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1. Introduction 

A recently completed study by the UNSW Water Research Laboratory (WRL) (Carley et al., 2008) 

assessed and identified localities and infrastructure within Clarence City Council which may be 

vulnerable to coastal hazards, both at present, and into the future. Roches Beach at Lauderdale 

was identified as being one of the vulnerable areas, with Shand et al. (2011) identifying 15 

houses/buildings as being vulnerable to coastal erosion at Roches Beach under existing 

conditions.  These numbers are predicted to increase with sea level rise. 

 

Carley et al. (2008) suggested potential adaptive management options to mitigate impacts due 

to changing climate and sea level rise for the Clarence City Council locations.  These alternatives 

were grouped into three main categories: 

 

 Legislative options, for example managed retreat or development freezes; 

 Soft engineering works such as dune raising, beach scraping and beach nourishment; or 

 ‘Harder’ engineering options including improved house piling or construction of seawalls 

or groynes. 

 

Historically, coastal engineering has attempted to maintain a fixed shoreline position, with 

mitigation of shoreline recession usually involving the construction of ‘hard’ engineering 

structures (AECOM, 2010).  At times implementation of these ‘hard’ structures has been 

combined with beach nourishment to maintain beach amenity, and has often proven successful. 

However, ‘hard’ engineering structures have also shown to be inappropriate at times, particularly 

without supplementary nourishment.  They are often known to exacerbate erosion or shift 

erosion issues to nearby locations (Committee on Beach Nourishment and Protection, 1995). 

 

Artificial beach nourishment, the placement of material either on the beach face or offshore 

across the beach profile to address the problem of a sand budget deficit, is regularly considered 

a preferred management option by community members. Beach nourishment allows the 

shoreline to respond to coastal processes with adequate sand volumes available to meet storm 

demand, beach re-orientation, littoral drift and sea level rise.  Beach nourishment has been 

widely accepted as a management strategy in many places, including the USA, Europe, and to a 

lesser extent also Australia. It was estimated in 1999 that more than 500 Mm3 of material had 

been placed on US beaches (Trembanis et al., 1999). In Europe, beach nourishment strategies 

range from extensive long-term nourishment and monitoring regimes in northern countries such 

as the Netherlands and Germany, to a more ad-hoc approach in countries such as the UK, Spain, 

Italy and France (Hanson et al., 2002). 

 

The following specific adaptive management options were highlighted by Carley et al. (2008) as 

being suitable options for the present day at Roches Beach: 

 

 Seawalls; 

 Sand Nourishment; 

 Groynes; 

 Sand nourishment combined with groynes; 

 Dune raising; 

 Piled footings for reduced foundation capacity; 

 Raise roads; 

 Set minimum floor levels and setback; 

 Consider development freeze; and 

 Retreat from erosion hazard. 
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Community consultation in the Lauderdale area has revealed a strong preference to protect 

existing property and infrastructure and to retain Roches Beach as a place of recreation and 

visual beauty. Consequently, methods of protecting property that maintain beach amenity, such 

as beach nourishment, are preferred over those that either risk loss of the beach and/or degrade 

amenity for users and residents, such as seawalls or groynes. 

 

WRL were commissioned by the Local Government Association of Tasmania (LGAT) to investigate 

the option of beach nourishment, potentially supplemented by artificial reefs or groynes, at 

Roches Beach.  This task forms part of the Tasmanian Coastal Adaptation Pathways (TCAP) 

project, to develop future pathways for climate change adaptation in four coastal areas in 

Tasmania.  Lauderdale in Clarence City Council LGA, where Roches Beach is located, is one of 

these areas.  Funding for the TCAP project was provided via the Australian Government’s Coastal 

Adaptation Decision Pathways program, with matching contributions from the project partners 

including LGAT, Tasmanian Climate Change Office (TCCO), Tasmanian Planning Commission 

(TPC), Councils in the selected regions, the Antarctic Climate and Ecosystems Cooperative 

Research Centre (ACECRC) and the University of Tasmania (UTAS).  

 

As requested in the project brief, this study has been undertaken in two parts. Part 1 involved 

the assessment of beach nourishment as a quick and safe strategy to alleviate present coastal 

erosion hazards as well as mitigate ongoing beach recession due to sea level rise. In particular, 

the focus of Part 1 of the investigation was to assess the required beach nourishment volumes 

for protection against: 

 

 A 100 year ARI erosion event at present; 

 A 100 year ARI erosion event over the next 10 years; and 

 A 100 year ARI erosion event over the next 20 years. 

 

As well as estimating the required nourishment volumes, Part 1 of the study also involved 

consideration of nourishment sand sources, costs, implementation, environmental issues, and 

social issues. Part 2 of the study involved a higher level assessment of risks, costs, and benefits 

of less intrusive reef and groyne structures as a backup or to supplement beach nourishment. 

 

This report consists of three main sections.  Section 2 provides a background to environmental 

conditions and coastal processes at Roches Beach, enabling an understanding of the erosive 

processes creating a hazard to property.  Section 3 outlines the volumetric calculations for beach 

nourishment as well as further discussion on the other aspects that were required to be 

considered in Part 1 of the study.  Section 4 discusses the potential risks, costs and benefits of a 

below surface reef and/or the addition of groynes on the beach as a backup to beach 

nourishment and how this can be managed and monitored. In particular, Section 4 addresses the 

criteria required to be considered in Part 2 of the study. 

 

1.1 Location and Site Description 

The main Roches Beach is approximately 3500 m long and Roches Beach north, between 

Bambra Reef and Lauderdale Yacht Club, is approximately 800 m long (see Figure 1.1).  It is 

located within the Clarence City Council region, facing east-south-east to north-east into 

Frederick Henry Bay and assuming a zeta curve planform (Carley et al., 2008). The beach is 

exposed to small but persistent, long period groundswell arriving from the south through Storm 

Bay and shorter period local wind sea generated across Frederick Henry Bay. The northern end 

of Roches Beach is defined by a salient which has formed in the lee of Bambra Reef, a small rock 

outcrop. North of this feature the beach continues interspersed by low rocky outcrops.   
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A low rock revetment was constructed in the late 1980s along an approximately 500 m long 

stretch of the southern end of Roches Beach (approximately chainage 150 to 650 m – refer to 

Section 1.3: Project Datums) to limit further shoreline recession (Sharples, 2007).  A number of 

concrete access steps and boat ramps are integrated into this wall.  Site photographs (Sharples, 

2007) show scarps occurring in the dune even behind the revetment, apparently as a result of 

storm wave overtopping. 

 

1.2 Study Limitations 

This study is based on desktop analysis of existing data including LIDAR and beach profile 

surveys along with data presented in existing literature and previous reports. Beach design has 

been based on a combination of idealised dune profiles presented by Shand and Carley (2009), 

recent council survey data and engineering judgement.  Figures of proposed profile design, 

proposed methodologies and anticipated costings presented within this report do not constitute 

construction drawings, specifications or a schedule of quantities. The analysis has been 

undertaken to provide more detailed guidance on the option of beach nourishment for coastal 

protection, with consideration of local issues such as up-to-date beach surveys, site specific 

beach sediment properties, and possible sand supply options. Where possible, costs have been 

estimated on the basis of discussions with local contractors, however, previous experience and 

estimating manuals have also been used for some items. 

 

1.3 Project Datums 

All topographic coordinates are provided in terms of Map Grid of Australia 1994 (MGA94), which 

is based on a Universal Transverse Mercator (UTM) projection.  Site reduced levels (RL) are in 

terms of Australian Height Datum (AHD) which is approximately mean sea level at Hobart.  For 

convenience, a chainage system has been implemented along Roches Beach with a datum 

located at the southern end of the beach at 540900 m E, 5248245 m N.  This is approximately 

equal to the high tide mark at Clarence City Council topographic survey Profile 1 (Refer to 

Section 2.1).  
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Figure 1.1: Location 
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2. Environmental Conditions and Coastal Processes  

This section discusses the environmental conditions and coastal processes that exist at Roches 

Beach.  It is important to have a thorough understanding of the present day beach condition and 

the influences that are causing the erosion problems.  Several studies have previously been 

conducted at Roches Beach, with key information from these studies needed for the beach 

nourishment assessment summarised within this section.   

 

The geometry of Roches Beach is discussed first, followed by storm demand for a 100 year ARI 

erosion event. Section 2.3 discusses long-term erosion trends at Roches Beach and explains 

littoral drift.  Sea level rise due to climate change is discussed in Section 2.4 with engineering 

estimates adopted specifically for this project. Section 2.5 presents a background of 

geomorphological process at Roches Beach, highlighting sediment characteristics. 

 

2.1 Beach Geometry 

Beach profile data has been collected regularly on Roches Beach since December 2006.  The 

profile surveys are by registered surveyors Noel Leary & Associates for the Clarence City Council. 

Each survey consists of beach profile data from ten shore-normal survey lines along Roches 

Beach, south of Bambra Reef.  These extend from behind the foredune crest to the water line at 

the time of survey.  Approximate position of the surveys (Profiles 1 - 10) are shown in Figure 

2.1.   

 

Shand and Carley (2009) undertook a detailed analysis of the survey data collected along 

Roches Beach in March 2008.  The same analysis has been undertaken on the most recent 

survey data (April 2012) provided by Council.  This survey follows an episode of beach scraping 

undertaken by council south of Hadlow Road. The average beach slope (between – 0.5 and + 1 

m AHD) ranged between 1(V):12(H) to 1:17 in March 2008 to 1:14 to 1:20 in April 2012.  At 

over half of the profiles the dune crest elevation differed by less than 0.2 m from the 2008 

values.  Profiles 7 and 10 saw the largest changes with decreases in dune crest elevation of 1.5 

m and 0.7 m respectively.  Profiles 1 and 4 recorded increases in dune crest elevation of 0.5 m 

and 0.4 m respectively.  Table 2.1 displays the dune crest elevation, upper dune face slope and 

lower beach face slope in April 2012 for each of the ten profiles. Data from two profiles on 

Roches Beach north (Profiles 11 and 12 on Figure 2.1) was available from Shand et al. (2011). 

 

Table 2.1: Roches Beach Geometry (April 2012) 

Profile 

Section 

Dune Crest Elevation 

(m AHD) 

Dune Face Slope Average Beach Slope -0.5 to +1 m AHD 

(°) V:H (°) V:H 

1 3.01 32.0 1:1.6 3.6 1:16 

2 2.70 17.4 1:3.2 3.8 1:15 

3 2.22 21.8 1:2.4 3.6 1:16 

4 2.56 34.8 1:1.4 4.1 1:14 

5 3.54 32.0 1:1.6 3.2 1:18 

6 3.38 25.9 1:2.1 3.0 1:19 

7 2.34 2.8 1:21 2.9 1:20 

8 4.47 23.5 1:2.3 2.9 1:20 

9 3.40 19.0 1:2.9 3.8 1:15 

10 3.23 7.7 1:7.4 3.6 1:17 
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Figure 2.1: Roches Beach with Revetments and Council Topographic Survey Lines Indicated 
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2.2 Storm Demand 

Potential storm demand at Roches Beach was assessed by Shand et al. (2011) using the results 

of historic photogrammetric analysis and a numerical cross-shore sediment transport and profile 

change model SBEACH (Larson and Kraus, 1989; Larson et al., 1990).  Erosion of up to 60 m3/m 

was found between successive photogrammetry and topographic survey records, but it was 

generally between 10 and 30 m3/m.  Shand et al. (2011) developed synthetic design storms 

comprising wave height and period time series for extreme swell and wind-wave events.  These 

were applied within the SBEACH model to estimate erosion, with assessment at 12 locations 

(Figure 2.1) along Roches Beach.  Results showed swell events to be generally more erosive 

than wind-wave events and erosion volumes to generally increase from around 25 m3/m in the 

south up to 80 m3/m in the north, for two successive 100 year ARI storms to account for storm 

clustering (see Figure 2.2). These volumes correlate well with photogrammetric measurements. 

 

 

Figure 2.2: Storm Erosion Predicted by SBEACH Above 0 m AHD (Shand et al., 2011) 

 

2.3 Existing Long Term Trends 

Shand et al. (2011) processed photogrammetry for 42 profiles along Roches Beach, taken 

between 1959 and 2007.  The 0, 1 and 2 m AHD contour locations and the beach volume above 

0 m were established for each profile.  Long-term changes in horizontal contour positions were 

assessed using a linear regression analysis with resultant trends plotted in Figure 2.3 including a 

best-fit parabolic curve.  While this linear analysis is acknowledged as a relatively simplistic 

treatment of a dynamically fluctuating system, with sufficient data general trends become 

apparent.  Figure 2.3 shows a long-term trend of slight accretion (0 to 0.2 m/year) north of 

Bambra Reef (north of Profile 10) and south of the southern revetment (south of Profile 2), and 

recession of 0.1 to 0.3 m/year between the southern revetment and Bambra Reef.  Results are 

consistent with expected recession patterns in a zeta-curve planform bay such as Roches Beach.  
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These values are also consistent with the 0.1 to 0.25 m/year recession estimates found by 

Sharples (2007) in his examination of ongoing change at Roches Beach using aerial photographs 

from 1957, 1977, 1987, 2001 and 2005.  

 

 

Figure 2.3: Long-term Change in Contour Location above 0 m AHD Along Roches Beach 

Determined using Photogrammetry (Shand et al., 2011) 

 

Possible causes of ongoing beach recession suggested by Carley et al. (2008) include: 

 

 Imbalances in littoral drift, i.e. more sediment leaves the littoral cell than enters it; 

 Ongoing evolution (deepening) of the zeta planform, which could still be adjusting to past 

sea level rise or more recent sea level rise (Hunter et al., 2003; Church et al., 2006); 

 Cross shore response to recent sea level rise, such as postulated in the Bruun Rule; 

 Changes in the wave climate (height, direction, period) or the relative balance of wind 

waves and swell;   

 Sediment sinks; 

 Sand being supplied in pulses or slugs, which progress northward through the system; 

 

2.3.1 Littoral Drift 

Littoral drift is defined as the movement of sediment approximately parallel to the shore due to 

the angle of the predominant waves.  Carley et al. (2008) found that on the open coast beaches 

of the Clarence region sediment transport is predominantly driven by ocean swell, however, local 

wind waves would have some impact on semi-sheltered beaches such as Roches. 

 

Foster (1988) and Byrne (2006) made order of magnitude estimates of littoral drift at Roches 

Beach based on the accumulation of sand on Seven Mile Beach over the past 6000 to 7000 years 

(it is assumed that Seven Mile Beach is the sink for littoral drift sand along the Roches Beach 
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stretch of the coast.  It was estimated that the littoral drift rate past Roches Beach was 60,000 

to 70,000 m3/year northward.  It should be noted that these rates are average, historic rates 

and may not necessarily remain applicable for the existing geometry and sediment supply 

regimes. As headlands become more emergent, their potential to bypass sediment reduces. 

 

Shand and Carley (2011) conducted an assessment of sediment transport at Roches Beach.  The 

numerical wave model SWAN was used to simulate wave propagation from offshore well into 

Frederick Henry Bay to Roches Beach, and also to simulate the generation of local wind waves 

within Frederick Henry Bay. Based on this wave climate, sediment transport modelling was 

undertaken with results indicating a longshore gradient in littoral drift.  Littoral drift was found to 

increase from around 2000 m3/year at the southern end to around 13,000 m3/year at Bambra 

Reef.  These results suggest more sediment leaves Roches Beach than enters it, with a 

differential of approximately 11,000 m3 per year.  This gradient is likely to be responsible for the 

ongoing recession observed along Roches Beach, however Shand and Carley (2011) suggest 

some cross-embayment transport is likely, with sediment bypassing the southern end, and re-

joining the littoral system progressively with northward distance along the beach.  This cross-

embayment transport would likely offset a portion of the sediment deficit. The sediment budget 

based on 0.1 to 0.25 metres per year recession indicates a difference of 2000 m3 to 5000 m3 per 

year. 

 

2.4 Sea Level Rise 

Future climate change is expected to result in accelerated sea level rise.  Response models such 

as that of Bruun (1962, 1988) propose that as sea level rises, beaches will recede.  The Bruun 

Rule (Bruun, 1962; 1988) provides an order of magnitude estimate of long term recession due 

to sea level rise. The rule is based on the concept that the existing beach profile is in equilibrium 

with the incident wave climate and existing average water level.  It is a simple concept, which 

assumes that the beach system is two-dimensional and that there is no interference with the 

equilibrium profile by headlands and offshore reefs.  The Bruun Rule factor gives horizontal 

recession distance as a function of sea level rise.  Shand et al. (2011) found a Bruun Rule factor 

of 50 along Roches Beach.  This value is consistent with previous studies at Roches Beach 

(Carley et al., 2008) and with NSW and southern Queensland ‘rule-of-thumb’ values.  It 

indicates that for every 0.1 m of sea level rise, 5 m of shoreline recession can be expected.   

 

Sea level rise estimates are provided for 2050 and 2100 in a range of literature, however, due to 

the shorter timescales considered in this project, sea level rise values for 2022 and 2032 were 

required to be estimated.  Sea level rise values considered in Carley et al. (2008) are as shown 

in Table 2.2.  These values are relative to the year 2000. 

 

Table 2.2: Sea Level Rise Values Presented in Carley et al. (2008) for 2050 and 2100 

 
Mid-range SLR High range SLR 

2000 2050 2100 2050 2100 

0.0 0.2 0.5 0.3 0.9 

 

The National Committee on Coastal and Ocean Engineering “Guidelines for Responding to 

Climate Change” (NCCOE, 2004) provide “engineering estimates” for sea level rise on the basis 

of the IPCC (2001) Third Assessment Report (TAR).  The values presented by NCCOE (2004) for 

the “engineering estimates” are based on the TAR SRES scenarios, and are shown in Table 2.3 
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and Figure 2.4. These values are relative to 1990 sea levels, therefore making the values 

adopted by Carley et al. (2008) slightly conservative. 

 

Table 2.3: Sea Level Rise Values for 2100 Presented by NCCOE (2004) 

Scenario IS92a SRES Engineering 

Estimate Range (m) IPCC (1996a) IPCC (2001b) IPCC (2001b) 

Min. 0.20 0.11 0.09 0.1 

Central 0.49 0.44 0.48 0.5 

Max. 0.86 0.77 0.88 0.9 

 

 

 

Figure 2.4: 1990 to 2100 SRES Sea Level Rise Projections from NCCOE (2004) 

 

Hunter (2008) again used values from the IPCC TAR, and presented sea level rise projections for 

three separate SRES scenarios, namely B1 (low impact), A1B (medium impact) and A1FI (high 

impact).  Hunter (2008) generally did not use the IPCC (2007) fourth assessment report (AR4), 

as sea level rise projections were not published for times throughout the 21st century, and the 

report findings were not published at the time of part of his analysis being completed.  The sea 

level rise projections from Hunter (2008) are shown in Figure 2.5. 
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Figure 2.5: Projections for Sea Level Rise from Hunter (2008) 

 

The sea level rise projections from Hunter (2008) for the low, medium, and high impact SRES 

scenarios (after the IPCC TAR) are overlaid with the projections for the year 2100 from the IPCC 

AR4 in Figure 2.5.  It is evident that the model projections from the TAR compare relatively well 

with the projection from the AR4 report at year 2100, if the allowance for increased ice flow from 

Greenland and Antarctica are not included (which are not well understood).  If the additional 

allowance is included, then the AR4 projections closely match the maximum projections from the 

TAR at year 2100. 

 

Hunter (2008) reports that a paper from Rahmstorf et al. (2007) indicates recent global sea level 

rise has closely followed the upper projections from the TAR.  Furthermore, a paper from 

Raupach et al. (2007) indicates that global CO2 emissions are following the SRES high impact 

(A1FI) scenario.  On this basis, Hunter (2008) recommends that for planning purposes, the TAR 

high impact (A1FI) scenario should be adopted for sea level rise projections throughout the 21st 

century. 

 

The TAR high impact scenario (A1FI) projections match the upper suggestions in NCCOE (2004).  

For consistency with recommendations, adopted interstate planning policy, and previous studies, 

WRL have adopted reasonable “engineering estimates” for sea level rise over the next one and 

two decades that are based on the upper limit of the high impact (A1FI) scenario from the TAR.  

It should be noted that over the next 20 years, the difference in any scenario is minor compared 

to the range in projections from different global models.  

 

Max. of 
Projections 

Ave. of 

Projections 

Min. of 

Projections 
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The short-term “engineering estimates” for sea level rise (relative to 2012 sea level) adopted for 

this in this study are: 

 

 0.05 m sea level rise by 2022 

 0.10 m sea level rise by 2032 

 

Consequently, applying a Bruun Factor of 50, up to 2.5 m of additional shoreline recession may 

be seen at Roches Beach by 2022, and 5 m by 2032. 

 

2.5 Beach Morphology  

2.5.1 Geomorphology 

Roches Beach comprises Holocene aged (from around 12,000 years BP), unconsolidated sand-

sized material overlying soft tertiary-age sediments, with harder lithified dolerite defining the 

end of the embayment (Sharples, 2007).  These unconsolidated sediments are thought to have 

become trapped within the embayment while migrating south to the north (Byrne, 2006).  

Roches Beach displays a zeta curve or log-spiral planform, which develops in response to 

alongshore changes in wave crest orientation due to refraction and diffraction around the 

southern headland.  The beach is defined at the northern end by a small salient which has 

formed in the lee of Bambra Reef.  The southern half of Roches Beach forms the eastern flank of 

the Lauderdale Neck; a large, Holocene aged tombolo linking the South Arm Peninsula to the 

Tasmanian Mainland.  The tombolo is approximately 850 m wide at its narrowest point, with the 

western side defined by Ralphs Bay. 

 

The progressive development of the tombolo is evidenced by the presence of north-south 

running relic sand dune ridges to the north of the Lauderdale Canal.  These relic dunes are 

evident within LIDAR data for the area, although are more numerous and better defined at the 

northern end of the beach where four to six dunes extend 300 to 400 m inland (Shand and 

Carley, 2011).  At the southern end of the beach this reduces to two dune systems, a foredune 

and relic hind-dune.  This hind-dune becomes located progressively closer to the foredune and 

becomes larger with respect to the foredune with distance south.  While Sharples (2007) and 

Shand and Carley (2011) find general recession along Roches Beach, the beach must have 

experienced significant progradation in Holocene times to facilitate the development of the 

tombolo and formation of the observed relic dunes.  

 

Shand and Carley (2009) analysed Council topography surveys undertaken at 10 profile 

locations along Roches Beach and LIDAR data and provide a definitive description of the 

geometry of modern day Roches Beach. However, in brief, it was determined the beach is 

generally reflective with a foreshore slope of 1(V):12(H) to 1:17 (determined to be 1:14 to 1:20 

in April 2012) and offshore slope increasing from 1:160 at the far south end of the beach to 1:20 

at the northern end where the offshore bathymetry deepens quickly.  The flatter slope at the 

south end is likely to be due to cross embayment transport of sand.  Dune crest elevation was 

found to increase from around 2.5 m at the southern end of the beach to over 4 m at the 

northern end, although it decreases substantially north of Bambra Reef.  In general Shand and 

Carley (2009) concluded the majority of Roches Beach appears in an eroded state with lack of 

excess sediment on the beach face and a scarped and steep foredune.  Exceptions occur north of 

Bambra Reef and at the very southern end of the beach where wider beaches are evident. 
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2.5.2 Sediment Size 

As part of the Foster (1988) study, the then Tasmanian Lands Department undertook sediment 

sampling at 11 locations along the southern half of Roches Beach.  Samples were obtained from 

the beach berm, 2 m depth and 4 m depth.  The median (d50) sediment size on the beach berm 

was found to range between 0.14 and 0.37 mm, with sediment size slightly increasing to the 

north.  It was also found that sediments are finer offshore (0.11 to 0.14 mm at 2 m depth and 

0.08 to 0.11 mm at 4 m depth).  Of note, one sample at 4 m depth had a d50 sediment size of 

0.52 mm.  It is uncertain whether this was a local anomaly with a pocket of larger sediment, and 

was not discussed further within Foster (1988).  Foster noted that sample results indicate sand 

from the beach berm is completely different from that offshore and that this indicates very little 

interchange between beach and offshore sediments.  He furthermore concluded that sediments 

eroded from the upper beach are retained in a narrow zone near the shore and thus judicious 

use of beach scraping following storm events may provide beach protection. 

 

A sample taken from the low water mark south of Bambra Reef by Carley et al. (2008) shows 

the Roches Beach sand to be typically fine to very fine and poorly sorted, with 95% of material 

being between 0.075 and 0.2 mm.  This sediment size appears somewhat finer than that found 

on the beach berm by Foster (1988), but similar to that found at -2 m depth.  

 

A more recent and detailed study by Aquenal (Aquenal, 2010) assessed sediment size 

distribution on and offshore of Roches Beach.  Sediment core samples were extracted at the 

foredune and at depths of -2, -3, -4 and -6 m AHD along two transects offshore of Roches 

Beach.  Results show sediments in the dunes to be somewhat coarser than offshore with a larger 

proportion of 0.25 to 0.5 mm material.  Materials offshore are dominated by 0.063 to 0.24 mm 

sediments, although a higher proportion of sediments larger than 0.25 mm occur offshore 

of -4 m AHD depth.  These findings are in agreement with Foster (1988) including the finding of 

coarser material at depth.  Aquenal (2010) found that sediments, both offshore and at the beach 

became finer toward the southern end of the beach.  
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3. Beach Nourishment  

Beach nourishment involves the placement of large quantities of good quality sand on a beach to 

advance it seaward.  Beach nourishment projects are usually conducted along beaches where 

erosional trends exist and the beach has eroded to a degree that homes and/or infrastructure 

may be jeopardised by major storms (Dean, 2002).  As outlined by Shand et al. (2011) with 

present conditions along Roches Beach 15 houses are at risk, with this number predicted to 

reach 114 by 2050 with medium predictions of sea level rise. 

 

Beach nourishment is being investigated as an option for providing protection in the short term, 

as it has been identified to have the lowest risk of adverse effects to adjacent areas (Reference: 

Project Brief).  While some beach scraping has been conducted to increase the volume of the 

dunes at Roches Beach, this section investigates the option for a larger scale beach nourishment 

project.  Section 3.1 provides a background for beach nourishment and the calculation methods, 

whist Section 3.2 outlines the likely volumes required for nourishment along Roches Beach and 

how these conclusions have been reached. Section 3.3 discusses potential sand sources and the 

volumes of material from these specific sources that would be required. Section 3.4 discusses 

implementation aspects and Section 3.5 presents cost estimates of nourishment. Section 3.6 

discusses potential social and environmental implications of beach nourishment. 

 

3.1 Beach Nourishment Theory 

Beach nourishment volumes are initially estimated based on the existing sand characteristics for 

the beach (native sand). If available sand (borrow sand) does not exactly match the 

characteristics of the native beach sand, the nourishment volume required has to be adjusted.  

Borrow sand volumes are then estimated based on their ‘compatibility’ to the native sand 

characteristics. 

 

There are two commonly used methods to estimate the volume of borrow sand required for 

nourishment. These are: 

 

 The Equilibrium Beach Profile Method; 

 The Overfill Factor Method. 

 

Each method assumes the beach profile is in equilibrium with the wave climate.  The Coastal 

Engineering Manual (CEM, 2002) recommends use of the Equilibrium Beach Profile Method and 

subsequently this method has been adopted for volume calculations for this project.  Both the 

Overfill Factor and Equilibrium Beach Profile concepts indicate that sediment compatibility is 

sensitive to the native composite median grain diameter.  As such, the compatibility range varies 

depending on the characteristics of the native beach material, with coarse material being less 

sensitive to small variations between the native and borrow sediments than fine material.  CEM 

(2002) recommends, as a rule of thumb, for native beach material with a composite median 

grain diameter exceeding 0.2 mm, borrow material with a composite median diameter within 

plus or minus 0.02 mm of the native median grain diameter.  

 

3.1.1 Equilibrium Beach Profile Method 

Most beach profiles exhibit broad similarities: 

 

 They are generally concave upwards; 

 Beaches composed of coarser sand tend to be steeper than those of fine sand; and 
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 Storm waves tend to transport sand seaward, cause beach recession and subsequently a 

reduction in the profile slope (Dean, 2002). 

 

Bruun (1954) proposed beaches reach an equilibrium state (Equation 3.1) following an 

examination of beach profiles from Denmark and California.  This was later confirmed 

theoretically by Dean (1977). 

 

 

The Equilibrium Beach Profile Method can be used to make preliminary estimates of required fill 

volumes when the native and fill sediments have different composite median grain sizes.  The 

dependence of the sediment scale factor, A, has interesting consequences regarding beach 

nourishment.  When a volume of fill sand per unit length is added to the native beach profile, it 

is assumed that it will equilibrate eventually to the form provided in Equation 3.1. Depending on 

the fill and native sediment scale parameters (AF and AN) and the volume added, the nourished 

beach profile can be intersecting, non-intersecting or submerged, as presented in Figure 3.1. 

 

Whether a profile is intersecting or nonintersecting is determined by Equation 3.2 (Dean, 1991): 

 

 

If the fill sediment size is smaller than the native sediment size, a nonintersecting profile will 

always be formed.  When this is the case a submerged profile will be reached at equilibrium 

unless additional sand is added.  Equation 3.3 estimates the volume of submerged sand required 

prior to establishment of any dry beach at equilibrium, while Equation 3.4 estimates the volume 

required to produce a dry beach of width W at equilibrium (CEM, 2002). 
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Where:   

  = desired additional beach width   

   = native sand scale factor   

   = fill sand scale factor   

   = depth of closure   
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Where:  

  = required volume  

  = desired dry beach width   

   = native sand scale factor  

   = fill sand scale factor  

   = depth of closure  
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For intersecting beaches (Equation 3.2 > 1) the volume per unit length of beach required to 

advance a beach following equilibrium is estimated by Equation 3.5. 

 

 

It is important to note that equilibrium profile methods do not account for a sediment deficit in 

the pre-project profile. Subsequently if a beach has a sediment deficit, as determined by the 

comparison of offshore profiles and equilibrium/design profiles, additional sand may be required. 

      

 
 
   ⁄     

(  
  ⁄    

  ⁄ )
  ⁄

 (3.3) 

Where:  

  = required volume  

  = desired dry beach width   

   = native sand scale factor  

   = fill sand scale factor  

   = depth of closure  



 

 
WRL Technical Report 2012/09 FINAL June 2012 17 

 

Figure 3.1: Three Generic Types of Nourished profiles 

(a) intersecting, b) non-intersecting, c) submerged profile (CEM 2002) 
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3.1.2 The Overfill Factor Method 

The Overfill Factor method is an alternative method for establishing the required volume of 

borrow sand for different levels of compatibility with native sand. The overfill factor (  ) is the 

ratio of fill material required for a given borrow site compared to that required using the existing 

beach sediments.  CEM (2002) suggests a beach nourishment project should use fill material 

with a composite median grain diameter equal to that of the native beach material, and with an 

Overfill Factor within the range of 1.00 to 1.05.  However, obtaining this level of compatibility is 

not always possible due to limitations of available borrow sites.    

 

The overfill factor takes into consideration the mean grain size and distribution of the borrow and 

native materials and provides an indication of the loss of material that will occur as a result of 

the differing sediment distributions. 

 

Figure 3.2 shows isolines of the adjusted overfill factor. All sediment sizes are in phi units 

(       ( )) and the subscripts b and n refer to borrow and native sand respectively. The 

following values are included: 

 

 

Figure 3.2: Isolines of Overfill Factor (Rijkswaterstaat and Delft Hydraulics, 1987) 

  

   = the mean   sediment size 

   = standard deviation of    
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3.2 Volume Estimates for Roches Beach 

3.2.1 Methodology for Assessing Required Nourishment Volumes 

The nourishment program suggested for Roches Beach in this section comprises both dune and 

beach nourishment, with estimates of required nourishment volumes for ‘protection’ against 

three scenarios presented:   

 

 A 100 year ARI erosion event at present; 

 A 100 year ARI erosion event over the next 10 years; and 

 A 100 year ARI erosion event over the next 20 years. 

 

The definition of ‘protection’ was not provided in the project brief, and so has been interpreted 

as a two part criteria: 

 

1. The 100 year ARI Zone of Reduced Foundation Capacity should not enter private 

property 

2. The 100 year ARI erosion scarp should not extend landward of the landward side of the 

existing dune crest 

 

The first criterion was set in consultation with LGAT, as it was deemed that this would be the 

preferred outcome of protection works by the community (such that private residents can then 

have buildings on any part of their property without being at hazard from a 100 year ARI erosion 

event). The second criterion was established so that erosion of the dune crest did not result in 

lowering of the dune and therefore wave runup entering private property (which would subject 

property to wave and inundation hazard but possibly not erosion hazard). The two criteria used 

to define ‘protection’ are illustrated in Figure 3.3. The required dune crest level to cope with 

wave runup (Shand and Carley, 2009) was also taken into consideration when determining the 

volume of sand required. 

 

 

 

 

Figure 3.3: Definition of 'Protection' Applied for Analysis  
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3.2.2 Beach Nourishment Volumes Required above 0 m AHD 

Based on the criteria for providing ‘protection’, the volume of sand available within the existing 

beach to cope with erosion and recession was first estimated from beach profile data. The ten 

council survey profiles from April 2012 provided a base for the volumetric calculations for the 

main section of Roches Beach, while older profiles were obtained from previous studies (Shand 

et al., 2011) to determine base conditions for the beach north of Bambra Reef.  Table 3.1 

provides the volumes of the existing profiles (taken from the property boundary, or the present 

day hazard line where property boundaries are not evident) and also the volume of the profile 

from the back of the dune crest. 

 

Table 3.1: Available Beach Volume from Existing Profiles (above 0 mAHD) 

Profile Number 
Volume from Baseline  

(m
3
/m) 

Volume Seaward of the 
Dune Crest (m

3
/m) 

1 59 30 

2 35 21 

3 41 21 

4 45 38 

5 66 27 

6 65 49 

7 65 42 

8 83 29 

9 89 62 

10 89 69 

11 101 87 

12 119 119 

 

From the coastal processes described in Sections 2.2 to 2.4, volumes of sand that will be eroded 

during a 100 year ARI erosion event, as well as underlying recession and additional recession 

from sea level rise, have been estimated for each of the 12 sections along the beach for present 

day, 2022, and 2032. These volumes are shown in Table 3.2. 
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Table 3.2: Volumes Required for Protection (Above 0 m AHD) 

Profile 

Present Day Volumes (m3/m) 2022 Recession (m3/m) 2032 Recession (m3/m) 

Storm 

Demand 

Medium Term 

Fluctuations  

Stable Foundation 

Zone  
Underlying SLR Underlying SLR 

1 25 0 8 3 8 6 15 

2 25 0 7 3 7 5 14 

3 25 0 4 2 6 4 11 

4 40 0 6 5 6 10 13 

5 40 0 11 7 9 14 18 

6 40 0 10 7 8 14 17 

7 70 0 6 5 8 9 15 

8 70 0 16 9 10 18 20 

9 80 0 11 7 9 14 17 

10 80 0 10 6 8 13 16 

11 80 15 8 3 7 6 15 

12 80 17 11 3 9 7 17 

 

3.2.3 Dune and Beach Design 

The volumes of sand required for nourishment at each of the profiles along the beach varies 

from profile to profile. However, for practicality the design nourished beach profile should be 

maintained relatively consistent over longer stretches of beach than the spacing of the council 

survey lines considered in Table 3.2. As a result, WRL have divided the beach into six longer 

regions (Figure 3.4) to differentiate between different conditions and nourishment requirements 

around the embayment.  Target nourished beach profiles that satisfy the volumetric 

requirements for each region have been determined, such that the target profile generally 

provides adequate protection for each stretch of the beach on the basis of the required volumes 

presented in Table 3.2.  

 

The required nourishment sand volumes above sea level have been split between the dune and 

the lower beach profile The target dune designs are based on those calculated by Shand and 

Carley (2009).  From wave runup estimates, dune crests of 3.0 m AHD were adopted for the 

southern profiles (1 – 6), 3.5 m AHD adopted for profiles 7, 8 and 9, and 4.0 m AHD for the 

northern profiles (10 – 12).  The NSW Dune Management Manual recommends the target dune 

face slope of dunes used for coastal defence should be between 1V:3H and 1V:5H.  Due to space 

constraints at Roches Beach the target slope Shand and Carley (2009) recommend is 1V:3H.  

This has been adopted for the calculations. 

 

For each beach region and protection scenario (present day, 2022, 2032), if the volume of 

required nourishment sand exceeded that which will be provided by nourishing the dune to the 

target profile, then additional nourishment of the lower profile is required. To mimic the natural 

shape of the beach profile, WRL recommend that the additional sand nourishment beyond the 

dune be placed to achieve a target beach profile with berm at 1 m AHD and sloping from 1 m 

AHD to 0 m AHD at 1V:15H. The width of the berm required to satisfy nourishment volume 

requirements above 0 m AHD has been determined for each beach region and protection 

scenario.  Note that a substantial volume of sand is also required under the water to meet this. 

 

Full details of the existing and target dune profiles are provided in Appendix A. 
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Figure 3.4: Roches Beach Nourishment Sections 
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Table 3.3 displays the target or “design” nourished beach profiles required for each beach region 

to provide present day protection against a 100 year ARI erosion event, and for additional 

protection against sea level rise and underlying recession until 2022 and 2032.   

Table 3.3: Target Nourished Beach Profiles Required for Protection Against a 100 Year ARI 

Erosion Event 

Beach Region 

(See Figure 3.4) 
Time Frame Target Profile 

Southern Section 

Present  Nourished Dune 

2022 Nourished Dune and 5 m Wide Berm 

2032 Nourished Dune and 10 m Wide Berm 

South Central 
Section 

Present  Nourished Dune 

2022 Nourished Dune and 5 m Wide Berm 

2032 Nourished Dune and 10 m Wide Berm 

North Central 
Section 

Present  Nourished Dune and 5 m Wide Berm 

2022 Nourished Dune and 15 m Wide Berm 

2032 Nourished Dune and 25 m Wide Berm 

Northern Section 

Present  Nourished Dune and 5 m Wide Berm 

2022 Nourished Dune and 15 m Wide Berm 

2032 Nourished Dune and 25 m Wide Berm 

Bambra Reef* 

Present  Nourished Dune 

2022 Nourished Dune 

2032 Nourished Dune 

North of Bambra 
Reef 

Present  Nourished Dune 

2022 Nourished Dune and 5 m Wide Berm 

2032 Nourished Dune and 10 m Wide Berm 

 

* Regardless of nourishment volume required, it is assumed that the lower beach and 

submerged profile will not be nourished due to the presence of the reef. 

 

3.2.4 Required Volumes for Full Equilibrium Nourished Profile using Native Sand 

Total required nourishment volumes (including dune, lower beach, and submerged profile) were 

estimated using equilibrium beach profile methods as outlined in Section 3.1.1 and the target 

nourished beach profiles as presented in Table 3.3.  The sand grain size was established from 

previous studies by Aquenal (2010) and verified by that of Foster (1988).  Median grain size 

values (d50) for the beach sediment were calculated from the data provided by Aquenal and 

found to be 0.35 mm and 0.23 mm for the northern and southern transects respectively. 

Appendix B shows the grading curves for the beach sand from Aquenal (2010).  The Aquenal 

samples were taken at the base of the sand dune and are taken to represent the conditions 

desired for the dune and beach berm.  The northern sample was adopted as representative of the 

northern regions (profiles 7 – 11) and the southern sample adopted for the southern regions 

(profiles 1 – 6).  The depth of closure has been calculated previously by Shand et al (2011).  It 

was found to vary around the beach from approximately 1.5 m in the south to 3.5 m in the north.   

 

Table 3.4 outlines the volumes required for each section of beach to create conditions at 

equilibrium as previously outlined in Table 3.3.  These volumes are calculated on the basis that 

the sand used for nourishment is an exact match for the native sand on the beach. The required 

nourishment volumes have been split into dune, lower beach, and submerged profile, with total 
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profile volumes also presented.  A volume of 75,300 m3 of sand with the same characteristics as 

the native sand is required currently to provide protection from a 100 year ARI event.  An 

additional 119,800 m3 is required for protection until 2022 and 100,200 m3 is required on top of 

that to provide protection until 2032.  

 

Table 3.4: Nourishment Volumes Required if Identical Native Sand is Used 

 
 

Dune Volume 

(m3) 

Berm Volume 

(m3) 

Subaqueous 

Volume (m3) 
Total (m3) 

Southern 
Section 

Present 3300 0 0 3300 

2022 3300 5000 2100 10400 

2032 3300 7700 14200 25200 

South Central 
Section 

Present 10600 0 0 10600 

2022 10600 7200 8600 26400 

2032 10600 12200 36200 59000 

North Central 
Section 

Present 17300 7200 11200 35700 

2022 17300 16200 40100 73600 

2032 17300 25100 70600 113000 

Northern 
Section 

Present 5900 2000 4500 12400 

2022 5900 4800 14800 25500 

2032 5900 7500 25500 38900 

Bambra Reef 

Present 3900 0 0 3900 

2022 3900 0 0 3900 

2032 3900 0 0 3900 

North of 
Bambra Reef 

Present 9300 0 0 9300 

2022 9300 3000 12100 24400 

2032 9300 6300 39700 55300 

TOTAL 

Present 75300 m3 

2022 195100 m3 

2032 295300 m3 

 

3.3 Sediment Sources 

3.3.1 Effect of Borrow Sand Grain Size on Required Nourishment Volumes 

Typically, borrow material will not exactly match the native beach grain size.  Ideally, it should 

be similar in grain size (or slightly coarser), composition, angularity and colour.  An assessment 

is required of compatibility of the borrow material with the native beach, as the grain size 

distribution of the borrow material has a significant effect on the cross-shore shape of the 

nourished beach profile, sand loss rates and how the beach will respond to storms (as discussed 

in Section 3.1).  The borrow sand compatibility is critical to the success of the nourishment 

campaign and the volume of nourishment sand required.  Figure 3.5 demonstrates the effect of 

different fill grain sizes on the equilibrium beach profile. If finer borrow sand is placed on a 

beach, then the equilibrium profile will be flatter than the natural profile and significantly more 

borrow sand is required to meet target nourishment volumes above sea level (compared to the 

requirements for nourishment with matching borrow and native sand).  
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Figure 3.5: Effect of Nourishment Grain Size on Width of Dry Beach and Equilibrium Profile  

(CEM, 2002 – Quantities Shown are not for Roches Beach) 

 



 

 
WRL Technical Report 2012/09 FINAL June 2012 26 

3.3.2 Available Nourishment Sand Supplies 

Two potential likely sand supplies are available for nourishment of Roches Beach: 

 

 Offshore sand deposits 

 Terrestrial sand quarries 

 

Aquenal (2010) highlight a 424,250 m3 reserve of sand offshore of Roches Beach as potentially 

suitable for sand harvesting.  This volume has been determined within the following constraints: 

 

 Sand can only be taken from deeper than the closure depth of the beach (assumed 

at -3 m AHD) 

 Sand can only be taken up to a distance of 600 m from shore due to dredge pumping 

distance limitation 

 Only the upper 0.5 m of sand should be dredged off the seabed  

 

Following discussions with Clarence City Council (who commissioned the Aquenal study) it is 

understood that the limitation of sand extraction to within 600 m of the beach was on the basis 

of a specific piece of dredging equipment. With alternative dredging equipment, line pumping of 

sand is possible up to distances significantly further than 600 m, for example Southern Marine 

Shiplift from Launceston operate a pump dredge that has the capability of pumping sand up to 

1000 m and further if booster pumps are also used. Therefore the volume of sand available is 

likely to far exceed that identified in the Aquenal (2010) study.  

 

Based on the Aquenal (2010) sediment sampling, the sand offshore of Roches Beach has been 

determined to be smaller than that of the native sand on the beach.  Sediment data used for 

volumetric nourishment calculations is provided in Table 3.5 and is an average of the sediment 

data from each transect at 4 and 6 m depth (see Appendix C for grading curves of sand taken 

offshore of Roches Beach).  On the basis of the most effective use of the sand, it has been 

assumed that sand offshore of the northern beach would nourish the northern beach regions and 

sand offshore of the southern beach would nourish the southern beach regions. 

Table 3.5: Sediment Data for Nourishment with Offshore Sand, Based on Aquenal (2010) 

Transect Location d50 (mm) A Value 

Northern 

Transect (T1) 

Beach Berm 0.35 0.135 

Offshore 0.17 0.090 

Southern 

Transect (T2) 

Beach Berm 0.23 0.109 

Offshore 0.12 0.071 

  

Table 3.6 presents the volumes of sand required for nourishment with finer offshore sand.  It is 

apparent from these volume estimates that significantly greater quantities of offshore sand 

would be required for nourishment due to the smaller grain size (compared to the native sand on 

the beach). It should be noted that the offshore sand appeared to be increasing in grain size 

with distance offshore of the beach, and therefore sand extraction further offshore may yield 

more appropriate sized material (this would require confirmation by additional sediment 

sampling). 
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Table 3.6: Nourishment Volumes Required if Offshore Sand Surveyed by Aquenal is Used 

 
 

Dune Volume 

(m3) 

Berm Volume 

(m3) 

Subaqueous 

Volume (m3) 
Total (m3) 

Southern 
Section 

Present 3300 0 0 3300 

2022 3300 5000 29400 37700 

2032 3300 7700 36000 47000 

South Central 
Section 

Present 10600 0 0 10600 

2022 10600 7200 119200 137000 

2032 10600 12200 135700 158500 

North Central 
Section 

Present 17300 7200 184000 208500 

2022 17300 16200 226100 259600 

2032 17300 25100 269500 311900 

Northern 
Section 

Present 5900 2000 76800 84700 

2022 5900 4800 82800 93500 

2032 5900 7500 107200 120600 

Bambra Reef 

Present 3900 0 0 3900 

2022 3900 0 0 3900 

2032 3900 0 0 3900 

North of 
Bambra Reef 

Present 9300 0 0 9300 

2022 9300 3000 182500 194800 

2032 9300 6300 200100 215700 

TOTAL 

Present 320300 m3 

2022 726500 m3 

2032 857600 m3 

 

Long term supplies of terrestrial sand are likely to be lower in volume compared to offshore 

sand, and are also likely to be significantly less time and cost efficient to utilise.  Nevertheless, 

given the relative non-compatibility of offshore sand with native sand at Roches Beach, WRL 

have pursued terrestrial sand as a possible contributing source. Following discussion with 

Clarence City Council, WRL have consulted RNB Trading as a possible supplier of terrestrial sand. 

RNB Trading extract sand from a quarry at the back of Seven Mile Beach, and have supplied 

sand to individual household owners as well as Council for the purpose of beach nourishment at 

Roches Beach. Though no quantified long term supply limit had been considered by RNB Trading, 

it was indicated to WRL that current supply rates are of the order of thousands of cubic metres 

per month.  

 

Grain size testing of sand supplied by RNB Trading is undertaken on a regular basis, and WRL 

obtained the most recent test results (testing was completed by Hanson Construction Materials). 

The grading curve for the sand is provided in Appendix D where it can be seen that the median 

grain size (d50) is 0.2 mm. This is considered to be a better match for the native sand at Roches 

Beach (see Table 3.5) compared to the offshore sand. If this sand supply was used to nourish 

Roches Beach, the volumes required are indicated in Table 3.7. 
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Table 3.7: Nourishment Volumes Required if Terrestrial Seven Mile Beach Sand is Used 

 
 

Dune Volume 

(m3) 

Berm Volume 

(m3) 

Subaqueous 

Volume (m3) 
Total (m3) 

Southern 
Section 

Present 3300 0 0 3300 

2022 3300 5000 5100 13400 

2032 3300 7700 9900 20900 

South Central 
Section 

Present 10600 0 0 10600 

2022 10600 7200 20400 38200 

2032 10600 12200 32400 55200 

North Central 
Section 

Present 17300 7200 106400 130900 

2022 17300 16200 143800 177300 

2032 17300 25100 182600 225000 

Northern 
Section 

Present 5900 2000 48800 56700 

2022 5900 4800 62500 73200 

2032 5900 7500 76500 89900 

Bambra Reef 

Present 3900 0 0 3900 

2022 3900 0 0 3900 

2032 3900 0 0 3900 

North of 
Bambra Reef 

Present 9300 0 0 9300 

2022 9300 3000 37000 49300 

2032 9300 6300 40100 55700 

TOTAL 

Present 214700 m3 

2022 355300 m3 

2032 450600 m3 

 

Other potential sources of sand include deposits offshore of Seven Mile Beach to the north 

(which may be a better match with native sand at Roches Beach, though no sediment sampling 

has been undertaken), deposits further offshore of Roches Beach, as well as other terrestrial 

suppliers.  

 

3.4 Implementation of Nourishment Works 

Based on the available sand supply sources, it is likely that sand would be provided to tipping or 

pumping stockpiles on the beach, then be spread by bulldozer (or other earthmoving equipment) 

to form the target beach profiles.    

 

3.4.1 Dredging of Offshore Sand 

Dean (2002) suggests that more than 95% of all sand volumes placed in beach nourishment 

projects are through offshore dredging.  Dredging would be reasonably non-disruptive to the 

community along the shoreline and, due to the efficiencies that can be achieved through large 

scale dredging operations, the unit costs are generally lower than by other approaches (Dean, 

2002). 

 

Within offshore dredging there are two different placement methods; pipeline dredges and 

hopper dredges.  Pipeline dredging consists of a dredge moving systematically within the borrow 
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area and excavating a bank.  The dredge consists of a floating barge and a ‘ladder’ which is 

mounted at the bow of the barge.  The ladder supports the intake pipe and is articulated 

vertically so that it can move up and down thereby accessing the borrow area.  The sand/water 

mixture (slurry) is carried up to the barge where the main pump creates enough pressure to 

move the slurry mixture through a pipeline to the nourishment location.  Additionally, pipeline 

dredges can be classified as ‘cutter head’ or ‘suction head’ dredges.  Suction head dredges are 

the most effective for very mobile, fine sediments.  Cutter head dredges include a rotating 

feature called a ‘cutter head’ at the lower end of the intake pipe.  This is equipped with steel 

teeth or blades which mobilise the sediments, enhancing the flow of sediments into the pipe 

(Dean, 2002). 

 

Hopper dredges are basically vessels equipped with dredge pumps and ‘drag’ arms that extend 

over one or both sides of the vessel, down to the sea floor.  These arms remove material from 

the sea floor and pump the slurry up through the arms, into the ship hull.  This process is carried 

out while the ship is moving at approximately 2 to 3 knots.  Once the ship hopper is filled to 

capacity the ship moves near the beach nourishment area where has several options for 

discharging.  It can either drop the material to the sea floor through hopper doors, pump the 

material out through a pipeline up onto the beach or by using the ‘rainbow’ method, discharging 

the slurry by a jet with the bow of the hopper dredge brought as close to the shore as is 

practicable (Dean 2002). 

 

For Roches Beach the supplies within dredge pumping distance of the beach will meet the 

requirements of present day protection (on the basis of the maximum pumping distance 

assumed in Aquenal (2010)), and likely also provide protection for the next 10 to 20 years (on 

the basis of pumping distances achieved on other projects). This will depend on the capabilities 

of the individual dredging contractor, however, Southern Marine Shiplift from Launceston (who 

WRL consulted during this project) indicated that their equipment could pump sand up to a 

maximum distance of 1 km, with longer distances achievable with the use of a booster pump (at 

a higher cost rate). 

 

If sand is pumped from an offshore dredge, the sand can be directly pumped into the nearshore 

surf zone for distribution over the active profile by waves, or alternatively it can be pumped to 

spill piles on the beach for distribution by bulldozer.  

 

3.4.2 Truck Placement 

While the majority of beach nourishment projects are carried out through dredging from offshore 

borrow areas a small percentage are carried out by placement via truck from land sources.  

These projects are usually relatively small due to the size of the possible supply as well as the 

relative inefficiency of land based haulage and social disruption from many truck movements.  

Material placed on-site by trucks would be tipped into stockpiles on the beach for spreading by 

bulldozer. Placement of sand over the submerged active profile is generally restricted to the 

zone between low and mid tide. It is assumed that the complete volume of sand required to 

nourish the submerged profile would be placed into this intertidal zone and allowed to be 

dispersed by the tide and waves. 

 

3.4.3 Spreading of Sand Over Beach 

Sand placed from either dredge or trucks will require spreading from spill piles across the beach. 

For dredge placed sand this will be the volume of sand required to be placed above mean sea 
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level, however, for truck placed sand this will also include the sand required to nourish the 

remainder of the submerged profile (as discussed above). 

 

A range of mechanical plant including front-end loaders, bulldozers, or truck and excavator 

combinations may be used for beach scraping.  The machinery selected for a particular project 

varies, however, depending on a number of factors: 

 

 The type of dune shaping required; 

 Mechanical plant available to selected contractor; 

 Local commercial factors such as hire cost, supply, demand and transportation distance. 

 

Mechanical plant which use tracks or skids are advantageous on beaches as the larger surface 

area of tracks means they apply less pressure to the beach surface than wheels.  This means 

they are less likely to become bogged in soft or wet sand and may place less stress on local 

ecosystems.  However, wheeled machinery may be driven on roads and thus may prove easier 

to transport from beach access points to designated setdown areas overnight. 

 

Furthermore, the vertical reach of loaders or bobcats is unlikely to be capable of placing sand on 

the existing dune crest or behind the existing seawall at the southern end of Roches Beach.  In 

these situations, an excavator is also likely to be required for a portion of the nourishment 

period. 

 

3.4.4 Operating Constraints 

Beach nourishment projects are subject to several operating constraints.  These include things 

such as the weather, specific operating constraints of the selected fill placement method and 

closure of the beach for placement of the fill material. 

 

Adverse weather conditions have the potential to have an impact on production rates for beach 

nourishment, dredging in particular.  Large swell conditions have the potential to halt dredging 

and spreading of material on the beach, however Roches Beach is reasonably sheltered from 

large swells most of the time.  AECOM (2010) state medium to large trailing suction hopper 

dredges are able to operate in wave conditions of up to 3 m.  Smaller vessels as would likely be 

used for nourishment at Roches Beach would have a lower operating threshold.  Another 

potential limitation is the depth of Frederick Henry Bay.  As the offshore sand sources for 

harvesting may potentially be in depths of less than 3 m (at low tide) the draught of the dredge 

and other work vessels is an important consideration.   

 

Between construction periods (i.e. poor weather, large seas or overnight), mechanical plant 

should be removed from the beach via designated beach access points and stored in designated 

plant set-down areas.  Due to the length of Roches Beach, a number of such access points may 

be required to minimise long travel distances along the beach.  These access ways will likely 

need to be shaped prior to, and maintained throughout the construction phase using beach sand 

and revegetated following construction.  These issues should be addressed prior to project 

commencement. 

 

3.4.5 Post-Nourishment Works 

Vegetation on the coastal foredune assists in dune building and accretion of the upper beach and 

reduces aeolian sediment losses from the littoral budget.  Dune vegetation is also widely 
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recognised as contributing to maintaining healthy and diverse ecological systems including 

providing food and shelter to a variety of fauna (NSW Coastal Dune Management Manual, 2001).  

 

Thus revegetation of formed dune areas should be undertaken immediately following beach 

nourishment to retain sand in the littoral system, promote further dune building and upper beach 

accretion and to restore ecological systems which may have been damaged during nourishment.  

It is anticipated that some continued management of the vegetated areas will be required for 2 

to 3 years following works.  This management may include re-fertilisation, watering and weed 

removal.  

 

Planting should be undertaken using appropriate plant species (preferably locally indigenous) 

and correct timing and planning techniques.  Selection of appropriate plants and planting 

techniques should be undertaken with assistance from local coastcare groups and ecologists.  

However, plant species suited to coastal foredunes in this region may include Beach Fescue 

(Austrofestuca littoralis) which is often used as a pioneer species in severely degraded 

ecosystems, Coast Tussock Grass (Poa poiformis) and Coastal Spear-grass (Austrostipa 

stipoides). Spinifex (Spinifex sericeus) is an excellent native dune binding grass and relatively 

hardy, although more frequently established at higher latitudes.  It should be noted that 

although Marram Grass (Ammophila arenaria) is a very effective sand binding grass that has 

been used extensively around Australia for sand stabilisation, it is exotic and considered a weed 

plant in Tasmania (Rudman, 2003) and thus not recommended for local sand stabilisation 

projects.  The planting of coastal shrubs such as Coastal Wattle (Acacia sophorae) behind the 

established foredune is also recommended.  

 

Planting can be either from seed or from nursery raised seedlings. Seedlings are typically better 

planted in wetter, winter months.  Plant density affects the speed and ability of plants to begin 

to trap sand.  The Queensland Beach Protection Authority management guidelines for dune use 

recommend planting of dune binding grasses such as Spinifex at around 1 m centres and the 

application of 6-8 g of high-nitrogen, slow-release fertiliser with each seedling.  Planted 

seedlings should be staggered row to row to maximise wind disturbance and trapped sand.  We 

recommend that revegetation is restricted to the newly formed dune crest.  This should ensure 

adequate trapping of wind-blown sand while avoiding smothering of vegetation during natural 

reshaping of the nourishment material.  Additionally, if high energy events remove a portion of 

the newly formed dune-toe, loss of newly established vegetation will be minimised. 

 

The width of nourished dune crest requiring vegetation is expected to average around 5 m. 

Based on the above suggested planting density, 5 plants are expected to be required per linear 

metre. A number of unofficial access ways through the dunes are currently evident.  These 

access ways often coincide with the occurrence of local low points in the dunes where pedestrian 

traffic has destroyed sand-binding vegetation.  The closure of existing unofficial access ways and 

development of signed and fenced access ways is recommended. It is also recommended that 

vegetated areas be fenced to reduce impact of people using these areas and promote vegetation 

establishment.  

 

3.5 Costs 

While it is unlikely that terrestrial sand supplies would be used to supply the complete sand 

volumes required for protection, pricing has been undertaken for both terrestrial and offshore 

supply methods for comparison, given that less terrestrial sand is required due to better 

compatibility. Both methods require spreading of the sand to build the beach above mean sea 

level, as well as dune fencing and re-vegetation. Terrestrial sand supply also requires haulage of 
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the sand from the quarry to the beach, and spreading of the sand to nourish the submerged 

profile (by pushing the sand as far seaward as possible at low tide and allowing it to be 

dispersed by waves). 

 

3.5.1 Initial Investigations, Permits, and Contractor Selection 

For a nourishment project of this scale, it is expected that environmental impact assessment, 

further data collection, and more detailed design may be required. Contract development would 

also be required which would include the production of a schedule of quantities, construction 

drawings and specification, tender letting, evaluation and contract award.  It is expected that 

this stage of works would be undertaken by a private consultant/s with anticipated costs of 

between $150,000 and $300,000 depending on the exact requirements. 

 

3.5.2 Supply 

Based on discussions with Clarence City Council, WRL understands that a previous estimate for 

pump dredge supply to Roches Beach of 20,000 m3 was $300,000 (a rate of $15 per m3). Sand 

being dredged from the Tamar River navigation channel for Launceston City Council was also 

being undertaken at a rate of $15 per m3 (including pumping of material over 1.4 km and 

treatment of dredge spoil water). WRL discussed rates for supply of sand by dredging with 

Launceston based contractors and were advised that sand could be supplied at a rate of $12.04 

per m3 for Roches Beach, with mobilisation and demobilisation costs of $52,700 each (road 

transport from Launceston to Lauderdale and crane setup of the dredge, assuming suitable 

access to launch the dredge). On this basis, WRL have adopted mobilisation and demobilisation 

fees of $55,000 each, and operational fees of $13 per m3. The consulted dredging contractors 

estimated that sand could be dredged at a rate of approximately 1,200 m3 per 10 hour shift. 

With allowances for a six day working week and one day per week of down time, this equates to 

6,000 m3 per week.  

 

Clarence City Council indicated that supply of sand from RNB Trading at Seven Mile Beach had 

previously cost $25 per m3. Based on discussion with RNB Trading, sand could be supplied 

unscreened at $9 per tonne ($12.60 per m3) or screened at $13 per tonne ($18.20 per m3). 

Given that the sand will be placed on the beach and within the surf zone it is recommended that 

the screened sand should be used. WRL discussed haulage rates from Seven Mile Beach to 

Roches Beach with Hobart based earthmoving contractors who indicated rates of $6.25 per 

tonne ($8.75 per m3). This compares well with the rate found by Council of the order of $10 per 

m3.  

 

3.5.3 Development of Beach 

WRL have discussed beach reshaping and spreading of nourishment sand on the beach with 

Hobart based earthmoving contractors. Mobilisation fees will include floating of equipment to the 

beach and also establishment of plant set-down areas, site office, access ways, and dredge 

spilling or truck tipping piles (fenced off from public). On the basis of discussions with the 

contractors, and also available estimating guides, WRL have adopted a mobilisation and de-

mobilisation fee of $5,000 as well as a supply fee for site office, storage, and construction 

fencing of $5,000 per month. On the basis of expected project duration, it is estimated that this 

supply fee would be of the order of $15,000 for dredge supplied nourishment and $30,000 for 

terrestrial supplied nourishment. 
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With regards to spreading of sand on the beach, on the basis of the Caterpillar Performance 

Handbook (Edition 29), WRL have estimated production rates to be of the order of 215 m3 per 

hour (D8 dozer) allowing for 50 minutes per hour and 6 from 8 hours each day for active work. 

Based on a conservative approximation, WRL have adopted the production rate rate of 200 

m3/hr and cost rate of $250 per hour (for plant and operator) as recommended by contractors. 

This equates to a rate of $1.25 per m3. A WA500 front-end loader would have a similar 

production rate (based on the Komatsu Handbook) and has the same cost rate as the D8 dozer. 

 

For sand pumped onto the beach from a dredge, the volume required to be spread is only that 

portion that will remain on the beach above mean sea level. For sand hauled to the site by truck, 

the complete volume of sand required for nourishment (both above and below sea level) will be 

required to be spread by dozer. 

 

3.5.4 Post-Nourishment Works 

Costs to revegetate the formed dunes depend on the availability and costs of suitable seedlings 

and contractors to undertake planting.  Based on the requirement of five plants per metre of 

beach, approximately 18,000 plants would be required and 120 kg high-nitrogen, slow-release 

fertiliser.  It is assumed that this number of suitable seedlings would not be available locally and 

prior to project commencement arrangements for their production should be made.  Based on 

experience with previous similar projects, costs typically range between $1.50 to $3.50 per 

seedling.  Planting could be undertaken as part of local Coastcare or Dunecare programs or by 

professional contractors.  Based on planting rates of approximately 30 plants/hour, and labour 

costs of $30/hr (Rawlinsons, 2007), this equates to a labour rate of $1.00 per plant and a total 

vegetation cost rate of $2.50 to $4.50 per plant. WRL have adopted a price of $3.50 per plant.  

 

Further maintenance of seedlings is likely for at least 2 to 3 years after planting.  Maintenance 

programs should be devised with assistance from botanists and/or local Dunecare groups but 

additional costs are expected to be minimal.  

 

Dune fencing is recommended along the toe of the dune and to delineate walkways and public 

access. Rawlinson’s (2007) recommends a price of approximately $15 per metre for silt trap 

fencing, which has been adopted by WRL. 

 

3.5.5 Project Management 

This is expected to be undertaken by a private contractor who would oversee and manage the 

various aspects of the project. It is assumed that this would be a full time role for one 

engineering project manager at a rate of $180 per hour. Given a sand placement production rate 

of approximately 200 m3/hr, a reasonable approximation for project management fees is then 

$0.90 per m3 of beach nourishment.  

 

3.5.6 Cost Summary 

Based on the beach nourishment volumes presented in Section 3.3.2 and the rates discussed in 

Sections 3.5.1 to 3.5.5, cost estimates for beach nourishment using both offshore and terrestrial 

sand supplies have been estimated. These estimates are for protection against a 100 year ARI 

erosion event, with scenarios of present day, 2022, and 2032 presented in Table 3.8 and Table 

3.9. 
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While the cost of offshore sand is significantly lower than terrestrial sand on a unit rate basis, 

the volumes of sand required are approximately double due to the finer grain size. This results in 

the costs of both options being similar and within the accuracy of the assessment.  
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Table 3.8: Cost of Nourishment Using Dredged Offshore Sand for Protection Against a 100 Year ARI Erosion Event 

Stage Task Rate Units 
Required Quantity Estimated Cost 

Present 2022 2032 Present 2022 2032 

Establishment Tech Studies, Permits, Contracts 200,000 $ Each 1 1 1 200,000 200,000 200,000 

Supply 

Mobilisation 55,000 $ Each 1 1 1 55,000 55,000 55,000 

Dredging 13 $/m3 320,300 726,500 857,600 4,163,900 9,444,500 11,148,800 

Demobilisation 55,000 $ Each 1 1 1 55,000 55,000 55,000 

Beach 

Building 

Mobilisation and Setup 5,000 $ Each 1 1 1 5,000 5,000 5,000 

Spreading 1.25 $/m3 59,500 86,500 109,100 74,375 108,125 136,375 

Site Equipment 5,000 $/month 3 4 5 15,000 20,000 25,000 

De-mobilisation 5,000 $ Each 1 1 1 5,000 5,000 5,000 

Finishing 
Dune Fencing 15 $/m 4,000 4,000 4,000 60,000 60,000 60,000 

Vegetation 3.50 $/plant 18,000 18,000 18,000 63,000 63,000 63,000 

Other Project Management 0.9 $/m3 320,300 726,500 857,600 288,270 653,850 771,840 

          

Contingency 
 

10% 
 

   498455 1066948 1252502 

Rounded 

Total    

   
$5,483,000 $11,737,000 $13,778,000 
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Table 3.9: Cost of Nourishment Using Terrestrial Seven Mile Beach Sand for Protection Against a 100 Year ARI Erosion Event 

 

Stage Task Rate Units 
Required Quantity Estimated Cost 

Present 2022 2032 Present 2022 2032 

Establishment Tech Studies, Permits, Contracts 200,000 $ Each 1 1 1 200,000 200,000 200,000 

Supply 
Supply 20 $/m3 214,700 355,300 450600 4,294,000 7,106,000 9,012,000 

Haulage 8.75 $/m3 214,700 355,300 450600 1,878,625 3,108,875 3,942,750 

Beach 

Building 

Mobilisation and Setup 5,000 $ Each 1 1 1 5,000 5,000 5,000 

Spreading 1.25 $/m3 214,700 355,300 450,600 268,375 444,125 563,250 

Site Equipment 5,000 $/month 7 12 15 35,000 60,000 75,000 

De-mobilisation 5,000 $ Each 1 1 1 5,000 5,000 5,000 

Finishing 
Dune Fencing 15 $/m 4,000 4,000 4,000 60,000 60,000 60,000 

Vegetation 3.50 $/plant 18,000 18,000 18,000 63,000 63,000 63,000 

Other Project Management 0.9 $/m3 214,700 355,300 450,600 193,230 319,770 405,540 

          

Contingency  10%     700223 1137177 1433154 

Rounded 

Total       
$7,703,000 $12,509,000 $15,765,000 
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3.6 Environmental Impacts of Beach Nourishment and Dredging 

A wide range of environmental impacts are associated with beach nourishment, particularly 

when the material has been sourced by dredging.  These include physical impacts, 

predominantly from extraction of the fill material, and ecological impacts, occurring at both the 

borrow and fill sites.   

 

3.6.1 Physical Impacts 

Studies of sand extraction and dredging show there is a possibility of some resultant impact on 

adjacent beaches.  The extent of these effects depends upon the depth of extraction below the 

natural sea bed, and the water depth at which extraction occurs (AECOM, 2010).   

 

Extraction of offshore sand has the potential to affect the coastline in several ways, including: 

 

 If sand is extracted too close to the shore it may create a depression in which beach 

sediment is transported offshore into the extracted area.   

 An offshore bank of sand may protect the coastline by absorbing or scattering some of 

the incoming wave energy.  The removal of a barrier like this may result in additional 

erosion. 

 Locally increased depths may alter the angle of incident waves and distribution of wave 

energy approaching the adjacent beaches, resulting in erosion and accretion.  

 The removal of offshore sediment may deprive the coast of a natural sediment source 

(AECOM, 2010). 

 

Aquenal (2010) suggested an area appropriate for dredging offshore of Roches Beach, south of 

Bambra Reef.  The limits of this proposed section may be too close to the beach in some areas, 

with the northern extent of the zone still within the limits of the active beach profile.  Extraction 

of sand from within the active profile may create a depression in which beach sediment is 

transported offshore into the extracted area, making the extraction process somewhat 

redundant.  If nourishment sand is to be sourced by dredging offshore of the beach, it is 

recommended that the dredging pattern be designed to minimise wave refraction effects. This 

would require numerical SWAN wave modelling, or at least alignment of post dredging contours 

with the dominant wave crest alignment at the site. 

 

Quarrying and haulage of significant quantities of terrestrial sand would also have potential 

physical impacts, including but not limited to: 

 

 Interruptions to traffic and damage to public roads from haul trucks 

 Carbon dioxide emissions (minimal local scale effect but contribution to global scale 

which is exacerbating the erosion problems at Roches Beach) 

 Clearing of land for quarry and associated stormwater runoff and siltation management 

issues 

 Noise 

 

3.6.2 Ecological Impacts  

Beach nourishment operations can disrupt existing biological communities both above and below 

the waterline.  Placement of large quantities of sediment within the near shore zone, as is the 

case with beach nourishment, can have substantial effects on the biota residing in this area.  

Additionally, dredging of material for fill placement will also have ecological impacts.   
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However, the active beach zone is dynamic, with the seasonal relocation of large quantities of 

sand from portions of the subaerial beach and near shore zone.  Subsequently the animals 

residing in this region tend to be well-adapted to highly dynamic conditions (Dean, 2002).  

 

Dean (2002) suggests ecological impacts can be divided into short-term and long-term impacts.  

Short-term impacts may include: 

 

 Direct burial of the creatures that reside in the area; 

 Lethal or damaging doses of turbidity; and 

 Direct effects of equipment used in the beach nourishment process. 

 

Long-term impacts may include: 

 

 Beaches that are altered in their natural state; 

 A long-term source of turbidity affecting light penetration; and 

 Altered sediment compositions which may affect the types of biota of the area. 

 

There are three specific beach sections that are likely to be impacted by a beach nourishment 

project involving dredging: the subaerial beach, the sub-tidal beach, and the borrow source 

areas (Committee on Beach Nourishment and Protection, 1995). Likely impacts differ in each of 

the three zones and are outlined in the following paragraphs.  Specific consideration to potential 

ecological impacts of the proposed beach nourishment and dredging regime at Roches Beach are 

provided. 

 

Subaerial Beach 

The subaerial beach comprises two components: the supralittoral (dry) portion of the beach and 

the intertidal zone. As the primary purpose of beach nourishment is to increase the volume of 

sand in this area substantial amounts of nourishment sand is added to these sections of the 

beach. Obvious positives of a beach nourishment program on the subaerial beach include 

protection of coastal property and infrastructure and improvement of the beach for recreational 

purposes.  Possible negative ecological impacts include: 

 

 Disturbance of the indigenous biota inhabiting the subaerial zones, in turn possibly 

affecting the foraging patterns of the species that feed on those organisms; and 

 Disruption to species that use subaerial beach habitats or adjacent areas for nesting, 

nursing and breeding areas (Committee on Beach Nourishment and Protection, 1995). 

 

Several studies have shown that even when beach-compatible materials are used, the nourished 

beach may be physically altered when compared to unnourished beaches with respect to sand 

compaction, shear resistance, moisture content, grain size and shape and other factors 

(Committee on Beach Nourishment and Protection, 1995). 

 

Aquenal (2010b) profiled the macrofauna characteristics of the intertidal zone of Roches Beach 

and provided recommendations as to possible implementation and monitoring strategies for a 

beach scraping program. It was identified that Roches Beach had a high number of individual 

creatures but a low number of different species, which was typical of other south-eastern 

Australian beaches. It was recommended that large section of the beach be left untouched from 

scraping to allow base case monitoring and to maintain a source of animals to repopulate the 

beach. In general the study focused on the concept of removing sand from the intertidal zone for 

dune building, and as a result the conclusions are only directly applicable to this situation. The 

case of mass scale beach nourishment and subsequent effects of burial of existing animals was 
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not specifically considered. The risk of introducing different species to the beach through supply 

of non-native sand was also not considered. As a result the expected effects of large scale beach 

nourishment on the subaerial beach macrofauna communities remains unknown.   

 

Sub-tidal Beach  

Aquatic habitats adjacent to the subaerial beach, in the near shore zone, are affected by beach 

nourishment projects through nourishment of the active profile.  These areas often support a 

diverse array of biota.  Ecological consequences of beach nourishment projects can include: 

 

 Burial of habitats in the surf zone as the beach is widened; 

 Increased sedimentation in areas seaward of the surf zone as the fill material 

redistributes to a more stable profile; 

 Changes in the near shore bathymetry and associated changes in wave action; and 

 Elevated turbidity levels, particularly in the vicinity of pipeline effluent (Committee on 

Beach Nourishment and Protection, 1995). 

 

Movement of sediment away from the designated nourishment area can have both beneficial and 

detrimental effects.  Littoral drift may benefit beaches adjacent to the nourishment area by 

providing additional sand material.  However, it may also have adverse effects on neighbouring 

vulnerable communities. 

 

Biological effects resulting from alteration of the near shore zone have not been well 

documented (Committee on Beach Nourishment and Protection, 1995).  However, mobile 

invertebrates and fishes found in this region should be able to avoid the major direct effects of 

beach nourishment.  Surveys of fish populations off a nourished beach in Florida showed no 

evidence of adverse effects to the fish (Committee on Beach Nourishment and Protection, 1995).  

It has been suggested that hard-bottom reef habitats or seagrass beds, may be the most 

adversely affected by elevated turbidity surrounding beach nourishment.  High turbidity and silt 

loads in these environments can smother organisms, inhibit filter-feeding processes and/or 

significantly decrease photosynthetic activity, potentially resulting in long-term damage to these 

resources (Courtenay et al., 1974; 1980; Goldberg, 1989). 

 

Aquenal (2010) focussed on habitat destruction in the borrow sand area and this was taken into 

consideration in the recommended borrow zone. However, the effects of burial and increased 

turbidity in the nourishment zone were not considered.   

 

Aquenal (2010) show the majority of active profile, offshore of the main section of Roches 

Beach, is sand with very sparse seagrass.  However, a region of more dense seagrass (some 

sparse, some dense) can be found in the southern section of the beach, offshore of Profiles 1 

and 2.  This area may be more affected than others by placement of the nourishment sand.   

 

The other place in the Roches Beach region that may be adversely affected is Bambra Reef.  

While direct nourishment of Bambra Reef should be avoided, it is likely some sediment will be 

transferred through littoral drift processes to the reef.  If this sediment volume is greater and/or 

very different in properties to the sand naturally passing through the area there may potentially 

be impacts on the ecological habitat, including in the most extreme case, complete habitat 

destruction if the reef is buried.  Given the environmental significance of Bambra Reef (being one 

of only 11 known colonies of the threatened seastar Patiriella vivipara), this risk should be 

considered with caution in future planning for the implementation of beach nourishment.   
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While it is recommended that a risk assessment be undertaken for the effects of nourishment on 

the ecology of Bambra Reef, careful attention should be paid to the reliability of the sediment 

transport analysis used in the assessment.  The consequences of uncertainties in the risk 

assessment should be appropriately considered through inclusion of reasonable safety margins in 

the beach nourishment plan.  Implementation of the beach nourishment works in multiple small 

stages with monitoring in between may reduce the risk of ecological damage to Bambra Reef, 

and will also allow for responsive management action should the nourishment be resulting in 

negative environmental impacts. 

 

Borrow Source Area 

The primary biological effect of dredging to obtain  beach nourishment material is removing 

benthic vegetation and creatures present  on the sediments.  Dredging can also increase 

turbidity in the borrow area.  There is the potential for deep holes to alter water quality, 

potentially decreasing dissolved oxygen levels or increasing hydrogen sulphide levels.  However, 

this is more likely to occur in sheltered regions.  Dredging operations have also been known to 

damage reef habitats in areas adjacent to the borrow area when buffer zones have been 

inadequate (Grober, 1992).  However, with adequate buffer zones and the use of accurate 

positioning systems this can be avoided.  

 

For the above reason, care must be taken when dredging offshore of Roches Beach due to the 

presence of Bambra Reef.  The borrow zone recommended by Aquenal (2010) for extraction 

includes a buffer around Bambra Reef.  Subsequently if this buffer zone is adhered to it is 

assumed there will be negligible impacts on the reef from the dredging (but possible impacts 

from burial). 

 

There is potential for contamination of sediment from heavy metals or other contaminants when 

sand is sourced from the seabed or contamination from weeds when sourced terrestrially.  It is 

highly unlikely any sand sources in Frederick Henry Bay would be affected by heavy metals and 

other contaminants due to the absence of industry in the region, however, some test samples 

may need to be analysed to confirm this.   

 

Introduction of weeds is a likely problem when using terrestrial sand sources, though the use of 

more expensive screened sand will help to minimise these effects.  Regular monitoring of the 

beach and removal of any weeds following completion of the nourishment program will reduce 

this ecological impact. 

 

3.6.3 Indigenous Issues 

Detailed consideration of the impacts of beach nourishment on areas of indigenous significance is 

beyond the scope of this study and WRL’s expertise. Assessment of potential impacts should be 

undertaken during the detailed project planning and design stage, and should as a minimum 

consider the effects of quarrying of terrestrial nourishment borrow sand (if this option is 

selected), as well as the effects of burial or modification of areas of indigenous significance that 

may be present at Roches Beach. Sourcing nourishment sand offshore of Roches Beach is 

expected to have less potential impact on indigenous heritage areas compared to terrestrial sand 

quarrying. 
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4. Structural Protection Options 

4.1 Description of Structural Options to Supplement Beach Nourishment 

Due to the littoral drift and long-term recession at Roches Beach, it is inevitable that the erosion 

buffer provided by beach nourishment would be whittled away with time, regardless of the 

occurrence of large erosion events (though these may accelerate the process). By combining 

nourishment with a hard control structure, an additional buffer against littoral drift or erosion is 

established and in theory the sand can be retained in place for a longer duration. In general 

there are three types of structure that are typically considered for supplementing beach 

nourishment: 

 

 Emergent detached breakwater/s 

 Submerged artificial reef/s (multi-purpose reef or submerged breakwater) 

 Groynes 

 

4.1.1 Submerged Artificial Reefs and Detached Offshore Breakwaters 

Submerged artificial reefs are often proposed as a ‘softer’ protection option due to their 

simulation of natural processes and negligible visual intrusion. While design guidance and case 

studies for more conventional structures are well covered within the literature, conclusive 

information regarding submerged reefs is less well documented. The term ‘submerged artificial 

reef’ is somewhat ambiguous within industry, but is generally considered an umbrella term for 

submerged breakwaters, artificial surfing reefs (ASRs) and multi-purpose reefs (MPRs). 

Submerged breakwaters are a variation of the classical emergent offshore breakwater whereby 

wave energy is reduced by breaking over the structure and diffraction around the breakwater 

ends. ASRs are submerged reef structures where the design objective has been to provide 

increased surfing amenity, while MPRs are designed to achieve multiple objectives such as 

coastal protection, ecological habitat, and improved surfing, fishing, or diving amenity. 

 

Offshore structures (both submerged reefs and emergent breakwaters) are used to provide 

protection to the shoreline by promoting deposition of sediment in their lee (CIRIA, 2008). This 

is achieved by emergent structures through reducing transmitted wave energy, altering the 

wave crest patterns in their lee and by locally reducing the longshore sediment transport rate.  

Submerged or low-crested structures are a sub-group of this type of coastal protection whereby 

the structure is submerged for a portion or all of the tidal cycle. These structures are intended to 

break larger, less frequent waves but to allow transmission of more typical waves compared to 

emergent structures. Examples of wave breaking over a submerged breakwater are shown in 

Figure 4.1. 

 

Based on the strong community response in favour of coastal protection options that would have 

minimal impact on the aesthetics of Roches Beach, it is assumed that emergent detached 

breakwaters would be significantly less desirable compared to submerged structures. Therefore 

the discussion in this report is more focussed on submerged artificial reefs. Submerged 

breakwaters have been trialled relatively extensively throughout the northern hemisphere, in 

particular the USA and Europe, while only a small number of MPRs have been constructed 

around the world. An example of a recently constructed geotextile MPR at Kovalam in India is 

shown in Figure 4.2. 
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Figure 4.1: Wave Breaking over a Submerged Breakwater at Lido di Ostia, Rome 
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Figure 4.2: Geotextile MPR at Kovalam, India  

(Image Courtesy of ASR) 

 

The sheltered nature of Roches Beach means that the typical wave conditions are too small to be 

shaped into surfable form by any man-made reef structure. For swell of surfable size to reach 

Roches Beach it is generally long period and low steepness. Experience with other artificial reef 

structures has shown that these long period conditions are generally not ideal to make artificial 

reefs work (the reef becomes small in comparison to the wave length, and so the waves do not 

‘feel’ the structure enough to be shaped). It is also likely that when swell of any surfable size 

occurs, other natural breaks nearby to Lauderdale would also be working and would produce 

significantly better surfing waves. Locally generated wind waves within Frederick Henry Bay are 

also likely to be unsuitable for producing reasonable surfing conditions, as they would be too 

short in period (less than 5 seconds) and only develop during very strong onshore wind.  

 

Due to the length of Roches Beach, it is expected that several MPRs would be required to provide 

adequate protection along the length of the beach. If these structures were designed us milti-

purpose for combined coastal protection and surfing amenity, the cross-shore size of the reefs 

would have to be significantly larger than for a submerged breakwater of similar effectiveness. 

For these reasons, it is recommended that any submerged structure designed for coastal 

protection at Roches Beach be designed specifically as a submerged breakwater and not a MPR.  

 

Submerged artificial reefs and emergent offshore breakwaters are typically constructed using the 

following materials: 

 

 Rockfill and rubble 

 Geotextile containers and tubes 
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 Pre-cast concrete units 

 Other materials including sunken ships, car bodies, tyres, ‘material of opportunity’ 

(although have generally been used for ecology-focussed reefs) 

While numerous forms of patented precast concrete reef unit exist, most are narrow crested and 

have been developed for relatively short period waves. Such units would likely dissipate waves 

during locally generated wind wave events, but would have very limited effectiveness during 

longer period swell. It is most likely that any submerged structure built at Roches Beach would 

be constructed from either rock armour or geotextile containers.  

 

4.1.2 Emergent or Submerged Groynes 

While groynes do have a significantly greater visual impact on a beach, they are much more 

efficient and lower risk for retaining sand on a littoral drift dominated beach compared to 

submerged reef structures. It is also worth noting that many sites through Europe and to a 

lesser extent USA, have adopted the use of submerged groynes in combination with submerged 

breakwaters. This has proven successful for retaining sand on the beach while also having 

reduced visual impact compared to emergent groynes. Shand and Carley (2011) considered the 

use of groyne structures as a trial option for increasing beach width at Roches Beach. The study 

was undertaken in significantly more detail than has been considered in this report, and included 

a range of numerical sediment transport modelling of several groyne configurations. It should be 

noted that Shand and Carley (2011) focussed on the use of groynes as a stand-alone option, 

which is somewhat different to their use as supplementary structures to a larger beach 

nourishment campaign. 

 

Groynes operate as a perpendicular barrier extending across the beach and into the surf zone, 

providing a trap to longshore sediment transport (littoral dirft). On an un-nourished beach, by 

trapping sand on the updrift side providing improved erosion protection, groynes starve the 

downdrift side and can increase vulnerability to erosion. This was shown by Shand and Carley 

(2011) to be the case for Roches Beach if nourishment was not provided. Once the groyne is 

filled on the updrift side (sand accretes to the seaward limit of the groyne), the littoral drift will 

begin to bypass the structure and the erosion downdrift of the groyne will begin to reduce. For 

the case where groynes are used to supplement large-scale beach nourishment, the groynes 

would be constructed so that they do not trap additional littoral drift but only retain the 

nourished sand. There is minimal downstream erosion caused by the groynes as the nourished 

beach profile results in near immediate littoral drift bypassing of the structures. 

 

Groyne structures offer little or no reduction in wave energy from dominant, shore-normal 

directed waves that are frequently the condition experienced during storms. Consequently, 

cross-shore sediment transport processes for groyne field compartments are similar to those of 

natural beaches during storms. There would be no reduction in storm erosion by having the 

groynes. 

 

Examples of geotextile groyne structures are shown in Figure 4.3. 
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Figure 4.3: Groyne Constructed of Geotextile Containers at Maroochydore Beach, Qld 

 

Groynes have historically been constructed using rock armour, however, as with submerged 

reefs the use of geotextile containers as an alternative is becoming increasingly popular where 

the required rock is unavailable, the structure is to be temporary, or they are preferred for 

aesthetic or ‘useability’ reasons.  

 

4.2 Downdrift Effects 

As previously discussed, because groynes would be used to supplement significant quantities of 

beach nourishment, there would be almost immediate littoral drift bypassing of the structures 

following construction. That is, the structures would not trap additional sand from the littoral 

drift system. Submerged reef structures would also allow a relatively high rate of littoral drift 

bypassing, so long as the structures were carefully designed so as to not form an excessive 

salient or tombolo. While a reasonable number of submerged artificial reef structures have been 

built around the world (as discussed further in Section 4.3), most have resulted in less sediment 

accumulation than predicted. Any effects of the reef structure resulting in down-drift erosion 

would also be localised to an area no more than a couple of hundred metres from the structure. 

 

These aspects combined with the postulated cross-embayment short-circuiting of the natural 

littoral drift, suggests that there would be very little to no downdrift effects as far away as Seven 

Mile Beach caused by supplementing beach nourishment at Roches Beach with additional reef or 

groyne structures.   

 

4.3 Risks and Risk Management for Structural Options 

Risks associated with the use of structures to supplement beach nourishment can be considered 

in three categories: 

 

 Risk to environment 

 Risk to people 

 Risk in design (financial risk) 
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4.3.1 Risk to Environment 

As discussed in Section 4.2, the risk of damage to adjacent beaches (Seven Mile Beach) 

resulting from the use of offshore structures or groynes to supplement beach nourishment is 

low. While emergent offshore breakwaters would increase reflected wave energy, this is 

expected to be minimal compared to the background wave energy entering Frederick Henry Bay. 

In general, there is minimal environmental risk resulting from the use of these kinds of 

structures, and it is expected that the environmental risk from a large scale beach nourishment 

campaign (from effects such as increased turbidity and burial of existing ecosystems) would far 

outweigh any additional risk from the structures. 

 

4.3.2 Risk to People 

The visible presence of emergent structures generally means that they are of lower risk to beach 

users compared with submerged structures. The use of large geotextile containers for 

construction of groynes would also reduce risk to beach users compared to rock armoured 

structures. While common place in public areas, rock armour is less stable underfoot for people 

walking or climbing on groynes, and therefore presents a more hazardous situation. Indeed 

there have been cases heard in court as a result of public injury from people traversing rock 

armoured coastal structures. Though lower risk than rock, geotextile groyne structures have also 

been known to become slippery in the area at the water line. The use of signage on emergent 

structures also acts to further reduce risk to beach users and to structure owners. 

 

Corbett et al. (2005) examined safety aspects of submerged (reef) breakwaters, with discussion 

of the planning and monitoring results from the Narrowneck MPR at the Gold Coast. One of the 

key design aspects of Narrowneck Reef was to produce reasonable surfing conditions, and so the 

safety of reef users was a significant concern. A range of risks to people that should be 

considered in the design of submerged structures were presented by Corbett et al. (2005), 

regardless of the use of the structure (only for coastal protection or also for surfing or diving), 

including: 

 

 Impact with reef when surfers dive off board (could also happen if swimmers dive off 

reef) 

 Impact with reef due to turbulent wave action for swimmers, divers, or surfers 

 Swimmers becoming trapped underwater due to gaps in the reef 

 Drowning due to strong currents around the reef 

 Dangerous marine organisms 

 Vessel overturning due to rapid wave shoaling or impacting with the reef   

 

Based on physical modelling of wave breaking over the reef, it became apparent during the 

design stage for the Narrowneck Reef that even with the reef crest at 1.0 m below mean sea 

level (-1 m AHD), the water depth over the reef during wave suck-back would be as little as 0.3 

m, even during typical wave conditions. The reef crest at Narrowneck was constructed lower 

than the initial design to reduce risks to people, and this has likely contributed to the reef 

providing minimal (if any) coastal protection.  

 

By designing any submerged structures as breakwaters and not MPRs, a significant portion of 

the risk to users is reduced. The extent that the reef would be used by swimmers/snorkelers at 

Roches Beach is also significantly less than at other locations where MPRs have been built. 

Nevertheless, regardless of the nature of the structure or the extent of its use, the risks to beach 

users and vessels should be considered as a part of any detailed design process.  
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4.3.3 Risk in Design 

The use of groynes to trap sand on littoral drift beaches has been occurring for many decades. 

There are well established empirical design rules as well as numerical modelling methods, that 

have been shown to predict beach response to groynes reasonably well. By the nature of the 

way groynes function to trap sand, there is very little risk that groynes would not act to increase 

the longevity of nourishment sand at Roches Beach, though there is a limit to this effectiveness. 

 

The use of submerged artificial reefs for coastal protection has been undertaken to a significantly 

lesser extent then groynes, and remains a developing science. While there has been 

considerable improvement in the understanding of the mechanisms driving shoreline response 

for submerged reef/breakwater structures over the past decade, all completed studies have 

significant limitations.  No single study has comprehensively tested the effects of primary 

structural and environmental variables on quantitative shoreline response, and the shoreline 

response equations presented are based on approximate observations of natural structures or 

un-calibrated and un-validated modelling. The available empirical techniques for assessing 

shoreline response are suitable only for preliminary engineering calculation and not detailed 

design. Structures that are designed using these methods should be considered as trial or 

experimental only, as it has been shown from previous real world experience that the available 

equations do not predict beach response with accuracy or reliability.  This results in designs that 

inherently contain higher risk than other beach control structures such as groynes or emergent 

breakwaters. This additional risk should be considered with caution if submerged reef structures 

are to be used to supplement beach nourishment at Roches Beach. 

 

Blacka et al. (2012 in progress) reviewed the performance of 26 existing submerged artificial reef 

structures, for which reasonable beach monitoring data has been published.  The structures 

reviewed contained a mixture of submerged breakwaters, MPRs, and ASRs.  The structures were 

exposed to a wide range of hydrodynamic conditions with a variety of wave climates and tidal 

ranges considered, as well as different geomorphological settings such as longshore and cross-

shore transport dominated coast, as well as exposed or sheltered beaches. Of the 26 reefs 

reviewed, 22 were intended to provide some form of coastal protection.  However, approximately 

half of the structures examined did not have any significant accretionary impact on shoreline 

alignment, with several of the structures actually resulting in increased erosion/recession.  Of the 

six MPRs designed with both surfing and coastal protection aspects in mind, only two have resulted 

in any noticeable effect on shoreline alignment (both appear to have resulted in accretion), and 

these two structures have both had less than three years of beach monitoring to enable confident 

judgement of the long term impact on the shoreline position.  The majority of these structures had 

significant detailed design effort, including numerical and physical modelling of sediment transport 

processes, however, most have not provided the degree of beach widening predicted during the 

design phase.  Regardless of the reason, this outcome highlights the complexity of the sediment 

transport processes involved with submerged reef structures.   

 

If submerged reef structures or emergent breakwaters are to be used to supplement beach 

nourishment at Roches Beach, the use of a small number of trial reef panels is strongly 

encouraged. Constructing trial submerged breakwater or reef panels will reduce the uncertainty in 

beach response and will allow for site specific calibration of beach response and revision of the 

remainder of the coastal protection design. Realistic costs and risks associated with constructing, 

modifying, and potentially removing a trial structure from the surf zone should be considered as a 

part of the project design. The use of geotextile containers for trial structures will help reduce the 

risk and cost of modification or removal. The higher the crest level of a submerged structure the 
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closer it tends to perform to a conventional emergent breakwater, and the performance risk 

consequently decreases.  

 

4.4 Costs and Benefits of Structural Options 

4.4.1 Limitations of Analysis 

To properly consider the feasibility and costs/benefits of supplementing beach nourishment with 

either submerged artificial reefs or groynes would require a detailed analysis of these structures 

and their impact on littoral drift sediment transport rates. While a similar analysis was 

undertaken in Shand and Carley (2011) for trial groyne structures at Roches Beach, the results 

are not directly applicable (though provide a reasonable basis for discussion here). There has 

also been no detailed analysis undertaken for submerged reef structures at Roches Beach. As 

this level of analysis is beyond the scope of this study, it is difficult to draw any detailed 

conclusions as to the costs and benefits of supplementing beach nourishment with hard 

structures. However, it is useful to provide crude estimates of costs of such structures for 

comparison with the overall cost of the beach nourishment project.  

   

4.4.2 Groynes 

Shand and Carley (2011) presented numerical modelling and basic cost assessment for trial 

geotextile groyne structures at Roches Beach. It was shown that groynes would be able to trap 

littoral drift sand on their updrift side and effectively maintain a wider beach. This provides 

confidence that groynes would reduce loss of nourishment sand through littoral drift and 

therefore the use of groynes to supplement beach nourishment could be considered as low risk. 

By combining the groynes with beach nourishment the potential down drift erosion identified in 

Shand and Carley (2011) is also expected to be minimised. 

 

Shand and Carley (2011) provided basic costs for geotextile groyne structures with crest 

elevation of 1.0 m AHD and founding depth 0.5 m below the existing beach profile level. Various 

groyne lengths were considered, with the costs as shown in Table 4.1. 

 

Table 4.1: Approximate Costs of Materials and Construction for a Single Groyne  

(After Shand and Carley, 2011) 

 
Seaward Toe Depth (m AHD) 

-0.5 -1.0 -1.5 -2.0 

Required Number of 2.5m3 

Geotextile containers 
100 160 310 550 

Approximate fill volume required 

(m3) 
250 400 775 1360 

Cost Estimate Standard Geotextile 

Containers (2011$ AU) 
70,000 100,000 175,000 300,000 

Cost Estimate 1 Side Vandal 

Deterrent Geotextile Containers 

(2011$ AU) 

72,500 105,000 190,000 320,000 

 

 

As littoral drift at the southern end of Roches Beach is low, a groyne structure would have 

limited effectiveness in this area. Bambra Reef at the north of the beach also acts to provide a 
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natural salient. It is therefore expected that one or at most two groyne structures would be 

required, with their seaward extent reaching to -2 m AHD (the groynes would have to reach as 

far as the closure depth to substantially retain littoral drift losses).  

 

The use of a groyne structure on the southern side of Bambra Reef may also be considered as an 

option to reduce the risk of adverse environmental impacts from nourishment sand migrating 

north across the reef through littoral drift.  Such a structure should be designed as experimental 

or trial, with its effectiveness monitored after implementation.  A structure located adjacent to 

Bambra Reef may also reduce the amount of nourishment sand required to be placed on this 

section of the beach, as it would capture a portion of the natural littoral drift.   

 

4.4.3 Submerged Artificial Reefs 

Due to the small average wave conditions at Roches Beach, the existence of other reasonable 

surfing breaks nearby, and the large increase in reef volume required to produce surfable waves, 

the benefits of constructing MPRs for coastal protection (as opposed to submerged breakwaters 

or groynes) would likely not warrant the additional costs. These additional costs occur as a result 

of MPRs having a requirement for larger reef volume due to larger cross-shore dimension and 

flatter side slopes. As such, these very preliminary cost estimates are based on the construction 

of submerged breakwaters not MPRs. 

 

The method of Ranasinghe et al. (2006) suggests that submerged breakwaters/reefs should be 

located offshore from the beach by a distance of at least 1.5 times the natural surf zone width so 

as to not cause erosion. Carley et al. (2008) indicated that the wave height at Roches Beach was 

approximately 16% to 19% of the deepwater (outside of Storm Bay) wave height during 

southerly storm events. The 1 year ARI deepwater significant wave height was approximated as 

5.3 m from the south (based on Eden wave buoy data), and therefore approximately 1.0 m at 

Roches Beach. During such storms waves will be breaking at Roches Beach in water depths of 

approximately 2 m, and therefore the surf zone would have a width of approximately 80 m (over 

the northern part of the bay). On this basis and the method of Ranasinghe et al. (2006), it can 

be approximated that a reef would have to be located about 120 m offshore of the beach in a 

water depth of approximately 3 m, so as to not create additional erosion of the beach during 

larger swell events. Field studies undertaken in USA have shown that reefs with a continuous 

longshore extent tend to result in strong longshore currents which can also exacerbate erosion. 

To avoid this and maximise coastal protection, submerged reef structures are best built as a 

series of panels with regularly spaced gaps between panels to allow for return currents.  

 

Based on the above very approximate guidance, for a submerged breakwater founded 

at -3 m AHD and with a crest at -0.5 m AHD (just below mean sea level), the volume of the 

structure will be at least 14 m3 per metre of breakwater length (assuming 2 m crest width and 

typical 1V:1.7H side slopes for geotextile container structures) . If the breakwater is then 

constructed from individual panels that occupy 50% to 70% of the length of Roches Beach (with 

an allowance of 30% to 50% for gaps between the reef panels), the volume of all of the 

breakwater panels will be 25,000 m3 to 35,000 m3. 

 

Based on other submerged reef structures built in the last five years using geotextile containers 

(Mount Maunganui, Opunake, and Boscombe), the cost of the structures has ranged from $170 

per m3 to $340 per m3. While the sea based placement of these structures increases costs 

compared to the land based groynes, they are generally built using extremely large geotextile 

“mega” containers as opposed to the smaller 2.5 m3 individual containers, which reduces costs. 

Given the volume of submerged breakwater required is large (compared to the recent MPRs on 
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which the unit cost range is based) and the wave conditions at Roches Beach are mild, costs are 

expected to be towards the lower end of this range. 

 

These prices indicate that the cost of a semi-continuous submerged geotextile breakwater at 

Roches Beach would be of the order of $4 million to $6 million. While this estimate is very 

approximate, it highlights the order of magnitude cost increase for offshore shore-parallel 

breakwater protection structures compared to land based shore-perpendicular groyne structures.    

 

4.4.4 Summary of Costs and Benefits 

As shown in Table 3.2, sand losses due to underlying recession (partially from littoral drift) are 

expected to be one quarter of the overall sand recession rate, with the other three quarters of 

the total loss due to projected sea level rise. From this it can be postulated that supplementing 

nourishment with groynes could at best reduce the recession rate of nourishment sand by about 

one quarter. The effectiveness of submerged reefs at retaining sand would decrease as sea 

levels rise due to the increase in reef submergence. Previous experience has shown that small 

increases in reef submergence result in significant decrease in the amount of protection offered. 

While the costs of groyne structures are predicted to be relatively small compared to the overall 

costs of the beach nourishment, the benefits expected to be gained are also limited (Particularly 

over the southern end of the beach where littoral drift rates are low).  

 

While submerged breakwater structures would result in less visual impact on the beach, the 

costs of these structures are expected to be similar to the beach nourishment itself. This 

combined with the risk to public and complexities of design with submerged structures indicates 

that supplementing nourishment with submerged structures extending along the length of 

Roches Beach is unlikely to be cost effective.   

 

The use of structural solutions to improve the longevity of beach nourishment may be best 

implemented through a combination of groyne/s and emergent detached breakwater structures.  

The use of emergent detached breakwaters may reduce the number of groyne structures 

required, therefore minimising the effects to the useability of the beach. This would also reduce 

the longshore extent of relatively expensive offshore reef/breakwater structures, 
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5. Conclusions 

5.1 Summary of Study Requirements 

WRL were commissioned by LGAT to investigate the option of beach nourishment, potentially 

supplemented by artificial reefs or groynes, at Roches Beach. This task forms part of the 

Tasmanian Coastal Adaptation Pathways project, to develop future pathways for climate change 

adaptation in four coastal areas in Tasmania. The study has been undertaken in two parts. Part 1 

involved the assessment of beach nourishment as a quick and safe strategy to alleviate present 

coastal erosion hazards as well as mitigate ongoing beach recession due to sea level rise. In 

particular, the focus of Part 1 of the investigation was to assess the required beach nourishment 

volumes for protection against: 

 

 A 100 year ARI erosion event at present; 

 A 100 year ARI erosion event over the next 10 years; and 

 A 100 year ARI erosion event over the next 20 years. 

 

As well as estimating the required nourishment volumes, Part 1 of the study also involved 

consideration of nourishment sand sources, costs, implementation, environmental issues, and 

social issues. Part 2 of the study involved a less detailed assessment of risks, costs, and benefits 

of reef and groyne structures as a backup or to supplement beach nourishment. 

 

5.2 Conclusions for Part 1: Beach Nourishment 

Using empirical assessment techniques, it has been determined that 75,300 m3 of sand with the 

same characteristics as the native sand would be required currently to provide protection from a 

100 year ARI event at Roches Beach.  An additional 119,800 m3 would be required for protection 

until 2022 and 100,200 m3 would be required on top of that to provide protection until 2032. 

However, the exact compatibility of available nourishment sand with native sand at the beach 

has a significant impact on the nourishment volumes required for specific sand sources. Two 

likely sand supplies are available for nourishment of Roches Beach: 

 

 Offshore sand deposits 

 Terrestrial sand quarries 

 

Aquenal (2010) highlight an approximately 425,000 m3 reserve of sand offshore of Roches 

Beach as potentially suitable for sand harvesting.  This volume was determined within a range of 

constraints including a limiting sand pumping distance of 600 m from shore. With alternative 

dredging equipment, line pumping of sand is possible up to distances significantly further than 

600 m, and therefore the volume of sand available is likely to be much greater than this volume. 

Based on the grain size distribution of sand located offshore of Roches Beach, significantly 

greater volumes of nourishment sand would be required due to the finer nature of the sand 

compared  to the native sand at the beach. WRL consulted RNB Trading as a possible supplier of 

terrestrial sand for nourishment of Roches Beach. RNB Trading extract sand from a quarry at the 

back of Seven Mile Beach, and have supplied sand to individual household owners as well as 

Council for the purpose of beach nourishment at Roches Beach. While this terrestrial source of 

sand is more compatible with the native sand at Roches Beach, it is still slightly finer and 

therefore larger quantities are required to achieve an equivalent level of erosion protection. 
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The required volumes and estimated costs for nourishment using offshore and terrestrial sand 

sources are summarised in Table 5.1 for 100 year ARI protection in present day, 2022, and 2032 

scenarios. 

 

Table 5.1: Summary of Required Nourishment Volumes and Costs for 100 Year ARI Protection 

Scenario 

Offshore Sand Terrestrial Sand 

Required Volume 

(m3) 

Estimated Cost 

($) 

Required Volume 

(m3) 

Estimated Cost 

($) 

Present Day 320,300 5,483,000 214,700 7,703,000 

2022 726,500 11,737,000 355,300 12,509,000 

2032 857,600 13,778,000 450,600 15,765,000 

 

 

Aquenal (2010b) profiled the macrofauna characteristics of the intertidal zone of Roches Beach 

and provided recommendations as to possible implementation and monitoring strategies for a 

beach scraping program. It was identified that Roches Beach had a high number of individual 

creatures but a low number of different species, which was typical of other south-eastern 

Australian beaches. In general the study focused on the concept of removing sand from the 

intertidal zone for dune building, and as a result the conclusions are only directly applicable to 

that situation. The case of mass scale beach nourishment and subsequent effects of burial of 

existing creatures was not specifically considered. The risk of introducing different species to the 

beach through supply of non-native sand was also not considered. As a result the expected 

effects of large scale beach nourishment on the subaerial beach macrofauna communities 

remains unknown.   

 

Aquenal (2010) show the majority of active profile offshore of the main section of Roches Beach 

is sand with vary sparse seagrass.  However, a region of more dense seagrass (some sparse, 

some dense) can be found in the southern section of the beach. This area may be more affected 

than others by placement of the nourishment sand.  The other place in the Roches Beach region 

that may be adversely affected is Bambra Reef.  Whilst direct nourishment of Bambra Reef 

should be avoided, it is likely some sediment will be transferred through littoral drift processes to 

the reef.  If this sediment volume is greater and/or very different to the sand naturally passing 

through the area there may be impacts on the ecological habitat, including complete habitat 

destruction if the reef is buried. Given the environmental significance of Bambra Reef (being one 

of only 11 known colonies of the threatened seastar Patiriella vivipara), this risk should be 

considered with caution in future planning for the implementation of beach nourishment.   

 

The primary biological effect of dredging to obtain beach nourishment material is removing 

benthic vegetation and creatures present on the sediments.  Dredging can also increase turbidity 

in the borrow area. While dredging operations have also been known to damage reef habitats in 

areas adjacent to the borrow area, with adequate buffer zones as recommended by Aquenal 

(2010) and the use of accurate positioning systems this should be avoided. If nourishment sand 

is to be sourced by dredging offshore of the beach, it is recommended that the dredging pattern 

be designed to minimise wave refraction effects. This would require numerical SWAN wave 

modelling, or at least alignment of post dredging contours with the dominant wave crest 

alignment at the site. 
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If borrow sand for the nourishment is to be obtained by dredging offshore of Roches Beach, it is 

recommended that more detailed sediment sampling be undertaken of both the borrow material 

and the native sand on the beach. Small changes in the compatibility of the material result in 

large changes to the required nourishment volumes, and the analysis undertaken by Aquenal 

(2010) indicated that the sand improved in compatibility with increasing distance offshore. It 

may also be worthwhile to undertake nourishment in smaller stages with monitoring in between 

to allow for refined predictions of performance.  

 

5.3 Conclusions for Part 2: Supplementary Structural Protection 

In general there are three types of structure that are typically considered for supplementing 

beach nourishment: 

 

 Emergent detached breakwater/s 

 Submerged artificial reef/s (multi-purpose reef or submerged breakwater) 

 Groynes 

 

Due to the sheltered nature of Roches Beach, the additional expense associated with creating a 

reef with multi-purpose criteria, and the relatively small amount of increased amenity predicted 

to be gained, it is recommended that any submerged reef structure built at Roches Beach be a 

submerged breakwater designed specifically for coastal protection. On this basis, this study has 

focussed on the use of groynes or submerged breakwaters to supplement beach nourishment. 

 

Sand losses due to underlying recession (partially from littoral drift) are expected to be 

approximately one quarter of the overall sand recession rate, with the other three quarters of 

the total loss due to projected sea level rise. From this it can be postulated that supplementing 

nourishment with groynes or submerged reefs could at best reduce the recession rate of 

nourishment sand by about one quarter. The effectiveness of submerged reefs at retaining sand 

would also decrease as sea levels rise due to the increase in reef submergence. Previous 

experience has shown that small increases in reef submergence result in significant decrease in 

the amount of protection offered.  

 

While the risk of groynes not providing an increase in the effectiveness of nourishment is low 

and the costs of groyne structures are predicted to be relatively small (~$600,000) compared to 

the overall costs of the beach nourishment, the benefits expected to be gained are also small. 

Submerged breakwater structures would result in less visual impact on the beach compared to 

groynes, however, the costs of these structures ($4 million to $6 million) are expected to be 

similar to the beach nourishment itself. This combined with the risk to public and complexities 

with design of submerged structures indicates that supplementing nourishment with submerged 

structures is unlikely to be cost effective and higher risk than with groyne structures. The use of 

structural solutions to improve the longevity of beach nourishment may be best implemented 

through a combination of groyne/s and emergent detached breakwater structures.  The use of 

emergent detached breakwaters may reduce the number of groyne structures required, 

therefore minimising the effects to the useability of the beach. This would also reduce the 

longshore extent of relatively expensive offshore reef/breakwater structures, 

 

Risks to Seven Mile Beach as a result of building groyne or artificial reef structures at Roches 

Beach would be minimal, as the structures would take insignificant quantities of sand from the 

natural littoral drift (the beach nourishment would pre-fill the profile and littoral drift bypassing 

of the structures would occur). There is also natural sand bypassing of the southern half of the 

Roches Beach embayment which would further reduce this risk.  
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Appendix A – Dune Profile Design 

Profile 1 – Design Profile: Dune Crest 2 m wide. Beach showing 5 m Berm 

 

Profile 2 – Design Profile: Dune Crest 5 m wide. Beach showing 5 m Berm 

 
Profile 3 – Design Profile: Dune Crest 3 m wide. Beach showing  5 m Berm 
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Profile 4 – Design Profile: Dune Crest 2.5 m wide. Beach showing 5 m Berm 

 

Profile 5 - Design Profile: Dune Crest 8 m wide. Beach showing 5 m Berm 

 

Profile 6 - Design Profile: Dune Crest 8 m wide. Beach showing 5 m Berm 
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Profile 7 - Design Profile: Dune Crest 5 m wide. Beach showing 10 m Berm 

 

Profile 8 - Design Profile: Dune Crest 15 m wide. Beach showing 10 m Berm 

 

Profile 9 - Design Profile: Dune Crest 7 m wide. Beach showing 10 m Berm 
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Profile 10 - Design Profile: Dune Crest 5 m wide. Beach showing 10 m Berm 

 

Profile 11 - Design Profile: Dune Crest 10 m wide. Beach showing 10 m Berm 

 

Profile 12 - Design Profile: Dune Crest 10 m wide. Beach showing 10 m Berm 
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Appendix B – Grading Curves for Roches Beach 
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Appendix C – Grading Curves for Sand Offshore of Roches Beach 
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Appendix D – Grading Curve for Seven Mile Beach Terrestrial 

Sand Supply 

 


