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Abstract
Dredging at the entrance to Lake Macquarie and construction of breakwalls in the 1890’s increased the penetration of easterly sea swells and reduced the supply of marine sand entering the channel.  Sand features near the entrance have progressively eroded and moved “upstream” into Lake Macquarie.  In the last 50 years this has resulted in rapid foreshore recession (>5metres per annum) on the channel’s southern foreshore.  Historically, this has been addressed through the construction of rock groynes or revetments, resulting in an ongoing upstream shift in recession locations as the channel is progressively armoured against erosion.  
The current recession hotspot is the foreshore adjoining Black Neds Bay, being the last unmodified section of the channel’s southern foreshore. The current active recession at this location is resulting in a loss of saltmarsh and changes to wetland processes.  Various mechanisms have been used to manage this recession, including groynes, beach nourishment, dune reconstruction, revegetation, and “soft rock” barriers.  This paper examines the development of the latest proposal, for a tombolo – a rock-protected artificial sandspit – that will act as a large groyne to protect 500 metres of beach and dunes.  It describes the development of the tombolo proposal through a series of adaptive management steps involving managed sand, a temporary “soft rock” barrier, and beach nourishment combined with permeable timber groynes.  The paper looks at the science and other considerations that informed the choice of the tombolo design, and the other options that were considered and rejected.  It reviews the experience of the various adaptive management responses.  The tombolo construction will cost in excess of $1 million, so the consequences of “doing nothing” was considered against the cost and benefits of the tombolo.  This included making an assessment of the value of saltmarsh and mangrove wetland that would be lost by doing nothing.
Introduction 

Swansea Channel is the tidal entrance to Lake Macquarie forming a sinuous channel 3.5 kilometres long from Swansea Heads to Marks Point.  The main features of the Channel include: 
· the entrance to the Pacific Ocean protected by two rock breakwalls
· Swansea Bridge, which is built across a filled channel bend, forming the main pinch-point in the channel
· sand islands and shoals, particularly at the western end of the channel where it enters Lake Macquarie (the “Drop Over”).  Some sand islands are natural and some are the result of dredging
· the main navigation channel, approximately 60 metres wide, and maintained at a minimum depth of 2.5 metres by periodic dredging
· significant channel modification through construction of rock revetments and groynes.
[image: image1.jpg]Source: IPCC 2001 Global average sea level rise (by 2100) for High Range Scenario.





Black Neds Bay and Salts Bay are largely natural systems on the southern side of the channel, between the entrance and Swansea Bridge.  Black Neds Bay is a shallow hind-dune embayment.  If forms a mangrove and saltmarsh complex protected by State Environment Planning Policy 14 – Coastal Wetlands. 

The Bay has been modified by dredging of the entrance channel for boating access, and the resultant formation of a series of dredge-spoil islands (c 1962).  Past works have tried to stabilise the foreshore through a series of rock groynes: Lucy’s groyne in the east, two groynes along the Salts Bay beach, and Mats Point groyne at the western end of Salts Bay.
[image: image2.emf]
Past works

Pre-modification, the entrance was naturally constrained by a series of shifting sand bars and islands.  This allowed fresh inputs of oceanic sand, and controlled tidal flows and wave penetration.  However, it was also shallow and unpredictable, characteristics inimical to navigation.
Accordingly, breakwalls were constructed in the 1890’s and the sand bars dredged to improve navigation for cedar and coal boats carrying produce from Lake Macquarie to Sydney.  
Training walls were constructed along the north and south foreshore, and these have been extended and strengthened progressively until they extend along nearly 50% of the foreshore. 

The following maps (Figure 3) clearly show the decrease in complexity and volume of sand bodies at entrance and eastern end of the channel, and the corresponding increase in sand volume at the “drop-over” into the lake.  That is, since the construction of the entrance breakwalls, there has been a progressive loss of sand from the eastern end of the channel, with wave and tidal currents transporting it to the west.
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Figure 4 shows aerial photos from 1941 and 2007.  The dots indicate fixed points common to both photos.  The changes that can be seen from these photos are:
· Loss of sand bars and shoals from the channel and foreshore,
· Foreshore recession in Salts Bay (more than 500 metres over 50 years),
· General loss of sand volume from the eastern end of channel with a resultant increase in water depth and wave fetch,
· Loss of littoral rainforest and saltmarsh due to foreshore recession.
[image: image4.emf]Figure 4: Black Neds Bay and Salts Bay 1941 (top) and 2007 (below)
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Significance of the area

As a consequence of over 100 years of channel modifications, including groyne construction and rock armouring, the foreshore between Mats Point and the entrance to Black Neds Bay is the only remaining unmodified stretch of foreshore in southern part of Swansea Channel.  Whilst this last remaining stretch of “natural” foreshore has considerable recreational and amenity values (such as fishing, boating and walking), the beach’s role in protecting the Black Neds Bay wetland and saltmarsh complex is widely acknowledged as its most important value.  
The Black Neds Bay wetland’s 100 hectares of SEPP 14 saltmarsh and mangroves (representing 25% of remaining saltmarsh habitat in Lake Macquarie) is thought to be a significant aquatic breeding and nursery habitat, although there is little specific science available to quantify its significance.  The historic decline of wetland habitat, particularly saltmarsh, is of increasing concern, as the values of saltmarsh are becoming better understood.  It is estimated that since 1961, over 50% of remaining saltmarsh habitat in Lake Macquarie has been lost (Lake Macquarie City Council,  2006), thus highlighting the significance of Black Neds Bay wetland.  
Description of the Problem
Foreshore recession in southern Swansea Channel has been occurring since the training of the channel entrance in the 1890’s.  Until recently, most attention focussed on Salts Bay, with works including rock groynes, revetments, dune reconstruction, and beach nourishment.  With the completion of the latest round of Salts Bay stabilisation works in 2000, there has been an increased rate of recession along the foreshore from Mats Point to the entrance to Black Neds Bay. 
[image: image6.emf]Concern by local residents over a potential breakthrough from the channel foreshore into the Black Neds Bay wetland prompted Council’s attention to the issue.  Rates of foreshore recession of 5-10m per year have been experienced since 2004, resulting in a narrowing of the barrier dune system that prevents the oceanic influences (swell waves) that prevail in southern Swansea Channel from penetrating into the sheltered shallow wetland in Black Neds Bay.  
Despite some temporary measures, including beach nourishment and a sand-bag barrier, a complete loss of part of the dune occurred in March 2006 resulting in a breakthrough into the Black Neds Bay wetland.  As a result, there has been a loss of saltmarsh and mangrove vegetation (predominantly due to smothering by mobilised sand) and altered flow regimes between the wetland and channel.  
Understanding the Processes
Since the early seventies, several studies have looked at the estuary and marine processes that determine the topography of the foreshore and channel (see list of references).  The level of sophistication and understanding of these studies has improved as the sum total of knowledge increases, but also with the introduction of computer modelling for waves and tidal currents.  
In August 2004, WBM Oceanics submitted a report by David Wainwright to Lake Macquarie Council – the “Black Neds Bay to Mats Point Foreshore Erosion Study”.  In summary, this report found:

· The dominant erosive force is oceanic swell from the north-east, which strikes the southern foreshore at an oblique angle.  The trend is for the beaches to align normal to the wave direction, so the southern foreshores in Swansea Channel tend to erode at their eastern ends and deposit at their western ends.  
· [image: image7.emf]Salts Bay

Black Neds Bay

Swansea

Blacksmiths

Beach

Mats Point

Project area Lucy’s 

groyne

The impact of swell waves has been amplified by the deepening of the bay due to progressive loss of sand from the eastern end of the channel, giving waves an uninterrupted fetch and increased energy.

· Wind waves and tidal currents play a secondary role, but tides are particularly important as they transport sand mobilised by swell waves away from the eastern end of the channel so it is lost from the local system.

· There are many localised patterns of erosion and deposition along the foreshore that are easily changed or interrupted by, for example, groyne construction or beach nourishment.  However, these localised effects are only “background noise” against the dominant processes.

· In the past, the large volumes of sand in the system tended to mask rates of erosion, as there were local cycles of erosion and re-deposition.  However, sand has been lost from the system to the extent that supply for re-deposition is exhausted, so the underlying rates of foreshore erosion are now evident.
Stabilisation Options 
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WBM Oceanic were engaged by Council to consider and assess management options to reduce the severity of erosion along the Mats Point to Black Neds Bay entrance foreshore.  The options included an ongoing dredging and nourishment program; channel entrance groyne extensions; revetment treatments; installation of a permanent “Sand Shifter” device; construction of artificial reefs; as well as various options for groynes along the affected area.  Following a review process involving WBM, Council staff, and the Lake Macquarie Estuary and Coastal Management Committee, Council resolved to pursue the construction of a groyne field (Option 5 in Figure 7) as its preferred option.  
The other options were considered but rejected because:

· The large rock groynes and revetments were expensive, and too intrusive and disruptive in a fairly natural foreshore area
· The entrance groynes would be expensive and their effectiveness doubtful

· The artificial reefs would not be effective unless they protruded above the surface, which was not acceptable due to its impact on the natural and recreational values of the area

· The dredging and managed sand options (initially favoured by the consultant due its low impact on the natural values of the foreshore) required continuing maintenance and financial commitment, and the extent of the sand resource in the borrow area was uncertain

Preferred option – Construction of a sand tombolo 

[image: image9.emf]Following a competitive tendering process, Patterson Britton and Partners Pty Ltd were engaged by Council to prepare the engineering design, modelling and technical specifications for the preferred option – the groyne field (Patterson Britton 2006)  

In the early stages of the modelling and design process, Patterson Britton’s Project Officer, Dan Messiter, consulted with Council concerning a modification to the “groyne field” option.  He recommended the construction of a sand tombolo, as a variation to a single large rock groyne.  He argued it provided several advantages to a traditional large rock groyne, while providing the same level of erosion protection.  These advantages included:
· It would provide a “soft” finish including beach areas on either side of the tombolo, overcoming the aesthetic and recreational objections to a rock groyne
· If constructed in conjunction with navigational dredging elsewhere in the channel (which would provide a sand source), it could be cheaper to build
· It would reinstate a natural sandspit known as “The Splodge” that existed prior to the construction of Mats Point groyne, and formed a natural protective sand barrier at the eastern end of the foreshore

· It would complement trends in natural patterns of tidal sediment transport to reduce foreshore recession and promote some re-deposition on the ebb-tide
Council resolved to support the tombolo option as its preferred design, and is currently preparing the development approval of these works.  The tombolo design consists of the following features: 

· An artificial sandspit approximately 160 metres long and containing 22,000m3 of sand 
· [image: image10.emf] A protective rock wall about 60 metres long to “anchor” the sandspit and protect it from scour and wave erosion at its tip
· A raised and vegetated “dune system” down the spine of the sandspit, approximately 2 metres AHD 

· A north-eastern facing beach on the seaward face of the tombolo angled to be normal to the dominant swell waves
· A footprint that avoids seagrass beds.
The dune height of the tombolo is designed to prevent overtopping except on extreme events (>1:20 years) and allows for an expected 2cm rise in sea levels within the next 20 years.  The tombolo may need some periodic renourishment and/or repair work following major storms, but this maintenance is expected to be required no more than once a decade.  Sand for the construction will be sourced from navigational dredging elsewhere in Swansea Channel.
Temporary Works

Whilst it is generally accepted by Council that the tombolo design provides the best long term solution to the erosion along the Mats Point to Black Neds Bay entrance foreshore, a number of factors will delay its construction, including:
· The need to commence construction in conjunction with a medium scale navigational dredging program in Swansea Channel to source the required 22,000m3 of sand.  Whilst navigation dredging of the Channel occurs periodically, and will yield the required sand volumes, there is currently no immediate need for navigation dredging in the channel.  

· The cost of the tombolo construction (including the associated dredging works) is estimated at around $1,000,000.  Whilst Council is including the cost in its future budget predictions and seeking funds elsewhere, the required funding is not currently available to commence construction.
In recognition of these delays, Council has attempted to manage the impacts of the erosion problem by exploring temporary solutions.  
Temporary Solution 1 – Soft Rock Bags

Prior to the breakthrough of the barrier dune, Council installed temporary protection works consisting of an 80m stretch of sand-filled geotextile bags, known as “soft rocks” along the stretch of foreshore adjacent to the existing Mats Point groyne structure.  The barrier was designed with a height and slope that allows waves and tides to overtop, but so it helps contain the beach sand and dissipate some wave energy.  The beach and dunes behind the bags were nourished with 500m3 of sand.  The intent of these works was to prevent erosion from outflanking the Mats Point groyne, as well as providing protection along the most vulnerable stretch to prevent a breakthrough of the narrow dune barrier.  
[image: image11.jpg]



The “soft rock” protection works proved to be partially effective, preventing an imminent loss of the vulnerable dune barrier behind the protective wall and the possible outflanking of the groyne.  However, a narrow breakthrough subsequently occurred on the section of dune at the end of the protective works.  
The partial protection afforded by the wave barrier reduced the area of damage to the dunes, and reduced the extent of future restoration and protection works.  The “soft rock” was effective as a temporary measure, but the physical (and financial) limits to the extent of their installation effectively moved the problem elsewhere rather than solved it.

Temporary Solution 2 – Permeable Timber Groynes

Whilst undertaking a further assessment of options, as part of the development approval studies of the tombolo works, Phil Haines from BMT WBM Oceanics Australia identified permeable timber groynes as a potential temporary solution.  The permeable groynes, in conjunction with further beach nourishment, will help contain sand and reduce the rate of recession.  Being permeable (permeability varies from 10% to >30% along their length) there will be some passage of sand through the groynes, reducing the sand loss from the western side as compared to traditional rock groynes.  The timber construction allows more adaptation compared to traditional rock structures, such as varying the gaps to manipulate the permeability, increasing or reducing the length, and easy removal.  
Council is currently pursuing development approval for the permeable timber groynes, and has allocated funding ($60,000, with funding partially provided by the NSW Government’s Estuary Management Program) to build the structures within the next 6 months.  The permeable groynes will be combined with a minor sand nourishment program, using sand dredged from the entrance to Black Neds Bay by the NSW Department of Lands as part of their NSW River Entrance Navigation program.  
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As the permeable groynes are yet to be installed, it is not yet possible to evaluate their effectiveness.  However, it is hoped they will reduce erosion impacts until a large-scale navigational dredging program is undertaken, and can subsequently provide the large volume of sand required for the tombolo construction.  A monitoring program will follow construction of the permeable groynes to assess their performance.  The decision to construct the tombolo will consider this evaluation, and if the permeable groynes prove to be effective, the tombolo may not be required. 
Exploring the “Do Nothing” Option

Whilst considerable effort and resources have been committed to the design of stabilisation works along the Mats Point to Black Neds Bay entrance foreshore, throughout this process the option on taking no action (ie, the “do nothing option”) has been continually assessed.  Factors relating to the “do nothing” option, including: a history of previous breakthroughs; and the future impacts of sea level rise, are discussed below:

History of Breakthroughs and Risk Analysis

Analysis of historical photography of the area shows the barrier dune (which separates Swansea Channel and the Black Neds Bay wetland) has not been a permanent feature.  There has been extended periods when overtopping of this dune was common.  During these periods, up to the mid 1970’s, a low and wide dune system separated the channel from the wetland, with high tides regularly overtopping this dune and flowing into the wetland. 

This raises the question: why should Council undertake stabilisation works (such as the construction of an expensive tombolo) to protect a landscape feature which is has been transient and dynamic over time?  Furthermore, the changes to the morphology of southern Swansea Channel, including the recession of the barrier between the channel and wetland, have occurred with little or no impact on private land or public infrastructure.  

Council has attempted to evaluate the risk of doing nothing, if the current pattern of recession is allowed to continue.  At current rates of recession, direct threat to property and infrastructure is foreseeable within one or two generations.  The extent and timing of this future risk may be increased if the recession rate is non-linear.  For example, recession rates may accelerate significantly as the dune barrier disappears.  The level of threat and the uncertainty associated with this assessment is thought to warrant the proposed stabilisation works.  Additionally, future action will become increasingly difficult and expensive the longer the recession is allowed to continue, thus suggesting that undertaking the proposed stabilisation works are consistent a “precautionary principle” approach.

Council has also attempted to assess the ecological risks of allowing recession to continue, leading to further loss of saltmarsh and mangrove habitat, as well as altered hydrology in the wetland area.  Black Neds Bay wetland has significant ecological values, and the aquatic productivity of saltmarsh/mangrove habitats is only now being fully appreciated.  Migratory wader birds use the wetland area, although the extent of its value as wader-bird habitat, and its other ecological values, are not fully known or understood.  Council is currently sponsoring research to better understand and assess the ecological values of the area and well as likely impacts on these values.  Dr Dan Roberts and Geoff Sainty are conducting this research, which will provide Council with additional information when making management decisions concerning stabilisation works.  

Considering the future impact of Sea Level Rise

The Black Neds Bay area is low lying, and therefore at risk of inundation due to sea level rise.  So, why should Council undertake erosion protection work in an area that is likely to be impacted by modified coastal process resulting from climate change as well as being at risk of inundation due to seal level rise?  
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Figure 11: Maps of the locality showing areas below the 0.53 and 0.88 contours (LMCC, 2007)
The proposed tombolo is engineered to accommodate sea level rise of 2cm over 20 years – at the high end of the current IPCC predictions.  The structure can be modified to meet changing conditions, by adding more sand or increasing its height or length, for example.  However, sea level will possibly inundate the Black Neds Bay wetland, thus limiting the effectiveness of the tombolo.  However, by helping stabilise foreshore erosion and sand loss, the tombolo is thought to provide a buffering capacity against the effects of sea level rise, providing additional protection to the wetland system and adjoining residential properties.  It may also increase the time available for the wetland system to adjust to sea level rise, rather than risking a catastrophic change.
Whilst climate change adaptation is currently the topic of considerable discussion within Council, no formal decisions have been made concerning sea level rise impacts and the current foreshore stabilisation project.  However, Council will endeavour to better consider the impacts of climate change and sea level rise in its decision framework prior to committing to any large-scale stabilisation works.  
Conclusions

The history of management responses to foreshore erosion in Swansea Channel has typically involved engineering structures, such as groynes and revetments.  Whilst the full implications of over 100 years of foreshore modifications are not fully understood, in many locations the engineering responses have simply moved the problem to the next erosion hotspot.  The Mats Point to Black Neds Bay entrance foreshore is the latest hotspot for managers of the channel, and being the last unmodified section of southern Swansea Channel, potentially the last chance to get it right.  The symptoms that this area is currently experiencing are becoming known as “Groyne Strain”.
In responding to the current erosion hotspot, Council is attempting to avoid the reactive engineering responses that have been used previously, with the current stabilisation option, the sand tombolo, aiming to mimic the existing “natural” processes.  The tombolo has the added advantage of addressing the underlying cause of erosion and, by aligning the foreshore towards the prevailing swells, it is hoped the erosion is addressed rather than being shifted elsewhere in the channel.  
The adaptive management approach used by Council in the last few years has seen an evolution of response options.  This process has seen temporary stabilisation options including the use of geotextile “soft rock” bags, and plans for permeable timber groynes.  A wide variety of permanent stabilisation options have been considered including: an ongoing dredging and nourishment program; channel entrance groyne extensions; revetment treatments; installation of a permanent “Sand Shifter” device; construction of artificial reefs, as well as; various options for groynes along the affected area.  Finally, a sand tombolo has been selected as the best option for the long-term stabilisation of the area, yet Council continues to explore alternatives to its construction, including the option to “do nothing”.  
Whilst time will reveal the success of this adaptive management approach, it is hoped that the extensive understanding of processes and options gained throughout the project will result in the best possible solution, and that the current case of “Groyne Strain” can be effectively treated.
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Figure 6: Model of wave heights and direction in Swansea Channel (WBM 2004)
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Figure 5: Breakthrough into the Black Neds Bay wetland (March 2007)
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Figure 3: Swansea Channel 1861 – 1954 (PWD 1976)
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Figure 2: Aerial photo of Black Neds Bay 2007
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Figure 1: Location map and aerial photo 2007
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Figure 7: Options for erosion control measures for the Black Neds Bay foreshore (WBM 2004)
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Figure 8: Patterns of sand transport interpreted from ripple patterns and other visual evidence in aerial photographs  (Patterson Britton 2006)
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Figure 9: Proposed Tombolo (Patterson Britton 2006)
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Figure 10: “Soft rock” wave barrier to prevent dune erosion
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Figure 11: Construction drawing for permeable timber groyne (BMT WBM 2007)








