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1.0 BACKGROUND 
 
The Gold Coast is a dynamic coastal environment where beaches experience high wave 
energy and a net northerly sand transport rate of ~500,000m3/yr.  The average wave height 
(Hs) is about 1.0m, with recorded storm waves (Hm) reaching over 13m.  Tides are semi-diurnal 
with tide heights over 2m above LAT as follows (Qld. Transport tide tables – 2007):- 

• HAT  2.09m 
• MHWS 1.63m 
• MLWS 0.31m 

 
In 1974 following an extended period of severe erosion, mainly due to cyclones in the 1950 
and 60’s, the Northern Gold Coast beaches were nourished with about 1.5M m3 of sand. 
These works formed part of the implementation of the recommendations of the 1970 “Delft 
Report”.  The artificially widened beach gradually narrowed, as was expected.  Completion of 
the Nerang River training walls in 1985 (also part of the “Delft” recommendations) acted as a 
terminal groyne for the northern Gold Coast beaches, progressively realigning and widening 
the Spit.  However, further southward (updrift) the beaches at Main Beach and Surfers 
Paradise continued to gradually narrow, and storms, such as cyclone Nancy in 1990, cut into 
the narrow dunes and exposed the boulder wall at Narrowneck.  By the mid 1990’s, the 
boulder wall at Narrowneck was exposed to wave attack, with a no high tide beach on at least 
a yearly basis (Figure 1).   
 

 
Figure 1: Narrowneck looking southward to Surfers Paradise 1996 

 

As the wall juts some 20m seaward of the general boulder wall alignment, the adjacent 
beaches and dunes at Surfers Paradise and Main Beach were very narrow during such events.   
The increasing occurrences of beach erosion caused dangerous conditions for beach users 
accessing and using them, which in turn led to a negative impact on the city’s tourist image 
and economy. As a result, GCCC’s Coastal Engineers looked at ways to restore the northern 
Gold Coast beaches.  A conceptual solution was proposed by GCCC (Jackson & McGrath, 
1995):-   

Surfers 
Paradise 
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“Beach widening to provide additional open space and an increased storm buffer is desirable 
for the Surfers Paradise area.  Various schemes have been investigated.  The preferred option 
is nourishment of the beach and dunal areas, stabilised by a low profile headland at 
Narrowneck (1.75km to the north of central Surfers Paradise).  The headland is to be designed 
to enhance surfing conditions, be visually unobtrusive and cause no adverse impacts for the 
beaches to its north.”  
 
To evaluate the state of the art, with respect to being able to incorporate surfing, consultants, 
AWACS, were commissioned by GCCC to do a comprehensive literature review (AWACS, 
1996).   
 
Following storm erosion in May 1996, GCCC resolved that consultants be commissioned to 
determine a sustainable long term strategy for the protection and improvement of northern 
Gold Coast beaches from Burleigh Heads to South Stradbroke Island, and to widen the 
beaches and dunes in the Surfers Paradise area by 30-50m initially as a high priority to 
accommodate storm erosion and improve the recreational amenity. The primary objective of 
this strategy was to widen the beach and dunes in the Surfers Paradise area to provide 
an increased storm buffer and additional open space.  As it was considered likely that 
the works would involve construction of a control structure at Narrowneck, a secondary 
objective was to improve the surfing conditions at this popular location.   

  

 The preliminary concept plan developed by GCCC’s Coastal Engineers outlined the 
components of the strategy to be investigated.  
 

1.1   NGCBPS Scheme of Works 

 
International Coastal Management (ICM) was commissioned by Gold Coast City Council 
(GCCC) in October 1996 to act as Project Managers for the Northern Gold Coast Beach 
Protection Strategy (NGCBPS).  The extensive study consisted of three stages:- 

 
• Stage One -   

Data collection, determination of coastal processes, review of options, recommended 
strategy and preparation of an initial report with a Master Plan and Implementation Report 
(ICM, 1997) 

 
• Stage Two -   

Impact Assessment and Design studies 
 

• Stage Three – 
Preparation of construction specifications suitable for the tender documentation and final 
report in August 1998 (ICM, 1998) 
 

The local coastal processes are complex and have been affected by significant coastal works.  
The assessment of coastal processes indicated that (Jackson, McGrath & Tomlinson, 1997):-  

 

• The average long-shore transport in the study area is ~500,000m3/yr. 

• As a result of the Seaway walls which act as a control point, ~1Mm3
 
has accreted on the 

Spit and the accretion is extending southward. 

• ~4Mm3
 
of accretion occurred on the southern end of South Stradbroke Island between 

1985 and 1992, but ~0.5Mm3
 
of erosion has occurred since 1992.  

• ~2Mm3
 
has accreted on the ebb delta.  
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• Back-passing directly from the bypassing pumps may not be a viable short term option if 
the erosion of South Stradbroke Island is a long term trend.  

• Beach widening of 30-50m will provide at least a 1 in 50 yr storm buffer. 

• For the Gold Coast wave climate surfing conditions (quality of ride and total surfable 
hrs/yr) can be improved by artificial reefs.  

• Sea level rise is a threat but can be compensated for by the addition of 6m3/m/yr. More 
than this quantity is presently being supplied at no cost to Council from developments 
within 500m of the seawall.  

 
In light of these findings, a large number of conventional and non-conventional options were 
considered:- 
 

• beach nourishment  

• continuous beach feeding – back-passing 

• artificial spit  

• beach-face dewatering (& nourishment)  

• groynes (& nourishment)  

• artificial headland (& nourishment)  

• offshore breakwater (& nourishment)  

• artificial reef (& nourishment )  

• artificial seaweed (& nourishment)  
 
After reviewing all options, an integrated coastal management strategy was recommended 
(ICM, 1997).  This proposed strategy was based on an “IENCE” (Infrastructure to Enhance the 
Natural Capacity of the Environment) type philosophy (Boak, McGrath & Jackson, 2000) and 
included the following key elements (Jackson, McGrath & Tomlinson, 1997):- 
 

• Long Term  
 

1. Widen and maintain all northern Gold Coast beaches (Burleigh Heads to The Seaway) 
to a standard capable of withstanding at least a 1 in 50 year storm and sea level rise 
without exposing the seawall.  

2. Provide additional (soft/hard) control points and sand at suitable locations between 
Narrowneck and South Nobby (e.g. Kurrawa) to widen the beaches, improve surfing 
conditions and allow sea level rise impacts to be mitigated.  

3. Complete construction of a continuous seawall to the design standards to protect 
private and public beachfront assets.  

 
• Short Term  

 
1. Nourishment; a minimum of 1.5Mm3 to be pumped from various sources to widen 
Surfers Paradise beach by 30-50m. Regular ongoing nourishment of at least 60,000m3/yr 
is necessary to manage potential down-drift impacts. This quantity can at present be 
provided from maintenance dredging in the Broadwater and sand excavations from 
building sites. Back-passing from the Seaway bypass system is another potential source.  
2. Coastal Control Point; the control point is to be an artificial reef designed to stabilize 
the nourishment and provide better and more consistent surfing conditions. The reef 
should be constructed of large sand bags to minimize the hazard to surfers and reduce 
construction impacts.  
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3. Pipeline/Boosters; a permanent buried pipeline is required from the Spit to 
Narrowneck to facilitate regular nourishment to the control structure to improve the 
beaches down-drift.  
4. Management Policies; ongoing nourishment is required and operational procedures 
will need to be developed. Present policies should be continued to ensure completion of 
an adequate and continuous seawall and continued supply of additional sand from 
building sites to the beaches.”  

 

The strategy was summarized as per Figure 2.    
 
Because of the nature of the site and the complexity of the integrated coastal management 
strategy which was to be “world best practice”, widespread expertise was used in the 
investigations and design.   As part of the approval and detailed design stage, nine study briefs 
were prepared and carried out by specialist consultants, co-ordinated by the project 
consultants [ICM] with input from GCCC – there was a strong interaction and cross-flow of 
ideas, data and findings.  The studies were as follows:-     

 
Table 1: Summary of studies undertaken during the detailed design stage 

 
GCCC 
Contract  

Description CONSULTANT 

171/98/008Q  Physical Modelling –wave breaking characteristics and forces 
at reef 

WRL [Unisearch – 
Uni of NSW] 

171/98/009Q  Numerical Modelling –wave breaking characteristics & 
sediment transport at reef 

Uni  of Waikato 

171/98/010Q  Numerical Modelling – sediment movement and budget at 
Seaway 

WRL / Griffith Uni 

171/98/011Q  Numerical Modelling –estuarine hydrodynamics and sediment 
dynamics 

WBM 

171/98/012Q  Numerical Modelling –nourishment profiles/quantities and 
erosion due to storm & sea level rise 

WRL 

171/98/013Q  Assessments of impacts of dredging & nourishment on water 
quality and marine ecology in the Broadwater & Narrowneck 

Griffith Uni 

171/98/018Q Public information / Consultation Strategy John Campbell 
Information and 
Marketing 

171/98/019Q Economic & Social Impacts due to Changes in beach Amenity GCCC / Griffith Uni 

171/98/020Q Land Tenure Investigations Michel Survey 
Group 

UNIVERSITY/ STUDENT REPORTS   
  Geotextile container design and behaviour Griffith Uni 
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Figure 2: Scheme of Works 
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1.2 Design 

1.2.1 Beach Nourishment 

WRL (1998a) and GU carried out storm cut modeling using SBEACH and UNIBEST TC to 
confirm that a 30m widening would “provide protection for a single storm event of greater 
severity than 100yr ARI and adequate buffer for multiple storm events of similar severity to 
those of 1967”.  To achieve the necessary 30m minimum beach widening, the volume of sand 
required was calculated to be 1.3Mm3, slightly lower than the preliminary estimate.  This was 
still a large volume however potential sources of sand were identified by ICM for the beach 
nourishment – offshore and within the Broadwater estuary.  The preferred sand source 
involved cooperation between GCCC and Queensland Transport to extract dredged sand 
whilst widening and deepening the existing navigation channels in the Broadwater.   With joint 
funding, this was the best option with the highest cost-benefit ratio.  WBM (1998) undertook 
hydrodynamic modeling and impact assessment of these potential dredging works.  No 
adverse impacts were predicted for dredging from the Broadwater and the Marine Stadium 
area.   
 
The sustainability of the strategy relies on ongoing nourishment (ICM, 1998):-  
 
“Following the initial nourishment, to compensate for erosion due to sea level rise and ongoing 
accretion of the beaches to the south (updrift) of the coastal control structure, ongoing 
nourishment will be required.  The predicted ongoing nourishment quantity will reduce 
progressively from approx. 80,000m3/yr to approx 20,000 m3/yr after about 10 years. Ongoing 
monitoring will enable the actual required quantities which are likely to be less to be 
determined. 
 
After erosion events, natural recovery should be augmented with nourishment to restore the 
beaches as quickly as possible, not only to minimise the impact on beach users, but to reduce 
the risk due to multiple events.  This strategy will help to reduce the significant adverse effects 
on tourist revenues identified in the impact assessment report by Griffith University on 
economic impacts.  Two available suitable sources of nourishment  were identified in the 
studies:- 

  
• sand from building excavations 
• sand from channel maintenance and improvement  dredging in the Broadwater by the 

Department of Transport. 
 
From present trends, Option 1 is likely to provide in excess of the required quantities in the 
near future.  As the initial nourishment will improve the channels south of Wave Break Is, little 
maintenance dredging by the Department of Transport is likely for several years.  However, 
silting of the flood tide delta will continue and will necessitate maintenance dredging within a 
few years.  
 
The proposed semi-permanent pipeline will facilitate pumping of sand dredged from 
the Broadwater and the bypassing system (back-passing) when sand is pumped from 
other sources to the southern end of South Stradbroke Is.” 
 

1.2.2 Reef Control Point 

The design criteria for the reef were (ICM, 1998):- 

• to act as a coastal control point to stabilise the nourished beaches to the south 

• after the initial nourishment of 1.3Mm3 the maximum annual trapping capacity be 
100,000m3/ yr as this quantity of suitable sand can be provided from outside the active 
system 
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• the reef be shaped to provide improved surfing conditions  

• the reef be constructed so as not to be hazardous to surfers  

To ensure that these objectives were achieved, numerical and physical modelling was carried 
out. 
 
Genesis modeling by WRL and GU confirmed that the seaway works were effectively 
realigning and widening the beaches back from the Seaway to about Narrowneck.  This 
confirmed Narrowneck as a good location for the next control point.   2D numerical modeling 
using Genesis was also carried out to evaluate the beach widening that would be associated 
with various selected wave transmissions.  This modeling indicated that only an average 30% 
reduction in the wave height (70% wave transmission) transmitted across the reef was 
required to move the average beach line 50m seaward and would trap ~100,000m3/yr initially 
in the vicinity of the reef.   
 
The inclusion of “improved surfing” as a secondary design criterion increased the complexity 
and introduced an added community expectation and media focus on surfing amenity.  The 
development of the reef shape and modelling of potential impacts was undertaken the 
University of Waikato, NZ (UW) using a number of 2D and quasi-3D numerical models 
(GENIUS, 3DD & POL 3DD).  The models were calibrated using measurements taken in the 
surf zone (UW, 1998a) and run using idealized continuous crested monochromatic waves and 
a simplified bathymetry (flat pre-nourishment profile without the troughs and bars) to help 
ascertain the effectiveness and impacts of the reef.  To achieve the surfing aims, the reef 
started as a “conventional” V shape.  This shape caused high seaward velocities over the crest 
of the reef and this was considered an unacceptable safety issue by ICM who recommended a 
split V to reduce velocities and provide a longer shore parallel footprint for beach protection.  A 
shoreward extension of the north arm was also requested to improve the submerged groyne 
effect.  The final shape (UW, 1998a) was relatively complex (Figure 3). UW recommended a 
crest level of -1.0m AHD (approximately low tide level) and a large focusing area with a very 
smooth slope to increase wave height at the break point (UW, 1998b).  Even with the split 
shape, the model results indicated that setup and currents in the vicinity of the reef remained 
significant with the shallow crest at low tide.  For this shape, with the shallow crest height, a 
wide salient of 78m was predicted (UW, 1998c).   

 

-2 -3 -4
-5 -6 -7 -8

-9

-10

  
 

Figure 3: Recommended Reef Levels – University of Waikato 
 

Physical modeling (basin and flume) was undertaken by WRL (1998b&c) with monochromatic 
waves and the results of this testing generally confirmed the numerical modeling for salient 
size, sediment transport and wave breaking.   
 

Crest at -1m AHD 
(approx. LAT) 
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The reef design and construction involved the development of innovative ideas.  After detailed 
review of all of the modelling and impact assessment studies, for safety reasons and to avoid 
excessive sand retention, ICM / GCCC adopted a crest height of RL-1.5m AHD (-0.5m LAT) 
for the initial construction contract – it was considered preferable to construct, monitor and, if 
then required, to raise the crest in stages to minimise risk and exposure to litigation from 
surfers and boat users.   
 
Constructability within the project budget was a key issue. Engineering construction drawings 
were prepared by ICM for approval and construction.  Approvals were based on the final shape 
modelled by UW parameters including a very shallow crest, but this was considered as an 
envelope within which the reef could be constructed and maintained. The modified design was 
“replicated” using 408 very large sand filled geotextile “bags” that were 20m in length and 
ranged from 3 to 4.5m in diameter (See Section 1.3.2).  For cost effectiveness, the nominated 
slopes were slightly truncated and more realistic slope tolerances were adopted. (Experience 
and modelling could not justify the +/- 300mm target for all sections of the reef nominated by 
UW).  
 
The use of “sandbags” was strongly instrumental in gaining approvals, and the Queensland 
Government approval agencies showed, and are still showing, a strong preference where 
practical for structures that can be modified or even removed as necessary.   
 

1.3 Construction 

1.3.1 Beach Nourishment 

Large-scale beach nourishment has been used widely on the Gold Coast since the mid-1970’s, 
and implementation of the $6.0M sand pumping contract was relatively easy using 
conventional equipment and techniques utilizing local dredging contractors, Neumann 
Contracting.  The balance of the 1.1Mm3 of sand required was obtained from excavations for 
new buildings within 500m of the beach at no cost to Council as part of Council’s standard 
building requirements.   Nourishment was commenced in February 1999 and completed in 
June 2000.   
 
The improved navigation channels have provided increased amenity and safety for the 
recreational and commercial boat operators, although maintenance dredging is still required 
periodically in some areas.  Accessibility to the marinas at Main Beach for private superyachts, 
large commercial whale watching vessels and private racing yachts (some now maxis) in 
organized races from Sydney etc. contributes greatly to the local economy – this data has not 
been collected and analyzed to date, but this could be done as a student project.  The marine 
stadium is now a good deepwater temporary mooring area providing a suitable location for a 
wide range of marine events from outrigger canoe races to the local secondary school’s 
“Marine Olympics”.    
 
The balance of the sand was provided by developers from building sites at no cost to Council.  
This source is providing an ongoing and significant source of sand. (Quantities are available 
from GCCC.)  To date adequate sand has been provided from sand excavations and the 
permanent sand pipeline has not yet been constructed.   
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1.3.2 Narrowneck Artificial Reef 

GCCC and local contractors had considerable experience with sand filled geotextile containers 
for coastal works.  Filling containers underwater was considered but not adopted.   As calm 
periods are very rare, it would have been more costly and was considered a high risk during 
construction.  To allow efficient construction, it was proposed (ICM / GCCC) that pre-fabricated 
containers be filled within a split-hull hopper dredge prior to placement in the desired location 
(Figure 4).  
 
Tenders were invited from the international construction community and the contract was 
awarded to experienced local marine contractors, McQuade Marine, with mega containers 
designed and fabricated on the Gold Coast by Soil Filters Australia (now Elco Solutions).  The 
containers were filled with sand at the site and placed using the modified split hull hopper 
dredge, ‘Faucon’ (Figure 4), fitted with standard DGPS technology.   

 

 

 
 

Figure 4: Placement Procedure using a Split Hull Hopper Dredge, Faucon 
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The lowered crest height had a significant cost benefit as well – a shallower crest was possible 
using the construction equipment proposed, but very shallow crest bags would have to be 
placed only at high tide in mild conditions, increasing the cost.  Also, with the practical 
tolerances adopted, it was not necessary to anchor the dredge during the dropping procedure 
– this also had a significant cost advantage. 
 
Reef construction commenced toward the end of the nourishment contract in August 1999, and 
was completed in mid December 2000 (Figure 5).  The nourishment and large storms prior to 
reef construction had created a very large storm bar (over 1 m high over the back half of the 
reef).  The bar would migrate shoreward with milder weather.  As dredging to potential 
maximum scour depth, or a scour mattress, were not viable economic options, and as the 
construction materials allow for easy top-up, a sequenced construction schedule [at reduced 
cost] with top-up after initial settlement (as the large storm bar migrated shoreward) was 
undertaken.  As recommended, regular maintenance has been carried out (Figure 5).  

 

 
 

Figure 5:  Container placement numbers 
 

2.0 MONITORING OVERVIEW 
This is the 5th GCCM Monitoring Report using ~7 years of data.   
 
The NGCBPS Final Report (ICM, 1998) recommended that, “a monitoring plan be 
implemented with Griffith University as part of the works”.  Griffith Centre for Coastal 
Management (GCCM) is co-ordinating an ongoing monitoring programme for the reef element 
– this has provided invaluable data not available elsewhere for refining the design and 
management of the Narrowneck reef.  Data on beach width, reef stability, geotextile container 
durability, marine ecology and surfing amenity is being collected using: - 
 

• Video imaging  
• “ARGUS” using multiple cameras – WRL [contract with GCCC] 
• Webcam – GCCM / Coastalwatch 

• Hydrographic and beach surveys – GCCC 
• Photography  

• aerial oblique – various 
• beach photographs – ICM 

reef 
construction 
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• Surf & surf safety  
• Observations – ICM, GCCC lifeguards, GCCM / Coastalwatch 
• GPS surfing track plots – ICM, Brad Holmes Surf Coaching 

• Geotextile Containers 
• Condition – ICM, McQuade Marine, Elco, GCCC 
• Stability (pressure sensors in and on individual containers) – 

ICM, Elco  
• Ecological surveys – ICM, National Marine Science Centre, Ian Banks 

 

The following parameters have been evaluated: - 

• Beach protection 
- beach width 
- shape 

• Surfing amenity 
- surf frequency and quality 
- safety 

• Marine ecology / fishing / diving 
- development 
- overall biodiversity  

• Structural performance  
- construction aspects 
- container design 
- placement accuracy 
- stability 
- durability 
 

Despite considerable interest worldwide, only 4 artificial reefs, including Narrowneck, have 
been completed to date, and the data from these plus data from the 2 reefs under construction 
in NZ, has been analyzed and benchmarked against Narrowneck  (Jackson and Corbett, 2007) 
as summarized in Table 2.  Only Narrowneck is designed as a multi-functional reef primarily for 
coastal protection. 
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Table 2: Comparison of reefs completed or under construction as at 1-5-07 
 
Reef Bargara Cables Narrowneck Pratte’s Mt 

Maunganui 
Opanake 

Location  Qld WA Qld California NZ NZ 
Stated 1997 1998 1999 2000 2005 2006 
Completed 

1997 1999 2000 2001 not completed 
Design  
- primary function surfing surfing coastal 

protection surfing surfing surfing 

rock rock mega geotextile 
containers 

sand 
bags 

mega 
geotextile 
containers 

mega 
geotextile 
containers 

Materials 

rock from 
site- 

reprofiled 

rock by 
barge 

sand from 
seabed from 
Broadwater 

filled 
bags by 
barge 

sand from 
port 

sand 
imported 

Volume (m3) 300? 5,000 60,000 1,350 6,000 not  
known 

Performance 
- primary function 

Surf ok Surf ok – 
as per 
design 

Coastal 
protection – ok 
[Also surfing, 
fishing and 

diving 
“improved”] 

Surfable 
only 

several 
times per 
year [then 
“epic”?] – 

needs 
larger 

volume  

Surf ok – 
not 

completed, 
awaiting 

insurance to 
replace 

damaged 
bag(s)  

Approx Costs 
 [ A$/m3] $33 $327 $54 $285 $242 

About 10% 
completed? 
Suspended 

awating 
replacement 
of damaged 

bags 
[insurance] 

 

3.0  BEACH PROTECTION 
 
3.1 Visual Observations of Beach Width 

As per Section 1, the primary purpose of the NGCBPS (including the Narrowneck Artificial 
Reef) was to widen the existing beaches through creation of a salient in the lee of the structure 
and by acting as a coastal control point for the beaches to the south.  Prior to implementation 
of the NGCBPS, erosion of the beaches was a recurring problem, particularly at Narrowneck 
where these events often exposed the boulder wall.  A much wider beach has been created 
(Figure 6) and the boulder wall has not been exposed since implementation. (It is expected 
that in extreme events, the wall will be impacted, but recovery with the influence of the reef, will 
be in the order of months, not years).  
 
A clear salient feature is often visible in the lee of the reef (Figure 7).  This is not, however, 
always the case and there is often no obvious salient feature evident (Figure 8).  Observation has 
shown the presence of a ‘double-salient’ feature (Figure 9) under certain wave conditions.  This 
indicated that the “paddle” channel between north and south reef allows wave energy to leak 
through and erode the centre of the salient and does not provide an anchor or ‘toe’ for the base 
of the profile to prevent sand movement offshore.  Two containers were placed to form a low 
weir between the arms in 2004.This weir is only 1.2m above seabed and only breaks waves in 
storm events and generally has no impact on the surf quality.  Since then, no double salient 
features have been observed.   
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Figure 6: Comparison of beach width at Narrowneck 
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Figure 7: Visible salient in the lee of the reef 
 

 
 

Figure 8: No visible salient in the lee of the reef 
 

 
 

Figure 9: Double salient in the lee of the reef 
 
3.2 Storm Events 
Conditions have been relatively “mild” but there have been a number of significant storms since start of 
the works with over 55 days with Hm > 5m.  Major storm wave events that have occurred are as 
follows:- 

• Mar 98 
• April 02 
• Mar 04 –  early, Hs > 6m and Hm > 13m (and over 11m for 3 consecutive hours) 
• Mar 04 – late   
• Oct 04 
• Mar 06 – early 
• Mar 06 – late  
• Aug 06 
• Jan 07 
• Feb 07 

Salient 

Double Salient 

Reef 
WRL ARGUS image 

WRL image 

WRL ARGUS image 
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Observation of the most severe storm erosion events since the reef was completed, March 04, 
March 06, August 06 and January 07, showed that for a storm of these magnitudes storm 
erosion is easily being contained within the wider beaches.  Beach widths of ~50m were still 
maintained after these events (Figure 10).  Storm cut in the lee of the reef has also been less 
than the adjacent beaches.  WRL (2004b) noted that recorded erosion of 30m was at the lower 
end of the 30-40m range experienced along the full length of the study area.  This indicates 
that the reef is mitigating storm erosion in its lee.  

 

 
 

Figure 10: Beach scraping post March 04 storms (beach width ~50m)  (5/4/04)  
 
The worst erosion [in the last 7 years] along the Northern Gold Coast beaches was Aug 06 
(Figures 11 and 12) when extensive erosion affected most Gold Coast beaches.  The 
protection and salient was very evident at Narrowneck.   Note: as is often the case, this 
erosion event involved moderate wave conditions, but the storm duration was prolonged and 
waves were from the east.  The recovery after this event was relatively rapid – several months 
– and the beach was in good shape for next storm waves in late January 2007.  In May 07 the 
beaches are fully recovered and were used for a TV advertisement for Boots – get ready for 
summer campaign to be screened in the UK.  With some 200 extras and associated catering 
etc, this use alone had significant financial benefits to the Gold Coast economy. 
 

 
 

Figure 11:   Post storm [12-8-06] looking north to reef from Q1 [ICM storm monitoring report] 
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Figure 12:   Post storm [12-8-06] looking to north of reef from Q1 [ICM storm monitoring report] 
 
 

3.3 Shoreline Analysis – ARGUS Data 

3.3.1 The ARGUS System 

Monitoring of the Narrowneck reef included installation of an ARGUS coastal imaging system 
in July 1999 by the Water Research Laboratory (WRL) at the University of NSW.  The ARGUS 
system provides a very powerful monitoring tool.  The automated image monitoring from four 
cameras (Figure 13) which, when combined, provide continuous coverage of 4.5 km of the 
coast (WRL, 2000a) gives semi continuous information on the shoreline and wave breaking 
changes due to all events, including storms when hydrographic survey is not practical.  Digital 
image processing techniques are then applied on a routine basis to form a growing image 
database and allow the extraction of a range of quantitative information. (Figure 13 and web 
site  
http://www.wrl.unsw.edu.au/coastalimaging/public/goldcst/index.php)  
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Figure 13: ARGUS camera 

 

   

 
Figure 14: Processed images from ARGUS cameras 

 
3.3.2 Regional Trends 

Since nourishment was completed in mid-2000, the beaches of the northern Gold Coast have 
experienced periods of erosion and accretion corresponding to prevailing weather conditions.  
WRL (WRL 2004a), noted that:-  
 

“the re-emergence of an annual erosion-recovery cycle indicates that the 
beaches of the northern Gold Coast are now in equilibrium with the sand 
nourishment that was placed on the beach during 1999-2000.” 

This new equilibrium position continues to experience the high variability in beach width that is 
typical of the high-energy Gold Coast beaches.  Since nourishment, WRL (2007) estimate that 
the annual shoreline variability that can be attributed to the seasonal wave climate is ±20m 
(giving a total variability of ~40m for mid-tide conditions).  WRL (2007) concludes that:-  

“With the beaches of the Northern Gold Coast presently in a relatively healthy 
state, it is the shorter-term storm erosion rather than the underlying but longer-
term erosion-accretion trends, which at the present time are of the primary 
importance to the ongoing planning and management of the Northern Gold 
Coast beaches.” 

WRL (2007) estimate that the longer-term net beach width change trends, to Jan 07, are:- 

• South of Narrowneck +0.2m/yr 

• at Narrowneck  - 3.8m/yr 

• North of Narrowneck   -1.8m/yr 

 
The trends correspond with a minor groyne effect of the reef as was part of the design.  The 
trends are for the mid-tide position only and may be slightly downwardly displaced by the 
impact of the August 06 storm cut. As these trends do not take into account dune and sub 
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aerial bar volume growth, more accurate evaluation of long term trends should be evaluated by 
hydrographic surveys (Section 3.4).   
 

3.3.3 Impact of the Narrowneck Reef 

As the ARGUS system was implemented during nourishment works, there is no pre-
nourishment baseline data.  As such, assessment of the impact of the NGCBPS is limited to 
evaluating relative changes over this time period and cannot effectively quantify the impact of 
the works on total beach width.   
 
To better determine the size of the salient and any ‘groyne’ effect Narrowneck was having 
updrift, WRL (2004c) undertook an Odd-Even Function Analysis of ARGUS output.  This 
provided a means to distinguish between natural shoreline changes and those that are a result 
of engineered processes to allow the degree of coastal protection provided by the structure to 
be better quantified.  They noted that the centre-line of the salient should be located down-drift 
of the structure centre-line.  For Narrowneck, analysis showed that it was ~100m down-drift 
(i.e., north) of the reef centre-line.  Results also showed that:- 
 

“The even function calculated for this two-year period (2001-2003) shows a 
distinctive trend of up to 30m accretion at Narrowneck, consistent with 
symmetrical salient formation in the lee of the structure … The corresponding odd 
function for the same 2-year period continued to reveal a more subdued trend of 
asymmetrical accretion to the up-drift (south) of the reef and corresponding 
erosion to the down-drift (northern) side.  This trend … indicated that the 
secondary ‘groyne’ effect at Narrowneck was relatively insignificant (~10m 
shoreline widening/retreat) and that the alongshore rate of transport at the site 
was only minimally impacted.”   

 
This suggests that Narrowneck is effectively providing coastal protection in its lee, with the 
salient size of the order of that predicted.  It also confirms that it is acting as a coastal control 
point for the updrift nourishment, as intended. 
 
The most recent WRL report (WRL, 2007) noted that:- 
 

‘As per the northern and southern sections, the cyclic variation of the beach width 
observed at Narrowneck (…..) for the six and a half year period, August 2000 to 
January 2007 is of the order of +-20m annually.”  

 
This report (WRL, 2007) also noted that there had been a higher rate of recovery in the lee of 
the reef than adjacent beaches after the August storm cut and concluded that that:- 
 

“The higher levels of accretion in the lee of the reef are expected to be a result of 
the decreased wave energy in this zone, caused by wave breaking and dissipation 
across the submerged reef structure.” 

3.4 Shoreline Analysis – Hydrographic Survey Data 

Gold Coast City Council has undertaken a number of surveys, both during construction and 
after construction for monitoring purposes.  Typically, monitoring surveys extend from ETA 
66.75 to ETA 68 with lines at 25m centres.  Dates of monitoring surveys are as follows: 
 

• 28th February 2001 
• 1st March 2001 
• 16th May 2001 
• 17th September 2001 
• 13th June 2002 
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• 3rd June 2004 
• 15th September 2005 
• 5th May 2006 

 
The most recent survey [Figure 15] was undertaken approximately one month after the March 
06 storms.  Fitting a simple baseline to the contours shows a salient visible in the lee of the 
reef, as well as a sub-aerial salient.  The fact that the salient appears to be almost directly in 
the lee of the reef [rather than 100m to the north as noted by WRL] could easily be the result of 
recently prevailing wave directions, particularly during the March storms. 

 
Figure 15: GCCC survey May 2006 [post March storms] showing the salient 
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4.0 SURFING 
The secondary objective of the Narrowneck artificial reef was to “improve surfing”.   

4.1 Incidence of Wave Breaking 

For surfing, waves need to break to be catchable.  Waves break on both north and south reef 
(Figure 16) provided wave and tide conditions are favourable.  Observations indicate incidence 
and initiation of wave breaking on the Narrowneck reef as per Figure 17.  

 

 
 

Figure 16: Breaking initiated on North and South Reef at low tide – Hs = 0.8m (16/5/04) 
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Figure 17: Incidence of wave breaking at Narrowneck Reef 
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In the most recent report, WRL (2007) notes that:- 

“Wave breaking on the reef at Narrowneck continues to be commonly visible in 
images obtained by the coastal imaging system … “   

 

 This report also notes that since the additional crest containers were placed in 2002, that:- 

“Since that time, it has been observed that waves break across the reef structure 
once the significant wave height exceeds around 1m.” 

 

This report concluded that:- 

“It is concluded that the reef continues to achieve the objective of enhancing 
potential surfing opportunities at Narrowneck.” 
 

4.2 Frequency of Wave Breaking 

To establish the frequency with which waves break on the reef, time-averaged and variance 
images from the WRL coastal imaging cameras (Figure 18) were analysed.  The presence (or 
absence) of wave breaking on the reef was recorded for 7am each morning, regardless of tide 
and wave conditions (Figure 19).  This showed that, after construction of the reef was 
complete, waves break on the reef an average of ~50% of the time at this time of the morning 
when the wind is most likely light or offshore.  

 

   
 

Figure 18: WRL image showing breaking on the Reef  
 

As expected, the frequency of wave breaking observed during the initial stages of construction 
(21%) is distinctly lower than the average frequency observed after construction was 
completed.  This clearly demonstrates that crest height is important in the wave breaking 
process.   
 
It is also evident from the variability in frequency that natural variability in wave conditions also 
has an impact on the presence of wave breaking, both seasonally and annually.  

 
 

Reef Reef 
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Figure 19: Frequency of Wave Breaking on the Reef 



Volume 5: 
Summary of Narrowneck Reef Monitoring to 2007            
 
                                

 

   

23

4.3 Type of Break 

Formal observations of breaker characteristics were commenced initially after completion of 
the reef, but have not been continued. However, members of the project team regularly visit 
the site using different types of surf-craft (Figure 20), and observations are logged.   
 

 
 

Figure 20: Michel D’Agata (RIP) of GCCM Surfing the Reef 
 

4.3.1 Effect of Prevailing Conditions 

In average conditions (1-1.5m), the waves tend to be more spilling than plunging (Figure 21).  
This is preferable for safety and more inexperienced surfers, or just for a relaxed ride.  In larger 
swells with offshore wind conditions, the waves are typically hollow, plunging breakers (Figure 
22) and the crest bags can “suck dry” even with the lowered crest level.  In swell conditions 
>1m, particularly with a longer period, surf conditions can be very good and attract 
experienced surfers.   
 

  
 

Figure 21:  Spilling Breakers in Smaller Conditions 
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Figure 22: Plunging Breakers in Larger Conditions 
 
 

As with all reef breaks, tide level impacts on the breaker type as well as the incidence of 
breaking.  At the top of the tide, waves tend to be more spilling, even in larger swell conditions 
(Figure 23).  While offshore winds produce the best conditions, the reef often remains surfable 
for a time after the onshore winds kick in when the quality on the adjacent bars quickly 
deteriorate.   
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Figure 23: High tide with heavy swell and offshore wind 
 
 

4.3.2 Effect of Crest Height and Tolerances 

The reef and crest level were lowered as the 1999 storm bar migrated shoreward. The crest 
was subsequently topped up.   The change in crest height has allowed the effect of crest 
height on wave breaking type to be evaluated.  With the crest at or above the original design 
height of –0.5m LAT, a very hollow but hazardous wave develops that often sucks dry at the 
breakpoint even in small swell conditions.  As swell height increases, this type of wave attracts 
only the expert body board and short board riders.  With the crest lower than –1.5m LAT, 
waves tend to be spilling, attracting long boards and surf skis. The target crest height has been 
reduced to –1.5m LAT (RL –2.5m AHD) as a compromise between safety and surfing.  Despite 
the lowered crest and acceptance of more practical tolerances from the original design, the 
reef still provides improved surfing conditions. 
 
With the top ups and maintenance, the reef crest is not smooth.  However, the wave breaking 
tends to be unaffected by the roughness of the reef, except where there is a localised high 
spot and small swell conditions.  Figure 24 shows wave interactions causing wave confusion 
before the high “slightly” displaced bag moved into its hole.  Localised low spots or even 
missing bags cause no significant adverse wave impacts.   
 

  
 

Figure 24: Wave Breaking with Shallow Crest 
 
 

4.4 Ride Length 

In the early stages of monitoring, the length of the ride achieved was evaluated qualitatively, 
with simple observations regarding distance and time of ride.  It was noted that the surf at 
Narrowneck was often providing much longer rides than anticipated as the reef break merged 
with the adjacent bar break in favourable conditions (Figure 25), resulting in a ride that started 
on the reef and finished close to the beach. 
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Figure 25: Wave linking into adjacent bar break 
 
In late 2005, the monitoring program was extended to include recording and analysis of surf 
tracks from a wrist-mounted waterproof GPS unit (Figure 26).  Local surf coach Brad Holmes 
was fitted with the GPS unit while surfing at Narrowneck.  At present, data has been collected 
and analysed from six hours of surfing – some 22 separate rides.  Breaker heights during the 
data collection were typically <2m. 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 26: Waterproof wrist GPS 
 

Analysis of the data (Table 3 and Figure 27) shows that, while rides typically averaged 150 – 
200m, recorded ride lengths reached up to 260 – 270m on both the north and south reefs.  
This confirmed earlier observations of long rides extending significantly shoreward of the reef 
and close to the beach.  Similarly, the longest recorded ride reached over 60 seconds, 
although recorded ride times averaged ~30 seconds.  Corresponding speeds (averaged over 
the length of the ride) varied between 3.7m/s and 7.4m/s. 
 

GPS 
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Table 3: Narrowneck Surf Tracks – GPS Data 
 

Date Ride No. Location Ride Length Ride Time Average Speed
   (m) (sec) (m/s) 

1 South reef 268 55 4.87 
2 South reef 134 28 4.79 

24/08/05 

3 South reef 225 61 3.69 
4 South reef 255 56 4.55 26/10/05 
5 North reef 260 43 6.05 

03/02/06 6 South reef 151 31 4.87 
16/02/06 7 South reef 163 22 7.41 
16/03/06 8 North reef 135 27 5.00 

9 North reef 122 22 5.55 
10 North reef 118 23 5.13 
11 North reef 208 34 6.12 
12 North reef 188 30 6.27 
13 North reef 122 30 4.07 
14 North reef 104 17 6.12 
15 North reef 140 32 4.38 
16 North reef 231 41 5.63 
17 North reef 71 14 5.07 
18 North reef 111 20 5.55 
19 North reef 78 13 6.00 
20 North reef 118 18 6.56 
21 North reef 53 10 5.30 

04/06/06 

22 North reef 218 35 6.23 
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Figure 27: Plot of Recorded Surf Tracks 
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4.5 Range of Surf Craft 

A review of the extensive literature on surfing and artificial surfing reefs was undertaken for 
GCCC by AWACS in 1996, prior to the design of the artificial reef at Narrowneck.  The 
quantification of surfing quality appears simple in theory, as considerable research has been 
done to determine key parameters to define surf quality.  All of this research, however, relates 
particularly to a single type of surfing – short-boards.  Importantly, there are many other types 
of surf craft, and the “perfect” surf for one group of surfers may not be “perfect”, or even 
suitable, for another group of surfers.  The sport of surfing encompasses a wide range of 
activities in the surf zone and many Australians consider themselves surfers.   
 
The reef has provided significantly improved surfing conditions for a wide range of activities 
(Figure 28) including:- 
 

• body surfing  
• body boards (and mattresses) 
• surf boards – short, medium and long (�norke) 
• surf skis and paddle boards (Figure 28) 
• surf kayaks and canoes 
• sailboards & kite boards (Figure 29) 
• tow-in surfing 

 

 

 
 

Figure 28: A range of surf craft at Narrowneck 
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Figure 29: Kite Surfing at Narrowneck 
 

4.6 Surf Competitions 

A number of regular major competitions, like the Clean Water Teams Challenge (Figure 30), 
and one-off events like the National Wave-jumping Titles, Queensland State Bodyboard 
Championships and the National Kite-board Championships (Figure 31) have been held at 
Narrowneck since the works were implemented.  
 

 

   
 

Figure 30: Clean Water Challenge 
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Figure 31: National Kite Boarding Championships 
 
Regular local competitions now are held at Narrowneck.  The Narrowneck Long-board club 
and the Northend Boardriders cater for long-boards and short-boards respectively (Figures 32 
and 33).  While the competitions tend to find a quiet location not on the reef itself, the wide 
beach and adjacent breaks are key attractions.  (The beach and surf amenity are 
complementary). 
 

On days with good surf conditions or multiple surf competitions, car parking is inadequate. 
 

 
 

Figure 32:  Narrowneck Long-board Club Competition on Sunday 19-5-07 
 

  

Figure 33:  North-End Surfboard Club Competition on Sunday 19-5-07 
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4.7 Adjacent break 

In small conditions, waves do not break on the reef.  The bar formations around the salient, 
however, provide favorable conditions for the shore-break (Figure 34) and it is common to find 
significantly more surfers directly on the bar in the lee of the reef than on the shore-breaks on 
either side (Figure 35).   
 

 
 

Figure 34: Good surfing conditions at high tide directly inshore of Narrowneck Reef 
 

 
 

Figure 35:  ~25 Surfers directly inshore of reef 
 
It is also common for the flags to be set up directly in the lee of the reef, indicating that it 
produces a safer swimming environment than natural conditions on the adjacent beaches 
(Figure 36). 
 

 
 

Figure 36: Flags directly in the lee of Narrowneck Reef (14/3/04) 
 

REEF
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4.8 Safety 

With litigation so prevalent, safety is of particular importance.  Surfing is inherently risky.  
Artificial reefs present a number of hazards for swimmers and surfers (Corbett & Tomlinson, 
2002), including:- 

 

• impact with the reef when surfers dive / fall off their board (relevant for surfers only) - 
while surfers tend to ‘fall’ off their boards rather than diving, limiting potential for spinal 
damage, they also have a higher initial velocity than people who dive into a pool (and 
need 1.8m water depth for safety) 

• impact with the reef due to turbulent wave action in shallow water 
 

Whilst breaker height and type also impact on safety, the crest height of the structure is also 
critical.  The original design (with crest at ~LAT) developed by the University of Waikato was 
intended to optimize surfing, particularly for short boards, over the entire tidal range with small 
waves.  In 2002, the designers stated that the original Narrowneck design would have had a 
similar wave breaking intensity as Shark Island.  As this is one of the most dangerous surf 
breaks in Australia, this was not desirable. 

 

During the design process, safety was identified as a key issue.  This was reflected in 
the lowering of the crest to -0.5m LAT and the use of user-friendly geotextile containers.  
Despite this, the reef produced a very hollow but hazardous wave that often sucked dry 
at the breakpoint (Figure 37).  The break was suitable only for very experienced surfers, 
even in moderate swells.   
 
After construction, the reef crest lowered as the pre-construction storm bar migrated 
shoreward.  During the 2001 top-up, the design crest height was restricted to –1.0m LAT.  
Even at this level, the top of the crest bags is often shallow during the drawdown and has been 
observed to “suck dry” in larger wave heights at low tide.   
 

 

   
 

Figure 37: Crest at -0.5m LAT 
 
In early 2002, flume testing was undertaken at QGHL by GCCM and ICM for Noosa Council 
(Corbett & Tomlinson, 2002).  The modelling confirmed the observations of water depth 
experienced at Narrowneck (~0.3m for crest heights of -1m LAT and ~1m for crest heights of -
1.5m LAT – Figure 38).    
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Figure 38: Crest at -1.5m LAT [low tide] 
 
As a result of these observations and testing, the design crest height has been reduced to -
1.5m LAT (RL -2.5m AHD) as a compromise between safety and surfing.  To date, there have 
been no reports of injuries on the reef. 
 

 
 

Figure 39:  Young surfer on the reef 
 

4.9 Comparison with Modelling 

Monitoring of the reef indicates that the reef needs long period, clean swell to replicate the 
modelling.  The numerical and physical modelling was done with monochromatic long crested 
waves on a smooth (non-barred) seabed profile.  In reality, the Gold Coast wave conditions are 
usually bi-modal and often short-crested.  In the video monitoring, there have only been a few 
examples of the wave patterns replicating the modelling.   The long period storm wave event 
below (Figure 40) is an example.  A more typical wave breaking pattern is shown in Figure 41.  
 
This emphasises the fact that, while modelling can be a powerful tool if used correctly, it is 
important to recognise that it provides information for a limited number of specific conditions 
while actual conditions are often highly variable.  While modelling can be valuable, it is 
important model runs are representative of actual conditions and that results are interpreted 
appropriately based on independent data and past experience.   
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Figure 40: WRL Image of Refraction in a Long Period, Clean Swell 
 

 
 

Figure 41: WRL Image of Typical Wave Break 
 

4.10 Public Perceptions 

The Narrowneck Artificial Reef has undoubtedly improved surfing conditions and the reef does 
provide a quality surf wave in the right conditions.  However, it has not gained a widespread 
reputation as a great surf spot.  Part of the reason for this appears to be that it is surrounded 
by world-class surfing breaks – including Superbank – and typically these locations work in 
similar conditions as the reef.   
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The fact that the takeoff area is 300m offshore also seems to have had an impact.  As with 
many surf spots, the majority of surfers tend to congregate closer in on the beach break, even 
when the reef is “pumping” in the sets. However, if one “brave” surfer heads further out to the 
reef and starts to catch good waves, some of the crowd generally follows.  While having the 
reef closer to shore would undoubtedly be more attractive to surfers, it may not be better 
overall given that distance offshore also has a significant impact on erosion protection and 
local currents. 
Press statements damning the reef even before construction was completed gave a very 
negative community perception which has been lasting (Figure 42). 
 

 
Figure 42:  News article 10-4-01 

5.0 MARINE ECOLOGY 
Prior to construction, the School of Environmental and Applied Science at Griffith University 
(1998) undertook an impact assessment of the proposed NGCBPS.  It was found that the 
existing nearshore beach zone was dominated by polychaete worms, molluscs, crustaceans, 
surf clams and predatory snails.  The impact assessment stated that Narrowneck reef:- 
 

“Although it will certainly be colonised by a range of small invertebrates and marine plants, the 
low relief and lack of structure (holes and crevices) are expected to limit the abundance of 
marine life.  Some attraction of fish to the area is expected, but the lack of abundant prey items 
is also likely to limit fish abundance.” 
 

During inspections, it was quickly observed that growth of marine vegetation on the bags 
occurred rapidly after placement.  As construction continued, it soon became evident that the 
extent and diversity of the marine habitat had been underestimated.  Since completion, the 
reef has provided significant ecological and recreational benefits.  The ingress of sand into the 
structure of the geotextile and the growth of marine vegetation has also provided an additional 
benefit in the form of protection to the geotextile (both mechanical and UV). 
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5.1 Observed Species 

Visual observations as well as photo and video identification (Figure 43) by ICM, National 
Marine Science Center (NMSC) and the Reef CRC has provided a comprehensive list of the 
diverse marine species found on the reef (Table 4). 

 

 
 

Figure 43:  Video recording of marine growth 
 

Table 4: Benthos and Fish Species identified at Narrowneck 
 
Benthos (Live on the sea bed)  
Abalone (Haliotis sp) Figure 44 
Algae / Seaweed, Brown (Dictyopteris acrostichoides)  
Algae / Seaweed, Brown (Dilophus intermedius)  
Algae / Seaweed, Brown (Sargassum biserrula)  
Algae / Seaweed, Brown (Family: Ecklonia) Figure 45 
Algae / Seaweed, Red (Gracilaria blodgettii)  
Algae / Seaweed, Red (Family: Coralline algae) Figure 46 
Anenome, Sea (Anthozoa)  
Ascidian (Family: Ascidiidae) Figure 47 
Barnacles (Cirripedia)  
Clam, Razor (Siliqua pathula)  
Coral, Soft  (Octocorallia)  
Crinoid (Feather star) (Comanthina schlegeli) Figure 49 
Cunjevoi (Pyura stolonifera) Figure 50 
Hydroids  
Kelp, Broad Leaf (Laminaria sp)  
Polychaete, Tube-Building (Family: Diopatra)  Figure 52 
Sponges, Sub-Massive Figure 53 
Urchin, Sea (Class: Echinoidea)  
  
Nekton (Organisms that swim in the ocean freely) – Fish  
Bannerfish, Longfin (Heniochus acuminatus)  
Batfish, Tall-fin (Platax teira)  
Batfish, Humped (Platax batavianus)  
Batfish, Silver (Monodactylus argentius)  
Blenny sp. (Family: Blennidae)  
Boxfish, Eastern Smooth (Anoplocapros inermis)  
Bream, Butter (Monodactylus argenteus)  
Bream, Silver (Acanthopagrus australis)  
Cardinal fish, Five-Line (Cheilodipterus quinquelineatus)  
Catfish, Estuary (Cnidoglanis macroephalus)  
Cod (small groper) (Epinephelus sp.)  
Coris, Pink-Lined (Coris dorsomaculata)  
Dottyback, Brown (Pseudochromis fuscus)  
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Flathead (Platycephalus fuscus)  
Fortesque (Centropogon australis)  
Goatfish, Blackspot (Parupeneus signatus)  
Hawkfish, Blotched (Cirrhitichthys aprinus) Figure 55 
Kelpfish (Chironemus marmoratus)  
Leatherjacket, Large-scale (Cantheschenia grandisquamis)  
Mado (Atypichthys strigatus)  
Morwong, Red (Cheilodactylus fuscus)  
Parma, Girdled (Parma unifasciata)  
Parrotfish (Family: Scaridae)  
Perch, Moses (Lutjanus russelli)  
Pike, Striped Sea (Sphyraena obtusata)  
Pineapple fish (Cleidopus gloriamaris)  
Porcupine fish, Three-Bar (Dicotylichthys pumctulatus)  
Puffer fish (Arothron hispidus)  Figure 56 
Scad, Southern Yellowtail (Trachurus novaezelandiae)  Figure 57 
Soapfish, Barred (Diploprion bifasciatum)  
Stripey (Microcanthis strigatus)  Figure 58 
Suckerfish, Slender (Echeneis naucrates)  Figure 59 
Sweep, Silver (Scorpis lineolata)  
Sweetlip, Gold-Spotted (Plectorhinchus flavomaculatus)  
Tailor (Pomatomus saltrix)  
Tang (Family: Acanthuridae)  
Toadfish, Stars and Stripes (Arothron hispidus)  
Trevally, Golden (Gnathanodon speciosus)  
Triggerfish (Family: Balistoidae)  
Trumpet fish (Aulostomus chinensis)  
Whiting (Family: Sillaginidae)  
Wrasse, Blue-Streak Cleaner (Labroides dimidiatus)  
Wrasse, Crimson-Banded (Notolabrus gymnogenis)  
Wrasse, Gunther’s (Pseudolabrus guentheri)  
Wrasse sp. (Family: Labridae)  
  
Nekton (Organisms that swim in the ocean freely) – Other  
  

Crab, Red Spot / Three Spot (Portunus sanguinolentus)  

Dolphin, Bottlenose (Tursiops truncatus)  Figure 60 
Eel, Giant Moray (Gymnothorax javanicus)  
Lobster, Southern Rock (Jasus edwardsii)  
Lobster, Tropical Rock (Panulirus ornatus)  Figure 61 
Octopus sp.  
Prawns, Juvenile (Family: Pandalidae)  
Ray, Bull (Dasyatis thetidis)  
Ray, Common Sting (Trygonoptera testacea)  
Ray, Spotted Eagle (Myliobatis australis Figure 62 
Seahorse (Family: Syngnathidae)  
Seasnake  
Shark, Blind (Brachaelurus waddi)  
Shark, Leopard (Stegostoma fasciatum)  
Shark, Shovelnose (Rhinobatus typos)  
Shrimp, Coral-Banded (Stenopus hispidus)  Figure 63 
Shrimp sp.  
Turtle, Green (Chelonia mydas)  
Turtle, Loggerhead (Caretta caretta)  
Wobbegong, Spotted (Orectolobus �norkelli)  Figure 65 
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Figure 44: Abalone 
 

    
 

Figure 45: Brown Algae 
 

   
 

Figure 46: Red Algae 
 

 
 

Figure 47: Ascidian 
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Figure 48: Soft coral 
 

    
 

Figure 49: Feather star 
 
 

 
 

Figure 50: Cunjevoi 
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Figure 51: Kelp 
 

 
 

Figure 52: Tube-building Polychaete 
 
 

    
 

Figure 53: Sponge 
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Figure 54: Estuary Catfish 

 

 
 

Figure 55: Blotched Hawkfish 
 

 
 

Figure 56: Pufferfish 
 

    
 

Figure 57: Yellowtail scad  
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Figure 58: Stripeys 
 

 
 

Figure 59: Slender Suckerfish (Remora) 
 

 
 

Figure 60: Bottle-nose dolphin 
 
 

 
 

Figure 61: Lobster 

 
 

Figure 62: Spotted eagle ray 
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Figure 63: Coral-banded shrimp 
 

    
 

Figure 64: Green turtle 
 

  
 

Figure 65: Wobbegong 
 
5.2 Development 

The early stages of development of marine growth on the containers have been well observed 
during underwater construction inspections undertaken by ICM.  While development times and 
the type of growth differ slightly between containers depending on various factors (including 
type of material, water temperature after placement, depth of water etc.), it is generally similar 
in the preliminary stages.  After placement, suspended sand and shell migrates into the 
structure of the geotextile fabric.  Generally, within several days to a week, a brownish algae 
covers the surface of the geotextile, attracting small fish and birds (Figure 66).  Seagrasses 
then colonise and develop on the exposed sections of the containers.  After a year, a broader 
range of benthos is evident, particularly on the undersides of the container and protected areas. 

 

NMSC
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Figure 66: Small fish attracted to container as algae starts to develop 
 

Monitoring of the 2004 top-up allowed the staged development of marine life to be better 
examined, particularly in light of the cooler water temperatures (~19°) in which the early stages 
of the development took place. 
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Day 1 : No growth evident  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Day 5 : Weed is caught in the material  
 
 
 
 
 
 
 
 
 
 
 
 
 

Day 7 : Continued weed being caught  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 67: 1 day after placement  

                   
 

 
 

Figure 68: 5 days after placement  
        

 

 
 

Figure 69: 7 days after placement   
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Day 8 : Initial development of algae results in 
discolouration bag 
 
 

 
 
 
 
 

 
 
 
 
 

Day 24 : Further development of algae to form 
a short ‘fur’ covering the majority of the 

container 
 
 
 
 
 
 
 
 
 
 
 
 

1 month : Algae further develops to form a 
dense mat some 2-3cm in length, covering the 

majority of the container  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 70: 8 days after placement  
 
 

 
 

Figure 71: 24 days after placement 
 
 

 
 

Figure 72: 1 month after placement  
 



Volume 5: 
Summary of Narrowneck Reef Monitoring to 2007            
 
                                

 

   

47

7 months : Seagrasses (~10cm in length) 
completely cover the container.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16 months ; Good coverage of seagrasses 
interspersed with a broader range of growth.  
Adjacent photo shows red seagrasses and 

sponges, although this depends on the 
individual container. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 73: 7 months after placement 
 
 

 
 
Figure 74: 7 months after placement 

 
 

 
 

Figure 75: 16 months after placement 
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5.3 Overall Biodiversity 

Additional research has been undertaken by NMSC for Soil Filters Australia (now ELCO 
Solutions) in the form of an honours thesis by Rhys Edwards (NMSC, 2003).  It compared 
the ecology of Narrowneck Reef with other natural reefs in similar depths nearby (Palm 
Beach, Kirra and Cook Island).  This was achieved using four randomly placed 25m video 
transects along which ecological surveys were undertaken. 
 

5.3.1 Benthic Transects 

NMSC (2003) found that nine of the benthic categories were found at Narrowneck – including 
macroalgae, coralline algae, sponges (sub-massive), hydroids, echinoderms (crinoids), 
echinoids, ascidians, MSA (mixed sessile assemblage – algae and invertebrates) and sand.  
Of these, macroalgae (seagrasses) accounted for almost 70 percent reef coverage. 
 
In summary, NMSC (2003) observed that:- 

 

“Narrowneck benthic assemblages were largely dominated by macroalgae and 
crinoids, … was less diverse than natural reefs, and also showed higher within-
reef variability.  Although benthic assemblages were shown to be highly discrete 
for all survey reefs, NAR (Narrowneck Artificial Reef) still appeared to be 
unrepresentative of natural reefs in the region, and was probably more similar to 
the temperate reef assemblages typical of higher latitudes.”  
 

Although also postulated that:- 
 
“As the reef at Narrowneck has been completed for less than five years, it is 
possible that the algal-dominated community may represent an early or 
‘pioneer’ development phase. Given sufficient time and suitable conditions 
for development, the structure of this community might be expected to 
become more diverse as other benthic organisms begin to outcompete 
these large macrophytes.” 
 

Supporting this, it observed that:- 
 

“The age of NAR (Narrowneck Artificial Reef) is similar to that of recently 
emergent reef substrata at Kirra, … (This) may explain the distinctly high presence 
of macroalgae at both NAR and Kirra. In addition, hard corals were conspicuously 
absent from both Narrowneck and Kirra reefs.” 

 
Temporal replication of the ecological surveys, which could verify this, has not been 
undertaken to date. 
 

5.3.2 Fish Assemblages 

Of the total 6,633 fish observed during the surveys conducted by NMSC (2003), 2,086 were 
recorded at Narrowneck.  Of the fish observed at Narrowneck, the vast majority (94.5%) 
were pelagic, predominantly yellow-tail scad. 

 

“The abundance of pelagic fish at Narrowneck Reef … (was) the highest of all 
reefs surveyed … (with) a high degree of similarity between NAR and two of the 
three natural sub-tidal reefs surveyed in this study. … Pelagic fish are likely to 
follow diurnal, seasonal or annual migration patterns, with schools often occurring 
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at reefs in close proximity to each other at or around the same time. ... The size of 
NAR may account for the presence of pelagic fish in high abundance.” 

 
 

Conversely, while 1,667 (25%) of the total were demersal fish, only 114 (5.5%) of the fish 
observed at Narrowneck were demersal.  NMSC (2003) observed that:- 

 
“The benthic / demersal fish community at Narrowneck was relatively species 
poor, and of a much lower abundance than displayed by natural examples” 
 

although it was also noted that:- 
 
 “Benthic and demersal reef fish communities tend to develop over time, and are 
largely dependent upon the supply of larvae or immigrant juveniles and adults.” 

 

5.4 Production / Attraction 

There is much debate over whether artificial reefs function by attraction or production.  As a 
result of their analysis, NMSC (2004) believe that:-  

 

 “The biological communities associated with Narrowneck Artificial Reef appear to 
enhance biodiversity and productivity at a local scale, and may also contribute to 
overall regional productivity.” 
 

5.5 Impact of Complexity 

Analysis of survey data by NMSC (2003) also investigated the relationship between the 
complexity of the reef and the corresponding biodiversity.  Reef complexity was measured as 
the ratio between the 25m straight line transect and the actual distance following the bottom 
contours.  It was found that Narrowneck reef had a significantly lower complexity than the 
adjacent natural reefs. The complexity provided by Narrowneck is generally limited to the 
vertical sides, crevasses, caves and overhangs that occur between individual containers due 
to slight inaccuracies in placement.   
 

5.5.1 Benthos 

During monitoring dives, it has been observed that, while the dominant macroalgae attaches 
to the entire container, it is the locations of greater complexity that generally support the 
more unusual species.  Particularly, it has been observed that sponges typically develop on 
the more protected undersides of containers (Figure 76).   
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Figure 76: Sponges on the underside of containers 

 

This suggests that increased complexity does result in increased biodiversity.  This is 
supported by NMSC (2003) that states that:- 

 
“The linear regression equation for macroalgae produced a negative coefficient 
(slope), indicating that the cover of macroalgae is inversely affected by an 
increase in complexity.  The relationship between sponge cover and complexity 
was shown to be positive, i.e. an increase in complexity produced a corresponding 
increase in the cover of sponges.” 

 

5.5.2 Fish Assemblages 

As could be anticipated, habitat complexity has a very different influence on pelagic fish 
compared with demersal fish.  Analysis by NMSC (2003) showed no clear relationship 
between complexity and pelagic fish populations, stating that:- 

 

“Regression analysis between univariate indices for pelagic fish populations, and 
reef complexity revealed that neither a strong, nor significant, relationship exists 
between these biological and physical factors, in agreement with BIOENV results.” 

 

During monitoring dives, however, it has regularly been observed that crevasses provide 
shelter for some species of demersal fish and it is not surprising that NMSC (2003) states 
that:- 

 

“… Regression analysis between univariate measures and complexity … 
coefficients for both of these measures were positive, indicating that an increase in 
complexity caused an increase in both the number of individuals and the number 
of benthic/demersal fish species.” 

 
In this study, reef complexity accounted for ~30% of the variability in the number of 
benthic/demersal species, with an increase in complexity resulting in an increase in species 
numbers. Despite this finding, however, no relationship was detected between species 
diversity and substratum heterogeneity. 
 
 
 
 

5.5.3 Overall 

NMSC (2003) concluded that:- 
 

“By increasing the complexity of an artificial reef, it may, therefore, be possible to 
increase the diversity of benthic assemblages, whilst enhancing microhabitat 
complexity.” 

 

This could potentially be achieved, particularly in the deeper sections of the reef, by random 
or scattered placement of additional units.  Additionally, these units could be of different sizes 
and shapes to better provide the holes and crevasses that contribute to complexity. 
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5.6 Impact of Water Depth 

The reef covers a large area, with water depths at low tide ranging from 1.5m on the crest 
out to about 10m at the seaward edge.  In the shallower sections, growth is predominantly 
short (Figure 77) and longer vegetation that can develop in calmer weather is often stripped 
during larger conditions.  In the mid depths (~3m-8m), below most of the severe wave action, 
the vegetation is mainly dense seagrasses with a length of ~100-200mm and cunjevoi, with 
other organisms found in sheltered locations (Figure 78).  In the deeper depths, longer algae 
and kelp up to 400-500mm predominate (Figure 79).   
 

   
 

Figure 77:  Short Growth in Shallow Water 
 

   
 

Figure 78:   Growth in mid-depths 
 

 
Figure 79:   Growth in deeper sections 

 

Sponges on 
underside of 
container 
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5.7 Impact of Substrate Type 

The type of geotextile influences the nature and abundance of growth which develops on the 
geotextile.  This has been well established independently since the construction of the 
Narrowneck reef, with a wide variety of geotextile samples being deployed in a number of 
locations worldwide.   
 
The type of geotextile used at Narrowneck (non-woven needle-punched geotextile) provides 
a good attachment for marine vegetation.  Monitoring of the impact of geotextile type is 
limited to general observations during monitoring dives.  While the (discontinued) 
polyurethane material developed harder growths (e.g., barnacles) similar to woven 
geotextile, the 1200R (standard) and 1209RP (composite) materials encouraged the 
development of typically “soft” growths (e.g., algae).  These softer growths are beneficial in 
terms of surfer safety, particularly on the upper sections of the reef where surfers could come 
into contact with the reef itself.  Differences in the type of growth between the standard and 
composite geotextile have been observed in the early stages of development (Figure 80), 
however this has not been well documented to date. 
 

 
 

Figure 80: Growth on ½ RP container 

5.8 Additional Recreation 

The increased biodiversity experienced on the reef has resulted in Narrowneck becoming a 
popular location for diving (Figure 81), snorkelling (Figure 82), spearfishing (Figure 83) and 
fishing (Figure 84) in calmer conditions.  
 

Terrafix 1209 RP 

Terrafix 1200R 
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Figure 81: Diver 
 

    
 

Figure 82: Snorkellers 
 

 
 

Figure 83: Spearfisherman 
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Figure 84: Fishing Boats (WRL image 8/8/2004) 
 
 

The popularity of the reef for fishing introduces a number of problems.  Firstly, fishing can 
create a hazard for other recreational users.  While surfers are generally not surfing the reef 
in these calmer conditions, those who are diving, snorkelling and spearfishing could be 
threatened.  Vessels that anchor on the reef also have the potential to damage the reef itself, 
particularly if the vessel uses a winch and a reef anchor.  Anchoring also presents a safety 
hazard for the vessel as sudden shoaling of larger waves over the reef could capsize a 
smaller vessel.   
 

On 29/11/2002, the reef was designated a “no anchoring” zone by Queensland Transport 
and buoys were placed around the reef (Figure 85).  Loss of the “no anchoring” buoys during 
large wave events typically results in an increasing number of boats anchoring on the reef, 
so it is important that they are maintained or replaced as necessary.  The present “spar” 
buoys seem able to cope with storm waves, and with the smaller anchors can be serviced 
easily and inexpensively with Queensland transport’s Gold Coast vessel.  The larger buoys 
needed the large vessel out of Brisbane. 
 

 
 

Figure 85: “No Anchoring” buoy 
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6.0 GEOTEXTILE CONTAINER PERFORMANCE 

6.1 Container Material 

The geotextile material has been improved considerably during the last 7 years due to the 
monitoring at Narrowneck.  The locally produced geotextile used at Narrowneck has been 
used in all subsequent reefs.   
 

The containers are subjected to: - 
 

• high forces due to filling, dropping and impact with the seabed 
• high forces associated with storm waves 
• ultra-violet exposure 
• surfboard impact (Figure 86)  
• vessel impact (Figure 87) 
• propeller cuts (Figure 88) 
• anchor damage (Figure 89) 
• damage from fishing hooks (Figure 90) 
• damage from spear heads (Figure 91) 
• vandalism (Figure 92) 
• wear/fatigue failure from cyclic movement of any loose material [e.g. the initial 

trunk covers, identification tags or wide seams, often exacerbated by presence of 
marine growth] (Figure 93) 

 
 

Figure 86:  Fin impact mark on RP container – no damage 
 

 
 

Figure 87: Result of Vessel Impact – no damage 
 

Fin 

Impact 
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Figure 88: Large Propeller Cuts - repaired 
 

    
 

Figure 89: Anchor wedged tightly between containers – no damage 
 

 
 

Figure 90: Hook caught in standard container – no damage 
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Figure 91:  Barbed spear head in urethane and RP containers 
(Urethane container showing minor sand leakage) 

 

 
  

Figure 92: Possible Vandalism [spear?] 
 

 

 
 

Figure 93: Wear due to failed trunk cover 
 
As the Narrowneck reef was considered to be a prototype, container material and design 
were refined during the course of the works.  Three different geotextile materials were used 
for fabrication of containers: – 
 

• 1200R “Terrafix” non woven geotextile (Figure 94) 

Wear from 
material 

Failed  
Trunk Cover 
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• 1200R “Terrafix” non woven geotextile with a sprayed urethane coating (Figure 95) 

• Composite 1209RP “Terrafix” non woven geotextile (1200R Terrafix with an outer 

“hairy” wear layer bonded onto it) (Figure 96) 

 

 
 

Figure 94: 1200R “Terrafix” non woven geotextile 
 

 
 

Figure 95: 1200R “Terrafix” with polyurethane coating 
 
 
 

 
 

Figure 96: 1209RP “Terrafix” non woven geotextile 
 
 
Terrafix 1200R 
The standard un-reinforced 1200R geotextile has proven adequate to withstand construction 
and environmental forces.  Trapping of sand between the outer fibres and attachment of 
marine vegetation appears to provide good protection from ultra-violet radiation (Figure 97).  
Monitoring by divers shows that observed instances of surfboard or vessel impact has 
generally not resulted in damage, although the geotextile remains vulnerable to damage by 
propellers, anchors and spears, as well as vandalism using knives.  Of these, large anchors 
from vessels with winches seem to be the main problem in deeper areas, with a number of 
containers being punctured and deflated.   Whilst wear can potentially result in container 
failure, the sources of wear (loose material, failed trunk covers, identification tags and wide 
seams) can be effectively controlled through design, or repaired as necessary. 
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The establishment of softer marine growths, rather than harder growths such as barnacles, is 
also beneficial in terms of improving surfer safety. 
 

   
 

Figure 97:  Trapped sand & growth of marine plants  
 
 
1200R with urethane coating 
While this geotextile is capable of withstanding the forces associated with construction, the 
use of urethane coating was discontinued after monitoring showed that it experienced 
localised stress cracking, resulting in deflation of the container (Figure 98).  Of the 30 trial 
coated containers, at least 50% have cracked and partially or fully deflated, although some 
are still in perfect condition.  As the urethane coating is slippery and experiences little marine 
growth, it is generally exposed to ultra-violet.  What little growth is evident tends to be hard 
(e.g. barnacles) which is not desirable, particularly in shallow areas where it is possible for 
surfers and swimmers to come in contact with the geotextile.  Monitoring indicates that the 
urethane is vulnerable to spear heads and vandalism, although its resistance to anchor 
damage, propeller cuts, and vessel and surfboard impacts appears reasonable but has not 
been established.  While wear could potentially result in container failure alone, the problem 
is usually compounded by cracking in the urethane coating. 

 

 
 

Figure 98:  Stress cracks in the urethane coating 
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Composite 1209RP 
Developed in 2000 during the final stages of the works after failures of the urethane coating 
occurred, the 1209RP is highly durable.  Typically used in the shallow sections, it has 
withstood loading associated with construction.   With enhanced sand ingress between the 
outer fibres and attachment of marine vegetation, it appears to provide very good protection 
from ultra-violet.   Designed for higher durability, the geotextile is more resistant to damage 
from impacts, spearheads, anchors and vandalism.  It is still, however, vulnerable to damage 
from propellers of large vessels.   
 
To improve the robustness of the container while minimising the associated cost, a number 
of shallow containers were fabricated using standard 1200R geotextile for the bottom half 
and the composite 1209RP for the exposed top half (Figure 99).   
 

 
 

Figure 99:  ½ RP container before filling  
 
6.2 Container Design 

A number of design issues have been addressed making the containers far more robust.  
These issues include:- 
 

• rounded corners 
• improved stitching 
• improved inlet and outlet trunks 
• shorter tags to eliminate wear 
 

6.3 Repairs 

A number of maintenance procedures have been trialed on Narrowneck and implemented at 
no cost to GCCC.  They have proven to be effective and can be carried out in an underwater 
environment with acceptably low wave activity.  The details are documented in ICM R&D 
report 07-1. 
 

6.4 Stability 

Sand filled structures tend to form an elliptical shape with the base moulded to the shape of 
the seafloor.  As such, they are extremely difficult to roll, and so are very stable, despite 
having a lower SG than rock or concrete.  The permeability of the sand filled containers also 
helps absorb wave forces and contributes to the stability of sand filled structures.   
 
The reef and individual components needed to be stable for offshore wave heights (Hmax) in 
excess of 12m.  The stability of the individual 100t – 300t sand filled geotextile containers 
was not considered likely to be a problem, as in these conditions concrete blocks of ~25t 

Terrafix 1200R

Composite 
1209RP 
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would generally be adequate and blocks of this size were successfully used for the seaward 
ends of the seaway training walls.    
 
Since initial construction, there have been over 55 storm events with wave heights (Hmax) in 
excess of 5m, including a storm event in March 2004 for which recorded wave heights 
reached about 11m for over 3 hours with corresponding periods of up to 13 seconds (Figure 
100). 

 

 
 

Figure 100:  Wave Data (from EPA/GCCC wave buoy near site) 
 
As a result of these storms, a small number of containers were washed up on adjacent 
beaches.  Inspection of these indicated that the containers were most likely damaged prior to 
the storm and the higher wave activity merely resulted in their removal from the reef.  This 
was confirmed when dive inspections revealed that there was negligible movement on the 
reef as a result of the storm activity, including those containers with elevated crest levels. As 
such, it may be considered that mega-containers of the size utilized at Narrowneck are stable 
in at least 11m wave conditions. 
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7.0 SUMMARY AND RECOMMENDATIONS 

7.1 Beach Protection 

The reef is achieving the beach protection objectives and the beach has been wide enough 
to contain all storms to date.  While the weather has been relatively mild, the beaches have 
withstood several significant erosion events. 
 
The ARGUS camera system is showing an erosion trend inshore and north of the reef.  
While the rate is low, and may have been exacerbated by the August 06 storms, 
hydrographic survey should be undertaken and analysed to more comprehensively 
understand any trends.  If there is an erosion trend, it can be reduced by future nourishment 
from channel maintenance dredging.  Sand deposition rates from building sites should be 
quantified.  The bypassing rates and opportunities to back-pass should also be investigated. 
 
For beach protection, future maintenance need only concentrate on maintaining the reef 
sections above about RL -6 and completing the low weir between the arms.   
 
7.2 Surfing 

The Narrowneck Artificial Reef has achieved the secondary objective of improved surfing.   
In hindsight, this objective was appropriate, but needed to be more precisely defined.  
Promotion by the media prior to construction led to unrealistically high surfer expectations.  
As has been experienced with all of the artificial reefs worldwide (four completed, one 
partially completed), there was a belief that an artificial reef “created” surf waves and that it 
would perform reliably regardless of conditions.   
 
Further improvements designed specifically to improve surfing are not considered warranted. 
 

7.3 Marine ecology, Fishing and Diving 

The ecological benefits and associated fishing and diving amenity created have exceeded 
expectations.  While the deeper sections of the reef, deeper than about 6m, need not be 
maintained for beach protection, this area should be, at least, maintained for fishing and 
diving.  The deeper area is subject to anchor damage.  To reduce this, the following is 
recommended:- 
 

o Move the existing no anchoring buoys closer to the reef. 

o Top up the deeper section where bags are missing with concrete modules 
which will not be damaged by anchors and will:- 

 
 provide attachment for corals and other “hard” benthos. 

 Provide holes for larger fish to hide. 

7.4 Reef Structure Performance 

The improvements in the container design and materials have improved the durability of the 
reef.  Maintenance will be required but this will now be decreased.  Any maintenance above 
about -6m should use the geotextile mega sand filled containers.  Any maintenance deeper 
than about -6m should use concrete [or other hard] material. 
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8.0 CONCLUSIONS 

 
• Monitoring should be continued to ensure that adequate maintenance is carried out to 

maintain the levels as per Figure 101.  
• Maintenance  

o above about -6m should use the geotextile mega sand filled containers 

o between about -6m and -8m should use either geotextile mega sand filled 

containers or concrete [or other hard] material 

o below  about -8m should use concrete [or other hard] material 

• The erosion trends need to be better quantified with accurate hydrographic survey. 

• The practicality of increasing car parking by nose in parking should be considered. 

(This also needs to consider Indy). 

 

 
Figure 101:   Maintenance Levels 
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