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-  The XBEACH results show Section 3 slightly improves in the southern half of the section; however 
erosion is increased in the northern half. Significant erosive pressure is placed on the GSC revetment 
immediately south of Groyne 1. Erosion occurs in the north of Section 4 and 5. Some of these impacts 
could be minimised by capital and maintenance renourishment. 

-  In summary, the presence of the nibs gives potential for greater buffer storage of sediment; however 
the volumes required to fill these buffers would likely be significant. This would need to be investigated 
further during detailed design. Improvements to Section 5 are predicted for this option. The 
improvement to Section 3 is not conclusive. 

A conceptual design was completed for each option, including preliminary drawings and a cost estimate. 
This fed into the MCA, which considered: 

> Public perception  

> Environmental impacts / impact on adjacent coastline 

> Likely effectiveness  

> Capital cost  

> Maintenance cost  

> Safety 

> Adaptability for climate change  

MCA3 scored the highest in the MCA, mainly due to its low capital and maintenance cost, and the alternative 
amenity provided in Section 1. MCA2 received the second highest score, mostly due to its predicted ability to 
best protect Sections 3 and 5 (the car park and dog beach respectively). The public perception scores were 
added following the MCA workshop held in December 2015. 

During the MCA Workshop, a fifth option, MCA5, was recommended to be assessed. This consists of the 
following: 

> Upgrade the existing car park so that it meets Australian Standards. 

> Revetment seaward of the car park in Section 3. 

> Groyne 4 installed to 60 m in length, crest level of 6.5 m AHD; 

> No modifications to the existing structures 

Whilst this option does allow for retention of the existing car park, it is the most likely to reduce beach 
amenity in Section 3. This option received a score that placed it in the middle rankings of the five options 
assessed. 

There are still uncertainties regarding the specifics of the mitigation option and these should be assessed 
further during detailed design. Specifically, the capital and maintenance renourishment volumes should be 
refined, as well as the crest levels of the proposed structures. The selected design life can also be modified 
should that provide cost savings in construction, or alternative options for future management 

At this stage of the project, MCA3 is the option recommended to take to detailed design due to its highest 
score in the multi-criteria analysis.  
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Figure 1-1 The Study Area; Quinns Beach within the City of Wanneroo, 35 km north of Perth 
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Figure 2-1 Conceptual Layouts for (a) Option 9. Groynes 1 to 3 are unchanged in length; extended artificial headland extended shown by the purple line; Groyne 4 new structure. 
(b) Option 10. Red lines indicate modelled structures 
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Figure 2-2 Conceptual Layouts for (a) Option 11. Groynes 1 to 3 are unchanged in length; offshore breakwaters shown in yellow. 
(b) Option 12. Groyne 1 unchanged in length, Groynes 2 and 3 lengthened. Groyne 4 new structure. 
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Figure 2-3 Cumulative movement of the average beach width across each section in metres 
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Secondary Armour design D50 of 0.60 m was considered appropriate.  This corresponds to an M50 of 0.45 
tonnes.  

The recommended geotextile for all structures is the Texcel (formerly Elcomax) 600R. However, this 
selection requires review at the detailed design stage. The design requirements are summarised in the 
following table.  

Table 3-1 Rock armour structure design requirements 

 Primary 
Armour 

Secondary 
Armour 

Geotextile 
type 

D50 (m) 1.36 0.60 Texcel 
600R M50 (t) 5.0 0.45 

   

A conservative crest level was applied for groyne extensions (6.5 m AHD) and offshore breakwaters (4.3 m 
AHD). This crest level was assessed by applying the design conditions discussed above, and using the 
method provided by Burcharth & Hughes (2006). According to this method, a crest level of 6.5 m AHD will be 
uncomfortable but not dangerous for pedestrians under the 5 year ARI conditions. The volume of 
overtopping is not predicted to lead to damage of the structure. Under 100 year ARI conditions, it is predicted 
the crest will be unsafe for vehicles and pedestrians; however damage is not predicted to be caused by 
overtopping alone. The volume of overtopping predicted under these conditions is 1 L / s per metre of 
structure. 

Significantly higher overtopping has been allowed for during design storm conditions for the offshore 
breakwaters as the structures will have an armoured crest and are not designed for public access. This crest 
level is predicted to lead to damage at the crest if it is not protected, i.e. if it is not armoured. The predicted 
overtopping volume is 20 L /s per metre of structure for the 100 year ARI design conditions. 

The as-constructed design drawings indicate the crest level for the existing groynes is 4 m AHD at the head, 
and 2 m AHD along the trunk. The crest level of the groynes taken from a survey carried out in 2008 by 
McMullen Nolan was a maximum of 3.98 m AHD, which matches the as-constructed drawings. Using the 
method provided in Burcharth & Hughes (2006), the level of overtopping predicted to occur in a design storm 
with a crest level of 4 m AHD will be very dangerous to pedestrians or vehicles on the groyne, and may lead 
to structural damage on the crest of the groyne, particularly as the crest is not fully armoured. As discussed 
in Cardno (2013), significant damage to the crest of the groynes, with a slumping of the structure at the head, 
is likely due to a combination of the low crest level, which leads to a significant amount of overtopping, and 
the lack of a filter layer, which increases the permeability of the structure and allows smaller rocks to be 
washed out from within the core of the structure. 

The design presented in this report aims to reduce future damage by raising the crest level, and including 
secondary armour and geotextile fabric to reduce the likelihood of crest damage and wash-out of fines. 
Extended and new structures will consist of core, geotextile fabric, secondary and primary armour. 

The crest levels of the proposed structures can be refined during detailed design. The City might be 
comfortable accepting a higher level of overtopping at the crest of the structures, which would reduce the 
cost of construction. Similarly, if the design life is reduced (e.g.: from 50 to 20 years), the crest level could be 
reduced as the likelihood of overtopping during the design life will also be reduced.  

The rock size might also be reduced, if, for example, the duration of the design wave event were reduced in 
the calculations. Alternatively the level of permeability used in the calculations could also be adjusted (at 
present a conservative value has been applied). These would both reduce the rock size required. The design 
rock size does match the existing breakwater head rock size, so perhaps this does not need to be adjusted. 
These factors can be discussed with the City during detailed design. 
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and foredune at Quinns Beach to the shoreline, it is likely by the end of summer that the seawall will become 
exposed each year, potentially increasing erosion within Section 3. The seawall will not reduce the local 
sediment deficit that is present in Section 3 (compared to MCA3) and as such, it is likely that over time the 
seawall will become exposed to a greater degree for increasing amounts of the year. Loss of the beach and 
reduction in the visual amenity could be substantial with an uncovered seawall. This is further discussed in 
Section 5.1.5. Whilst this option has not been modelled directly, there is a significant body of knowledge on 
the behaviour of beaches in front of seawalls. Discussion of the pros and cons are based on coastal 
engineering knowledge, and interpretation of the other simulations. 

MCA5 includes an allowance for 33,000 m3 of renourishment. The majority of this would be placed near to 
Groyne 4 similar to MCA2, 3, and 4. The rest would be placed seaward and also to the south of the proposed 
revetment to maintain beach amenity in the area.   

Table 3-5 Recommended nourishment volumes for MCA5 (not modelled) 

Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Total 

- 3,800 m3 10,000 m3 - 10,800 m3 8,400 m3 33,000 m3 

 

3.4 Beach Access 

A new beach access point at Groyne 1 near Frederick Stubbs Park has been conceptually designed as part 
of this Stage. This has been presented to the City prior to this report; it is provided in Appendix C for 
completeness. Two options are provided: both options provide beach access via a timber path and stairs 
commencing from Ocean Drive at the entry to the car park. The first option provides access to the beach 
either side of Groyne 1 via timber access stairs, allowing access to beaches in Section 2 and 3. The second 
option provides access to just Section 2, to the south of Groyne 1. 

Two specialist boardwalk manufacturers were consulted to obtain a cost estimate for both options. To 
construct the first beach access option the cost is $322,000 ex-GST. For the second option it is $214,000 ex-
GST. It is recommended a 20% contingency be added to these costs to allow for latent conditions, site works 
etc. 

Beach access is considered for each option below: 

> The beach access proposed above will be suitable for MCA1. The existing beach access points will not 
interfere with MCA1. 

> The beach access proposed above will be suitable for MCA2. The existing beach access points will not 
interfere with this MCA2. 

> The second beach access option presented above would be suitable for MCA3. As discussed in Chapter 
3.3.3, the beach access point at the northern end of Section 1 could be utilised from the proposed new 
car park. This could be upgraded to be universal access compliant. Other existing beach access points 
will not interfere with MCA3. 

> The second beach access option proposed above will be suitable for MCA5. The existing beach access 
points will not interfere with MCA5. It is recommended that there is no public access along the car park 
revetment, only at the southern and northern extents. An alternative beach access point at the north of 
the car park could potentially be constructed for MCA5. 

A pedestrian bypass at the landward end of Groyne 4 should be included in detailed design to allow access 
to Section 5 from the north and to Section 6 from the south. The beach access at Queenscliff Park (just north 
of Groyne 4) could be modified to be universally compliant, and potentially widened to allow for maintenance 
vehicles. 
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Figure 3-1 Conceptual Layouts for (a) MCA1 and (b) MCA2. Structures shown in green are existing structures; yellow are offshore breakwaters; red are new / adapted structures 
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Figure 3-2 Conceptual Layouts for (a) MCA3 and (b) MCA3 zoomed in around car parks with typical dune reinstatement profile inset (profile location shown in yellow). Structures shown in light green are existing structures. 
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Figure 3-3 Conceptual Layouts for (a) MCA4 and (b). MCA5. Structures shown in green are existing structures; red are new / adapted structures; dark brown are breakwater nibs  
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Table 3-9 Estimated sediment loss (m3) from XBEACH simulations above 0 m AHD contour 

 MCA1 MCA2 
MCA3 

 (Base case S1-S4; 
MCA 2 S5-S6) 

MCA4 

Section 1 4,000 4,500 4,500 4,500 

Section 2 7,000 5,000 5,000 7,000 

Section 3 5,000 7,000 4,000 6,000 

Section 4 2,500 3,000 1,000 3,500 

Section 5 1,000 2,500 2,500 5,500 

Section 6 2,000 1,500 1,500 1,000 

TOTAL 21,500 23,500 18,500 27,500 

The total annual renourishment volumes for each option were estimated using the table above, together with 
the LITPACK results. These volumes are presented in Table 3-10. These volumes represent the total 
renourishment to occur per annum at Quinns Beach. Specific sections should be targeted as required. Figure 
3-4 presents the predicted cumulative shoreline change for all sections by option. Note MCA3 is represented 
by a combination of Existing and Option 12. This figure reflects the relative volumes provided in Table 3-9 
and Table 3-10 below. 

As discussed subsequently in Chapter 6 and 7, the capital and maintenance renourishment volumes should 
be refined during detailed design through targeted model simulations. Particularly, the annual renourishment 
for MCA3 should ensure that further recession does not occur that might affect Ocean Drive in the future. 

For MCA5, the estimated annual renourishment volume is the same as MCA3 due to the similarity in 
structure layout. However, increased erosive pressure in front of the seawall due to wave reflection and 
reduced longshore supply is expected to result in more renourishment being required each year to maintain 
the same level of beach amenity. A contingency has been included to account for this by increasing the 
annual renourishment volume by 1% each year over the 50 year life span.  

Existing structure maintenance is also expected to be the same as MCA3 for the groynes. Structural 
maintenance costs for the seawall are expected to be the same ($165,000 per maintenance event), however 
due to the design specification, maintenance is only expected on the same lifecycle as the refurbished 
groynes in MCA2 and MCA4 (at year 20 and every 10 years following). The final NPV for MCA5 is shown in 
Table 3-11. 

Table 3-10 Estimated annual renourishment (m3) 

 MCA1 MCA2 MCA3 MCA4 MCA5 

Annual 
Renourishment 11,500 13,000 10,000 15,000 10,000* 

*As noted above, this annual volume will increase by 1% per year 

 

 

Figure 3-4 LITPACK model results: average cumulative shoreline change (in metres) for all sections, 
by option (MCA1: Option 11, MCA2: Option 12, MCA3: Existing / Option 12, MCA4: Option 
10) 
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3.5.2.2 Maintenance Beach Access 

To carry out the maintenance discussed above, consideration is given to the required access for each option 
below: 

> MCA1: Groyne 1 and 2 can be accessed from the existing car park. Temporary large vehicle access can 
be created at the northern end of the car park. Renourishment of the area would occur from the same 
location. The universal access path at Groyne 3 can be used to renourish Sections 5 and 6, and maintain 
Groyne 3. If the beach access path at Groyne 4 were upgraded, this could also be used for maintenance 
vehicle access. It is noted that due to the path dimensions at Groynes 3 and 4 this would limit the vehicle 
size that could be utilised at these access points. 

> MCA 2: To manage the potential erosion in Section 4, heavy vehicle access over the trunk of the groyne 
may be necessary for large volume nourishment (with access to the beach via the car park in Section 3). 
Alternatively, manual bypassing of sand over the extended Groyne 2 may be necessary, and should be 
considered in the design of this structure. 

> MCA3: Relocation of the car park would remove the vehicle access in Section 3. The existing beach 
access road to the trunk of Groyne 1 could be maintained, with restricted access to the beach provided 
for nourishment of Section 3 and maintenance of Groyne 4. If the dune area is completely 
reinstated, temporary vehicle access (with dune reinstatement immediately afterwards) could be created 
for maintenance of Groyne 1, and any renourishment of Section 3. Access to Sections 4 and 5 would be 
via the vehicle access path at Groyne 3. Access to Section 6 and Groyne 4 could potentially be down the 
adapted access path at Queenscliff Park.  

> MCA4: Maintenance access for this option would be similar to MCA 1 and 2. Specific details may be 
necessary to support temporary heavy vehicle access across the groynes or alternative heavy vehicle 
access provided further north. 

> MCA5: Maintenance access for this option would be similar to MCA 1 and 2. Specific details may be 
necessary to support temporary heavy vehicle access across the groynes or alternative heavy vehicle 
access provided further north. Access to the beach will likely be provided from the north of the car park in 
Section 3; however this would compete with the installation of pedestrian beach access path at that 
location. 

The cost and efficiency of any beach nourishment activities can be optimised and timed to make use of the 
natural longshore drift process, and this is something that should be detailed during the design of any the 
options considered here. 

3.5.3 Net Present Value 

The combination of the contractor cost estimates, the recommended capital renourishment, and 
maintenance cost estimates were combined and the net present value calculated using a discount rate of 
10% (NZ Treasury, 2015). All renourishment has been estimated at $35/m3, adjusted for inflation as 
required. 

Table 3-11 Net Present Value 

MCA Option NPV @ 10% 

MCA 1 $13,350,000 

MCA 2 $13,030,000 

MCA 3 $9,790,000 

MCA 4 $18,790,000 

MCA5 $11,500,000 

 

Given the long length of the design life, the annual renourishment is generally the most significant factor 
determining the net present value. However, due to the nature of net present value calculations, the final 
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cost is much more sensitive to changes is the capital cost and other costs early in the project lifecycle. Given 
the lower construction cost and estimated renourishment requirements, MCA3 was determined to be the 
most economical solution over the 50 year design life. Note that the capital costs may include a contingency, 
if described in Appendix E; however no contingency costs have been included in the renourishment or 
maintenance costs.  

Given that every option includes some form of car park, no allowance has been made for minor car park 
maintenance. This is expected to be equal for each option and has been estimated at a net present value of 
approximately $90,000 for yearly minor maintenance and three resurfaces over the design life. 





Quinns Beach Long Term Coastal Management 
Conceptual Options Assessment 

5 February 2016 Cardno 35 

 

Figure 4-1 Cumulative movement of the average beach width across each section in metres 
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Figure 4-3 Aerial photographs of Sections 5 and 6 from (a) 30/06/2013 and (b) 13/10/2013 
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Figure 5-1 Quinns beach measured metocean conditions and vegetation line movement along the 
study area, plotted cumulatively from 1969 to November 2014 
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6.3 Ranking Assessment Summary 

This section presents the evaluation rating score for each criterion, shown in Table 6-7, extracted from each 
of the tables presented in the previous section. Each criterion is weighted equally. The scores have been 
totalled to provide an indication of which option is best overall. The public perception scores were added 
following the MCA workshop held in December 2015. These scores were agreed with all attendees at the 
workshop.  

The effectiveness score was applied based on the ability of the option to protect Sections 3 and 5, whilst 
minimising adverse effects on other sections. As discussed in Chapter 5.1, MCA2 provides the most suitable 
protection of Sections 3 and 5. Options MCA1 and MCA4 provide various levels of protection to these 
sections, and are scored lower accordingly. Whilst MCA3 does not improve the amenity in Section 3, it does 
provide beach amenity in Section 1, and reduces the erosive pressure on Section 3. MCA5 provides 
protection of the car park, but may not provide adequate beach amenity in Section 3. 

The remaining criteria were scored according to the following rationale. All scores were discussed with 
attendees at the MCA Workshop; values were confirmed and updated as required: 

> The impacts score was based on all options affecting the environment in different ways, but with 
approximately the same overall effect.  

> The capital and maintenance costs were both normalised over the scale of 1 to 5; the corresponding 
score was applied for each option.  

> A relative safety score based on the pros and cons included in the tables above was applied. For 
example, MCA3 was considered the safest as no additional structures were to be constructed. MCA5 was 
considered the least safe due to the proximity of the car park revetment to the swimming beach. 

> MCA5 was considered least able to adapt to climate change as extensive upgrade of the car park 
revetment would be required to combat SLR. MCA1, MCA2 and MCA4 would require an equal level of 
structure upgrade due to similar structure requirements. MCA3 involves the least structures. This, 
combined with the fact that relocation of the at-risk car park allows for shoreline recession due to SLR, 
results in the highest score. 

After examining the options presented in this report and the evaluation matrix below, combined with the 
coastal hazards facing this section of coastline, the best overall solution is MCA3. MCA2 scored second 
best, and provides the most suitable protection of Sections 3 and 5.  

Table 6-7 Evaluation matrix 

Solution 
Option 

Protection Solution 

Public 
Perception 

Impacts Effectiveness Capital 
Cost 

Maintenance 
cost 

Safety Adaptability Total 

MCA 1 2 2.5 2.5 2.5 2.5 1.5 2 15.5 

MCA 2 4 2.5 4 3 2 3 2 20.5 

MCA 3 2 2.5 3.5 4.5 4 4 3 23.5 

MCA 4 4 2.5 2.5 1 1 3 2 16 

MCA5 4 2.5 2 4 2.5 2.5 1 18.5 

Note that the scores for the capital and maintenance costs have been adjusted since the MCA workshop to 
allow for the inclusion of MCA5.  





http://www.treasury.govt.nz/publications/guidance/planning/costbenefitanalysis/primer/15.htm
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A. �3�U�H�O�L�P�L�Q�D�U�\���/�R�Q�J�V�K�R�U�H���7�U�D�Q�V�S�R�U�W���$�V�V�H�V�V�P�H�Q�W 

As outlined in the main body of the report, the longshore transport assessment was undertaken in three 
rounds. The model setups and results for the first two rounds are outlined in this appendix. The final four 
options (9 to 12) have been discussed in the report.  

A.1 Round 1 - Options Assessed  

The four options assessed in Round 1 are displayed in Figure A-1 and Figure A-2. These correspond to 
�2�S�W�L�R�Q�V�������������������D�Q�G�������I�U�R�P���&�D�U�G�Q�R�¶�V���&�R�D�V�W�D�O���3�U�R�F�H�V�V�H�V���D�Q�G���3�U�H�O�L�P�L�Q�D�U�\���2�S�W�L�R�Q�V���$�V�V�H�V�V�P�H�Q�W���5�H�S�R�U�W��
(Cardno, 2015). Options 3, 4 and 6 were assessed using LITPACK. The same model set-up was used as 
previously by Cardno, with the addition of the new and modified structures specific to each option; as well as 
the GSC revetment. No renourishment was included in the Round 1 assessment. 

The existing artificial headland at the cusp of Quinns Beach is not a structure that can be included in 
�/�,�7�3�$�&�.���E�H�F�D�X�V�H���L�W���L�V���J�H�Q�H�U�D�O�O�\���W�R�R���F�O�R�V�H���W�R���W�K�H���V�K�R�U�H�O�L�Q�H���D�Q�G���µ�H�Q�J�X�O�I�H�G�¶���E�\���V�D�Q�G�����,�Q���W�K�H���&�D�U�G�Q�R����������������
study, the wave climate, principally local wave direction, was adjusted and the model calibrated such that the 
shoreline in this location matched the existing shoreline behaviour according to this artificial headland. This 
adjustment was shifted in LITPACK to represent the shifted artificial headland in Options 3 and 6.  

The new offshore breakwater in Option 3 (in line with the car park in Section 3) and the effects of the Y-
shaped groynes in Option 5 were also modelled using Mepbay (Model for Equilibrium Planform of Bay 
beaches, Klein et al 2003). Mepbay uses headland control theory to calculate the idealised shoreline 
planform of a headland-bay beach in static equilibrium based on the parabolic model. This was applied to 
various coastal structures (modelled as a headland) using the dominant summer and winter wave conditions 
described by Cardno (2015).  

This appendix has been included because it provides background information on the option selection 
process in a succinct manner. 
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Figure A -1 Conceptual Layouts (a) Option 3 (b) Option 4  

 

(a) (b) 
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Figure A -2 Conceptual Layouts (a) Option 5 (b) Option 6 

(a) (b) 






















































































































































































































































