynamic stability. However, 
the coastline will continue to be at risk of erosion due to future sea level rise and erosion from 
severe storm events as indicated in the hazard mapping undertaken in Stage 1 and 2.  

Comparison 

A comparison of each criterion for each option listed in  is detailed in the following sections.  

Criterion: Performance 
Based on the sediment transport regime in CMU 3, it is believed that both options could be 
effective at altering longshore currents and sediment transport and, as a result reduce 
longshore erosion and increase the beach width. The following points provide a comparison 
between the options: 

It is likely that due to the offshore location of the sand feed, groynes are likely to offer the 
best capture of sand without interfering with transport to shore from the sand feed.  

While accretion is expected up drift of the proposed first two groynes, erosion would be 
expected on the down-drift. This erosion is likely to be offset by the presence of a larger 
buffer to south due to long-term accretion to the southern end of CMU 3. Although 
offshore breakwaters may offer erosion protection in its immediate shadow area, there is 
the potential for erosion either side of the structure due to the interruption to longshore 
drift. Therefore placement of the breakwaters and selection of distance, spacing and 
length of the structures should ensure that they do not aggravate the existing erosion 
issue while not restricting the onshore sand feed. Achieving both objectives may prove 
difficult. 

Offshore breakwaters do have the capability to reduce wave energy transmission which 
groynes do not. Therefore the beach response behind the offshore breakwaters is likely 
to be less than for open coasts or where groynes are placed. The direction of littoral drift 
is also less critical for offshore breakwaters than groynes as sand does not have to 
saturate an up-drift side before it can bypass the structure. Although the sand feed from 
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Success Bank directs sand north and south from Catherine point, during seasonal 
conditions it is expected that there will be bi-directional drift.   

With offshore breakwaters, an uninterrupted access to the beach is provided, while 
groynes would compartmentalise the foreshore. 

In the long-term, the performance of all structures will be susceptible to sea level rise and 
will need to be designed accordingly.  

Further morphological modelling is recommended to confirm the performance of these 
this preliminary assessment, GHD would rank both arrangements equally. structures. Based on 

Criterion: Costs 
The capital costs, annual operating, and decommissioning costs for each option would 
ultimately depend on the final design developed for construction. Cost estimates should be 
developed during a concept design stage with an understanding of available funding to ensure 
feasibility. All options propose the inclusion of beach nourishment, dune redevelopment and 
groyne modification investigations which will have relatively consistent requirements across all 
options so the defining cost differentiator between options will be the capital, maintenance and 
adaptation costs of the interim protection structures.  

The cost of design development and modelling of the effectiveness of groynes and breakwaters 
is considered comparable, as is the development of detailed design documentation. 
Construction requirements do vary between the two options, as the construction of groynes can 
be undertaken from land with standard equipment while offshore breakwaters, depending on 
depth, can be built through use of a temporary causeway or by sea, which can add significant 
time and difficulty to the works.  

Western Australian groynes and breakwaters are typically constructed with a rock armour outer 
layer with a core of smaller rock materials, and this is the assumption of this assessment. 
Although suitable rock sources can be found locally throughout most of the state, the availability 
of materials will become scarcer in the future. Some alternative construction materials for these 
structures are precast concrete units and geotextile sand filled containers, which should be 
considered during design development. The volume of materials required is likely to be higher 
for offshore breakwaters due to the deeper water. 

The availability of suitable sand nourishment sources from a financially viable source is a key 
consideration for ongoing maintenance requirements in the Cockburn Sound. CMU 3 does 
receive a natural sand feed from Success Bank but all options are likely to require ongoing sand 
nourishment in response to extreme events, with the more effective structures requiring less in 
the long-term.  

The preliminary high level costs are presented in Table 11 which indicates lower capital and life 
cycle costs for the groyne option.  

Table 11 Preliminary Capital Cost Estimates 

Option 3a Option 3b 
Timing Capital ($k) Annual ($k) Decom ($k) Capital ($k) Annual ($k) Decom ($k) 
Present $ 5,772,000 $ 101,400 $ 4,472,000 $ 94,900

2070 $ 9,360,000 $ 288,600 $ 4,940,000 $ 165,100
2110 $ 7,800,000 $ 3,760,000
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LLimitations 

This report: has been prepared by GHD for the City of Cockburn and may only be used and relied on by City of 
Cockburn for the purpose agreed between GHD and the City of Cockburn  

GHD otherwise disclaims responsibility to any person other than City of Cockburn 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 the City of Cockburn 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. 

Our services are based on GHD undertaking these services in accordance with the following industry standards, 
codes and guidelines:  

— Bicknell C 2010, Sea Level Change in Western Australia: Application to Coastal Planning, prepared by 
the Department of Transport,  

— WAPC 2013, State Coastal Planning Policy Guideline, prepared by the Western Australian Planning 
Commission, Perth, WA.  

These standards, codes and guidelines take into account potential sea level rise impacts only to the extent 
indicated by these policies and guidelines. 

GHD 

GHD House, 239 Adelaide Tce. Perth, WA 6004 
P.O. Box 3106, Perth WA 6832 
T: 61 8 6222 8222   F: 61 8 6222 8555   E: permail@ghd.com.au 

 

© GHD 2015 

This document is and shall remain the property of GHD. The document may only be used for the 
purpose for which it was commissioned and in accordance with the Terms of Engagement for the 
commission. Unauthorised use of this document in any form whatsoever is prohibited. 
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