
  i

 
 
 
 

GRIFFITH CENTRE FOR COASTAL MANAGEMENT 
RESEARCH REPORT SERIES 

 
 
 
DOCUMENT CONTROL SHEET 
 

 
Document: Griffith Centre For Coastal 
Management Research Report No. 61 
GCDA125-C-RE-0111-00-0-01 
Title: Desalination Plant Discharge Site 
Seabed Morphology Assessment 
Project Leader: Professor Rodger Tomlinson 
Authors:  Nicolas Jouanneau 
  Sally Kirkpatrick 
  Rodger Tomlinson 
Sponsoring Organisation: Gold Coast 
Desalination Alliance 
Client Contact: Daryll Pain 

 
GRIFFITH CENTRE FOR 
COASTAL MANAGEMENT 
 
Griffith University Gold Coast 
Parklands Drive 
SOUTHPORT QLD 4215 
 
PMB 50 
Gold Coast Mail Centre 9726 
 
Telephone (07) 55528506 
Facsimile   (07) 55528067 
www.gu.edu.au/centre/gccm/ 
 

Synopsis: Assessment of beach survey data 
for seabed movement and other 
oceanographic features.  

 
REVISION/CHECKING HISTORY 
REVISION 
NUMBER DATE CHECKED BY ISSUED BY 

0 March 2007  Glenda 
Donovan 

 Rodger 
Tomlinson 

1      
 
DISTRIBUTION 

REVISION DESTINATION 
0 1 2 3 4 5 6 7 8 

GCDA 
GCCM FILE 
 

1 
2 
 

        

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

 
 
 
 
 



  ii

 
CONTENTS 

 

EXECUTIVE SUMMARY....................................................................................................1 

Beach Survey Profiles..............................................................................................1 

Turbidity ...................................................................................................................2 

Wave induced velocities...........................................................................................3 

1.0 BACKGROUND ...................................................................................................3 

1.1 Objective ..........................................................................................................3 

1.2 Tasks 3 

2.0 BEACH SURVEY PROFILE ANALYSIS...................................................................4 

3.0 TUGUN ..............................................................................................................4 

4.0 COOLANGATTA..................................................................................................8 

5.0 KIRRA..............................................................................................................10 

6.0 ANECDOTAL EVIDENCE ....................................................................................10 

7.0 TURBIDITY PLUMES..........................................................................................11 

8.0 SEABED WAVE-INDUCED VELOCITIES AND IMPLICATIONS FOR SEDIMENT 
MOVEMENT ......................................................................................................16 

REFERENCES: .............................................................................................................18 

BIBLIOGRAPHY ............................................................................................................20 

 

TABLE OF FIGURES 
 

Figure 1 : Recent Bathymetry Currumbin - Tugun .......................................................5 
Figure 2: Recent bathymetry Tugun – Kirra .................................................................6 
Figures 2 and 3: Superimposed bathymetrical profiles for ETA 24 and ETA 25 at 

Tugun ...................................................................................................................7 
Figures 3 and 4: Measured elevation change for ETA 24  and ETA 25.......................7 
Figure 5:  maximum variation in profile depth ETA 24 .................................................7 
Figure 6: maximum variation in profile ETA 25 ............................................................8 
Figure 7.  Coolangatta bay morphology with location of the surveys lines ..................9 
Figures 8 and 9:  Superimposed profiles for CG6 and CG9 ........................................9 
Figure 10: Beach profiles superimposed for Survey Line K9 .....................................10 
Figure 11: Recent GCDA Survey ...............................................................................11 
Figure 12: Offshore dredging area ETA 24 ................................................................12 
Figure 13: Offshore dredging area ETA 25.5 .............................................................12 
Figure 14: Sand sampling area – 1970s ....................................................................13 
Figure 15: Sand grading for Tweed and offshore samples – 1970s ..........................14 
Figure 16: maximum wave orbital velocities – ETA 24 ..............................................17 
Figure 17: maximum wave orbital velocities – ETA 25 ..............................................17 



Desalination Plant Discharge Site Seabed Morphology Assessment  

   

1

EXECUTIVE SUMMARY 

Beach Survey Profiles 

Previous preliminary advice on the suitability of the site chosen for the location of the 
intake and outlet diffuser for the Tugun Desalination Plant (Hughes and Tomlinson, 
2006) suggested that the seabed was stable at water depths around 20m. Since then 
there has been a change in the design of the outlet and studies of seabed profiles 
(Patterson, 2006) along Main Beach and the Spit coastline clearly demonstrate that a 
net onshore movement of sand is occurring at depths of the order of 15 below MSL. 
In the light of these recent findings and changes a supplementary assessment of the 
seabed stability has been undertaken. 
 
Beach profiles have been examined for Tugun,  Kirra and Coolangatta. The latter two 
are in the area deprived of sand over the last 40 years due to the construction of the 
extension to the Tweed Training Walls in 1962-64, and should represent the extreme 
movement of the seabed possible in the region. 
 
Survey transects from 1966 to 2000 were provided by the Gold Coast City Council 
(GCCC) for the Tugun area. These survey transects were then analysed with a 
program specifically developed for the purpose in Matlab.  
 
The main continuous dataset are the ETA lines set up for the DELFT Report in the 
1960s. These lines extended from Fingal Head to the top of South Stradbroke Island 
and generally were spaced at 400m.  ETA 24 and ETA 25 are near the intake/diffuser 
site and the full available dataset of profiles are presented in a way to see the overall 
extent of seabed movement, including the storm bar from the 1974 storms. The 1974 
storms are considered by many to have a return period of around 100years, although 
there is insufficient information available to do a proper statistical analysis. 
 
The maximum movement of the seabed (the difference between the lower envelope 
of data and the upper envelope) is shown in the Figure below. From this it can be 
seen that the seabed profile can vary up to 3m up or down due to the formation of a 
storm bar. This however has only been observed to occur at depths of around 5 to 
10m. Further offshore the typical variation is less than1m, and in depths of 18 – 22m 
there is no measurable variation within the accuracy of surveys of this type. 
 
The advice of Mr Frank Goetsch, retired Hyrdographic Surveyor, Gold Coast City 
Council was sought. Mr Goetsch commenced surveying on the Gold Coast in 1962, 
and has been responsible for most of the surveys undertaken by GCCC for internal 
purposes and for the Queensland EPA. Mr Goetsch’s experience on the Gold Coast 
spans the storm periods in the late 1960s and early 1970s.The key information 
obtained from Frank includes: 
 
• Within the limits of survey accuracy, he is of the opinion that there is no 

discernible vertical movement of the seabed at depth beyond the 15m mark.  
 
• He confirmed that there are seabed features such as ripples in such depths, 

and as reported in the earlier report (Hughes and Tomlinson, 2006), there 
are what appear to be sand waves in the Point Danger area. 

  
• Recent survey: The survey undertaken late in 2006 by GCDA, was 

examined by Frank and he identified features in the contour  plan which 
suggested the presence of dredging of the seabed just seaward of the end 



Desalination Plant Discharge Site Seabed Morphology Assessment  

   

2

of the diffuser.  This is consistent with the source area for the dredging that 
was undertaken in the late 1980s as part of the Southern Gold Coast Beach 
Protection Strategy. 

Turbidity 

Turbidity plumes can be seen in the ocean as a result of suspended fine sediments 
as well as phytoplankton blooms. Much research is available regarding 
anthropogenic causes of turbidity plumes such as dredging, beach nourishment and 
coastal works. Limited research is available regarding “natural” turbidity plumes in the 
coastal zone. These are generally caused by turbidity currents on the sea-bed 
(transporting sediments away from the shelf and into deep abyssal areas), major 
storms (causing coarse sediment re-suspension, very fine sediment mixing 
throughout the water column and increased coastal erosion), and runoff from 
estuaries during flood events appearing as a surface plume (Higgins et al., 2004). 
There is a paucity of research into resuspended sediments and turbidity plumes 
along the Gold Coast coastline. 
 
Re-suspension of very fine sediment causing turbidity is closely related to the 
composition of the sediment and the presence of storm or swells. Inner and outer 
nearshore sand on the Gold Coast comprises mature, well-sorted, fine to medium 
grained quartzose sand. The distribution of these sands occurs in parallel bands in 
approximately 0-25 metre water depth (Lloyd, 1985). Past field data illustrated that 
the silt content of these waters is minimal however increases markedly at depth 
above 25 metres (Smith, 1988).  A typical feature of seabeds is that there is 
increasing silt levels mixed with sand as water depth and distance offshore increase 
(Smith, 1988), therefore minimal volumes of fines could be expected within the 
nearshore zone. Past studies have shown the Gold Coast seabed silt content varies 
remarkably from place to place (Lloyd, 1985).  
 
Increased turbidity in coastal environments can be a direct result of sediment plumes 
released from estuaries during large flood events. The general view is that that Gold 
Coast rivers and creeks do not contribute to the beach sand budget, but do deliver 
large volumes of silts during floods. These plumes can be hyperpcynal (bottom-
flowing plume) or hypopcynal (surface flowing plume). Although there is no evidence 
of hyperpcynal plumes (or gravity currents) in the region, should they exist they 
would be confined to the near-seabed. Hypopcynal plumes are more common as a 
result of fresh river outflows, which are normally at a higher temperature, intercepting 
relatively cooler seawater (Higgens et al., 2004). Sediments thus appear in 
suspension within the upper region of the water column. Literature is available 
regarding sediment plumes in areas of Queensland such as Moreton Bay and the 
Great Barrier Reef, unfortunately there appears to be limited information regarding 
impacts of sediment plumes in the open coast environment of the Gold Coast.  
 
Apart from this, a likely cause of turbidity is resuspension of sediments during storm 
and swell events. Given the Gold Coast experiences moderate to high wave energy, 
it is likely that a proportion of fine sediments would settle in the active zone and be 
resuspended during storms and large swell events. There has been substantial 
research internationally regarding sediment transport and suspended sediments 
during storms.  In summary the evidence of turbidity at the Tugun site is most likely to 
be well mixed fine material stirred up by wave action. 
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Wave induced velocities 

Linear wave theory was applied to the offshore bathymetry at Tugun to determine 
worst-case seabed velocities due to wave action. These are the maximum orbital 
velocities and their variation over a range of typical Gold Coast wave conditions is 
estimated.  

1.0 BACKGROUND 
 
Previous preliminary advice on the suitability of the site chosen for the location of the 
intake and outlet diffuser for the Tugun Desalination Plant (Hughes and Tomlinson, 
2006) suggested that the seabed was stable at water depths around 20m. Since then 
there has been a change in the design of the outlet and studies of seabed profiles 
(Patterson, 2006) along Main Beach and the Spit coastline clearly demonstrate that a 
net onshore movement of sand is occurring at depths of the order of 15 below MSL. 
In the light of these recent findings and changes a supplementary assessment of the 
seabed stability is required. 

1.1 Objective 

The objective of this study was to undertake a review of existing data and report on 
the geomorphology of the Tugun coastline with a view to meeting the criteria for 
intake location set out below, and a 100 year asset life. 
 
The issues relevant to the intake position and screen height are:  
 

• stable seabed wrt riser type construction 

• screen sufficiently deep to avoid high wave loading under cyclonic wave 
conditions and to be well below floating debris 

• screen far enough off seabed to be above current bore debris moving on the 
seabed and above zone of high turbidity flowing offshore from the wave zone.  

1.2 Tasks 

In this report, the following tasks are addressed: 
 
1 A detailed review of beach survey profiles dating from the 1960s. 
 
2  A detailed review of earlier studies which have identified oceanographic 

features to provide information relevant to the recently observed turbidity 
plumes. This will comprise studies of the Gold Coast regions and from the 
international literature for similar dynamic coasts. 

 
3  A theoretical assessment of wave orbital velocity and sediment transport 

utilising state-of-the-art mathematical models. 
 
4 Recommendations i) for siting of the intake screens in terms of height above 

the seabed and distance offshore, and ii) the layout of the diffuser pipes in 
terms of scour and/or deposition. 

 



Desalination Plant Discharge Site Seabed Morphology Assessment  

   

4

2.0 BEACH SURVEY PROFILE ANALYSIS 
 
The recent work of Patterson (2006) has suggested that there is significant net 
onshore movement of sand in water depths beyond the normally assumed limit of 
active movement of 10m. Paterson examined historical beach profile data for the 
Main Beach and Spit area on the northern Gold Coast . He found that there was a 
complex nett movement of sand between various zones offshore, and concluded that 
there was a nett onshore movement of the order of tens of thousands of cubic metres 
per year from depths of around 15m. As this is a similar depth to that for the 
desalination plant intake and diffuser, the historical beach profile data for the Tugun 
region has been re-examined in detail to ascertain whether a similar behaviour is 
evident. The area studied by Patterson shows a distant seaward curvature in 
offshore contours which most likely is the remnant of the old ebb tidal delta of the 
Nerang River which has historically migrated from Main Beach to its current location 
up until the construction of the Seaway in 1985. It is likely that the onshore 
movement calculated by Patterson is simply the long term straightening of the 
contours now that the Nerang River entrance is fixed. 
 
Beach profiles have been examined for Tugun, Kirra and Coolangatta. The latter two 
are in the area deprived of sand over the last 40 years due to the construction of the 
extension to the Tweed Training Walls in 1962-64, and should represent the extreme 
movement of the seabed possible in the region. 

3.0 TUGUN 
 
The overall bathymetry for the area is shown in Figures 1 and 2 for a survey in 2002. 
Survey transects from 1966 to 2000 were provided by the Gold Coast City Council 
(GCCC) for the Tugun area. These survey transects were then analysed with a 
program specifically developed for the purpose in Matlab.  
 
The main continuous dataset are the ETA lines set up for the DELFT Report in the 
1960s. These lines extended from Fingal Head to the top of South Stradbroke Island 
and generally were spaced at 400m. Although not exactly at the location of the 
intake/diffuser site, ETA 24 and ETA 25 have a good temporal coverage of profiles 
which are overlaid in Figures 3 and 4. Presented in this way it is clear to see the 
overall extent of seabed movement, including the storm bar from the 1974 storms. 
The 1974 storms are considered by many to have a return period of around 
100years, although there is insufficient information available to do a proper statistical 
analysis. 
 
The maximum movement of the seabed (the difference between the lower envelope 
of data and the upper envelope) is shown in Figures 5 and 6. From this it can be 
seen that the seabed profile can vary up to 3m up or down due to the formation of a 
storm bar. This however has only been observed to occur at depths of around 5 to 
10m. Further offshore the typical variation is less than1m, and in depths of 18 – 22m 
there is no measurable variation within the accuracy of surveys of this type. 
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Figure 1 : Recent Bathymetry Currumbin - Tugun 
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Figure 2: Recent Bathymetry Tugun – Kirra 
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Figures 3 and 4: Measured elevation change for ETA 24  and ETA 25 

 

Figure 5:  maximum variation in profile depth ETA 24
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Figure 6: maximum variation in profile ETA 25 
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4.0 COOLANGATTA 
 
Further to the south of Tugun the effects of the construction of the Tweed training 
wall extension and the cyclones of the 1960s and 1970s are very apparent and an 
analysis of the beach profiles in this area will provide an assessment of the worst 
likely erosion of the seabed – even though the conditions here would not apply to 
Tugun.  
 
The general bathymetry for the area is shown in Figure 7, and survey transects from 
1966 to 2001 for CG6 and CG9 were chosen to be superimposed together as shown 
in Figures 8 and 9.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Coolangatta bay morphology with location of the surveys lines 
 
 
 

           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           

  Figures 8 and 9:  Superimposed profiles for CG6 and CG9 
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Figures 7 and 8 show that seabed morphological changes are insignificant below 
approximately 11m but inshore the seabed changes range from 2 to 4 meters. These 
changes represent the difference between an eroded profile which came about 
following the erosion that occurred in this area after the Tweed training walls were 
extended and subsequent storm events, and a nourished profile following the major 
dredging and sand bypassing activity in recent years. 
 

5.0 KIRRA 
 
A similar sequence of profile change has been measured at Kirra as shown below in 
Figure 10. For data from survey line K9 from 1987 to 1998, it can be seen that there 
is significantly more variation in seabed, particularly out to about 6m water depth. 
Beyond that the  there is variation of up to 3m  in water depths of 10m or so, but  
from around 12m water depth the variation is negligible. 
 
 
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
           
   

Figure 10: Beach profiles superimposed for Survey Line K9 

6.0 ANECDOTAL EVIDENCE 
 
The advice of Mr Frank Goetsch, retired hyrdographic Surveyor, Gold Coast City 
Council was sought. Frank commenced surveying on the Gold Coast in 1962, and 
has been responsible for most of the surveys undertaken by GCCC for internal 
purposes and for the Queensland EPA. Mr Goetsch’s experience on the Gold Coast 
spans the storm periods in the late 1960s and early 1970s.The key information 
obtained from Frank includes: 
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• Within the limits of survey accuracy, he is of the opinion that there is no 
discernible vertical movement of the seabed at depth beyond the 15m mark.  

 
• He confirmed that there are seabed features such as ripples in such depths, 

and as reported in the earlier report (Hughes and Tomlinson, 2006), there are 
what appear to be sand wave in the Point Danger area.  

 
• Recent survey: The survey undertaken late in 2006 by GCDA, was 

examined by Frank and he identified features in the contour  plan which 
suggested the presence of dredging of the seabed just seaward of the end of 
the diffuser.  (See Figure 11) This is consistent with the source area for the 
dredging that was undertaken in the late 1980s as part of the Southern Gold 
Coast Beach Protection Strategy. 

           
           
           
        
 
           
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Recent GCDA Survey 
 A search of GCCC records uncovered survey data for the time of the early offshore 

dredging campaigns in 1989/1990. These data are shown in Figure 12 and 13 below and 
identify the dredge area seaward of the current intake and diffuser site. 

7.0 TURBIDITY PLUMES 
 
Turbidity is generally defined as a change in water clarity influenced by the 
suspension of particles. Turbidity plumes can be seen in the ocean as a result of 
suspended fine sediments as well as phytoplankton blooms. Much research is 
available regarding anthropogenic causes of turbidity plumes such as dredging, 
beach nourishment and coastal works. Limited research is available regarding 
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“natural” turbidity plumes in the coastal zone. These are generally caused by seabed 
turbidity currents (transporting sediments away from the shelf and into deep abyssal 
areas), major storms (causing both sediment resuspension throughout the water 
column and increased coastal erosion), and runoff from estuaries in the form of 
surface plumes during flood events (Higgins et al., 2004). There is a paucity of 
research into resuspended sediments and turbidity plumes along the Gold Coast 
coastline. 
 
Resuspension of sediment causing turbidity plumes is closely related to the 
composition of the sediment and the presence of storms or swells. Inner and outer 
nearshore sand on the Gold Coast comprises mature, well-sorted, fine to medium 
grained quartzose sand. The distribution of these sands occurs in parallel bands in 
approximately 0-25 metre water depth (Lloyd, 1985).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Offshore dredging area ETA 24 
 

           
           
           
           
           
           
           
           
           
           
           
           
           

          
 Figure 13: Offshore dredging area ETA 25.5 
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Past studies of seabed sediment characteristics include the DELFT (1970) report. 
Smith (1988) provides a discussion on sediment characteristics which is summarised 
as follows. 
 
The area offshore from Coolangatta and Kirra beaches was selected in the DELFT 
report as being a suitable source for replenishment sand, particularly because the 
sea bed profiles here are flatter than the remainder of the coast. It was thought 
therefore that a significant sandbank existed in this area and that this might perhaps 
be safely used as an offshore source. As such this offshore area was surveyed early 
in the offshore sand resource programme in mid 1972 (Figure 14) and repetitive 
surveys were made on several later occasions in an attempt to detect sea bed 
variations developed during and subsequent to the construction of the experimental 
groyne at Kirra Point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Sand sampling area – 1970s 
 
All the samples for the Tweed River were amalgamated into one population as were 
the samples from the offshore drilling. However, for the natural beach, three cross 
section had been sampled, line K4, K9 and K12 and initially each of these were 
treated as a separate population. These were examined at this stage when the K4 
amalgamated material was found to vary considerably from the amalgamated curves 
for line K9 and K12. Each population, i.e, Tweed, Offshore, K4, K9, and K12 
therefore was then converted into normal percentage grain size population plots for 
comparative purposes.  
 
These diagrams are shown in Figure 15 with K9 and K12 amalgamated. 
 
All sands samples were sieved in council’s soil laboratory using a standard train of 
B.S sieves following normal soil mechanics procedures. Material smaller than 
0,075mm is reported as silt and material larger than 0,6mm is reported as grit. The 
natural sand in the existing natural beach inshore of Kirra reef (line K4) is extremely 
coarse and this material is very different to the remainder of the natural beach 
exemplified by line K9 and K12. 
 
Smith (1988) noted that a feature of the seabed on the southern Gold Coast is the 
increasing silt content mixed with sand as the water depth increases and that there is 
minimal silt in nearshore high wave energy zones, with increased silt delivered to the 
shelf. During fine weather the silt remains mixed in the seabed and the water is clear. 
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During large storm events the waves are able to lift at least some of the silt from the 
seabed and the ocean, at least out to 4 to 5 km wide, becomes a dirty brown colour. 
During fine weather the silt settles again. 
 
Field data shows that the silt content of the seabed sands out to a water depth of 
between 20 and 25m is nearly insignificant. At water depths greater than this 
however, the silt content rises remarkably. Gold Coast experience is that the swell 
period thus dominates the seabed release of the silt fraction. Other studies have 
shown the Gold Coast seabed silt content varies remarkably from place to place 
(Lloyd, 1985). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
 
 
 
 
 

           
           
           
           
           
           
           
           
           
           

          
 Figure 15: Sand grading for Tweed and offshore samples – 1970s  
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Table 1: Sand Characteristics 

 
Increased turbidity in coastal environments can be a direct result of sediment plumes 
released from estuaries during large flood events. The general view is that that Gold 
Coast rivers and creeks do not contribute to the beach sand budget, but do deliver 
large volumes of silts during floods. These plumes can be hyperpcynal (bottom-
flowing plume) or hypopcynal (surface flowing plume). Although there is no evidence 
of hyperpcynal plumes (or gravity currents) in the region, should they exist they 
would be confined to the near-seabed. Hypopcynal plumes are more common, as a 
result of fresh warm river outflows intercepting relatively cooler ocean waters 
(Higgens et al., 2004). Sediments thus appear in suspension within the upper region 
of the water column. Literature is available regarding sediment plumes in areas of 
Queensland such as Moreton Bay and the Great Barrier Reef, unfortunately there 
appears to be limited information regarding impacts of sediment plumes in the open 
coast environment of the Gold Coast. A very limited field data collection program was 
carried out in 1988 (unpublished) as part of a study of the Tweed River entrance 
dynamics in which suspended sediment was sampled in a profile off Point Danger. 
The surface turbidity layer was only about 2m deep with clear ocean water 
underneath. During that event the surface water was discoloured over a area 
extending as far as Tugun. Similar events in Currumbin Creek would result in a 
surface plume. There are anecdotal reports of the 1974 flood which suggest that the 
seabed in the immediate vicinity of Currumbin was covered with a thick layer of fine 
sediments, and that these are resuspended during large wave events.  
 
Apart from this, a likely cause of turbidity is resuspension of sediments during storm 
and swell events. Given the Gold Coast experiences moderate to high energy waves 
(Lloyd, 1985) and oscillatory wave motions of such intensity are able to bring 
sediments into suspension (Delft, 1970), it is likely that the proportion of fine 
sediments that settle in the active zone would be resuspended during storms and 
large swell events. There has been substantial research internationally regarding 
sediment transport and suspended sediments during storms, but it would require 
further investigation to assess the threshold level of wave activity needed to trigger 
such turbidity events. 
 
In summary the evidence of turbidity at the Tugun site is most likely to be well mixed 
fine material stirred up by wave action. 
 

  natural beach   
Tweed 
River   

offshore 
Kirra 

            
silt content 0,35%   0,21%   0,44% 

            
grit content 8,20%   1,86%   2,74% 

            
D50 size 0,20mm   0,21mm   0,18mm 

            
skewness Ø 0,164   0,4   0,16 

            
kurtosis Ø 0,84   1,36   0,88 

            
std. deviationØ 0,4   0,4   0,5 
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8.0 SEABED WAVE-INDUCED VELOCITIES AND IMPLICATIONS FOR 
SEDIMENT MOVEMENT 

 
In Hughes and Tomlinson (2006) an assessment was made of the likely oceanic 
currents in the area, based on historical data. As a result of this assessment a major 
program of current and other environmental parameter measurement is about to 
commence. One parameter not examined was the wave-induced seabed velocity and 
the implications of high near-bed velocity for the diffuser design in particular. 
 
A simple analysis was undertaken using first-order wave theory to give a worst-case 
assessment for known wave conditions and other scenarios.  The following equation 
was used for orbital velocity in intermediate depth waters. 
 

Uo = π.H.T.sinh(kh).cos(kx-wt)  and in this case cos(kx-wt)=1 
 
 
 
 
 
 
The  wavelength in deep waters (λ∞) 
 
(1) λ∞=g.T²/2 π   
 
and in intermediate waters (λi) 
 
(2) λi= λ∞√tanh(2 πh/ λ∞) 
 
 
The results presented earlier showed that seabed morphology changes were not 
significant (<1 m) for water depths larger than 10 m, i.e. greater than 600 m offshore. 
Wave orbital velocities were then only been computed for water depth larger than 10 
m, from 600 m to 1400 m offshore, and are presented for a range of storm conditions 
typical of the Gold Coast. Figures 16 and 17 show that, for extreme cyclonic 
conditions (maximum swell height >14m), wave orbital velocity magnitude can reach 
more than 6.5 m/s. Results presented below give a first order approximation of 
maximum fluid velocity near the seabed for a range of more usual significant wave 
height conditions on the Gold Coast.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With:  H: significant wave height (m) 
          T: wave period(s) 
          k: 2π/λ (m -1) 
         g: 9,81(m/s²) 
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Figure 16: maximum wave orbital velocities – ETA 24 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: maximum wave orbital velocities – ETA 25 
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The likelihood of waves of this magnitude occurring is shown in Table 2, which shows 
the probability of Hsig for the Gold Coast. From this a realistic condition for design 
would be around 8m resulting in orbital velocities of 3 m/s near the diffuser sites. 
  
 
 

Average 
Return 
Interval 
(year) 

East Coast 
Lows Hsig 

(m) 

Tropical 
Cyclones 
Hsig (m) 

Combined 
Hsig (m) 

2 4.85 3.89 5.02 

5 5.67 4.60 5.83 

10 6.10 5.20 6.29 
20 6.47 5.83 6.71 

50 6.90 6.73 7.28 

100 7.20 7.46 7.75 
 

Table 2: Extreme Wave Estimates for South east Queensland (Allen and Callaghan 
2000) 

 
Although these velocities will certainly act to stir the sediments into near-bed 
suspension, there is no data (or modelling results) available to suggest that there will 
be any significant net movement of sediment. There will of course be seabed ripple 
development under normal wave conditions and these have already been observed 
and reported in Hughes and Tomlinson, 2006. During extreme events wave ripples 
are washed out by the high orbital velocities. 
 

9.0  CONCLUSIONS 
 
A more detailed review of seabed morphology has been undertaken to supplement 
the assessment given in Hughes and Tomlinson (2006). From this it is concluded that 
the desalination plant intake and diffuser locations are satisfactory. The evidence 
suggest that there is no significant net movement of sand, although there will be 
considerable bottom turbulence during storm events. Further seaward the seabed 
has been modified by the offshore dredging activities of the late 1980s and early 
1990s. Turbidity levels can be elevated in the region, and in the absence of any 
detailed studies of the cause of these events, it is most likely that elevated turbidity 
levels result from high wave energy stirring the bottom sediments and re-suspending 
very fine material which may have been deposited during major flood events in the 
Tweed River and Currumbin Creek. The current diffuser/intake site minimises the risk 
associated with either i) being closer to shore where seabed sediment transport 
increases and significant morphological changes will occur or ii) being further 
offshore where there is clear evidence of disturbed seabed as a result of earlier 
dredging, and the reduction in seabed velocity is marginal. 
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