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Assessment of Level to Sound Bedrock from Piling Records 

Levels to sound bedrock have been derived in Table 8 from the 2012 beach profile at Portsea Pier 

and the piling records from 2007 following. The result is plotted in Figure 35 and indicates that, 

offshore of Portsea Pier, the level of sound bedrock is likely to be around -10 m AHD. 

Table 8. Derivation of level of sound bedrock 

Pile Bent Chainage 
Seabed Level| 

(m AHD) 

Embeddment 

Depth to Refusal 

(m) 

Rock Level  

(m AHD) 

44 157 -4.3 5.2 -9.5 

43 154 -4.3 5.6 -9.9 

42 151 -4.1 5.8 -9.9 

42 151 -4.1 5.4 -9.5 

41 148 -4.1 5.4 -9.5 

39 141 -3.6 5.5 -9.1 

38 138 -3.3 5 -8.3 

37 135 -3.6 5.3 -8.9 

36 131 -3.7 5 -8.7 

36 131 -3.7 4.8 -8.5 

36 131 -3.7 5.3 -9 

35 128 -3.7 4.75 -8.45 

35 128 -3.7 4 -7.7 

34 125 -3.7 5 -8.7 

34 125 -3.7 4.7 -8.4 

34 125 -3.7 4.8 -8.5 

33 122 -3.5 5.1 -8.6 

33 122 -3.5 4.8 -8.3 

32 119 -3.4 5 -8.4 

32 119 -3.4 5.8 -9.2 

31 115 -3.2 5.3 -8.5 



  
 

 

Department of Environment, Land, 

Water and Planning 

Portsea Front Beach Options 

Assessment 

Appendix A: Concept Designs 

 

 

 

Pile Bent Chainage 
Seabed Level| 

(m AHD) 

Embeddment 

Depth to Refusal 

(m) 

Rock Level  

(m AHD) 

31 115 -3.2 5.3 -8.5 

30 112 -3.2 5.5 -8.7 

30 112 -3.2 5.5 -8.7 

29 109 -3.2 5.6 -8.8 

29 109 -3.2 5.5 -8.7 

28 106 -3.2 4.3 -7.5 

28 106 -3.2 5 -8.2 

28 106 -3.2 4.55 -7.75 

27 102 -3.2 4.62 -7.82 

27 102 -3.2 4.17 -7.37 

27 102 -3.2 4.2 -7.4 

25 96 -3.2 3.1 -6.3 

 

 

Figure 35. Bedrock levels as determined from piling records at Portsea Pier. 
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Introduction 

Sand for beach nourishment would be dredged from offshore borrow areas shown in Figure 36. 

The preferred dredging method is known as suction dredging systems. 

 
Figure 36. Possible borrow area for beach sand nourishment 

Suction Dredging Systems 

The well–proven Pnuema and Dragflow Dredging Systems are typical (Figure 37). 

  
Figure 37. Typical pnuema suction pump dredge (left) and dragflow pump dredge (right) 

The suction dredging pumps will have sufficient capacity to handle the volume of sand over the 

distances required from the borrow areas to the area of beach requiring nourishment. Typically, the 

suction dredging pumps are deployed from an A-frame mounted on a barge with anchor spread 

and deck equipment to run the dredge pumps, anchors and amenities, etc., on the barge. A tug 
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would be used to assist movement of the barge on site and during mobilisation and 

demobilisation. 

Dredging using suction pumps have advantages over other sand dredging methods such as cutter 

suction dredging, including: 

 Sand dredging pumps such Pneuma and Dragflow do not create any turbidity 

 They pump sand at far higher concentrations of solids than cutter suction dredging, meaning 

there is a lot less water to handle at the disposal end 

 Sand suction pump dredgers are far easier to set up and less costly to run, to mobilise to 

demobilise 

 Generally, sand suction pumps operate with compressed air, so they do not use as much fuel 

or energy in the dredging process. 

Dredging and Beach Nourishment Methodology 

The dredging methodology using the suction pumps would be “hole “dredging. Hole dredging is 

based on a hole being dredged to the required depth on a pre-determined grid that covers the 

borrow area. The grid size depends on the depth of hole required and the properties of the sand. It 

may be that for greater depths more than one pass over the area may be required. Using the hole 

dredging method side slopes would be achieved by adopting holes on grid locations and depths 

to make a box cut to form a stable slope. Hydrograpic survey would be used to confirm that the 

lines, levels and slopes as designed are achieved. 

Delivery of sand from the dredge to the beach would be via an (HDPE) pipeline submerged from 

near the barge to the beach avoiding possible interference to boating and other beach and water 

users. From a point at the beach where the submerged pipeline ends a manifold would be installed 

to allow pipelines along the beach to branch off to deliver sand to the beach moving from one end 

of the beach to the other end creating the beach profile required. The outlet pipes would be 

moved across the beach and along the beach with sand being moved by a combination of swamp 

dozers and front end loaders away from the outlet of the pipes delivering sand and pushing sand 

as required to achieve the lines and levels to form the required design beach profile 
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Figure 38. Typical Beach Nourishment Methodology 

Nearshore Dredged Configuration 

For the nearshore dredged configuration sand overlying rock to be used for beach nourishment 

would be dredged using the equipment and methodology described above. Once all the sand is 

removed from the area a backhoe dredger (BHD) would be mobilised to dredge rock material that 

underlies the sand to dredge the nearshore configuration to the required depth. 

A large and powerful BHD would be required to dredge the hardpan material to the design lines 

and levels required. The BHD spread would include the dredge, attendant tug, hopper barge and 

sweep bar unit to be used, towed by the tug. 

The nearshore configuration (trench) is an area of 700 x 110 m and the rock would be dredged by 

the BHD in four longitudinal cuts of approx 30 m width working each cut from one end to the 

other (0-660 m). Two to three passes on each cut would be required to dredge in rock to the 

depths required. The number of passes and depth of cut on each pass would depend on the rock 

profile and rock geotechnical properties. 
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Figure 39. Typical BHD to dredge Calcarenite hardpan in the nearshore configuration 

All dredged rock would be disposed of in the designated area to the seaward side of the trench. 

The bulked dredged material would be dumped in this area and would create a raising of the 

seabed there by around 3 m. 

Rock material dredged would be placed in this area by two main methods, namely: 

a) Side casting directly by the BHD on the area adjacent to the seaward side of the trench. 

This would be possible only for the cut(s) nearest the seaward side of the trench. Rock 

placed would be moved and spread away from the trench using the tug and sweep bar 

 

b) BHD loading a hopper barge and the barge dumping the material directly in the 

designated area with the tug and sweep bar then moving and levelling the dumped rock 

to maintain the material to the required lines and levels 

 

c) The BHD would be required from time to time to assist the sweep bar to keep the material 

to the lines and levels required and to shape batters on the boundaries of the area. 
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Pricing of Dredging Works 

The rates and prices provided for dredging works are given in Table 9. 

Table 9. Unit Rates for Dredging Works 

ITEM Rate 

Site Establishment/dis-establishment $370,000 

Dredge sand & place sand on beach $10/m3 

Dredge hardpan, side-cast and sweep to levels $25/m3 

The rates and prices provided for dredging works in Table 9 are based on the dredging equipment 

and methodology described above. The rates and prices have been verified with competent local 

dredging contractors experienced at operating this type of dredging equipment and performing 

the dredging and beach nourishment/disposal works. These contractors are locally available and 

can offer more competitive rates than would apply if the works were carried out by major (non-

local) dredging contractors. 
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1 Introduction 

Numerical modelling has been undertaken in support of the Options Assessment. The purpose of 

the numerical models was to: 

 Elucidate presently occurring coastal processes (‘baseline conditions’) 

 Inform the conceptual design of Engineering Options through, for example, establishment of 

wave climate and estimated littoral transport rates, and  

 Quantify potential changes to the coastal system due to each of the Engineering Option. 

The work has been undertaken in two distinct phases. In ‘Phase 1’ wave, tidal current and sub-tidal 

sediment transport models were developed and calibrated against a detailed and innovative set of 

field measurements within Port Phillip Bay and Portsea encompassing a period of days, months 

and years.  The calibration and validation of these model systems, along with data collected during 

fieldwork in support of the numerical model development, is detailed in Advisian (2016). 

In ‘Phase 2’ (detailed in this report), the calibrated/validated models are applied to support the 

development of a series of conceptual Engineering Options at Portsea Front Beach, each designed 

to manage or mitigate the present cycle of coastal erosion occurring at Portsea since at least 2009.  

Coastal processes relating to the below conceptual Engineering Options are assessed in this report: 

 Configuration Dredging, whereby the distribution of wave energy along the Portsea Front 

Beach shoreline is modified to minimise erosion via shaping the sea flood by dredging.  

 Shore-parallel Breakwater, which would block the incoming swell wave energy that is causing 

erosion at Portsea Front Beach.  

 Terminal Groyne, extending seaward from the shore that would capture sand drifting to the 

east, thereby building the beach and providing a sand buffer to erosion.  

 Removing sandbag revetment, thereby making explicit the extent of erosion that would occur 

if the geotextile revetment were removed and no remedial works undertaken. 

 Beach restoration with sand nourishment via episodic placement of sand mined from some 

offshore sand source to feed the erosion process.  

1.1 Modelling Approach 

The following modelling approach and model systems are used in this assessment. 

1.1.1 Waves 

Wave transformation modelling has been undertaken using MIKE 21 BW (DHI, 2016), a state-of-

the-art numerical model for the calculation and analysis of gravity and infragravity waves in coastal 

areas. The model can be used for detailed modelling of wave-induced current fields, surf zone 

dynamics and swash zone oscillations. It is capable of reproducing the combined effects of 
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shoaling, refraction, diffraction, wave breaking, bottom friction, moving shorelines, partial reflection 

and transmission, non-linear wave-wave interaction, frequency and directional spreading. 

Phenomena such as wave grouping, surf beats, generation of bound sub-harmonics and super-

harmonics and near-resonant triad interactions are captured by the Boussinesq equations.  

In ‘Phase 1’ both phase averaged (MIKE21SW; DHI, 2012) and phase resolving (MIKE21BW) were 

validated against wave coefficients derived at multiple locations within the Great Sands area 

(Advisian, 2016). Although both wave models validated well against measured data, in this present 

phase only the Boussinesq model is used for deriving the inshore wave climate along Weeroona 

Bay for assessing the conceptual Engineering Options. This is for the following reasons: 

 Although current-induced wave refraction and wave blocking by very strong tidal currents 

through the entrance to Port Phillip Bay is an important processes in modulating wave energy 

at Portsea and can only be assessed using phase-averaged spectral wave models, the swell 

wave climate at Portsea can be thought of as either ‘on’ (flood tide and slack-water) or ‘off’ 

(ebb-tide completely blocks swell wave energy from penetrating Port Phillip Bay).  

 As the erosion at Portsea is entirely driven by the swell wave climate, derivation of inshore 

wave climate and, hence, impact of each conceptual Engineering Option, need only consider 

when swell waves are capable of penetrating to Portsea. Tidal currents landward of the 

−6 m AHD contour at Portsea are small enough to not influence wave refraction processes and 

can be ignored for the purposes of littoral drift transport. Seaward of the −10 m AHD contour, 

tidal currents become strong enough to dominate sediment transport processes and wave 

effects can be ignored. 

 Detailed investigations during this project (but not reported, for brevity) found that phase 

averaged models (MIKE21SW, SWAN) were incapable of adequately reproducing large 

gradients in wave energy and very strong wave refraction predicted by the Boussinesq model 

at Quarantine Bank and, critically, in the vicinity of configuration dredging. This was true even 

when the spatial resolution of the phase-averaged models was in the region of 10 m – 20 m at 

Quarantine Bank and Portsea (i.e., smaller than the dominant wavelength) and the directional 

resolution was in the order of 2°. 

 Analysis of wave coefficients produced by the Boussinesq model at the −5 m AHD contour  

found, essentially, no real difference in wave height at Portsea Front Beach when water levels 

was varied between +0 m and +1 m AHD, and between Tp = 12 s and Tp = 16 s. Thus, the 

inshore wave climate at Portsea can be reconstructed from the limited set of wave height, 

period and direction combinations feasibly simulated by the Boussinesq model. 

1.1.2 Littoral Drift & Shoreline Change Potential 

Littoral drift modelling has been undertaken between the limits of Point Franklin and Police Point 

using UNIBEST-CL+ (Deltares, 2015), a ‘1-line’ morphological model that operates under the 

assumption that over the long-term (years to decades), cross-shore processes are in equilibrium 

and shoreline change is affected purely by long-shore processes. 

The UNIBEST software suite is an acronym of Uniform Beach Sediment Transport. It has been 

developed by WL|DELFT HYDRAULICS to yield an integrated package with diagnostic capabilities in 
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the study and simulation of longshore and cross-shore processes and related morphodynamics of 

beach profiles and beach planform shapes (coastline evolution).  

UNIBEST-CL+ consists of two integrated sub-modules: 

 The Longshore Transport module (LT module) 

 The CoastLine module (CL module) 

The longshore sediment transport is computed and schematised with the LT-module separately for 

a number of cross-shore profiles along a coast. These schematised transports are then used in the 

CL-module to perform coastline evolution simulations in which effects of structures such as 

groynes, offshore breakwaters and revetments can be incorporated. 

The LT-module is designed to compute tide and wave induced longshore currents and resulting 

sediment transport for a specific cross-shore beach profile assuming that the beach is uniform in 

alongshore direction. The surfzone dynamics are derived from a built-in random wave propagation 

and decay model, which transforms offshore wave data to the coast taking the principal processes 

of linear refraction and non-linear dissipation by wave breaking and bottom friction into account. 

The longshore sediment transports and cross-shore distribution are evaluated according to various 

transport formulas. 

The CL-module is designed to simulate coastline changes due to longshore sediment transport 

gradients of an alongshore nearly uniform coast, on the basis of the single line theory. Various 

initial and boundary conditions may be introduced as to represent a variety of coastal situations. 

Along the modelled coastline sediment sources and sinks may be defined at any location, to cater 

for river sediment yield, subsidence, offshore sediment losses, beach mining, etc.  The CL-module is 

capable of modelling the morphological impacts of various coastal engineering measures, such as 

headlands, permeable and non-permeable groynes, coastal revetments and seawalls, breakwaters, 

harbour moles, river mouth training works, artificial sand by-pass systems and beach nourishments. 

The effect of wave shielding (diffraction, directional wave spreading) behind coastal structures can 

also be incorporated in the model. The CL-module is typically used for the conceptual design 

(location, dimensions and spacing) of coastal structures and the impact assessment on adjacent 

coastal stretches. 

In this study, estimates of littoral drift transport and shoreline change have been benchmarked 

against photographic analysis of select locations at Portsea Front Beach for the period 2005 to 

2015. 

1.1.3 Cross-Shore Transport & Storm Erosion 

Cross-shore transport and storm erosion landward of the −5 m AHD contour is assessed using 

Delft3D (Deltares, 2016), configured as a 2DV beach-profile model.  The advantages of using 

Delft3D (rather than a simpler beach profile model) to assess the distribution of cross-shore 

transport and erosion processes along the beach profile are: 
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 One is able to maintain a consistent sediment transport algorithm (Van Rijn, 2007) between 

littoral drift, cross-shore and sub-tidal transport assessments 

 Delft3D as a 2DV model is able to resolve processes occurring at various levels above the bed. 

That is, the model is not depth-averaged and, hence, automatically includes processes such as 

undertow, responsible for the offshore removal of sediment during storm conditions 

 Delft3D includes sophisticated wave-current interaction in the nearshore, including a ‘roller 

model’ module that improves predictions of beach erosion and bar movement in shallow water 

substantially. 

Assessment of cross-shore transport and storm erosion is undertaken for a single beach profile 

located directly in front of the geotextile revetment. This coincides with the location of maximum 

wave focussing (and, therefore, largest waves) for ‘baseline’ conditions. It also coincides with the 

location of swell wave mitigation options including shore-parallel breakwater and configuration 

dredging. Hence, this location represents the most suitable location to assess cross-shore and 

erosion processes as relevant for Portsea Front Beach.  

1.1.4 Sub-Tidal Sediment Transport 

Residual sediment transport modelling offshore and on the Quarantine Bank was undertaken 

based on the van Rijn (2007) sediment transport algorithms applied to the tidal hydrodynamic 

model results (Advisian 2016). The van Rijn sediment transport algorithms were calibrated against 

the field data obtained over an ebb/flood tidal cycle at one site and validated against data 

obtained over another tidal cycle at a different site. The sediment grain size parameters used for 

the field data reduction and in the transport rate algorithms were taken from the measured fall 

velocity results using the van Rijn (1989) algorithm relating sediment grain size to fall velocity. 
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2 Wave Transformation 

Boussinesq wave transformation modelling has been undertaken and nearshore wave climates 

have been derived along the −5 m AHD isobath from west of Police Point to east of Point King as 

summarised in the following.  

2.1 Recap: Model Validation & Wave Refraction Processes 

Advisian (2016) described the development of the Boussinesq model, which was validated against 

wave data collected at discrete locations within the Great Sands, for the period 1998 to 2015. Data 

at each location was reduced to a mean wave height coefficient for discrete wave periods. Table 

2-1 summarises the model validation. Spectral analysis of the Boussinesq model results showed the 

importance of Quarantine Bank in refracting wave energy around the bank crest and its ability to 

focuss wave energy directly on to Portsea Front Beach.  

The focussing is particularly effective for lower frequency (longer wave length) components of the 

wave spectrum. Therefore, the bank not only acts to focus wave energy towards Portsea, but also 

filters incident wave spectra by selecting only the longer wavelength swell, which have a 

correspondingly larger shoaling coefficient in the nearshore and commensurately greater impact 

on sediment transport. Refraction of wave energy to Portsea is aided by additional focussing by 

Portsea Hole (a relict submerged gorge of some 30 m depth), which reflects incident energy 

focussed from the bank to the south of the hole, whereon it is incident on the beach directly where 

the geotextile revetment is presently located. 

Table 2-1: Validation of Boussinesq model against wave height coefficients measured at various locations around the 
Great Sands. 

Location 
Measured  

(mean, all wave periods) 

Simulated  

(mean, all wave periods) 

RB Centre Line (RBCL) 0.96 0.97 

Nepean Bank Centre Line 

(NBCL) 
0.73 1.05 

Nicholson Knoll (NK) 0.33 0.25 

Portsea Front Beach (PSFB) 0.14 0.14 

AWAC-1 0.18 0.15 

AWAC-2 0.14 0.13 
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2.2 Improvements to the Boussinesq Model for Options 

Assessment 

The validated Boussinesq model has been updated and improved from that used for previous 

coastal process analysis in the following way: 

 A larger model domain extending eastward to Sorrento,  

 Inclusion of LADS and LIDAR topographic data to provide an accurate description of bed and 

land levels above -4m AHD, 

 Inclusion of wave breaking through Port Phillip Heads and within the wider model domain, 

 Use of a wave height at the boundary corresponding to the mean wave height incident at Port 

Phillip Heads (Hm0 = 1.5m).  

 Use of multiple water levels corresponding to Mean Sea Level (MSL) and Mean High Water 

Springs (MHWS). 

 

These changes do not negate the validation of the Boussinesq model undertaken in Advisian 

(2016), but do allow the model to capture more accurately relevant non-linear wave effects such as 

wave shoaling, breaking and dissipation in the nearshore, which are of particular importance to the 

assessed conceptual Engineering Options.  

Numerical parameters (timestep, resolution, numerical stencil etc.) remain as described in Advisian 

(2016). 

2.3 Derivation of inshore wave climate 

Each wave condition at the boundary of the Boussinesq model was propagated through the model 

domain. A 40 minute warm-up period was used to allow the wave climate to achieve quasi-

equilibrium within the domain, followed by a 40-minute window over which statistics were 

gathered to calculate wave disturbance parameters. 

Instantaneous values of surface elevation and depth-averaged U,V flux components were recorded 

at 100m intervals along the −5 m AHD contour between Point Nepean and Point King (20 m 

intervals within Weeroona Bay), at a frequency of 2 Hz. The data were analysed to produce 

directional and frequency spectra (Figure 2-1) and from these integral wave parameters (Hm0, Tp, 

Tm01, Direction of Peak Spectral energy) were calculated.  

The inshore wave height and period at each point along along the −5 m AHD contour was derived 

by multiplying the offshore wave climate (Hm0, Tp) by the local wave height and period coefficients 

derived from the inshore integral wave parameters. Incident wave direction was assigned as the 

local direction of peak spectral energy. That is, to a good first approximation, the incident swell 

wave climate along the −5 m AHD contour fronting Portsea Front Beach is well described by a 

single incident direction.  



  
 

 

Department of Environment, Land, 

Water and Planning 

Portsea Front Beach Remediation 

Appendix B: Wave Transformation and 

Sediment Transport Modelling 

 

 

Advisian   7 

 

The wave climates derived in this manner are used for the littoral drift, shoreline change estimates 

and beach profile storm erosion modelling. 

  

Figure 2-1: Example directional spectra analysed from Boussinesq model at −5 m AHD contour, ‘Baseline’ 
bathymetry. Boundary wave conditions are JONSWAP spectra with Tp = 12s and Hm0 = 1.5m. Water level was 0m 
AHD. 

2.4 Results 

2.4.1 Existing (‘Baseline’) Conditions 

Figure 2-2 and Figure 2-3 show wave height coefficients and wave crest patterns as waves refract 

through Port Phillip Heads and are reflected internally by the series of sand banks separating South 

Channel from the Port Navigation Channel, for the peak wave period occurring most frequently in 

the incident swell wave record (Tp=12s). The influence of Quarantine Bank and Portsea Hole is 

clearly visible via tight focussing of swell wave energy onto Portsea Front Beach to the immediate 

east of Portsea Pier. Note also how the remainder of swell energy is captured efficiently by internal 

reflection along the bank system as the swell waves propagate eastward. Swell wave energy does 

not propagate to Sorrento but, instead, is dissipated on the sand banks immediately north.  

Wave height coefficients at the −5 m AHD contour along Weeroona Bay are presented in Figure 

2-4 as a function of chainage eastward, in MGA55 coordinates. The relative positions of Police 

Point, Portsea Pier, Point Franklin and Point King also are shown. 

The key features in Figure 2-4 are: 

 The maximum wave height coefficient is 0.2, irrespective of water level, occurring immediately 

eastward of Portsea Pier. A secondary maxima occurs just east of Point Franklin. Between the 

two maxima the wave energy is reduced due to scattering by Portsea Hole. 

 The wave height coefficients are very similar for wave period of Tp = 12 s and Tp = 16 s at the 

Boussinesq model boundary. For a water level of +1 m AHD the model results are almost 

identical at Portsea Pier.  

 West of Portsea Pier, and approximately 500m east of Point Franklin, there is no discernible 

difference in incident wave energy at the −5 m AHD contour.  
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Figure 2-2. Wave crest patterns and wave height distribution for the baseline (existing) conditions for Hs = 1.5 m, 
Tp=12 s, Water Level = 0 m AHD 
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Figure 2-3. Wave crest patterns and wave height distribution for the baseline (existing) conditions for Hs = 1.5 m, 
Tp=12 s, Water Level = 1 m AHD 

 

Figure 2-4. Wave height coefficients along the -5 m AHD isobath for the baseline (existing) condition for 0 m AHD 
water level (top) and 1 m AHD water level (bottom) 
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2.4.2 Offshore Dredged Configuration 

A total of 7 offshore dredge configurations have been assessed using the Boussinesq model. 

Various geometries were assessed, including length, width, orientation and shape.  The efficacy of 

the configuration dredging was evaluated on how effectively it redistributed the wave incident 

wave energy at Portsea.  The most successful solution is described below.  

All ‘offshore’ dredge areas were located immediately east of Quarantine Bank crest.  The most 

successful solution (‘Trench 11’) was critically dependent upon axial orientation relative to the 

incident swell wave energy focussed by the bank crest. This acted to scatter wave energy partially 

towards the western portion of Weeroona Bay. Additional efficiency was gained by aligning the 

trench such that most wave energy became trapped along the northern edge of the trench, 

preventing it from being focussed onto Portsea Front Beach and, instead, reflected off the northern 

edge of Portsea Hole and away from the shore. 

 

  

  
  
Figure 2-5. Concept design footprint for an offshore dredged configuration designed to redistribute the inclement 
wave energy away from Portsea Front Beach equitably along the Weeroona Bay foreshore. Impacts on wave 
focussing are shown to decrease incident wave heights to the east of the pier and to increase wave energy along the 
western shore of Weeroona Bay. Wave height focussing is shown to be increasing from green to yellow to red.  
Top: Trench 11 configuration for Tp=12 s at MSL (left) and on +1 m AHD (right); Bottom: Trench 11 configuration for 
Tp=16 s at MSL (left) and on +1 m AHD (right) 
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Figure 2-6 compared the wave height coefficients at the −5 m AHD contour for a variety of wave 

periods and water levels. Wave focussing on Portsea Front Beach is almost entirely redistributed to 

the west of Portsea Pier. The expected wave height reduction at Portsea Pier would be in the order 

of 50%.  

 

  

 
 

Figure 2-6. Wave height coefficients along the -5 m AHD isobath for Tp=12 s and 16 s at MSL (left) and at +1 m AHD 
water level (right) for existing conditions (top) and for Trech 11 dredged configuration (bottom). The modelling 
shows that incident wave heights at Portsea Front Beach are reduced significantly and a much more even 
distribution of wave energy is achieved along the entire Weeroona Bay foreshore for the Trench 11 dredged 
configuration. 

2.4.3 Nearshore Dredged Configuration 

At total of 7 configuration dredging geometries were assessed using the Bousinesq wave model, 

following initial development from parametric relationships (Appendix A).  Parameters varied 

included position, width, length, depth, orientation, shape and deposition of side-cast material 

adjacent to the trench. 

The most critical parameters to the functionality of the trench are the orientation (relative to the 

incident swell wave energy), width (relative to the incident wave length) and change in depth from 

ambient bed levels to the trench thalweg, relative to the incident wavelength. In this last respect 

the most successful solution (‘Trench 13’) included the side-cast of excavated rocky material on the 

northern edge of the trench, to a level of some 2.5 m above ambient bathymetry. This increased 

greatly the ability of the trench to reflect incident wave energy away from the shore. 

The results from the Boussinesq wave transformation modelling show that this nearshore trench 

would be very effective in reflecting incident swell wave energy away from Portsea Front Beach 

foreshore (Figure 2-7; Figure 2-8). As shown in Figure 2-8, at Portsea Front Beach the nearshore 

trench achieved 40% reduction in wave height (0.20 to 0.12), being a 65% reduction in peak 
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incident wave energy east of the pier. The differential rates of littoral drift transport at Portsea 

Front Beach would be reduced significantly, ameliorating greatly the rate of erosion there. The 

effectiveness of the trench could be improved further with detailed design. 

An additional effect of the nearshore trench is seen by comparing Figure 2-7 with Figure 2-3. Some 

of the energy reflected off the northern side of the trench becomes incident on the shore east of 

Point Franklin.  Inspection of directional spectra at the −5 m AHD contour (Figure 2-9) shows a 

slight increase in incident wave energy and approximately 2° anticlockwise rotation of the peak 

energy direction.  This indicates that sediment presently accumulating on the shore east of Point 

Franklin will be mobilised and gradually redistributed eastward towards Sorrento. 

 

 

Figure 2-7. Wave height distribution for the nearshore dredged configuration (Trench 13) for wave conditions 
Hs = 1.5 m, Tp = 12 s, Water Level = 0 m AHD 
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Figure 2-8. Upper panel: Wave height coefficients along the -5 m AHD isobath for the nearshore dredged 
configuration for 0 m AHD water level. Lower Panel: Comparison with Baseline conditions. 

           

Figure 2-9: Directional spectra for location 300m east of Point Franklin, showing increase in incident wave energy 
and slight anticlockwise rotation (~2 degrees) of peak energy direction.  
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2.4.4 Detached Breakwater 

This option considers a shore-detached breakwater (offshore breakwater) of length 220 m, located 

at the −6 m AHD contour. The breakwater is assumed to be surface piercing, thereby blocking all 

wave energy in the lee of the breakwater except that due to wave diffraction.  

The position and dimensions of the breakwater has been selected on the basis of empirical formula 

to form a salient behind the breakwater, directly in front of the geotextile revetment. The design is 

anticipated to provide beach volume for the presently eroding Portsea, whilst not preventing the 

eastward movement of sand along the shoreline. The development of the concept design is 

detailed in Appendix A.  Originally, a breakwater of length 180m was assessed in the Boussinesq 

model (results not shown) but this did not shelter the beach at Portsea adequately. An alternative 

breakwater alignment extended some 10m to the east and 30m to the west sheltered the beach 

adequately. 

Wave crest patterns and wave height distribution at Portsea for shore-parallel detached breakwater 

are show in Figure 2-10. The resultant wave height coefficients at the −5 m AHD contour are 

compared with Baseline in Figure 2-11. The detached breakwater is expected to reduce the 

incident wave height coefficient immediately east of Portsea Pier from 0.2 to 0.04, some 80% 

decrease in incident wave height. 

It should be noted that the wave directions at the −5 m AHD contour (not shown in this section) 

are substantially modified by the presence of the breakwater, due to diffractive effects. While the 

incident wave height at the −5 m AHD contour is reduced in the lee of the breakwater, the rotation 

of incident wave angle will influence along-shore sediment transport, with potential to cause 

erosion immediately to the west and east of the breakwater.  
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Figure 2-10: Wave crest patterns and wave height distribution  (Offshore Breakwater) for Hs = 1.5 m, Tp=12 s, Water 
Level = 0 m AHD 
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Figure 2-11 Comparison of wave height coefficients along the -5 m AHD isobath for 0 m AHD water level. Upper 
Panel: Offshore Breakwater. Lower Panel: Baseline. 

2.4.5 Point Franklin Groyne 

The wave climate used for transport modelling is that for 2.4.1 Existing (‘Baseline’) Conditions. 

2.4.6 Portsea Front Beach Groyne 

The wave climate used for transport modelling is that for 2.4.1 Existing (‘Baseline’) Conditions . 

2.4.7 Beach Nourishment 

The wave climate used for transport modelling is that for 2.4.1 Existing (‘Baseline’) Conditions . 
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2.4.8 Remove Revetment 

The wave climate used for transport modelling is that for 2.4.1 Existing (‘Baseline’) Conditions. 
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3 Littoral Drift and Shoreline Change 

Estimates 

3.1 Sediment Budget over Historical Shoreline Changes 

Images uploaded recently on Google earth have allowed for an assessment of shoreline movement 

along Weeroona Bay. The locations where measurements were taken are shown in Figure 3-1 and 

the data so derived are appended (Appendix AAA:) and summarised in Figure 3-2. The data 

comprise measurements from fixed points to the beach waterline as scaled from Google earth 

photography. There are inherent errors in such data as the result is affected by the state of the tide, 

the short-term variability of the shoreline in response to prevailing weather conditions, seasonal 

effects, etc. Improvements to this method could be achieved using photogrammetric techniques. 

The interpretation of such data informs the quantification of coastal processes undertaken herein. 

In the latter half of 2009 into 2010, at Portsea Pier there was some 30 m retreat of the shoreline at 

an annualised rate of 26.2 m/a (Figure 3-2). Over the same period, the shoreline at Point Franklin 

prograded some 20 m at an annualised rate of 16.4 m/a. The data show that the rate of recession 

near the Pier stabilised, sometime between January 2010 and December 2012, probably as a result 

of revetment construction. The rate of shoreline progradation at Point Franklin stabilised around 

January 2010, probably representing full bypassing of littoral drift transport around the headland. 

The rates of shoreline movement along the entire Weeroona Bay over this period are plotted in 

Figure 3-3. From Advisian (2016), it has been assumed that the active beach profile for littoral drift 

processes is 6 m deep. This gives the following accreted and eroded volumes along the beach: 

 Volume accreted along Western Weeroona Bay = 0.5*(1.2+1.9)*6*650 = 6,000 m
3
 

 Volume eroded at and east of Portsea Pier = 0.5*26.2*6*246 = 19,300 m
3
 

 Volume built up at the eastern end of Portsea Front Beach = 0.5*16.4*6*154 = 7,600 m
3
 

The rate of sediment input from the western part of Weeroona Bay to Portsea Front Beach was 

calculated to be 20% of the rate of transport away from the severely eroding area (Advisian 2016). 

Integrating these shoreline movement rates over that time period allows for the assessment of the 

sediment budget and rates of littoral drift transport over that time period, as indicated on Figure 

3-3 (A,B,C and D), as follows: 

                  𝐴 − 𝐵 = 6,000 𝑚3/𝑎 
                     𝐶 − 𝐵 = 19,300 𝑚3/𝑎 

                  𝐶 − 𝐷 = 7,600 𝑚3/𝑎 
  𝐶

𝐵⁄ = 5 

Solving these equations gives the following rates of littoral drift transport (Figure 3-4): 

                           𝐴 = 10,800 𝑚3/𝑎 
                           𝐵 = 4,800 𝑚3/𝑎 

                              𝐶 = 24,100 𝑚3/𝑎 

                             𝐷 = 16,500 𝑚3/𝑎 
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Figure 3-1. Locations for shoreline movement measurements: 1 - West Weeroona Bay – western end; 2 – West 
Weeroona Bay – eastern end; 3 – Portsea Pier; 4 – Portsea Front Beach centre; 5 - Point Franklin 

 
Location 1: West Weeroona Bay – west end 

 
Location 2: West Weeroona Bay – east end 

 
Location 3: Portsea Pier 

 
Location 4: Portsea Front Beach – near centre 

 
Location 5: Point Franklin 
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Figure 3-2. History of shoreline movement at locations along Weeroona Bay as shown in Figure 3-1 

 

Figure 3-3. Measured rates of shoreline movement along Weeroona Bay from mid-2009 to mid-2010  

 

Figure 3-4. Sediment budget diagram for Weeroona Bay inferred from Figure 3-3 for the period mid-2009 to mid-
2010 

The wave climate over the period when the maximum rates of shoreline change were measured is 

compared with a 10 year wave climate in Figure 3-5, which shows that the maximum rates of 

shoreline change did not occur during a particularly stormy period. As the littoral drift modelling 

10,800 m3/a 

4,800 m3/a 

16,500 m3/a 
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will be using 10 year wave climate statistics, the modelled rates of littoral drift transport will be 

higher than those derived above. 

 

Figure 3-5. The wave climate during the period over which the maximum rates of shoreline change were measured 
to determine the sediment budget above (between magenta ordinate axes) compared with a 10 year time series of 
calculated wave heights at Portsea Pier 

3.2 Long-Shore Littoral Transport 

Based on the derivation of nearshore wave climate statistics, rates of littoral drift transport have 

been calculated at 21 beach profile locations along the Portsea foreshore, spaced at 100 m centres 

(approximately), as shown in Figure 3-6. Littoral transport rates were calculated using the van Rijn 

(2007) sediment transport algorithm, with D50 sediment diameter calculated from fall velocity 

analysis of beach sediments obtained at Portsea (Advisian, 2016). 
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Figure 3-6. Beach profile locations for the calculation of rates of littoral drift transport 

3.2.1.1 Derivation of Shore Normal for Littoral Transport Estimates 

The coastal environment at Portsea is strongly two-dimensional in horizontal space. The contours 

of the beach and sub-tidal bathymetry are controlled by the existence and location of rock shelf 

platforms, geologically relict channels, and surface-piercing rocky promontories forming headlands 

to the east and west of Portsea.  The evaluation of the correct shore normal angle to use for beach 

profile models in the absence of smoothly varying shore-parallel depth contours is a non-trivial 

problem. 

A useful and efficient method in such situations is to use a wave model to calculate the angle at 

which no wave refraction occurs for a depth contour relevant to littoral drift calculations.  Figure 

3-7 provides an example for two beach profiles immediately east of Portsea Pier. Previous littoral 

transport modelling at Portsea (Advisian, 2016) strongly suggested that the −2 m AHD contour is 

the most relevant to assess shore normal for each beach profile, as most sediment transport 

occurred at approximately this contour.  
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Figure 3-7: Example of shore normal angles calculated for two beach profiles immediately east of Portse Pier. 

3.2.1.2 Long-Shore Littoral Transport  

Longshore sediment transport was assessed at each beach profile at discrete beach profile angles. 

Fitting an s-phi curve to the simulation results provides a smoothly varying profile-integrated long-

shore transport estimate as a function of coastline angle. An example is given in Figure 3-8 for 

profile ‘P300200’, which directly fronts the geotextile revetment to the east of Portsea Pier.  

[Profile P300200] 

[Profile P300300] 
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Figure 3-8: Calculated littoral drift for a beach profile ‘P300200’, fronting the geobag revetment immediately to the 
east of Portsea Pier. 

3.2.2 Existing (‘Baseline’) Conditions 

Calculated rates of littoral drift transport for the existing conditions are presented in Figure 3-9. 
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Figure 3-9. Calculated annual rates of littoral drift transport from 350 m west of Police Point to 400m east of Point 
Franklin for existing conditions 

Figure 3-9 indicates severe erosion from some 200 m west of Portsea Pier up to some 150 m east 

of the Pier. The potential erosion rate over this stretch would be some 30,000 m
3
/a, which, as 

expected, is higher than that derived empirically from the aerial photography (19,000 m
3
/a).   

3.2.3 Offshore Dredged Configuration 

Annual rates of littoral drift transport along the Portsea foreshore resulting from the offshore 

dredged configuration are presented in Figure 3-10 and compared with those as existing. 

 
Figure 3-10. Calculated annual rates of littoral drift transport from 350 m west of Police Point to 400m east of Point 
Franklin for the offshore dredged configuration option 

Figure 3-10 shows that the offshore dredged configuration trench would be very effective in 

reducing the rates of alongshore transport of beach sand away from Portsea Front Beach. The 

transport rates along the western shores of Weeroona Bay would be increased slightly and the 

rates of littoral drift transport eastward would be equilibrated along the whole of the Weeroona 

Bay foreshore, thereby eliminating beach erosion there. There would be no change to the 

conditions to the east of Point Franklin.  
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3.2.4 Nearshore Dredged Configuration 

Annual rates of littoral drift transport along the Portsea foreshore resulting from the nearshore 

dredged configuration are presented in Figure 3-11 and compared with those as existing. Figure 

3-11 shows that the nearshore dredged configuration trench would be very effective in reducing 

the rates of alongshore transport of beach sand away from Portsea Front Beach. The transport 

rates along the western shores of Weeroona Bay would remain unchanged and the rates of littoral 

drift transport eastward would be equilibrated along the whole of the Weeroona Bay foreshore, 

thereby eliminating beach erosion there. There would be a slight increase in the rates east of Point 

Franklin, which may assist in removing the excess deposits of sand there.  

 
Figure 3-11. Calculated annual rates of littoral drift transport from 350 m west of Police Point to 400m east of Point 
Franklin for the nearshore dredged configuration option 

3.2.5 Detached Breakwater 

Annual rates of littoral drift transport along the Portsea foreshore resulting from the detached 

breakwater are presented in Figure 3-12 and compared with those as existing. 

As indicated in Figure 3-12, the breakwater protects the shoreline from a point some 130 m west of 

the Portsea Pier to a location 210 m east of the Pier. The sediment transport rates are directed 

eastward over the western half of the protected area and westward over the eastern half, forming a 

salient with its apex 30 m east of the Portsea Pier. Without initial nourishment the beach would 

erode at a point 170 m east of the Pier, as would be expected with salient formation. As the salient 

would form very slowly, given the low rates of transport as modelled, it would be necessary to 

build it artificially at the start.  

Sediment transport rates would not be changed over the western portion of Weeroona Bay or 

beyond Point Franklin.  




