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Figure 2.  Bathymetry of study area 

4.2 Offshore Wave Data 

Wave recording along the NSW’s east coast has been undertaken by various authorities since the 
early 1970’s.  Manly Hydraulics Laboratory (MHL), part of the NSW Department of Commerce, operates a 
network of waverider buoys in deep water along the NSW coast on behalf of the NSW Department of 
Climate Change and Water (DECCW).  These buoys measure the offshore wave climate along the 
NSW coast typically where water depths are approximately 80m.  Statistical analysis of the buoy data 
allows the significant wave height (Hs) and peak spectral wave period (Tp) to be determined.  
Waverider buoys can be non-directional or directional.  Directional buoys allows the predominate 
wave direction to be determined. 
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The closest waverider buoy to the study area is located offshore of Curl Curl, on Sydney’s Northern 
Beaches, approximately 35 km to the south.  The location of the buoy relative to the site is shown in 
Figure 3.  The buoy off Curl Curl, referred to as the Sydney Waverider Buoy (SWB) has been in 
operation since October 1987, it has been directional since 3 March 1992.  All hourly directional wave 
data from the SWB, available at the project commencement was sourced from MHL for the purpose 
of this study.  The data covered the period from 3 March 1992 to 31 August 2008 with an 81% 
capture rate.  From the 16.5 year record the available measurements covered a period of 13.3 years.  The 
timeseries data consisted of Hs, Hmax, Tz,,Tp and mean wave direction (MWD) for this period. 

Section 5.1 provides a description of the regional offshore wave climate as described by the data collected 
at the SWB. 

 

Figure 3.  Sydney Waverider Buoy location 
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4.3 Water Levels 

Along the open coast of NSW tides are fairly uniform with only a small phase shift between locations.  
As such, the tidal planes at the study site can be considered to be equivalent to the tidal planes 
calculated for Sydney’s Fort Denison (considered to be an open ocean tide site).  The tidal planes for 
Fort Denison are given in Table 2.  Tidal constituents for Fort Denison were used to calculate 
predicted water level timeseries for numerical modelling. 

Table 2.  Tidal planes at Sydney (Fort Denison) 

Tidal plane Elevation (mAHD)

Highest Astronomical Tide (HAT) 1.15 

Mean High Water Springs (MHWS) 0.68 

Mean High Water Neaps (MHWN) 0.43 

Mean Sea Level (MSL) 0.05 

Mean Low Water Neaps (MLWN) -0.33 

Mean Low Water Springs (MLWS) -0.58 

Lowest Astronomical Tide (LAT) -0.88 

(source Bureau of Meteorology, National Tidal Centre – pers. comms. Paul Davill) 

4.4 Seabed Profile 

Douglas Partners undertook a seismic reflection and sidescan sonar investigation within the 
previously identified proposed scuttling area (see Figure 2).  The fieldwork was undertaken between 
September and October 2008 and the findings are reported in Seismic and Sidescan Sonar 
Investigation, Scuttling of ex-HMAS Adelaide, Avoca, NSW, dated November 2008. 

From this report the following points provide a summary of the main findings relevant to this coastal 
and oceanographic processes investigation: 

• A generally uniform, sandy seabed was inferred from sidescan sonar data.  Some low sand 
banks, sand waves and low reef where identified but these were outside the immediate area 
proposed for scuttling.  However, low (0.2m) sand waves may occur within the area, 
unrecognised on the sidescan sonar data. 
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• A thin veneer (<1 m) of sediment or low, patchy reef (unresolved on the seismic records), was 
interpreted locally in the far northeast of the area.  Inferred thicknesses increase to over 6 m 
in the centre of the investigation area, where a previous investigation indicated 5 to 10 m of 
sediment. 

• Bedrock levels were interpreted to vary from approximately 33 m to approximately 41 m 
below AHD throughout the investigation area, with deepest bedrock in a broad palaeochannel 
or basin underlying the centre of the area. 

• The bed profile slopes upwards from east to west at an approximate grade of 1.2%. 

Based on investigations by Douglas Partners, WorleyParsons identified a location within the proposed 
scuttling area that had an appropriately extensive and thick uniform sandy seabed.  This area was 
centred on approximately 356,560mE, 6,296,080mN (MGA zone 56).  The minimum interpreted sand 
thickness at this proposed scuttling location is approximately 6.0m. 
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5. WAVE DOMINATED PROCESSES 

Ocean generated swell waves have the greatest potential to interact with the scuttled vessel.  As 
such, the determination of the optimal vessel orientation and vessel stability are dominated by 
consideration of wave processes.  The potential for shoreline impacts requires analysis of the effect of 
the vessel on the nearshore wave climate within Bulbararing Bay and adjacent rocky shoreline.  This 
section deals with the wave dominated processes and the interaction with the submerged vessel. 

5.1 Offshore Wave Climate 

The study site is located in the south-west pacific at 33.5°S and receives waves generated in the 
southern Coral and Tasman Seas and the Southern Ocean.  The annual wave climate is both 
energetic and highly variable with a distinct seasonality present.  Based on a recent analysis of long-
term records the months of March and June-July experience the largest average monthly wave 
heights (Harley et al, 2009).  Although moderate waves dominate the climate, large waves (Hs>4 m) 
and/or low swell may occur in any month (Short and Trenaman, 1991).  Extreme events (Hs>6m) 
occur predominately in autumn and winter.  Waves in the region are generated by five typical 
meteorological systems: east-coast lows, tropical cyclones, mid-latitude cyclones, zonal anticyclonic 
highs and local summer sea breezes (Short and Trenaman, 1991). 

For the purpose of this investigation the derivation of the regional wave climate has been based 
primarily on directional data obtained from the Sydney Waverider Buoy (SWB).  Wave measurements 
were supplied by MHL (see Section 4.2).  Reference has also been made to a number of previous 
studies on the wave climate in the study region. 

Figure 4 shows the wave height and wave period roses for the entire dataset.  Wave roses show that 
the majority (approximately 65%) of offshore wave energy propagates from the S-SE sector (i.e. S, 
SSE and SE cardinal directions).  S-SE waves originate from storms and swells originating in the 
Tasman Sea and Southern Ocean and can occur during any season.  Easterly waves (i.e. ESE, E 
and ENE cardinal directions) make up approximately 30% of the total offshore wave energy.  N-NE 
waves make up approximately 3% of the offshore wave energy and are generated by summer sea 
breeze systems and tropical cyclones in the Coral Sea.  The largest period waves typical occur from 
the S-SE sector in the winter months. 

Scatter plots of wave height (Hs) and peak period (Tp) versus wave direction, respectively, for the 
directional SWB data are presented in Figure 5.  Similar to the wave rose plots, this figure shows that 
waves most frequently propagate from between 50°N to 200°N, corresponding to the sites exposure.  
The largest observed waves had a significant wave height of 8.4m and propagated from the SSE 
(157.5°N).  From the peak at SE to SSE there is a decline in the observed wave heights for wave 
directions from the northern cardinal directions.  For more southerly wave directions there is a sharp 
decline in wave heights at approximately 200°N.  Small (Hs<2m) locally generated waves are 
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observed at the deep water gauge (10km from the coast) for offshore wind directions (200°N to 20°N).  
The period versus direction plot shows that long period swells (Tp>15s) can come from any direction 
within the eastern sector between NE and SSW. 

A joint frequency analysis (Hs, Tp and wave direction) was conducted on the SWB dataset.  The 
results of this analysis are tabulated in Appendix A.  Seasonal tables are included as well as those 
covering the entire data record.  Tables include the joint frequency (reported as percentages) for: 

• Hs versus wave direction; 

• Hs versus Tp; and 

• Tp versus wave direction. 

These tables can be used to determine the probability of any given condition. 

The influence of a range of climate oscillations, such as the El Niño/ Southern Oscillation, may help to 
explain the high variability observed in the offshore wave climate in the Sydney region (Harley et. al., 
2009).  Climate change may influence future trends in the offshore wave climate (McInnes et. al., 
2007).  The potential impacts of climate change and the relative time frames are discussed further in 
Section 7.4. 

No separation of the sea and swell components of the overall wave climate has been considered in 
this study.  At the proposed location for scuttling the water depth is approximately 32m.  Short period 
sea waves do not generally penetrate the water column to this depth.  For example, any waves with a 
wave period under about 6 seconds will not be felt at the scuttling location seabed.  As such this 
investigation is predominately concerned with the longer period swell waves.  Furthermore, the data 
obtained from MHL for the SWB data has been based on statistical parameters (Hs, Tp, and mean 
wave direction).  For the majority of engineering type studies statistical wave parameters are 
preferred.  However it should be noted that the wave spectrum information contains information on 
waves propagating from different directions (e.g. a long period SE swell with a small period NE sea).  
This information is partially lost during the statistical analysis because directionality is recorded at the 
peak of the wave energy spectrum. 
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Figure 4.  Offshore wave roses, wave height (top) and wave period (bottom) 
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Figure 5.  Offshore wave scatter plots, height versus direction (top) and period versus 
direction (bottom) 
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5.1.1 Extreme Waves 

Directional extreme waves for the 1, 50 and 100 year return periods have been estimated for the 
Sydney region based primarily on the analysis of the directional SWB data.  A variety of other wave 
data sources have also been used to verify and validate this analysis.  In this study, the following 
additional data sources were used: 

• Time series of wave parameters output from NOAA’s Wavewatch 3 (WW3) global model for a 
period of 9 years (1997-2005).  Output at closest WW3 grid point to Sydney , 34.0°S 
152.25°E. 

• Data from the International Comprehensive Ocean-Atmosphere Data Set (ICOADS), which is 
a compilation of data from various sources including measurements and visual observations 
from ships, moored and drifting buoys, coastal stations and other marine platforms.  Data for 
the period from 1956-2007 was extracted over the area from 33.0°S to 34.0°S latitude and 
152°E to 153 °E longitude. 

Extreme value analysis was conducted on each dataset to develop estimates of extreme wave 
statistics.  A set of 340 peak storm wave heights was derived from the available data over the period 
October 1992 to August 2008.  Care was taken to ensure that each storm event selected was from an 
independent synoptic event.  A number of candidate probability distribution functions were fitted to the 
peak storm data sample following the method recommended by Goda (2000).  The wave height likely 
to occur or be exceeded, on average, every 100-years was estimated to be 9.3m.  This value 
compares well to previously reported values for the 100-year return significant wave height for the 
Sydney region (You, 2007). 

Directional factors were calculated based on a review of the 1-year, 100-year, 0.1% and 0.01% 
exceedence directional distribution for each dataset.  The directional extreme significant wave height 
values that have been quoted are based on comparison of results from all data sources, taking into 
account the inherent merit and limitations of each data source, as well as judgement based on 
knowledge of the general meteorology and oceanography of the area.  The peak period (Tp) 
associated with the extreme wave height is not necessarily the return value of the extreme peak 
period.  The extreme peak periods were estimated using standard empirical relationships based on a 
typical range of significant wave steepness.  The position within this range was established with 
reference to the joint frequency tables of wave height versus direction from the offshore wave data 
sources (see Appendix A). 

Table 3 presents the directional wave extremes as calculated for the region offshore of the study 
area, based on directional data from the SWB. 
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Table 3.  Offshore directional wave extremes for the study region 

 
Location:  33° 46' 54"S 151° 25' 29"E 
Water Depth:  85m 
The above are the extremes likely to be reached, or exceeded, once on average every 1-year, every 50-years and every 100-
years, respectively for the directional sector indicated at the above location. 

5.2 Wave Transformation Modelling 

In order to assess the nearshore wave climate at the proposed vessel scuttling site, wave 
transformation modelling has been undertaken using MIKE 21 SW.  MIKE 21 SW is a state-of-the-art 
third generation spectral wind-wave model that simulates the growth, decay and transformation of 
wind-generated waves and swells in offshore and coastal areas.  The model accounts for all the main 
physical processes for wave propagation from an offshore deep water location to the nearshore.  For 
more information on the MIKE model systems deployed on this investigation see Appendix B.  Wave 
transformation modelling has been used here to propagate offshore waves (as measured at the SWB) 
into the nearshore of Avoca Beach. 

5.2.1 Model Setup 

Wave transformation modelling considered the existing bathymetric conditions and used a 
computationally efficient mesh that included sufficient resolution to transform offshore conditions to 
the proposed scuttling location (located in approximately 32m of water depth).  The model domain for 
wave transformation is shown in Figure 6.  The bathymetry used for wave transformation modelling 
and all subsequent modelling is described in Section 4.1. 

Direction (°N) Return Period  NE ENE E ESE SE SSE S SSW 
1-year          
Significant Wave Height (Hs) (m)  3.0  4.2  4.8  5.0  5.8  6.4  6.1  3.8  
Peak energy period (Tp) (s)  7.6  8.9  9.6  9.8  10.5  11.1  10.8  8.5  

50-year          
Significant Wave Height (Hs) (m)  4.1  5.7  6.6  6.9  8.0  8.8  8.4  5.2  
Peak energy period (Tp) (s)  8.9  10.5  11.2  11.4  12.4  13.0  12.6  10.0  

100-year          
Significant Wave Height (Hs) (m)  4.4  6  7  7.3  8.5  9.3  8.8  5.5  
Peak energy period (Tp) (s)  9.2  10.7  11.6  11.8  12.7  13.3  13.0  10.2  
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Figure 6.  Computation mesh for wave transformation modelling 

5.2.2 Model Forcing  

To obtain the most reliable description of the nearshore wave climate the entire timeseries of 
directional wave measurements taken at the SWB was used to force the wave transformation model.  
Gaps in the measurements were dealt with in one of two ways: 

• where a gap was less than 24 hours, it was filled using linear interpolation; 

• where a gap was greater than 24 hours, it was removed. 

Water level variation due to astronomical tide was included in wave transformation modelling by 
forcing the model with a predicted tide.  Tidal constituents for Fort Denison were used to construct the 
tidal prediction (Australian Hydrographic Survey, 2008). 
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5.2.3 Model Parameterisation 

Wave transformation simulations were carried out with the following model parameterisations: 

• decoupled parametric spectral formulation; 

• instationary time formulation; 

• directional discretisation 10°; 

• bottom friction kn = 0.002m; and 

• wave breaking parameters in the Battjes & Jansen wave breaking model have been set to 
γ1=1.0, γ2=0.8 and α=1.0 (MIKE by DHI, 2008). 

Parameters relating to the discretisation of wave spectra are maintained at well proven default values 
(Mike by DHI, 2008). 

The result of wave transformation modelling is a timeseries of wave parameters (equivalent to the 
filled offshore measurement used to force the model) sufficient to described the nearshore wave 
climate at the proposed location of the scuttled vessel.   

5.3 Wave Climate at the Artificial Reef Site 

The wave climate at the proposed scuttling location (356,560mE, 6,296,080mN) has been based on 
results extracted from the wave transformation model.  Wave parameters (Hs, Tp and wave direction) 
were extracted at the proposed scuttling location shown on Figure 6. 

The wave height and wave period roses at the proposed scuttling location are shown in Figure 7.  
Scatter plots of wave height and peak period versus wave direction are presented in Figure 8.  
Comparison with the equivalent wave rose and scatter plots for the measured offshore wave data 
presented in Section 5.1 (Figure 4 and Figure 5, respectively) indicates the following: 

• Wave refraction is the dominate processes acting on waves propagating from the offshore 
regions, across the inner shelf slope to the proposed scuttling location;   

• The directional distribution of wave energy has changed when compared to the offshore 
record.  The effect of wave refraction is such that incoming wave crests tend to align with the 
bottom contours.  The inner shelf (greater than 35m but less than 90m water depth) slope 
faces approximate SE with the nearshore slope becoming more E facing.  This results in a 
tightening of the nearshore directional distribution of the wave energy such that all waves 
propagating onshore have a direction at this location of between 45°N and 180°N.  Waves 
with an offshore direction from the SSW to SSE directions are refracted by the inner shelf 
slope to be more easterly in direction (anticlockwise rotation of wave directions as the wave 
propagates over the shelf slope).  Waves with an offshore direction propagating from the NE 
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to E are refracted to be more southerly (clockwise rotation of wave directions as the wave 
propagates over the shelf slope). 

• In general, wave heights decrease as a result of wave energy dissipation through refraction 
due to the angle between incoming waves and the coastal contour orientation.  There would 
also be a small component of wave energy dissipation due to bottom friction. 

At the proposed scuttling location, the largest waves in the wave transformation model results had a 
significant wave height of 7.4 m and propagated from the SE (135°N).  Small (Hs<2m) locally 
generated wind waves that are directed offshore have not been modelled correctly in wave 
transformation modelling as only forcing from the ocean boundary was used.  These wind waves are 
not significant in terms of this investigation and have not been considered. 

A joint frequency analysis (Hs, Tp and wave direction) was conducted on the modelled wave 
timeseries.  The results of this analysis are tabulated in Appendix C.  Seasonal tables are included 
as well as those covering the entire data record.  Tables include the joint frequency (reported as 
percentages) for: 

• Hs verses wave direction; 

• Hs verses Tp; and 

• Tp verses wave direction. 

These tables can be used to determine the probability of any given wave condition at the proposed 
scuttling site. 
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Figure 7.  Scuttling site wave roses, wave height (top) and wave period 
(bottom)
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Figure 8.  Scuttling site scatter plots, height versus direction (top) and period versus direction 
(bottom) 
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5.3.1 Extreme Waves at Scuttl ing Site 

A directional extreme wave analysis has been conducted on the nearshore wave record, as hindcast 
by the wave transformation modelling.  The directional extreme wave analysis followed a similar 
methodology as used for the offshore wave extremes, presented in Section 5.1.1.  Table 4 presents 
the directional wave extremes for the 5-, 50- and 100-year ARI return periods at the proposed 
scuttling location. 

The expected 100-year ARI design wave height (Hs) at the scuttling location is calculated as 8.4m and 
occurring from the SE.  This is compared to the equivalent offshore design wave height of 9.3m from 
the SSE. 

Table 4.  Directional wave extreme for the scuttling site 

 

NOTE: 
Location:  [358,555, 6,296,077] 
Water Depth:  32m 
The above are the extremes likely to be reached, or exceeded, once on average every 1-year, every 50-years and every 100-
years, respectively for the directional sector indicated at the above location 

5.4 Optimal Vessel Orientation 

In order to be best utilised as a dive site the Ex-HMAS ADELAIDE is to be scuttled such that the 
vessel sits in an upright position with the keel bedding into the sand bottom.  The on-going stability of 
the upright submerged vessel will be governed by the vessel’s exposure to wave forces.  Orientating 
the vessel such that the exposure to wave forces is reduced will aid in on-going stability.  An 
additional consideration is the effect of the submerged vessel’s orientation on the nearshore wave 
climate. 

Direction (°N)Return Period  NE ENE E ESE SE SSE S 
5-year         
Significant Wave Height (Hs) (m)  2.1 3.5  4.6  5.0  5.8  5.0  3.2  
Peak energy period (Tp) (s)  7.5  8.9  9.5  9.8  11.0  10.5  7.8  

50-year         
Significant Wave Height (Hs) (m)  2.5  4.9  5.7  6.6  7.8  5.9  3.8  
Peak energy period (Tp) (s)  8.5  10.2  11.2  11.4  13.0  12.7  8.7 

100-year         
Significant Wave Height (Hs) (m)  2.6  5.3  6.1 7.0  8.4  6.1  4.0  
Peak energy period (Tp) (s)  9.0  10.4  11.6  12.0  13.3  13.0  9.2  
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The design of the vessel is such that it is expected to be globally stable for the case of bow on 
waves2.  This is due a number of factors, including: 

• the length of the vessel relative to the design wavelengths3 means that wave forces would be 
somewhat counter balancing; 

• there is a large restoring moment against overturning for longitudinal forces; 

• the relatively small beam of the vessel presents a smaller target for wave forces; and 

• the hull of the vessel is design to travel through oncoming waves meaning that this 
component of the submerged vessel is likely to have reduced drag and inertia coefficient. 

Conversely, the relatively narrow beam and large longitudinal length of the vessel means that it is 
more susceptible to lateral loads.  Lateral loads are induced by waves approaching the vessel from 
beam on directions,4 or wave directions with a beam on component. 

Given that it is the largest waves which exert the greatest loads; aligning the bow of the vessel into 
the direction of the largest waves will reduce exposure to wave forces.  Consideration of the 
significant wave height (Hs) versus wave direction and peak period (Tp) versus wave direction 
relationships at the proposed scuttling location (see Appendix C) suggests that an alignment of the 
vessel on a bearing of 135°N would be optimal.  That is, the bow would be pointed to the SE with the 
stern facing NW.  Directional extreme analysis indicates that the largest waves for the 100-year ARI 
design event occur from the SE direction (see Section 5.3.1). 

However, using the information already obtained on the wave climate at the proposed site, 
consideration of the lateral wave loads imparted by waves with a beam on component needs to be 
addressed to confirm the optimal orientation.  This consideration forms part of the stability analysis 
completed in the following section (Section 5.5).  Following the completion of the stability analysis it 
is apparent that the orientation of the vessel should be to the ESE.  The ESE scuttled vessel 
orientation reduces the magnitude of waves with a beam on directional component.  As discussed 
above, the scuttled vessel is more susceptible to lateral loads produced by waves with this beam on 
directional component. 

Consideration of the impact of the submerged vessel (including the effect of vessel orientation) on the 
local nearshore wave climate has been assessed in Section 5.7.  None of the vessel orientation 
scenarios evaluated caused significant changes to the long-term nearshore wave climate.  As such, 
the impact on beach processes is not critical to the selection of the optimal vessel orientation. 

                                                      
2 Bow on waves approach the vessel straight on (wave crests are aligned perpendicular to the vessel long axis). 
3 Based on a design wave period of 13 seconds and 32m water depth, the ratio of ship length to wave length is approximately 
0.7. 
4 Beam on waves approach the vessel at 90°, or directly on to the side of the vessel (wave crests are aligned parallel with the 
vessel’s long axis). 
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5.5 Vessel Stability 

A stability assessment has been undertaken for the submerged vessel based on wave-induced 
loading using the Morison’s equation.  The assessment aims to determine the overall stability of the 
submerged vessel under lateral loads using a range of design wave conditions for two possible vessel 
orientations.  A sensitivity analysis to design wave period has been completed as part of the 
assessment.  The results of the assessment are given in terms of the factor of safety against 
overturning and sliding with intermediate results provided in Appendix D. 

5.5.1 Basis of Assessment 

The stability assessment has been based on the following information relating to the vessel to be 
scuttled and the relevant proposed scuttling location. 

EX-HMAS ADELAIDE 

Based on drawings provided by NSW Land and Property Management Authority the basic dimensions 
of the vessel to be scuttled are: 

• length:   138.1m 

• beam:   13.9m 

• maximum height:  15.4m 

A drawing of the vessel is provided in Figure D1. 

It is our understanding that the final weight of the vessel to be scuttled has not been determined but is 
likely to be in the range 3500 to 3900 tonnes.  Further, it is our understanding that the scuttling 
contractors will be replacing the weight of removed material with concrete as part of the wreck 
preparation.  Based on advice received from NSW Land and Property Management Authority (Natalie 
Heise – Heather Nelson email, 24 September 2009) a weight of 3900 tonnes has been adopted for 
this assessment. 

SCUTTLING LOCATION AND WATER DEPTH 

It is proposed that the scuttled vessel will be centred at approximately 356,560mE, 6,296,080mN.  
The nearshore slope at this location is approximately 1.4%, sloping offshore in the east-west 
direction.  Relative to Lowest Astronomical Tide (LAT) water depth across the vessel will range from 
31.3 to 33.2m.  The approximate mid-vessel water depth of 32m (relative to LAT) has been adopted 
in this assessment. 
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SEABED PROFILE 

The seabed profile for this assessment has been based on the information in Douglas Partners 
(2008) (see Section 4.4).  The vessel is to be scuttled in a location where the sea bottom is a 
generally uniform sandy seabed with a sediment thickness of over 6m.  Based on inferred soil 
property characteristics, an initial settlement of 0.5m has been estimated for the submerged vessel.  
However, evidence from other similar vessels suggests that the amount of initial settlement may be 
greater than 0.5m.  Over the long-term scour and sediment burial processes are likely to result in a 
settlement of 1 to 2m, this range has been adopted for other similar vessels (Ex-HMAS CANBERRA).  
As a result this stability assessment has includes sensitivity analysis using settlements of 0.5m and 
2.0m. 

A friction angle of 35° has been assumed for the sand, based on our experience and the description 
of the strata provided in the Douglas Partners report. 

VESSEL ORIENTATION 

Based on an assessment of the optimal orientation (see Section 5.4) two possible vessel orientations 
have been included in this assessment.  The two options are: 

• Option 1:  Vessel is pointed SE (on 135°N bearing).  This option is selected such that the bow 
is pointed into the dominant direction for the largest waves.  The largest design waves from 
beam on directions are from the NE, ENE and the E. 

• Option 2:  Vessel is pointed ESE (on 112°N bearing).  This option is selected to reduce the 
exposure to lateral loads from the ENE experienced in Option 1.  The shape of the wave 
height/ peak period directional distribution is such that orientating the vessel more to the east 
reduces its exposure to lateral loads from the NE-E sector.  The largest waves from beam on 
directions are from the SE, ESE and the S. 

DESIGN WAVE CONDITIONS 

The assessment has been based on a range of wave conditions determined from a review of the 
extreme waves at the site.  Three wave directions have been assessed for each vessel orientation 
option.  A range of ARI design events have been assessed with the corresponding wave heights 
based on the directional extreme analysis described in Section 5.3.1.  The maximum wave height 
(Hmax) used in the stability analysis was based on 1.8 times the significant wave height (Hs) (US Army 
Corp of Engineers, 2002).  Sensitivity to wave period is included with wave periods selected based on 
the assigned peak periods for the directional extreme analysis and the peak period/ direction 
relationship presented in Appendix C.  The wave conditions included in this assessment are given in 
the Table 5 below.  It should be noted that the estimated design wave heights for the 500 year ARI 
event are provided for sensitivity analysis purposes, as the procedure adopted is not accurate for 
such rare events. 
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Table 5.  Design wave conditions for each vessel orientation option 

(a) Option 1  Vessel is pointed SE 

Wave Direction A  Wave Direction B  Wave Direction C 

Beam on (NE)  22.5° Beam on to port (ENE)  45° Beam on to port (E) 
ARI 

(years) 
Hmax (m)  Tp (s)  Hmax (m)  Tp (s)  Hmax (m)  Tp (s) 

5  3.8  8‐12  6.4  9‐13  8.3  10‐14 
50  4.2  8‐12  7.8  9‐13  9.5  10‐14 
100  4.6  8‐12  9.6  9‐13  10.9  10‐14 
500  5.0  8‐12  11.4  9‐13  12.2  10‐14 

(b) Option 2. Vessel is pointed ESE 

Wave Direction D  Wave Direction E  Wave Direction F 

22.5˚ Beam on (S)  45° Beam on to starboard (SSE)  67.5° Beam on to starboard (SE) 
ARI 

(years) 
Hmax (m)  Tp (s)  Hmax (m)  Tp (s)  Hmax (m)  Tp (s) 

5  5.7  8‐12  9.1  11‐15  10.4  11‐15 
50  6.4  8‐12  10.0  11‐15  12.5  11‐15 
100  7.2  8‐12  10.9  11‐15  15.1  11‐15 
500  8.0  8‐12  11.9  11‐15  17.8  11‐15 

5.5.2 Methodology 

The methodology adopted for this stability assessment is based on the application of Morison’s 
equation.  The following describes the basic procedure followed. 

The submerged vessel has been divided into nine structural elements.  The schematisation of the 
vessel into the nine elements is shown in Figure D1.  Each of the nine elements is assumed to 
represent a rectangular cylinder with vertical sides.  This assumption enables the application of 
Morison’s equation to each rectangular ‘cylinder’.  Both the horizontal (x-direction) and vertical (y-
direction) force components have been included in the analysis. 

In an oscillatory flow with flow velocity u, the Morison equation gives the inline force parallel to the 
flow direction (Morison et. al., 1950): 

 

where: 

• F is the total inline force on the object (sum of the inertia force (FI) and the drag force (FD)); 
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• Cm, Cd inertia and drag coefficient (respectively); 

• ρ density of seawater; 

• A is a reference area, in this instance the cross-sectional area of the rectangular body 
perpendicular to the flow direction (Height x Length); 

• V is volume of the rectangular body (Height x Length x Width); and 

• u, ύ wave particle velocity and acceleration (respectively). 

Wave particle velocities and accelerations have been calculated for each element based on stream 
function wave theory.  The stream function theory is generally accepted to provide the best fit over a 
wide range of wave conditions (US Army Corp of Engineers, 2002) (calculation of stream function 
wave kinematics is computationally heavy).  However, for this assessment the evaluation of a number 
of wave conditions was required.  To overcome this, a numerical solution based on the stream 
function non-linear wave solutions prepared by Dean (1974) has been established in MATLAB.  A full 
wave cycle was used in the analysis.  For wave directions incident to the vessel (where passing 
waves sweep over the vessel on an angle) the following considerations were made: 

• account was made of the position of each element relative to the wave phase; and  

• the beam on component has been extracted from the wave kinematics. 

The inertia and drag coefficients (Cm and Cd) have been calculated for each element based on 
published experimental data for rectangular cylinders (Venugopa et. al, 2006).   

The resulting element forces and moments are summed to provide total wave induced lateral forces 
and moments for the entire vessel for each phase of the wave.  For each wave case and vessel 
orientation option the absolute maximums (over the wave cycle) of these forces and moments are 
reported in Appendix D.  It should be noted that these forces are not static forces and change with 
wave phase, (i.e. they do not occur simultaneously).  For example, the maximum horizontal force (Fx) 
does not occur simultaneously with the maximum vertical force (Fy). 

The factor of safety against overturning (FOSOT) was calculated based on the total horizontal 
overturning moment and the total restoring moment (based on the total vertical force, the sum of the 
submerged weight of vessel and vertical wave force).  The factor of safety against sliding (FOSS) was 
calculated based on the total horizontal wave force, the total vertical force and the frictional capacity 
of the underlying sand and the sand resistance due to the vessel embedment depth.  The minimum 
(critical) FOSOT  and FOSS over a full wave cycle have been reported below for each case and vessel 
orientation. 
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5.5.3 Assumptions and Limitations 

It should be noted that the assessment method described in Section 5.5.2 is conservative, and has 
been used to determine the optimum orientation of the scuttled vessel with respect to stability.  The 
following is a summary of the potentially conservative aspects of this calculation method: 

• Full water velocities through the underlying sand (beneath the ship) have been used in 
calculating drag forces.  Note that this affects the relatively small drag component of 
Morison’s equation, and not the ‘added mass’ effect which is critical in this case. 

• Rectangular elements considered in the model tend to overestimate the volume of the ship, 
when calculating the added mass effect. 

• Full added mass coefficients have been considered based on published data ignoring the 
natural permeability of the ship, and the ‘neutralizing’ effect of providing additional holes 
through the hull of the ship for dive access. 

• The assessment represents a static analysis of the maximum forces which occur during the 
wave cycle of the maximum wave during a particular event.  This is in contrast to the time 
varying and oscillatory nature of wave forces and the submerged vessel response. 

5.5.4 Results 

The results of the stability analysis are presented in the tables below as the factor of safety against 
overturning (FOSOT) and sliding (FOSS) for each wave condition and vessel orientation.  Intermediate 
results are presented in Appendix D. 

Taking into account multiple conservative assumptions inherent in the force calculation, an 
acceptable factor of safety for sliding and overturning is considered to be 1.0.  Where this acceptable 
factor of safety is not satisfied for a particular condition, it is indicated in bold in the result tables 
below. 

Sensitivity to the depth of settlement is indicated through consideration of two different vessel 
settlement depths of 0.5m and 2.0m. 
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SETTLEMENT DEPTH – 0.5M  

Table 6.  Critical factor of safety against overturning (FOSOT) and sliding (FOSS) for vessel 
orientated towards SE (Option 1)     

(a) Wave Direction NE (beam on to port) 
T=8s  T=9s  T=10s  T=11s  T=12s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  3.8  1.80  1.46  1.70  1.38  1.69  1.37  1.72  1.39  1.75  1.42 
20  4.2  1.61  1.31  1.53  1.24  1.52  1.23  1.55  1.25  1.58  1.28 
100  4.6  1.46  1.19  1.39  1.13  1.38  1.12  1.40  1.14  1.43  1.16 
500  5.0  1.34  1.09  1.27  1.03  1.26  1.02  1.28  1.04  1.31  1.06 

(b) Wave Direction ENE (22.5° beam on to port) 
T=9s  T=10s  T=11s  T=12s  T=13s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  6.4  1.30  1.07  1.23  1.01  1.24  1.01  1.26  1.03  1.27  1.04 
20  7.8  1.04  0.86  0.99  0.82  1.00  0.82  1.02  0.83  1.04  0.85 
100  9.6  0.82  0.68  0.78  0.64  0.79  0.65  0.81  0.66  0.83  0.68 
500  11.4  0.66  0.55  0.64  0.53  0.65  0.53  0.67  0.55  0.68  0.56 

(c) Wave Direction E (45° beam on to port) 
T=10s  T=11s  T=12s  T=13s  T=14s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  8.3  1.80  1.53  1.68  1.41  1.64  1.37  1.63  1.35  1.63  1.36 
20  9.5  1.55  1.32  1.45  1.21  1.42  1.19  1.41  1.17  1.42  1.18 
100  10.9  1.33  1.13  1.24  1.04  1.23  1.02  1.22  1.02  1.22  1.02 
500  12.2  1.17  1.00  1.10  0.92  1.09  0.90  1.08  0.90  1.08  0.90 
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Table 7.  Critical factor of safety against overturning (FOSOT) and sliding (FOSS) for vessel 
orientated towards ESE (Option 2) 

(a) Wave Direction S (22.5° beam on to starboard) 
T=8s  T=9s  T=10s  T=11s  T=12s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  5.7  1.72  1.44  1.47  1.22  1.40  1.15  1.40  1.15  1.42  1.16 
20  6.4  1.51  1.27  1.30  1.07  1.23  1.01  1.24  1.01  1.26  1.03 
100  7.2  1.33  1.11  1.14  0.94  1.09  0.89  1.09  0.89  1.11  0.91 
500  8.0  1.18  0.99  1.01  0.84  0.96  0.79  0.97  0.79  0.99  0.81 

(b) Wave Direction SSE (45° beam on to starboard) 
T=11s  T=12s  T=13s  T=14s  T=15s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  9.1  1.52  1.27  1.49  1.24  1.48  1.23  1.48  1.23  1.49  1.24 
20  10.0  1.37  1.15  1.34  1.12  1.34  1.11  1.34  1.11  1.35  1.12 
100  10.9  1.24  1.04  1.23  1.02  1.22  1.02  1.22  1.02  1.23  1.02 
500  11.9  1.13  0.95  1.12  0.93  1.11  0.92  1.11  0.92  1.12  0.93 

(c) Wave Direction SE (67.5° beam on to starboard) 
T=11s  T=12s  T=13s  T=14s  T=15s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  10.4  3.24  2.83  3.00  2.57  2.91  2.47  2.88  2.43  2.88  2.43 
20  12.5  2.67  2.33  2.47  2.12  2.39  2.03  2.37  2.00  2.37  2.00 
100  15.1  2.16  1.89  2.02  1.73  1.96  1.66  1.94  1.64  1.94  1.63 
500  17.8  1.79  1.56  1.68  1.44  1.63  1.39  1.62  1.37  1.62  1.37 
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SETTLEMENT DEPTH – 2.0M  

Table 8.  Critical factor of safety against overturning (FOSOT) and sliding (FOSS) for vessel 
orientated towards SE (Option 1) - Settlement 2.0m 

(d) Wave Direction NE (beam on to port) 
T=8s  T=9s  T=10s  T=11s  T=12s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  3.8  1.99  2.40  1.87  2.25  1.85  2.22  1.87  2.25  1.91  2.29 
20  4.2  1.79  2.16  1.68  2.03  1.66  2.00  1.69  2.03  1.72  2.07 
100  4.6  1.63  1.97  1.53  1.85  1.51  1.83  1.54  1.85  1.56  1.88 
500  5.0  1.49  1.81  1.40  1.69  1.39  1.68  1.41  1.70  1.43  1.73 

(e) Wave Direction ENE (22.5° beam on to port) 
T=9s  T=10s  T=11s  T=12s  T=13s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  6.4  1.44  1.78  1.36  1.67  1.36  1.66  1.37  1.67  1.39  1.68 
20  7.8  1.16  1.45  1.10  1.36  1.10  1.35  1.12  1.36  1.13  1.38 
100  9.6  0.93  1.16  0.88  1.09  0.88  1.09  0.90  1.10  0.91  1.11 
500  11.4  0.76  0.97  0.72  0.91  0.73  0.91  0.74  0.91  0.75  0.92 

(f) Wave Direction E (45° beam on to port) 
T=10s  T=11s  T=12s  T=13s  T=14s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  8.3  1.98  2.52  1.83  2.28  1.77  2.19  1.76  2.17  1.76  2.17 
20  9.5  1.71  2.19  1.59  1.99  1.54  1.91  1.53  1.89  1.53  1.89 
100  10.9  1.48  1.90  1.37  1.73  1.33  1.66  1.32  1.64  1.33  1.64 
500  12.2  1.30  1.69  1.21  1.54  1.19  1.48  1.18  1.46  1.18  1.46 
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Table 9.  Critical factor of safety against overturning (FOSOT) and sliding (FOSS) for vessel 
orientated towards ESE (Option 2) - Settlement 2.0m 

(d) Wave Direction S (22.5° beam on to starboard) 
T=8s  T=9s  T=10s  T=11s  T=12s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  5.7  1.91  2.39  1.63  2.01  1.54  1.88  1.53  1.87  1.55  1.88 
20  6.4  1.69  2.12  1.44  1.78  1.36  1.67  1.36  1.66  1.37  1.67 
100  7.2  1.49  1.87  1.27  1.58  1.20  1.48  1.20  1.47  1.21  1.48 
500  8.0  1.33  1.68  1.13  1.41  1.07  1.32  1.07  1.32  1.09  1.32 

(e) Wave Direction SSE (45° beam on to starboard) 
T=11s  T=12s  T=13s  T=14s  T=15s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  9.1  1.66  2.08  1.61  2.00  1.60  1.97  1.60  1.97  1.62  1.99 
20  10.0  1.51  1.89  1.46  1.81  1.45  1.79  1.45  1.79  1.46  1.80 
100  10.9  1.37  1.73  1.33  1.66  1.32  1.64  1.33  1.64  1.34  1.64 
500  11.9  1.25  1.58  1.22  1.52  1.21  1.50  1.21  1.49  1.22  1.50 

(f) Wave Direction SE (67.5° beam on to starboard) 
T=11s  T=12s  T=13s  T=14s  T=15s ARI 

(years) 
Hmax(m)

FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS  FOSOT  FOSS 

5  10.4  3.53  4.56  3.25  4.12  3.14  3.95  3.11  3.89  3.11  3.88 
20  12.5  2.91  3.77  2.68  3.42  2.59  3.27  2.57  3.22  2.56  3.21 
100  15.1  2.39  3.10  2.20  2.81  2.13  2.69  2.10  2.65  2.10  2.63 
500  17.8  2.00  2.62  1.85  2.37  1.78  2.26  1.76  2.23  1.76  2.22 

5.5.5 Discussion 

From the above results the following statements can be made: 

• The vessel is likely to be stable under a broader range of conditions, including a greater ARI 
return period, if the vessel is orientated such that the bow points ESE (Option 2). 

• The two vessel orientations have been chosen to reduce the magnitude of direct beam on 
waves through consideration of the directional wave climate at the scuttling site (see Section 
5.3).  The critical case for each vessel orientation option is the 22.5 angle from beam on.  The 
orientation of the vessel compared to the wave direction reduces the lateral load significantly 
for greater angles. 

• If oriented such that the bow points ESE (Option 2), the vessel is likely to remain stable for 
wave conditions up to the 100 year ARI wave condition.   
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• The analysis shows that for the cases where vessel settlement is 0.5m, sliding is critical.  For 
the 100 year ARI wave condition, even when the vessel is oriented such that the bow points 
ESE (Option 2), the minimum FOSS over the wave cycle is marginal for the worst wave 
direction.  However, given the dynamic and oscillatory nature of the wave loading such that 
this minimum FOSS condition would occur for a very short time with forces reversing in 
direction over the wave cycle, significant net sliding movements are not expected.  Rather, it 
could be expected that small movements from side to side may occur during the passing of 
the maximum wave under extreme storm conditions. 

• The analysis indicates that for a 2.0m vessel settlement, sliding is not the critical stability 
issue. 

• The initial vessel settlement will be no greater than 0.5m under its own self weight.  
Consequently, the vessel will be most vulnerable to stability issues immediately after 
scuttling.  However, it is considered that the side to side movements under storm wave 
conditions as a result of vulnerability to sliding will encourage settlement into the seabed 
sediments.  This is likely to occur as agitation of the seabed sediment by vessel movements 
in such conditions will reduce the bearing capacity of the sediment. 

• It could be expected that some movement, settlement and titling may occur during large 
storm events with waves arriving from directions that have a beam on component.  
Consequently post storm inspections would be required. 

• Over time the vessel will settle further into the seabed, reducing the impact of wave forces. 

• Providing holes in the vessels hull for diver access will reduce the potential wave load forces.  
At the time of analysis the dive design was not at a detailed stage so as to provide an 
indicative porosity.  The results presented do not take into account porosity of the vessel and 
are therefore conservative in this regard. 

As noted in Section 5.4 a number of factors have made this analysis conservative.  Given the 
indicated stability of the scuttled vessel generally up to 100 ARI (under the anticipated initial 0.5 m 
settlement) if oriented with the bow towards the ESE (note the discussion above that in net terms 
sliding is expected to be marginal), no further detailed analysis is considered necessary. 

This assessment addressed the overall stability of the vessel under lateral wave induced forces.  It 
has not included analysis of local failures (such as the collapse of the mast and other structures).  
The assessment of longitudinal wave forces (i.e. from bow on waves) has not been included as these 
are not likely to be critical given the reasons listed in Section 5.4.   

From the stability analysis it has been calculated that orbital (wave-induced) currents at the depths of 
the scuttled vessel frequently exceed 2ms-1.  Background ocean currents have not been considered 
because at this location they are not significant in terms of the scuttled vessel stability, with maximum 
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currents occurring infrequently and generally being much weaker than design wave induced currents 
(see Section 6). 

5.6 Scour Potential 

The sediment in the region (including the study area) in water depths between about 25m and 75m is 
generally quartzose marine sand, medium to fine grained, moderately sorted, with variable shell 
content and up to about 20 % mud content (Nielsen, 1994b).  Rock reefs are evident between these 
sand bodies, for example offshore of Broken Head and The Skillion, and offshore of the southern end 
of Avoca Beach (Public Works Department, 1989). 

Sand waves evident in the region (including the study area), between 25m and 75m water depths are 
consistent with a general current structure flowing to the south. Wave-generated ripples are found on 
the seabed to depths of about 60 m.  This results in reworking of the seabed surface to depths of 
about 0.2m on a daily basis at depths of 25m, and for about 25% of the time at depths of 60m 
(Nielsen, 1994b).  However, Nielsen (1994b) found that there was negligible net sediment transport 
beyond the 35 m depth contour. 

At a scuttling depth of 32m, there is unlikely to be: sediment movement such that significant regional 
seabed lowering or raising would occur at the submerged vessel; or capture of sediment that would 
otherwise be worked on to beaches.  However, during large wave conditions there is potential for 
sediments to become mobile and local scour to occur at the bow and stern.  Occasionally, currents 
may also induce scour. 

The flow regime around the submerged vessel during periods of extreme wave conditions is complex.  
It is not possible to be definitive with regard to the extent and location of scour features without 
undertaking a comprehensive investigation of such effects.  This may include case studies from other 
scuttled vessels in similar coastal environments and potentially some type of modelling technique (for 
example, Computational Fluid Dynamics (CFD) or physical modelling).  Such an undertaking is 
beyond the scope of this investigation. 

An assessment of scour potential is possible which will highlight whether local scour effects are likely 
to present a stability problem to the scuttled vessel.  In carrying out this assessment, reference is 
made to a number of case studies presented by Whitehouse (1998).  Reference is made, where 
possible, to information on scour gathered from other scuttled vessels that have a similar hull shape 
to the Ex-HMAS ADELAIDE and that are situated in comparable coastal environments. 

For the situation where the direction of waves and currents is perpendicular to the alignment of the 
submerged vessel, the induced scour is dependent upon a number of factors.  However, the 
dominant factor is the shape and size of the ‘end effects’ of the vessel.  For a rectangular end effect, 
similar to the shape of the stern of the vessel, it has been estimated that a local scour feature will 
develop to a depth of approximately 5% to 10% of the width of the obstruction (i.e. the width of the 
hull in contact with the seabed).  For the Ex-HMAS ADELAIDE, a scour hole of approximately 0.7m to 
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1.4m depth would be expected to develop in the region of the stern (given the vessel width is  
approximately 14 m at the stern).  This scour feature is likely to be of a scale in plan which is 
comparable to the width of the end obstruction, that is some 7m to 14m in diameter.  The shape of the 
vessel’s hull at the stern is not, however, simply rectangular.  The ‘cut-up’ (i.e. the region from the 
keel to the transom) may induce additional flow separation and vortices as currents flow through the 
gap between the seabed and the hull.  This additional turbulence might result in a slightly larger scour 
feature developing than is predicted for a simple rectangular end effect.  The extent of any such 
influence is difficult to estimate because of the complexity of the flow regime. 

For the narrow, more angular ‘end effect’, that described the shape of the bow of the vessel, flow 
separation and vortices that are generated are likely to induce a scour feature.  It is estimated that a 
scour hole of some 8 to 10m diameter and some 1.5m deep will develop immediately. 

For the situation of wave and current directions parallel to the long axis of the submerged vessel, the 
likely scour is expected to be confined to local depressions at each end of the vessel.  No significant 
scour elsewhere on the seabed around the vessel would be expected.  Such scour features are not 
expected to compromise the overall stability of the vessel and may assist the stability through 
encouraging long term settlement into the seabed. 

For situations where the incident waves and currents are aligned along the main axis of the 
submerged vessel (as would be the case of the dominate wave directions for the proposed vessel 
orientation) it is postulated that the appearance of the sandy seabed would be similar to the form of 
the water surface flowing around the hull of a vessel underway on the ocean surface.  That is, there 
would be a ‘bow wave’ formed in the seabed, albeit of different dimensions and extent to a bow wave 
on the water surface.  The characteristic height and extent of such local sand wave features is difficult 
to quantify.  However, they are not likely to be large scale and would not necessarily constitute a 
threat to the stability of the vessel. 

However, without the benefit of a scaled mobile-bed physical model, it is not possible to conclusively 
determine whether local scour effects will represent a stability threat.  At this stage, seabed scour 
around the hull does not appear to represent a threat to vessel stability. 

5.7 Impact on Nearshore Wave Climate 

Avoca Beach provides for recreational amenity and tourism, as well as serving as a natural barrier 
system to protect against storm wave attack and erosion damage.  Any change in the nearshore 
wave climate, as a result of introducing the scuttled vessel to Bulbararing Bay, has the potential to 
cause shoreline impacts.  The purpose of this section is to determine if the scuttled vessel would 
cause any significant perturbation of the long-term average nearshore wave climate and to quantify 
any subsequent impacts on Avoca Beach. 
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5.7.1 Littoral Processes 

One of the main factors influencing the medium to long-term morphologic trends at Avoca Beach is 
littoral transport.  Littoral transport, also commonly referred to as longshore transport or littoral drift, is 
typically the dominant factor in determining the sediment budget of a beach.  If the net littoral 
transport of a beach is in deficit the shoreline will recede, if in surplus it will accrete. 

Littoral transport occurs when the waves approach the shoreline obliquely, creating wave driven 
longshore currents.  Typically, sediment is brought into suspension by the bottom shear created by 
passing waves, suspended sediment is then carried along by the wave driven longshore currents.  
Larger particles move over the bed by rolling, sliding, and hopping (or saltating).  The sum of 
suspended sediment transport and bed load is the littoral drift. 

The most relevant forcing mechanisms for littoral transport are currents (tidal, wave-driven or any 
other) and wave action.  There are other elements that may also play a significant role in littoral 
transport processes; these can briefly be described as: 

• water level; 

• shape and depth of seabed; 

• sediment characteristics; and 

• sources and sinks of sediment, such as rivers, eroding coast etc. 

5.7.2 Scuttled Vessel 

Of the forcing mechanisms and other elements that may affect littoral transport the only processes 
that may be significantly impacted by the submerged vessel are waves.  Short period wave (Tp<6s) 
will pass over the vessel. However, longer period swell waves (Tp>10s) will feel the effect of the 
submerged vessel. 

Wave diffraction is expected to be the dominant process affecting swell waves passing over the 
scuttled vessel.  For the purpose of this investigation, wave diffraction is best described as the 
apparent bending of waves around small (relatively speaking) obstacles.  When ocean waves 
propagate over submerged objects, as would be the case for the scuttled vessel, some of the wave 
energy will be blocked by the submerged object.  This creates a partial wave ‘shadow’ in the lee of 
the object.  Wave diffraction around the ends of the vessel acts to redistribute the wave energy from 
the nearby wave crest into this wave shadow.  Due to the water depth at the proposed scuttling 
location the blocking effect of the will only occur for longer period swell waves. 
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5.7.3 Methodology 

The MIKE 21 SW spectral wave model has been used to determine the impact of the scuttled vessel 
on the nearshore wave climate.  Although MIKE 21 SW is a phase averaged wave model it includes 
wave diffraction based on the phase-decoupled refraction/diffraction approximation proposed by 
Holthuijsen et al (2003).  The approximation is based on the mild-slope equation for refraction and 
diffraction, omitting phase information and is consider adequate for the purpose of this study. 

The model set-up is similar to that described in Section 5.2 for wave transformation modelling.  
However, adjustments to the model resolution have been required in order to implement the design 
condition, with the submerged vessel schematised in the model bathymetry.  Quadrilateral elements 
have been used to define the submerged vessel.  Due to the vertical sides and relatively small size of 
the vessel’s beam, some approximation of the vessel was required.  The schematisation of the vessel 
within the model mesh is shown in Figure 9. 

Figure 9.  Schematisation of submerged vessel in model mesh 

The finer resolution mesh significantly reduced computation efficiency such that it was no longer 
practical to simulate the entire recorded offshore wave record.  Based on a statistical analysis of the 
wave parameters, a year representative of the average over the available offshore record was 
selected.  The year selected as most representative of the long-term average was 2002. 
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Using the 2002 offshore wave parameters, the model was used to simulate both the existing and 
design conditions.  The sensitivity of the nearshore wave climate to vessel orientation has been 
assessed by including simulations on four vessel orientation scenarios, these were: 

• bow pointing SE (135°N); 

• bow pointing E (90°N); 

• bow pointing NE (45°N); and 

• bow pointing N (0°N). 

The modelled wave condition (Hs, Tp and wave direction) timeseries were output at a number of 
locations along the coastline of Avoca Beach and the adjacent rock shelfs.  Model output locations 
are in approximately 10m of water.  Figure 10 shows the location of model outputs. 

 

Figure 10.  Location of outputs for nearshore wave climate modelling 

In order to described the long-term average condition, the resulting timeseries at each output location 
were further analysed based on the following considerations and procedure: 

• The potential quantity of littoral transport along a shoreline is proportional to T He
2 sin2β, 

where: T is wave period; He is effective wave height; and β is the angle between the shoreline 
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and breaking wave crests.  Given that wave period is approximately constant before wave 
breaking, a significant deviation in He or β (between existing and design conditions) can be 
used to determine the quantity of littoral drift likely to be impacted.  A weighted mean wave 
direction is used for β; 

• For rocky shoreline locations these parameters are used to distinguish if there is likely to be 
any significant change in wave climate that may effect rocky habitats and the safety of rock 
fishermen; 

• He is a significant or root-mean square wave height which must incorporate the description of 
long-term wave occurrence near the shoreline.  Using the nearshore wave height timeseries 
at each model output location, the log-normal probability of exceedence distribution was 
calculated.  He was then calculated based from: 

He
2 = ∫H2 p(H) dH, 

  where; p(H) is the log normal distribution. 

  With the result that He =H50eσy2 

  and H50 is the median wave height defined by the log normal distribution (H10/H90). 

• The weighted mean direction, θm, was defined as  

θm=∑Hi
2 Ti θi / ∑Hi

2 Ti 

   where; the subscript i refers to each hourly wave condition in the timeseries. 

5.7.4 Results 

A summary of the impact modelling for nearshore wave climate is provided in Appendix E.  This table 
presents the calculated long-term effective wave height He and weighted mean wave direction θm at 
the model output locations for the existing and design conditions (including the four vessel orientation 
scenarios).  Also included is a summary of the overall deviations (presented as the root mean square 
deviations (RMSD)) and the deviations for each shoreline compartment.  The shoreline compartments 
are the First Point rock shelf, Avoca Beach and the northern rock shelf. 

The following points are noted: 

• Across the overall shoreline there is generally no more that 1.5cm RMSD in He and 0.5° 
RMSD in θm across all vessel orientations.  This represents less than 1% RMSD for both 
long-term wave height and direction. 



  

EX-HMAS ADELAIDE ARTIFICIAL REEF 
COASTAL AND OCEANOGRAPHIC PROCESSES 

o:\301017-00077 - 7420 hmas adelaide as an artificial reef(dm)\05_deliverables\ref\report and appendices\appendix d coastal & 
oceanographic\rpt301017-00077_a001coastal_drafthn.doc 
 Page 46  

• Along Avoca Beach the RMSD’s in long-term wave height and directions are negligible for all 
vessel orientation scenarios, being generally less that 0.5%. 

• The largest long-term wave height and directions deviations occur along the northern rock 
shelf shoreline.  This is expected as this area is in the shadow of the artificial reef for the 
dominate wave direction at the site.  However the RMSD’s are still not significant, being less 
than 2.5cm and 1° in absolute terms, which is less than 2% RMSD. 

5.7.5 Discussion 

Based on the results presented in Appendix E and discussed above the change in the long-term 
nearshore wave climate is negligible (less than 1% RMSD).  As a result, along Avoca Beach the 
quantity of littoral drift or other related beach processes such as surf quality, beach safety or beach 
state, is not expected to be significantly altered.  Based on these findings no significant shoreline 
response at Avoca Beach is anticipated as a result of the introduction of the artificial reef.  There is 
not expected to be a significant change to the wave climate off the rocky headlands. 

While there is sensitivity to the vessel orientation, none of the vessel orientation scenarios evaluated 
caused significant changes to the long-term nearshore wave climate.  As such, the impact of beach 
processes is not critical to the selection of the optimal vessel orientation. 
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6. OCEAN AND COASTAL CURRENTS 

Ocean and coastal currents at the proposed scuttling location are not typically of a strength that would 
prohibit recreational diving and currents are expected to have limited interaction with the scuttled 
vessel.  However, occasional current events or a prohibitive strength can occur with in the study 
region.  In this section the processes underlining the observed currents are reviewed and the typically 
strengths of these currents discussed.  Also included in this section is an assessment of the expected 
impact of the artificial reef on local scale currents and discussion regarding vessel stability. 

6.1 Review of Regional Currents 

Preliminary investigations identified the main processes responsible for coastal circulation in the study 
region (TEL, 2008).  These processes include the East Australia Current, coastal trapped waves, 
winds, internal waves, outflows from major estuaries and tides.  The processes causing circulation 
are largely independent of each other, being forced by distinct mechanisms and occurring on different 
time and space scales.  The net current velocity at any location within the study region varies as the 
differing processes vary in relative or absolute strength (Middleton et al, 1999).  Current speeds have 
been found to be generally less than 1ms-1, but on the rare occasion can exceed 1.5ms-1 (Middleton 
et. al., 1997). 

6.1.1 East Australia Current 

The East Australia Current (EAC) is a western boundary current that transports warm waters from the 
source in the Coral Sea poleward into the Tasman Sea.  Typical of other warm intense western 
boundary currents (e.g. the Gulf Stream) it is forced by the integrated effect of wind patterns over the 
entire Pacific Ocean and the rotation of the earth. 

Hugging the narrow continental shelf the EAC is strong and persistent along the northern NSW coast.  
However, the EAC typically separates from the coast between 30-33°S forming a sharp front in 
velocity and temperature as it turns eastward where velocities of up to 2ms-1 have been recorded 
(Roughan and Middleton, 2004).  Recent investigations (Ridgeway and Dunn (2003) and Roughan 
and Middleton (2004)) indicated that the separation point is just south of Smoky Cape (31°S to 
31.5°S)5.  It is noted that the separation point varies but it is generally accepted that the EAC 
separates from the shelf north of 33°S.  As such, the separation point is north of the study area.   

Currents observed on the inner shelf show strong variability about the separation point.  While 
currents upstream of the separation point are generally southward and strong (speed up to 1.3ms-1 

                                                      
5 Previous studies have indicated that the separation point is at Sugarloaf Point, Seal Rocks (32.2°S) (Godfrey et. 
al., 1980).   
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have been observed) currents directly downstream are highly variable in both strength and direction, 
generally significantly slower than southward speeds (0.8ms-1) with northward flow periods observed 
(Roughan and Middleton, 2004). 

An example of the EAC structure when the separation point is located near Smoky Cape, as 
observed in satellite image of sea surface temperature (SST) on 27 December 1998, is shown in 
Figure 11(a).  This SST image shows a warm jet flowing southward adjacent to the continental shelf 
to about 31°S, where the current separates from the coast (as indicated by the black arrow).  After 
separation the jet flows directly southward for 150km, whereupon it turns 90° and heads eastward, 
before meandering southward again.  At the artificial reef location the main jet is some 300km 
offshore.  Under such a condition the EAC current would have very little influence on currents in the 
study region. 

Occasionally, encroachment of the EAC upon the coast can have a profound effect on coastal waters, 
accelerating the southward currents and decreasing the temperature in the bottom boundary layer by 
up to 5 °C (Roughan and Middleton, 2004).  During these anomalous current events the EAC 
separation point moves southward and the separation is less pronounced.  Such a current event is 
depicted in Figure 11(b) (captured on 7 January 1999, 10-days after Figure 11(a)).  This pair of SST 
images clearly shows the core of the EAC moving closer to the coast and the separation point 
migrating south.  Encroachment events can be expected to occasionally produce strongly polewards 
currents of up to 1.5ms-1 in the study region. 

In addition, the EAC can spawn large warm or cold core eddies that break off from the main EAC and 
move slowly southward.  EAC eddies and meanders can sweep across the continental shelf with 
current speeds of 1-2ms-1 around their outer edges (Tranter et al, 1986).  On the rare occasion, EAC 
eddies may be expected to create currents of this magnitude within the study region. 

As the separation point is typically well north of the study area the EAC is not expected to influence 
currents in the study region for the majority of the time.  However, occasional strong current events, 
associated with longshore poleward currents with speeds possibly reaching up to 2ms-1, can be 
expected as the EAC structure varies.  It is difficult to defined the frequency (of occurrence) or the 
duration of current events associated with the EAC as long-term analysis of such current events do 
not exist for the study region. 

The EAC is generally strongest in summer, peaking in February, and weakest (by as much as half the 
flow) in winter (CSIRO Marine Research, 2000).  As such, strong current events associated with the 
EAC are most likely to occur during the summer months. 

Currents associated with either encroachment of the EAC or EAC eddies would typically decrease 
with depth.  Roughan and Middleton (2004) observed that the mean speed of the mid-depth current 
was 60% of the near surface current. 
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Figure 11.  Satellite images of sea surface temperatures on (a) 27 December 1998 and (b) 7 
January 1999 

6.1.2 Coastal Trapped Waves 

Coastal trapped waves (CTW) are current oscillations which move northward from Bass Strait over 
time scales of 7 to 20 days, affecting the study area about two days after being generated by strong 
winds in Bass Strait.  They are therefore predictable to some extent.  CTWs cause oscillating 
northward and southward currents with periods in the order of 5 to 10 days.  Observations of these 
currents in the study region indicate that their magnitude is of the order of 0.6ms-1 in the nearshore 
region (Middelton, et. al., 1997). 

6.1.3 Wind-Driven Currents 

Wind-driven currents will occur to varying degree within the study region.  One relatively rare wind-
driven current occurs as a result of prolonged periods of NE wind.  Under such conditions, surface 
waters are driven offshore through Ekman transport; this in turn drives a geostrophic longshore 
poleward current (basically in the direction of the wind).  These NE wind events typically occur in the 
summer months and are associated with the upwelling of colder, nutrient rich, deep waters to the 
surface.  Conversely, for winds from the SW, surface waters are driven onshore through Ekman 
transport, which can drive warmer waters towards the coast and downwelling, again with a current in 
the direction of the wind (Middleton et al, 1997).  The speed associated with this type of longshore 

(Source: Roughan and Middleton, 2004) 
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wind-driven current is typically around 0.4ms-1 in shallow inner shelf regions with the magnitude of 
these currents decreasing offshore (Gibbs et al, 1997). 

Coastal storms are associated with strong coastal winds, typically of short duration (6-24hrs).  
Surface currents created by these events flow in the direction of the wind.  Surface currents are for 
sustained wind events in the order of approximately 3% of the wind speed, such that for a very strong 
sustained coastal wind of around 20ms-1 a surface current of around 0.6ms-1 is possible.  For this type 
of wind-driven current there is a significant decrease in current strength with depth.  Storm wind 
conditions are simulated using numerical modelling techniques for the local study area in Section 6.2. 

6.1.4 Internal Waves 

Internal waves are disturbances which propagate along the interface between layers of water with 
different densities.  In the study area, internal waves occur during most of the year when there is 
significant temperature stratification.  They are manifested as periodic oscillations in currents and 
temperature, which are due to the orbital motions associated with waves.  Internal wave energy is 
concentrated in two bands, namely tidal frequencies and at a period of 10 to 30 minutes.  The former, 
known as internal tides, cause currents of about 0.1ms-1 (Middleton et al, 1997). 

6.1.5 Estuarine Influences 

Major estuaries nearest the study area include Tuggerah Lakes (70km2 in area) about 14 km north, 
and Broken Bay (145km2 in area) about 12km south, refer to Roy et al (2001).  Tidal outflows from 
these estuaries may have significant effects on current patterns, temperature and salinity extending 
several kilometres from the coastline.  That stated, these estuarine systems are unlikely to 
significantly influence oceanographic processes in the study area. 

6.1.6 Tides 

At time scales of about 12 hours the regular oscillation of the tides is manifested as an anticlockwise 
rotation of the velocity vector field in the horizontal plane (Middleton et al, 1997).  Tides propagate 
from the deep ocean onto the narrow continental shelf, bringing a sea level range of up to 2m to the 
coastal region.  Tidal currents flood and ebb as the tide rises and falls, with currents flowing towards 
the coast on the flood tide, to the south as the tide approaches maximum and then offshore again as 
the tide falls.  The strength of the tidal current is negligible in the study area, as further examined in 
Section 6.2. 

6.1.7 Summary 

Table 10 summaries the currents that have been observed to occur in the study region. From the 
available reported observations the typical maximum current speed that may be expected at the 
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proposed scuttling location are reported.  Conservative values have been adopted.  However, it 
should be noted that these occur only on an occasional basis.   

Table 10.  Summary of regional currents experienced in the study area 

Current 
generating 
process 

Typical 
maximum 
observed 
current (ms-1) 

Dominant 
current 
direction 

Comments 

EAC 2.0 
Poleward 
(south-
westward) 

The EAC does not generally impinge on the 
study region, as a result currents associated 
with the EAC are rare.  However, strong current 
events are possible.  Typically currents would 
decrease with depth. 

Coastal 
trapped waves 

0.6 Longshore 
Oscillating longshore currents generated by 
strong wind events in the Bass Strait. 
Predictable. 

Wind-driven 
currents 

0.4 Longshore 
Caused by prolonged periods of alongshore 
wind or during storm events. 

Internal waves 0.1 -  

Estuaries negligible n/a  

Tides negligible 
Oscillating 
onshore - 
offshore 

Background clockwise rotating vector field with 
approximate 12 hour period. 

6.2 Currents at the Artificial Reef Site 

Local scale current patterns within the study area, including the impact of the artificial reef, have been 
assessed using the MIKE 3 hydrodynamic model.  MIKE 3 is a 3-dimensional numerical model that 
accounts for all the important physical processes for free surface flows in the coastal region.  For 
more information on the MIKE 3 hydrodynamic model refer to Appendix B. 

For the purpose of this investigation we examined currents under the following conditions: 

• tide only; 

• storm conditions; including wind and tidal forcing during an actual east coast low event; and 
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• a range of possible current magnitudes for a poleward flowing EAC current event. 

6.2.1 Model Setup 

The current modelling has been undertaken using model domain meshes previously established for 
wave modelling.  The tide and storm event simulations have used the coarse mesh with existing 
bathymetry, as previously utilised for the wave transformation modelling (see Section 5.2.1).   

The EAC current event simulation has used the refined mesh, as previously utilised for nearshore 
climate wave impact modelling (see Section 5.7.3).  However, instead of schematising the scuttled 
vessel within the model mesh the ship has been modelled using a sub-grid structure that accounts for 
the drag created by the vessel. 

All models have been run with 8 vertical layers using barotropic density distribution assumption. 

6.2.2 Model Forcing 

The tide simulation has been forced using a predicted spring tidal water level timeseries (see Section 
5.2.2) applied at the ocean boundary. 

The storm conditions simulation is based on a real synoptic event.  The selected storm occurred on 
the 16 June 2007, it was one of five east coast lows that occurred in that month.  This event was 
associated with strong winds on the Central Coast, with wind gusts of up to 100km/hr recorded at 
Norah Head (http://www.bom.gov.au).  Wind speed and direction data (supplied by the Bureau of 
Meteorology)  for the Norah Head weather station is shown in Figure 12.  The Norah Head station is 
located on the coast at an elevation of 19m, 23km north of the study site.  Wind measurements taken 
from this station are considered appropriate to force this local scale model.  The storm simulation has 
also included tidal forcing based on a predicted tide. 
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Figure 12.  Wind speed and direction for 16-17 June 2007 (Norah Head) 

The model simulation of the EAC current events uses a linearly increasing discharge timeseries at the 
upstream (northern) and downstream (southern) boundaries.   It is a simplified representation of the 
situation where the EAC (or one of its eddies) encroaches on the study region (see Section 6.1.1). 

6.2.3 Results 

As expected the tide simulation confirms that under calm metocean conditions, tidal currents at the 
artificial reef site are negligible.  Figure 13 gives the modelled depth averaged current speed and 
direction at the artificial reef location.  Similar to the description given in Section 6.1.6, the tide wave 
can be seen to manifest as rotating current fields of very small magnitude (been less than 0.01ms-1 
(1cm s-1) at the artificial reef site). 
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Figure 13.  Spring tidal current speed and direction at artificial reef site 

Simulation of east coast low storm conditions indicates that wind-driven currents are relatively minor 
at the proposed artificial reef site.  Figure 14 presents the horizontal vector field plots from the 
surface layers (top) and near bottom layer (bottom), at the peak of the storm event (9:00am 16 June 
2007).  These results show: 

• Wind-driven currents at the scuttling site are approximately 0.2ms-1 at the surface flowing 
towards the NW (i.e. in the same direction as the wind).  Weaker return flows are observed at 
depth with currents of approximately 0.05ms-1 flowing in an easterly direction. 

• Currents are strongest in the shallow zones closest to the shoreline.  For this wind-direction, 
surface currents are concentrated along First Point and Avoca Beach shorelines and around 
Broken Head. 

For a poleward flowing current, as exemplified by the EAC current event simulation, the local current 
pattern at Bulbararing Bay is described as: 

• a generally weakening of the current strengths within the Bulbararing Bay nearshore area, 
attributed to the embayed shape of the coastline; 

• an intensification of the current around the headlands, in particular First Point. 

Figure 15 shows flow around the scuttled vessel during the EAC current event at a depth of about 
28m (approximately 5m above the bed). The results show: 

• Separation of the flow occurs around the vessel at depths of 18-33m corresponding to the 
depth of the bulk of the submerged vessel (surface currents pass over the top of the vessel). 
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• A slight acceleration of the otherwise steady current in the surface layers (above the vessel) 
and around the stern and bow of the vessel. 

• For this example, current approaching the vessel at around 1.3ms-1 beam on.  For this 
condition it is seen that the obstruction causes a discernable effect (decrease in current 
speed) at  this depth for about 700m downstream after which there is no longer any 
significant impact.  The effect of the submerged vessel on surface current is negligible after 
about half this distance. 

It should be noted that the local scale flow separation modelling here is an approximation of the actual 
condition and is limited by grid resolution. 
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Figure 14.  Simulated velocity fields during storm conditions, surface (top) and at depth 
(bottom) 
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Figure 15.  Simulated flow pattern passed submerged vessel 

6.2.4 Discussion 

Current modelling has been used to demonstrate that commonly occurring ocean and coastal 
currents such as tide and wind-driven currents are not significant at the proposed scuttling site.  
Under storm conditions wind-driven currents at the surface may be up to 0.2ms-1 (0.6 knots), which 
may be a nuisance current to divers.  However, recreational dives would not be operating under such 
conditions as large waves and high winds would be prohibitive.  Modelling of storm currents has also 
demonstrated that neglecting the current field in stability analysis (see Section 5.5) is a reasonable 
assumption. 

The coastline and nearshore within the study consists of the moderately embayed Avoca Beach with 
reef systems extending off the Broken Head and First Point headlands, while sand beds (of varying 
thickness) fill the area around a palaeochannel or basin in central Bulbararing Bay (Douglas Partners, 
2008).   

A number of reef diving sites are located within close proximity to the proposed scuttling location.  
Through discussion with experienced local dive operators on the dive conditions typically encountered 
in the area, the site proposed for the artificial reef is not known to be an area of strong currents.  
However, strong currents are frequently encountered at First Point, these currents typically dissipate 
immediately north and south of the headland (pers. comms. email Les Graham (Dive Terrigal) to 
Heather Nelson (WorleyParsons) dated 18 Sept 2009). 
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6.3 Impacts of Currents 

The stability of the vessel is not likely to be compromised by currents.  For a very conservative 
estimate of a maximum current speed of 2ms-1 (typically maximum observed current for the EAC) the 
drag force would be an order of magnitude less than the restoring forces against overturning or 
sliding.  As discussed in Section 6.2.3 above, currents can be neglected from the wave dominated 
stability analysis as storm condition currents are negligible when compared to wave induced currents. 

Based on the advise from dive operators, dives could be conducted in currents of up to 0.5-0.75ms-1 
(1-1.5 knots).  As such it is unlikely that diving will be frequently interrupted by ocean and 
oceanographic currents.  Based on this review it is only the EAC or coastal trapped waves that have 
been observed to create currents of this magnitude in the study region.  These events only occur 
occasionally and depending on the structure of the EAC or EAC eddies, currents may not affect the 
artificial reef site directly.  However, it would be advisable that dive operators consider the EAC in 
their assessment of marine conditions.  The EAC current is monitored in the Sydney region by the 
BoM.  Coastal trapped waves typically affect currents in the study region two days after strong wind 
events in the Bass Strait. 

As the proposed scuttling location is an area that is not commonly affected by strong currents, scour 
potential is likely to be dominated by wave induced currents.  Scour potential is discussed in Section 
5.6. 
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7. SCUTTLING AND OPERATIONAL CONSIDERATIONS 

7.1 Coastal Storms 

The NSW coastline is subject to intense tropical and non-tropical storms at irregular intervals. The 
Public Works Department [PWD] (1985, 1986) has categorised coastal storms in NSW on the basis of 
estimated offshore significant wave heights.  Category X storms were defined as those with an 
estimated Hs ≥ 6m, and Category A storms were defined as those with 5 m ≤ Hs < 6 m.  When 
combined with available waverider buoy data, it is evident that over the 1880 to 2003 period there 
was one Category X event every 2.3 years (on average).  However, the time period between storms 
has not been uniform.  For example, there were no Category X storms from 1880-1891, 1900-1907, 
1946-1951, 1960-1965, 1969-1973 and 1979-1985. Also, there were three Category X storms in both 
1978 and 1990.  

PWD (1985, 1986) recognised 6 different major storm types which impacted on the NSW coast, 
namely, tropical cyclones, east coast lows, inland trough lows, continental lows, southern secondary 
lows, and anticyclonic intensification. PWD (1985, 1986) found that, on average: 

• the Central Coast (incorporating the study area) and South Coast had more storms than 
areas further north in NSW; 

• southern secondary lows and east coast lows were the dominant storm types in the study 
area; and 

• most storms in the study area occurred in autumn and winter, in particular due to the 
prevalence of southern secondary lows and east coast lows during these seasons. This 
seasonal variation can be confirmed by analysis of the Sydney directional waverider buoy 
data collected from 1992 to 2003, derived from MHL (2004).  The relative wave energy for 
storms with an Hs exceeding 3 m for each month is shown in Figure 4. 
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Figure 16. Relative wave energy for storms with a Hs exceeding 3m 

It is evident that the autumn and winter seasons have been the most stormy, with May, June and July 
having been the most stormy months. The winter period has been more than three times more stormy 
than summer, with January and February being the least stormy months. 

7.2 Optimal Scuttling Season 

Knowledge of these seasonal variations may assist in planning the ship scuttling operations. For 
example, it would be most likely that wave conditions would be calmer from October to February.  The 
scuttling of the Ex-HMAS ADELAIDE is currently programmed for April.  As coastal storms can occur 
at any time, it would be necessary to refer to Bureau of Meteorology coastal waters forecasts and the 
like to ensure that conditions on the proposed scuttling day would be acceptable. 

Structural analysis of the scuttling process would be essential to ensure that structural integrity would 
not be compromised during sinking. 

7.3 Average Diving Downtime Assessment 

A downtime assessment has been undertaken as an indication of expected divability at the proposed 
Ex-HMAS ADELAIDE artificial reef.  The assessment was based on a review of regional historical 
marine conditions and from information provided by local dive operators regarding threshold marine 



  

EX-HMAS ADELAIDE ARTIFICIAL REEF 
COASTAL AND OCEANOGRAPHIC PROCESSES 

o:\301017-00077 - 7420 hmas adelaide as an artificial reef(dm)\05_deliverables\ref\report and appendices\appendix d coastal & 
oceanographic\rpt301017-00077_a001coastal_drafthn.doc 
 Page 61  

conditions.  Offshore wave data (see Section 4.2) was combined with coastal wind data collected at 
Williamtown Airport (85km NNE of the site) to produce a 16 year wind/wave timeseries.  This 
timeseries has an approximate 80% capture rate.  Data loss is predominately due to gaps in the wave 
data.  Using this timeseries and the limiting marine conditions under which dive operations could be 
conducted, an estimate of the overall and seasonal average downtime has been made. 

The conditions under which dive operations could be conducted have been based on discussion with 
local dive operators.  These are: 

• offshore sea/swell wave heights of less than 2m; 

• wind speeds of less than 11m/s (approximately 21 knots); and 

• long period swells with peak periods of 13 seconds or greater having wave heights not 
exceeding one metre. 

The first two of these conditions relate to basic marine safety with additional considerations for diving, 
such as, safety on the dive ladder for divers climbing back onto the moored vessels.  The last 
condition is included as an additional safety measure against underwater surges caused by oscillatory 
wave driven currents moving through the scuttled vessels hull.  These wave driven currents are 
present at the depths of the scuttled vessel during long period swell events and are likely to create 
dangerous conditions at the entry/ exit points as flow siphons and jets from these orifices. 

Table 11 presents the estimated percentages for overall and seasonal downtime/ uptime resulting 
from the analysis.  Overall downtime of 29% (or 71% uptime operations) could be expected with 
winter having the greatest proportion of downtime with respect to seasonality.  Conversely, summer 
has the least proportion of downtime.  As stated above these estimates include only the downtime 
from limiting wind and sea/swell conditions. 

Table 11.  Estimated average downtime 

Period Downtime (%) Uptime (%) 

Overall 28.7 71.3 

Summer (December January February) 23.5 76.5 

Autumn (March April May) 31.6 68.4 

Winter (June July August) 33.7 66.3 

Spring (September October November) 25.1 74.9 
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The assessment did not account for the short or partial day duration events.  As such it assumed that 
if a dive crew had set out in suitable conditions that the crew would return to Terrigal Haven (or other 
location) as conditions deteriorated.  Similarly the assessment assumed that operators would delay 
only if conditions were unsuitable initially but improved during the day such that diving was possible 
(i.e. unsuitable morning conditions did not result in cancellation of the whole day). 

The assessment did not include the downtime associated with current events, as currents of a 
magnitude that may inhibit diving at the site are infrequent events and the data required to quantify 
the frequency and duration of such currents is not available.  Downtime due to currents is expected 
only on the rare occasion of encroachment of the EAC on the study region (see Section 6.1.1).  This 
assessment also does not include the downtime from that which may be expected due to high 
turbidity and poor visibility conditions.  These conditions may be expected after sustained periods of 
high rainfall or upwelling or windy conditions and are likely to increase the estimated downtimes 
provided here. 

7.4 Climate Change 

Sea-Level Rise 

The principal impact of climate change on the scuttling site will be associated with the predicted rise 
in mean sea-level.  The latest research on the evidence of sea-level rise indicates that we are 
currently tracking at the upper end of IPCC’s predictions6.  Ocean thermal expansion and melting of 
non-polar glaciers and ice caps are the largest contributors to recent sea-level rise.   

Sea-level projections are reported in the Intergovernmental Panel on Climate Change (IPCC) Fourth 
Assessment Report (AR4)7 of 2007 for a range of future emissions scenarios.  The range of AR4 
model projections (with a 90% confidence range) are for a mean sea-level rise of 18-59 cm in the 
2090 to 2100 decade.  The AR4 predicted range of sea-level rise does not include for potential 
dynamic response of ice-sheets, however, qualifying statements in AR4 make an allowance for 10-20 
cm to account for this possibility.  Although this addition is never done explicitly in the AR4, the total 
projected range would be 18-79 cm, once the allowance for dynamic ice sheet contribution is 
included.  The AR4 specifically states: “Larger values cannot be excluded, but understanding of these 
effects is too limited to assess their likelihood to provide a best estimate or an upper bound for sea-
level rise”.  It is noted that sea-level projections for the 21st century from AR4 of 2007 are similar to 
the IPCC Third Assessment Report (TAR) of 2001 when the qualifying statements in the AR4 are 
considered. 

                                                      
6 Church, J. A, White N.J. Hunter J.R. and Lambeck K. (2008) Briefing -a post-IPCC AR4 update on sea-level rise. The 
Antarctic Climate &Ecosystems Cooperative Research Centre.- CSIRO. 
7 IPCC (2007). Climate Change 2007: The Physical Science Basis. Contributions of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel of Climate Change, Cambridge and New York 
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Increases in sea-level will not occur uniformly across ocean basins with some regions experiencing 
higher levels of sea-level rise and others lower.  Variations in the mean sea-level anomaly are the 
result of spatial variations in the thermal expansion of the oceans due to large scale atmospheric and 
oceanographic circulation patterns.  A recent study8 found the future sea-level rise along the NSW 
coast will be slightly higher (up to 12cm higher) than the global averages by 2070. 

The NSW Department of Environment and Climate Change (DECC) recently released the Draft Sea 
Level Rise Policy Statement 9.  The NSW government guideline document adopts a sea-level rise 
planning benchmark for the NSW coastline based on the upper limits of the most credible national 
and international projections.  The NSW sea-level rise planning benchmark is an increase above 
1990 mean sea-levels of 0.40m by 2050 and 0.90m by 2100.  The planning benchmark of 0.9m 
increase by 2100 is similar to the high-range sea-level rise estimate of 0.91m previously adopted by 
DECC10.  The benchmark’s primary purpose is to provide guidance to support consistent 
consideration of sea-level rise impacts, within applicable decision-making frameworks. 

Other Climate Change Impacts 

Another potential outcome of climate change is an increase in the frequency and intensity of storm 
events.  Modest to moderate increases in average and maximum cyclone intensities are expected in 
the Australian region in a warmer world.  However, cyclone frequency and intensity are strongly 
associated with the El Niño/Southern Oscillation (ENSO) phenomenon.  How this phenomenon will 
vary in a warmer world is currently unknown (CSIRO, 2001; CSIRO Marine Research, 2001). 

Mid latitude storms have been predicted to increase in intensity but decrease in frequency with global 
warming (CSIRO, 2002), due to a reduction in equator to pole temperature gradients.  However as 
with tropical cyclones, climate modelling at present lacks the resolution to accurately predict changes 
associated with global warming. 

Given the above uncertainty and difficulty in quantitative prediction, no specific account was taken of 
any potential changes to storm frequency and intensity, or changes in wave directions.  However, the 
potential for these effects to occur needs to be continually reviewed as more information develops in 
the scientific community. 

7.5 Navigational Clearances and Water Depths 

Expected navigational clearances and water depths to various section of the vessel has been 
reviewed.  The vertical position of the vessel has been based on the following information: 

                                                      
8 McInnes, K.L., Abbs, D.J., O’Farrell S.P., Macadam, I., O’Grady, J. & Ranasinghe, R.,(2007), Projected changes in 
climatological forcing for coastal erosion in NSW  A project undertaken for the DECC NSW, CSIRO Marina and Atmospheric 
research, Victoria. 
9 DECC (2009). Draft Sea-level Rise Policy NSW Government 
10 DECC (2007) Floodplain Risk Management Guideline: Practical considerations of climate change 
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• proposed location of vessel at approximately 356,560mE, 6,296,080mN with the vessel 
orientated between 112°N and 135°N; 

• bathymetry information from DECC multibeam hydrographic survey of Avoca in 2008 (see 
Section 4.1); 

• drawings of vessel provided by NSW Land and Property Management Authority see 
Appendix D; 

• an initial settlement of 0.5m; and 

• a main mask minimum clearance of 6m (as required by NSW Maritime). 

Tidal plane information is based on Fort Denison tidal plane information supplied by the National Tidal 
Centre (See Table 2). 

7.5.1 Navigational Clearances 

The minimum navigational clearance over the vessel is expected to be approximately 6.5m (given 
removal of approximately 13.5m of the main mast).  This is due to the main mask located 
approximately mid way along the vessel.  The expected minimum clearances over various sections of 
the submerged vessel are given in Table 12.  Minimum clearances are based on the Lowest 
Astronomical Tide (LAT) tidal plane.  Actual navigational clearances should be verified once the 
vessel has been scuttled. 

Table 12.  Estimated navigational clearances 

Section of Vessel  Clearance (m) 
Main Deck (Stern)  22 
Mid‐Vessel (top)  17 
Bridge (top)  13 
Fore Mast  8 
Main Mast  6 (min) 
Main Deck (Bow)  19 

A navigation exclusion zone, marked by buoys, will be placed around the scuttle vessel.  This 
exclusion zone is planned to be 350m along the longitudinal axis of the vessel and 250m in the lateral 
direction.  Dive operators will be granted access to this area to use six moorings provided to access 
the wreck dive site.  Navigational charts are to be updated to warn of the presence of the submerged 
vessel. 
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7.5.2 Water Depths 

Operational water depths are important to dive operators using the vessel for recreational diving.  The 
expected range of depths that will be experienced for various levels of the submerged vessel are 
given in Table 13.  The maximum depth, based on the seabed at the proposed location of the bow is 
approximately 35m (at Highest Astronomical Tide).  Actual water depths should be verified once the 
vessel has been scuttled. 

Based on preliminary dive design plans provided by the ship preparation contractors (McMahon 
Services Australia, 25th August 2009) the following is noted: 

• A vertical access hole will be provided in the deck head of the bridge, this will provide the 
minimum depth access to the vessel, an approximate mean depth of 14.6 m. 

• Subsequent horizontal access holes through the hull are provided on port and starboard side 
on level 1 (approximate mean depth 20.6m) and the second deck (approximate mean depth 
28.4m). 

Table 13.  Estimated water depths for dive operations 

Water depth (m) for tidal plane 
Section of Vessel 

LAT  AHD  HAT 
Bow  19.8  20.7  21.8 
Deck Head (top) of Bridge (Level 2) 13.7  14.6  15.7 
Level 1 (mid‐level)  19.7  20.6  21.7 
Main Deck (mid‐level)  23.8  24.7  25.8 
Second Deck  (mid‐level)  27.5  28.4  29.5 
First Platform  (mid‐level)  30.5  31.4  32.5 
Second Platform  (mid‐level)  33.1  34.0  35.1 
Stern (Flight Decks)  22.5  23.4  24.5 
Seabed (at bow location)  33.2  34.1  35.2 

7.6 Access to Beach Nourishment Sand 

Coastal erosion and receding shorelines are a major issue on the Gosford Beaches, particularly at 
Wamberal where storms have resulted in severe erosion threatening properties located close to the 
foreshore. A number of methods have since been adopted to help prevent further erosion, although 
these may not be adequate to cope with ongoing loss of sand, shoreline retreat and potential sea 
level rise related to climate change. The Gosford City Open Coast Beaches Coastal Management 
Plan (1995) recommended that a review of the practical, economic and environmental feasibility of 
sand nourishment be undertaken for the Gosford beaches as a long term mitigation measure for 
coastal erosion. 
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The feasibility study was completed in 2002 and prepared by Manly Hydraulics Laboratory. Gosford 
City open beaches (Macmasters, Avoca, Terrigal, Wamberal and Forresters) were identified for 
potential beach nourishment.  Potential sand resources included the Stockton Bight dune system, 
Lake Macquarie entrance channel (at Swansea) and sand reserves offshore from the Gosford City 
beaches in deep water.  Based on an overall assessment of economic/environmental impacts and 
resource availability, the Gosford offshore resource was considered the most favourable, due to the 
properties of the sand resource, potential for extensive demand (for beach nourishment and 
commercial uses), natural distribution and the proximity of the resource to the beaches. 

Access to the resource however, has not been secured since the time of the feasibility study in 2002 
and at present there are no immediate plans to extract sand resources offshore from the Gosford 
Local Government Area. This has been due to legislative restrictions and the approvals process 
which is still underway.  Exploitation of sand resources would not be a constraining issue for the 
scuttling site at this stage. Should plans proceed in the future (either for beach nourishment or 
commercial for purposes) it is likely that sand extraction operations could be managed outside the 
area of the artificial reef, as the resource is located in depths greater than 35m. The volumes of sand 
required for nourishment of the Gosford beaches would be easily met by these resources. 
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Appendix A – Offshore Wave Climate (joint frequency tables) 
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− − * 0.08 0.16 0.19 0.38 0.84 0.96 0.03 − − − − − − 2.64 97.33

− − * 0.03 0.10 0.09 0.15 0.39 0.54 0.02 − − − − − − 1.31 98.64

− − − 0.01 0.04 0.04 0.08 0.22 0.24 * − − − − − − 0.64 99.28

− − * * 0.03 0.02 0.05 0.12 0.14 * − − − − − − 0.36 99.65

− − − * * 0.01 0.03 0.06 0.06 − − − − − − − 0.17 99.82

− − − * * * 0.02 0.04 0.04 * − − − − − − 0.11 99.93
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Joint Frequency Table (%) Showing Hs Against Direction for the Period 03−Mar−1992 09:00:00 to 31−Aug−2008 23:00:00
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* denotes values less than 0.01% − denotes no records in bin
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Metadata:
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− − − − − − * 0.07 0.25 0.32 0.30 0.40 0.33 0.05 * − − − − − − 1.72 98.85

− − − − − − − * 0.06 0.13 0.14 0.23 0.10 0.06 * − − − − − − 0.73 99.58
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Metadata:
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− − − − − − − − − − − − − − − − − 99.99
− − − − − − − * − − − − − − − − * 100.00
− − − − − − − − − − − − − − − − − 100.00
* 0.09 4.09 13.81 15.68 10.94 12.74 21.44 20.05 1.11 * * 0.01 0.01 * *
* 0.09 4.18 17.99 33.67 44.61 57.35 78.80 98.85 99.96 99.96 99.97 99.98 99.99 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
20−21
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Dec−1992 to 29−Feb−2008 23:00:00

N=27032

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Dec−1992 to 29−Feb−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Summer
Number of Records: 27032



− − * * 0.03 0.03 0.05 0.05 * − − − − − − − 0.17 0.17

0.01 0.03 0.41 1.24 1.79 1.94 3.11 3.80 1.59 0.14 0.03 0.01 0.02 0.03 0.05 0.02 14.24 14.42

− 0.02 0.92 3.14 5.45 4.74 6.61 10.30 4.11 0.23 0.04 − * − * * 35.58 50.00

− 0.03 0.49 1.70 2.86 2.64 4.11 8.07 4.50 0.14 * − − − − − 24.54 74.54

− − 0.17 0.77 1.32 1.47 2.15 4.59 3.28 0.09 − − − − − − 13.84 88.38

− − 0.06 0.26 0.40 0.36 1.13 1.69 1.78 0.02 − − − − − − 5.71 94.09

− − 0.01 0.08 0.30 0.29 0.50 0.77 1.08 0.03 − − − − − − 3.06 97.14

− − * 0.05 0.20 0.16 0.22 0.43 0.57 0.02 − − − − − − 1.65 98.79

− − − 0.01 0.05 0.08 0.11 0.15 0.19 * − − − − − − 0.59 99.39

− − * * 0.01 0.03 0.04 0.08 0.06 − − − − − − − 0.23 99.61

− − − − * 0.03 0.02 0.06 0.06 − − − − − − − 0.17 99.79

− − − − 0.01 * 0.01 0.05 0.02 − − − − − − − 0.10 99.89

− − − − * * 0.02 0.02 − − − − − − − − 0.05 99.94

− − − − − − 0.01 * − − − − − − − − 0.02 99.96

− − − − − − * 0.02 − − − − − − − − 0.02 99.98

− − − − − − − * − − − − − − − − * 99.99

− − − − − − * 0.01 − − − − − − − − 0.01 100.00

0.01 0.08 2.09 7.26 12.43 11.78 18.09 30.11 17.24 0.67 0.08 0.01 0.03 0.03 0.06 0.02

0.01 0.09 2.18 9.45 21.87 33.65 51.74 81.85 99.09 99.76 99.84 99.85 99.88 99.92 99.98 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=29198

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Autumn
Number of Records: 29198



− − − − * − * * 0.01 0.05 0.02 0.04 0.02 0.01 − − − − − − − 0.17 0.17

− − 0.02 0.22 0.44 0.84 0.56 1.02 1.76 2.20 1.55 2.01 1.83 1.15 0.45 0.03 0.05 0.07 0.01 0.01 − 14.24 14.42

− − − 0.05 0.58 1.53 1.50 2.76 5.58 6.41 4.34 4.82 3.89 2.47 1.15 0.26 0.13 0.10 * 0.01 − 35.58 50.00

− − − − 0.07 0.71 1.33 1.70 3.39 4.56 3.71 4.05 2.68 1.43 0.63 0.14 0.06 0.07 * 0.01 − 24.54 74.54

− − − − * 0.08 0.52 1.11 2.20 2.86 2.18 2.43 1.42 0.59 0.33 0.05 0.02 0.02 * − − 13.84 88.38

− − − − − * 0.08 0.38 0.85 1.11 1.10 1.02 0.64 0.32 0.16 0.04 − 0.01 − − − 5.71 94.09

− − − − − − * 0.09 0.32 0.52 0.51 0.73 0.48 0.21 0.16 0.02 − 0.01 − − − 3.06 97.14

− − − − − − − 0.01 0.07 0.36 0.32 0.43 0.22 0.10 0.09 0.04 − * * − − 1.65 98.79

− − − − − − − * 0.01 0.09 0.10 0.19 0.09 0.03 0.04 0.01 − 0.03 − − − 0.59 99.39

− − − − − − − − − 0.01 0.03 0.07 0.04 0.03 0.03 * − * − − − 0.23 99.61

− − − − − − − − − * 0.04 0.03 0.05 0.04 0.01 − − − − − − 0.17 99.79

− − − − − − − − − − − 0.04 0.04 * * * − − − − − 0.10 99.89

− − − − − − − − − * * * 0.03 − − 0.01 − − − − − 0.05 99.94

− − − − − − − − − − − * 0.01 − − − − − − − − 0.02 99.96

− − − − − − − − − − − * 0.02 − − − − − − − − 0.02 99.98

− − − − − − − − − − − − * − − − − − − − − * 99.99

− − − − − − − − − − − − 0.01 − − − − − − − − 0.01 100.00

− − 0.02 0.27 1.10 3.16 3.99 7.08 14.19 18.18 13.92 15.89 11.47 6.40 3.06 0.61 0.26 0.33 0.04 0.03 −

− − 0.02 0.29 1.39 4.56 8.55 15.62 29.81 47.99 61.90 77.80 89.27 95.67 98.73 99.34 99.60 99.93 99.97100.00100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−2020−21 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=29198

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Autumn
Number of Records: 29198



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − − − − * * − * * * − − − − 0.02 0.02

0.01 0.01 0.03 * * 0.01 0.01 0.03 0.01 0.02 * − 0.02 0.03 0.04 0.02 0.27 0.29
− 0.02 0.30 0.21 0.04 0.06 0.07 0.10 0.24 0.04 0.02 * − − * − 1.10 1.39
− 0.02 0.62 1.01 0.18 0.18 0.17 0.27 0.55 0.12 0.03 * * − − − 3.16 4.56
− 0.01 0.35 0.78 0.49 0.40 0.33 0.63 0.82 0.17 * − − − − − 3.99 8.55
− * 0.17 0.76 1.21 0.92 1.06 1.47 1.34 0.13 * − − − − − 7.08 15.62
− * 0.08 0.97 2.43 2.07 2.68 3.49 2.38 0.08 * − * − * − 14.19 29.81
− − 0.11 1.27 2.89 2.73 3.88 4.60 2.67 0.04 − − − − − − 18.18 47.99
− − 0.14 0.72 1.77 2.12 3.18 3.72 2.23 0.02 − − − − * − 13.92 61.90
− − 0.15 0.94 1.85 1.92 3.33 5.24 2.45 0.01 * − − − − − 15.89 77.80
− − 0.04 0.34 1.07 0.92 2.26 4.78 2.06 * * − − − − * 11.47 89.27
− * 0.05 0.15 0.37 0.32 0.79 3.28 1.43 0.01 * − − * − − 6.40 95.67
− * 0.03 0.06 0.09 0.11 0.26 1.71 0.79 0.01 − − * − − − 3.06 98.73
− − 0.01 0.06 0.02 * 0.03 0.42 0.06 − − − − − − − 0.61 99.34
− − * − − − 0.01 0.18 0.06 − − − − − − − 0.26 99.60
− − − − 0.02 * 0.01 0.13 0.15 * − − − − − − 0.33 99.93
− − − − − − − 0.03 * − − − − − − − 0.04 99.97
− − − − − * * 0.01 0.01 * − − − − − − 0.03 100.00
− − − − − − − − − − − − − − − − − 100.00

0.01 0.08 2.09 7.26 12.43 11.78 18.09 30.11 17.24 0.67 0.08 0.01 0.03 0.03 0.06 0.02
0.01 0.09 2.18 9.45 21.87 33.65 51.74 81.85 99.09 99.76 99.84 99.85 99.88 99.92 99.98 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
20−21
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=29198

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Autumn
Number of Records: 29198



− − − 0.01 0.01 0.04 0.12 0.19 0.06 − − − − − − * 0.44 0.44

0.02 0.04 0.43 0.93 1.59 2.19 4.65 8.53 2.34 0.15 0.03 0.03 0.14 0.08 0.11 0.04 21.29 21.73

− 0.02 0.47 1.65 2.86 3.60 6.37 11.67 4.92 0.29 0.07 0.03 0.04 0.07 0.02 0.02 32.11 53.84

* * 0.21 0.78 1.61 1.73 3.90 8.41 4.07 0.15 − − − − * − 20.87 74.71

− − 0.07 0.35 0.78 1.24 1.92 4.32 2.94 0.03 − − − − * * 11.68 86.39

− − 0.02 0.12 0.47 0.68 1.02 2.24 1.49 0.02 − − − − − − 6.07 92.46

− − − 0.08 0.17 0.30 0.47 1.45 0.89 0.02 − − − − − − 3.39 95.85

− − − 0.02 0.07 0.09 0.18 0.68 0.62 * − − − − − − 1.66 97.51

− − − 0.02 0.04 0.04 0.11 0.54 0.32 * − − − − − − 1.08 98.58

− − − * 0.07 0.02 0.09 0.27 0.24 − − − − − − − 0.70 99.28

− − − − 0.02 * 0.05 0.14 0.12 − − − − − − − 0.34 99.62

− − − − * 0.01 0.03 0.09 0.08 − − − − − − − 0.22 99.84

− − − − − * 0.03 0.03 0.07 − − − − − − − 0.13 99.97

− − − − − − * 0.02 * − − − − − − − 0.03 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

0.02 0.07 1.21 3.96 7.69 9.97 18.94 38.58 18.17 0.67 0.10 0.06 0.18 0.16 0.15 0.07

0.02 0.09 1.30 5.26 12.95 22.92 41.86 80.45 98.62 99.29 99.39 99.45 99.63 99.79 99.93 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 01−Jun−1992 to 31−Aug−2008 23:00:00

N=32183

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Winter
Number of Records: 32183



− − − * − − − * * 0.03 0.07 0.07 0.11 0.10 0.04 − * − − − − 0.44 0.44

− − 0.06 0.52 0.50 0.65 0.45 0.96 1.96 3.00 2.51 3.38 2.83 2.49 1.35 0.31 0.18 0.11 0.02 * − 21.29 21.73

− − − 0.16 0.40 1.20 1.21 1.87 3.72 5.92 4.51 5.50 3.47 2.29 1.12 0.40 0.19 0.15 0.02 − − 32.11 53.84

− − − − 0.02 0.42 0.85 1.40 2.21 4.05 3.34 3.82 2.21 1.52 0.70 0.21 0.10 0.04 * − − 20.87 74.71

− − − − 0.01 0.04 0.37 0.79 1.12 2.44 1.83 2.20 1.47 0.87 0.39 0.08 0.02 0.05 − − − 11.68 86.39

− − − − − − 0.07 0.42 0.47 1.17 1.09 1.35 0.81 0.42 0.20 0.03 0.02 0.02 − − − 6.07 92.46

− − − − − − * 0.08 0.27 0.67 0.69 0.85 0.42 0.28 0.10 0.01 * 0.02 − − − 3.39 95.85

− − − − − * − 0.02 0.16 0.27 0.30 0.46 0.25 0.15 0.03 − − 0.01 − − − 1.66 97.51

− − − − − − − * 0.07 0.17 0.17 0.29 0.28 0.07 0.02 − − − − − − 1.08 98.58

− − − − − − − − * 0.04 0.11 0.19 0.23 0.10 0.01 − − − − − − 0.70 99.28

− − − − − − − − * 0.02 0.04 0.07 0.13 0.07 * − − − − − − 0.34 99.62

− − − − − − − − − 0.02 0.03 0.04 0.07 0.07 − − − − − − − 0.22 99.84

− − − − − − − − − * 0.02 0.02 0.02 0.05 * − − − − − − 0.13 99.97

− − − − − − − − − − * − * * * − − − − − − 0.03 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − 0.06 0.68 0.92 2.31 2.95 5.56 9.99 17.81 14.72 18.22 12.31 8.50 3.99 1.03 0.53 0.39 0.04 * −

− − 0.06 0.74 1.66 3.97 6.92 12.48 22.46 40.28 55.00 73.22 85.53 94.02 98.01 99.05 99.57 99.96100.00100.00100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−2020−21 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 01−Jun−1992 to 31−Aug−2008 23:00:00

N=32183

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Winter
Number of Records: 32183



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − * * * * * 0.01 * − − − * * − − 0.06 0.06
* * 0.05 0.02 0.01 * 0.04 0.08 0.03 0.02 * 0.02 0.13 0.11 0.09 0.04 0.68 0.74
− 0.04 0.14 0.09 0.02 0.02 0.06 0.13 0.20 0.08 0.02 0.02 0.02 0.03 0.02 0.02 0.92 1.66

0.02 0.01 0.27 0.30 0.13 0.05 0.16 0.31 0.77 0.20 0.06 * * * * * 2.31 3.97
− − 0.20 0.57 0.33 0.15 0.19 0.40 0.94 0.16 * − * − − − 2.95 6.92
− − 0.21 0.82 0.50 0.40 0.67 1.30 1.55 0.10 * * − − − − 5.56 12.48
− * 0.15 0.65 0.78 1.08 1.86 3.08 2.36 0.03 − − * − − − 9.99 22.46
− * 0.03 0.55 1.63 2.24 4.06 6.25 3.02 0.02 * − * − * − 17.81 40.28
− * 0.04 0.45 1.30 1.87 3.28 5.47 2.30 * − * − * * * 14.72 55.00
− − 0.07 0.37 1.40 2.29 4.14 7.52 2.41 0.02 − − − − * − 18.22 73.22
− − 0.02 0.08 0.63 1.07 2.57 6.19 1.73 0.01 − − * * * * 12.31 85.53
− − 0.02 0.04 0.57 0.57 1.35 4.35 1.58 * − * − − * − 8.50 94.02
− − * 0.02 0.31 0.17 0.43 2.24 0.79 * − − − * * − 3.99 98.01
− − − * 0.03 0.02 0.07 0.67 0.24 − − − − − − − 1.03 99.05
− − − * 0.02 0.02 0.06 0.30 0.11 − − − − − − − 0.53 99.57
− − − − * * − 0.25 0.12 − − − − − − − 0.39 99.96
− − − − * * * 0.02 * − − − − − − − 0.04 100.00
− − − − − − − * − − − − − − − − * 100.00
− − − − − − − − − − − − − − − − − 100.00

0.02 0.07 1.21 3.96 7.69 9.97 18.94 38.58 18.17 0.67 0.10 0.06 0.18 0.16 0.15 0.07
0.02 0.09 1.30 5.26 12.95 22.92 41.86 80.45 98.62 99.29 99.39 99.45 99.63 99.79 99.93 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
20−21
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Jun−1992 to 31−Aug−2008 23:00:00

N=32183

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Winter
Number of Records: 32183



− − − * − * 0.02 0.05 0.02 * − − − − − − 0.11 0.11

* 0.01 0.65 1.48 1.67 1.44 2.80 5.58 1.99 0.10 0.03 0.01 0.04 0.07 0.03 − 15.89 16.01

0.01 0.07 2.67 5.37 4.24 3.45 5.93 11.52 6.03 0.38 0.03 0.05 0.02 0.04 * − 39.80 55.81

− 0.04 1.41 3.35 2.36 1.71 3.26 6.80 5.46 0.37 − * − − − * 24.75 80.56

− * 0.32 0.86 0.55 0.69 1.30 2.98 3.75 0.14 − − − − − − 10.60 91.16

− − 0.05 0.19 0.11 0.17 0.63 1.21 1.92 0.08 − − − − − − 4.35 95.51

− − 0.01 0.05 * 0.04 0.46 0.67 0.97 0.05 − − − − − − 2.25 97.76

− − * 0.04 0.02 0.02 0.17 0.30 0.52 0.06 − − − − − − 1.13 98.88

− − − 0.02 * 0.01 0.11 0.13 0.26 0.02 − − − − − − 0.55 99.43

− − − 0.01 − 0.01 0.05 0.10 0.18 * − − − − − − 0.36 99.79

− − − − − − 0.03 0.04 0.05 − − − − − − − 0.12 99.91

− − − − − − 0.03 0.02 0.03 * − − − − − − 0.08 99.99

− − − − − − * * − − − − − − − − 0.01 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

0.01 0.12 5.11 11.37 8.96 7.54 14.79 29.40 21.17 1.20 0.06 0.06 0.06 0.11 0.04 *

0.01 0.14 5.25 16.62 25.57 33.11 47.91 77.31 98.48 99.68 99.74 99.80 99.86 99.96 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=28395

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Spring
Number of Records: 28395



− − − − − − 0.02 * * 0.03 * 0.05 * * − − − − − − − 0.11 0.11

− − 0.02 0.28 0.67 0.92 1.06 1.67 2.14 2.84 1.67 1.98 1.23 0.77 0.46 0.06 0.03 0.07 * 0.02 − 15.89 16.01

− − − 0.18 1.25 3.47 3.87 4.90 6.08 6.41 4.20 4.07 2.46 1.66 0.81 0.19 0.14 0.10 0.01 0.02 − 39.80 55.81

− − − − 0.14 1.51 2.42 3.32 4.10 4.71 3.15 2.89 1.13 0.67 0.44 0.14 0.05 0.03 0.05 − − 24.75 80.56

− − − − − 0.14 0.82 1.33 1.65 2.56 1.59 1.47 0.62 0.24 0.11 0.04 0.02 * − − − 10.60 91.16

− − − − − * 0.08 0.31 0.87 1.16 0.73 0.68 0.30 0.17 0.04 0.01 − − − − − 4.35 95.51

− − − − − − − 0.09 0.34 0.55 0.49 0.47 0.22 0.07 * 0.01 − − − − − 2.25 97.76

− − − − − − − 0.02 0.11 0.23 0.30 0.31 0.12 0.04 * − − − − − − 1.13 98.88

− − − − − − − − 0.02 0.06 0.10 0.20 0.12 0.03 0.01 * − * − − − 0.55 99.43

− − − − − − − − − 0.03 0.07 0.15 0.07 0.02 * − − 0.02 − * − 0.36 99.79

− − − − − − − − − * 0.04 0.02 0.03 0.02 * − − − − − − 0.12 99.91

− − − − − − − − − * 0.01 0.02 0.01 * 0.02 − − − − − − 0.08 99.99

− − − − − − − − − − − * * − − − − − − − − 0.01 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − − 100.00

− − 0.02 0.46 2.06 6.04 8.27 11.65 15.31 18.57 12.36 12.32 6.33 3.67 1.93 0.46 0.24 0.22 0.07 0.04 −

− − 0.02 0.48 2.53 8.57 16.84 28.49 43.80 62.37 74.73 87.05 93.37 97.05 98.97 99.44 99.67 99.89 99.96100.00100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−2020−21 TotalCumul.
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0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

7.5−8

8−8.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=28395

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Spring
Number of Records: 28395



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − − − − * − − * − − * * * − 0.02 0.02
− 0.01 0.04 0.03 0.03 0.01 0.03 0.06 0.04 0.02 0.01 0.04 0.04 0.07 0.03 − 0.46 0.48
* 0.04 0.56 0.40 0.10 0.05 0.11 0.27 0.37 0.11 0.01 * * 0.01 − * 2.06 2.53
− 0.04 1.61 1.70 0.35 0.12 0.29 0.62 0.96 0.34 0.01 0.01 * − − − 6.04 8.57
− 0.01 1.24 2.52 0.71 0.34 0.58 1.18 1.39 0.28 * * − * − − 8.27 16.84
− − 0.91 2.73 1.42 0.95 1.04 2.15 2.28 0.16 − − − − − − 11.65 28.49
* * 0.36 1.75 2.03 1.58 2.27 3.91 3.28 0.13 − − − − − − 15.31 43.80
* * 0.21 1.33 1.95 2.02 3.44 5.52 4.00 0.09 − − − − − − 18.57 62.37
− * 0.08 0.36 1.10 1.26 2.81 3.99 2.70 0.04 − − − 0.01 − − 12.36 74.73
− * 0.06 0.41 0.86 0.83 2.43 4.85 2.86 0.01 * − − − * − 12.32 87.05
− 0.01 0.02 0.11 0.32 0.27 1.05 2.94 1.57 0.01 * − * * − − 6.33 93.37
− − * 0.02 0.06 0.07 0.46 2.04 1.01 − − − − − − − 3.67 97.05
− − 0.01 * 0.01 0.02 0.17 1.21 0.48 * * − − − − − 1.93 98.97
− − * * * * 0.05 0.33 0.06 * − − − − − − 0.46 99.44
− − * * − − 0.04 0.14 0.05 − − − − − − − 0.24 99.67
− − * * * * 0.01 0.10 0.09 − − − − − − − 0.22 99.89
− − − − − − * 0.06 * − − − − − − − 0.07 99.96
− − − − − − − 0.02 0.02 − − − − − − − 0.04 100.00
− − − − − − − − − − − − − − − − − 100.00

0.01 0.12 5.11 11.37 8.96 7.54 14.79 29.40 21.17 1.20 0.06 0.06 0.06 0.11 0.04 *
0.01 0.14 5.25 16.62 25.57 33.11 47.91 77.31 98.48 99.68 99.74 99.80 99.86 99.96 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
20−21
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=28395

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: Scuttling ex−HMAS Adelaide
Location: Offshore of Curl Curl, Sydney [353490.00000 , 6261620.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: Sydney Directional Waverider Buoy
Data summary: Spring
Number of Records: 28395



 

 

Appendix B- Model Systems 

The MIKE coastal modelling software would be used for the simulation of flows and waves in the 
study area.  MIKE is widely considered to be industry leading software in this specialist field.  The 
modelling system is designed in an integrated modular framework with the main MIKE 21/3 
hydrodynamic modules simulating free surface flows in 2D or 3D modes.  Additional modules that 
would be used in this study would allow for waves simulation. 

BRIEF DESCRIPTION OF MIKE MODULES 

MIKE 21/3 

MIKE 21/3 hydrodynamic module is used to simulate free surface flows in coastal and marine 
environments.  In 3D mode (MIKE 3) the hydrodynamic module is based on the numerical solution of 
the three-dimensional incompressible Reynolds averaged Navier-Stokes equation invoking the 
assumptions of Boussinsq and of hydrostatic pressure.  Thus, the model consists of continuity, 
momentum, temperature, salinity and density equations and is closed by a turbulent closure scheme.  
The free surface is taken into account using a sigma-coordinate transformation approach.  In 2D 
mode (MIKE 21) the hydrodynamic module is based on the shallow water equations – the depth-
integrated incompressible Reynolds averaged Navier-Stokes equations. 

The hydrodynamic module would be utilised to investigate tidal and wave and wind generated flows in 
the study area.  The flexibility inherited in the unstructured meshes used in MIKE 21/3 would be 
utilized to accommodate the variety of scales needed to be simulated in this investigation.  
Quadrilateral elements would be employed along the main Swansea Channel enhancing model 
discretisation and efficiency. 

The MIKE hydrodynamic module simulates water level variations and flows in response to a variety of 
forcing mechanisms. The effects and facilities relevant to this project include: 

• flooding and drying; 

• momentum dispersion; 

• bottom shear stress; 

• wind shear stress; 

• barometric pressure gradients; 

• tidal potential; 

• precipitation/evaporation; 

• wave radiation stresses; and 

• sources and sinks (intakes and discharges). 



 

 

MIKE 21 SW 

MIKE 21 SW a state-of-the-art third generation spectral wind-wave model that simulates the growth, 
decay and transformation of wind-generated waves and swell in offshore and coastal areas.  The 
following physical phenomena are taken into account: 

• wave growth by action of wind; 

• non-linear wave-wave interaction; 

• dissipation due to white-capping; 

• dissipation due to bottom friction; 

• dissipation due to depth-induced wave breaking; 

• refraction and shoaling dues to depth variations; 

• wave-current interaction; 

• approximation to wave diffraction; and 

• effect of time-varying water depth and flooding and drying 

MIKE 21 SW includes two different formulations: 

• directional decoupled parametric formulation; and 

• fully spectral formulation. 

The directional decoupled parametric formulation is based on a parameterization of the wave action 
conservation equation. The parameterization is made in the frequency domain by introducing the 
zeroth and first moment of the wave action spectrum as dependent variables following Holthuijsen 
(1989). A similar approximation is used in MIKE 21 NSW Nearshore Spectral Wind-Wave Module. 
The fully spectral formulation is based on the wave action conservation equation where the 
directional-frequency wave action spectrum is the dependent variable. 

 



 

 

 

 

 

 

 

 

 

 

Appendix C- Scuttling Site Wave Climate (joint frequency tables) 

 

 



* 0.07 0.03 0.01 0.04 0.08 0.31 0.34 0.08 0.15 0.01 * * * * * 1.13 1.13

− * 0.28 1.78 2.56 3.28 8.36 8.51 0.69 0.01 − − − − − − 25.48 26.61

− − 0.41 4.31 5.27 5.21 10.09 12.87 1.08 − − − − − − − 39.24 65.85

− − 0.12 2.16 2.55 2.33 4.63 8.20 0.60 − − − − − − − 20.59 86.44

− − * 0.47 0.84 0.96 2.03 3.57 0.14 − − − − − − − 8.01 94.45

− − − 0.09 0.29 0.43 0.85 1.59 0.04 − − − − − − − 3.29 97.74

− − − 0.02 0.14 0.15 0.35 0.58 * − − − − − − − 1.24 98.99

− − − * 0.06 0.07 0.19 0.26 * − − − − − − − 0.58 99.57

− − − * 0.02 0.03 0.09 0.09 − − − − − − − − 0.24 99.80

− − − * * 0.02 0.06 0.05 − − − − − − − − 0.13 99.94

− − − − * * 0.02 * − − − − − − − − 0.04 99.97

− − − − − * 0.01 − − − − − − − − − 0.01 99.99

− − − − − − * − − − − − − − − − * 100.00

− − − − − − * − − − − − − − − − * 100.00

− − − − − − * − − − − − − − − − * 100.00

* 0.07 0.84 8.85 11.79 12.56 27.01 36.06 2.63 0.16 0.01 * * * * *

* 0.08 0.92 9.76 21.55 34.11 61.12 97.18 99.82 99.98 99.99 99.99 99.99 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00

N=130217

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: All Records
Number of Records: 130217



* − * 0.15 0.09 0.04 0.03 0.04 0.05 0.10 0.16 0.18 0.15 0.09 0.03 * * − − − 1.13 1.13

− − * 0.06 0.60 1.11 1.16 2.03 3.07 4.39 4.72 3.38 2.65 1.34 0.64 0.17 0.11 0.03 * * 25.48 26.61

− − − * 0.37 2.17 3.08 4.20 5.69 7.65 7.52 3.51 2.74 1.44 0.58 0.21 0.08 0.01 * * 39.24 65.85

− − − − * 0.58 1.70 2.50 3.03 4.25 4.30 2.04 1.21 0.65 0.22 0.07 0.03 * * * 20.59 86.44

− − − − − 0.02 0.34 0.87 1.16 1.81 1.99 0.96 0.48 0.27 0.09 * 0.01 − − − 8.01 94.45

− − − − − − 0.03 0.19 0.41 0.72 0.97 0.54 0.21 0.13 0.08 0.01 * − − − 3.29 97.74

− − − − − − − 0.03 0.09 0.20 0.41 0.31 0.11 0.04 0.03 * 0.01 * − − 1.24 98.99

− − − − − − − * 0.02 0.05 0.17 0.20 0.08 0.03 0.02 * * − − − 0.58 99.57

− − − − − − − * * 0.01 0.06 0.08 0.05 0.03 * * * − * − 0.24 99.80

− − − − − − − − * * 0.02 0.04 0.03 0.03 * − − − − − 0.13 99.94

− − − − − − − − − * 0.01 * * * * − − − − − 0.04 99.97

− − − − − − − − − * * * * − * − − − − − 0.01 99.99

− − − − − − − − − − * * * − − − − − − − * 100.00

− − − − − − − − − − − − * − − − − − − − * 100.00

− − − − − − − − − − − − * − − − − − − − * 100.00

* − * 0.21 1.07 3.92 6.34 9.86 13.53 19.19 20.34 11.25 7.73 4.04 1.70 0.49 0.26 0.05 * *

* * * 0.22 1.28 5.20 11.54 21.40 34.93 54.12 74.46 85.71 93.44 97.49 99.18 99.67 99.93 99.98 99.99 100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−20 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00

N=130217

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: All Records
Number of Records: 130217



* − − − − − − − − − − − − − − − * *
− − − − − − − − − − − − − − − − − *
− − − * − − * − − * − − − − − − * *
* 0.04 0.01 0.01 * * * 0.02 0.03 0.08 * * * * * * 0.21 0.22
* 0.03 0.17 0.31 0.05 0.04 0.06 0.17 0.18 0.05 * * − * * − 1.07 1.28
− * 0.37 1.60 0.32 0.16 0.22 0.56 0.66 0.02 − − − − − − 3.92 5.20
− * 0.20 2.38 0.75 0.37 0.50 1.29 0.85 * − − − − − − 6.34 11.54
− * 0.06 2.15 1.51 1.11 1.25 3.16 0.61 * − − − − − − 9.86 21.40
− * 0.02 1.08 2.20 2.02 2.78 5.20 0.24 * − − − − − − 13.53 34.93
− − * 0.66 2.55 2.96 5.23 7.73 0.06 − − − − − − − 19.19 54.12
− − * 0.45 2.43 3.18 6.34 7.93 * − − − − − − − 20.34 74.46
− − * 0.15 1.10 1.56 4.30 4.14 * − − − − − − − 11.25 85.71
− − − 0.04 0.55 0.76 3.28 3.10 * − − − − − − − 7.73 93.44
− − − 0.01 0.23 0.27 1.78 1.76 * − − − − − − − 4.04 97.49
− − − 0.01 0.08 0.10 0.78 0.73 − − − − − − − − 1.70 99.18
− − − * * 0.01 0.29 0.18 − − − − − − − − 0.49 99.67
− − − * * * 0.14 0.11 − − − − − − − − 0.26 99.93
− − − − − − 0.04 0.01 − − − − − − − − 0.05 99.98
− − − − − − * * − − − − − − − − * 99.99
− − − − − − * * − − − − − − − − * 100.00
* 0.07 0.84 8.85 11.79 12.56 27.01 36.06 2.63 0.16 0.01 * * * * *
* 0.08 0.92 9.76 21.55 34.11 61.12 97.18 99.82 99.98 99.99 99.99 99.99 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00

N=130217

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: All Records
Number of Records: 130217



− 0.02 * − * 0.04 0.07 0.03 * 0.03 − − − − − − 0.21 0.21

− − 0.23 1.81 2.97 3.38 4.79 6.66 0.44 − − − − − − − 20.27 20.48

− − 0.47 6.91 8.33 6.52 8.23 13.49 1.47 − − − − − − − 45.42 65.90

− − 0.22 4.08 4.00 2.64 3.34 8.11 1.08 − − − − − − − 23.45 89.35

− − 0.02 0.73 1.23 0.77 1.24 3.34 0.13 − − − − − − − 7.46 96.82

− − − 0.07 0.45 0.41 0.22 1.23 0.02 − − − − − − − 2.40 99.22

− − − − 0.14 0.12 0.02 0.26 − − − − − − − − 0.54 99.76

− − − * 0.06 0.03 * 0.08 − − − − − − − − 0.18 99.94

− − − * 0.02 * * − − − − − − − − − 0.04 99.98

− − − * * * * − − − − − − − − − 0.02 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− 0.02 0.95 13.60 17.22 13.92 17.90 33.21 3.15 0.03 − − − − − −

− 0.02 0.97 14.57 31.79 45.71 63.61 96.82 99.97 100.00 100.00 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 01−Dec−1992 to 29−Feb−2008 23:00:00

N=30463

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Dec−1992 to 29−Feb−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Summer
Number of Records: 30463



− − − − 0.03 * 0.03 0.02 * 0.03 0.04 0.03 0.02 − − − − − − − 0.21 0.21

− − − 0.03 0.64 1.16 1.55 2.91 3.29 3.40 3.30 2.24 1.16 0.37 0.17 0.06 * − − − 20.27 20.48

− − − * 0.56 3.57 5.80 6.16 7.34 8.16 7.08 2.92 2.41 1.02 0.29 0.07 0.02 * − * 45.42 65.90

− − − − 0.01 1.07 3.31 4.20 4.01 4.49 3.78 1.38 0.64 0.38 0.12 0.04 0.02 − − − 23.45 89.35

− − − − − 0.02 0.58 1.08 1.21 1.91 1.65 0.67 0.23 0.09 0.02 − − − − − 7.46 96.82

− − − − − − 0.06 0.24 0.39 0.52 0.55 0.47 0.14 0.03 − − − − − − 2.40 99.22

− − − − − − − 0.03 0.05 0.05 0.17 0.14 0.10 0.01 − − − − − − 0.54 99.76

− − − − − − − − * * 0.06 0.06 0.04 * − − − − − − 0.18 99.94

− − − − − − − − * * * 0.02 * * − − − − − − 0.04 99.98

− − − − − − − − * * * * * − − − − − − − 0.02 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − 0.04 1.24 5.83 11.32 14.63 16.31 18.58 16.64 7.92 4.74 1.91 0.61 0.16 0.05 * − *

− − − 0.04 1.28 7.10 18.43 33.06 49.37 67.94 84.59 92.51 97.26 99.17 99.78 99.94 99.99 100.00100.00100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−20 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 01−Dec−1992 to 29−Feb−2008 23:00:00

N=30463

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Dec−1992 to 29−Feb−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Summer
Number of Records: 30463



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − 0.02 − * − * * − − − − − − − 0.04 0.04
− 0.01 0.20 0.49 0.09 0.06 0.09 0.18 0.11 * − − − − − − 1.24 1.28
− − 0.42 2.55 0.70 0.29 0.32 0.78 0.75 * − − − − − − 5.83 7.10
− * 0.28 4.87 1.43 0.63 0.96 1.95 1.20 − − − − − − − 11.32 18.43
− − 0.04 3.41 2.62 1.79 1.90 4.17 0.69 * − − − − − − 14.63 33.06
− − * 1.21 3.17 2.60 3.11 5.90 0.31 − − − − − − − 16.31 49.37
− − − 0.65 3.33 3.21 4.09 7.20 0.09 − − − − − − − 18.58 67.94
− − − 0.27 3.25 2.87 3.59 6.67 − − − − − − − − 16.64 84.59
− − − 0.10 1.40 1.50 1.96 2.96 − − − − − − − − 7.92 92.51
− − − 0.03 0.83 0.62 1.22 2.05 − − − − − − − − 4.74 97.26
− − − − 0.32 0.26 0.43 0.89 − − − − − − − − 1.91 99.17
− − − − 0.07 0.08 0.14 0.32 − − − − − − − − 0.61 99.78
− − − − − − 0.06 0.11 − − − − − − − − 0.16 99.94
− − − − − * * 0.04 − − − − − − − − 0.05 99.99
− − − − − − * − − − − − − − − − * 100.00
− − − − − − − − − − − − − − − − − 100.00
− − − − − − * − − − − − − − − − * 100.00
− 0.02 0.95 13.60 17.22 13.92 17.90 33.21 3.15 0.03 − − − − − −
− 0.02 0.97 14.57 31.79 45.71 63.61 96.82 99.97 100.00 100.00 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Dec−1992 to 29−Feb−2008 23:00:00

N=30463

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Dec−1992 to 29−Feb−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Summer
Number of Records: 30463



* 0.05 0.02 * 0.08 0.07 0.27 0.31 0.09 0.10 0.01 * − − − * 1.02 1.02

− − 0.28 1.74 2.58 3.34 8.03 6.55 0.58 − − − − − − − 23.09 24.11

− − 0.34 2.60 5.63 6.12 11.16 12.20 0.57 − − − − − − − 38.62 62.73

− − 0.08 1.26 3.02 2.84 5.41 8.73 0.39 − − − − − − − 21.73 84.46

− − * 0.31 1.19 1.15 2.67 3.86 0.10 − − − − − − − 9.29 93.75

− − − 0.14 0.38 0.49 1.20 1.48 0.03 − − − − − − − 3.72 97.47

− − − 0.02 0.30 0.26 0.45 0.46 − − − − − − − − 1.49 98.95

− − − 0.02 0.07 0.16 0.19 0.15 − − − − − − − − 0.59 99.54

− − − − 0.01 0.06 0.07 0.08 − − − − − − − − 0.22 99.77

− − − − * 0.03 0.08 0.01 − − − − − − − − 0.13 99.90

− − − − * * 0.02 − − − − − − − − − 0.03 99.93

− − − − − 0.01 0.02 − − − − − − − − − 0.03 99.96

− − − − − − 0.02 − − − − − − − − − 0.02 99.98

− − − − − − * − − − − − − − − − * 99.99

− − − − − − 0.01 − − − − − − − − − 0.01 100.00

* 0.05 0.73 6.10 13.29 14.54 29.60 33.81 1.77 0.10 0.01 * − − − *

* 0.05 0.78 6.87 20.16 34.71 64.31 98.12 99.88 99.98 99.99 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=32513

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Autumn
Number of Records: 32513



* − − 0.11 0.06 0.03 0.03 0.05 0.04 0.14 0.17 0.17 0.13 0.07 * − − − − − 1.02 1.02

− − − 0.06 0.46 1.02 0.75 1.42 2.66 4.15 4.08 3.41 2.95 1.35 0.53 0.08 0.13 0.04 * − 23.09 24.11

− − − − 0.23 1.37 1.51 3.05 5.49 8.31 7.97 4.22 3.61 1.86 0.70 0.20 0.07 0.02 * * 38.62 62.73

− − − − * 0.38 1.12 1.68 2.87 4.74 5.25 2.83 1.62 0.83 0.26 0.08 0.05 * * * 21.73 84.46

− − − − − 0.02 0.28 0.88 1.45 2.13 2.25 1.19 0.62 0.36 0.10 * 0.02 − − − 9.29 93.75

− − − − − − 0.02 0.19 0.38 0.88 1.07 0.64 0.21 0.16 0.16 * * − − − 3.72 97.47

− − − − − − − 0.03 0.08 0.28 0.50 0.29 0.12 0.05 0.09 0.03 0.03 * − − 1.49 98.95

− − − − − − − * 0.02 0.06 0.20 0.15 0.06 0.02 0.05 0.02 * − − − 0.59 99.54

− − − − − − − * * * 0.05 0.06 0.08 0.02 − − * − − − 0.22 99.77

− − − − − − − − − − 0.02 0.04 0.05 0.02 − − − − − − 0.13 99.90

− − − − − − − − − − * * * * * − − − − − 0.03 99.93

− − − − − − − − − − * 0.02 * − * − − − − − 0.03 99.96

− − − − − − − − − − − 0.01 0.01 − − − − − − − 0.02 99.98

− − − − − − − − − − − − * − − − − − − − * 99.99

− − − − − − − − − − − − 0.01 − − − − − − − 0.01 100.00

* − − 0.17 0.76 2.83 3.70 7.31 12.98 20.69 21.58 13.03 9.49 4.73 1.92 0.43 0.30 0.07 0.02 *

* * * 0.17 0.93 3.76 7.46 14.77 27.74 48.43 70.01 83.03 92.52 97.25 99.18 99.60 99.91 99.98 99.99 100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−20 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=32513

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Autumn
Number of Records: 32513



* − − − − − − − − − − − − − − − * *
− − − − − − − − − − − − − − − − − *
− − − − − − − − − − − − − − − − − *
* 0.03 * * − * * 0.02 0.04 0.04 0.01 − − − − * 0.17 0.17
− 0.01 0.13 0.22 0.02 0.04 0.05 0.09 0.16 0.03 − * − − − − 0.76 0.93
− − 0.34 1.22 0.18 0.17 0.15 0.36 0.38 0.02 − − − − − − 2.83 3.76
− − 0.17 0.94 0.45 0.39 0.31 0.91 0.53 * − − − − − − 3.70 7.46
− − 0.06 0.87 1.29 1.02 1.21 2.41 0.44 * − − − − − − 7.31 14.77
− − 0.02 0.72 2.53 2.38 2.98 4.19 0.16 − − − − − − − 12.98 27.74
− − * 0.76 3.33 3.67 5.75 7.14 0.04 − − − − − − − 20.69 48.43
− − − 0.80 2.82 3.88 6.70 7.36 * − − − − − − − 21.58 70.01
− − − 0.35 1.57 1.73 5.02 4.36 − − − − − − − − 13.03 83.03
− − − 0.11 0.80 0.90 3.92 3.76 * − − − − − − − 9.49 92.52
− − − 0.04 0.22 0.25 2.18 2.05 − − − − − − − − 4.73 97.25
− − − 0.04 0.07 0.10 0.86 0.85 − − − − − − − − 1.92 99.18
− − − * * * 0.28 0.14 − − − − − − − − 0.43 99.60
− − − * * 0.01 0.13 0.15 − − − − − − − − 0.30 99.91
− − − − − − 0.04 0.03 − − − − − − − − 0.07 99.98
− − − − − − 0.01 * − − − − − − − − 0.02 99.99
− − − − − − * − − − − − − − − − * 100.00
* 0.05 0.73 6.10 13.29 14.54 29.60 33.81 1.77 0.10 0.01 * − − − *
* 0.05 0.78 6.87 20.16 34.71 64.31 98.12 99.88 99.98 99.99 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00

N=32513

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 03−Mar−1992 09:00:00 to 31−May−2008 23:00:00
Data source: MIKE 21 SW
Data summary: Autumn
Number of Records: 32513



* 0.18 0.05 0.03 0.05 0.16 0.67 0.62 0.15 0.29 * * * * * * 2.25 2.25

− * 0.20 1.27 2.04 3.60 12.53 10.58 0.98 0.04 − − − − − − 31.23 33.48

− − 0.11 1.55 2.80 4.13 10.99 12.22 0.85 − − − − − − − 32.65 66.13

− − 0.01 0.63 1.16 1.92 5.67 7.77 0.28 − − − − − − − 17.44 83.58

− − * 0.20 0.62 1.32 2.59 3.59 0.12 − − − − − − − 8.44 92.02

− − − 0.04 0.29 0.64 1.17 2.10 0.04 − − − − − − − 4.27 96.28

− − − 0.02 0.10 0.19 0.48 1.03 * − − − − − − − 1.82 98.11

− − − * 0.07 0.06 0.36 0.53 * − − − − − − − 1.02 99.13

− − − − 0.06 0.04 0.19 0.19 − − − − − − − − 0.47 99.60

− − − − 0.01 0.03 0.08 0.16 − − − − − − − − 0.28 99.88

− − − − − 0.02 0.05 0.03 − − − − − − − − 0.09 99.97

− − − − − − 0.02 − − − − − − − − − 0.02 99.99

− − − − − − * − − − − − − − − − * 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

* 0.18 0.38 3.74 7.19 12.09 34.81 38.82 2.42 0.33 * * * * * *

* 0.19 0.57 4.31 11.50 23.59 58.40 97.21 99.63 99.97 99.97 99.98 99.99 99.99 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 01−Jun−1992 to 31−Aug−2008 22:00:00

N=35308

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: Winter
Number of Records: 35308



− − * 0.31 0.18 0.09 0.05 0.08 0.08 0.13 0.27 0.34 0.36 0.26 0.08 0.02 * − − − 2.25 2.25

− − * 0.09 0.50 0.90 0.82 1.32 2.70 4.93 6.44 4.88 4.17 2.51 1.29 0.43 0.21 0.04 − − 31.23 33.48

− − − − 0.13 0.84 1.26 2.07 3.73 6.49 8.07 4.07 2.93 1.73 0.81 0.37 0.13 0.02 − − 32.65 66.13

− − − − − 0.18 0.63 1.24 1.92 3.55 4.26 2.31 1.78 1.07 0.39 0.08 0.03 − − − 17.44 83.58

− − − − − * 0.15 0.61 0.76 1.64 2.51 1.36 0.74 0.44 0.16 0.02 0.03 − − − 8.44 92.02

− − − − − − 0.02 0.19 0.41 0.80 1.34 0.73 0.35 0.26 0.12 0.05 * − − − 4.27 96.28

− − − − − − − 0.03 0.17 0.29 0.57 0.52 0.14 0.07 0.01 − 0.01 − − − 1.82 98.11

− − − − − − − * 0.03 0.10 0.23 0.40 0.18 0.06 0.01 − − − − − 1.02 99.13

− − − − − − − − * 0.03 0.10 0.17 0.10 0.06 0.01 − − − − − 0.47 99.60

− − − − − − − − * 0.02 0.02 0.08 0.06 0.08 * − − − − − 0.28 99.88

− − − − − − − − − 0.01 0.03 0.01 0.01 0.01 0.01 − − − − − 0.09 99.97

− − − − − − − − − * 0.01 * − − − − − − − − 0.02 99.99

− − − − − − − − − − * * − − − − − − − − * 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − * 0.40 0.82 2.03 2.93 5.54 9.82 17.98 23.85 14.90 10.82 6.56 2.91 0.97 0.42 0.06 − −

− − * 0.41 1.22 3.25 6.17 11.71 21.53 39.52 63.37 78.27 89.08 95.64 98.55 99.52 99.94 100.00100.00100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−20 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 01−Jun−1992 to 31−Aug−2008 22:00:00

N=35308

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: Winter
Number of Records: 35308



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − * − − * − − * − − − − − − * *
* 0.08 0.03 0.01 * * * 0.03 0.03 0.16 * * * * * * 0.40 0.41
* 0.07 0.13 0.10 0.01 0.04 0.05 0.13 0.18 0.10 − * − * * − 0.82 1.22
− 0.02 0.11 0.48 0.10 0.07 0.12 0.43 0.65 0.04 − − − − − − 2.03 3.25
− * 0.05 0.73 0.32 0.14 0.18 0.72 0.77 0.02 − − − − − − 2.93 6.17
− * 0.03 0.97 0.53 0.43 0.70 2.29 0.56 * − − − − − − 5.54 11.71
− * 0.01 0.71 0.85 1.16 2.25 4.66 0.18 * − − − − − − 9.82 21.53
− − * 0.33 1.43 2.34 5.97 7.87 0.03 − − − − − − − 17.98 39.52
− − * 0.30 2.10 3.84 8.51 9.09 * − − − − − − − 23.85 63.37
− − − 0.10 0.89 2.14 6.53 5.23 * − − − − − − − 14.90 78.27
− − − * 0.41 1.20 5.24 3.96 * − − − − − − − 10.82 89.08
− − − − 0.33 0.48 2.98 2.76 * − − − − − − − 6.56 95.64
− − − − 0.16 0.19 1.39 1.16 − − − − − − − − 2.91 98.55
− − − − 0.03 0.03 0.57 0.34 − − − − − − − − 0.97 99.52
− − − − 0.01 0.01 0.26 0.14 − − − − − − − − 0.42 99.94
− − − − − − 0.05 * − − − − − − − − 0.06 100.00
− − − − − − − − − − − − − − − − − 100.00
− − − − − − − − − − − − − − − − − 100.00
* 0.18 0.38 3.74 7.19 12.09 34.81 38.82 2.42 0.33 * * * * * *
* 0.19 0.57 4.31 11.50 23.59 58.40 97.21 99.63 99.97 99.97 99.98 99.99 99.99 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Jun−1992 to 31−Aug−2008 22:00:00

N=35308

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Jun−1992 to 31−Aug−2008 22:00:00
Data source: MIKE 21 SW
Data summary: Winter
Number of Records: 35308



* 0.03 0.03 0.01 * 0.03 0.17 0.37 0.04 0.16 0.03 − − − − * 0.89 0.89

− * 0.40 2.37 2.71 2.76 7.50 10.01 0.74 * − − − − − − 26.51 27.40

− − 0.74 6.62 4.73 4.20 9.79 13.68 1.49 − − − − − − − 41.26 68.66

− − 0.17 2.93 2.24 1.98 3.93 8.23 0.70 − − − − − − − 20.18 88.84

− − * 0.68 0.37 0.53 1.50 3.48 0.20 − − − − − − − 6.77 95.60

− − − 0.10 0.06 0.18 0.76 1.46 0.08 − − − − − − − 2.63 98.23

− − − 0.03 0.03 0.02 0.44 0.51 * − − − − − − − 1.02 99.26

− − − * 0.03 0.02 0.18 0.23 − − − − − − − − 0.46 99.72

− − − * * 0.03 0.08 0.06 − − − − − − − − 0.18 99.90

− − − − − − 0.06 0.02 − − − − − − − − 0.07 99.97

− − − − − − 0.03 − − − − − − − − − 0.03 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − 100.00

* 0.04 1.35 12.75 10.17 9.74 24.44 38.04 3.26 0.17 0.03 − − − − *

* 0.04 1.39 14.15 24.32 34.06 58.50 96.55 99.80 99.97 100.00 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Direction for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=31933

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: MIKE 21 SW
Data summary: Spring
Number of Records: 31933



− − − 0.16 0.08 0.03 0.03 0.02 0.06 0.11 0.15 0.17 0.06 0.03 * − * − − − 0.89 0.89

− − − 0.06 0.81 1.38 1.61 2.60 3.71 4.97 4.83 2.79 2.09 0.96 0.49 0.10 0.07 0.02 * * 26.51 27.40

− − − * 0.58 3.10 4.09 5.85 6.48 7.75 6.86 2.75 1.95 1.07 0.47 0.16 0.11 0.01 * 0.01 41.26 68.66

− − − − 0.01 0.75 1.93 3.09 3.49 4.31 3.86 1.55 0.71 0.28 0.08 0.06 0.03 0.03 * − 20.18 88.84

− − − − − 0.05 0.37 0.95 1.27 1.60 1.48 0.56 0.30 0.14 0.05 * − − − − 6.77 95.60

− − − − − − 0.03 0.13 0.46 0.68 0.86 0.30 0.12 0.04 0.02 − − − − − 2.63 98.23

− − − − − − − 0.03 0.06 0.16 0.40 0.26 0.08 0.03 − − − − − − 1.02 99.26

− − − − − − − * 0.03 0.02 0.15 0.15 0.05 0.02 0.03 * * − − − 0.46 99.72

− − − − − − − − − 0.02 0.07 0.05 0.02 0.02 * * * − * − 0.18 99.90

− − − − − − − − − − 0.03 0.02 * * * − − − − − 0.07 99.97

− − − − − − − − − − * * − 0.01 − − − − − − 0.03 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − − − − − − − − − − − − − − − − − − − 100.00

− − − 0.22 1.48 5.31 8.07 12.66 15.54 19.60 18.71 8.59 5.38 2.59 1.17 0.34 0.23 0.07 0.02 0.02

− − − 0.22 1.70 7.01 15.08 27.74 43.28 62.88 81.60 90.19 95.57 98.16 99.33 99.66 99.90 99.96 99.98 100.00

0−1 1−2 2−3 3−4 4−5 5−6 6−7 7−8 8−9 9−10 10−1111−1212−1313−1414−1515−1616−1717−1818−1919−20 TotalCumul.

0−0.5

0.5−1

1−1.5

1.5−2

2−2.5

2.5−3

3−3.5

3.5−4

4−4.5

4.5−5

5−5.5

5.5−6

6−6.5

6.5−7

7−7.5

Total

Cumul.

Joint Frequency Table (%) Showing Hs Against Tp for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=31933

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: MIKE 21 SW
Data summary: Spring
Number of Records: 31933



− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
− − − − − − − − − − − − − − − − − −
* 0.03 * * * * * 0.01 0.02 0.09 0.02 − − − − * 0.22 0.22
− * 0.23 0.45 0.10 0.04 0.07 0.28 0.26 0.04 * − − − − − 1.48 1.70
− * 0.63 2.32 0.36 0.14 0.28 0.68 0.87 0.03 − − − − − − 5.31 7.01
− − 0.31 3.27 0.87 0.38 0.62 1.67 0.94 * − − − − − − 8.07 15.08
− − 0.13 3.55 1.78 1.28 1.26 3.91 0.75 * − − − − − − 12.66 27.74
− − 0.03 1.72 2.42 2.07 2.83 6.16 0.31 − − − − − − − 15.54 43.28
− − * 0.94 2.23 2.66 4.98 8.69 0.09 − − − − − − − 19.60 62.88
− − * 0.43 1.62 2.04 6.21 8.41 * − − − − − − − 18.71 81.60
− − * 0.06 0.57 0.78 3.35 3.82 * − − − − − − − 8.59 90.19
− − − * 0.18 0.25 2.45 2.48 − − − − − − − − 5.38 95.57
− − − * 0.03 0.07 1.32 1.18 − − − − − − − − 2.59 98.16
− − − − * * 0.64 0.52 − − − − − − − − 1.17 99.33
− − − − * 0.01 0.21 0.11 − − − − − − − − 0.34 99.66
− − − − * − 0.13 0.10 − − − − − − − − 0.23 99.90
− − − − − − 0.06 * − − − − − − − − 0.07 99.96
− − − − − − 0.02 − − − − − − − − − 0.02 99.98
− − − − − − 0.01 * − − − − − − − − 0.02 100.00
* 0.04 1.35 12.75 10.17 9.74 24.44 38.04 3.26 0.17 0.03 − − − − *
* 0.04 1.39 14.15 24.32 34.06 58.50 96.55 99.80 99.97 100.00 100.00 100.00 100.00 100.00 100.00

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total Cumul.
0−1
1−2
2−3
3−4
4−5
5−6
6−7
7−8
8−9
9−10
10−11
11−12
12−13
13−14
14−15
15−16
16−17
17−18
18−19
19−20
Total
Cumul.

Joint Frequency Table (%) Showing Tp Against Direction for the Period 01−Sep−1992 to 30−Nov−2007 23:00:00

N=31933

* denotes values less than 0.01% − denotes no records in bin

Metadata:
Project: 301017−00077− exHMAS Adelaide
Location: Propsoed Scuttling Site [356552.00000 , 6296077.00000]
Data period: 01−Sep−1992 to 30−Nov−2007 23:00:00
Data source: MIKE 21 SW
Data summary: Spring
Number of Records: 31933



 

 

 

 

 

 

 

 

 

 

Appendix D- Stability assessment 
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Dimensions and elements of vessels



Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 1:  beam on waves

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 3.8 16,180      5,266    17,091    4,970    17,205    4,667    16,968     4,379    16,681    4,116   
20 4.2 17,883      5,820    18,891    5,494    19,017    5,159    18,756     4,840    18,443    4,549   
100 4.6 19,586      6,374    20,690    6,017    20,830    5,650    20,545     5,301    20,206    4,983   
500 5.0 21,289      6,929    22,489    6,540    22,643    6,141    22,335     5,761    21,970    5,416   

Mx My Mx My Mx My Mx My Mx My

5 3.8 123,178   35,282 129,929 33,302 130,705 31,270 128,850   29,337 126,667 27,577
20 4.2 136,144   38,996 143,608 36,808 144,474 34,562 142,430   32,425 140,043 30,480
100 4.6 149,110   42,710 157,286 40,313 158,246 37,854 156,014   35,513 153,427 33,383
500 5.0 162,077   46,424 170,965 43,819 172,019 41,145 169,601   38,601 166,820 36,286

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 3.8 1.80 1.46 1.70 1.38 1.69 1.37 1.72 1.39 1.75 1.42
20 4.2 1.61 1.31 1.53 1.24 1.52 1.23 1.55 1.25 1.58 1.28
100 4.6 1.46 1.19 1.39 1.13 1.38 1.12 1.40 1.14 1.43 1.16
500 5.0 1.34 1.09 1.27 1.03 1.26 1.02 1.28 1.04 1.31 1.06

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI 
(years)

Hmax(m) T=8s T=9s T=10s T=11s T=12s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))
ARI 

(years)
Hmax(m) T=8s T=9s T=10s T=11s T=12s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))
ARI 

(years)
Hmax(m) T=8s T=9s T=10s T=11s T=12s
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Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 2:  22.5deg from beam on to port side (i.e. NE)

FOSOT FOSS Fx Fy Fx Fy Fx Fy Fx Fy
5 6.4 21,299      6,527    22,717    5,697    23,012    5,480    22,881     5,263    22,641    5,058   
20 7.8 25,961      7,954    27,693    6,944    28,061    6,683    27,896     6,434    27,556    6,214   
100 9.6 31,955      9,786    34,103    8,543    34,588    8,224    34,435     7,917    34,053    7,646   
500 11.4 37,952      11,631 40,533    10,143 41,160    9,761    41,007     9,397    40,599    9,077   

FOSOT FOSS Mx My Mx My Mx My Mx My

5 6.4 164,807   44,201 174,821 39,560 176,626 37,936 175,448  36,361 173,511 34,897
20 7.8 200,881   53,865 213,097 48,227 215,327 46,288 213,776  44,493 210,991 42,962
100 9.6 247,257   66,275 262,399 59,352 265,401 56,959 263,837  54,751 260,681 52,872
500 11.4 293,682   78,779 311,850 70,482 315,829 67,617 314,159  65,000 310,726 62,783

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 6.4 1.30 1.07 1.235 1.015 1.237 1.013 1.258 1.029 1.275 1.043
20 7.8 1.04 0.86 0.992 0.816 0.997 0.817 1.019 0.833 1.038 0.849
100 9.6 0.82 0.68 0.783 0.645 0.790 0.648 0.810 0.663 0.826 0.677
500 11.4 0.66 0.55 0.637 0.526 0.647 0.532 0.666 0.546 0.682 0.559

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))
ARI 

(years)
Hmax(m) T=10s T=11s T=12s T=13sT=9s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))
ARI 

(years)
Hmax(m) T=10s T=11s T=12s T=13sT=9s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI 
(years)

Hmax(m) T=10s T=11s T=12s T=13sT=9s
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Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 3:  45deg from beam on to port side (i.e. ENE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 8.3 15,206      6,055    16,771    5,265    17,407    4,193     17,593    3,743    17,572    3,681   
20 9.5 17,403      6,929    19,203    6,025    19,946    4,800     20,172    4,283    20,168    4,213   
100 10.9 19,969      7,948    22,043    6,912    22,915    5,509     23,193    4,913    23,217    4,839   
500 12.2 22,352      8,900    24,680    7,707    25,669    6,185     26,008    5,497    26,063    5,415   

Mx My Mx My Mx My Mx My Mx My

5 8.3 121,716   41,993 132,495 35,615 136,653 27,943 137,628 27,288 137,251 26,731
20 9.5 139,311   48,058 151,708 40,762 156,575 32,000 157,788 31,230 157,501 30,597
100 10.9 159,864   55,137 174,143 46,767 179,869 36,738 181,396 35,830 181,280 35,143
500 12.2 178,969   61,747 194,964 52,133 201,448 41,327 203,491 40,086 203,466 39,336

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 8.3 1.80 1.53 1.68 1.41 1.64 1.37 1.63 1.35 1.63 1.36
20 9.5 1.55 1.32 1.45 1.21 1.42 1.19 1.41 1.17 1.42 1.18
100 10.9 1.33 1.13 1.24 1.04 1.23 1.02 1.22 1.02 1.22 1.02
500 12.2 1.17 1.00 1.10 0.92 1.09 0.90 1.08 0.90 1.08 0.90

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=10s T=11s T=12s T=13s T=14s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m)
T=10s T=11s T=12s T=13s T=14s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m)
T=10s T=11s T=12s T=13s T=14s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 1:  22.5deg from beam on to starboard side (i.e. S)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 5.7 16,122      6,258    18,968    5,814    20,228    5,075    20,483     4,881    20,355    4,688   
20 6.4 18,099      7,025    21,299    6,527    22,717    5,697    23,012     5,480    22,881    5,263   
100 7.2 20,358      7,902    23,963    7,343    25,563    6,409    25,905     6,164    25,775    5,920   
500 8.0 22,616      8,779    26,625    8,156    28,405    7,121    28,786     6,855    28,620    6,599   

Mx My Mx My Mx My Mx My Mx My

5 5.7 126,113   43,019 146,773 39,368 155,670 35,234 157,224  33,790 156,089 32,387
20 6.4 141,582   48,300 164,807 44,201 174,821 39,560 176,626  37,936 175,448 36,361
100 7.2 159,254   54,336 185,420 49,724 196,716 44,503 198,825  42,675 197,623 40,903
500 8.0 176,921   60,371 206,021 55,234 218,572 49,463 220,881  47,474 219,324 45,633

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 5.7 1.72 1.44 1.47 1.22 1.40 1.15 1.40 1.15 1.42 1.16
20 6.4 1.51 1.27 1.30 1.07 1.23 1.01 1.24 1.01 1.26 1.03
100 7.2 1.33 1.11 1.14 0.94 1.09 0.89 1.09 0.89 1.11 0.91
500 8.0 1.18 0.99 1.01 0.84 0.96 0.79 0.97 0.79 0.99 0.81

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI 
(years)

Hmax(m) T=8s T=9s T=10s T=11s T=12s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))
ARI 

(years)
Hmax(m) T=8s T=9s T=10s T=11s T=12s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))
ARI 

(years)
Hmax(m) T=8s T=9s T=10s T=11s T=12s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 2:  45deg from beam on to starboard side (i.e. SSE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 9.1 18,392      5,772    19,099    4,598    19,311    4,103     19,301    4,036    19,199    3,960   
20 10.0 20,217      6,342    21,006    5,053    21,250    4,508     21,254    4,434    21,152    4,352   
100 10.9 22,043      6,912    22,915    5,509    23,193    4,913     23,217    4,839    23,118    4,755   
500 11.9 24,071      7,518    25,031    6,032    25,357    5,362     25,405    5,282    25,311    5,190   

Mx My Mx My Mx My Mx My Mx My

5 9.1 145,302   39,047 149,929 30,647 151,061 29,916 150,740 29,308 149,721 28,750
20 10.0 159,718   42,907 164,888 33,691 166,208 32,873 165,969 32,208 164,924 31,591
100 10.9 174,143   46,767 179,869 36,738 181,396 35,830 181,280 35,143 180,235 34,497
500 11.9 190,152   50,851 196,443 40,305 198,380 39,101 198,335 38,368 197,294 37,658

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 9.1 1.52 1.27 1.49 1.24 1.48 1.23 1.48 1.23 1.49 1.24
20 10.0 1.37 1.15 1.34 1.12 1.34 1.11 1.34 1.11 1.35 1.12
100 10.9 1.24 1.04 1.23 1.02 1.22 1.02 1.22 1.02 1.23 1.02
500 11.9 1.13 0.95 1.12 0.93 1.11 0.92 1.11 0.92 1.12 0.93

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m)
T=11s T=12s T=13s T=14s T=15s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m)
T=11s T=12s T=13s T=14s T=15s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 3:  67.5deg from beam on to starboard side (i.e. SE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 10.4 8,377        5,778    9,235      5,149    9,631      4,232     9,777      3,431    9,801      3,072   
20 12.5 10,078      6,908    11,112    6,142    11,592    5,079     11,781    4,137    11,822    3,696   
100 15.1 12,182      8,339    13,435    7,418    14,023    6,137     14,269    5,008    14,326    4,479   
500 17.8 14,365      9,826    15,879    8,727    16,589    7,256     16,873    5,897    16,965    5,286   

Mx My Mx My Mx My Mx My Mx My

5 10.4 68,409      40,626 74,266    34,982 76,840    28,027 77,704    23,251 77,677    21,968
20 12.5 82,322      48,600 89,357    41,682 92,461    33,705 93,602    27,988 93,686    26,574
100 15.1 99,509      58,732 108,047 50,336 111,892 40,755 113,356 33,898 113,578 32,102
500 17.8 117,372   69,214 127,709 59,387 132,390 48,232 134,028 40,014 134,493 38,247

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 10.4 3.24 2.83 3.00 2.57 2.91 2.47 2.88 2.43 2.88 2.43
20 12.5 2.67 2.33 2.47 2.12 2.39 2.03 2.37 2.00 2.37 2.00
100 15.1 2.16 1.89 2.02 1.73 1.96 1.66 1.94 1.64 1.94 1.63
500 17.8 1.79 1.56 1.68 1.44 1.63 1.39 1.62 1.37 1.62 1.37

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m)
T=11s T=12s T=13s T=14s T=15s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m)
T=11s T=12s T=13s T=14s T=15s

O:\301017‐00077 ‐ 7420 HMAS Adelaide as an Artificial Reef(DM)\03_Data\Gavin stability work\Newcastle Modelling\StabilityAnaylsisEKW_0p5settlement_FINAL



Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 1:  beam on waves (see sheet 1)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 3.8 15,758      4,140     16,784    3,913     16,970    3,677      16,768    3,452    16,487    3,247   
20 4.2 17,416      4,576     18,551    4,325     18,757    4,064      18,535    3,815    18,229    3,588   
100 4.6 19,075      5,011     20,318    4,737     20,544    4,452      20,303    4,179    19,971    3,930   
500 5.0 20,734      5,447     22,085    5,149     22,331    4,839      22,071    4,542    21,715    4,272   

Mx My Mx My Mx My Mx My Mx My

5 3.8 119,855    27,773   127,511  26,251   128,840  24,669   127,274  23,157  125,142  21,779 
20 4.2 132,472    30,696   140,935  29,014   142,407  27,265   140,689  25,595  138,359  24,072 
100 4.6 145,089    33,620   154,359  31,777   155,974  29,862   154,107  28,032  151,583  26,364 
500 5.0 157,705    36,543   167,783  34,541   169,541  32,459   167,528  30,470  164,816  28,657 

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 3.8 1.99 2.40 1.87 2.25 1.85 2.22 1.87 2.25 1.91 2.29
20 4.2 1.79 2.16 1.68 2.03 1.66 2.00 1.69 2.03 1.72 2.07
100 4.6 1.63 1.97 1.53 1.85 1.51 1.83 1.54 1.85 1.56 1.88
500 5.0 1.49 1.81 1.40 1.69 1.39 1.68 1.41 1.70 1.43 1.73

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m)
T=8s T=9s T=10s T=11s T=12s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m)
T=8s T=9s T=10s T=11s T=12s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=8s T=9s T=10s T=11s T=12s
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Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 2:  22.5deg from beam on to port side (i.e. NE)

FOSOT FOSS Fx Fy Fx Fy Fx Fy Fx Fy
5 6.4 20,914      5,156     22,410    4,552     22,753    4,375     22,637    4,199    22,419    4,034   
20 7.8 25,488      6,284     27,320    5,549     27,749    5,337     27,605    5,135    27,284    4,959   
100 9.6 31,373      7,730     33,643    6,827     34,203    6,567     34,076    6,319    33,717    6,102   
500 11.4 37,262      9,186     39,973    8,106     40,677    7,796     40,581    7,501    40,199    7,244   

FOSOT FOSS Mx My Mx My Mx My Mx My

5 6.4 161,777    34,966   172,394  31,621   174,589  30,310 173,520  29,035 171,720  27,849 
20 7.8 197,117    42,612   210,145  38,553   212,864  36,991 211,483  35,543 208,847  34,304 
100 9.6 242,625    52,430   258,767  47,447   262,345  45,520 261,010  43,738 258,035  42,218 
500 11.4 288,173    62,306   307,431  56,343   311,978  54,042 310,796  51,929 307,579  50,133 

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 6.4 1.44 1.78 1.36 1.67 1.36 1.66 1.37 1.67 1.39 1.68
20 7.8 1.16 1.45 1.10 1.36 1.10 1.35 1.12 1.36 1.13 1.38
100 9.6 0.93 1.16 0.88 1.09 0.88 1.09 0.90 1.10 0.91 1.11
500 11.4 0.76 0.97 0.72 0.91 0.73 0.91 0.74 0.91 0.75 0.92

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI 
(years)

Hmax(m) T=10s T=11s T=12s T=13sT=9s

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))
ARI 

(years)
Hmax(m) T=10s T=11s T=12s T=13sT=9s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))
ARI 

(years)
Hmax(m) T=10s T=11s T=12s T=13sT=9s
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Option 1 ‐ vessel orientated on 135degN (bow pointed SE)
Case 3:  45deg from beam on to port side (i.e. ENE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 8.3 15,001      4,805     16,596    4,159     17,254    3,308     17,455    3,074    17,439    3,019   
20 9.5 17,166      5,499     19,003    4,760     19,770    3,787     20,015    3,518    20,016    3,455   
100 10.9 19,695      6,308     21,812    5,461     22,713    4,346     23,012    4,035    23,041    3,968   
500 12.2 22,045      7,063     24,423    6,092     25,445    4,881     25,804    4,514    25,865    4,440   

Mx My Mx My Mx My Mx My Mx My

5 8.3 120,055    33,377   131,089  28,178   135,424  22,779  136,527  22,357  136,190  21,878 
20 9.5 137,396    38,198   150,097  32,251   155,164  26,070  156,525  25,587  156,282  25,038 
100 10.9 157,637    43,821   172,290  37,001   178,246  29,909  179,938  29,355  179,870  28,750 
500 12.2 176,469    49,067   192,895  41,267   199,651  33,420  201,743  32,843  201,881  32,179 

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 8.3 1.98 2.52 1.83 2.28 1.77 2.19 1.76 2.17 1.76 2.17
20 9.5 1.71 2.19 1.59 1.99 1.54 1.91 1.53 1.89 1.53 1.89
100 10.9 1.48 1.90 1.37 1.73 1.33 1.66 1.32 1.64 1.33 1.64
500 12.2 1.30 1.69 1.21 1.54 1.19 1.48 1.18 1.46 1.18 1.46

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m) T=10s T=11s T=12s T=13s T=14s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=10s T=11s T=12s T=13s T=14s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=10s T=11s T=12s T=13s T=14s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 1:  22.5deg from beam on to starboard side (i.e. S)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 5.7 15,703      4,943     18,629    4,593     19,954    4,055      20,253    3,896    20,143    3,740   
20 6.4 17,629      5,549     20,914    5,156     22,410    4,552      22,753    4,375    22,637    4,199   
100 7.2 19,829      6,242     23,526    5,800     25,217    5,120      25,615    4,921    25,500    4,723   
500 8.0 22,028      6,935     26,140    6,443     28,022    5,691      28,465    5,474    28,322    5,267   

Mx My Mx My Mx My Mx My Mx My

5 5.7 122,747    34,026   144,101  31,143   153,509  28,163   155,410  26,996  154,374  25,861 
20 6.4 137,802    38,203   161,777  34,966   172,394  31,621   174,589  30,310  173,520  29,035 
100 7.2 155,004    42,977   181,973  39,336   193,986  35,572   196,533  34,096  195,452  32,662 
500 8.0 172,200    47,751   202,162  43,695   215,545  39,541   218,355  37,939  216,973  36,454 

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 5.7 1.91 2.39 1.63 2.01 1.54 1.88 1.53 1.87 1.55 1.88
20 6.4 1.69 2.12 1.44 1.78 1.36 1.67 1.36 1.66 1.37 1.67
100 7.2 1.49 1.87 1.27 1.58 1.20 1.48 1.20 1.47 1.21 1.48
500 8.0 1.33 1.68 1.13 1.41 1.07 1.32 1.07 1.32 1.09 1.32

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m)
T=8s T=9s T=10s T=11s T=12s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m)
T=8s T=9s T=10s T=11s T=12s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=8s T=9s T=10s T=11s T=12s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 2:  45deg from beam on to starboard side (i.e. SSE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 9.1 18,200      4,560     18,931    3,627     19,161    3,370     19,155    3,310    19,060    3,245   
20 10.0 20,006      5,010     20,821    3,986     21,084    3,702     21,093    3,637    20,999    3,565   
100 10.9 21,812      5,461     22,713    4,346     23,012    4,035     23,041    3,968    22,950    3,894   
500 11.9 23,820      5,942     24,812    4,760     25,158    4,403     25,212    4,331    25,126    4,251   

Mx My Mx My Mx My Mx My Mx My

5 9.1 143,759    30,893   148,580  24,973   149,852  24,510  149,573  23,985  148,612  23,518 
20 10.0 158,021    33,947   163,401  27,441   164,877  26,933  164,683  26,355  163,702  25,841 
100 10.9 172,290    37,001   178,246  29,909   179,938  29,355  179,870  28,750  178,893  28,208 
500 11.9 188,135    40,252   194,691  32,599   196,702  32,036  196,791  31,388  195,824  30,794 

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 9.1 1.66 2.08 1.61 2.00 1.60 1.97 1.60 1.97 1.62 1.99
20 10.0 1.51 1.89 1.46 1.81 1.45 1.79 1.45 1.79 1.46 1.80
100 10.9 1.37 1.73 1.33 1.66 1.32 1.64 1.33 1.64 1.34 1.64
500 11.9 1.25 1.58 1.22 1.52 1.21 1.50 1.21 1.49 1.22 1.50

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s
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Option 2 ‐ vessel orientated on 112.5degN (bow pointed ESE)
Case 3:  67.5deg from beam on to starboard side (i.e. SE)

Fx Fy Fx Fy Fx Fy Fx Fy Fx Fy
5 10.4 8,292           4,588          9,161            4,059         9,568       3,324    9,717       2,720         9,747         2,465        
20 12.5 9,973           5,489          11,022         4,846         11,516     3,996    11,708     3,275         11,755       2,978        
100 15.1 12,052         6,628          13,326         5,852         13,930     4,829    14,180     3,963         14,245       3,596        
500 17.8 14,211         7,811          15,743         6,888         16,467     5,708    16,766     4,669         16,860       4,281        

Mx My Mx My Mx My Mx My Mx My

5 10.4 67,708         32,311       73,662         27,615       76,301     22,044 77,213     18,598       77,204       18,338    
20 12.5 81,458         38,672       88,623         32,925       91,818     26,567 93,007     22,411       93,106       22,163    
100 15.1 98,445         46,735       107,155       39,763       111,109  32,116 112,632   27,074       112,872     26,773    
500 17.8 116,111       55,079       126,593       46,919       131,394  37,981 133,154   31,875       133,634     31,858    

FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS FOSOT FOSS
5 10.4 3.53 4.56 3.25 4.12 3.14 3.95 3.11 3.89 3.11 3.88
20 12.5 2.91 3.77 2.68 3.42 2.59 3.27 2.57 3.22 2.56 3.21
100 15.1 2.39 3.10 2.20 2.81 2.13 2.69 2.10 2.65 2.10 2.63
500 17.8 2.00 2.62 1.85 2.37 1.78 2.26 1.76 2.23 1.76 2.22

Minimum Factors of Safety (against overturning (FOS OT ) and sliding(FOS S ))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Moments (kNm) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s

Maximum Forces (kN) (Horizontal (x) and Vertical (y))

ARI (years) Hmax(m) T=11s T=12s T=13s T=14s T=15s
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Appendix E- Results table for impact modelling of nearshore wave climate 

 

 



X MGAz56 Y MGAz56 He (m) Φm (°N) He (m) Φm (°N) He (m) Φm (°N) He (m) Φm (°N) He (m) Φm (°N)
1 355361 6294768 0 10m_1 1.205 108.14 1.204 108.18 1.206 108.00 1.206 108.11 1.206 108.11
2 355328 6294862 100 10m_2 1.213 111.32 1.224 111.08 1.216 111.16 1.213 111.32 1.214 111.35
3 355298 6294958 200 10m_3 1.243 113.96 1.243 112.14 1.248 113.55 1.243 113.89 1.244 113.97
4 355269 6295053 300 10m_4 1.271 114.27 1.265 113.14 1.272 113.29 1.273 113.94 1.272 114.18
5 355243 6295150 400 10m_5 1.247 113.91 1.247 112.93 1.258 112.72 1.250 113.54 1.247 113.61
6 355220 6295248 500 10m_6 1.235 115.03 1.239 114.38 1.247 114.77 1.240 114.72 1.237 114.81
7 355201 6295346 600 10m_7 1.265 116.24 1.268 115.95 1.275 116.16 1.268 116.24 1.266 116.14
8 355185 6295445 700 10m_8 1.279 116.54 1.281 116.42 1.279 116.51 1.279 116.60 1.279 116.56
9 355173 6295545 800 10m_9 1.298 117.58 1.300 117.52 1.288 117.25 1.294 117.77 1.295 117.68
10 355166 6295645 900 10m_10 1.303 117.83 1.303 117.77 1.302 117.69 1.304 117.94 1.302 118.15
11 355163 6295745 1000 10m_11 1.306 117.93 1.310 117.72 1.304 117.87 1.297 117.93 1.301 118.03
12 355166 6295845 1100 10m_12 1.290 117.77 1.299 117.24 1.300 117.61 1.298 118.00 1.295 117.47
13 355174 6295946 1200 10m_13 1.293 118.32 1.306 117.60 1.306 118.13 1.303 118.22 1.301 118.04
14 355189 6296045 1300 10m_14 1.290 118.83 1.299 118.30 1.305 118.72 1.295 118.67 1.301 118.67
15 355209 6296144 1400 10m_15 1.300 119.58 1.304 119.34 1.301 119.45 1.312 119.61 1.302 119.15
16 355235 6296241 1500 10m_16 1.294 120.29 1.295 120.21 1.298 120.33 1.294 120.13 1.298 120.54
17 355266 6296336 1600 10m_17 1.302 121.70 1.302 121.69 1.301 121.53 1.301 121.70 1.302 121.58
18 355304 6296429 1700 10m_18 1.298 123.62 1.297 123.74 1.302 124.07 1.297 123.64 1.303 123.81
19 355349 6296518 1800 10m_19 1.317 126.31 1.316 126.57 1.318 126.45 1.319 126.60 1.324 126.46
20 355398 6296606 1900 10m_20 1.344 128.05 1.348 128.33 1.354 128.09 1.346 128.28 1.347 128.15
21 355451 6296691 2000 10m_21 1.377 128.82 1.379 128.93 1.375 129.06 1.381 129.10 1.383 128.90
22 355506 6296774 2100 10m_22 1.392 129.70 1.392 129.78 1.382 129.82 1.393 129.54 1.399 129.72
23 355563 6296857 2200 10m_23 1.421 130.74 1.419 130.80 1.419 131.25 1.419 130.60 1.416 130.76
24 355621 6296939 2300 10m_24 1.439 130.98 1.430 131.04 1.409 130.92 1.425 131.00 1.429 131.13
25 355680 6297019 2400 10m_25 1.444 132.39 1.425 131.91 1.416 131.61 1.429 131.89 1.423 131.45
26 355740 6297099 2500 10m_26 1.474 130.15 1.442 129.16 1.438 128.60 1.453 129.47 1.433 128.98
27 355801 6297179 2600 10m_27 1.502 131.25 1.477 130.54 1.472 130.56 1.480 130.18 1.467 130.33
28 355864 6297257 2700 10m_28 1.512 130.53 1.502 130.27 1.494 130.18 1.490 130.71 1.496 130.14

1.327 121.49 1.325 121.17 1.324 121.26 1.325 121.40 1.324 121.35
- - 0.010 0.58 0.014 0.50 0.009 0.31 0.012 0.38
- - 0.8% 0.5% 1.1% 0.4% 0.7% 0.3% 0.9% 0.3%

1.245 113.68 1.246 113.03 1.250 113.27 1.246 113.54 1.245 113.59
- - 0.005 0.88 0.007 0.58 0.002 0.21 0.001 0.14
- - 0.4% 0.7% 0.5% 0.5% 0.2% 0.2% 0.1% 0.1%

1.308 121.28 1.312 121.15 1.312 121.25 1.31 121.35 1.312 121.28
- - 0.006 0.33 0.008 0.20 0.006 0.17 0.005 0.22
- - 0.4% 0.3% 0.6% 0.2% 0.5% 0.1% 0.4% 0.2%

1.455 130.82 1.441 130.50 1.433 130.42 1.441 130.48 1.438 130.36
- - 0.018 0.51 0.025 0.75 0.016 0.53 0.023 0.69
- - 1.3% 0.4% 1.9% 0.6% 1.2% 0.4% 1.7% 0.6%

Notes
RMSD= root mean square deviation

Design conditions for vessel orientation scenarios
SE (135°N) E (90°N) NE (45°N) N (0°N)Existing Condition

First Point 

Rock Shelf

Northern 

Rock Shelf

Avoca 

Beach

Shoreline 

Type

Location 

ID

Mean
RMSD (m)

Summary

Co-ordinates
Chainage 

(m)

Output 

Name

% RMSD

Avoca 

Beach
Northern 

Rock Shelfs

Overall
% RMSD error

RMSD (m)
% RMSD

RMSD (m)

Mean

Mean

First Point 

Rock Shelfs

Mean
RMSD (m)
% RMSD

O:\301017-00077 - 7420 HMAS Adelaide as an Artificial Reef(DM)\03_Data\Modelling\SW\Long Term Runs (2002)\Results\summary_shoreline_response.xls

APPENDIX E
Summary of impact modelling for nearshore wave climate




