
 
 

A Review of Artificial Reefs for Coastal Protection in NSW 

 

 
WRL Technical Report 2012/08 

June 2013 
 
 

by 
M J Blacka, T D Shand, J T Carley and A Mariani 

 

 









 

 
 

- ii - 

ES.3  Existing Reef Projects 

A review of existing SCR structures around the world was undertaken with key engineering, 

environmental and cost information for each structure summarised in the report.  Based on this 
review, the key findings were: 
 

�x Of the thirty-two (32) SCR structures reviewed, twenty-nine (29) were intended to 
provide coastal protection as a primary or secondary objective; 

 

�x �$�S�S�U�R�[�L�P�D�W�H�O�\�� �K�D�O�I�� �R�I�� �W�K�H�� �³�S�U�R�W�H�F�W�L�R�Q�´�� �V�W�U�X�F�W�X�U�H�V�� �K�D�G�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �D�F�F�U�H�W�L�R�Q�D�U�\�� �L�P�S�D�F�W��
on shoreline alignment compared to the predicted morphological response; 

 

�x 55% of submerged breakwaters were successful at providing increased coastal 
protection, though not all to the degree initially predicted; 

 

�x One of five multi-purpose reef ( MPR) structures may be providing a reasonable level of 
coastal protection but this structure has only been monitored for two to three years.  
Three other MPRs provide only minor or negligible coastal protection compared to 

design, and the performance of the newest MPR (Borth) is yet to be determined; 
 

�x Eight artificial reefs were constructed with the objective of improving surfability and 

approximately half of these were considered at least partially successful; 
 

�x The resulting shoreline morphology behind reef structures often differed significantly 

from the design predictions, even when the best available design methods were applied; 
 

�x Most structures settled and/or suffered from localised scour which resulted in an actual 

crest level which differed from that specified by design and subsequently led to further 
maintenance and top up costs or under performance; and 
 

�x Approximate construction costs per linear metre of coastline protected were in the order 
of $1,500 to $5,500 for submerged breakwater structures and $7,000 to $10,000 for 
MPR structures, compared with $ 5, 000 to $10,000 for a high quality engineered rock 
seawall on the open NSW coast.  The relatively high wave climate of the NSW coast is 
likely to further increase the construction costs of the offshore structures relative to the 
precedent structures located in milder wave climates. 

 

ES.4  Application of Submerged Constructed Reefs in NSW 

In recent years SCRs and in particular MPRs have been proffered as a coastal protection option 
for some NSW communities, due to the perception of the benefits outweighing the limitations.  

However, within NSW the use of MPRs that combine surfing and protection objectives are likely 
to be limited in success by a number of factors including: 
 

�x NSW has a tidal range of approximately 1.5 m and a multi-directional wave climate with 
a wide wave height and period distribution.  To accommodate surfing as a design 
objective the cross-shore dimension of a MPR has to be large enough to allow proper 

wave pre-conditioning under a range of wave and tidal conditions.  This makes the 
structures relatively cost-inefficient at protecting any significant stretch of coast, unless 
used in series (which is expensive compared to other protection options); 
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The difficulty in attempting to meet multiple objectives is that the success in meeting one 
objective may be diluted by the attempts to meet the others.  While some community groups 

may continue to favour multi-purpose structures due to their perceived benefits, there is little 
doubt that focussing the objective of coastal protection structures on coastal protection rather 
than multiple objectives will achieve improved results with more reliability and increased 

efficacy. 
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3.  Assessment of performance of existing SC Rs (Section 4); 

4.  The application of SCRs within NSW coastal management (Section 5). 

Based on this review, conclusions have been drawn regarding the design, construction and use of 

SCRs for protection of the NSW coast. 
 
While considered comprehensive and robust, this study was based on currently available literature 

and has not analysed or reanalysed any data.  Unpublished and/or confidential reports may exist 
which were not available to the present study. 
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Figure 2. 12: Breaking Wave Classification for Surfer Skill Level  

(Walker, 1974) 

Using the relationships established between bathymetric components and resulting wave breaking 
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���� �V�H�Y�H�U�D�O�� �D�U�W�L�I�L�F�L�D�O�� �V�W�U�X�F�W�X�U�H�V�� �Z�H�U�H�� �F�R�Q�V�W�U�X�F�W�H�G�� �I�U�R�P�� �W�K�H�� �O�D�W�H�� ���������¶�V�� �I�R�U�� �W�K�H�� �V�R�O�H�� �R�U��
combined intent of enhancing surfing amenity and providing increased shoreline protection 

(Pattiaratchi, 1999; Skelly, 2002; Jackson et al ., 2007).  While many of these structures were not 
completed to specification due to construction difficulties or material failure, the surfing amenity 
produced by those that were completed has generally failed to live up to public expectation 

(Shand, 2011).  However, Shand (2011) points out that the success of physical models and 
prototype structures during design (ideal) conditions indicates that the physical understanding of 
wave breaking parameters and bathymetric components required to obtain such breaking is likely 

sufficient to adequately design structures for surfing amenity.  The major issue remains an 
expectation b y the general public of consistent, quality waves during a wide ran ge of environmental 
conditions. 

 
In natural environments, consistency of surfing waves during a range of tidal conditions, wave 
heights, directions and periods is achieved by wave pre-conditioning and/or large scale breaking 

features (Mead and Black, 2000).  The scale of ASRs constructed to date have generally been too 
small to allow adequate preconditioning and wave breaking during a range of conditions (Borrero and 
Nelson, 2003; Shand, 2011) but rather have been limited to specific environmental conditions.  

However, general public and media expectations have been for structures that produce surfable 
waves with high consistency.  This disconnect between stakeholder expectation and realistic design 
�R�X�W�F�R�P�H�V�� �K�D�V�� �E�H�H�Q�� �G�H�W�U�L�P�H�Q�W�D�O�� �W�R�� �W�K�H�� �S�X�E�O�L�F�¶�V�� �F�R�Q�I�L�G�H�Q�F�H�� �L�Q�� �V�X�F�K�� �V�W�U�X�F�W�X�U�H�V�� �D�Q�G�� �W�R the future 

prospects of ASRs. 
 
Predicting the consistency and range of conditions during which a reef will produce surfable waves is 

a crucial aspect of assessing the feasibility of MPRs, as the large required reef volume and limited 
longshore extent required to produce surfable waves also makes these structures inefficient at 
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Bag Layout  

 

 
Webbing and B ag Assembly  

 

 
Loading Reef Panel o nto Barge  

 

 
Deployment of Reef Panel  

 

 
Securing Reef Panel to Seabed Anchor  

 
Filling Geotextile Tubes  

Figure 2. 16: RAD Reef Construction Method at Mount Maunganui  

(ASR, 2008a) 

 

   

Figure 2. 17: Construction of the Boscombe MPR  

(Mead et al., 2010) 
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Figure 2. 18: In-situ Filling of Emergent (Left) and Submerged (Right) Geotextile Tubes  

(Jackson, 2010) 

 
Smaller geotextile containers are typically lifted into place by crane or excavator using either lifting 
slings (as shown in Figure 2. 19 for Prattes Reef) or specially developed excavator buckets as shown 

in Figure 2. 20 for a groyne at Clifton Springs Boat Harbour, Victoria). 
 
The expected design life of geotextile materials has been difficult to quantify, especially since it is a 

relatively modern coastal protection material.  However, modern staple fibre non-woven geotextiles 
have significantly improved in this respect and outer layer containers now have a design life of 
approximately 20 years (Geofabrics, 2013).  Improvements to the geotextile bag materials such as 

vandal deterrent layers and improved ultra violet (UV) light resistance have contributed to achieving 
this life.  Inner layer geotextiles protected from UV light, anchor and boat impacts, debris and 
vandalism have a longer life.  The rapid development of marine growth cover layers in reef type 

situations (Corbett et al.
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Aquareef �Œ and Tecnoreef �Œ units were deployed in Japan and Italy respectively.  The Iburi reef in 

Hokkaido Japan implemented concrete interlocking blocks as a primary armour layer above a rubble 
mound core (Hirose et al. , 2002).  In Punta Marina Italy, a 350 m long pilot trial artificial reef was 
built in 2010 using Tecnoreef �Œ���P�R�G�X�O�H�V����with each module consisting of reinforced porous octagonal 

plates assembled to form pyramidal shapes.  Extensive monitoring of the structure is ongoing.  
Localised settlement and scour was observed within a few months from construction (Sordini, 2011).   
Reef Ball �Œ units were used to construct several artificial reefs around the world.  These concrete 

units are hollow and characterised by high porosity and roughness.  They are mainly used for 
ecosystem restoration and in shallow water have been shown to help improve beach restoration and 
stabilisation (Harris, 2009).   In NSW Reef Ball TM units have been installed for ecological enhancement 

at Botany Bay, Lake Conjola, Lake Macquarie, St Georges Basin and Merimbula Lake.   Wave climates 
in these locations are typically restricted to locally generated wind seas and these units would likely 
be unsuitable for application on the open NSW coast. 
 

2.7.5  Other Reef Materials 

The use of other materials for forming artificial reefs (such as scuttled vessels, cars, tyres, etc.) has 
primarily been targeted at reefs where ecosystem enhancement and/or diving amenity are the 

primary considerations.  Examples of this application already exist in NSW and include the scuttled 
Ex-HMAS Adelaide site on the Central Coast (WorleyParsons, 2009), scuttled ferries off Sydney and 
scuttled tug vessels on the F ar South Coast near Green Cape.  The use of such materials for coastal 

protection and in relatively shallow water depths (less than 10 m) would introduce additional 
environmental and safety risks, particularly for structures considered as MPRs.  Furthermore, location 
of these reefs in the past has been targeted at avoiding occurrence of breaking wave conditions even 

during storms (due to structure integrity), which further reduces the ability to provide coastal 
protection. 
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�x Cable Station ASR (Button, 1991; Lyon, 1992); 

�x Narrowneck MPR  (Turner et al. , 2001); 
�x Mount Maungnui MPR (Black and Mead, 2009); and 
�x Boscombe MPR (Mead et al.,  2010) . 

 
 

 

Figure 3.1 : Physical Modelling of Wave Breaking on the Mount Maunganui MPR 

(Black and Mead, 2009) 

Apart from modelling the wave field, physical models have also been used to predict the wave driven 
hydrodynamics around, and in the lee of, reef structures.  The results have subsequently been used 

to validate numerical predictions and also to infer the likely sediment transport regimes 
(Blacka et  al. 2009).  
 

 

Figure 3.2: Physical Modelling of Wave Generated Currents around Submerged Breakwaters 
(Blacka et al ., 2009) 
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�x Consider the impact of short, mid, and long term variability of environmental variables on 

per formance. 
 

3.2.4  Offshore Waves 

For many locations beyond NSW, much effort is often required to define an offshore wave climate 
and time series.  Measured data is considered superior to computer model output for defining the 
ambient and extreme wave climate, but is not available for many locations beyond NSW. 

 
For NSW, a network of wave buoys commenced with the first installation in 1971 and now 
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�x Reflection; 

�x Growth through a following wind; 
�x Decay through an opposing wind; and  
�x Wave-wave interactions. 

 
�7�K�H�� �H�D�U�O�L�H�V�W���Z�D�Y�H�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���P�R�G�H�O�V���U�H�O�L�H�G���R�Q���6�Q�H�O�O�¶�V�� �O�D�Z�� ���I�U�R�P�� �R�S�W�L�F�V������ �Z�K�H�U�H�E�\�� �Z�D�Y�H�V�� �V�O�R�Z�� �L�Q��
shallow water �± the shallow water wave equations.  These early models applied wave transformation 

processes to monochromatic waves �± those with a single period.  All contemporary models still rely 
on this physical basis, but add varying levels of complexity and incorporate a range of the 
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �S�U�R�F�H�V�V�H�V�� �O�L�V�W�H�G�� �D�E�R�Y�H���� �� �6�L�P�S�O�H�� �6�Q�H�O�O�¶�V�� �O�D�Z�� �U�H�I�U�D�F�W�L�R�Q�� �P�D�\�� �E�H�� �D�S�S�U�R�S�U�L�D�W�H�� �I�R�U�� �V�L�P�S�O�H��

bathymetry and is easy t o visualise ( Figure 3.6  and Figure 3.7 ).  
 
�&�R�Q�W�H�P�S�R�U�D�U�\���P�R�G�H�O�V���D�U�H���J�H�Q�H�U�D�O�O�\���J�R�Y�H�U�Q�H�G���E�\���W�K�H���³�P�L�O�G���V�O�R�S�H���H�T�X�D�W�L�R�Q�´���D�Q�G���P�D�\���E�H���V�S�H�F�W�U�D�O�����H���J����

�6�:�$�1���� �6�7�:�$�9�(���� �R�U�� �X�V�H�� �W�K�H�� �³�%�R�X�V�V�L�Q�H�V�T�´�� �D�S�S�U�R�[�L�P�D�W�L�R�Q�� ���H���J���� �)�8�1�:�$�9�(������ �� �%�R�X�V�V�L�Q�H�V�T�� �P�R�G�H�O�V�� �U�H�Oy 
on vertically averaged velocities and still generally require mild slopes.  Most models transform 
�³�V�S�H�F�W�U�D�O�´�� �Z�D�Y�H�V���� �W�K�D�W���L�V�����Z�D�Y�H�V�� �K�D�Y�L�Q�J�� �D�� �U�D�Q�J�H�� �R�I�� �S�H�U�L�R�G�V�� �D�V���R�F�F�X�U�V�� �L�Q�� �Q�D�W�X�U�H�� ���I�U�H�T�X�H�Q�F�\�� �V�S�H�F�W�U�X�P��

or spreading) and a range of directions (directional spectrum or spreading). 
 
Mild slope equation models can model wave transformation over complex bathymetry, but are 

�W�K�H�R�U�H�W�L�F�D�O�O�\���O�L�P�L�W�H�G���W�R���³�P�L�O�G�´�����U�D�W�K�H�U���W�K�D�Q���V�W�H�H�S�����V�O�R�S�H�V�� 
 
The basic empirical observation that a wave will break in shallow water when its height is between 
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ignored for engineering studies, though caution and judgement are still required to make this 

assumption 
 
The CEM (2002, p II -3- 34 ) provides the following caution on wave transformation modelling: 

�³The techniques provided �«���� �L�I�� �X�V�H�G�� �F�D�U�H�I�X�O�O�\�� �E�\�� �D�Q�� �H�[�S�H�U�L�H�Q�F�H�G�� �H�Q�J�L�Q�H�H�U���� �F�D�Q�� �S�U�R�Y�L�G�H�� �Y�H�U�\�� �X�V�H�I�X�O��
information in a wide range of cases. However, there are some cases where they simply will not 
work. Anyone who applies these techniques should understand the limitations of the techniques, and 

be versed in understanding when they have been used inappropriately. The user should be aware 
that the models can provide realistic-looking answers that unfortunately are just wrong. �  ́
 

 

Figure 3.6: Refraction along a Straight Beach with Parallel Bottom Contours 

(SPM, 1984) 

 

 

Figure 3.7: Refraction along an Irregular Shoreline 

(SPM, 1984) 
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4. Performance and Review of Existing Reefs 

4.1  Outline of Review of Existing Submerged Constructed Reefs 

The objectives of this review were to identify, summarise and evaluate submerged constructed reefs 
both in Australia and internationally, with a focus on those reported in technical literature.  In 

particular, the review has been undertaken to provide an objective summary of the coastal protection 
performance of SCR structures on the basis of information presented in technical publications.  This 
information provides a useful overview of the current state of application of SCR structures and 

identifies trends in the types of structures that have performed more reliably.  The review is 
presented in four parts: 
 

�x Detailed review of key existing reefs (Appendix A); 
�x Summary of existing reef characteristics (Section 4.2 ); 
�x Discussion of existing reef performance (Section 4.3 ); and 

�x Lessons learnt from existing reef projects (Section 4.4 ).  
 
Where suitable information has been available, which is not the case for all reef structures, the 

detailed review in Appendix A and this evaluation have considered a range of aspects for the existing 
SCR structures, including: 
 

�x Summary of reef structural and environmental characteristics; 
�x Evaluation of coastal protection performance, including identification and discussion of 

primary variables influencing shoreline response; 

�x Environmental variables such as wave climate, tides, and sediment transport characteristics; 
�x Cost; 
�x Capability and success of construction methods; and 

�x Durability of construction materials. 
 

 

Figure 4.1: Borth MPR June 2012, Wales  

(Source: eCoast, 2012) 
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4.2  Summary of Existing Submerged Constructed Reefs 

Lamberti et al.  (2005), within the European research program DELOS, reported that submerged 
structures are more common in Europe with 20% to 30% of the breakwaters inventoried (total of 
837) being fully submerged compared with less than 1% (over a total of 1548 inventoried) in Japan 

and a negligible number in the USA (total of 200 breakwaters inventoried).  However, more recent 
statistics for Japan and USA may show an increase in use of submerged constructed reefs.  While the 
use of submerged constructed reefs has not been widely adopted in Australia to date, there has been 

a trend for communities in Australia to consider submerged reef structures as a viable alternative 
coastal protection method due to the low visual impact, possible multi-purpose benefits and their 
active promotion by designers and builders.  Australia is also home to the largest yet built MPR, the 

Narrowneck artificial reef at the Gold Coast. 
 

 

Figure 4.2: Reefball TM  Submerged Breakwaters, Gran Dominicus, Dominican Republic  

(Source: www.reefball.org) 

 
A list of major artificial reef projects is presented in Figure 4.3  with information for each project 
summarised in: 

 
�x Table 4.1 : Structure type, intended purpose, success/failure; 
�x Table 4.2 : Engineering features; 

�x Table 4.3 : Environmental variables; 
�x Table 4.4 : Estimated costs and cost rates. 
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4.5  Summary Box: Analysis of Existing SCR Structures 

Based on the worldwide review of existing reef structures, the following key conclusions can be 
drawn: 
 

�x Of the thirty-two (32) SCR structures reviewed, twenty-nine (29) were intended to provide 
coastal protection as a primary or secondary objective; 

 

�x �$�S�S�U�R�[�L�P�D�W�H�O�\�� �K�D�O�I�� �R�I�� �W�K�H�� �³�S�U�R�W�H�F�W�L�R�Q�´�� �V�W�U�X�F�W�X�U�H�V�� �K�D�G�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �D�F�F�U�H�W�L�R�Q�D�U�\�� �L�P�S�D�F�W�� �R�Q��
shoreline alignment compared to the predicted morphological response; 

 

�x 55% of submerged breakwaters were successful at providing increased coastal protection, 
though not all to the degree initially predicted; 

 

�x One of five MPR structures may be providing a reasonable level of coastal protection but this 
structure has only been monitored for two to three years.  Three other MPRs provide only 
minor or negligible coastal protection compared to design, and the performance of the 

newest MPR (Borth) is yet to be determined. 
 

�x Eight artificial reefs were constructed with the objective of improving surfability and 

approximately half of these were considered at least partially successful; 
 

�x The resulting shoreline morphology often differed significantly from the design predictions, 

even when the best available design methods were applied; 
 

�x Most structures settled and/or suffered from localised scour which subsequently led to further 

maintenance and top up costs; 
 

�x Approximate construction costs per linear metre of coastline protected were in the order of 
$1,500 to $5,500 for submerged breakwater structures and $7,000 to $10,000 for MPR 
structures, compared with $ 5,000 to $10,000 for a high quality engineered rock seawall on 
the open NSW coast.  The relatively high wave climate of the NSW coast is likely to further 
increase the construction costs of the offshore structures relative to the precedent structures 
located in milder wave climates. 
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Figure 5.1 : Narrowneck Reef "Sucking Dry" During a Wave Trough  

(Source: International Coastal Management) 
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consideration the lower level of certainty in performance.  Future construction and monitoring of 

SCRs will result in an improved understanding of the processes and refined methods for predicting 
shoreline response to these structures.  Throughout this period of ongoing improvement, 
consideration should be given to trial and experimental structures to reduce uncertainty and to 

create structures which meet the desired objectives. 
 
Even when the morphological response to submerged structures can be predicted with improved 

accuracy, the coastal protection provided will not be as effective as a well-designed emergent 
structure.  The difficulty in attempting to meet multiple objectives is that the success in meeting one 
objective may be diluted by the attempts to meet the others.  While some community groups may 

continue to favour multi-purpose structures due to their perceived benefits, there is little doubt that 
focussing the objective of coastal protection structures on coastal protection rather than multiple 
objectives will achieve improved results with more reliability and increased efficacy. 
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Figure A.2: Cable Station ASR Design (After Lyons, 1992) 

 

A.1.2 Design Investigations 

Detailed engineering design was coordinated by the Department of Marine and Harbours (WA).  
Numerous design investigations were conducted for the reef which included 2D and 3D physical 

modelling of the wave form aspects, as well as several numerical modelling studies of the wave form 
and of the likely changes in surfing amenity (as summarised by Ranasinghe et al., 2001).  
Environmental investigations were also undertaken which considered the impact of the reef on 

existing ecology. 
 

A.1.3 Construction Materials and Methods 

The reef was constructed using 5,500 m 3 of 1.5 t and 3.0 t grade granite boulders, placed by 
excavator from a barge.  The reef was constructed using the smaller 1.5 t stones as the body, keyed 
in place by a perimeter of the larger 3.0 t stones.  No information is available regarding the long 

term stability and durability of the reef. 
 

A.1.4 Performance 

Post construction monitoring of the reef performance focused on the surfing amenity aspects (this 
was the primary objective of the reef and the primary consideration of the design studies). 
Monitoring of the reef ecology has also been undertaken.  Pattiaratchi (2003) present ed the results 

of a video monitoring study of the post construction surfing conditions.  In this investigation the reef 
�Z�D�V�� �F�O�D�V�V�H�G�� �D�V�� �K�D�Y�L�Q�J�� �³�V�X�U�I�D�E�O�H�´�� �F�R�Q�G�L�W�L�R�Q�V�� �L�I�� �V�X�U�I�H�U�V�� �Z�H�U�H�� �Y�L�V�L�E�O�\�� �S�U�H�V�H�Q�W�� �L�Q�� �W�K�H�� �U�H�F�R�U�G�H�G�� �L�P�D�J�H�V��
(Ranasinghe et al. 2001).  The general resu lt of the investigation concluded that the reef is 

performing as well, if not better than, the initial design investigations predicted (with respect to the 
�Q�X�P�E�H�U�� �R�I�� �G�D�\�V�� �R�I�� �E�U�H�D�N�L�Q�J�� �D�Q�G�� �³�V�X�U�I�D�E�O�H�´�� �Z�D�Y�H�V) .  The success of the reef and the generated 
surfing conditions have been disputed somewhat by some within the surfing community.   Subjective 

anecdotal reports from surfers who have regularly surfed the reef is that the wave quality is good 
during big swells, but that the wave modelling overestimated the local wave height and that the 
number of good surfable days per year is small. 
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Figure A.4 : Equilibrium Shoreline Physical Modelling for Narrowneck MPR at WRL 

 

A.2.5 Construction Materials, Methods, and Maintenance 

Construction details of the reef are summarised in the publications of Jackson et al.  (2002), Jackson 
et al.  (2007) and Black ( 2001) .  The initial reef was constructed using just over 400 Terrafix 
�J�H�R�W�H�[�W�L�O�H���³�P�H�J�D- �F�R�Q�W�D�L�Q�H�U�V�´�����H�D�F�K���P�H�D�V�X�U�L�Q�J���������P���L�Q���O�H�Q�J�W�K���������± 4.5 m in diameter (approximately 

the dimensions of a bus), and weighing 160 �± 300 tonnes.  The containers were pre-manufactured 
then filled and placed using a split-hull hopper dredge.  Positioning of the individual bags was 
monitored using GPS.  �2�Q�J�R�L�Q�J���³�P�D�L�Q�W�H�Q�D�Q�F�H�´���R�I���W�K�H���U�H�H�I���K�D�V���V�H�H�Q���D�Q���D�G�G�L�W�L�R�Q�D�O���������E�D�J�V���S�O�D�F�H�G���R�Q��

the reef between 2001 and 2007, as shown in Figure A.5.  It can also be seen in Figure A.6  that 
during the peak of the construction, of the order of 90 �± 100 containers were placed per month. 
 

 

Figure A.5: Container Placement Schedule (Jackson et al. , 2007) 
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Figure A.8: Monthly Shorelines at Narrowneck, 2000 �± 2007 (Black Lines) 

 
Jackson et al.  ( 2007) provided a summary as to how the reef has compared with the initial modelling 
that was undertaken, with the following conclusions drawn: 

 
�x The reef needs long period clean swell to reproduce wave conditions shown in the physical 

and numerical modelling (though modelling was undertaken with monochromatic waves of 

this nature); 

�x In reality, actual waves experienced at the Gold Coast are typically shorter period and 

therefore somewhat unlike the conditions that were modelled; 

�x Modelling is a useful tool, but only provides information for a limited number of scenarios, 

and these scenarios need to be carefully selected; 

�x Modelling results need to be interpreted carefully. 

 

A.2.7 Cost 

McGrath et al.  ( 1999) summarised economic figures regarding the value of surfing and beach health 
to the Gold Coast.  In particular it was noted that a 25 year ARI erosion event would cost the Gold 
Coast approximately $305 million (1996 AUD), and that a minor erosion event such as a 5 year ARI 

could cost approximately $47 million (1996 AUD) .  The surfing industry on the Gold Coast was 
valued at approximately $160 million per annum. 
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Figure A. 12 : Location of the Vero Beach Submerged Breakwater 

 
In terms of coastal protection, for the majority of the monitoring period the control area to the north 

of the reef accreted with a seaward shift in shoreline position of approximately 10 m, while there was 
varying landward and seaward shoreline migration over the southern control area.  The section of 
beach in the lee of the reef suffered erosion, with the shoreline migrating 3 m to 5 m landward in the 

two years following installation of the breakwater.  Throughout the last year of the monitoring 
period, the beach at both the northern and southern control zones, as well as the breakwater zone all 
accreted.  At the completion of the four year monitoring period the cumulative shoreline accretion 

was 9.7 m over the north control zone, 7.6 m over the southern control zone, and 5.3 m in the lee of 
the breakwater.  In terms of overall volumetric morphological response the following results were 
obtained: 

 
�x 11.7 m 3/m of accretion in the lee of the reef; 
�x 15.3 m 3/m of accretion in the southern control zone; and 

�x 31.9 m 3/m of accretion in the northern control zone. 
 
Based on the analysis of historical aerial photographs as well as the existing beach processes, it was 

difficult to separate the effects of the PEP breakwater from the underlying trends.  It is thought that 
the breakwater possibly exacerbated the underlying trend of erosion at that specific area of the 
beach, however, the effects were minimal and localised. 

 
Wave attenuation measurements were taken by five separate gauges over a two year period.  The 
initial wave reduction across the breakwater was measured at 12%, however, after settlement of the 

units this dropped to approximately 8%.  Measurements of wave attenuation over the southern 
control area indicated that the natural reef at the site was reducing wave height by up to 8%, and 
hence it was concluded that the breakwater was doing very little to reduce wave heights, particularly 

following the settlement of the units.  This was attributed to the very narrow crest width of the PEP 
units. 
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The initial reef design is shown in Figure A.17 and was intended to modify the wave breaking 

characteristics at the site, such that the waves would be more suitable for surfing.  This was to occur 
through the reef forcing swell to break further offshore and have an increased peel angle. 
 

 

Figure A.17: Design of the Prattes ASR (after Leidersdorf et al.,  2011) 

 
Shortly following the completion of the initial reef construction, dive inspections revealed that the 
seafloor had scoured to a depth of approximately 4 m (at least 1 m of scour depth from initial bed 

level). 
 
Due to the inadequate size of the reef which was realised almost immediately, a second phase of 

construction saw an additional 90 bags placed on the reef, increasing the reef volume by some 80%.  
This increased the height of the structure such that the crest submergence of the apex was only 
0.9 m below MLLW, and also increased the footprint of the reef. 

 

A.11.3 Construction 

The reef construction was undertaken as follows: 

 
�x Woven polypropylene bags with nylon lifting handles used for initial construction; 
�x Bags filled at Port of Los Angeles and transported to site by barge; 

�x Bags lifted into place by barge mounted crane; and 
�x Woven polyester bags used for second stage of construction. 
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beach face on man-made islands in the Alaskan Beaufort S ea was utilised.  This experience indicated 

that so long as the geocontainers are located within suitable reach, and that the containers were 
exposed above the sea floor, removal could be undertaken rapidly using a conventional excavator.  
The efficiency of this land based extraction technique was noted to decrease dramatically if the 

geocontainers we re beyond the reach of a conventional excavator.  Based on this information, land 
based dredging or extraction was ruled out as an option at the Prattes Reef site due to: 
 

�x Likely tearing and spreading of geotextile; 
�x Disturbance of the sea bottom; and 
�x Generation of turbidity. 

 
Similarly, the method of cutting the geocontainers and jetting the fill material out was eliminated due 
to:  

 
�x Generation of turbidity;  and 
�x Difficulty of operation in the surf zone. 

 
As a result two alternative methods were proposed for removing the Prattes Reef geocontainers: 
 

�x Vessel based removal using deck mounted winch; and 
�x Shore based removal where a bulldozer and winch were used to drag the containers ashore. 

 

Both methods required a commercial diver to attach the removal cable and slings/nets to the 
geocontainers for extraction, and to also puncture the geocontainers so that the fill spread in a 
controlled manner.  These methods are illustrated in Figure A.18. 
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Figure A.18: Removal Methods used for Prattes Reef  

(after Liedersdorf et al.,  2011)  

 

The budget available for the reef removal was set at $285,000 (USD), and was intended to cover 
mobilisation, 12 days of on-site operation, as well as 4 days of downtime.  Despite being well 
planned, equipped, and having experienced staff, the extraction process proceeded at a rate of only 

just over 6.3 bags per day.  The vessel based extraction had a higher rate of 7.8 geocontainers per 
day, in comparison to the land based extraction which averaged only 3.5 geocontainers per day.  
Following the expenditure of the complete initial extraction budget, a significant quantity of 

geocontainers remained at the reef site.  Two years later additional funding was secured and a 
second stage of reef extraction was completed.  Only the vessel based extraction method was used.  
However, due to numerous reasons the extraction rate was limited to an average of less than fou r 

geocontainers per day.  The cost of the second extraction stage was $266,000 (USD). 
 
In summary, at the completion of both stages of the extraction process: 

 
�x 142.5 geocontainers were removed (including full and equivalent partial containers); 
�x 1 geocontainer remained visible in place; 

�x 42.5 geocontainers originally placed were deemed to have been torn up and washed away or 
buried; and 

�x Total extraction cost of $551,000 ($1,000 more than initial construction). 
 
 


