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Shoreline erosion issues are not unique to Sydney or the NSW coastline and it has long been held that beach
nourishment is, in many cases, the best long-term management strategy. If sufficient sand deposits are available
for nourishment works, hazards associated with storm events and sea-level rise can be alleviated. The primary
purpose of this scoping study was to develop the outline of a sand nourishment programme utilising suitable
offshore sand deposits for amenity enhancement and to ameliorate increased hazard risk from sea-level rise. A
key environmental driver for the study was the projected climate change sea-level rise. Generally, sea-level rise
causes beach erosion and recession which could result in permanent loss of beach amenity. The scoping study
identified potential benefits and impacts of a nourishment programme associated with physical, environmental,
social and economic issues. It also drew comparisons with the “do nothing” approach.

While the study scoped a nourishment programme for the whole of Sydney that is closely aligned to nourishment
of all NSW ocean beaches, it case studied three (3) Sydney beaches in more detail. The nominated beaches
were Collaroy-Narrabeen, Manly and Bate Bay.

The environmental, economic and social evaluations of the nourishment campaign demonstrated substantial
positive benefits associated with the project. Some potential adverse ecological impacts may be caused by the
nourishment programme with the smothering of aqueous benthic communities. These are likely to be less severe
than the ecological impacts associated with a “do nothing” approach and the subsequent loss of the inter-tidal
beach, resulting in a total loss of the beach ecosystem. Environmental monitoring programmes would need to be
developed to measure and, if required, respond to ecological impacts.

Nourishment campaigns are scheduled at intervals of approximately 10 years, with the first nourishment
campaign estimated to cost $300M at a unit rate of approximately $25/m° of sand. The second and subsequent
nourishment campaigns are estimated to cost $120M at a unit rate of $30/m® of sand.

Beach Nourishment — Past and Present Climate Change Sea-Level Rise Considerations

The volume of sand required on the beaches to maintain the existing amenity in response to climate change sea-
level rise is dependent on the amount of sea-level rise, with the economic assessment next dependent upon the
rate of sea-level rise. In this study an upper-bound estimate of sea-level rise of 0.1m/10yrs has been adopted.
From a cost/benefit perspective and nourishment campaign frequency approach this is the most conservative
assessment. Adopting a lower rate of sea-level rise will result in a more favourable cost/benefit outcome.

The volume of sand required to accommodate sea-level rise is small compared with that required to protect
existing infrastructure along Sydney’s foreshore. For example, at Manly Beach the volume of native sand required
to accommodate a 0.1m sea-level rise is approximately 170,000m®, but the volume of native sand required to
protect the sea wall against storm damage is 2Mm?® (WRL 2003). The main objective of the sand nourishment
campaign is to maintain beach amenity in response to sea-level rise and not specifically to address present risk to
infrastructure.

Sea level has risen and beaches have been eroding for decades. Between 1870 and 2004 the mean global sea
level has risen by almost 0.2m. The approach for the first 10-year sand nourishment campaign would be to
accommodate both a past sea-level rise of 0.2m and a future sea-level rise of 0.1m. This would reinstate and
maintain beach amenity and provide some storm protection buffer.

Subsequent sand nourishment campaigns are scheduled to occur at sea-level rise increments of 0.1m (i.e. each
10 years). The entire campaign considers a 50 year planning period from a cost/benefit perspective, although
sea-level rise will extend beyond this planning period.

Offshore Sand Sources and Availability

Potential offshore sand sources have been identified at Providential Head, Cape Banks, the Central Coast and
offshore of the rocky cliffs at Bondi and Malabar. Cape Banks sand reserves are the most compatible with the
native sand gradings on the beaches. The Providential Head, Cape Banks and Central Coast sand bodies are
subject to exploration licenses and mining lease applications. No license or lease arrangements exist for the
Bondi and Malabar offshore sand bodies.

There is currently a prohibition on offshore minerals extraction due to the effect of the Offshore Minerals Act 1999
(NSW). It would require an amendment to Schedule 2 of the Offshore Minerals Act 1999 and the introduction of
companion regulations to enable a mining licence to be issued over an area of sand within the State Government
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3Nm limit to enable sand to be recovered for beach nourishment purposes. Changes of this nature would require
considerable discussions with Government at the highest levels.

Sand Nourishment Volumes

Based on a 0.3m sea-level rise increment, 9Mm? of native sand would be required to maintain the recreational
amenity of all of Sydney’s ocean beaches. This is equivalent to an average native sand volume of 300m*m length
of beach. Ideally, nourishment sands should have a similar size grading, shell content and colour to the native
sands. Using the most suitable identified sand borrow source at Cape Banks (slightly smaller grain size), 12Mm?
of borrow sand would be required. This is equivalent to an average borrow sand volume of 400m*/m length of
beach. Subsequent nourishment campaigns (each 10 years) would require 3Mm? of native sand or 4Mm® of
borrow sand that is of similar characteristics to Cape Banks sand.

All costs quoted in this study are determined using Cape Banks as the borrow source. It is noted that the
estimated volume of available sand at Cape Banks is approximately 10Mm?® (based on a sand extraction depth of
5m) although reserves may be considerably greater. This will be close to being sufficient for the first nourishment
campaign, but alternative borrow material will need to be sourced for subsequent nourishment campaigns.

The extraction and delivery of 12Mm? of sand is likely to extend over a duration of 12 to 18 months.
Sand Extraction

Based on the high wave energy operating environment and the sand extraction water depth limitations of the
dredging plant, the Trailer Suction Hopper Dredge is the most suitable dredging equipment for this project. Many
sand extraction projects around the world utilise this equipment, particularly if the sand placement area is some
distance away from the extraction area. The Trailer Suction Hopper Dredge skimming technique is considered to
be more environmentally friendly than other techniques, such as a Cutter Suction Dredge, because plume
generation is minimised.

Physical Impacts

Within specified constraints it was considered that it would be possible to undertake any extraction configuration
within extraction areas without any measureable impact on the shorelines. Without these constraints extraction of
sand offshore may affect the coastline in the following ways:

. If too close to the shore it may create a depression such that beach sediment is transported offshore (known
as drawdown) into the extracted area.

. An offshore bank may protect the coastline, scattering or absorbing some of the wave energy, and the
removal of such a barrier may result in beach erosion.

. The locally increased depths may alter the angle of incidence of waves and distribution of wave energy
approaching the adjacent beaches, thereby resulting in erosion and accretion.

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

The coastal engineering criteria established for the design of the proposed extraction configurations, in
conjunction with criteria from other specialised studies, led to the following generalised constraints:

. The near-shore depth limit for extraction off the rocky cliffed coast be the 25m isobath.

. The alongshore extent of extraction to the 25m isobath be beyond 1.5km of the end of a beach.

. The inshore limit of extraction directly off beaches be the 35m isobath.

. Extraction depth be limited to 5m below the natural surface.

. Allowance be made for initial batter slopes around the extraction configurations to develop to 1:20.
. Adequate buffers be left around shipwrecks and reefs.

Ecological Impacts
The following categories of potential ecological impacts associated with the sand extraction were identified:

. Effects on benthic macrofauna and demersal fish due to the removal of sand from the seabed.

. Effects on marine habitats, primary producers, benthic organisms, nektonic organisms, marine mammals
and seabirds resulting from the release of fines with the excess water.
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. Effects on the marine environment due to operation of, or accidents involving, the extraction vessel.
. Conflicts with users of other marine resources.

The impacts on benthic invertebrates would be significant, but highly localised and short-term, persisting until
recolonisation occurred. Longer-term or wider scale impacts are not expected. Mobile species, such as whales,
fish and prawns, and large bivalves may be able to avoid the dredger extraction head by swimming away or
burrowing, respectively. Some of the organisms extracted would be released back into the sea with the excess
dredging water, however, not all would survive, because of the change in water pressure, abrasion against the
sand, impact with the screens, deposition into unsuitable habitat or consumption by predators such as fish. Other
organisms would be relocated to the nourishment zone with the sand. The removal of organisms would change
the structure of benthic assemblages, affect their ability to recover from natural disturbances, resulting in a net
loss of benthic productivity.

Sand Placement

From an engineering and economic perspective, beach nourishment utilising offshore placement (profile
nourishment) is the simplest, natural and most cost effective solution. Environmental impacts are likely to be kept
to a minimum using this method, with the volumes of nourishment sand placed offshore being of the same order
of magnitude as the storm demand (sand moved offshore) for a severe storm. An offshore nourishment
programme would not require closure of the beach and, therefore, most social and business activities would
continue without disruption.

Two options were considered feasible, both with similar cost structures. The preferred placement methods are:
Method 1

A Trailer Suction Hopper Dredge would be used to extract the sand from the designated offshore sand body and
then sail under its own power to the nourishment site. The Trailer Suction Hopper Dredge has a large draft
(>10m) and the sand would be transferred via pipeline to a spreader pontoon at the deposition site (-5m AHD to
-10m AHD) and then placed on the seabed.

Method 2

The second method involves double handling of the extracted sand. A Trailer Suction Hopper Dredge would be
used to extract the sand from the designated offshore sand body and then sail under its own power to offshore of
the nourishment site. The sand would be discharged to the seabed in approximately 20m water depth (temporary
storage site). A smaller Trailer Suction Hopper Dredge would load the sand from the temporary storage site and
then sail close to the shoreline and place the sand within the nourishment zone (-5m AHD to -10m AHD).

Ecological Impacts

It is likely that the largest ecological effects of nourishment will occur in the near-shore environment where the
spoil would be deposited. Given that inter-tidal species a) live within the sand, b) can probably survive some
degree of burial and c) are adapted to sediment disturbance by waves, any nourishment effects on the inter-tidal
biota are likely to be negligible if sand gradually accretes to the beach face via wave action.

Social Considerations

Compared with international case studies there are relatively few examples of near-shore and offshore exploration
and mining within Australia. Following the release of a map indicating Australia has a wealth of offshore minerals,
CSIRO has undertaken limited research on the social acceptance of seafloor exploration and mining for
commercial purposes. However, little to no research has been conducted to investigate the social acceptance of
sand extraction for beach nourishment purposes in the Australian context.

As part of this study a review of media and literature was undertaken and a targeted stakeholder workshop
convened to gain an understanding of the social acceptance of sand extraction and beach nourishment within
NSW. Based on the media review, the public appear to be generally aware of the effects of climate change and
the impact this will have on the coastlines, including sea-level rise. Although there appears to be a distinct lack of
factual information available about sand extraction and beach nourishment it is felt that the public would be more
accepting of sand extraction for beach nourishment purposes than for commercial reasons. This acceptance will
only be achieved through implementation of a carefully planned Consultation and Communication Strategy.
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Cost - Benefit

For each of the three case studies, a nourishment programme is economically viable. The main economic benefits
of the beach nourishment programme to be valued are associated with the avoidance of flow-on effects from loss
of beach amenity to beach visitors, local residents and businesses and government revenues. In the case of
Collaroy-Narrabeen this also includes the potential loss of property. Much of the information required for the
economic assessment is being collected in the Sydney Beaches Valuation Project being conducted at the UNSW
for the SCCG (http://www.sydneycoastalcouncils.com.au/documents/sydneybeachvaluationproject.pdf).

Pending the completion of the UNSW study, AECOM has undertaken a high-level benefit valuation using data
from secondary sources on key parameters of expenditure including coastal goods and services, and on
indicators of other attributes of beach amenity where the market does not provide a satisfactory measure of
economic value.

Case Study — Collaroy-Narrabeen Beach

For Collaroy-Narrabeen Beach the cost-benefit analysis demonstrated that the proposed beach nourishment
programme is economically viable — it produced a net present value of $42M, a benefit-cost ratio of 1.6 and an
economic internal rate of return of 12%. The high economic rate of return for Collaroy-Narrabeen Beach is due to
the intensely developed shoreline. The value of the benefit-cost ratio indicates that, on the basis of the quantified
benefits, the programme is expected to provide medium value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (45% of total quantified benefits).
. Value of residential properties located within hazard lines (38%).
. Expenditure by beach visitors (8%).

. Rates revenue from residential property values within walking distance of the beach as a result of lower
property values (4%).

The sensitivity analysis showed that the economic viability is reasonably robust. However, the programme is not
economically viable in the most extreme sensitivity test (where project benefits are reduced by 30% and project
costs are increased by 30%).

Adopting a lower discount rate (4% instead of 7%), as is increasingly the overseas practice in economic appraisal
of social and environmental projects with long-term benefits, increases the benefit-cost from 1.6 to 2.2.

The economic results are also sensitive to the shape of the relationship between beach width and the loss of
economic value from the flow-on effects of reduced beach amenity. Use of an exponential rather than a linear
relationship increases the benefit-cost ratio from 1.6 to 2.5.

Case Study — Manly Beach

The cost-benefit analysis undertaken for Manly Beach also demonstrated that the proposed beach nourishment
programme is economically viable — it produced a net present value of $48M, a benefit-cost ratio of 2.4 and an
economic internal rate of return of 20%. The high economic rate of return for Manly Beach is due to its iconic
status and importance to regional tourism. The value of the benefit-cost ratio indicates that, on the basis of the
quantified benefits, the programme is expected to provide high value for money.

The main quantified benefits are the avoided loss of:
o Residential property values attributable to beach amenity (49% of total quantified benefits).
. Expenditure by beach visitors (23%).

. Rates revenue from businesses in the Manly Business District as a result of lower property values (13%).
. Non-traded value (consumer surplus) associated with beach visits (9%).

The sensitivity analysis confirmed the robustness of the economic results, with the programme being
economically viable in all sensitivity tests undertaken. Adopting the lower discount rate of 4% increases the
benefit-cost ratio from 2.4 to 3.3.
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Case Study — Bate Bay

For Bate Bay the cost-benefit analysis demonstrated that the proposed beach nourishment programme is
economically viable — it produced a net present value of $13M, a benefit-cost ratio of 1.2 and an economic internal
rate of return of 8%. However, the value of the benefit-cost ratio indicates that, on the basis of the quantified
benefits, the programme is expected to provide low value for money. The whole of Bate Bay may not require
nourishment because a considerable extent of the shoreline contains a natural dune system. Therefore a smaller
sand nourishment volume for Bate Bay will generate a higher economic return.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (73% of total quantified benefits).
. Expenditure by beach visitors (13%).

. Rates revenue from residential property values within walking distance of the beach as a result of lower
property values (5%).

. Non-traded value (consumer surplus) associated with beach visits (5%).

The sensitivity analysis showed that the economic viability is not robust, with the programme not being viable in
most of the sensitivity tests. However, adopting the lower discount rate of 4% increases the benefit-cost from 1.2
to 1.6.

The economic results are also sensitive to the shape of the relationship between beach width and the loss of
economic value from the flow-on effects of reduced beach amenity. Use of an exponential rather than a linear
relationship increases the benefit-cost ratio from 1.2 to 1.8.

Business Case Outline

As a result of the positive cost-benefit assessment and the favourable environmental and social outcomes, the
preparation of the Strategic Gateway Review will be the first gate in the establishment of a business case to NSW
Treasury to seek funding to progress the programme. The NSW Gateway System is a process applied by the
NSW Treasury to examine a project at critical stages of its lifecycle. There are six defined gates at which reviews
are undertaken.

The first gate is the Strategic Gateway Review, which requires the presentation of a preliminary business case to:

. Support the strategic assessment of the need for the proposed intervention and its priority and timing.
. Identify any realistic options for the intervention.
. Outline the high-level costs and benefits, risks and sustainability issues relevant to each option.

. Identify any relevant technical standards or legislative requirements associated with the proposal and the
options.

. Outline the governance arrangements (key elements, milestones and risks) planned to take the intervention
proposal through to the next stage of the Gateway System, the final business case.

Way Forward

The NSW Government has adopted a position prohibiting the commercial extraction of offshore marine sands. It is
the intent of the SCCG that this study will provide a rational basis to inform both the member councils and the
NSW Government of the pros and cons of utilising offshore marine sand sources to facilitate immediate and
longer term demands for nourishment purposes in the Greater Metropolitan Region.

The preparation of the Strategic Gateway Review is the first step in the establishment of a business case to the
NSW Treasury to seek funding to progress the programme.
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The Australian coastline extends for a distance of over 34,000km (AGO 2006) with approximately 85% of the
population living within 50km of its shores (ABS 2001). The New South Wales (NSW) coastline is a relatively
small section (almost 2,000km), but is the most highly urbanised of all Australian coastal regions with over 520km
(>26%) of developed foreshore (AGO 2006).

Sydney Harbour and the coastal beaches of the greater metropolitan region are iconic features and are some of
the city’s foremost attractions to visitors from all parts of the globe. The beaches are also a major recreational
destination used throughout the year by local residents and form an integral component of the Australian culture.
Swimming, surfing and surf life saving carnivals are a common feature on the Sydney summer calendar together
with less formal social gatherings of families and friends.

Beaches are dynamic physical entities that readily respond to climatic influences. At many Sydney locations
infrastructure has been developed close to the shoreline to service the needs of both the private and public
sectors. Residential housing has also urbanised the shoreline of many beachside locales.

Chapter Summary

The primary purpose of this scoping study is to develop the outline of a sand nourishment programme utilising
suitable offshore sand deposits for amenity enhancement and to ameliorate increased hazard risk from sea-level
rise. The study scopes a nourishment programme for the whole of Sydney that is closely aligned to nourishment
of all NSW ocean beaches. It case studies three (3) Sydney beaches in detail: Collaroy-Narrabeen, Manly and
Bate Bay.

From a broad engineering and logistical perspective the study addresses:

1) The location and suitability of sand nourishment sources.
2) The methods of sand extraction and transport to site.
3) The methods of sand nourishment, including volumes and frequency.

Environmental and planning considerations include:

4) The potential environmental impacts of an offshore sand extraction process.

5) The potential environmental impacts of a near-shore sand nourishment campaign.
6) Future environmental studies required to develop an EIS.

7) The planning and approval process for a sand nourishment programme

Social values are addressed with respect to:

8) Who will be impacted by loss of beach amenity and assets?
9) How will they be impacted (culture, recreation, leisure etc)?
10) What is the intangible cost to the community?

The economic appraisal aims to:

11) Evaluate the costs and benefits of a nourishment programme based on engineering, environmental and
social considerations.

12) Develop a business plan outline that may fund a future nourishment campaign.

1.1 Threatened Assets and Amenity

Along the Sydney foreshore, beach management and planning issues arise due to the encroachment of
infrastructure into the coastal buffer zone. The encroachments can reduce the available supply of sand for the
beach system to respond naturally to seasonal and storm variability. During short episodic coastal storm events,
shoreline erosion frequently threatens the stability of seawalls, promenade infrastructure, recreational facilities,
car parks and housing (Figure 1.1).
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Figure 1.1 Manly Beach - North Steyne Surf Club (left image 1950, right image 1980’s)

Evidence of oceanic storm damage to assets and infrastructure along the Sydney foreshore is available in
numerous historical photographs and newspaper reports. The most recent large storm events occurred in 1969,
1974 (~100 year storm) and 1978 and caused extensive damage along the NSW coastline. The sea-state since
1978, during the last 30 years, has been relatively benign.

Oceanic storm damage to assets constructed in the coastal zone is not unique to Sydney; it is a problem that
exists worldwide. Generally, in the past, infrastructure that is damaged or destroyed during one storm event is
often rebuilt (bigger and stronger) at the same location (Figure 1.2).
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Figure 1.2  Collaroy-Narrabeen Beach (left image 1920, right image 1999)

Community and business expectations pertaining to development in the coastal zone can be complex and,
ultimately, is a balance between environmental, social and economic considerations. There is an expectation that
assets and amenity should be able to remain where they are and will be protected by all levels of government. In
some cases the protection of property has been achieved by the construction of seawalls (Figure 1.3). In other
instances (Collaroy-Narrabeen Beach) the proposal to construct a seawall along the fore dune to protect private
property has been met with strong community opposition. Concerns include the perceived loss of beach amenity
due to construction of a seawall (including the environmental consequences) and the proposed funding model (i.e.
who pays?).
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Figure 1.3  Cronulla (left image 1974, right image late 1980’s)

Longer term loss of beach amenity is also evident along the Sydney foreshore. In some cases the loss is due to
historical town planning permitting development to the waterline. In other instances loss of sand has occurred
along a beach during a storm event and has not recovered to its former state (Figure 1.4). Gordon (1987)
estimated long term recession for many NSW beaches as between 0.2 and 0.5m/yr, and has attributed much of
this to past sea-level rise.

Sea-level rise also threatens local beach amenity. Based on projections by the Intergovernmental Panel on
Climate Change (IPCC 2007), recent CSIRO modelling (Mclnnes et al. 2007) of localised sea-level rise along the
NSW coast, the NSW Sea Level Rise Policy Statement (NSW 2009) and Department of Environment and Climate
Change NSW (DECC, Watson 2008, pers. comm. 29 August) sea level along the NSW coast may rise by up to
0.9m by 2100.

Figure 1.4 Fairy Bower (left image1924 [State Library], right image 2005 [courtesy James Carley, WRL])

Sea-level rise will generally result in a migration of the shoreline landward, further threatening existing vulnerable
infrastructure and impacting on infrastructure that was previously outside the coastal hazard zone. A migration of
the shoreline landward could result in the permanent loss of beach amenity. Besides the obvious economic and
social impacts relating to increases in coastal hazards, such as storm damage to housing and utilities, the loss of
beach amenity will have a devastating impact on both the local community culture and the national tourism based
economy.

Many NSW coastal communities are impacted by tidal inundation during Spring Tides. Sea-level rise will also
result in more frequent tidal inundation of low lying coastal regions.

1.2 Scope of Project

Shoreline erosion issues are not unique to Sydney or the NSW coastline and it has long been held that beach
nourishment is, in many cases, the best long-term management strategy. If sufficient sand deposits are available
for nourishment works, hazards associated with storm events and sea-level rise can be alleviated. The primary
purpose of this scoping study is to develop the outline of a sand nourishment programme utilising suitable
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offshore sand deposits for amenity enhancement and to ameliorate increased hazard risk from sea-level rise. A
key environmental driver for the study is the projected climate change sea-level rise. The scoping study will
identify potential benefits and impacts of a nourishment programme associated with physical, environmental,
social and economic issues. It will also draw comparisons with the “do nothing approach”.

While the study will scope a nourishment programme for the whole of Sydney that will be closely aligned to
nourishment of all NSW ocean beaches, it will case study three (3) Sydney beaches in detail. The nominated
beaches are Collaroy-Narrabeen, Manly and Bate Bay (Figure 1.5). Each of the beach systems is unique and they
present very different risk management criteria that need to be considered. For example, Collaroy-Narrabeen is
suburban and is fronted by residential development whereas Manly is an iconic tourist destination fronted by
promenades and public spaces. Bate Bay is the only one of Sydney’s beaches directly accessible by train and
attracts visitors from across the community. Each of the three beaches is described in more detail in subsequent
Chapters.

The nourishment campaign encompasses 31 Sydney ocean beaches extending from Forresters Beach (north of
Sydney) to Cronulla Beach (south of Sydney).

From a broad engineering and logistical perspective the study will address:

1)  The location and suitability of sand nourishment sources.
2) The methods of sand extraction and transport to site.
3) The methods of sand nourishment, including volumes and frequency.

Environmental and planning considerations will include:

4)  The potential environmental impacts of an offshore sand extraction process.

5) The potential environmental impacts of a near-shore sand nourishment campaign.
6) Future environmental studies required to develop an EIS.

7) The planning and approval process for a sand nourishment programme.

Social values will be addressed with respect to:

8) Who will be impacted by loss of beach amenity and assets?
9) How will they be impacted (culture, recreation, leisure etc)?
10) What is the intangible cost to the community?

The economic appraisal will:

11) Evaluate the costs and benefits of a nourishment programme based on engineering, environmental and
social considerations.

12) Develop a business plan outline that may fund a future nourishment campaign.
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Figure 1.5 Study region and case study beaches

1.3 Project Background

For each of the three case study beaches, hazard definition studies have been completed. These studies identify
the immediate and longer term hazard present at each location. Assets valued at close to $1BN are estimated to
be at threat in these three locations over a 100 year planning horizon.

Coastline Management Plans in each of the three case study sites have assessed various options for
management of coastal hazards and concluded with a strategic approach for management of coastal erosion
hazards. The approach recommended to protect property from immediate storm damage and coastline recession
in the medium to long-term, is primarily the use of sand nourishment campaigns to provide a buffer to offset the
immediate storm erosion demand and to restore/enhance degraded recreational beach amenities. There are no
apparent feasible terrestrial sources of suitable sand that could adequately facilitate the endorsed management
strategies. The only potential sand source identified for the long-term supply of nourishment material is offshore
contained in the ‘Inner Sydney Shelf Sand Body’ (Roy 2001).

In early 2007 the Sydney Coastal Councils Group Inc (SCCGQG) in partnership with its Beach Management Working
Group1 (Project Steering Committee) applied for funding support under the Natural Disaster Mitigation
Programme to undertake this scoping study. In 2008 the SCCG signed a funding agreement with the NSW State
Emergency Management Committee enabling the SCCG to engage a consultant to undertake a scoping study to
look at the information and data currently available in relation to the environmental, physical, social and economic
aspects of utilising available offshore sands to meet immediate and medium term requirements of the adopted
strategies for these beach environments. AECOM was appointed in March 2009 to undertake the study.

' SCCG Beach Management Working Group includes delegates from the SCCG Secretariat; member council professional staff,
State agency technical staff, academia and peak coastal community groups.
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Climate change has been broadly defined by the Intergovernmental Panel on Climate Change (IPCC 2001; 2007)
as any change in climate over time whether due to natural variability or as a result of human activity. This may be
a natural variability of decadal oscillation or permanent trends that may result from such factors as changes in
solar activity, long-period changes in the Earth's orbital elements (eccentricity, obliquity of the ecliptic, precession
of equinoxes), or human induced factors such as increasing atmospheric concentrations of carbon dioxide and
other greenhouse gases.

In recent geological history, the Quaternary Period, the climate has been dominated by cycles of glaciations
lasting approximately 100,000 years (IPCC 2007, p. 444). In more recent times, prior to industrialisation, the
atmospheric concentration of CO, was relatively steady at approximately 280ppm (Petit et al. 1999). The present
day concentration of CO; is approximately 380ppm and the increase in concentration of 80ppm over the last
century is much more rapid than at any time in the past 650,000 years.

Chapter Summary

The volume of sand required on the beaches to maintain the existing amenity in response to climate change sea-
level rise is dependent on the amount of sea-level rise, with the economic assessment next dependent upon the
rate of sea-level rise. In this study an upper-bound estimate of sea-level rise of 0.1m/10yrs has been adopted.
From a cost/benefit perspective and nourishment campaign frequency approach this is the most conservative
assessment. Adopting a lower rate of sea-level rise will result in a more favourable cost/benefit outcome.

21 Geological and Recent Historical Perspective of Sea-level rise
2141 Geological

Associated with climate change, whether natural or anthropogenic, are sea level variations. Eustatic global sea-
level rise during warm interglacial periods is well documented and is due to thermal expansion of sea waters, the
melting of terrestrial ice sheets, crustal rebound and the horizontal redistribution of water to maintain the ocean at
gravitational equipotential (IPCC 2007, p. 457). Additionally, climate change may be associated with changes in
other oceanic phenomena on a global scale including; sea surface temperature, acidity, salinity, ocean currents,
biochemical concentrations and the frequency and intensity of storm events.
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Figure 2.1 Sea Level History - Last 140,000 years (CSIRO 2009)

Due to the changing nature of the land mass of the Earth owing to tectonic forces, the actual eustatic global sea
level is difficult to ascertain when looking beyond the Quaternary period. Information is available for eustatic sea
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levels from coral carbon dating, ice-cores and model based research providing levels for the past 120,000 years
(Figure 2.1). This period encompasses the most recent glacial-interglacial transition from the last glacial maximum
at the end of the Pleistocene to the current Holocene.

At the peak of the last warm interglacial period, approximately 120,000 years ago the eustatic mean sea level was
4 to 6m above the present mean sea level.

During the last glacial maximum approximately 21,000 years ago, the global sea level was 120-140m below the
present sea level (IPCC 2007, p. 409). Over the millennia that followed, a gradual increase in temperature led to
thermal expansion of the world’s oceans and melting of terrestrial ice sheets causing the sea level to rise. Coral
and ice-core evidence suggests that between 2,000 and 3,000 years ago the sea level stabilised and did not
change significantly till the late 19th Century (IPCC 2007 p. 409). The stabilisation of sea levels at this time is also
supported by physical anthropogenic evidence such as bench marks carved into rocks in Tasmania and Roman
fish tanks (Church & White 2006).

21.2 Recent Historical

Physical measurements of the sea level rely on two techniques; tide gauges and satellite altimetry. Reliable tide
gauge data is available from the 1870’s and satellite data from 1992. Church and White (2006) analysed this data
and found a global mean sea-level rise of 195mm from January 1870 to December 2004 (Figure 2.2). Additionally,
Church and White (2006) detected an acceleration in the rate of sea-level rise of 0.013 + 0.006mm/yr?, over this
period, a result that had previously been hypothesized but never detected.

i fral Mg S Lovel [GWEL]

(= e gaugn Aain

s wllibe ullimuior dain

el D4

Climrsh and White. GAIL. fo0s |
AT - i . . i - | iy i el .
ARG 100 il Tl PO QR0 RGO SGD0 100 1GE0 10E0 1970 1o 1900 2000 A0
Waar

Figure 2.2 Global Mean Sea-Level Rise 1870 to 2004 (Church and White 2006)

Mitchell et al. (2000) summarised observed sea-level rise in Australia and the Pacific. Analysis of data from Fort
Denison in Sydney showed that, between 1914 and 1997, the underlying trend in sea-level rise has been an
average increase in relative sea level of 0.86mm/year (and 1.18mm/year in Newcastle). However, it was noted
that there was considerable variation in the data, which was due to processes acting at inter-decadal scales, such
as the El Nifio Southern Oscillation (ENSO) phenomenon. It was noted further that the mean relative sea level in
1997 was lower than that measured in 1914. Part of this (25mm) was due to isostatic rebound inducing a rise of
the land mass, which is occurring at a mean rate of 0.3mm/year. Mitchell et al. (2000) corrected sea-level
changes at Fort Denison to an average increase of 1.16mm/year to account for this rate of post-glacial rebound.
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2.2 Sea-Level Rise Projections

The IPCC Fourth Assessment Report (2007 table 10.7) projections of global average sea-level rise range from
0.18 to 0.59m by 2090-2099 relative to 1980-1999 levels, with the upper ranges of projected sea-level rise
possibly increasing by 0.10 - 0.20m due to an additional contribution from a future rapid dynamic melt of ice
sheets. For clarity of timelines with respect to these dates, 1980-1999 is established as the baseline time of 1990
and the projections to 2090-2099 are assumed to represent the year 2100.

Shorter term projections than 2100 are often required for engineering and planning designs. The IPCC Fourth
Assessment Report does not notate intermediate values. The IPCC Third Assessment Report (2001) does not
differ significantly from estimates provided in the IPCC Fourth Assessment Report (2007), but does provide
estimates for the year 2050. Therefore, the IPCC Third Assessment (2001) has been adopted as an estimate of
sea-level rise by 2050, thus being a sea-level rise of 0.05 to 0.30m above 1990 levels.

CSIRO modelling undertaken on behalf of the NSW DECC indicated a further local (NSW) increase of up to
0.08m by 2030 and 0.12m by 2070 for the NSW coastline. This result is associated with a strong warming of the
sea surface in the region and a strengthening of the East Australian Current (Mclnnes et al. 2007). By linear
interpolation and extrapolation of these upper-limit projections, a value of 0.10m was adopted for 2050 and 0.14m
for 2100.

The estimated range of possible sea-level rise scenarios for the Sydney region has been provided by DECC
(Watson 2008, pers. comm. 29 August) and, related to present day (2008 levels), are 0.04 to 0.38m by 2050 and
0.16 to 0.89m in 2100. The upper bound estimates are consistent with the NSW Sea Level Rise Policy Statement
(NSW 2009). These estimates are summarised in Table 2.1.

Table 2.1 Projected Sea-Level Rise Estimates Referenced to 2008

Sea-Level Rise Scenario Year 2050 Year 2100
Lower Bound Estimate 0.04m 0.16m
Medium Estimate 0.21m 0.53m
Upper Bound Estimate 0.38m 0.89m

Between 2008 and 2050 the upper bound estimate is 0.4m (rounding to 1 significant figure), or an average rate of
0.1m/10yr period (Table 2.1). Between 2050 and 2100 the upper bound estimate is 0.5m, or an average rate of
0.1m/10yr period. The volume of sand required on the beaches is dependent on the amount of sea-level rise and
the economic assessment will depend upon the rate of sea-level rise.

From a cost/benefit perspective, sand volumes have been based on the upper bound estimate of sea-level rise
only. Therefore, all estimates in this report have been based on a sea-level rise of 0.1m/10yrs. This is a
conservative assumption.

2.3 Other Climate Change Influences on Coastal Processes

The impacts of climate change in the coastal zone extend beyond sea-level rise. Changes in the frequency and
intensity of storms (including the tracks of cyclones) are possible and may impact on the amount of sand eroded
during storms and further threaten beach amenity and assets.

Small changes in wave direction may modify littoral drift rates and beach alignment or orientation. Predicted
changes in storm surge magnitude due to climate change have also been reported (Mclnnes et al. 2007).

The uptake of CO; by the world’s oceans will alter their pH and potentially cause dissolution of calcium carbonate
and affect the calcium metabolism of many species. This, potentially, could have huge biological implications in
the marine environment, and could also have major repercussions to beach volumes and gradings. At Dee Why
beach, for example, quartzose sand at the water’s edge contains up to 35% shell fragments (Gibbons 1967). At
Collaroy-Narrabeen Beach the shell content of the beach is approximately 30% (Harley 2009). Production of
these shells due to changes in ocean acidity could result in major changes to existing beach extent.
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This chapter reviews beach nourishment campaigns that have been conducted within Australia and provides an
overview of major international nourishment campaigns.

Chapter Summary

To maintain Sydney’s existing beach amenity with climate change sea-level rise, the options available are:

1) Retreat — relocate infrastructure from within the hazard zone to permit the shoreline to respond to sea-level
rise. The shoreline will recede, but the beach amenity will be maintained if sufficient sand is available within
the beach system.

2)  Nourish — nourishment campaigns are an effective solution to prevent shoreline recession.
3) Prevent — minimise further sea-level rise due to anthropogenic activities.

The “retreat” option is difficult to implement. The “prevent” option requires political cooperation and unification
beyond the boundaries of NSW and Australia. Also, the protection of infrastructure by hard engineering solutions
will not retain or improve beach amenity, leaving beach nourishment as the only viable present day solution. From
a coastal zone management and coastal engineering perspective a beach nourishment campaign to maintain
amenity and to ameliorate increased hazard risk from sea-level rise is a sound strategy within present planning
timelines.

The USA, Europe and Australia have embraced the concept of beach nourishment to maintain beach amenity and
protect infrastructure.

Development of low-lying and near-shore areas for residential, commercial, industrial and tourism activities has
created an expectation that the shoreline does not regress. The implementation of “fixed shoreline” strategies can
lead to interruptions of the natural sediment transport and accretion / erosion cycles that form part of the coastal
processes on sandy beaches.

In general, three responses to shoreline regression are available for threatened amenity and infrastructure:

1)  ‘Hard’ coastal structures such as groynes and seawalls (Protect).
2) ‘Soft’ stabilisation techniques such as beach nourishment (Accommodate).
3) Planned retreat or relocation (Retreat).

Historically, coastal engineering attempts at maintaining a fixed shoreline position or mitigating shoreline
regression has usually involved the construction of ‘hard’ engineering structures. Often, the hard engineering
structures form part of the final utility (e.g. seawall promenades, port wharves) and have been demonstrated to be
very successful in achieving their function. Where the ‘hard’ engineering solution includes maintaining a beach
amenity, beach nourishment is usually included as part of the solution. In many other cases, the ‘hard’
engineering structures have been shown to be inappropriate and have either exacerbated or shifted erosion
issues to other locations, particularly when beach nourishment is not included as part of the protection strategy.

Artificial beach nourishment, the placement of material either on the beach face or offshore across the beach
profile, is often considered the preferred coastal management option. The beach nourishment solution permits 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. Depending on the dominant coastal processes at the site, beach
nourishment may be a one off programme or involve regular replenishment at nominated intervals.

The third option, retreat, has been politically difficult to implement (Parsons and Powell 2001 and Leonard et al.
1990).

The NSW Coastline Management Manual (1990) was developed to assist those responsible for management of
the coastline in implementing the NSW Coastline Hazard Policy (1988). The Coastline Hazard Policy (1988)
introduces a range of planning and structural measures which provide for:

. The establishment of a state-wide management system which requires balanced management of the
coastline.
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. To control the potential for losses in new development through the application of effective planning controls
designed to ensure that the development is compatible with the hazards.

. A reduction in the impact of hazards on existing developed areas through the construction of protective
works and/or the voluntary purchase of property at equitable prices.

. The construction of beach improvement works to protect or enhance the recreational amenity of the State's
most heavily used beaches and their associated sand dune systems.

Hazard management options referenced within the NSW Coastline Management Manual (1990) are:

o Environmental planning

o Development control conditions
. Dune management

o Protective works

Beach nourishment falls within the auspices of “protective works” and the NSW Coastline Management Manual
(1990) states:

“..... beach nourishment provides coastal protection and increases beach amenity by building a wider beach.
However, unlike groynes, nourishment does not promote erosion in downdrift locations of the beach. In fact,
beach nourishment programmes have few if any detrimental effects (this is part of their attraction) provided
that an adequate supply of suitable sand is available and that it can be obtained without undue
consequences. One potential drawback of beach nourishment is that further nourishments may be needed in
the future.”

Europe and the USA have embraced the concept of beach nourishment during the past 100 years with millions of
cubic metres of material placed. CEM (2006) developed a media release document describing how beach
nourishment works, the benefits of such schemes and its acceptance in the USA. This is included in Appendix A.
The overseas and Australian experience of beach nourishment as a coastal management strategy are
summarised and discussed herein.

31 Relevant International Projects - A Brief Overview
3141 The European Experience

The use of beach nourishment as a coastal management strategy in the European Union varies widely with
respect to location, project type, objectives, design, evaluation procedures, legal framework and financial aspects.
Northern countries, such as the Netherlands and Germany, have implemented extensive long-term nourishment
and monitoring regimes to maintain their coastlines while southern countries such as Spain, Italy and France and
the UK have a more ad-hoc approach to beach nourishment (Hanson et al. 2002).

The Dutch have struggled for centuries to protect their coastline from flooding and erosion as many parts lie below
mean sea level. Beach nourishment as a management strategy was adopted in the 1970’s. Since then, more than
200 projects have been undertaken at 35 sites with a total volume of more than 110 Mm?® of material placed
(Hanson et al. 2002). In 1990 a policy of dynamic preservation was adopted which was based on the presumption
that it was technically and economically possible to compensate natural erosion by nourishment. The dynamic
preservation policy aims to preserve the coastline at the 1990 location through the utilisation of beach
nourishment. In many cases beaches are nourished with excess material to provide for a specific design life and
to ensure the 1990 coastline is not breached by a large storm event. To monitor the performance of nourishment
projects, and areas where nourishment may be required, beach profiles of the entire Dutch coastline are
undertaken on an annual basis.
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Figure 3.1 Mablethorpe Beach (Lincolnshire) in 1987 prior to beach nourishment and in 1999 (Blott & Pye 2003)

The Germans have completed more than 130 projects at around 60 sites with a combined volume of 50Mm?® of
sand (Hanson et al. 2002). Storm surge and longshore transport are the main design parameters; wave run-up
and depth of closure are not considered. Unlike the Dutch, performance evaluation programmes are rarely used.

Of the southern European countries, Spain has undertaken the largest and most extensive beach nourishment
project of more than 110Mm? of material placed since 1983 (Hanson et al. 2002). The vast majority of these
projects have been on the Mediterranean coast where harbour developments have interrupted natural littoral drift.
The Spanish experience differs from that of the Netherlands and Germany as most projects are undertaken to
maintain beach amenity for tourists. In comparison, beach nourishment projects undertaken in Italy and France
which are mostly coupled with hard structures are of a remedial rather than preventative nature.

Early coastal engineering works in the UK consisted of seawalls and vast groyne fields although some earlier
nourishment projects were undertaken in South West England in the 1930’s. Since the 1950’s, beach nourishment
campaigns have become increasingly common with more than 20 Mm?® of material placed at more than 30
locations (Hanson et al. 2002).

The largest nourishment project in the UK took place in Lincolnshire where 7.5Mm? of material, both sand and
shale, was placed between 1994 and 1999 (Figure 3.1). The nourishment material was dredged from offshore
banks in the North Sea and was coarser and less finely graded than the natural material at the site. Unlike the
majority of nourishment projects in Europe, a significant monitoring regime was adopted upon completion of the
project. By 2003 it was found that less than 10% of the sediment added to the beaches had been lost from the
nourishment area although there had been substantial re-alignment of the beach profile due to the coarseness of
material (Blott & Pye 2003).

3.1.2 The USA

Along with continental Europe, the USA has implemented the largest number of beach nourishment projects.
Beach nourishment as a coastal management strategy has become increasingly popular over ‘hard’ coastal
structures. Today beach nourishment is the most commonly used tool to mitigate the effects of coastal erosion
and storms and it has been estimated that more than 500 Mm?® of material had been placed on USA beaches
(Trembanis et al. 1999).

Planned or emergency storm erosion and flood mitigation projects make up the bulk of nourishment works in the
USA. The majority of these projects are federally funded, although some have been funded by the states and a
small number by private stakeholder. Beaches have also historically been used as spoil disposal sites for federally
funded navigation channel maintenance projects. Similarly, harbours and marinas also use beaches for spoil
disposal under routine maintenance regimes.
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Figure 3.2 Beach Nourishment Panama City Beach, Florida (CEM 2006)

For the most part, nourishment projects undertaken in the US have been poorly documented with little to no
monitoring upon completion, making it difficult to determine their effectiveness (Clayton 1991). A number of
studies in the 1990’s (Leonard et al. 1990, Clayton 1991, Haddad & Pilkey 1998, Trembanis & Pikey 1998,
Trembanis et al. 1999) attempted to document the number of nourishment projects that had occurred across the
country. More recent projects have been better conceived and have included monitoring components.

On the Atlantic Coast, more than 270 Mm® of sand has been placed on 268 beaches (Trembanis et al. 1999). The
barrier island states of the east coast, New Jersey, North Carolina, South Carolina, and Florida have received the
majority of this material (Figure 3.2). This is due, in part, to the barrier islands being the largest continuous length
of foreshore development in the US. The large nourishment effort also reflects the great economic importance of
recreational beaches in this region (Trembanis et al. 1999).

On the Gulf coast, around 60 Mm3 of sand has been placed on 60 beaches since 1942 (Trembanis & Pilkey
1998). Nourishment has been used as a coastal management tool in all states of the Gulf coast, however, most of
these projects have been on the central and southern coasts of Florida. Florida Statute, Title XI, Chapter 161,
declares “beach nourishment” to be in the best interests of Florida citizens.

Coastal tourism and recreation provide a substantial positive economic benefit in the United States. Over 90
percent of foreign tourism spending is concentrated in coastal states where beaches are the leading tourism
destination (Houston 1996). For example, "Miami Beach reported more tourist visits (21 million) than were made
to any National Park Service property" (Houston 1996). Houston estimates that the federal government receives
annually about six times the tax revenues associated with foreign tourism spending at Miami Beach than it
expends to restore beaches for the entire nation (Houston 1996).

On the Pacific Coast, beach nourishment was being used in California as early as 1919. Since then, several
hundred nourishment activities have taken place at more than 60 beaches, particularly in the southern California
regions of Santa Barbara, Ventura, Santa Monica, Orange County and San Diego County. In total, approximately
250 Mm? of material had been placed to 2001 (Higgins et al. 2004).
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3.2 Historical and Present Applications in Australia
3.21 Southern Gold Coast and Tweed River Bypass

In 1962-1964 the NSW government extended the Tweed River entrance training walls to improve safe navigation.
This interrupted the northward littoral drift of sand causing shoreline recession and loss of beach amenity along
Queensland beaches including North Kirra and Coolangatta. When large storms hit the area in 1967 extensive
erosion of the Gold Coast beaches occurred (Boak et al. 2001).

Eventually a new bar formed at the entrance of the Tweed River, again creating a hazard for vessels using the
channel. Intermittent sand nourishment was undertaken at North Kirra and Coolangatta in 1974/1975, 1985, 1988-
1990 using offshore sand reserves (Boak et al. 2001). Erosion continued in the area however, which eventually
lead to a Deed of Agreement between Queensland and NSW and implementation of the Tweed River Entrance
Bypass Project (TRESBP) which was undertaken to maintain a navigable channel at the Tweed River entrance
and to restore and maintain the amenity of the Gold Coast beaches (Figure 3.3).

Figure 3.3 Tweed River Entrance Bypass Project (Tweed River Entrance Sand Bypassing Project 2009b)

Stage 1 of the project involved dredging the Tweed River entrance and placing sand directly on the south Gold
Coast Beaches. Stage 2 involved a permanent sand bypassing system to intermittently pump built up sand from
south of the Tweed River to the beaches in the north.

To date, the project has involved the following (Boswood ef al. 2001, TRESBP 2009a):

. Stage 1A 1995 — Placement of 1.5Mm? in the near-shore zone in water depths of 6-10m (AHD) by a large
trailing suction hopper dredge. 600,000m?® of upper beach nourishment was achieved using a ship to shore
pipeline. An additional 200,000m® was placed by a smaller vessel at a depth of 5m (AHD).

. Stage 1B 1997 — A small trailing suction hopper dredge placed 800,000m?® of sand in the near-shore zone.

. Stage 2 2000 — TRESBP pre-commissioning nourishment was required to maintain the entrance to the
Tweed River. By commissioning of the bypass system 532,000m® of material had been placed in the near-
shore zone.

e  Stage 2 2001 — Commissioning of the TRESBP involved pumping 250,000m® of sand with 66,000m*
discharged at Duranbah and the remainder at Snapper Rocks.

. Stage 2 2001 to 2009 — The TRESBP has pumped over 5Mm?® of sand since becoming operational.
. Continual ARGUS monitoring to quantify beach conditions.

The permanent sand bypassing system discharges sand at Snapper Rocks (permanent outlets at Snapper Rocks
East and Snapper Rocks West) which is then transported north by longshore drift. There are also outlets at
Duranbah and Kirra Point that are used as discharging sites occasionally. This sand bypassing system feeds the
sandbanks and beaches of the southern Gold Coast, and has proven to be more efficient than depositing the
dredged sand in the near-shore area and waiting for shoreward migration to occur (Castelle et al. 2006).

The TRESBP has been successful in providing wide beaches within Coolangatta Bay. The beaches have
undergone significant and rapid improvements in beach width and are now thought to be the only Gold Coast
beaches able to manage extreme events (Castelle et al. 2006). However, some social and environmental
concerns have been expressed. The beach at Kirra is considered by many to be too wide. The sand bypassing
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has also resulted in the loss of surf amenity at Kirra Beach. Moreover, the natural reefs seaward of Kirra Beach
face the potential threat of being covered by sand, raising ecological issues. Conversely, the formation of the
straight and wide near-shore bar at Snapper Rocks has resulted in a 2km long wave known as the “Superbank”,
considered one of the best (and most crowded) waves in the world.

3.22 Northern Gold Coast Beaches

The northern beaches of the Gold Coast have also had a long history of erosion episodes (Figure 3.4). Large
storms in 1968 led to Delft Hydraulics being commissioned to study the coastal processes in the area. Delft
recommended a number of management strategies including; stabilisation of the river/creek mouths, nourishment
of the beaches, restoration and maintenance of native dune vegetation and an ongoing data collection
programme (Jackson et al. 1997). Following these recommendations, 1.4Mm?® of sand was pumped from
Broadwater to the beaches between Main Beach and South Surfers Paradise in 1974. The effectiveness of
nourishment as a coastal management strategy was demonstrated in 1983/1984 and 1988/1989 when large
storms hit the coast and had only a minor affect on the long term alignment of the beaches (Boak et al. 2001).

Figure 3.4 Gold Coast — Broadbeach and Surfers Paradise Esplanade, June 1967 (GCCC 2009)

Another recommendation from the Delft report was enacted in 1985 when the Nerang River entrance was
stabilised with the addition of training walls as part of the Gold Coast Seaway development. The river entrance
was a key feature in the evolution of the northern Gold Coast shoreline and had migrated northward 4km between
1920 and 1985 (Patterson 2007). The world’s first sand bypass scheme was established south of the Nerang
River entrance in 1986 to ensure sand movement north did not form a bar across the newly secured navigation
channel.

Large storms in 1996 emphasised the vulnerability of the northern Gold Coast beaches to erosion, which
prompted the formation of the Northern Gold Coast Beach Protection Strategy (NGCBPS). The strategy had two
objectives: to widen the beach and dunes (increasing the volume of sand within the storm buffer and providing
additional public open space); and to improve surf quality at Narrowneck by the construction of a submerged reef
to stabilise the nourished beaches (GCCC 2000). Between 1999 and 2000, 1.1Mm® of sand was dredged from
Broadwater and placed between Main Beach and Surfers Paradise. Construction of the reef was undertaken
concurrently using large sand filled geo-containers. The area is continually monitored by roof mounted ARGUS
coastal imaging cameras.

A study undertaken by Jackson et al. in 2005 showed that the NGCBPS has been successful in fulfilling its
objectives. Beach amenity has been maintained on the northern Gold Coast and surf conditions have improved at
Narrowneck. The reef has also become a popular location for fishing, spear fishing, diving and snorkelling.

3.2.3 Townsville

The Strand Foreshore is located in Townsville and since European settlement and subsequent construction of the
port and weirs on the Ross River, has experienced severe erosion during cyclone events (Riedel ef al. 1999 &
Muller et al. 2004). Prior to development, the beach was naturally fed with sand from the Ross River. Large
storms in 1940 caused extensive erosion along the Strand Foreshore and a concrete revetment was constructed
along a large portion of the foreshore to provide protection. This seawall fulfilled its purpose for a number of years
until 1971 when Townsville was hit by Cyclone Althea which damaged a large portion of the wall. The revetment
was repaired; however, subsequent large cyclone events in 1997 and 1998 eroded large sections of the beach
and again damaged the seawall.
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Figure 3.5 The Strand Foreshore (left image prior to 1998, right image following sand nourishment in 1999)

A more permanent and robust solution was required to maintain amenity and protect the foreshore infrastructure.
Beach nourishment was considered the best option, as simply repairing / replacing the seawall was considered
expensive and provided no united protection to beach amenity. Extensive investigations were undertaken to
determine the coastal processes at the site. These indicated that 500,000m? of material would be required to
sustain the beach at an acceptable width, an amount that was not possible to source in the area. Eventually it was
decided to nourish the beach with 250,000m3 of sand and construct a number of artificial headland structures to
retain the nourished material and provide recreational nodes protruding into Cleveland Bay (Riedel et al. 1999).

Construction took place over 1998/1999 at a cost of $29M and included extensive redevelopment of the
foreshore, providing park areas, a 2.2km promenade, playgrounds and stinger-resistant enclosures (Figure 3.5).
The headland structures have reduced near-shore littoral sediment transport at the site and retained the
nourishment sands. Some sand is lost to the north and it is likely that re-nourishment will be required sometime in
the future (Muller et al. 2004).

3.24 Port Stephens

Port Stephens is located 230km north of Sydney and is one of the most popular tourist destinations in NSW. Both
Shoal Bay (south of Port Stephens) and Jimmy’s Beach (to the north of Port Stephens) are subject to wave and
wind erosion. Historically, a number of ‘hard’ engineering structures, such as timber sleeper walls and rock
groynes were constructed in an attempt to stop erosion. Following severe storms in 1983, the NSW Public Works
Department undertook a coastal process study of the area and a number of management strategies were
proposed, with sand nourishment decided as the most advantageous (Watson 1997).

The Great Lakes Shire Council placed 43,000m® of material dredged from the entrance of the Myall River on
Jimmy’s Beach as an interim management measure in 1984. This was subsequently redistributed by waves and
currents and the council then embarked on a policy of sand nourishment as an emergency response during storm
events. By 1987 around 20,000m? of sand had been placed in this manner. A larger placement of 80,000m°> was
undertaken in 1988. In 1990, Council formally adopted a long-term management plan of periodic nourishment
based on an estimated average loss of 10,000m* per annum dependent on storm activity (Watson 1997). From
1992 to 1995 a further 69,000m° of sand was placed on Jimmy’s Beach under this policy (Figure 3.6).

Figure 3.6 Jimmy’s Beach (left image 1985, right image 1988 [photograph courtesy of Phil Watson, DL&WC])
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Large scale nourishment at Shoal Bay, on the southern shore of Port Stephens, commenced in 1986 with the
placement of 25,000m® of sand dredged from Nelson Bay as part of a boat harbour development. In 1994,
3,000m® of sand was placed as an emergency response. This was complemented with a further, longer-term
initiative of 56,000m3 of material dredged from an offshore shoal late in 1994.

Monitoring programmes were established by the Department of Land and Water Conservation at both beaches to
provide an accurate measurement of the performance of the various sand nourishment programmes. Profiles
were set up at 20-40m intervals and extended from -3.0m AHD to the back beach area.

Sand nourishment within Port Stephens has to date been effective in maintaining beach amenity and protecting
foreshore assets at both Jimmy’s Beach and Shoal Bay. The extensive monitoring programme implemented has
provided vital information regarding sand loss rates, littoral drift rates and the destination of nourishment material.
The intermittent approach to beach nourishment of the 1980’s and 1990’s was replaced in 1996 when Port
Stephens Council prepared a long-term coastline management plan in partnership with local stakeholders utilising
the extensive information gathered from the monitoring programmes.

3.2.5 Bate Bay

Large storms in 1974 caused extensive damage to the beaches and dune system of Bate Bay, 20km south east
of Sydney. Following the storm damage, comprehensive coastal process studies and monitoring programmes
were implemented from which a management plan was developed. The emphasis of the management plan was to
develop a ‘soft’ management strategy aimed at establishing a well vegetated fore-dune throughout as much of the
embayment as possible. Four significant nourishment projects have been undertaken on the Bate Bay beaches.

From 1977 to 1978, 120,000m3 of sand obtained from the dunes behind Wanda was placed on Cronulla Beach.
The placed sand quickly moved offshore and was redistributed along the active beach profile to the north (PBP
2006). At the same time, dune stabilisation commenced by vegetating the dunes of Wanda, North Cronulla and
what would become Greenhills. Dune stabilisation works continued until 1989. In addition, a 340m long ‘Seabee’
seawall was constructed in 1985/86 at South Cronulla to protect threatened assets.

Between 1998 and 1999 approximately 60,000m® of material dredged during navigation channel maintenance
within Port Hacking was placed in the near-shore zone between North Cronulla and Elouera Beaches by a trailer
suction hopper dredge (Figure 3.7). The material was placed in water depths of 4-8m around 200m offshore (PBP
2006). An additional 10,000m® of sand was placed on the subaerial profile at Cronulla Beach.

Figure 3.7 Trailer Suction Hopper Dredge — Beach Profile Nourishment at Cronulla Beach (1998/99)

Between 2002 and 2003, 90,000m® of sand from maintenance dredging in Port Hacking was placed in the near-
shore zone between South Cronulla and Elouera. The material was placed over a nominated area of 170m by
700m approximately 200m offshore. Finally, in 2007, 140,000m° of sand from maintenance dredging in Port
Hacking was placed in the near-shore zone between South Cronulla and Elouera.

The Bate Bay foreshore is now stable with some 5km of vegetated fore-dunes having been successfully
established. In the hind-dune dune region, transgressive dunes stretching some 1.7km along the foreshores have
also been stabilised. Gordon (1992) indicated that despite the occurrence of several major storms the net
shoreline and fore-dune movement since the implementation of the management plan has shown an accretion
trend.
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3.2.6 Other Projects
Numerous other sand nourishment campaigns have been conducted on Australian beaches including:

. Collaroy-Narrabeen Beach — Sand from the entrance to Narrabeen Lagoon is periodically dredged (i.e. every
3-4 years) and returned to the sub-aerial beach zone. This is primarily a flood mitigation measure for
properties located in the Narrabeen Lagoon floodplain. Excavated sand from building construction sites,
when available, is also placed on the beach. Sand has also been placed on the beach during large storm
events as part of the emergency strategy to protect properties.

. Lady Robinsons Beach — The southern end was stabilised in 1997 with 150,000m® of sand and 8 groynes.
The northern end was stabilised in 2004/05 with 310,000m® of sand and 5 groynes. Sand was delivered to
the beaches from offshore sources within Botany Bay.

. Park Beach, Coffs Harbour — Maintenance dredging within Coffs Harbour is a regular occurrence. Recent
dredging programmes have been conducted in 1997, 1999, 2001, 2004, 2008 and 2009. A total of
190,000m* has been removed during these campaigns with most of the sand placed either onshore or in the
near-shore zone of Park Beach. During the most recent dredging campaign in 2009 the entrance to the Inner
Harbour was dredged and 37,000m? of sand was placed on the sub-aerial profile of Park Beach.

e Towra Beach — 60,000m*
. Ettalong Beach.
. Silver Beach — 1969 and 1970.

. Noosa Main Beach — Sand is historically extracted from the Noosa River and pumped on to Noosa Main
Beach. More recently, sand has been sourced from near the entrance of the river and “recycled” on to the
southern end of Noosa Main Beach.

. Port Phillip Bay Beaches (Victoria) — Beaches within Port Phillip Bay have historically been nourished to
provide or maintain beach amenity. Sand has mostly been sourced from offshore, within Port Phillip Bay.

More recently PBP (2006) have completed an investigation to use offshore sand bodies to nourish beaches at
Cape Byron. An initial nourishment campaign of 1Mm® was recommended with subsequent campaigns of
500,000m” at 25 year intervals. The cost for the nourishment programme over a 50 year period at a 0% discount
rate is estimated at $52M.

3.3 Discussion

The success of historical beach nourishment campaigns has been mixed. Higgins et al. (2004) reports on
monitoring of a major nourishment programme in San Diego County. Twelve beaches received nourishment in
2001. During the 2003 monitoring year, the performance of the nourishment campaigns at the twelve beaches
varied considerably; at approximately half of the beaches, previous gains in shore zone volumes were maintained,
while at the others, the gains were short-lived.

The success of beach nourishment campaigns is sensitive to a variety of factors. These include the local sand
transport mechanisms (long-shore and cross-shore), the suitability and availability of the nourishment material
(grain size), beach slope, the intensity and frequency of storm events and the maintenance strategy
(renourishment frequency).

Each of Sydney’s beaches are essentially closed sediment systems (bounded by headlands) with the dominant
transport mechanism being cross-shore transport (onshore — offshore). This is conducive to beach nourishment
as a coastal management strategy for the Sydney region. Longshore transport mechanisms with sand bypassing
the headlands is small. Some headland bypassing of sand may be expected under extreme storms.

To maintain Sydney’s existing beach amenity with climate change sea-level rise, the options available are:

. Retreat — relocate infrastructure from within the hazard zone to permit the shoreline to respond to sea-level
rise. The shoreline will recede, but the beach amenity will be maintained if sufficient sand is available within
the beach system.

. Nourish — nourishment campaigns are an effective solution to prevent shoreline recession.
. Prevent — minimise further sea-level rise due to anthropogenic activities.
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As previously discussed the “retreat” option is difficult to implement. The “prevent” option requires political
cooperation and unification beyond the boundaries of NSW and Australia. Also, the protection of infrastructure by
hard engineering solutions will not retain or improve beach amenity, leaving beach nourishment as the only viable
present day solution.

From a coastal zone management and coastal engineering perspective, a beach nourishment campaign to
maintain amenity and to ameliorate increased hazard risk from sea-level rise is a sound strategy within present
planning timelines. The successes of a nourishment campaign for Sydney’s beaches will require investment in
detailed coastal process investigations, monitoring programmes, economic assessments, social considerations
and community consultation and education. The remainder of this report is the starting point in the advance of
such a journey.

Key Recommended Studies and Further Work

. Monitor performance of sand nourishment campaigns.
e Working group study tour of Florida beaches nourishment campaigns.
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Land based sand reserves in the Sydney region are limited. At present most of the sand used in the building
industry is sourced from Penrith Lakes. The Penrith Lakes extraction operation is due to cease in the next few
years when supplies will be exhausted. New sand deposits will have to be considered to meet the needs of the
Sydney building industry. The majority of land-based sand reserves will not be compatible with the requirements
for beach nourishment because of grain size incompatibility, grain angularity, colour and transport distances.
Together with the competing demands of the building industry, offshore sand sources are the best option for a
beach nourishment campaign.

Nourishment sand volumes, potential offshore sand sources for nourishment and sand compatibility are
considered in this Chapter.

Chapter Summary

Sea level has risen and beaches have been eroding for decades. Between 1870 and 2004 the mean global sea
level has risen by almost 0.2m. The approach for the first 10-year sand nourishment campaign would be to
accommodate both a past sea-level rise of 0.2m and a future sea-level rise of 0.1m. This would reinstate and
maintain beach amenity and provide some storm protection buffer.

Based on a 0.3m sea-level rise increment, 9Mm? of native sand would be required to maintain the recreational
amenity of all of Sydney’s ocean beaches. This is equivalent to an average native sand volume of 300m*/m length
of beach. Ideally, nourishment sands should have a similar size grading, shell content and colour to the native
sands. Using the most suitable identified sand borrow source at Cape Banks (slightly smaller grain size), 12Mm?®
of borrow sand would be required. This is equivalent to an average borrow sand volume of 400m*/m length of
beach. The extraction and delivery of 12Mm?® of sand is likely to extend over a period of 12 to 18 months.

Subsequent nourishment campaigns (each 10 years) will require 3Mm?® of native sand or 4Mm? of borrow sand
that is of similar characteristics to Cape Banks sand.

Beach nourishment volumes are firstly estimated based on the sand characteristics for each beach (native sand).
Available nourishment sands (borrow sands) do not usually exactly match the sand characteristics of the beach to
be nourished. Borrow sand volumes are then estimated based on their “compatibility” to the native sand
characteristics (e.g. grain size, density, shell content).

4.1 Bruun Rule

The impact of sea-level rise, generally, would be to cause sand to be eroded from the top of the beach and to be
deposited in deeper water. This process was described by Bruun (1962, 1983) and is commonly referred to as the
Bruun Rule, which has become the most widely accepted method of estimating shoreline response to sea-level
rise.

Bruun (1962, 1983) investigated the long term erosion along Florida’s beaches, which was assumed to be caused
by a long term sea-level rise, and hypothesised that the beach assumed a profile that was in equilibrium with the
wave climate; an equilibrium profile that kept pace with the rise in sea level without changing its shape, by an
upward translation of sea-level rise (S) and shoreline retreat (R). Figure 4.1 illustrates the concept of the Bruun
Rule.
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Figure 41 Bruun Rule concept

For a beach profile that is in equilibrium with the prevailing wave climate, the Bruun Rule equation is:

B S
“(h+B)/L
where:
R = shoreline recession due to sea-level rise (m)
S = sea-level rise (m)
hes = closure depth — the limit of offshore transport of littoral drift (m)
B = beach berm height (m)
L =  extent of the active zone — the distance to closure depth (m)

There are several methods for determining the closure depth. Nielsen (1994) reviewed the analytical methods and
a large body of field data to define the limits of subaqueous fluctuations of open coast beaches in NSW. Nielsen
(1994) found that, for open coast beaches on the New South Wales coast, the absolute limit of offshore sand
transport under cyclonic or extreme storm events occurred at a depth of around 22m +4m. For most of Sydney’s
beaches, this depth corresponds to the sedimentological boundary of the near-shore sands and the sediments of
the Inner Continental Shelf, and lies at a distance of around 1,200m from the mid tide level. Assuming that
Sydney’s beaches are in equilibrium with the prevailing wave climate, the average beach slope of the equilibrium
profile for Sydney’s beaches is around 1:50.

4.2 Required Native Sand Volumes

For this study, based on an equilibrium profile, the volume of native sand required to account for a sea-level rise
so that the shoreline does not recede landward (i.e., R = 0) equilibrates to the product of the amount of sea-level
rise (S), the extent of the active beach profile (shoreline to closure depth, L) and the average length of the active
beach (I = (11+12)/2) where |1 and |, are defined in the example shown on Figure 4.2.
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Figure 4.2 Definition of parameters to calculate beach volume requirements

The 1:25,000 series of Seabed Information Maps for Gosford, Broken Bay, Sydney Heads and Bate Bay have
been used for defining beach dimensions. The berm height (B) has been taken to be 3m. Three criteria were used
to estimate the depth of closure, these were:

. 22m water depth relative to mean sea level (21m Chart Datum).
. Bed slope of 1:5.

. The region where the sand changed from fine/medium grained (near-shore sands) to medium/coarse
grained (Inner Continental Shelf sediments).

For each of the three criteria, the extent of the active beach profile (shoreline to closure depth, L) was determined.
The governing criterion was the method that resulted in the minimum length (L).

For beaches with lagoons, an additional volume of sand was calculated following the method after Hennecke et
al. (2004), being the product of the area of the active flood tide delta and sea-level rise. This was the case for
Narrabeen Lagoon.

The required volumes of native sand nourishment for a range of sea-level rise scenarios is presented in Figure
4.3 for all of Sydney’s ocean beaches and for the individual beach embayments of Collaroy-Narrabeen Beach,
Manly Beach and Bate Bay.
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Figure 4.3 Native sand nourishment volumes required to prevent shoreline recession due to sea-level rise

The required native sand nourishment volume for all of Sydney’s ocean beaches is 100m*/m length of beach or
3Mm? for each 0.1m rise in sea level. A spreadsheet of native sand volumes for each beach system is contained
in Appendix B.

4.3 Offshore Sand Bodies

Offshore sand reserves have been utilised in many countries overseas. Japan and the UK mine offshore sand
and gravel reserves for aggregate while the US, Dubai and the Dutch mine offshore sand reserves for beach
nourishment projects. Prior to the establishment of the Tweed River sand bypassing system, offshore sand
extraction for beach nourishment was undertaken on Queensland’s Gold Coast (Jackson & Tomlinson 1990;
Boczar-Karakiewicz & Jackson 1990).

The Inner Continental Shelf near Sydney is interspersed with marine sand deposits in depths ranging from around
20-75m. Some of these have been the subject of exploration licences and mining lease applications, as indicated
in Figure 4.4. Details of current licences and lease applications are provided in Appendix C. The Providential
Head lease is held by Metromix Pty Ltd. The Cape Banks lease is held by Archdall Investments Pty Ltd
(Unisearch) and the Central Coast lease is held by Sydney Marine Sand Pty Ltd.
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Figure 4.4 Offshore sand mining exploration licences and mining lease application areas offshore Sydney.

In most places these deposits display gently seaward sloping profiles, which are the seaward extensions of
inshore and surf zone beach slopes. At several locations, however, directly adjacent to cliffs (20 to 40m water
depth), the deposits form mildly to strongly convex bodies up to 50m thick, as shown in Figure 4.5.

These sand bodies are geological features that were formed during the post-glacial marine transgression and
subsequent stillstand of the sea that occurred over the past 17,000 years following the end of the Ice Age. Based
on seismic profiles and the foraminiferal (shell species) content of these sand bodies, Albani et al. (1988)
presented the following process that described the formation of these sand bodies (Figure 4.6). At the peak of the
last Ice Age, some 17,000 years ago, the sea level was around 140m below that of today and NSW beaches
existed eastwards of the present coastline (Phase 1, Figure 4.6). As the sea level rose, the unconsolidated beach
sediments were pushed ashore progressively under wave action (Phase 2). As the sea level continued to rise,
cliffs hindered this westward re-distribution of the sand, which then accumulated against the cliff face (Phase 3)
only to be submerged as the present day sea level was attained some 7,000 years ago (Phase 4). Progressive
erosion of the top of the most landward portion of the sand body caused deposition of the sand in a seaward
prograding front (Phase 5). At other locations where cliffs did not exist, such as at the Hacking River, Georges
River, Parramatta River and Hawkesbury River entrances, the sediment was pushed into the estuary
embayments and formed the estuary beaches and shoals that we see today.

It is apparent, therefore, that the ocean beaches, estuary beaches and shoals and the offshore sand bodies all
have the one geological origin, which is why sand taken out of Port Hacking is suitable for deposition on the Bate
Bay beaches. Vice versa, sand taken from offshore sand bodies, while it may no longer be connected by littoral
drift transport processes, is likely to be suitable for the nourishment of the ocean beaches.
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Figure 4.5 The locations and shapes of the sand bodies on the Inner Continental Shelf off the southern Sydney coastline (Roy 2001).

Figure 4.6 Diagrammatic representation of the formation of the Sydney sand bodies (after Albani et al. 1988).

44 Suitability as a Nourishment Source

A key performance criterion of any beach nourishment project is the availability and compatibility of the sand. In
the planning of a beach nourishment project, locating an affordable high quality sand source is a critical design
aspect. Borrow sites may differ in terms of their geological origin and sediment characteristics, both physical and
chemical, thereby affecting their suitability for beach nourishment purposes.
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441 Typical Native Sand Properties

Native sand properties were assessed based on information available in the literature. Summaries of sand
properties are available for Collaroy-Narrabeen Beach and Cronulla to Wanda (Table 4.1). The beach sands are
classified as “well sorted”. Limited data is available for Sydney’s beaches on sand grain size. Sand characteristics
at Collaroy-Narrabeen and Cronulla-Wanda are similar and it has been assumed that these characteristics are
representative of Manly Beach and all other Sydney beaches for this study. Further sampling of sand
characteristics will be required in subsequent stages of the project.

Table 4.1 Beach Sand Gradings

Collaroy-Narrabeen’ Cronulla to Wanda®
Dso 0.34mm 0.35mm
Mgn 1.53¢ 1.50¢
Oyn 0.36¢ 0.44¢

M;, = mean sediment diameter for native material in ¢ units, 6y, = standard deviation or measure of sorting for native material in ¢ units.
! Patterson Britton & Partners (1993) ‘Collaroy/Narrabeen Beach Nourishment Investigations’, for Warringah Council

2 patterson Britton & Partners (2006) ‘Bate Bay Coastline Management Plan, Beach Nourishment Strategy, for Sutherland Shire Council
44.2 Potential Sand Sources

Potential sand bodies for nourishment were identified in Section 4.3. These are:

. Providential Head (Figures 4.4 and 4.5).

. Cape Banks (Figure 4.4).

. Central Coast (Figure 4.4).

. Offshore of Bondi and Malabar (Figure 4.5).

Sand grading and sand volumes are available in published literature for Providential Head, Cape Banks, Bondi
and Malabar. Estimated sand volumes at each of these sites is presented in Table 4.2.

Table 42  Sand Volumes (millions of m®)

Providential Head' Bondi’ Malabar’ Cape Banks'

15Mm*® 50Mm*® 50Mm° 10Mm*®

! Pollution Research (1993)
2 peter Roy (2001) ‘Sand Deposits of the NSW Inner Continental Shelf’

The sand volume for Providential Head is based on published tonnage values and has been converted to a
volume using a dry sand density of 1.6t/m>. Only Grade 2 sands from Providential Head have been considered.
The Grade 3 sands at Providential Head are too fine and not suitable as a nourishment source. The sand bodies
at Bondi and Malabar each extend over an area of approximately 4km x 2.5km and are estimated to have an
average sand depth of 5m. At Cape Banks the sand body extends over an area of approximately 2km x 1km. The
depth of sand at Cape Banks may extend well beyond a depth of 5m used for the volume estimate (the proposed
extraction depth for the Metromix project). This will require further consideration.

The sand properties are presented in Table 4.3. Each of the sand bodies is classified as “moderately well sorted”.
The most coarse diameter sand (Dso) is found at Cape Banks.

Table 4.3  Sand Gradings

Providential Head Bondi & Malabar Cape Banks
Dso 0.25mm 0.30mm 0.36mm
Mgn 1.88¢ 1.81¢ 1.47¢
Gn 0.69¢ 0.59¢ 0.55¢

The shell content at Providential Head is typically 4 to 15%, and 10% at Cape Banks. Cape Banks sand contains
less than 1% mud.

Typically, borrow material will not exactly match the native beach grain size (except perhaps in some bypassing
projects). Ideally, it should be similar in grain size (or slightly coarser), composition, angularity and colour. An
assessment is required of the compatibility of the borrow material with the native beach. The grain size distribution
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of the borrow material will affect the cross-shore shape of the nourished beach profile, sand loss rates and how
the beach will respond to storms. This is demonstrated in Figure 4.7. The borrow sand compatibility is critical to
the success of the nourishment campaign.

Figure 4.7  Effect of nourishment sand compatibility on cross-shore slope and berm width (CEM 2006)

In Figure 4.7 three nourished beach profiles are shown. In each profile the volume of nourishment sand is
identical. The upper image shows a nourished profile using sand coarser than the native beach sand, in the
middle image the nourished profile is achieved using sand similar to the native sand, and in the lower image the
nourished profile is achieved using sand finer than the native beach sand. In the upper image, the nourished
profile is steeper than the natural beach slope, and in the lower image, the nourished profile is flatter than the
natural beach slope. Borrow sand grain size also has a pronounced effect on beach width, as demonstrated in
each of the images.

Two methods are used to estimate the volume of borrow sand required for nourishment. These are:

. The Overfill Factor Method.
. The Equilibrium Beach Profile Method.

Each method assumes that the beach profile is in equilibrium with the wave climate. This was found to be the
case for most Sydney beaches where the closure depth of 22m equated to a beach slope of approximately 1 in
50. CEM (2006) recommends using the Equilibrium Beach Profile Method.

4.4.21 Overfill Factor Method

As a general recommendation, 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 (RA) within the range of 1.00
to 1.05 (CEM 2006). The Overfill Factor is the ratio of fill material required for a given borrow site compared to that
required using the existing beach sediments. This is the optimal level of sediment compatibility. However,
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obtaining this level of compatibility is not always possible due to limitations in available borrow sites. 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 (2006) recommends, as a rule of thumb, for native beach material with
a composite median grain diameter exceeding 0.2mm, borrow material with a composite median diameter within
plus or minus 0.02mm of the native median grain diameter.

The Overfill Factor Method has been used to define the actual quantity of borrow material that will be required for
a project fill based upon the desired design profile. Thus 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.

The Overfill Factor was estimated using each of the Providential Head, Cape Banks and the Bondi and Malabar
sands as nourishment material on Collaroy-Narrabeen Beach and Cronulla-Wanda Beach (Figure 4.8).

L Pierdidinditinl Head e 3 on Crorull i -Waisiks Beatl

- Bondl ardd Matabar sand oo Cronulla-Wanca Beach
Cajerr Banks sand on Cromwlla Wanda Seach

3 Mresadantisl Head sand an Collaroy/M wralseen Beach
Bondl and Malabar sand on Callaroy/ N amabeen Eeach

] Cape Ganks sand on Coiisrpy Marrabeen Geacn

Figure 4.8 Isolines of the Adjusted Overfill Factor, RA for Compatibility Analysis (SPM 1984)

The estimated Overfill Factor is about 1.75 to 2.0 (1.9 adopted) using sand from Providential Head or Bondi /
Malabar. The estimated Overfill Factor is in the range of 1.10 to 1.15 (1.13 adopted) for borrow sand from Cape
Banks. Based on Cape Banks sand, the required borrow sand volume for all of Sydney’s ocean beaches is
113m*/m length of beach for each 0.1m rise in sea level.

4422 Equilibrium Beach Profile Method

The Equilibrium Beach Profile Method as derived by Dean (1977) can be used to make preliminary estimates of
required fill volumes, when the native and fill sediments have different composite median grain size. The
equilibrium beach profile is given by Equation 111-3-14 in CEM (2006) as:

h — Ay2/3
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Where:
h = water depth
A = sediment scale parameter
y = distance offshore

The native sand sediment scale parameter (AN) for Sydney’s ocean beaches, based on a beach profile in
equilibrium with the wave climate is 0.206 (assumes native sand D5,=0.35mm). Dean (1987b) presents a
relationship between the sediment scale parameter and grain size. The Equilibrium Beach Profile method uses a
sediment scale parameter for the borrow material (AF) to estimate the volume of sand required based on the
equilibrium profile using the borrow material.

Nielsen (1994) and Gordon (1987) have shown the vertical movement or mobility of the bed profile with water
depth for the NSW coastline (Figure 4.9). Based on these observations, mixing of borrow material and native
sands will occur and, therefore, a composite sediment scale parameter has been derived for this study assuming
that the borrow sand is mixed with the native sand to depths of 2m.

Based on Cape Banks sand, the required borrow sand volume for all of Sydney’s beaches is 120m*m length of
beach or 3.6Mm? for each 0.1m rise in sea level.

Figure 4.9 Measured Beach and Near-shore Seabed Fluctuations (Nielsen 1994)
443 Most Suitable Borrow Sites

Estimates of sand nourishment volumes based on the Bruun Rule, the Overfill Factor and the Equilibrium Beach
Profile Method for each of the borrow sites of Providential Head, Cape Banks and Bondi & Malabar are presented
in Figures 4.10 to 4.12. Based on these estimates, the most suitable material as a nourishment source is Cape
Banks sand (Figure 4.12). The Providential Head sand source (Figure 4.10) and the Bondi & Malabar sand source
(Figure 4.11) volumes are considerably greater than the native sand volumes, indicating that they are less
suitable than Cape Banks as a nourishment material. Required sand nourishment volumes using Cape Banks
material are significantly less than the other potential sites identified, because the sand grading is coarser and
closer to the sand grading of the native beaches. The selection of a nourishment source will affect both the cost of
the nourishment campaign and also the final beach profile. Changes to the final beach profile may impact on
environmental and social aspects. A flatter beach slope may result in smothering of benthic communities such as
those that exist on rocky reefs. A flatter beach profile may also cause changes to wave shoaling and breaking.
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Figure 4.10 Providential Head sand source
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Figure 4.11 Bondi and Malabar sand source

This analysis demonstrates the uncertainty in estimating required borrow sand volumes, with each of the methods
giving sand volumes that differ significantly. The assessment methods are very sensitive to sand grain size.
Nominating the Cape Banks borrow sand and adopting the Equilibrium Beach Profile Method (i.e. higher
estimated volumes), the required borrow sand volume for all of Sydney’s beaches is 120m*m length of beach for
each 0.1m rise in sea level.
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Figure 4.12 Cape Banks sand source

Required borrow sand volumes will vary, based on individual beach sediment characteristics, the consistency of
the borrow sediments, depth of closure, sediment handling techniques (outlined in subsequent chapters of this
report) and the validity or accuracy of the volume calculation methods. Further studies will be required to address
some of these uncertainties. Therefore, a conservative 10% increase in the estimated borrow sand volume is
used for all subsequent analysis. On this basis the required borrow sand volume for all of Sydney’s beaches is
approximately 130m%m length of beach for each 0.1m rise in sea level (Figure 4.12). The estimated 3Mm?® of
native sand required for each 0.1m rise in sea level is equivalent to 4Mm?® of Cape Banks borrow sand.

4.5 A Practical Sand Nourishment Campaign

The volume of sand required on NSW beaches to maintain the existing amenity in response to climate change
sea-level rise is dependent on the amount of sea-level rise. The economic assessment will also depend upon the
rate of sea-level rise. In this study, the upper-bound estimate of sea-level rise of 0.1m/10yrs has been adopted as
outlined in Section 2.2. From a cost/benefit perspective and nourishment campaign frequency approach this is the
most conservative assessment. A lower rate of sea-level rise will provide a more favourable cost/benefit outcome.

The volume of sand required to accommodate sea-level rise is small compared with that required to protect
existing infrastructure along Sydney’s foreshore. For example, at Manly Beach the volume of native sand required
to accommodate a 0.1m sea-level rise is approximately 170,000m®, but the volume of native sand required to
protect the sea wall against storm damage is 2Mm?® (WRL 2003). The main objective of the sand nourishment
campaign is to maintain beach amenity in response to sea-level rise and not to address present risk to
infrastructure.

The sea level has been rising and our beaches eroding, for decades. Between 1870 and 2004 the mean global
sea level has risen by almost 0.2m. The approach for the initial 10-year sand nourishment campaign would be to
accommodate the recent past sea-level rise of 0.2m and a future sea-level rise of 0.1m (0.3m in total). This would
reinstate and maintain beach amenity and provide some storm protection buffer.

Based on a 0.3m sea-level rise, 9Mm? of native sand will be required to maintain the ocean beach amenity. This
is equivalent to an average native sand volume of 300m*/m length of ocean beach. Using the most suitable
identified sand borrow source at Cape Banks, 12Mm?® of borrow sand will be required. This is equivalent to an
average borrow sand volume of 400m*/m length of ocean beach.

Subsequent nourishment campaigns (each 10 years) will require 3Mm? of native sand or 4Mm® of borrow sand
that is of similar characteristics to Cape Banks sand.
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All costs are based on using Cape Banks as the borrow source. It is noted that the estimated volume of available
sand at Cape Banks is approximately 10Mm? (based on a sand extraction depth of 5m) although reserves may be
considerably greater. This will be close to being sufficient for the first nourishment campaign, but alternative
borrow material will need to be sourced for subsequent nourishment campaigns.

The extraction and delivery of 12Mm? of sand is likely to extend over a duration of 12 to 18 months. Sand
extraction and nourishment techniques are discussed in subsequent chapters.

Key Recommended Studies and Further Work

° Determination of sand composition on each of Sydney’s ocean beaches.

° Determination of sand composition and sand volumes in identified offshore sand reserves.
° Identification of other offshore sand reserves.

° Refinement of depth of closure parameters.
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Sand extraction at Providential Head and Cape Banks was proposed by Metromix Pty Ltd during the 1990’s.
Community and political opposition to the disturbance of offshore sand deposits for commercial advantage were
strong, and attempts by Metromix Pty Ltd to access the sand were denied.

Extraction of offshore sands to maintain beach amenity may be met by greater community and political support. A
brief description of the Metromix project is outlined below, followed by a discussion on extraction methodologies,
potential physical impacts, potential ecological impacts and social considerations relevant to this project.

Chapter Summary

Based on the high wave energy operating environment and the sand extraction water depth limitations of the
dredging plant, the Trailer Suction Hopper Dredge is the most suitable dredging equipment for this project. Many
sand extraction projects around the world utilise this equipment, particularly if the sand placement area is some
distance away from the extraction area. The Trailer Suction Hopper Dredge skimming technique is considered to
be more environmentally friendly than other techniques, such as a Cutter Suction Dredge, because plume
generation is minimised.

The impacts of sand extraction on benthic invertebrates would be significant, but highly localised and short-term,
persisting only until recolonisation occurred. Longer-term or wider scale ecological impacts are not expected.
Mobile species, such as whales, fish and prawns, and large bivalves may be able to avoid the dredger extraction
head by swimming away or burrowing, respectively.

Within specified operating constraints it is considered that it would be possible to undertake any extraction
configuration within extraction areas without any measureable physical impact on the shorelines.

51 The Metromix Marine Aggregate Proposal

Metromix Pty Ltd proposed to extract sand from two separate areas of a large 20 -25 m deep sand body situated
off the coast to the south of Sydney and deliver it to the Port Jackson terminal. The proposal included the
extraction of 30 Mt of concrete grade sand and 39 Mt of finer-grained material for general construction purposes
from an area of 7.4 km? situated approximately 0.5 - 2.0km off the coast between The Cobblers and Providential
Head which varied in depth from 25 - 55m. Metromix also planned to extract 27 Mt of concrete grade sand and 24
Mt of finer grade sand from an area of 8.2 km? off Cape Banks, near the entrance to Botany Bay, which varied in
depth from 43 - 65m (Corkery and Co. 1993).

The sand would have been extracted by a Trailer Suction Hopper Dredge (TSHD) and stored in a 2000m?* hopper
inside the vessel until it could be offloaded. On site, the extraction head would have created a slurry consisting of
approximately 90% seawater and 10% sand that would have been pumped up the suction pipe into the hopper,
which would initially have been filled with ballast water drawn from Sydney Harbour. Approximately 30% of the
water would have been retained with the sand the remainder would have been released into the sea via diffuser
ports at a depth of about 15 m below the surface (Corkery and Co. 1993). Between 40 and 50% of the water
retained in the sand would have been discharged into the ocean via a series of outlets in the vessel’s hull en route
to the offloading berth. The dredge would have needed to travel 5.8 — 6.8 km over a period of about 2.5 hours to
fill the hopper. It was expected that extraction and unloading together would take 11 -12.5 hours and that the
vessel would make between 170 and 450 trips per year. The plan was to produce 0.6 Mt/yr of fine sand in the first
five years of operation, 1 Mt/yr between years 6 and 10 and 1.2 - 1.5 Mt/yr from year 11 onwards. Extraction of
sand was set to continue for 25 years from Providential Head and for 24 years from Cape Banks.

5.2 Operating Constraints
5.21 Weather

The efficiency and selection of appropriate dredgers used to extract the sand will be constrained by adverse
weather conditions and storm events. Offshore wave statistics for Sydney produced by Manly Hydraulic
Laboratory (MHL) for the period of March 1992 to June 2009 are presented in Figure 5.1 as an exceedance
graph.

Modern medium to large Trailing Suction Hopper Dredgers (TSHD) can operate in swell waves of up to 3m height.
In Sydney a 3m wave height is exceeded 5.4% of the time (Figure 5.1). This is equivalent to approximately 470
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hours in a year. Lost operational time will be significantly greater than 470 hours when consideration is given to
mobilisation, site establishment and storm duration.

8

Significant Wave Height (m)
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Percentage Exceedance (%)

Figure 5.1 Sydney Wave Height Exceedance [Department of Environment, Climate Change and Water (DECCW) & Manly Hydraulics
Laboratory (MHL)]

5.2.2 Water Depths

The selection of appropriate dredging plant will depend greatly on the water depths where the sand will be
extracted. A modern Trailing Suction Hopper Dredger (TSHD) can dredge to water depths of up to 150m and a
medium size TSHD up to 60m. The sand sources being considered in this study are in water depths of 25m to
55m (Providential Head), 30m to 70m (Cape Banks) and 20m to 60m (Bondi and Malabar). The central coast
sand bodies are located in 50m to 100m water depth.

5.2.3 Operating Times

Dredging activities of this magnitude are generally undertaken 24 hours a day, 7 days a week. A single
nourishment campaign of this magnitude is likely to be conducted over a period extending beyond 12 months.
Within the detailed design of a dredging schedule, consideration will need to be given to acceptance of
nourishment practises during the peak summer period, environmentally sensitive periods (e.g. spawning times,
migrating whales) and seasonal storminess.

5.24 Sailing Distances

The distance from the most northern beach (Forresters Beach) to the most southern beach (Bate Bay) in the
study area is 75km (Figure 1.5). The distance from the offshore sand body to each of the beaches will be reflected
in the offshore sand body selected for extraction activities (Figure 4.4). The sailing distance will influence the total
cycle time which consists of: dredging of sand, sailing to beach, sand placement and return to offshore sand body.
An average sailing speed of 20km/hr and a single leg journey of 50km have been assumed for time and cost
estimates.

5.3 Extraction Methodology
5.31 Types of Dredgers

Cutter Suction Dredgers (CSD) and/or TSHD’s are the most appropriate dredging plant to be used for large scale
sand extraction projects of this nature. The principal feature of all dredgers in this category is that the loosened
material is raised from its in-situ state in suspension through a pipe system connected to a centrifugal pump.
Various means can be employed to achieve the initial loosening of the material. If it is naturally very loose, suction
alone may be sufficient, but firmer material may require mechanical loosening or the use of water jets. Hydraulic
dredging is most efficient when working with fine materials, because they can easily be held in suspension.
Coarser materials and even gravel can be worked, but with a greater demand on pump power and with greater
wear on pumps and pipes.
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Trailing Suction Hopper Dredgers (TSHD)

A TSHD is a self-propelled vessel which fills its hold or hopper during dredging, while following a pre-set track.
The hopper can be emptied by bottom doors or valves (dumping), by pumping its load ashore or by ‘rain-bowing’.
This kind of dredger is predominantly used for extraction of unconsolidated sediments such as sands. An image of
TSHD is shown in Figure 5.2.

TSHD have a hull in the shape of a conventional ship, and are both highly seaworthy and able to operate without
any form of mooring or spud. They are equipped with either single or twin (one on each side) trailing suction
pipes. Material is lifted through the trailing pipes by one or more pumps and discharged into a hopper contained
within the hull of the dredger. The measure of size of a hopper or trailer dredger is the hopper capacity. This may
range from a few hundred cubic metres to over 20,000m>. Increasingly larger vessels have been constructed in
recent years to allow economic transport of the dredged material, especially for reclamation projects.

The suction pipe terminates in a drag-head, which may be of the plain type or may incorporate a water jet system,
blades or teeth, or other means of dislodging compacted material. The function of the drag-head is to allow the
material to flow to the suction inlet as efficiently as possible.

B
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Figure 5.2 (A) Trailing Suction Hopper Dredger and (B) Cutter Suction Dredger

A TSHD operates very much like a floating vacuum cleaner. It sails slowly (1-2 knots) over the area to be dredged
filling its hopper as it proceeds. The accuracy of moving over a dredge area is enhanced by electronic displays in
real time with information from an accurate Differential Global Positioning System (DGPS). On completion of
loading the hopper, the TSHD sails to the disposal site with a sailing speed of 15-20 knots where the dredged
material can be discharged either by opening the doors or valves in the hopper bottom, by using the dredging
pump to deliver to a shore pipeline, or directly to shore by using a special bow jet. This latter technique is known
as rain-bowing and is commonly used for reclamation and beach nourishment. Some TSHD’s split over their
entire hull length to achieve a rapid discharge of material which may otherwise be difficult to discharge through
doors.

TSHD operate best by skimming off layers of material in long runs. The thickness of sand removed in each pass
of the drag-head would be in the order of 300mm to 500mm.

Cutter Suction Dredgers (CSD)

A CSD is a stationary dredger which makes use of a cutter head to loosen the material to be dredged. It pumps
the dredged material via a pipeline ashore or into barges. While dredging, the cutter head describes arcs and is
swung around the spud pole powered by winches. The cutter head can be replaced by several kinds of suction
heads for special purposes, such as environmental dredging. An image of CSD is shown in Figure 5.2.

When the in-situ material is too compact to be removed by suction action alone, some form of mechanical
loosening must be incorporated near the suction mouth. The most common method is a rotating cutter; the main
feature of the cutter suction dredger. This is mounted at the lower end of the ladder used to support the cutter
drive and the suction pipe. The loosened material then enters the suction mouth, passes through the suction pipe
and pump (or pumps) and into the delivery line.

Cutter suction dredgers operate by swinging about a central working spud using moorings leading from the lower
end of the ladder to anchors. By pulling on alternate sides the dredger clears an arc of cut, and then moves

Revision C - 18 February 2010 34



Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise AECOM

forward by pushing against the working spud using a spud carriage. A generally smooth bottom can be achieved,
and modern instrumentation allows profiles and side slopes to be dredged accurately. Some of the larger cutter
suction dredgers are self-propelled to allow easy movement from site to site.

The size of a cutter suction dredger is measured by the diameter of the suction pipe and by the installed
machinery power. Pipe diameters are in the range 100 to 1500mm. A modern highly automated cutter suction
dredger is capable of achieving high outputs over sustained periods and production rates of around 500,000m*
per week are possible under good conditions.

Cutter suction dredgers deliver the dredged material through a pipe-line. They may also be used simply as
loosening devices for material to be re-handled by another type of dredger, in which mode, discharge is directly
over the stern to the sea. Pipeline discharge is most common but is vulnerable to waves and currents and causes
an obstruction to other vessels. To avoid these problems part of the pipeline may be submerged and laid on the
channel-or sea-bed.

5.3.2 Recommended Dredging Method

Based on the operating environment described in Section 5.2 and operational limitations of the dredging plant, the
TSHD is the most suitable dredging method for this project. A TSHD can dredge to greater depths and operate in
a higher wave climate than a CSD. Many sand extraction projects around the world utilise this method, particularly
if the sand placement area is some distance away from the dredging area. The CSD method would require a
number of self propelled hopper barges or tug propelled barges to transport the extracted sand. It is not practical
to pump the sand long distances. The TSHD skimming method is considered more environmentally friendly than a
CSD because plume generation is minimised.

Typical TSHD and their capabilities considered suitable for this project are documented in Table 5.1.

Table 5.1 Trailing Suction Hopper Dredgers

TSHD Owner Hozpper Capacity Dredging Depth Loaded Draft
(m7) (m) (m)
Filippo Brunelleschi | Jan de Nul 11,300 38.0/57.5/77.0 9.1
Francis Beaufort Jan de Nul 11,300 38.0/575/77.0 9.1
James Cook Jan de Nul 11,750 36.0/49.0/81.0 9.7
Juan Sebastiande | ) 4o Nyl 16,500 40.5/54.5 11.1
Elcano
Cornelis Zanen Boskalis 8,500 51.0 8.9
Seaway Boskalis 13,200 57.0 10.6
Lange Wapper Dredging International 13,700 28.0/41.0/50.0 9.8
Nile River Dredging International 17,000 30.0/50.0 10.6
Pearl River Dredging International 24,100 30.0/60.0/120.0 10.6

54 Physical Impacts

Physical impacts associated with the commercial extraction of sand at Providential Head and Cape Banks was
undertaken by Geomarine Pty Ltd for the Metromix Marine Aggregate Proposal (MMAP) (Pollution Research
1993). Studies of extraction have shown that shoreline effects are dependent upon the depth of extraction and the
water depth at which extraction occurs. The shoreline effects reduce dramatically and markedly with increasing
water depth. The international experience is that extraction is commonly approved and undertaken in depths
beyond the 18 to 25m isobath and it indicates universally that extraction can be undertaken safely beyond the
30m isobath.

The extraction of marine aggregate from offshore of Cape Banks and Providential Head would result in minimal
impact on the coastal processes of the region. Extraction would not alter the near-shore wave climates or current
patterns. Consequently, there would be no measureable impact on the adjacent sandy beach areas or on the
cliffed coastlines. The following outlines the potential impacts and physical constraints that were proposed with
respect to the MMAP. Further details are provided in Appendix D.

Extraction of sand offshore may affect the coastline in the following ways:

. If too close to the shore it may create a depression such that beach sediment is transported offshore (known
as drawdown) into the extracted area.
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. An offshore bank may protect the coastline, scattering or absorbing some of the wave energy, and the
removal of such a barrier may result in beach erosion.

. The locally increased depths may alter the angle of incidence of waves and distribution of wave energy
approaching the adjacent beaches thereby resulting in erosion and accretion.

. The removal of offshore sediment may deprive the coast of a natural source of sediment.
541 Generalised Physical Constraints for the Design of Extraction Configurations

The coastal engineering criteria established for the design of the proposed extraction configurations, in
conjunction with criteria from other specialised studies, led to the following generalised constraints:

. The near-shore depth limit for extraction off the rocky cliffed coast be the 25m isobath.

. The alongshore extent of extraction to the 25m isobath be beyond 1.5km of the end of a beach.

. The inshore limit of extraction directly off beaches be the 35m isobath.

. Extraction depth be limited to 5m below the natural surface

. Allowance be made for initial batter slopes around the extraction configurations to develop to 1:20.
. Adequate buffers be left around shipwrecks and from reefs.

Within these constraints it was considered that it would be possible to undertake any extraction configuration
within the proposed extraction areas without any measureable impact on the shorelines.

5.4.2 Potential Impacts of the Metromix Marine Aggregate Proposal

The potential impacts of the Metromix project on coastal processes were categorised by Geomarine (1993) as
follows:

. Effects on wave climate.

. Effects on tidal currents.

. Changes to the coastline.

. Effects on Inner Shelf sediment transport.

5.4.3 Wave Climate
The wave climate studies are summarised as follows:

. The proposed extraction plans were designed so that any perturbations to the long term near-shore wave
climate that may be occasioned by extraction would be an order of magnitude smaller than the natural
variations in the average wave climate that are experienced annually on the sandy shorelines of the study
region and, as such, would not be discernible nor would they be able to be measured. That is, the extraction
plans proposed would have no measureable effect on the long term wave climates of the beaches.

. The proposed extraction plans would cause no measureable change to the effects that storms may have on
the beaches of the study region.

. The changes that the extraction may cause to the shoreline wave energy along the rocky shore would be far
smaller than the natural fluctuations of wave energy experienced and would not be discernible or
measureable.

. The proposed extraction plans would have no discernible effect on the wave climate across the entrances to
Botany Bay or Bate Bay-Port Hacking and, hence, to the beaches within Botany Bay, Bate Bay and Port
Hacking.

5.4.4 Tidal Currents

While extraction would have a localised effect on currents within the extraction areas there would be no change to
the general current structure in the study region nor would there be any change to the tidal currents at the
entrances to Botany Bay and Port Hacking. Within the extraction areas the currents would be reduced in speed
slightly.

5.4.5 Coastline

The sand extraction proposed would have no impact on beach processes. The proposed extraction areas are well
seaward of the littoral zone and are outside the depth of offshore sand transport under extreme storm events.
Changes to the wave climate at the shoreline resulting from the propagation of waves across the proposed
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extraction area would be negligible and would be an order of magnitude less than the average changes that occur
naturally on the beaches on an annual basis in response to changing weather conditions. There would be virtually
no changes made to the beaches.

It should be anticipated that the beaches in the study region would undergo large fluctuations in response to
future storms. Further, with a scenario of an increasing sea level as a result of a greenhouse warming, there could
be an increased propensity for all the beaches to be eroded more severely and more frequently during storm
events. This erosion would in no way be exacerbated by the aggregate extraction proposed.

There would be no measurable changes to wave heights or directions along the rocky shorelines as a result of the
extraction proposed. It is proposed that 250m buffers be left off the reef edge. Extraction offshore, therefore,
would not affect the reef sand levels at the toe of the reef for several hundred years, at which time there would
begin a slow lowering of the sand levels against the reef. The side slopes of this depression could not migrate
onshore as they would be contained by the proximity of the reef.

5.4.6 Inner Shelf

Extraction of 5m of sediment over the proposed extraction areas would reduce wave and current actions at the
seabed where extraction occurs. However, because the sediments at depth are, generally, finer than those at the
surface there would be little effect initially on the rates of shelf sediment transport following extraction. In the
longer term, however, the natural armouring of the surface of the seabed that would occur with the winnowing of
the finer fractions in the sediments within the extracted areas and with the transport into the extracted areas of the
coarser sediments from without would result in a reduction of sand transport rates over the extracted areas. This
would result in a very slow infilling of the extracted areas and flattening out of the batter slopes.

Because the rates of sand transport assessed for the Cape Banks extraction area were very low, the effects of
extraction would occur slowly. For the differential rates of transport considered above, the tops of the batter
slopes would translate at very low rates calculated to be 0.1m/yr. The centrelines of the batter slopes would
translate at even lower rates calculated to be 0.025m/yr. There would be no effect on the sand transporting
processes at the entrance to Botany Bay or at the adjacent beaches. The dredged depression would remain
stable for millennia.

The rates of sand transport calculated over the extraction area at Providential Head indicated that the extracted
configuration would remain stable for very many years and there would be no change to the long term wave
refraction patterns or sand transport processes relating to the beaches. For example, the time period required for
the top of the batter-slope in 25m water depth to extend to a position offshore of Marley Beach was calculated to
be in excess of 1,500 years. Even by this time there would still be no effect on the beach. Further, there would be
no effects from changing refraction patterns on Marley Beach (or any other beach adjacent to the proposed
extraction area) as the rates of movement of the centrelines of the batter-slopes would be very much lower.

In respect of onshore/offshore sand transporting processes, offshore of Marley Beach, where extraction to the
35m isobath is proposed, the top inshore edge of the dredged depression would move shoreward as the batter
slope flattens out (given that the bed becomes armoured with coarser sediment). Such a process would continue
until the bed slope of the batter coincides with the natural bed slope off the beach. The time required for this to
occur was calculated to be in excess of some 3,000 years at which time the slope would be stabilised. That the
point of intersection of the flattening slope would coincide with the limit of offshore sand transport at Marley Beach
(after a period of 3,000 years) indicated that extraction to 5m at the 35m isobath would have no effect on beach
drawdown even over these time scales. Potential drawdown along the cliffed coastline is limited by the extent of
rock reef along the 25m isobath.

Because of the depths of the shipwrecks in the immediate vicinity of the proposed extraction areas (the SS
Woniora and the SS Tuggerah) and the adoption of a 250m buffer around these wrecks, there would be virtually
no possibility, on coastal engineering grounds, of extraction within the proposed areas disturbing the stability of
these wrecks.

5.5 Ecological Impacts

Ecological impacts associated with the commercial extraction of sand at Providential Head and Cape Banks was
undertaken by The Ecology Lab Pty Ltd in 1993 for the Metromix Marine Aggregate Proposal (Pollution Research
1993). Cardno Ecology Lab (2009) prepared a subsequent report for this study. While similar quantities of sand
are estimated for extraction in this scoping study, a key difference from an operational and environmental
perspective is the schedule of the works. For the MMAP, the extraction programme was relatively evenly spread
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over a 25 year period. For this sand nourishment programme, it is envisaged that activity will be high for a one to
two year period, interspersed by non-activity for the following 10 years. This may have environmental implications
that were not addressed within The Ecology Lab Pty Ltd (1993) marine ecological investigations.

The following outlines the environmental impacts associated with the MMAP, together with a review of recent
overseas studies on potential impacts arising from sand extraction projects. Further details are provided in
Appendix E.

5.5.1 Potential Impacts of the Metromix Marine Aggregate Proposal

The potential impacts of the Metromix project on marine habitats, biota and resources off the coastline adjacent to
Sydney were identified and evaluated by Cardno Ecology Lab (2009). The following categories of potential
impacts were identified:

5.5.1.1 Potential Impacts Associated with Sand Extraction
Marine Habitats

The extraction head of the trailer suction dredge would initially create a furrow approximately 1.7m wide and 0.2m
deep along the seabed (Corkery and Co. 1993). It was estimated that 1 - 1.15 hectares of the seabed would be
disturbed per trip and that the upper layer of the sand over an area of 2-5km? would be removed annually. The
area disturbed per trip would be equivalent to 0.007% of the sandy inner shelf sediments between Broken Bay
and Garie North Head and to less than 1% of these sediments over a three month period (Corkery and Co. 1993).
The interval before an area would be re-extracted would vary from at least two years in the early stages of the
operation to not less than 3 months near the end of extraction. The re-extraction of areas of seafloor would have
resulted in a mosaic of patches in the following states:

. Never disturbed by extraction.

. Disturbed once.

. Disturbed more than 3 months previously.
. Disturbed within the previous 3 months.

The sediment that would have been exposed would be similar to that occurring on the surface of the sand body,
except for the lack of living organisms and probably having less organic matter (The Ecology Lab 1993). The
sediment would, however, be slightly finer in areas from which Grade 2 marine aggregate was extracted (Corkery
and Co. 1993). Sand extraction was not expected to expose any bedrock, because the sand body is 20 - 30m
deep. The depth of the sand body within the two extraction areas would have been reduced by 5 m by the end of
the extraction period. It was predicted that the edges of this depression would gradually flatten over thousands of
years. According to Corkery and Co. (1993), the creation of the depressions on the seafloor would have negligible
impacts upon regional bathymetry. The existing isobaths would move shorewards by 0.1-0.5km, which was
considered negligible on a local scale.

The effects of sand extraction on the coastline and on movement of sediment on the seabed were also
considered (Geomarine et al. 1993). These studies indicated that extraction would have no measurable effects on
beaches, coastal erosion, wave energy on rocky shores or coastal processes at Cape Banks.
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Marine Biota

The powerful suction generated at the extraction head would pump the upper 20 cm layer of sand, and most of
the associated benthic invertebrates and small sedentary and/or burrowing species of fish occurring directly below
or immediately adjacent to the track of the head, up into the hopper on board the dredge (Cardno Ecology Lab
2009). Mobile species, such as whales, fish and prawns, and large bivalves may be able to avoid the extraction
head by swimming away or burrowing, respectively. Some of the organisms extracted would be released back
into the sea with the excess water, however, not all would survive because of the change in water pressure,
abrasion against the sand, impact with the screens, deposition into unsuitable habitat or consumption by
predators such as fish. Other organisms would be returned to port with the sand. The removal of organisms would
change the structure of benthic assemblages, affect their ability to recovery from natural disturbances and result
in a net loss of benthic productivity.

The impacts on benthic invertebrates would thus be significant, but highly localised and short-term persisting until
recolonisation occurred (Cardno Ecology Lab 2009). Longer-term or wider scale impacts were not expected,
because:

. Less than 25% of the extraction area would be disturbed at any one time.

. A physical disturbance experiment indicated that recolonisation by macroinvertebrates would occur within
two to three months.

. Sediments exposed by the extraction process would be similar to those occurring on the surface.
. The potential for smothering of organisms by fines in the excess water returned to the sea would be minimal.

The Cardno Ecology Lab (2009) did, however, point out that the rate of recolonisation may change as the area of
undisturbed seabed containing a potential source of new recruits declined.

Figure 5.3 Port Jackson Shark and a Spotted Stingray (Chris Roberts, Cardno Ecology Lab)

The relatively small area of seabed that would be disturbed at any one time and likely rate of recolonisation by
benthic invertebrates indicated that there would be a minimal, localised reduction in potential benthic food
resources for fish. There was no evidence that the proposed extraction areas were significant spawning or
nursery grounds for fish. Impacts on demersal fish assemblages were consequently predicted to be small-scale
and short-term. It was, however, noted that the eventual 5m increase in depth of the seabed might lead to
assemblages in shallower parts of the extraction area becoming more similar to those in deeper water. If these
assemblages include more species of economic value, this long-term, large-scale impact could be beneficial to
local fisheries.

The impacts of the plume generated by the extraction head as it passes over the surface of the seabed were not
assessed, because it was predicted that this plume would be negligible due to the strong suction generated at the
extraction head (Lawson and Treloar 1993).

5.5.1.2 Potential Impacts Associated with Disposal of Excess Water

According to Corkery and Co. (1993), the release of excess water and fine sediments into the sea would generate
an underwater sediment plume up to 170m wide behind the dredge. This plume would disperse rapidly and be
transported by ambient currents parallel to the coast or offshore. Lawson and Treloar (1993) estimated that the
concentration of suspended fines would approach 9000 mg L" at the outlet pipe, but would be diluted by a factor
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of 18 within 35 m of the discharge points and would drop to < 9 mg L at a distance of 1.5 km behind the
extraction vessel.

Given the proposed sub-surface release of excess water, rapid dispersion of the plume over a large area and
large size of the coastal water body relative to the plume, Cardno Ecology Lab (2009) made the following
predictions about impacts on marine biota in the water column:

. The plumes would be unlikely to have any detectable effects on primary productivity, except possibly at
small spatial and temporal scales.

. The potential for impacts on plankton would be further reduced by the sub-surface release of the excess
water.

. Clogging of the respiratory and feeding appendages of organisms would be limited to very small spatial
scales.

. The migration of fish, prawns and marine mammals would not be affected.
. The decrease in water clarity would be unlikely to affect the foraging activities of seabirds.

Lawson and Treloar (1993) indicated that the maximal annual average settlement of the fines released in the
excess water would not exceed < 1 mm of sediment. On the basis of this low deposition rate, the fact that the
settling fines would have originated at the site and relatively high energy nature of the Sydney coastline it was
predicted that deposition of fines would have minimal effects (Cardno Ecology Lab 2009). This reflected the fact
that survival of burial is greater when the settling material is comparable to that on the seafloor, the ability of
burrowing organisms to withstand sedimentation and the fact that storms often resuspend greater amounts of
sediment.

The assessments undertaken by Pollution Research (1993) indicated that the release of contaminants and
nutrients from the plume into the water column would not be significant. The Cardno Ecology Lab (2009)
consequently predicted that there would be no increase in potential for bioaccumulation of contaminants and no
detectable increase in primary productivity due to the release of nutrients into the water column.

5.5.1.3 Potential Impacts Associated with Operation of the Extraction Vessel

The generation of noise would be limited to that associated with the day to day movements of the dredge and use
of a suction pump to transfer the slurry into the hopper (Corkery and Co. 1993). The levels of noise generated by
these sources were considered relative to what was known at that time about the effects of noise on marine
organisms. Heggie et al. (1993) concluded that the noise of the extraction machinery would be attenuated by
background shipping noises and that noise generated by the vessel steaming to and from the extraction area
each day would not cause a significant change in existing ambient underwater noise levels. This was due to the
relatively high density of shipping activity and likely presence of other vessels within the possible zone of influence
or audibility of the extraction vessel.

The extraction vessel would move at similar speeds (12 knots) to other vessels when moving between the
terminal and extraction area, but would be moving at about 1 knot during extraction and therefore likely to be
avoided by most marine mammals, reptiles and seabirds (The Ecology Lab 1993). The potential for impacts with
marine mammals would also be limited by curtailing activities within the extraction area or by the vessel steaming
away from them. It was also recognized that impacts could arise as a result of an accident, loss of the vessel,
discarding of wastes or accidental spillages, but the likelihood of these could be reduced by adopting appropriate
management practices.

No additional impacts would be expected in relation to the present scoping study.
5.5.1.4 Potential Conflicts with Users of Other Marine Resources

The waters off Providential Head and Cape Banks are utilised by a variety of other groups, including commercial
and recreational fishers and divers. The Ecology Lab (1993) considered the potential for conflict between sand
extraction and commercial fishing to be low, because fishing rarely took place in the proposed extraction areas
and extraction was expected to have neither short- or long-term impacts on the marine ecosystem or fish stocks.
The potential for conflict with recreational fishers and divers was considered to be low, for the following reasons:
. They could continue to access the extraction areas and their surrounds.

. Fish stocks and biodiversity would be maintained during and after sand extraction.

. The vessel would be in each extraction area for a relatively small time.
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. Sand would not be extracted on weekends or during public holiday.
. The willingness of Metromix to develop a Code of Practice in conjunction with other user groups.

5.5.2 Relevant International Projects

In the past decade, a number of studies have been undertaken overseas on the effects of offshore sand
extraction. In the United States, site-specific, inter-disciplinary baseline studies have been carried out in potential
offshore borrow areas (Byrnes et al. 2004a and b; Diaz et al. 2004; Maa et al. 2004) and a comprehensive
physical and biological monitoring programme has been developed to evaluate the long-term impacts of sand
dredging on the outer continental shelf (Nairn et al. 2004). In Europe, changes in the structure of benthic
assemblages and physio-chemical environment resulting from the extraction of marine aggregates have been
documented (Newell et al. 1999; Desprez 2000; Sarda et al. 2000; van Dalfsen et al. 2000; Nonnis et al. 2002;
Newell et al. 2004). The major findings from some of the studies on impacts of aggregate extraction are
highlighted below.

5.5.2.1 United States

Nairn et al. (2004) prepared a comprehensive literature review of the potential impacts of sand extraction on the
continental shelf environment for the U.S. Minerals Management Service. Their review indicated that plankton,
benthic assemblages associated with soft and hard substrata, nekton, marine mammals and wildlife were the
components that could potentially be affected by sand extraction. Impacts on plankton, fish and marine mammals
were expected to be minimal and of short duration, because the plumes created by dredging operations were very
small and temporary. Impacts on hard substrata were not expected, because these areas would either be avoided
or surrounded by large buffer zones that would prevent discharges from dredging having any impacts. The
impacts on biota that were identified were essentially the same as those highlighted in relation to the Metromix
proposal (see Section 3.0), except for the following:

. Discharge from the cutter-head and changes in ridge morphology could alter sediment particle size
composition and change nearfield habitat conditions, which, in turn, could have an impact on the
composition and structure of assemblages in nearfield areas.

. Recolonisation by an altered benthic assemblage could alter productivity and energy transfer pathways in
the food chain, which, in turn, could alter the composition of prey organisms available to fish and adversely
affect the foraging efficiency of fish and other mobile predators.

The evaluation of physical and biological impacts led to the recommendation that sediment sampling and
analysis, wave monitoring and modelling, bathymetric and substratum surveys, shoreline monitoring and
modelling, benthic assemblages and their relationships to fish, marine mammals and wildlife be included in
monitoring programmes. Nairn et al. (2004) suggested that the benthic monitoring programme should focus on
trophic energy transfer between the benthos and representative species of fish, because removal of sand and the
resultant changes in substratum type and composition, surface texture, water circulation and nutrient distribution
would affect benthic assemblages and the organisms that rely on benthic resources for food.

5.5.2.2 Europe

The studies undertaken in European waters provide some indication of the types and quantities of organisms lost
through dredging, rates of recolonisation and recovery of benthic assemblages after dredging.

A review of the impacts of dredging works on a variety of coastal habitats including muddy embayments, lagoons
and oyster shell deposits in the USA and sand and gravel deposits in the North Sea indicates that species
richness may be reduced by 30-70% and that the number of individuals and biomass in dredged areas may be
reduced by 40-95% (Newell et al. 1998). There is also evidence of declines in catch and drastic reduction of
stocks of bivalves exploited by artisanal and commercial fishers after dredging (Sarda et al. 2000; Van Dalfsen et
al. 2000). The impact of dredging is also likely to vary with the intensity of disturbance in a particular area and the
degree of disturbance of the sediment. In gravel deposits, the level to which the benthos is reduced by anchor
dredging depends on whether samples coincided with the middle of a dredge pit and the number of days elapsed
since dredging (Newell et al. 2004). It should be noted that in the Metromix project sand would have been
extracted from strips of seabed, the underlying sediments would have had a similar composition to those on the
surface and a large proportion of the extraction area would have been relatively undisturbed. This would facilitate
benthic recolonisation from adjacent areas, so the ecological effects would probably be less severe than those
associated with the use of anchor dredgers.

There is also a potential for impacts on marine organisms resulting from the sediment plumes generated by
marine aggregate extraction operations. Extensive plumes may develop in areas where screening of aggregate
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occurs and the impacts of these plumes may be more significant in deeper water where benthic assemblages are
less exposed to natural disturbances of their sedimentary regime (Hitchcock and Bell 2004). Trailer suction
dredges are likely to cause a much reduced plume at the suction head, because the dredging action creates a
slurry that entrains sand and fine materials. The physical impact of the material washed out through hopper
overflow spillways and reject chutes on trailer suction dredgers depends on the amount and grade of deposit that
is rejected by screening. The inorganic particulate load that is discharged generally settles a few hundred metres
from the point of discharge. Outwash can lead to the generation of surface slicks which may extend several
kilometres beyond the dredging site. There is evidence that these surface plumes may be associated with organic
enrichment generated by fragments of marine benthos that are discharged in outwash water (Newell et al.1999). It
has been hypothesized that such plumes may contribute to the enhanced benthic species diversity and population
densities noted in deposits surrounding dredged areas (Newell et al. 2004).

Recolonisation of dredged areas is generally relatively fast, occurring within a few months of the cessation of sand
extraction. This is due to the rapid increase in opportunistic species (Sarda et al. 2000; van Dalfsen et al. 2000;
Newell et al. 2004). Recovery of benthic assemblages to comparable pre-dredging conditions, however, takes
much longer with sites in the North Sea showing recovery within 2-4 years and those in the Mediterranean
expected to take even longer (Van Dalfsen et al. 2000; Sarda et al. 2000; Newell et al. 2004). In the North Sea,
species diversity in the extraction area generally returned to within 70-80% of that in surrounding sediments within
100 days, but restoration of population density and biomass to similar levels took 175 days and more than 18
months, respectively (Newell et al. 2004). There is also evidence of recovery resulting in assemblages that are
quite different in structure from that originally present, due to infilling of tracks with much finer sediment than was
originally present (Van Dalfsen et al. 2000). The rate of recovery of infaunal assemblages depends on successful
recruitment of larvae and immigration of mobile species, local hydrological conditions and the degree and duration
of changes in sediment composition caused by sand extraction (Van Dalfsen et al. 2000). It has also been noted
recovery is faster within narrow trailer-dredge tracks than in larger pits in the seabed caused by anchor-dredging
(Newell et al. 2004). Newell et al. (1998) pointed out that benthic assemblages characterised by long-lived, slow-
growing species with a slow rate of reproduction will probably take longer to recover species diversity and
population density, and to restore biomass by growth of individuals. Assemblages of this type are typical of stable
deposits in low-energy environments and areas where deposits are coarse. In areas that are subject to frequent
environmental disturbances, assemblages will be dominated by opportunistic species (Newell et al. 2004).

Hydrodynamic conditions and rates of sediment transport also influence the recovery of the seabed environment.
In deeper water, where conditions for regular redistribution of sediment are scarce, there is evidence of physical
changes in the substratum persisting for long periods and of recovery being dependent on irregularly-occurring
severe storms (Van Dalfsen ef al. 2000).

5.6 Social Impacts

Social impacts associated with the extraction of sand (in general and for beach nourishment purposes) have been
explored via desktop research and a review of previous studies. The following summary on international
exploration and mining experience has been extrapolated from a study undertaken by Commonwealth Scientific
and Industrial Research Organisation (CSIRO) to explore the social dimensions of expanding the seafloor
exploration and mining industry in Australia (CSIRO, 2007). An account of social acceptance of sand extraction
within the Australian context has also been outlined.

5.6.1 Literature Review
5.6.1.1 International Experience

Within the South Pacific Region there is strong government support for seafloor mining and exploration in New
Zealand, particularly for the seafloor mineral sand resources. Licences are currently granted under the
Continental Shelf Act 1964 which has no system for undertaking environmental impact assessments or engaging
the public.

Seafloor mineral resources are being explored in Papua New Guinea, Tonga and Fiji, however it appears
environmental issues are being addressed through applying regulatory framework relevant to land mining.

Japan is adjacent to a number of areas with high potential for future deep seabed mining and seafloor mining and
has been exploring both its exclusive economic zone (EEZ) and extended continental shelf (ECS) for these
resources. Current exploration work is being carried out under land-based laws in the absence of specific marine
minerals law.
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Within the European Union (EU), particularly the UK, Denmark, the Netherlands and France, significant sand and
gravel resources exist along the North European Inner Continental Shelf. Exploration and mining of marine
aggregates in this area is undertaken through a well organised system and has come about as a result of
immense pressure on land resources and the relative ease of cross-border markets with the introduction of the
EU. Environmental impact assessment appears to be a strong requirement of seafloor mining in the EU, with the
level of requisite assessment proportional to the size of the project.

The mainland United States has a rich resource base, however there is no mining for resources other than sand.
There has been a recent shift in focus to mining for resources other than sand with the creation of a new marine
regulatory framework.

Namibia and South Africa in southern Africa both have a well established marine mining industry, predominantly
focused on diamonds. Any risk to the industry as a result of a lack of social acceptance appears to be minimal,
however the southern African mining industry does suffer from conflict interactions with recreational and fishing
industries.

Brazil is actively engaged in exploration of its EEZ although it is not a highly prospective area.

India is one of the only countries in the world which has specific legislation related to marine mineral mining and
the government is strongly committed to exploiting all available sources within its EEZ.

Parallel with technological advances for seabed mining there is an emerging market for exploration in areas
outside EEZs. A number of groups currently hold seabed exploration contracts with the International Seabed
Authority (ISA).

On a global scale, with the exception of information that has come from the EU, it appears that seabed mining is a
relatively immature industry and due to lack of a specific marine regulatory framework in most countries,
environmental assessment and public participation is severely limited. As such, on a global scale, social
acceptance of seafloor mining appears to be largely undocumented at this point in time.

5.6.1.2 Australian Experience

The Australian Offshore Minerals Location Map (the result of a collaborative project between GeoScience
Australia, CSIRO’s “Wealth from Oceans” Flagship and Division of Exploration and Mining, and each of the State
and Northern Territory Geological Surveys) indicates that there is a wide range of minerals and commodity types
located off Australia’s coast in both the near-shore and deep-water environments. Various applications have been
made to extract these minerals for commercial purposes in recent years with little success. One such application
by Metromix was refused in the mid 1990s on grounds of significant environmental and perceived social impacts.

CSIRO has recently conducted three research components to investigate the social dimensions of seafloor
exploration and mining, including a desktop study of international experience in this area, an overview of the
Australian context, and a series of stakeholder meetings and community workshops. The focus of the research
was on marine mining and extraction of material, rather than the end use of material. Despite this, much of the
discussion appeared to focus on extracting material for commercial purposes with limited discussion surrounding
the option of using the material for beach nourishment.

Furthermore, the focus of the research was on extracting material from Commonwealth waters due to the current
opposition by NSW Government on seafloor mining in State waters. In general, it has been observed that the
people who have participated in workshops and meetings to date have been fairly non committal, although the
overall response to seafloor mining has been positive. The main concerns have centred on environmental impacts
predominantly due to the lack of knowledge about their extent. Another concern was raised: ensuring any material
that is extracted is used for Australian purposes and not exported for use overseas.

A future research programme may involve a study to explore the potential environmental impacts associated with
seafloor mining. The study would involve dredging specified volumes in a test study area within the marine
environment and monitoring the environmental impact (Jo Parr, CSIRO, pers. comm. 28 October, 2009).

Overall, the findings of the research undertaken by CSIRO indicate significant data gaps which have the potential
to lead stakeholders to make negative, reactionary and uninformed responses. CSIRO concluded that there are
three key areas that require further action if the seafloor exploration and mining industry in Australia is to expand:
. Build an information database.

. Enhance communication between stakeholders.

. Improve understanding of the policy and legislative process.
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At this stage there is no planned research that will focus on social acceptance of seafloor mining for amenity
enhancement such as beach nourishment.

Although the end purpose of the resources targeted for the present study differs to the CSIRO research (i.e. for
beach nourishment as opposed to commercial purposes), it is felt that in the absence of any specific research,
many of the findings of the CSIRO study would be relevant for this study, particularly with respect to the three key
areas that require further investigation.

Key Recommended Studies and Further Work

e  Community education and consultation on the requirement to use offshore sand reserves.
o Formation of working group/s with key stakeholders.
° Update ecological impact studies associated with extraction activities.
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The beach nourishment method can be a land based operation, an offshore operation or a combination of both.
Each method has engineering and operational constraints that influence the duration, cost and effectiveness of
the nourishment campaign. Environmental, business and social implications are also major considerations in
selection of the preferred method.

This section addresses aspects associated with beach nourishment methods and concludes with a recommended
sand placement approach.

Chapter Summary

From an engineering and economic perspective, beach nourishment utilising offshore placement (profile
nourishment) is the simplest, natural and most cost-effective solution. Environmental impacts are likely to be kept
to a minimum using this method, with the volumes of nourishment sand placed offshore of the same order of
magnitude as the storm demand (sand moved offshore) during a severe storm. An offshore nourishment
programme would not require beach closure and, therefore, most social and business activities would continue
without disruption.

6.1 Operating Constraints
6.1.1 Beach Closure

The frequency and duration of any potential beach closure are major considerations in the development of a
successful sand nourishment campaign. If sand is to be pumped directly onshore and groomed with earth moving
equipment, access to the beach will be restricted during operations. Consideration would also need to be given to
the time of year that nourishment activities could be conducted. For example, high usage summer periods would
be a less desirable nourishment time than lower usage winter periods.

6.1.2 Weather

The wave climate is an important operational consideration in the development of a sand nourishment campaign.
Both land-based (sand pumped onshore) and offshore (shallow water placement) sand nourishment techniques
will be affected by the wave climate. Therefore, the selection of the one nourishment technique over another is
relatively independent of the wave climate. However, in both cases the wave climate will influence costs of the
overall project. While sand extraction activities are limited to a significant wave height of 3m, nourishment
activities will need to be temporarily halted when the significant wave height exceeds 2.5m due to the use of
smaller vessels.

6.1.3 Water Depth

The near-shore water depth and slope governs how close to the shoreline the dredgers and hoppers can
approach. Distances that sand slurries will need to be pumped will be based on water depth criteria.

6.2 Sand Placement Methods

The following outlines sand placement methods for beach nourishment campaigns.
6.2.1 Offshore Placement

For large sand volumes, placement of sand offshore is usually the most efficient and cost-effective method.
Offshore placement of sand is by TSHD’s, split-hopper barges or spreader pontoons. Offshore sand placement
using a TSHD is shown in Figure 6.1. The concept behind the method is to deposit the material in shallow water
and allow it to be transported towards the beach by coastal processes. Hands and Allison (1991) have reviewed a
number of offshore nourishment projects and found that if the deposited depth is less than the closure depth, the
deposited sand will move landward. Although offshore placement may be more economical, it does not provide
the level of protection to upland property that direct on shore placement can. It is expected that an offshore
placement campaign would need to also incorporate a beach grooming (scraping) programme.
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Figure 6.1 Offshore Sand Nourishment (Photo Cronulla Beach 1998/99)

Temporary offshore mounds of sand are likely to persist for short periods following the nourishment campaign.
This may lead to short-term changes in near-shore wave breaking and wave refraction until the nourishment sand
is redistributed. The volumes of nourishment sand are of the same order of magnitude as the storm demand for a
large storm (e.g. 100 year storm). Therefore, short term changes in near-shore wave breaking and wave
refraction (following nourishment) would be similar to that experienced following a large storm.

6.2.2 Onshore Placement

Onshore sand placement is the most frequent method used for beach nourishment. Sand is placed along the
length of beach to be improved. The sand is normally delivered to the shore via a pipeline or directly sprayed on
to the shore (rainbow) from the dredger. Rainbow spraying can be restricted by water depth and vessel
manoeuvrability close to shore. Pipeline delivery is used where there is insufficient water depth for the TSHD to
manoeuvre close to the shore. Sand dredged using a CSD from nearby areas can be delivered via a pipeline to
the shore. Booster pumps are normally used to pump sand from a greater distance. Onshore nourishment
campaigns using pipeline and rainbow delivery methods are shown in Figures 6.2 and 6.3.

Figure 6.2 Nourishment Campaign Using Pipeline Delivery Method

The sand delivered to the shore is groomed using earth moving equipment to the desired design profile.
Reshaping of the final design profile by coastal processes will also occur with some sand moving offshore. At the
completion of the nourishment programme the beach width will reduce when some of the nourishment sand
moves offshore to create an equilibrium profile. A common public misconception with this method is that this
reduction in beach width is often perceived as a failure.
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Figure 6.3 Nourishment Campaign Using Rainbow Delivery Method
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6.2.3 Beach Scraping

Beach scraping is artificial re-profiling or grooming of the beach using existing beach sediments. Sediments are
scraped using dozers from the low water mark at low tide and placed at the back of the subaerial beach to form or
improve the dune system. Beach scraping is amongst the cheapest beach maintenance plans. However, the
process may have to be carried out several times before the right profile is achieved.

6.3 Environmental Impacts

Sandy beaches provide habitats for a surprisingly high diversity of plant and animal species (McLachlan and
Brown 2006). Most are small, buried and inconspicuous, but many achieve densities exceeding 10,000 per
square metre (Jones et al. 1991). A few have commercial or conservation significance (e.g. donacid clams,
onuphid beachworms, various birds, penguins). Consequently, beaches are far from the ecological deserts of
popular belief.

It is likely that the largest ecological effects of nourishment will occur in the near-shore environment where the
spoil will be deposited. Given that inter-tidal species a) live within the sand, b) can probably survive some degree
of burial (Maurer et al. 1986) and c) are adapted to sediment disturbance by waves, any nourishment effects on
the inter-tidal biota are likely to be small if sand gradually accretes to the beach face via wave action. However, if
sediments move rapidly and are contoured by bulldozing, effects may be substantial (Peterson et al. 2000). A
detailed description of environmental impacts together with a review of available literature is provided in Appendix
F.

In Australia, the ecological consequences of inter-tidal and subaqueous nourishment are virtually unknown, with
published studies limited to Jones et al. 2008. Relatively little is known about:

. Australia’s sandy beach and shallow subaqueous invertebrate and algal assemblages.

. The effects of deposition on subaqueous, near-shore biota (virtually no information).

. The effects of sand re-distributed from subaqueous near-shore deposition on inter-tidal biota (no
information).

. Changes to beach morphology induced by nourishment and the consequences for the inter-tidal biota.
. The ability of biota in borrow sediments to survive the sediment transfer process.

. The effects of any translocated biota on existing biota.

. Long-term ecological recovery.

. The cumulative effects of repeated nourishment.

. Indirect trophic effects on birds and fish.

. Best-practice protocols.

6.3.1 Inter-tidal Habitat
6.3.1.1 Impacts

In general, nourishment affects both functional (e.g. trophic cascades) and structural (e.g. changes to population
abundances and species richness) aspects of the shore ecosystem. Effects may be direct (e.g. benthos killed by
burial) or indirect (e.g. shorebirds or fish affected by the shortage of benthic prey or loss of nursery or nesting
areas) (Nelson 1993a, Peterson et al. 2006).

Most international nourishment research has targeted the effects of the deposition of sediments on inter-tidal

macrofaunal assemblages (Menn et al. 2003) or populations (Jones et al. 2007). The immediate impacts are

usually very large, either by assumed burial, by emigration or miss-matched sediment. These effects may be

compounded by changes to the beach morphology. For example, steepening of the foreshore creates a more
reflective beach and such beaches are usually poorer in species richness and abundance than dissipative or
intermediate beaches (McLachlan and Brown 2006).

The engineering process itself may also have ecological effects. For example, visual and noise disturbance can
affect the nesting and foraging of birds. Bulldozing to contour beaches may destroy dune vegetation and cause
compaction of sediments.
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6.3.1.2 Recovery

Since beach nourishment constitutes a “pulse disturbance” (Bender et al. 1984), recovery is highly likely unless
the habitat is greatly changed or the process is repeated at short intervals. Unfortunately, recovery is less well
studied than immediate impact but available information suggests that it can occur in weeks or months rather than
years (Speybroeck et al. 2006). A major factor affecting the speed of recovery is the matching of sediments i.e.,
whether the nourishment sand is similar to the original beach sand (Speybroeck et al. 2006). Imported sediments
that differ in having more shell hash or fines may cause long-term impacts. Other factors influencing recovery
rates include the depth of deposited sediment, the availability of interspersed refuges and seasonal timing.

It is also reasonable to suppose that sandy beach species are adapted to recovering from severe physical
disturbances because storm events have been a frequent feature of their evolutionary history (Hall 1994) and
rapid post-storm recovery has been observed (Ansell 1983). However, since climate change is also causing
seawater to become more acidic, and this will affect the calcium metabolism of many species, their ability to
withstand physical disturbances may become reduced.

6.3.2 Subaqueous Near-Shore Habitat
6.3.2.1 Impacts

Although this near-shore habitat is virtually unknown locally, other work (Clark 1997, Smith and Rule 2001)
suggests that several ecosystem components would probably be affected by the nourishment campaign. These
components include assemblages of a) benthic infauna, b) epibenthic / hyperbenthic invertebrates e.g., shrimps,
crabs and squid. c) fish and d) plankton. In addition, this environment serves as a nursery for larval fish (Lasiak
1981).

Of all these near-shore components, it is probable that the infauna would be most affected since they are
relatively immobile and would suffer burial, the factor that appears to most affect the inter-tidal biota. Other
components (fish, hyperbenthos) have greater ability to evade burial by swimming away or else their position in
the water column (plankton) means that they may only be affected by the raised turbidity likely to occur (Newell et
al. 1998). This factor would be of short duration and could be minimised by best practice techniques.
Nevertheless, turbidity would affect light penetration and planktonic photosynthesis. Not only would this affect the
plankton, it may affect the inter-tidal filter-feeding invertebrates that feed on plankton.

6.3.2.2 Recovery

Recovery of the subaqueous benthos may not be an issue if sediments can be laid down in shallow layers that
permit survival of the residents. Alternatively, if burial is too deep, the resident biota would be eliminated.
Acceptable burial depths would need to be determined. Subsequent recovery would proceed as for the inter-tidal
habitat with colonisation of the new sediments occurring via adult/juvenile migration and settlement of larvae from
the plankton. However, since the new sediments will move upshore there may be insufficient time for recovery
and the question then applies to the original underlying subaqueous sediments. In any case, it seems certain that
recovery will occur (Newell et al. 1998).

A final point concerns the possibility of biota surviving the transfer from deep borrow sites to the near-shore dump
sites. There is evidence that this has occurred elsewhere (Jones 1986). The consequences of introducing deep-
water species into shallow areas are unknown.

Effects on the water column will occur if turbidity becomes elevated. This may affect the gills of fish and the
photosynthesis of phytoplankton. However, it seems likely that mobile species such as fish would evade the turbid
area and return subsequently. Phytoplankton would either suffer temporarily depressed photosynthesis, or if
killed, would easily recover from nearby areas since the mixing is strong in this dynamic environment.

6.4 Social Impacts

For the purpose of this scoping study, information pertaining to the social acceptance of beach nourishment has
been gathered via a desktop media and literature review for the Sydney and NSW region, as well as a targeted
stakeholder workshop.

The purpose of the media review was to identify key related themes that have been reported in the local and State
media. Synthesis and analysis of this information provides an indication as to the extent of exposure of the
community to issues surrounding beach nourishment. The focus of the literature review was to reveal the
importance of the beach and coastal zone and identify key user groups. The targeted stakeholder workshop was

Revision C - 18 February 2010 48



Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise AECOM

held to capture opinions and thoughts from a limited cross section of beach users and to complement the desk
studies.

6.4.1 Media Review

Up until about five decades ago, the majority of shore protection undertaken in Europe consisted of hard
structures. Since the 1950s there has been a gradual shift from hard to soft protection measures in sandy coastal
zones. This is in contrast to Sydney, where there have been very few beach nourishment projects undertaken to
date. A review of media coverage of sand extraction and beach nourishment within Sydney, with a focus on each
of the three case study areas, was undertaken in an attempt to gather direct knowledge of issues pertaining to the
subject matter to date. The objective of the media review was to gather a set of key issues and concerns
associated with sand extraction and beach nourishment as portrayed in the media in an attempt to gain an
understanding of how the community and their representatives at local, State and Federal government levels may
respond to the project, identifying potential concerns and priorities.

A full list of articles reviewed as part of this study is presented as Appendix G.

Over the past decade, the subjects of beach erosion and beach nourishment have attracted medium levels of
media attention. Key areas of discussion have included the following:

. General acknowledgement of beach erosion on the Australian coastline including causes and
consequences.

. Support for beach nourishment from local councils and communities.

. Options available for beach nourishment.

. General support for offshore sand extraction for the purpose of beach nourishment.

A particular issue of debate has been the economic viability of offshore sand extraction for the purpose of beach
nourishment without the involvement of commercial organisations. Commentators argue that ultimately costs will
be recovered by selling up to 90 per cent of sand extracted to the construction industry.

A range of key issues and discussion points were present within the articles that were reviewed, including the
following:
. Acknowledgement that Sydney’s beaches are ‘shrinking’.
. The need to improve/maintain amenity of beaches for local communities.
. Impact of climate change — increased severity of storms.
. Current conditions are benefiting surfers — good breaks.
. Options for beach nourishment:
- Seawalls, sand nourishment onshore/offshore, purchase of affected properties
- Sources and suitability of sand
- Community opposition to seawalls
- Availability of offshore sand, quality and safety of sand used to nourish beaches
- Offshore sand extraction — enormous operation and very expensive
- Future of beach nourishment — offshore sources will be a regular part of life
- Historic opposition to offshore sand mining from State and federal governments
- Beach nourishment using offshore sand has been successful in other locations (outside NSW)
- Finding a balance between beach nourishment options
- Previous incident of poor quality building site sand being dumped on beach (Collaroy-Narrabeen).
. Offshore Sand Extraction:
- Off shore sourcing may not be popular
- Impact of offshore sand mining on the ecosystem — can be sustainable if done properly
- Preferred by some environmentalists over onshore mining of sand
- Support from local councils
- General support for extraction if used for beach nourishment
- Acknowledgement of adverse environmental impacts for offshore sand extraction.
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. Cost:

- Focus on economic cost — cost of doing nothing (property loss) versus cost of nourishing beaches.
. Commercial:

- Benefits of offshore dredging for mining and construction companies

- Costly operation — sell sand to construction industry to make up costs

- Commercial mining of offshore sand will allow beach nourishment to take place — not economically
viable unless mines are created for the building industry

- Council purchase of beachfront properties.
. Community:
- Economic impact on communities if nothing done
- Impact on residents adjacent to beaches — loss of property and property value
- Rise in sea levels could impact properties and public infrastructure
- Disruption to community while dredging and nourishment is carried out
- Expensive beach front properties — political motivation?
- Impact on water based recreational activities e.g. changes in wave patterns for surfers.

6.4.2 Targeted Stakeholder Workshop

A targeted stakeholder workshop was held on 11 August 2009. The objective of the targeted workshop was to
gather real (as opposed to perceived) issues, concerns and opinions from representatives of key user groups in
the coastal zone who may be directly or indirectly affected (both positively and negatively) by activities associated
with sand extraction and beach nourishment. It was felt that activities associated with beach nourishment would
have a greater impact on a broader range of interest groups and stakeholders when compared with sand
extraction. As a result the focus of the workshop was on potential impacts associated with the former.

Although social and environmental concerns pertaining to the coastal zone are closely intertwined, the focus of
the workshop was on social issues only. As such, no representatives from environmental groups were invited.
Environmental issues will be discussed in workshops to be held as part of later stages of the project development.

6.4.2.1 Participants

Interest groups were identified based on their perceived interest in the subject matter. A range of interest groups
were invited in an attempt to capture as much of a representative cross section of stakeholders and interested
parties, with varying interests and agendas, as possible within limited time and budgetary constraints. A record of
stakeholders who were invited and attended is presented in Table 6.1.

It is envisaged that this workshop will be the first of many similar workshops and community consultation sessions
that will be held as part of the planning phases of this project.

Table 6.1: Stakeholders who were invited to the targeted workshop held on 11 August 2009

Invited Attended
Tourism NSW Strategy Unit Aaron Spadaro Yes
Surf Life Saving NSW Steve Mclnnes Yes
Dean Storey
All at Sea Solutions Roland Persson Yes
Bravo Fishing Charters Captain John Paton Yes
Recreational Fishing Alliance of NSW Malcolm Poole Yes
Australian National Sportfishing Association Ltd John Burgess Yes
Surfrider Foundation Brendan Donahue Yes
Diving Groups Jayne Jenkins No
Carl Falon
Richard Nicholls

The general public are an important stakeholder but were not consulted as part of this study. It was felt that, given
the highly sensitive nature of the subject matter, it would be best to capture the views of the general public once
the findings of the scoping study were revealed and a comprehensive and technical data set is available to
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present. In this way the general public would be receiving up to date and reliable information that would allow
them to make a well-informed decision.

It is recommended that the general public is consulted in accordance with a Consultation and Communication
Strategy developed as part of the next phase of planning for the project.

6.4.2.2 Method

Comments and viewpoints of the participants were gathered during the targeted workshop by open discussion.
The workshop was convened by asking open-ended questions and allowing the workshop participants to respond
in a semi-structured manner. That is, participants were allowed to respond freely in the first instance, with the
convener guiding the discussion to obtain responses from some participants when it was felt necessary.

Attendees were encouraged to provide input during the workshop but were also informed that written comments
would be welcome and accepted following the workshop. This option was provided to ensure that all participants
felt they had ample opportunity to respond either within the workshop environment or following it.

The workshop was divided into three sessions, the first of which began by asking participants about the nature of
their interest in the beach and coastal zone. This session focused on gathering values that the participants
associated with the beach and coastal zone. The second session focused on gathering general issues and
concerns of the participants regarding the beach and coastal zone, particularly with respect to loss of values
identified in the first session. The third session focused on the particular subject matter and sought to gather
comments and concerns that the participants had with respect to sand extraction and beach nourishment. The
purpose of leading the participants through the sessions was to facilitate an outcome that was founded on their
values.

A copy of the workshop minutes is presented as Appendix G. A summary of information gathered at the workshop
is presented in Table 6.2.

Table 6.2  Information gathered during the targeted stakeholder workshop

Session Key Discussion Points

Beach and coastal zone values Recreation and lifestyle

- Sporting pursuits

- Health benefits

- Family enjoyment
Historic symbolism
Commercial opportunities

Issues and concerns with existing beach Climate change and sea-level rise,
environment coastal erosion

- Loss of amenity

- Safety issues

- Loss or damage to facilities and

heritage and cultural sites

Altered conditions and impact on
recreational and commercial fishing

Issues and concerns associated with sand Timing and duration
extraction and beach nourishment - Impact on marine ecology
- Impact on beach users
Nourishment technique
- Impact on commercial and
recreational fishing
Short and long term changes to surfing
conditions
Who pays?
Sand extraction approval for beach
nourishment may set precedence for
commercial extraction
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6.4.3 Users of the Coastal Zone

The importance of the beach and coastal area for the Australian community and tourists alike is widely recognised
and documented. Furthermore, in recent years many studies have documented the importance of the beach and
coastal zone within NSW and the Sydney metropolitan area

Beach users may frequent the beach and coastal zone for a wide range of reasons including: to be outdoors,
exercise, relaxation, spend time with family and friends, sunbathing, diving and fishing, to name but a few.

One of the most well documented activities within the coastal area is recreational and professional surfing. The
definition of surfing incorporates all activities where the participant is riding a wave and includes those who ride
long boards, short boards, boogie boards and those that body surf.

A study undertaken on behalf of Tourism New South Wales in 2007 found that NSW captures 50% of the
domestic surf market and the majority of the backpacker segment (Calais Consultants and Dhatom Tourism
Consultants, 2007). This is due in part to the accessibility of the surfing coastline and beaches, and an existing
and established urban beach culture, particularly in the Sydney region.

As testament to the popularity and importance of surfing, there have been previous attempts to rank surf beaches
in Australia. Based on one such ranking listed on a surfing website in 2007 (Realsurf website 2009), NSW has 77
of the top 100 surf beaches in Australia. Two of the top ten beaches (North Narrabeen and Shark Island) are
located within the Sydney metropolitan region and a further eight Sydney beaches are located within the top 502.

It has been estimated that approximately 2.9 million people participated in surfing during the period of the 2006/07
Sweeney Sports Report. This figure is higher than the national figures for participation in netball, basketball and
soccer. Interest in surfing is reportedly even higher with approximately 27% of the national population showing an
interest by being a participant, spectator or keeping up to date with competition results through media reports. It
should be noted that the Sweeney Sports Report survey is undertaken in national capital cities only and therefore
major regional centres, including Wollongong and Newcastle and the north coast of NSW are not represented. In
addition the survey excludes people under 16 years of age. As such, given the limited reaches of the survey, it is
believed that the actual participation and interest rates are higher than those reported in the Sweeney Sports
Report (Surfing Australia, 2007).

According to a study on surf tourism in NSW, almost half of the overnight trips taken between 2004 and 2006
were during the months of January, February and March. This indicates that the primary surfing season is in
summer and this would be reflected at all surfing locations within the Sydney metropolitan region and NSW.

In addition, surfing is extremely popular with backpackers and results of TNT Magazine surveys undertaken in
2005 and 2006 reveal that approximately 60% of backpackers indicated they would be likely to undertake surf
lessons while visiting NSW.

Consequently, it is evident that surfing is extremely important as a recreational activity for both residents and
visitors. The timing and duration of beach nourishment would need to consider Council applications and plans for
upcoming professional surfing events. For instance, there are five World Championship Tours licensed to
Australia, including the Beachley Classic at Manly. NSW also plays host to many World Qualifying Series
including the Australian Open held at Cronulla in March 2009. Other national events, including one off events
such as the Roxy Learn to Surf Jam, which is an all girls learn to surf camp across Queensland, NSW, Victoria,
South Australia, Perth and New Zealand, should be considered.

Surf events, such as NSW Surf Life Saving Championships, are another example of important events regularly
held on beaches within the Sydney metropolitan region. The Surf Life Saving Championships were held in
Cronulla in March 2007 and approximately 9000 competitors participated. In 2009, Surf Life Saving NSW events
were held in Cronulla, Manly and Narrabeen, while an international Surf Life Saving event (World Masters
Games) were held in Manly in October 2009. In addition, there are regular carnivals held over the summer at
Cronulla, Queenscliff, Wanda, Manly, and Freshwater.

Surf Life Saving NSW (SLS NSW) is the NSW branch of Surf Life Saving Australia. SLS NSW aims to ‘supply
services that minimise danger and prevent loss of life or injury to beach users in a beach and aquatic
environment’. SLS NSW has saved more than 300,000 lives since recording began in 1949. The organisation
makes an invaluable contribution to NSW by providing safe environment for beach visitors. In addition, Surf Life

2 The reference to the top 50 beaches in Australia was sourced from in 2007. The
web link was not active at the time of writing.
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Saving NSW is dependent on funding from sponsors. Funding is obtained from many sources including hosted
ocean swims. The timing of nourishment activities thus has the potential to impact on the fundraising capacity and
day-to-day functions of SLS NSW.

This recognition of the importance of surfing and Surf Life Saving NSW events within Sydney and across NSW
reinforces the need for careful and thorough planning prior to commencing a beach nourishment project. It also
reinforces the importance of the beach to residents and visitors within Sydney and across NSW.

6.5 Recommended Nourishment Technique

From an engineering and economic perspective, beach nourishment via offshore placement is the simplest and
most cost effective solution (Figure 6.1). Environmental impacts are likely to be kept to a minimum using this
method with the volumes of nourishment sand placed offshore of the same order of magnitude as the storm
demand (sand moved offshore) for a large storm event. An offshore nourishment programme will not require
beach closure and therefore social and business activities can continue without disruption.

The recommended water depth for placement of the nourishment sand is principally based on both operational
criteria and sediment transport processes. From a sediment transport perspective the water depth should not be
greater than approximately -10m AHD. Beyond approximately -12m AHD, Nielsen (1994) found that active
sediment transport and seabed fluctuations diminish rapidly.

Figure 6.4 Measured Beach and Near-shore Seabed Fluctuations (Nielsen 1994)

From an operational perspective, the placement of the nourishment sand should be seaward of the breaker zone,
at say -5m AHD. The proposed barges and spreader pontoons to be used for depositing the nourishment sand
have drafts that limit operations to a minimum of approximately -5m AHD. Therefore, the sand will need to be
placed in water depths between -5m AHD and -10m AHD. Based on a 1 in 50 beach slope, this is equivalent to a
deposition width of 250m. For the first nourishment campaign the volume of native sand required is 300m%m
length of beach. The equivalent mean sand depth across the deposition width is therefore 1.2m. Seabed
fluctuations, based on Figure 6.4, indicate that higher natural variability can be expected.
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Figure 6.5 Method 1- Spreader Pontoon

Sand placement methods have been discussed with dredging contractors. Two options were considered feasible,
both with similar cost structures. The preferred placement methods are:

Method 1

A TSHD would be used to extract the sand from the designated offshore sand body and then sail under its own
power to the nourishment site. The TSHD has a large draft (>10m) and the sand will be transferred via pipeline to
a spreader pontoon at the deposition site (-5m AHD to -10m AHD) and then placed on the seabed (Figure 6.5).

Method 2

The second method involves double handling of the extracted sand. A TSHD would be used to extract the sand
from the designated offshore sand body and then sail under its own power to offshore of the nourishment site.
The sand would be discharged to the seabed in approximately 20m water depth (temporary storage site). A
smaller TSHD (Figure 6.6) would then excavate the sand from the temporary storage site and sail close to the
shoreline, placing the sand within the nourishment zone (-5m AHD to -10m AHD).

Figure 6.6 Method 2 — Small Trailer Suction Hopper Dredge

Key Recommended Studies and Further Work

e  Community education and consultation on sand placement.

o Formation of working group/s with key stakeholders.

° Mapping of subaqueous, inter-tidal and subaerial ecology.

° Extensive ecological impact studies associated with sand placement activities.
e  Survey monitoring of sand nourishment campaign performance.
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Costs for the nourishment programme have been estimated to facilitate the cost-benefit assessment of the
project. Costs are based on an economy of scale approach. It is envisaged that all of Sydney’s oceans beaches
will initially be nourished over a single specified period of time, and subsequently at trigger values (intervals) of
approximately every 10 years.

The first nourishment campaign is based on the extraction and placement of 12Mm?® of Cape Banks or similar
sand. Subsequent nourishment campaigns are based on the extraction and placement of 4Mm?® of sand that is of
equivalent suitability to the Cape Banks sand deposits and is of similar sailing distance to all beaches.

Estimated costs have been developed following discussions with several dredging contractors. While the costs
are order of magnitude estimates, the cost-benefit assessments for each of the three case study beaches include
a sensitivity analysis based on a 30% increase in project cost estimates.

Costs for the first nourishment campaign are contained in Table 7.1 and costs for subsequent nourishment
campaigns are contained in Table 7.2. All costs are based on present day values. Costs for the first nourishment
campaign are estimated at $25/m® of sand and costs for subsequent nourishment campaigns are estimated at
$30/m° of sand.

A sand nourishment volume has been included for the Narrabeen Lagoon flood tide delta. While, nourishment of
Narrabeen Lagoon entrance is not an objective of the campaign, additional sand would migrate to the flood tide
delta as sea level rises. This sand would originate from Collaroy-Narrabeen Beach and therefore, an allowance
has been made for this coastal process. The migration of sand to the entrance in response to sea-level rise
would not alter the present lagoon entrance maintenance regime.

Within each of the nourishment campaigns, a fee has been allocated for a royalty payment to the leaseholder for
extraction of the sand. This may or may not be required, but will be subject to further investigation and
negotiation. Project fees extend well beyond the time period required to nourish all of the beaches. Fees would be
incurred throughout the duration between subsequent nourishment campaigns. For example, fees have also been
allocated to undertake annual hydrographic surveys of all nourished beaches, continuous environmental
monitoring and ongoing project management.

Within the first nourishment campaign additional fees have also been allocated to geotechnical considerations,
the establishment of environmental monitoring programmes, the environmental approval processes and social
workshops. As such, additional project management fees have also been allocated to the first nourishment
campaign.

Chapter Summary

The first nourishment campaign is based on the extraction and placement of 12Mm?® of Cape Banks or similar
sand. Subsequent nourishment campaigns are based on the extraction and placement of 4Mm?® of sand that is of
equivalent suitability to the Cape Banks sand deposits. The first nourishment campaign is estimated to cost
$300M at a unit rate of approximately $25/m® of sand. The second and subsequent nourishment campaigns are
estimated to cost $120M at a unit rate of $30/m> of sand.

Assumptions and explanatory notes addressing the fee breakdown in Tables 7.1 and 7.2 are as follows.
Direct Dredging and Nourishment Costs

Mobilisation and demobilisation cost - A THSD and associated equipment with the capacity to undertake a
nourishment campaign of this magnitude will need to be engaged from an overseas location. The first
nourishment campaign also includes initial set-up costs and site establishment that will not need to be budgeted
for in the subsequent nourishment campaigns.

Operating unit cost — This is the unit rate to extract the sand, transport it to the beach and profile nourish. The unit
rate of $15/m> is much higher than estimates for campaigns such as Byron Bay with unit rates estimated by PBP
(2006) of $2.80 to $5.80 depending on the adopted methodology. The unit rate of $15/m® considers down time
due to weather and maintenance, the large sailing distances between the borrow source and nourishment site,
and the sand placement methodologies (i.e. the potential double handling).
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Royalties — The current leaseholders of potential sand sources have invested in the exploration of the lease
areas. A fee has been allocated for the payment of sand from the present leaseholders.

Environmental management — The dredging contractor will have environmental monitoring and compliance
requirements that will need to be met for the nourishment campaign. The cost has been based on other dredging
programmes and is estimated at 5% of the total operating cost.

Associated Project Costs

Pre and post construction survey — Prior to the commencement of a nourishment campaign the sand extraction
zone and all beaches would need to be hydro-surveyed. Surveys would also be required at the completion of the
nourishment of each of the beaches and the extraction zone.

Yearly post construction monitoring survey — Annual post construction surveys of each of the beaches is required
to monitor the performance of the nourishment programme.

Beach sediment sampling and analysis — A more detailed understanding of the sediment characteristics at each
of the beach sites is required. At present, beach sediment data is very limited. Beach sediment characteristics are
critical in estimated required beach volumes.

Geotechnical investigation (Sand source coring) — Volumes and compatibility of sand sources requires further
investigation. Borrow sand compatibility is critical in estimating required beach volumes. Cape Banks has been
identified as the most suitable sand body for the first nourishment campaign. In subsequent nourishment
campaigns, alternate sand bodies may be required. Funding has been allocated to investigate other sand bodies
for the subsequent nourishment campaigns.

Environmental studies — Mapping of existing benthic and mobile flora and fauna in both the subaerial and sub-
aqueous environment for Sydney’s beaches would be required prior to the commencement of a nourishment
campaign.

EIS and EMP — Ecological and environmental monitoring programmes will need to be established to meet
statutory, scientific and community requirements. These programmes would be ongoing.

Social workshops — Workshops would need to be scheduled for each of the beaches to be nourished to inform
and educate the community on the nourishment campaign. A budget has been allocated for the first nourishment
campaign only.

Programme management — Management of the dredging consultant, community liaison, reporting and
performance monitoring have been budgeted within the project management budget. In the first 10 years, 3
people have been allocated on a full-time basis. In subsequent campaigns this has been reduced to 2 full-time
workers.

Design and tender documentation — A budget of 8% of the “associated project costs” has been allocated to
engineering design and contractual components of the nourishment campaign
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Table 7.1 First beach nourishment campaign (10 years)

AECOM

Type Total Cost Breakdown
Total Volume of Nourishment Sand 12,000,000 m®
Mobilisation and demobilisation cost $15,000,000
Operating unit cost $15.00/m’
Direct Dredging and Nourishment Total operating cost $180,000,000
Costs Royalties $24,000,000 $2/m?
Environmental management $9,000,000 5% x operating cost
Total dredging and nourishment cost $228,000,000
Unit cost for dredging and nourishment $19.00/m®
Pre and post construction survey $5,000,000 2 surveys
Yearly post construction monitoring survey $10,000,000 10 surveys
Beach sediment sampling and analysis $250,000 500 samples x $500
Geotechnical investigation (Sand source coring) $5,000,000
Environmental studies $10,000,000 31 beaches + 1 lagoon
Social workshops (31 beaches) $792,000 2 person x 20 hours x $200/hour );viilkt;ii%r;es x 3 workshops + 6 contingency
Associated Project Costs EIS for sand source area $500,000 1 sand source area
EIS and EMP for beaches $15,000,000 31 beaches + 1 lagoon
Programme Management $11,700,000 3 person x 37.5 hours/week x $200/hour x 52 x 10 years
Subtotal $58,242,000
Design and tender documentation $4,659,360 8% x subtotal
Contingency $8,736,300 15% x subtotal
Total associated project costs $71,637,660
Average Sand Volume Unit Rate $24.97/m®
Total Project Cost $299,637,660
Beach Length / Area Volume (m®) Cost
Collaroy/Narrabeen 2813m 1,125,200 $28,096,025
Narrabeen Lagoon 458,295m2 137,489 $3,433,061
Case Study Areas Manly 1563m 625,200 $15,611,122
Cronulla 3788m 1,515,200 $37,834,249
Totals 3,403,089 $84,974,456
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Table 7.2 Second and subsequent beach nourishment campaigns (10 years)

Type Total Cost Breakdown
Total Volume of Nourishment Sand 4,000,000 m*
Mobilisation and demobilisation cost $10,000,000
Operating unit cost $15.00/m>
Total operating cost $60,000,000
Dredging and Nourishment Costs - 3
Royalties $8,000,000 $2/m
Environmental management $1,500,000 5% x operating cost
Total dredging and nourishment cost $79,500,000
Unit cost for dredging and nourishment $19.88 / m°
Post construction survey $2,500,000 1 survey
Yearly post construction monitoring survey $10,000,000 10 surveys
Beach sediment sampling and analysis $250,000 500 samples x $500
Geotechnical investigation (Sand source coring) $7,500,000 New sand source area
EIS for sand source area $500,000 1 sand source area
Associated Project Costs EIS and EMP for beaches $5,000,000 31 beaches + 1 lagoon
Programme Management $7,800,000 2 person x 37.5 hours/week x $200/hour x 52 x 10 years
Subtotal $33,550,000
Design and tender documentation $2,684,000 8% x subtotal
Contingency $3,355,000 10% x subtotal
Total associated project costs $39,589,000

Average Sand Volume Unit Rate $29.77/m®
Total Project Cost $119,089,000
Beach Length / Area Volume (m?) Cost
Collaroy/Narrabeen 2813 m 374,973 $11,163,787
Narrabeen Lagoon 458295 m? 45,830 $1,364,447
Case Study Areas Manly 1563 m 208,348 $6,202,986
Cronulla 3788 m 504,940 $15,033,212
Totals 1,134,091 $33,764,432

Revision C - 18 February 2010

AECOM

58






AZCOM

Chapter 8
Case Study 1:
Collaroy-Narrabeen Beach







Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise AECOM

This chapter considers the social and economic implications of a sand nourishment campaign for Collaroy-
Narrabeen Beach.

Chapter Summary

Collaroy-Narrabeen Beach is an intensely developed residential precinct, is popular with the surfing community
and has restricted beach amenity and access following storms. For the “do-nothing” scenario properties along
Collaroy-Narrabeen Beach will become more susceptible to storm hazards as beach amenity width reduces.

The placement of 1.3Mm® (or 400m°/m length of beach plus 140,000m® for the Narrabeen Lagoon tidal delta) of
sand from the Cape Banks borrow site would improve beach amenity by extending the mean beach width. This
would also provide some additional buffer for storm erosion demand.

The cost-benefit analysis demonstrated that the proposed beach nourishment programme is economically viable
— it produced a net present value of $42M, a benefit-cost ratio of 1.6 and an economic internal rate of return of
12%. The high economic rate of return for Collaroy-Narrabeen Beach is due to the intensely developed shoreline.

Collaroy-Narrabeen Beach is located 20km north of the Sydney CBD. It is the second longest beach in Sydney
with a shoreline length of 3.6km and extends from Narrabeen Head to the Collaroy baths. The southern section of
the beach is called Collaroy and the northern section is known as Narrabeen. Narrabeen Lagoon is a prominent
environmental and recreational feature located at the northern end of the beach.

The area was first settled by Europeans in the early 19th century (Figure 8.1). The Sydney tram line was
extended to Narrabeen in 1913 and the area quickly became a popular destination for camping and other
activities. Throughout the 20th century the shoreline along the beach was extensively developed and today
Collaroy-Narrabeen beach is the most intensely developed and highly capitalised shoreline in NSW (Hennecke et
al. 2004). The beach is serviced by four surf lifesaving clubs; North Narrabeen, Narrabeen, South Narrabeen and
Collaroy. Professional lifeguards from Warringah patrol the beach, as well as volunteer surf life savers on the
weekends during the swimming season.

Figure 8.1 Collaroy Beach 1907 (National Library of Australia) and August 2009 (WRL Coastal Imaging Camera)

Although not as popular among tourists as Manly Ocean Beach to the south, Narrabeen holds its own place in the
Australian psyche. The Narrabeen section of the beach is one of the most popular and consistent surf breaks in
Sydney and has produced more world champion surfers than any other area in Australia. During the 1960’s and
1970’s Narrabeen was at the forefront of surf culture and surfboard design. Simon Anderson, from Narrabeen, is
widely known for having invented the “three fin thrusters” which has become the most popular fin arrangement of
all time, with millions of versions of the original design developed and sold around the world. The beach is also
popular for swimming and fishing.

Collaroy-Narrabeen Beach has a long history of storm erosion (Figure 1.2). Major storms in 1945, 1967 and 1974
caused erosion to dunes and damage to property. As the most at risk and highly capitalised shoreline in NSW, a
suite of coastal process studies, hazard definition, management studies and emergency plans have been
developed. It is one of the most intensively studied beaches in Australia. Extensive data sets have been acquired
by the University of New South Wales Water Research Laboratory (WRL) and University of Sydney Coastal
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Studies Unit (CSU). The CSU has undertaken monthly beach profiles at selected locations since 1976. More
recently WRL has installed and operated ARGUS cameras from the roof of a high rise apartment block on the
beach face. These data sets provide an indicator of beach response to storm events and longer term beach
behaviour to dominant wave directions.

The Collaroy-Narrabeen Coastline Management Plan was adopted by Council in 1997 (Warringah Council 1997).
The plan identified management strategies for dealing with coastal erosion along the beach. Management
strategies included: 1) protective works; 2) environmental planning; 3) development control and conditions, and;
4) dune management. The protective works included an upgrade of ad-hoc seawalls constructed in front of
approximately 55 properties. The proposed seawall upgrade was met by very strong community opposition
(Figure 8.2).

Figure 8.2 Collaroy-Narrabeen Beach 1991 Hazard Lines and Beach Users Protesting Against the Proposed Seawall

Collaroy-Narrabeen Beach has been selected as one of the three case study beaches because it is an intensely
developed residential precinct, it is popularity with the surfing community and access is routinely restricted
following storms.

8.1 Physical

The beach is composed of fine to medium quartz sand with around 30% carbonate (shell) content. Harley (2009)
reports a grain size Dso of 0.3mm for Collaroy—Narrabeen Beach. Patterson Britton and Partners (1993) reports a
grain size Dsg of 0.34mm for Collaroy—Narrabeen Beach. The wave climate at Collaroy-Narrabeen is generally
from the northeast through to southeast with an average Hs of 1.6m and Tp of 10s (Short & Trenaman 1992). It
has a mean spring tide range of 1.3m (Short et al. 2000).

The entrance to Narrabeen Lagoon features a large flood tide delta consisting of sand transported from Collaroy-
Narrabeen Beach. This sand is removed on a regular basis (every 3 to 4 years) to alleviate rainfall-runoff flooding
of properties adjacent to the lagoon and to maintain tidal flushing within the lagoon. Typically 40,000m® to
45,000m® of sand has been removed during each of the last three clearance operations in 1999, 2002 and 2006
(Cameron et al. 2007). The removed sand was used to replenish Collaroy-Narrabeen Beach.

There are nine primary stormwater outlets along Collaroy-Narrabeen Beach, the majority of which discharge at
the back of the beach. These are located at:

. Collaroy Rock Baths.

. Collaroy Street (outlet in the surf zone).

. Frazer Street.

. Ramsay Street.

U Goodwin Street.

e  Albert Street.

. Octavia Street.

° Tourmaline Street.
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° Malcolm Street.
The stormwater outlets cause localised scour during rainfall runoff events.
Collaroy-Narrabeen Beach is essentially a closed sediment system bounded to the south by an extensive

underwater bed-rock ridge extending seaward from Long Reef and bounded to the north by Turimetta Headland
(Figure 8.3).

.'rJ.J_ 5

-

Figure 8.3 Collaroy-Narrabeen Beach

NSW Public Works Department (PWD 1987) undertook photogrammetric analysis for the period 1941 to 1986 and
estimated a historical long-term recession of Collaroy-Narrabeen Beach of 0.1+0.1m/yr. Nielsen Lord Associates
(1990) adopted a net sediment loss of 1.5m*/m/yr for hazard mapping along Collaroy-Narrabeen Beach which is
equivalent to the PWD (1987) upper bound rate of 0.2m/yr. The historical long-term recession estimate of 0.1m/yr
between 1941 and 1986 is close to what could be expected due to climate change sea-level rise over the same
period.

Dr Andrew Short from the University of Sydney commenced regular (approximately monthly) cross-shore surveys
in April 1976 at 5 transects along Narrabeen-Collaroy Beach. Dr Short continued his transect surveys until July
2005 when Mitch Harley of UNSW (PhD student) continued regular surveys using a GPS unit mounted on a quad
bike. Harley’s work enabled full survey coverage of the beach above Om AHD. These data sets (up to August
2008) have been plotted by Peter Horton of Worley Parsons (pers. comm. September 2009) as statistical beach
widths and are reproduced in Figure 8.4.
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Figure 8.4 Collaroy-Narrabeen Beach Width July 2005-August 2008 (Source: Peter Horton, Worley Parsons)

AECOM

The average beach width for Collaroy-Narrabeen Beach was approximately 50m during the period July 2005 to

August 2008, although spatially along the full extent of the beach the average width varied from 30m to 70m

(Figure 8.4). The narrowest beach section was around Wetherill St, where minimum widths of less than 10m were

surveyed.

8.1.1

Do Nothing Scenario

The average beach width for Collaroy-Narrabeen Beach was approximately 50m during the period July 2005 to
August 2008, although spatially along the full extent of the beach the average width varies and is only 30m at
Wetherill St (Figure 8.4). Assuming that the dune face would not be permitted to migrate landwards, and using an
upper-bound estimate of a 0.1m rise in sea level every 10 years, the beach width will theoretically reduce a further
5m every 10 years. Therefore, in 50 years the average beach width is predicted to reach half its present extent
and there will be a total loss of beach amenity near Wetherill St.

The average beach volume above Om AHD in 30 years would be comparable to the minimum beach width
recorded over the period July 2005 to August 2008 (Figure 8.4). The risk to private property and mapping of

hazard lines has been extensively documented in Nielsen Lord Associates (1990). The findings of their report is

presently being updated by Worley Parsons using more recently published climate change sea-level rise

estimates. Properties along Collaroy-Narrabeen Beach will become more susceptible to storm hazards as beach
width reduces.
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8.1.2 Nourishment Requirements

The volume of native sand required to accommodate past sea-level rise (0.2m), as well as that projected to occur
over the next 10 year period (0.1m) is 1Mm®. The placement of 1Mm® would improve beach amenity by extending
the mean beach width from 50m to approximately 65m. This is equivalent to 1.3Mm?® (or 400m*/m length of beach
plus 140,000m? for Narrabeen Lagoon tidal delta) of sand from the Cape Banks borrow site. This would also
provide some additional buffer for storm erosion demand. A sand nourishment volume has been included for the
Narrabeen Lagoon flood tide delta. While, nourishment of Narrabeen Lagoon entrance is not an objective of the
campaign, additional sand would migrate to the flood tide delta as sea level rises. This sand would originate from
Collaroy-Narrabeen Beach and therefore, an allowance has been made for this coastal process. The migration of
sand to the entrance in response to sea-level rise would not alter the present lagoon entrance maintenance
regime.

Subsequent nourishment campaigns are scheduled at sea-level rise increments of 0.1m (i.e. each 10 years). This
is equivalent to approximately 130m%m length of beach of sand from the Cape Banks borrow site.

8.2 Environmental

There are no published studies of the inter-tidal and subaqueous biotic assemblages at Collaroy-Narrabeen
Beach. However, Collaroy-Narrabeen Beach is known to contain a number of aquatic habitats, including inter-tidal
rock platforms, subaqueous rocky reefs, sandy beaches and subaqueous soft sediments.

The biota of Sydney’s ocean beaches and Collaroy-Narrabeen Beach comprise the following components:

a) Vascular plants (and associated invertebrates) occupying dunes above high water.

b) Air-breathing species on the upper beach including crustacean and insect assemblages inhabiting seaweed
wrack and ghost crabs.

c) Shore birds.
d) The assemblages living under the inter-tidal sand.
A general description of the biota assemblages for Sydney’s beaches is provided in Appendix F.

8.21 Do Nothing Scenario

A substantial length of Collaroy-Narrabeen Beach is backed by seawalls. These seawalls are ad-hoc structures,
are not certified and are unlikely to be fully protective in the long-term. Sea-level rise will cause the beach to
migrate landwards which is likely to result in the failure of many of these seawall structures. In such cases, the
beach ecosystems would probably remain intact (albeit littered with seawall debris) with urban infrastructure being
progressively impacted. In other cases, where the seawall structures remain intact, the beach width would reduce
until no inter-tidal beach remains, resulting in a deterioration of the beach ecosystem.

8.2.2 Nourishment Impacts

The generic inter-tidal and subaqueous ecological impacts of a nourishment campaign for all of Sydney’s beaches
are described in Section 6.3 and Appendix F of this report. Of particular concern at Collaroy-Narrabeen Beach is
the potential smothering of the subaqueous rocky reefs and their associated flora and fauna. Nourishment could
potentially result in the permanent loss of subaqueous rocky reef habitat. The presence or extent of seagrass
beds and kelp fields is presently unknown.

Monitoring of these key ecological issues will need to be considered as part of a proposed nourishment campaign.

8.3 Social

Community Priorities

The Warringah community and their Local Government representatives have a high level of interest in preserving
their natural environment. Warringah'’s vision for the future as presented in ‘Living Warringah 2005’ (Warringah
Council 2005) states: ‘A vibrant community, improving our quality of life by living and working in balance with our
special bush and beach environment'.

The community’s key priority areas for the future include:

. Living Spaces — A relaxing, enjoyable and safe environment with ease of access to shops and facilities.
. Living Environment — Providing a legacy to future generations through conservation of the local environment.
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. Living Community — A sense of community belonging that encourages community participation and
involvement by residents.

. Living Enterprise — A range of businesses and services that provide job opportunities and encourage visitors
to the area without compromising the environment.

Media Review

The Collaroy-Narrabeen Beach is widely cited in the media as one of the most vulnerable to coastal erosion in
Australia. Mitigation measures addressed in the media have included building seawalls, buying back properties
and sourcing sand from other locations. In 2002 the community voiced strong opposition to the proposal of a sea
wall and the other options have been deemed expensive by Warringah Council. General support has been shown
for the sourcing of offshore sand for the purpose of nourishing Collaroy-Narrabeen Beach.

8.3.1 Do Nothing Scenario

If no action to mitigate the effects of sea-level rise and beach erosion is taken at Collaroy-Narrabeen potential
impacts will include, but not be limited to, the following:

. Loss of sandy beach amenity and impeded access for beach users.

. Loss or damage to Surf Life Saving Clubs (South Narrabeen, Narrabeen, North Narrabeen, Collaroy).
. Loss or damage to recreational facilities within Collaroy Park.

. Loss of local revenue from ‘learn to surf schools, and professional surfing tournaments.

. Loss or damage to residential property to the east of Pittwater Road and Ocean Street.

The social implications associated with the do-nothing scenario are immense and predominantly negative.

8.3.2 Nourishment

If a beach nourishment programme is commenced to mitigate the effects of sea-level rise and beach erosion
Collaroy-Narrabeen beach will remain unchanged and beach users will be able to enjoy the benefits of the sandy
beach and coastal area into the future.

Social implications are predominantly positive and beneficial for beach users. Depending on the funding
mechanism for the nourishment programme, some people may not be accepting of the costs associated with the
nourishment programme, particularly if they are not beach users.

8.4 Economic

The technique of cost-benefit analysis has been used to evaluate the net economic benefit of investment in a
beach nourishment programme to mitigate the loss of beach amenity from reduced beach width as a result of
future sea-level rise associated with climate change. The loss of beach amenity has the potential to cause
economic costs, and it is the avoidance of these costs which is the economic benefit of the programme. In the
case of Collaroy-Narrabeen this assessment also includes the potential loss of property.

The cost-benefit analysis involved a comparison of the expected situation with the programme against the
expected situation without the programme, the latter being referred to as the base case. The investment case is
evaluated on an incremental basis from the base case.

The evaluation involves assessing whether the economic benefits of implementing a beach nourishment
programme exceed the economic costs of providing the programme. The evaluation is conducted over a 50-year
period, because of the long-term nature of sea-level rise associated with climate change. In conducting a cost-
benefit analysis at a strategic level, it is standard practice to omit:

a) Expenditures which are common to the base case and the investment case. For instance, any expenditures
on lagoon entrance clearance, dune vegetation, seawalls and other protection works, etc. do not need to be
included if they are common to the base case and the investment case.

b)  Minor capital or operating expenditures on beach management in the base case. This is because of the
order of accuracy of the cost estimates for the investment case.

This means that the estimated capital and operating costs of the investment case represent the incremental costs
to be used in the cost-benefit analysis. The methodology for valuing the economic benefits of the beach
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nourishment programme is described in Appendix H. The parameter values used in the cost-benefit analysis are

outlined below.

8.4.1 Costs
The relevant capital and recurrent costs for the Collaroy-Narrabeen Beach nourishment programme are given in
Table 8.1.
Table 8.1 Beach Nourishment Programme Cost Estimates a_ Collaroy-Narrabeen Beach

1st 10-year Campaign Following 10-year Campaigns
Capital Unit Costs ($/m°) Unit Costs ($/m°)
Dredging & nourishment 19.00 19.88
Other 3.75 4.64
Total 22.75 24.52
Recurrent Unit Costs ($/m°) Unit Costs ($/m°)
Monitoring 1.02 3.00
Management 1.20 2.30
Total 2.22 5.30
Sand Volume (m®) 1,262,689 420,803

Total Costs ($°000) Total Costs ($°000)

Capital 28,726 10,318
Recurrent 2,803 2,230
Note:

a) Derived from Tables 7.1 & 7.2 by separating out recurrent costs from the engineering cost estimates.

8.4.2 Benefits

The quantified benefits of the Collaroy-Narrabeen beach nourishment programme are summarised in Table 8.2.
The detailed calculations are presented in Appendix H. Total benefits shown allow for the application of an uplift
factor to gross value added (GVA), which would provide some allowance for the value of non-traded attributes
associated with beach amenity (these attributes include consumer surplus, which is the value of the beach to
people over and above that indicated by expenditure). The sensitivity of the economic results to the uplift factor is
assessed in Section 8.4.4.

Table 8.2  Beach Nourishment Programme Quantified Benefits — Collaroy-Narrabeen Beach

Avoided Loss ?
Year Rate Revenue Residential
ending GVA© Non-traded Residential® | Busi 7| Propert Tax Total
June Value @ esidentia usiness P g)y Revenue ™

Value

2012 343 137 199 16 3,777 72 4,544
2022 686 274 397 33 7,553 144 9,087
2032 1,029 412 596 49 11,330 216 13,631
2042 1,372 549 794 66 15,106 288 18,175
2052 1,715 686 993 82 18,883 360 22,719
Notes:

a) Assumes beach width is an indicator of beach amenity and a linear relationship applies between the loss of beach width and the loss of
economic value from flow-on effects. Based on existing average beach width of 50 metres and beach width receding five metres every ten
years.

b) First full year following each beach nourishment.

c) GVA is gross value added and measures the total market value of output less net taxes (such as GST and excise duties). GVA per
business is sourced from Tourism Research Australia (2009), Table 12; it has been adjusted for output that is not related to beach visits.
The contribution of beach-related activities by type of business is:

L] 33% for cafes, restaurants & take-aways;

L] 33% for clubs, pubs, taverns & bars;

. 70% for accommodation;

. 33% for retail (the number of retail businesses excludes those primarily serving local residents, e.g. homewares);
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L] 10% for galleries, museums, etc; and
(] 100% for businesses providing on-beach activities.

Updated to 2009/10 by change in household final consumption expenditure from December Quarter 2006.
d/ Non-traded attributes of beach amenity valued at 40% of GVA (average of ratios reported in other studies — refer Appendix H).

e/ Based on information provided by Warringah Council for properties within hazard lines; assumes that these properties do not exist in the base
case. Also, allows for properties within easy walking distance (500m) of beach with property value differential of 40% between the base case and

the investment case.

f/ Businesses located in Collaroy and Narrabeen shopping centres and along Ocean Street; includes special purpose rate for Manly Business
Centre Improvements. Adjusted for rates attributable to beach amenity — refer Appendix H.

g/ Reflects the impacts of beach amenity on residential property values, assuming that property value is an indicator of willingness to pay for

beach amenity. Assumes that properties within hazard lines do not exist in the base case.

h/ Average tax rate on tourism industry products is 21% - sourced from Tourism Research Australia (2008), page 8. This compares to the overall
industry average of 9-10%.

The following data/information needs to be verified during project development from the results of the Sydney
Beaches Valuation Project being conducted for the SCCG by Dave Anning at UNSW or from additional specific-
purpose surveys:

. Percentage of day visitors and overnight visitors attracted to Collaroy-Narrabeen by the beach.

. Number of beach visits and average expenditure per beach visit by visitors and residents.

. Consumer surplus (‘willingness to pay’) associated with a beach visit.

. Number of retail outlets primarily serving Collaroy-Narrabeen residents.

. Property value attributable to beach amenity.

8.4.3 Cost-Benefit Analysis Results

The cost-benefit analysis was undertaken over a 50-year period, using a real discount rate of 7% (alternative
discount rates were used in the sensitivity analysis). All costs and benefits were expressed in 2009 prices, and
2009/10 was adopted as the discount year. Appendix H contains the parameter values and the detailed cost and
benefit streams on which the cost-benefit analysis was based. The results of the cost-benefit analysis are
summarised in Table 8.3.
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Table 8.3  Economic Evaluation Results — Collaroy-Narrabeen Beach

Incremental to
‘without beach nourishment’ case
($°000 in 2009 prices)
Total cost ¥ $187,240
Present value
Dredging & nourishment costs 36,460
Management & monitoring costs 34,803
Total costs 71,263
Avoided loss of:
Gross value added 8,502
Non-traded value 3,401
Rates revenue
Residential 4,922
Business 409
Residential property value 93,630
Tax revenue 1,785
Total benefits 112,649
Net present value $41,695
Benefit-cost ratio 1.6
Economic internal rate of return 12%
Notes:

a) Calculated from cost estimates in Table 8.2.
b) Discounted to 2009 /10 at 7% real discount rate.

Table 8.3 shows that the sand nourishment programme is economically viable, with a net present value of $42M,
a benefit-cost ratio of 1.6 and an economic internal rate of return of 12%. The value of the benefit-cost ratio
indicates that, on the basis of the quantified benefits, the programme is expected to provide medium value for
money. Generally, a project requires a benefit-cost ratio in excess of 1.5 in order to be considered as providing
medium value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (45% of total quantified benefits).

. Value of residential properties located within hazard lines (38%).

. Expenditure by beach visitors (8%).

. Rates revenue from residential property values within walking distance of the beach as a result of lower
property values (4%).

8.44 Sensitivity Analysis

The following sensitivity tests were undertaken to assess the robustness of the economic results:

. Alternative real discount rates of 4% and 10%.

. Uplift factor of 1.1 applied to GVA (1.4 in the main analysis).

. Exponential relationship between beach width and beach amenity (linear relationship in the main analysis).
. 30% increase in project cost estimates.

. 30% decrease in project benefits.

The results of the analysis are shown in Table 8.4.
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Table 8.4  Sensitivity Analysis Results — Collaroy-Narrabeen Beach

Incremental to
‘without beach nourishment’ case

Main Evaluation

Net present value $41.7M
Benefit-cost ratio 1.6
Economic internal rate of return 12%

Real discount rate of 4%

Net present value $117.9M
Benefit-cost ratio 2.2
Economic internal rate of return 12%

Real discount rate of 10%

Net present value $11.2M
Benefit-cost ratio 1.2
Economic internal rate of return 12%
Uplift factor of 1.1 applied to GVA

Net present value $39.1M
Benefit-cost ratio 1.5
Economic internal rate of return 12%

Exponential relationship between beach width and beach amenity

Net present value $108.8M
Benefit-cost ratio 2.5
Economic internal rate of return 21%

30% increase in project cost estimates

Net present value $20.4M
Benefit-cost ratio 1.2
Economic internal rate of return 9%

30% decrease in project benefits

Net present value $7.9M
Benefit-cost ratio 1.1
Economic internal rate of return 8%

30% increase in project cost estimates and 30% decrease in project benefits

Net present value -$13.4M
Benefit-cost ratio 0.9
Economic internal rate of return 6%
Note:

a) From Table 8.3.

Table 8.4 shows that the economic viability of the sand nourishment programme is reasonably robust. However,

in the most extreme sensitivity test (where project benefits are reduced by 30% and project costs are increased by
30%), the programme is not economically viable. The sensitivity analysis showed that the economic results are
particularly sensitive to the shape of the relationship between beach width and the loss of economic value from
flow-on effects of reduced beach amenity. Use of an exponential rather than a linear relationship increases the
benefit-cost ratio from 1.6 to 2.5. A combination of the exponential relationship and the most extreme sensitivity
test results in a benefit-cost ratio of 1.4.

Revision C - 18 February 2010 68



Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise AECOM

One of the sensitivity tests involves a lower real discount rate of 4%. A lower discount rate is increasingly being
adopted in other countries for the economic appraisal of social and environmental projects with long-term benefits.
A real discount rate of 4% rather than 7% increases the benefit-cost ratio from 1.6 to 2.2.

8.4.5 Summary of Economic Viability

The main cost-benefit analysis showed that the sand nourishment programme is economically viable and is
expected to provide medium value for money. The sensitivity analysis showed that the economic viability is
reasonably robust. However, the programme is not economically viable in the most extreme sensitivity test (where
project benefits are reduced by 30% and project costs are increased by 30%).

Adopting a lower discount rate, as is increasingly the overseas practice in economic appraisal of social and
environmental projects with long-term benefits, increases the benefit-cost from 1.6 to 2.2.

The economic results are also sensitive to the shape of the relationship between beach width and the loss of
economic value from the flow-on effects of reduced beach amenity. Use of an exponential rather than a linear
relationship increases the benefit-cost ratio from 1.6 to 2.5.
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This chapter considers the social and economic implications of a sand nourishment campaign for Manly Ocean
Beach.

Chapter Summary

Manly Ocean Beach has an iconic status, a prominent social standing and a significant cultural heritage. It has
limited ability to respond to climate change sea-level rise due to the presence of the seawall and associated lack
of back beach barrier dunes. Many local businesses rely on the existence of the beach and loss of beach amenity
would have a devastating impact on economic turnover. Loss of the beach amenity and promenade would also
impact significantly upon the sub-aerial and inter-tidal coastal environment.

The placement of 625,000m> (or 400m*/m length of beach) of sand from the Cape Banks borrow site will improve
beach amenity by extending the mean beach width. This will also provide some additional buffer against storm
erosion and additional protection of the vulnerable seawall.

The cost-benefit analysis demonstrates that the proposed beach nourishment programme is economically viable
— it produced a net present value of $48M, a benefit-cost ratio of 2.4 and an economic internal rate of return of
20%. The high economic rate of return for Manly Beach is a result of its iconic status and importance to regional
tourism.

Manly Ocean Beach is one of Australia’s most iconic and popular beaches. The beach is located 16km north east
of the Sydney CBD and extends from Manly Surf Club at the southern corner to Queenscliff Headland in the
north. The beach is 1.5km long and is referred to as Manly/South Steyne at the southern end, North Steyne along
the mid sector and Queenscliff at the most northern extent. The beach is backed by a seawall of varying design
and age, with a promenade and foreshore reserve along its entirety.

Figure 9.1 Manly Beach 1895 and present

Manly was first settled by Europeans in the early 1800’s. Originally the area was accessed by ferry and paddle
steamer via Sydney Harbour. By the late 19th and 20th century the area was one of early Australia’s most popular
seaside resorts. The renowned Norfolk Pines that line the shoreline were planted between 1860 and 1890. It was
illegal to swim in the water at Manly until 1902 when a local man defied the law and bathed in daylight hours,
paving the way for ocean swimming in Australia (Short 1993). Seventeen people drowned in 1903, leading to the
creation of a number of ad-hoc volunteer surf lifesaving clubs, some of the earliest in Australia. Today, three surf
lifesaving clubs operate on the beach; Manly, North Steyne and Queenscliff. The beach is also patrolled by
professional lifeguards employed by Manly Council.

The Manly region receives 5 to 8M visitors each year (Manly Council website 2009). The area is used for
numerous recreational and social activities in the water, on the beach and on the adjoining promenade. The
southern end of the beach has a walking mall with many shops, restaurants and bars. The beach is well serviced
by public transport and the Manly Ferry Terminal is within walking distance. The area is also of significant
importance to the surfing community and plans are underway to have the beach dedicated as a National Surfing
Reserve (Farmer & Short 2007). Residents and tourists flock to Manly to learn to surf and to buy surf related
products at the many stores in the area.
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During large or frequent storm events Manly Ocean Beach is subject to loss of amenity and damage to assets as
there are insufficient volumes of sand to accommodate the storm erosion demand (PBP 2008b). In 1913, storm
waves lashed the foreshore and destroyed beach facilities that had been constructed. Large storms also hit the
beach in 1943 and 1950, damaging the seawall and threatening North Steyne SLSC (Figure 1.1). The largest
storm events on record occurred in 1967 and 1974, causing extensive damage to the seawall. More recent storms
in 1999, 2001 and 2007 have also damaged the seawall.

Rock protection has been added to the toe of the seawall along much of the beach as part of stabilisation works.
Exposure of this rock protection during storm events leads to amenity and safety issues in the period prior to
natural beach recovery and reburial of the rock armour (PBP 2008b).

Manly Ocean Beach has been selected as one of the three case study beaches because of its iconic status, its
social and cultural heritage, and its limited ability to respond to climate change sea-level rise due to the presence
of the seawall and associated lack of back-beach barrier dunes. Many local businesses rely on the existence of
the beach and loss of beach amenity would have a devastating impact on their economic turnover. Loss of beach
amenity and the promenade would also impact significantly on the sub-aerial and inter-tidal coastal environment.

9.1 Physical

Manly Ocean Beach is bounded by Queenscliff Headland to the north and Blue Fish Point and North Head to the
south. The embayment is essentially a closed sediment system with extensive rocky reefs offshore of Blue Fish
Point, indicating no significant littoral sand supply from the south. The relatively shallow depths at Queenscliff
Headland may permit minor transport of sand to Freshwater Beach during large storm events.

The beach has a typical slope of 1 in 50 and consists of fine to medium grained golden sand to a depth of
approximately 14m LAT (Figure 9.2). At depths greater than 14m the sand is classified as fine grained and fawn
coloured. Details of actual grain size are not available, but could be expected to fall in the range 0.30mm to
0.35mm.
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Figure 9.2 Manly Beach

Manly Lagoon entrance is situated at the northern extremity of Queenscliff Beach. Several large stormwater pipes
also cross the beach and are clearly visible (Figure 9.3). In addition, several stormwater drains terminate at the
back of the beach and create localised erosion zones following rainfall.

Photogrammetric analysis of historical aerial photography between 1930 and 2002 indicates that the volume of
sand above Om AHD has, in the longer term, remained relatively stable (PBP 2008a). This provides some support
to the notion that the embayment is a closed sediment system.
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A coastline hazard definition study has been published for Manly Ocean Beach (PBP 2003). More recently a
Coastline Management Study (PBP 2008a) and a Coastline Management Plan (PBP 2008b) have been
completed for Manly Ocean Beach. Historical surveys of the beach have indicated that the short term cross-shore
sand transport due to storm events is generally higher at the northern end of the beach. The southern end of the
beach is afforded some protection from southerly storms by Blue Fish Point. PBP (2008a) recommended design
volumes for storm demand along the subaerial beach for the 100yr ARI of between 100 and 180m*m. Based on
the more accreted beach conditions from the photogrammetric survey data, available subaerial beach volumes
range from 55 to 125m*/m (PBP 2008a). During eroded conditions in July 1974 and May 1976 the volume of sand
remaining on the beach above Om AHD was less than 30m*/m. PBP (2008a) recommend nourishment of
300m%m (subaerial and sub-aqueous) or a total volume of 500,000m° to ‘guarantee’ protection of the Manly
Seawall. This volume appears to be based on a depth of closure of approximately 10m.

Figure 9.3 Stormwater pipes on Manly Beach 2009 (Courtesy Manly Council)

In this report the adopted depth of closure is approximately 22m. WRL (2003) also adopted a similar closure
depth to that used in this scoping study. This results in substantially higher estimated nourishment volumes to
protect the seawall than those estimated by PBP (2008a) and is discussed further in Section 9.1.2.

9.1.1 Do Nothing Scenario

The average beach width (between South Steyne and the Queenscliff boatshed) determined from
photogrammetry is approximately 50 m (WRL 2003). Based solely on a 200mm sea-level rise between 1870 and
the present, the theoretical width of Manly Ocean Beach, using the “Bruun Rule”, would have reduced by
approximately 10m during this period.

Using an upper-bound estimate for sea-level rise of 0.1m every 10 years, the beach width will theoretically reduce
a further 5m every 10 years. Therefore, in 50 years the average beach width will be half its present extent. The
average beach volume above Om AHD by 2050 would be comparable to the most eroded condition recorded (e.g.
Figure 1.1) over the period 1930 to 2001 (WRL 2003). Consequently, the threat of major damage to the existing
seawall is very high.

9.1.2 Nourishment Requirements

The volume of native sand required to accommodate past sea-level rise (0.2m), and that for the next 10 year
period (0.1m) is 520,000m>. The placement of 520,000m* would improve beach amenity by extending the mean
beach width from 50m to approximately 65m. This is equivalent to 625,000m> (or 400m*m length of beach) of
sand from the Cape Banks borrow site. This would also provide some additional buffer against storm erosion and
some additional protection of the vulnerable seawall. This volume will not ‘guarantee’ protection of the seawall as
reported by PBP (2008a).

WRL (2003) estimated that Manly Ocean Beach width would need to be increased by 57m (to 107m) to provide
adequate protection of the existing seawall based on present sea level elevation. This would require
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approximately 2Mm? of native sand. This can probably be considered an upper-bound volume because it includes
sufficient sand to prevent exposure of the rocks near the toe of the seawall.

Subsequent nourishment campaigns are scheduled at sea-level rise increments of 0.1m (i.e. each 10 years). This
is equivalent to approximately 130m%/m length of beach of sand from the Cape Banks borrow site.

9.2 Environmental

There are no published studies of the inter-tidal and subaqueous biotic assemblages at Manly Beach. However,
Manly Beach is known to contain a number of aquatic habitats, including inter-tidal rock platforms, subaqueous
rocky reefs, sandy beaches and subaqueous soft sediments. The region also includes Cabbage Tree Bay Aquatic
Reserve that provides protection and sanctuary for the weedy sea dragon, elegant wrasse, black rock cod and the
blue groper.

The biota of Sydney’s ocean beaches and Manly Beach comprise the following components:

a) Vascular plants (and associated invertebrates) occupying dunes above high water.

b) Air-breathing species on the upper beach including crustacean and insect assemblages inhabiting seaweed
wrack and ghost crabs.

c) Shore birds.
d) The assemblages living under the inter-tidal sand.

A general description of the biota assemblages for Sydney’s beaches is provided in Appendix F.
9.2.1 Do Nothing Scenario

At beaches with seawalls (Manly Beach), sea-level rise and erosion will reduce the width of the beach until no inter-tidal beach
remains, resulting in a total loss of the beach ecosystem.

9.2.2 Nourishment Impacts

The generic inter-tidal and subaqueous ecological impacts of a nourishment campaign for all of Sydney’s beaches
are described in Section 6.3 and Appendix F of this report. Of particular concern at Manly Beach and Cabbage
Tree Bay Aquatic Reserve is the potential smothering of the subaqueous rocky reefs and their associated flora
and fauna. Nourishment could potentially result in the permanent loss of subaqueous rocky reef habitat. The
presence or extent of seagrass beds and kelp fields is presently unknown.

Monitoring of these key ecological issues will need to be considered as part of a proposed nourishment campaign.

9.3 Social

Community Priorities

The Manly community and their Local Government representatives have a high level of interest in the built and
natural environment. Manly’s vision for the future as presented in the ‘Surfing the Future — A Vision for the Manly
Local Government Area for 2025’ (Manly Council 2006) states: ‘A thriving community where residents and visitors
enjoy a clean, safe and unique natural environment enhanced by heritage and lifestyle.’

Manly’s coastal location defines the character of the area. The iconic beach and associated surf culture attracts
visitors, tourists and residents to the area. Protection of the natural environment and culture is strongly linked to a
sense of identity and quality of life for local residents. Mitigating the negative impacts of sea-level rise, coastal
erosion and shoreline retreat resulting from increases in the frequency and intensity of coastal storms and floods,
therefore, is an important priority.

The Manly Ocean Beach Coastline Management Plan, Support Document (PBP 2004) identifies features
associated with Manly Ocean Beach that are deemed valuable by the community.

Key areas of value include:

. Costal Ecology — The community place value on maintaining the range of habitats, flora and fauna
associated with the beach environment.

. Heritage — The Manly Beach area encompasses a range of indigenous and non-indigenous heritage areas
and issues. The recognition of the beach as a historically iconic area and its cultural associations with

Revision C - 18 February 2010 73



Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise AECOM

surfing, beach recreation and scenery provide a foundation for the identity of the local community and
suburbs.

. Aesthetics — The iconic beach and local amenity attract visitors, tourists and residents to the area. The
beach provides a stage for beach culture and events.

. Recreation — The beach provides a number of areas for recreational use in the form of the surf zone (surfing,
body boarding, body surfing, swimming, water play, surf lifesaving and nipper activities, surf schools, and
surf competitions), sandy beach (surf life saving and nipper activities, surf schools, surf competitions,
sunbathing, socialising, sand play, jogging, walking, beach volleyball) and surrounding promenade and
parklands (sightseeing and tour groups, walking, jogging, socialising, picnicking, relaxing, bicycling,
skateboarding).

. Social and Economic Benefits — Manly beach provides a focus for Manly as a tourist destination. The high
volumes on visitors to the area provide a wide ranging customer base which benefits local businesses. The
beach culture has also seen the associated development of recreational clubs and groups providing a range
of activities and services to residents of the area.

Media Review

Manly Beach is often cited in the media as one vulnerable to sand erosion. Media commentary to date has
focused on the impacts of sand erosion on the amenity of the area and the emergency plans put in place by
Manly Council to combat sand erosion. Media reports of future options for nourishment of Manly Beach have been
within general discussions of Australia wide beach nourishment options.

9.3.1 Do Nothing Scenario

If no action to mitigate the effects of sea-level rise and beach erosion is taken at Manly Ocean Beach potential
impacts will include:

. Loss or damage to Manly Surf Life Saving Club, North Steyne Surf Life Saving Club and Queenscliff Surf
Life Saving Club.

. Loss or damage to recreational facilities including the promenade and associated car parking.

. Loss of heritage sites including the Norfolk Island Pines.

. Loss of sandy beach amenity and impeded access for beach users.

. Loss of local revenue from ‘learn to surf schools, and professional surfing tournaments.

The social implications associated with the do-nothing scenario are immense and predominantly negative.

9.3.2 Nourishment

If a beach nourishment programme is commenced to mitigate the effects of sea-level rise and beach erosion
Manly Ocean Beach will remain unchanged and beach users will be able to enjoy the benefits of the sandy beach
and coastal area into the future.

Social implications are predominantly positive and beneficial for beach users. Depending on the funding
mechanism for the nourishment programme, some people may not be accepting of the costs associated with the
nourishment programme, particularly if they are not beach users.

9.4 Economic

The technique of cost-benefit analysis has been used to evaluate the net economic benefit of investment in a
beach nourishment programme to mitigate the loss of beach amenity from reduced beach width as a result of
future sea-level rise associated with climate change. The loss of beach amenity has the potential to cause
economic costs, and it is the avoidance of these costs which is the economic benefit of the programme.

The cost-benefit analysis involved a comparison of the expected situation with the programme against the
expected situation without the programme, the latter being referred as the base case. The investment case is
evaluated on an incremental basis from the base case.

The evaluation is to assess whether the economic benefits of implementing a beach nourishment programme
exceed the economic costs of providing the programme. The evaluation is conducted over a 50-year period,
because of the long-term nature of sea-level rise associated with climate change. In conducting a cost-benefit
analysis at a strategic level, it is standard practice to omit:
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a) Expenditures which are common to the base case and the investment case. For instance, any expenditures
on lagoon entrance clearance, dune vegetation, seawalls and other protection works, etc. do not need to be
included if they are common to the base case and the investment case.

b)  Minor capital or operating expenditures on beach management in the base case. This is because of the
order of accuracy of the cost estimates for the investment case.

This means that the estimated capital and operating costs of the investment case represent the incremental costs
to be used in the cost-benefit analysis. The methodology for valuing the economic benefits of the beach
nourishment programme is described in Appendix H. The parameter values used in the cost-benefit analysis are

outlined below.

9.4.1 Costs

The relevant capital and recurrent costs for the Manly beach nourishment programme are given in Table 9.1.

Table 9.1 Beach Nourishment Programme Cost Estimates ® — Manly Ocean Beach

1st 10-year Campaign Following 10-year Campaigns
Capital Unit Costs ($Im3) Unit Costs ($Im3)
Dredging & nourishment 19.00 19.88
Other 3.75 4.64
Total 22.75 24.52
Recurrent Unit Costs ($Im3) Unit Costs ($Im3)
Monitoring 1.02 3.00
Management 1.20 2.30
Total 2.22 5.30
Sand Volume (m3) 625,200 208,348

Total Costs ($°000) Total Costs ($°000)

Capital 14,223 5,109
Recurrent 1,388 1,104
Note:

a) Derived from Tables 7.1 & 7.2 by separating out recurrent costs from the engineering cost estimates.

9.4.2 Benefits

The quantified benefits of the Manly beach nourishment programme are summarised in Table 9.2. The detailed
calculations are presented in Appendix H. Total benefits shown allow for the application of an uplift factor to gross
value added (GVA), which would provide for some allowance for the value of non-traded attributes associated
with beach amenity (these attributes include consumer surplus, which is the value of the beach to people over and
above that indicated by expenditure). The sensitivity of the economic results to the uplift factor is assessed in

Section 9.4 4.
Table 9.2 Beach Nourishment Programme Quantified Benefits — Manly Ocean Beach

Avoided Loss ?
WL Rate Revenue Residential
ending GVA© Non-traded Residential® | Busi 0} Propert Tax Total
June ® Value @ esidentia usiness p o y et

Value

2012 760 304 65 438 1,627 160 3,354
2022 1,520 608 130 875 3,255 319 6,708
2032 2,280 912 195 1,313 4,882 479 10,061
2042 3,040 1,216 260 1,751 6,509 638 13,415
2052 3,800 1,520 325 2,189 8,136 798 16,769
Notes:

a) Assumes beach width is an indicator of beach amenity and a linear relationship applies between the loss of beach width and the

loss of economic value from flow-on effects. Based on existing average beach width of 50 metres and beach width receding five

metres every ten years.

b) First full year following each beach nourishment.

Revision C - 18 February 2010

75




Beach Sand Nourishment Scoping Study - Maintaining Sydney's Beach Amenity Against Climate Change Sea Level Rise

c)

AECOM

GVA is gross value added and measures the total market value of output less net taxes (such as GST and excise duties). GVA per

business is sourced from Tourism Research Australia (2009), Table 12; it has been adjusted for output that is not related to beach

visits. The contribution of beach-related activities by type of business is:

33% for cafes, restaurants & take-aways;

33% for clubs, pubs, taverns & bars;

70% for accommodation;

33% for retail (the number of retail businesses excludes those primarily serving local residents, e.g. homewares);
10% for galleries, museums, etc; and

100% for businesses providing on-beach activities.

Updated to 2009/10 by change in household final consumption expenditure from December Quarter 2006.

d)

e)

g)

h)

Non-traded attributes of beach amenity valued at 40% of GVA (average of ratios reported in other studies — refer Appendix H).

Based on average rate revenue per occupied private dwelling of $824; 500 occupied private dwellings affected (those along North

Steyne); and property value differential of 30% between the base case and the investment case. Also, allows for properties withi
easy walking distance (500m) of beach.

n

Businesses located in Manly Business District; includes special purpose rate for Manly Business Centre Improvements. Adjusted

for rates attributable to beach amenity — refer Appendix H.

Reflects the impacts of beach amenity on residential property values, assuming that property value is an indicator of willingness

to pay for beach amenity.

Average tax rate on tourism industry products is 21% - sourced from Tourism Research Australia (2008), page 8. This compares
to the overall industry average of 9-10%.

The following data/information needs to be verified during project development from the results of the Sydney
Beaches Valuation Project being conducted for the SCCG by Dave Anning at UNSW or from additional specific-
purpose surveys:

9.4.3

Percentage of day visitors and overnight visitors attracted to Manly by the ocean beach.
Number of beach visits and average expenditure per beach visit by visitors and residents.
Consumer surplus (‘willingness to pay’) associated with a beach visit.

Number of retail outlets primarily serving Manly residents.

Property value attributable to beach amenity.

Cost-Benefit Analysis Results

The cost-benefit analysis was undertaken over a 50-year period, using a real discount rate of 7% (alternative
discount rates were used in the sensitivity analysis). All costs and benefits were expressed in 2009 prices, and
2009/10 was adopted as the discount year. Appendix H contains the parameter values and the detailed cost and
benefit streams on which the cost-benefit analysis was based. The results of the cost-benefit analysis are
summarised in Table 9.3.
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Table 9.3  Economic Evaluation Results — Manly Ocean Beach

Incremental to
‘without beach nourishment’ case
($°000 in 2009 prices)
Total cost ¥ $91,967
Present value
Dredging & nourishment costs 17,733
Management & monitoring costs 17,232
Total costs 34,965
Avoided loss of:
Gross value added 18,843
Non-traded value 7,537
Rates revenue
Residential 1,614
Business 10,852
Residential property value 40,344
Tax revenue 3,957
Total benefits 83,148
Net present value $48,183
Benefit-cost ratio 24
Economic internal rate of return 20%
Notes:

a) Calculated from cost estimates in Table 9.1.

b) Discounted to 2009 /10 at 7% real discount rate.

Table 9.3 shows that the sand nourishment programme is economically viable, with a net present value of $48M,
a benefit-cost ratio of 2.4 and an economic internal rate of return of 20%. The value of the benefit-cost ratio
indicates that, on the basis of the quantified benefits, the programme is expected to provide high value for money.
Generally, a project requires a benefit-cost ratio in excess of 2.0 in order to be considered as providing high value
for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (49% of total quantified benefits).

. Expenditure by beach visitors (23%).

. Rates revenue from businesses in the Manly Business District as a result of lower property values (13%).
. Non-traded value (consumer surplus) associated with beach visits (9%).

9.4.4 Sensitivity Analysis
The following sensitivity tests were undertaken to assess the robustness of the economic results:

. Alternative real discount rates of 4% and 10%.

. Uplift factor of 1.1 applied to GVA (1.4 in the main analysis).

. Exponential relationship between beach width and beach amenity (linear relationship in the main analysis).
. 30% increase in project cost estimates.

. 30% decrease in project benefits.

The results of the analysis are shown in Table 9.4.
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Table 9.4  Sensitivity Analysis Results — Manly Ocean Beach

Main Evaluation

Net present value $48.2M
Benefit-cost ratio 24
Economic internal rate of return 20%
Real discount rate of 4%

Net present value $110.7M
Benefit-cost ratio 3.3
Economic internal rate of return 20%
Real discount rate of 10%

Net present value $22.4M
Benefit-cost ratio 1.8
Economic internal rate of return 20%
Uplift factor of 1.1 applied to GVA

Net present value $42.5M
Benefit-cost ratio 22
Economic internal rate of return 18%

Exponential relationship between beach width and beach amenity

Net present value $97.7M
Benefit-cost ratio 3.8
Economic internal rate of return 34%
30% increase in project cost estimates

Net present value $37.6M
Benefit-cost ratio 1.8
Economic internal rate of return 14%
30% decrease in project benefits

Net present value $23.2M
Benefit-cost ratio 1.7
Economic internal rate of return 13%

30% increase in project cost estimates and 30% decrease in project benefits

Net present value $12.7M
Benefit-cost ratio 1.3
Economic internal rate of return 10%

Note:

a) From Table 9.3.
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Table 9.4 shows that the economic viability of the sand nourishment programme is robust. The programme
remains economically viable in all of the sensitivity tests undertaken. The sensitivity analysis shows that the
economic results are more sensitive to variations in benefits than costs.

One of the sensitivity tests involves a lower real discount rate of 4%. A lower discount rate is increasingly being
adopted in other countries for the economic appraisal of social and environmental projects with long-term benefits.
A real discount rate of 4% rather than 7% increases the benefit-cost ratio from 2.4 to 3.3.

9.4.5 Summary of Economic Viability

The main cost-benefit analysis showed that the sand nourishment programme is economically viable and is
expected to provide high value for money. The sensitivity analysis confirmed the robustness of this result, with all
of the sensitivity tests showing an economically viable programme. Adopting a lower discount rate, as is
increasingly the overseas practice in economic appraisal of social and environmental projects with long-term
benefits, increases the benefit-cost ratio from 2.4 to 3.3.
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This chapter considers the social and economic implications of a sand nourishment campaign for Bate Bay.

Chapter Summary

Bate Bay has been selected as one of the three case study beaches for a number of reasons. It is the longest
beach in Sydney, has a history of storm damage, has an extensive dune system and is the only suburban beach
with direct access to the rail system. Along the majority of the beach, backed by a dune system, the shoreline
could be allowed to continue to recede and the beach amenity will remain constant. Nourishment efforts could be
concentrated towards the southern end of the beach where beach amenity would most likely be threatened.

The placement of 1.5m° (or 400m°/m length of beach along the entire beach) of sand from the Cape Banks
borrow site will improve beach amenity by extending the mean beach width. This will also provide some
additional buffer against storm erosion and additional protection of the vulnerable seawall at the southern end of
the beach.

The cost-benefit analysis demonstrates that the proposed beach nourishment programme is economically viable
— it produced a net present value of $13M, a benefit-cost ratio of 1.2 and an economic internal rate of return of
8%. However, the value of the benefit-cost ratio indicates that, on the basis of the quantified benefits, the
programme is expected to provide low value for money. The whole of Bate Bay may not require nourishment
because a considerable extent of the shoreline contains a natural dune system. Therefore a smaller sand
nourishment volume for Bate Bay will generate a higher economic return.

Bate Bay is located 20km to the south-east of the Sydney CBD and extends from the suburb of Cronulla at the
southern corner to Boat Harbour in the north. The beach is 5.5km long and is known, from south to north as;
South Cronulla, North Cronulla, Elouera, Wanda and Boat Harbour. South Cronulla is a small beach and is
separated from North Cronulla by a rock shoreline.

The area was settled by Europeans in the mid 1800’s. At this time the area was largely covered by sand dunes
and native grasses. The early settlers attempted to establish a variety of agriculture, including sheep and cattle.
The cattle ate all the grass covering the dunes. Once the original grass was lost, the dunes migrated north.
American bull grass was planted in an attempt to stabilise the dunes. The area was subdivided in the early 20th
century. A train line was constructed to Sutherland and then to Cronulla. After World War 1l many people moved
to the area and it became urbanised.

Figure 10.1 Bate Bay 1930’s showing denuded dunes in background and stabilised dunes in 1999.

Cronulla is the only Sydney ocean beach serviced by train. Consequently, the beach is popular with public
transport commuters. The beaches of Cronulla are enjoyed by surfers with some of the best surfing breaks in
Australia. Cronulla was officially cited as a National Surfing Reserve in 2008 by the NSW Department of Lands.
This designation highlights the social significance of the area and provides legal protection to ensure the beaches
of Cronulla are accessible to surfers and everyone else who wants to enjoy them. The area is also popular for
other ocean activities such as swimming and fishing. The beaches of Cronulla are serviced by four surf lifesaving
clubs; Wanda, Elouera, North Cronulla and Cronulla. The beaches are patrolled by professional lifeguards
employed by Sutherland Shire Council.

A unique feature of Cronulla, compared with most other Sydney beaches, is the extensive dune system (Figure
10.1). The sand dunes at the northern end of the beach were extensively mined during the 20th century. The
dunes were originally 50-60m high.
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Large storms in 1974 caused extensive damage to the beaches and dune system at Cronulla (Figure 1.3).
Following the storm damage, comprehensive coastal process studies and monitoring programmes were
implemented, from which a management plan was developed (PBP 2006). The emphasis of the management
plan was to develop a ‘soft management strategy aimed at establishing a well-vegetated fore-dune throughout as
much of the embayment as possible. Four significant nourishment projects have been undertaken on the Bate
Bay Beaches, 1977-1978, 1998-1999 2002-2003 and 2007. These nourishment programmes are described in
more detail in Section 3.2.5.

A 340m long Seabee seawall was constructed in 1985/86 at South Cronulla to protect the Prince St roadway
(Figure 1.3). This seawall was recently damaged during storms.

Bate Bay has been selected as one of the three case study beaches for a number of reasons. It is the longest
beach in Sydney, has a history of storm damage, has an extensive dune system and is the only suburban beach
with direct access to the rail system. Many local businesses rely on the existence of the beach and a loss of
beach amenity would have a devastating impact on economic turnover. A loss of the beach amenity would also
significantly impact the sub-aerial and inter-tidal coastal environment.

10.1  Physical

The embayment is essentially a closed sediment system bounded by rocky headlands and submerged reefs.
Prominent features include Merries Reef to the north and Shark Island to the south. A 30m deep bed depression
is evident to the west of Merries Reef.

The beach has a typical slope of 1 in 50 and consists of fine to medium grained golden sand to a depth of
approximately 10m LAT (Figure 10.2). At depths greater than 10m the sand is classified as coarse grained and is
orange in colour. Typical Dso sand grain size is 0.35mm (excluding shell fragments). The sand has a shell content
of 30 to 40%.

Shark Island

Figure 10.2 Bate Bay

PBP (2001b) used a wave refraction analysis technique to estimate longshore sand transport within the bay. PBP
(2001b) found that the net average longshore sand transport was 40,000m3/yr to the north in the southern portion
of the embayment, 20,000m3/yr to the north within the central portion of the embayment and essentially a very
small (1 ,000m3/yr) net transport to the south within the northern section of the embayment. The lower longshore
transport rates in the northern section of the embayment are attributed to protection provided by Merries Reef and
the orientation of the shoreline to the prevailing wave climate. Subsequently, PBP (2006) conclude that long term
shoreline erosion occurs in the southern section of the embayment and long term accretion towards the northern
section of the embayment.
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Photogrammetric analysis has been undertaken during previous investigations of Bate Bay (PBP 2006) with
beach width estimated for beach segments defined in Table 10.1.

Table 10.1 Bate Bay Average and Maximum Beach Width from Photogrammetry 1930-1999/2001 (PBP 2006)

Beach Segment Average Beach Width Maximum Beach Width
Cronulla Seawall (2001) 40m 60m’

North Cronulla (1999) 40m 50-60m

Elouera (1999) 40m 50m

Wanda (1999) 40m 50m

Note:

1 A minimum beach width of 25m was estimated following the 1974 storms. Following the 1978/79 nourishment campaign the beach
width increased to 80m.

10.1.1 Do Nothing Scenario

PBP (2006) noted that earlier investigations report long term shoreline recession from 1890 to 1970 with rates of
up to 2m/yr. PBP (2006) also note that stabilisation and revegetation of the dune system in the central section of
the embayment appeared to have curtailed further recession in this region. Based solely on a 200mm sea-level
rise between 1870 and the present, the theoretical recession of dune backed Bate Bay Beaches, using the “Bruun
Rule”, is approximately 10m. Using an upper-bound estimate for sea-level rise of 0.1m every 10 years, the beach
would theoretically recede a further 5m every 10 years.

The present average beach width (Table 10.1) determined from photogrammetry is approximately 40 m (PBP
2006). At the Cronulla Seawall, where the shoreline cannot recede, the beach width would theoretically reduce by
5m every 10 years, based on an upper-bound estimate for sea-level rise of 0.1m every 10 years. Therefore, in 30
years the average beach width at Cronulla Seawall would be equivalent to the beach width following the 1974
storms.

10.1.2 Nourishment Requirements

The volume of native sand required to accommodate past sea-level rise (0.2m), and for the next 10 year period
(0.1m) is 1.3Mm°. The placement of 1.3Mm°> would improve beach amenity by extending the mean beach width
by an average of 15m. This is equivalent to 1.5Mm?® (or 400m*/m length of beach) of sand from the Cape Banks
borrow site. This would also provide some additional buffer for storm demand and additional protection of the
vulnerable seawall.

Subsequent nourishment campaigns are scheduled at sea-level rise increments of 0.1m (i.e. each 10 years). This
is equivalent to approximately 130m%m length of beach of sand from the Cape Banks borrow site.

Along the majority of the beach, backed by a dune system, the shoreline could continue to recede without major
impacts to beach amenity or infrastructure. Therefore, nourishment may not be required along the majority of the
beach. Nourishment efforts could be concentrated towards the southern end of the beach, where beach amenity
would most likely be threatened. Consequently, the first nourishment campaign could require sand volumes
substantially less than the estimated 1.3Mm?. Sand transport processes at the southern end of the beach and
their impacts on nourishment volumes would require further investigation when considering this nourishment
option.

10.2 Environmental

Bate Bay contains a number of aquatic habitats, including intertidal rock platforms, subtidal rocky reefs, sandy
beaches, subtidal soft sediments and seagrasses (PBP 2003).

The aquatic flora and fauna assemblages found at the rock platforms at Potter Point and around Cronulla are
considered to be typical of those found at rock platforms in the Sydney region. Nevertheless, concern has been
expressed by Coastal Management Committee members at the degradation of the rocky platform ecology due to
excessive collection and human interference. The aquatic flora of the rock platforms is dominated by species of
algae such as Ulva lactuca, Corallina officianalis and several species of filamentous red algae. Ulva lactuca is the
dominant species immediately adjacent to the sewage outfall at Potter Point. Barnacles, limpets, anemones and
ascidians are the most dominant animals in the intertidal zone of the rock platforms. The sub-tidal reefs in Bate
Bay are dominated by algae such as Ecklonia radiata (kelp), Sargassum sp., Padina pavonea and Corallina
officianalis in the shallow areas while in deeper water these species are joined by species such as Phyllospora
comosa and Amphiroaa sp (PBP 2003).
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There are two areas of seagrass within Bate Bay. There is a large bed of Posidonia at Jibbon Beach and there is
a large bed of paddleweed (Halophila) on the north western side of Merries Reef. The presence of the Halophila is
unusual as this seagrass does not usually occur on exposed NSW coastlines and its existence is thought to be
due to the protection afforded by Merries Reef. The bed is considered to be rare or possibly even unique in a
regional context and should be protected (PBP 2003).

On 31 March 2002, Boat Harbour Aquatic Reserve was declared under section 194 of the Fisheries Management
Act 1994. The National Parks and Wildlife Service (NPWS) has indicated it is seeking to establish a nature
reserve over the rocky platform of Merries Reef and the adjacent sandy shore for the protection of migratory
wading birds and other important bird species. This would complement the existing Aquatic Reserve managed by
NSW Fisheries (PBP 2003).

10.2.1 Do Nothing Scenario

At South Cronulla, sea-level rise and erosion will reduce the width of the beach until no inter-tidal beach remains, resulting in a
deterioration of the beach ecosystem.

Along the majority of the beach, backed by the dune system, the shoreline will continue to recede but the beach
amenity will remain constant.

10.2.2 Nourishment Impacts

The generic inter-tidal and subaqueous ecological impacts of a nourishment campaign for all of Sydney’s beaches
are described in Section 6.3 of this report. Of particular concern at Cronulla is the potential smothering of
seagrass fields and the subaqueous rocky reefs and their associated flora and fauna. Nourishment could
potentially result in the permanent loss or redistribution of seagrasses and algae such as kelp.

Monitoring of these key ecological issues will need to be considered as part of a proposed nourishment campaign.

10.3 Social

Community Priorities

The Sutherland Shire community and their Local Government representatives have a high level of interest in
promoting a sense of community and culture. Sutherland’s vision for the future, as presented in the Sutherland
Shire Council publication ‘Our Guide to Shaping the Shire to 2030, is for:

"A community working together, to attain safe, healthy and active lifestyles, through accountable
decision-making, that achieves sustainable development and economic opportunities, which respect
people and nature."

Key priorities for the area include:
. People — Creating a safe and harmonious community founded on social networks, community participation
and healthy and active lifestyle supported by a range of community facilities and services.

. Place — Maintaining access to suitable housing, transport, public facilities and economic opportunities that
reflect the needs of a changing population and acknowledging the importance of historically and culturally
significant places to the Shire’s identity for both current and future generations.

. Nature — Nurturing the natural environment through environmentally friendly approaches to living and
minimising the environmental, economic and social impacts of disasters.

Media Review

Cronulla beach is cited in the media as one vulnerable to sand erosion. Reference to Cronulla Beach has been
within general discussion of coastal erosion and beach nourishment. There have been limited references to
issues specific to Cronulla.

10.3.1 Do Nothing Scenario

If no action to mitigate the effects of sea-level rise and beach erosion is taken at Cronulla beach, potential impacts
will include, but not be limited to, the following:

. Loss or damage to Cronulla Surf Life Saving Club
. Loss or damage to recreational facilities in the vicinity of South Cronulla
. Loss of sandy beach amenity and impeded access for beach users in the vicinity of South Cronulla
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. Loss of local revenue from ‘learn to surf schools, and professional surfing tournaments
The social implications associated with the do-nothing scenario are immense and predominantly negative.

10.3.2 Nourishment

If a beach nourishment programme is commenced to mitigate the effects of sea-level rise and beach erosion,
Cronulla beach will remain unchanged and beach users will be able to enjoy the benefits of the sandy beach and
coastal area into the future.

Social implications are predominantly positive and beneficial for beach users. Depending on the funding
mechanism for the nourishment programme, some people may not be accepting of the costs associated with the
nourishment programme, particularly if they are not beach users.

10.4 Economic

The technique of cost-benefit analysis has been used to evaluate the net economic benefit of investment in a
beach nourishment programme to mitigate the loss of beach amenity from reduced beach width as a result of
future sea-level rise associated with climate change. The loss of beach amenity has the potential to cause
economic costs, and it is the avoidance of these costs which is the economic benefit of the programme.

The cost-benefit analysis involved a comparison of the expected situation with the programme against the
expected situation without the programme, the latter being referred as the base case. The investment case is
evaluated on an incremental basis from the base case.

The evaluation is to assess whether the economic benefits of implementing a beach nourishment programme
exceed the economic costs of providing the programme. The evaluation is conducted over a 50-year period,
because of the long-term nature of sea-level rise associated with climate change. In conducting a cost-benefit
analysis at a strategic level, it is normal practice to omit:

a) Expenditures which are common to the base case and the investment case. For instance, any expenditures
on lagoon entrance clearance, dune vegetation, seawalls and other protection works, etc. do not need to be
included if they are common to the base case and the investment case

b)  Minor capital or operating expenditures on beach management in the base case. This is because of the
order of accuracy of the cost estimates for the investment case

This means that the estimated capital and operating costs of the investment case represent the incremental costs
to be used in the cost-benefit analysis. The methodology for valuing the economic benefits of the beach
nourishment programme is described in Appendix H. The parameter values used in the cost-benefit analysis are
outlined below.

10.4.1 Costs

The relevant capital and recurrent costs for the Bate Bay nourishment programme are given in Table 10.2.

Table 10.2 Beach Nourishment Programme Cost Estimates 3 _ Bate Bay

1st 10-year Campaign Following 10-year Campaigns
Capital Unit Costs ($/m°) Unit Costs ($/m°)
Dredging & nourishment 19.00 19.88
Other 3.75 4.64
Total 22.75 24.52
Recurrent Unit Costs ($/m°) Unit Costs ($/m°)
Monitoring 1.02 3.00
Management 1.20 2.30
Total 2.22 5.30
Sand Volume (m3) 1,515,200 504,940

Total Costs ($°000) Total Costs ($°000)

Capital 34,471 12,381
Recurrent 3,364 2,676

Note: a) Derived from Tables 7.1 & 7.2 by separating out recurrent costs from the engineering cost estimates.
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10.4.2 Benefits

The quantified benefits of the Bate Bay nourishment programme are summarised in Table 10.3. The detailed
calculations are presented in Appendix H. Total benefits shown allow for the application of an uplift factor to gross
value added (GVA), which would provide for some allowance for the value of non-traded attributes associated
with beach amenity (these attributes include consumer surplus, which is the value of the beach to people over and
above that indicated by expenditure). The sensitivity of the economic results to the uplift factor is assessed in
Section 10.4.4.

Table 10.3 Beach Nourishment Programme Quantified Benefits — Bate Bay

Avoided Loss ?
Year Rate Revenue Residential
ending GVA© Non-traded Residential® | Busi 6} Propert Tax Total
June? Value @ esidentia usiness p g)y Revenue"
Value
2012 505 202 186 89 2,890 106 3,978
2022 1,010 404 372 177 5,780 212 7,956
2032 1,515 606 559 266 8,670 318 11,934
2042 2,020 808 745 355 11,560 424 15,913
2052 2,526 1,010 931 444 14,450 530 19,891
Notes:

a) Assumes beach width is an indicator of beach amenity and a linear relationship applies between the loss of beach width and the
loss of economic value from flow-on effects. Based on existing average beach width of 50 metres and beach width receding five
metres every ten years.

b) First full year following each beach nourishment.

c) GVA is gross value added and measures the total market value of output less net taxes (such as GST and excise duties). GVA per
business is sourced from Tourism Research Australia (2009), Table 12; it has been adjusted for output that is not related to beach
visits. The contribution of beach-related activities by type of business is:

[ 59% for cafes, restaurants & take-aways;

o 59% for clubs, pubs, taverns & bars;

o 90% for accommodation;

L] 59% for retail (the number of retail businesses excludes those primarily serving local residents, e.g. homewares);
o 10% for galleries, museums, etc; and

° 100% for businesses providing on-beach activities.

Updated to 2009/10 by change in household final consumption expenditure from December Quarter 2006.

d) Non-traded attributes of beach amenity valued at 40% of GVA (average of ratios reported in other studies — refer Appendix H).

e) Based on calculations from Sutherland Shire Council for properties in Prince Street and in the Eloura Rd/Bate Bay area; and
property value differential of 40% between the base case and the investment case. Also, allows for properties within easy walking
distance (500m) of beach.

f) Businesses located in Cronulla CBD. Adjusted for rates attributable to beach amenity — refer Appendix H.

g) Reflects the impacts of beach amenity on residential property values, assuming that property value is an indicator of willingness
to pay for beach amenity.

h) Average tax rate on tourism industry products is 21% - sourced from Tourism Research Australia (2008), page 8. This compares
to the overall industry average of 9-10%.

The following data/information needs to be verified during project development from additional specific-purpose
surveys:

o Percentage of day visitors and overnight visitors attracted to Cronulla by the beach

o Number of beach visits and average expenditure per beach visit by visitors and residents

. Consumer surplus (‘willingness to pay’) associated with a beach visit

o Number of retail outlets primarily serving Cronulla residents

o Property value attributable to beach amenity
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10.4.3 Cost-Benefit Analysis Results

The cost-benefit analysis was undertaken over a 50-year period, using a real discount rate of 7% (alternative
discount rates were used in the sensitivity analysis). All costs and benefits were expressed in 2009 prices, and

AECOM

2009/10 was adopted as the discount year. Appendix H contains the parameter values and the detailed cost and

benefit streams on which the cost-benefit analysis was based. The results of the cost-benefit analysis are

summarised in Table 10.4.

Table 10.4 Economic Evaluation Results — Bate Bay

Incremental to
‘without beach nourishment’ case
($°000 in 2009 prices)

Total cost ¥ $224,680
Present value *

Dredging & nourishment costs 43,922
Management & monitoring costs 41,762
Total costs 85,685
Avoided loss of:

Gross value added 12,523
Non-traded value 5,009
Rates revenue

Residential 4,616
Business 2,200
Residential property value 71,650
Tax revenue 2,630
Total benefits 98,627
Net present value $13,484
Benefit-cost ratio 1.2
Economic internal rate of return 8%

Notes:

a) a) Calculated from cost estimates in Table 9.2.

b) b) Discounted to 2009 /10 at 7% real discount rate.

Table 10.4 shows that the sand nourishment programme is economically viable, with a net present value of $13M,

a benefit-cost ratio of 1.2 and an economic internal rate of return of 8%. However, the value of the benefit-cost
ratio indicates that, on the basis of the quantified benefits, the programme is expected to provide low value for
money. Generally, a project requires a benefit-cost ratio in excess of 1.5 in order to be considered as providing

reasonable value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (73% of total quantified benefits)
. Expenditure by beach visitors (13%)
. Rates revenue from residential properties within walking distance of the beach as a result of lower property

values (5%)

. Non-traded value (consumer surplus) associated with beach visits (5%).
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104.4 Sensitivity Analysis
The following sensitivity tests were undertaken to assess the robustness of the economic results:

. Alternative real discount rates of 4% and 10%;

. Uplift factor of 1.1 applied to GVA (1.4 in the main analysis);

. Exponential relationship between beach width and beach amenity (linear relationship in the main analysis);

. 30% increase in project cost estimates; and

. 30% decrease in project benefits.

The results of the analysis are shown in Table 10.5.

Table 10.5 shows that the economic viability of the sand nourishment programme is not robust. The programme is
not economically viable in most of the sensitivity test cases undertaken. However, the sensitivity analysis shows
that the economic results are particularly sensitive to the shape of the relationship applying between beach width

and the loss of economic value from flow-on effects of reduced beach amenity. The use of an exponential rather
than linear relationship increases the benefit-cost ratio from 1.2 to 1.8.

One of the sensitivity tests involves a lower real discount rate of 4%. A lower discount rate is increasingly being
adopted in other countries for the economic appraisal of social and environmental projects with long-term benefits
— a real discount rate of 4% rather than 7% increases the benefit-cost ratio from 1.2 to 1.6.

Table 10.5 Sensitivity Analysis Results — Bate Bay

Incremental to ‘without beach
nourishment’ case

Main Evaluation a)

Net present value $13.5M
Benefit-cost ratio 1.2
Economic internal rate of return 8%

Real discount rate of 4%

Net present value $71.9M
Benefit-cost ratio 1.6
Economic internal rate of return 8%

Real discount rate of 10%

Net present value -$8.8M
Benefit-cost ratio 0.9
Economic internal rate of return 8%
Uplift factor of 1.1 applied to GVA

Net present value $9.7M
Benefit-cost ratio 1.1
Economic internal rate of return 8%

Exponential relationship between beach width and beach amenity

Net present value $72.3M
Benefit-cost ratio 1.8
Economic internal rate of return 15%

30% increase in project cost estimates

Net present value -$12.1M
Benefit-cost ratio 0.9
Economic internal rate of return 6%
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Incremental to ‘without beach
nourishment’ case

30% decrease in project benefits

Net present value -$16.1M
Benefit-cost ratio 0.8
Economic internal rate of return 5%

30% increase in project cost estimates and 30% decrease in project benefits

Net present value -$41.6M
Benefit-cost ratio 0.6
Economic internal rate of return b)

Notes:

a) From Table 9.4.

b) Could not be calculated because of the profile of the net economic benefits stream.

10.4.5 Summary of Economic Viability

The main cost-benefit analysis showed that the sand nourishment programme is economically viable but is

AECOM

expected to provide low value for money. The sensitivity analysis showed that the economic viability is not robust,
with the programme not being economically viable in most of the sensitivity test cases. However, adopting a lower
discount rate, as is increasingly the overseas practice in economic appraisal of social and environmental projects

with long-term benefits, increases the benefit-cost from 1.2 to 1.6.

The economic results are also sensitive to the shape of the relationship applying between beach width and the
loss of economic value from the flow-on effects of reduced beach amenity. The use of an exponential rather than
linear relationship increases the benefit-cost ratio from 1.2 to 1.8.
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This chapter provides an overview of the key legislation and the likely approval process that influences the
feasibility of the proposed beach nourishment project.

Chapter Summary

The extraction of marine aggregate for purposes of beach nourishment from NSW statutory waters requires
satisfaction of one principal Commonwealth Act and two principal NSW Acts:

1)  Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)
2)  Offshore Minerals Act 1999 (OM Act)
3)  Environmental Planning and Assessment Act 1979 (EP&A Act)

An amendment to Schedule 2 of the OM Act and the introduction of companion regulations is required to enable
a mining licence to be issued over an area of sand within the 3Nm limit before sand may be recovered for beach
nourishment purposes.

1.1 Project Details

In respect of the approvals process, the following assumptions have been made:

. Sand would be won from the ocean floor within 3 nautical miles (Nm) of the Sydney metropolitan coastline
(water depth of approximately 25-70m). While sand bodies may exist more than 3Nm offshore, the focus of
this report is on known sand bodies, which all exist within 3Nm of the shoreline

. Sand would be transported by waterborne craft (e.g. barge)
. The sand would be placed offshore of beaches along the Sydney Metropolitan coastline
. Beach nourishment would occur at approximately 10 year intervals for a period of 50 years

It is not proposed to stockpile sand at any location on land, nor is it proposed to transport sand over land. The
following sections summarise the key aspects of the planning approvals process that would apply to works of this
nature as well as a description of lessons learned from past proposals for similar projects. A more comprehensive
outline of the planning approvals process is provided in Appendix I.

11.2 Key Legislation

This section provides an overview of the key legislation that influences the feasibility of the proposed beach
nourishment project. The background discussion below (Section 11.2.1) is informed by a Discussion Paper
prepared by Rob Corkery (Principal), R.W. Corkery & Co Pty Ltd (RW Corkery), which is provided in Appendix | of
this report.

11.21 Background

Following the Constitutional Settlement of 1979, the Governments of NSW and the Commonwealth of Australia
agreed that coastal waters adjacent to the NSW State boundary were recognised to be:

. NSW Statutory Waters for a distance of less than 3Nm from the coast (herein referred to as the “baseline”)
. Commonwealth Statutory Waters for a distance of greater than 3Nm from the baseline

In light of this Constitutional Settlement, it is a requirement for any person or enterprise to seek approvals under
NSW legislation for the exploration and recovery of marine aggregate (sand) within the 3Nm limit. Conversely, it is
a requirement for any persons or enterprise to seek approval under Commonwealth legislation for the exploration
and recovery of marine aggregate beyond the 3Nm limit. Notwithstanding this agreement, there remains an
understanding between the NSW and Commonwealth Governments that the views of the NSW Government
would be sought regarding any proposals for exploration or mining beyond the 3Nm limit. This has in fact recently
occurred with an application to the Commonwealth Government for a mineral exploration licence off the NSW
Coast.
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11.2.2 Approvals process overview

On the basis of this study, the extraction of marine aggregate for purposes of beach nourishment from NSW
statutory waters requires satisfaction of one principal Commonwealth Act and two principal NSW Acts:

. Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)
. Offshore Minerals Act 1999 (OM Act)
. Environmental Planning and Assessment Act 1979 (EP&A Act).

There are other Commonwealth and NSW Acts and regulations that must be addressed in order to gain approval,
such as Protection of the Environment Operations Act 1997, Threatened Species Conservation Act 1995,
Fisheries Management Act 1994, Telecommunications and Other Legislation Amendment (Protection of
Submarine Cables and Other Measures) Act 2005. These and other relevant Acts are discussed in Appendix | of
this report.

Environment Protection and Biodiversity Conservation Act 2000

The Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) governs the
Commonwealth environmental assessment process and provides protection for matters of National Environmental
Significance (NES), which include:

. Nationally threatened species and ecological communities

. Australia’s World heritage properties

. Ramsar wetlands of international importance

. Migratory species listed under the EPBC Act (species protected under international agreements)
. Commonwealth marine areas

. Nuclear actions, including uranium mining

. National heritage.

The EPBC Act defines proposals that are likely to have an impact on a matter of NES as a “controlled action”.
Proposals that are, or may be, a controlled action are required to be referred to the Commonwealth Minister for
the Environment, Heritage and the Arts for a determination as to whether or not the action is a controlled action.

The Project will likely require a referral to the Commonwealth Minister for the Environment, Heritage and the Arts
for an assessment of whether or not it includes a controlled action under the EPBC Act. If the action is a
controlled action, the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA) will
provide assessment requirements to be addressed under Part 3A of the EP&A Act, in accordance with the
bilateral agreement.

Investigations are required to determine the potential impact on matters of NES, including, but not limited to, the
following items protected under the EPBC Act:

. Migratory species (e.g. whales)
. Marine fishes
. Important wetlands

Offshore Minerals Act 1999

Sand, or marine aggregate, is recognised to be a mineral under Section 22 of the OM Act. To recover marine
aggregate from the seabed within the 3Nm limit from the baseline, an enterprise is required to hold a mining
licence under Part 2.4 of the OM Act. Since the OM Act has been gazetted (31 March 2000), no regulations have
been gazetted or promulgated that will allow any enterprise to apply for a mining licence off the NSW coast. This
situation reflects the current NSW Government draft policy statement ‘opposing sand mining off the NSW
coastline’, both within and beyond the 3Nm limit. It is understood that this policy has been referred to by
Government as recently as February 2009.

At present, Clause 4 of Schedule 2 of the OM Act provides for Reserves No. 2893 and 2894 to be reserves that
prohibit mineral extraction under Section 18 of the OM Act. It would require an amendment to Schedule 2 of the
OM Act and the introduction of companion regulations to enable a mining licence to be issued over an area of
sand within the 3Nm limit before sand may be recovered for beach nourishment purposes. Changes of this
magnitude will require considerable discussions with Government at the highest levels.
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The Department of Industry and Investment (Mineral Resources) has verbally advised that the reserved blocks
exclude the areas that are subject to the existing exploration licences currently in force. Under Section 18(2) of
the OM Act, the Minister may not declare a block in coastal waters to be a reserved block if “a licence over that
block is in force”. As, in accordance with Clause 2 of Schedule 2 of the OM Act, exploration licences granted
under the Mining Act 1992 are taken to be exploration licences under Part 2.2 of the OM Act. It follows that the
reserved blocks do not affect the areas that are affected by the current exploration licences.

Due to Government policy, acting upon the existing exploration licences would be difficult. The Department of
Industry and Investment (Mineral Resources) has verbally advised that planning approval would be required for
exploration for minerals. Due to current policy regarding offshore mineral recovery for commercial purposes, the
State Government is unlikely to grant planning approval under the EP&A Act for such exploration activities.
However, as these areas are excluded from the reserved blocks (that is, they would be standard blocks within the
meaning of the OM Act) the Minister may grant a mining licence over these areas. Under Section 198(1) of the
OM Act, the holder of exploration or retention licence may apply to the Minister for a mining licence over all or
some of the blocks in the licence area.

Environmental Planning and Assessment Act 1979

To obtain approval for the recovery of marine aggregate under the EP&A Act, it will be necessary for an enterprise
to obtain project approval under Part 3A of the EP&A Act. Part 3A applies to major extractive industry projects
such as extraction of marine aggregate that meets the following criteria:

a) The total resource size exceeds SMt; or
b)  The annual production exceeds 200,000t/yr

The Part 3A approval process is discussed in more detail in Appendix | of this report.
11.2.3 State Government policy in respect of offshore sand extraction for beach nourishment

While there is a prohibition on offshore minerals extraction due to the effect of the OM Act, a report prepared by
Patterson Britton & Partners for Byron Bay Shire Council (PBP 2006) titled “Scoping Study on the Feasibility to
Access the Cape Byron Sand Lobe for Sand Extraction for Beach Nourishment” includes a discussion regarding
the current government policy with respect to offshore sand extraction. The report states that a letter was written
by the NSW Premier to The Northern Beaches Branch of the Surfrider Foundation Incorporated dated 6 March
2001, specifically in relation to Collaroy/Narrabeen Beach, which stated:

“As you are aware, the Government does not support offshore commercial sandmining, and the areas off the
coast are currently protected by reserves under the Mining Act, which do not permit exploration or mining
activity. Your proposal of dredging for beach nourishment, however, is a different matter, and bears further
investigation.” (PBP 2006)

An officer of the Department of Primary Industries (Mineral Resources) has recently confirmed that the
understanding of the Government’s policy position, being opposed to offshore commercial sand ‘mining’ remains.
It is recommended that this position be formally confirmed with the NSW Minister for Mineral Resources.

1.3 Approvals Strategy
11.3.1 Approvals Process

The two key legislative approvals that would be required for recovery (or extraction) of sand from coastal waters
for the purposes of beach nourishment are described in Table 11.1.
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Table 11.1

Process for Key Legislative Approvals

Act

Approval

Key Steps

OM Act

Licence for offshore
sand recovery within
NSW coastal waters.

To obtain approval to engage in offshore recovery of sand (marine
aggregate) the following tasks would be undertaken.

Engage with Department of Primary Industries (Mineral Resources) to
confirm approval process and licence requirements. From an initial
review of the OM Act and discussions with officers of the Department
of Planning and Department of Primary Industries(Mineral
Resources) as part of preparing this study, the two alternative
process are:

a) If the area of coastal waters preferred for sand recovery is not
affected by a reserved block® (i.e. within an existing exploration
licence area):

. The exploration licence holder may apply for a mining
licence under Section 198 of OM Act.

b)  If the area of coastal waters preferred for sand recovery is
affected by a reserved block declaration (either within or outside
existing exploration licence areas):

= Seek amendment of the ‘reserved block’ (i.e. offshore
mining reserve) affecting the preferred sand recovery site
under Section 18 of OM Act to allow sand recovery
(Section 12 of OM Act allows Minister to revoke or amend
reserved block by notice published in the Gazette).

Ll Seek mining licence for ‘recovery of minerals from coastal
waters’ under Part 2.4 of the OM Act.

Seeking a mining licence, regardless of the approval path under the
OM Act, would require preparation and gazettal of an Offshore
Minerals Regulation to support the application for such a licence. This
would be undertaken by the NSW Government.

Seek confirmation of the policy position of the NSW Government with
respect to offshore sand recovery for beach nourishment purposes.
This would constitute initiating the process for consideration of the
proposal to recover sand from coastal waters for beach nourishment.

Based on the findings of discussions, it is recommended that a
briefing paper be developed for Ministerial consumption (if
appropriate) that describes and justifies the proposal. This should
outline the key approval process steps, being informed by this study.

EP&A Act

Part 3A planning
approval for beach
nourishment and
associated off shore
sand extraction.

A Simplified Part 3A approval process would comprise the following steps:

1)
2)
3)

4)
5)

6)

Seek confirmation from the Minister for Planning that the proposed
marine aggregate extraction (for beach nourishment) is a “major
development” under Part 3A of the Act.

Prepare a Preliminary Environmental Assessment.

Prepare detailed studies to identify environmental constraints and
design parameters.

Prepare a detailed project design.

Consult with key stakeholders (government agencies, community
groups) and community.

Undertake detailed environmental assessment and prepare
justification of proposal.

3 It is understood from discussions with an officer of the Department of Primary Industries (Mineral Resources) that the entire
coast has been declared a reserved block, except those areas already granted an exploration licence Note, it is understood
there are no existing mining or retention licences in NSW coastal waters.
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7) Finalise the Environmental Assessment.
8) Exhibit and respond to submissions.
9) Minister's determination.

1.4 Approval Process Summary
11.41 Feasibility

Notwithstanding the potential environmental impacts and the need to undertake a comprehensive impact
assessment (Chapter 12), the above process indicates that there is a feasible approval pathway for the proposed
beach nourishment and sand extraction project under the OM Act and the EP&A Act.

11.4.2 Critical success factors
Government support

It is likely that the approval process will be complex and will involve a wide range of stakeholders. To avoid
unreasonable delays or assessment requirements, it will be vital to seek government support at the outset of the
project. In particular, it is recommended to seek support from the Minister for Planning and the Minister for Mineral
Resources as key ‘approval’ authorities, as well as the Minister for Environment and Climate Change with respect
to determining environmental assessment requirements.

Robust approvals
Key factors to the success of the approval process(es) are:

. Robust approval — Due to the potential for opposition to the project (based on current Government policy
and community opposition to past offshore sand extraction proposals4) it is important that the approval
process be appropriate to minimise risk of third party challenge/appeal on procedural grounds. It is possible
that third party appeals may occur on merit grounds, for which the risk can be minimised (but not eliminated)
through comprehensive impact assessments using best practice methodologies.

. Flexibility — Within the terms of the approval, flexibility is important to enable nourishment and extraction
activities to respond to the coastal conditions that warrant beach nourishment.

. Adequate certainty — The ability to act upon the approval granted at the outset of the project for future stages
when the need is triggered, is important for the long term viability of the project.

It is understood that offshore extraction will only be undertaken to provide the necessary material for beach
nourishment and no stockpiling will occur. Accordingly the conditions that trigger the need for beach nourishment
and extraction will require careful consideration as part of the application for planning approval.

Consultation

Due to the need for political support for the proposed offshore mineral extraction and the potentially controversial
nature of the project in the wider community, it is recommended that a comprehensive Engagement Strategy be
prepared to guide all discussions with stakeholders and the public. This strategy would:

. Describe key stages in the approval process and assign communication and engagement protocols for
achieving desired outcomes

. Guide the timing and nature of project information that is released to stakeholders and to the community, to
coincide with approval process(es) and formulation of project design/methodologies

Key Recommended Studies and Further Work

o Community education and consultation on the nourishment programme.
° Formation of working group/s with key stakeholders.
° Political representation and support to amend Schedule 2 of the OM Act.

* Metromix Pty Ltd (1993) and Goldfields Pty Ltd (early 1980s).
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Chapter Summary

The project is likely to be subject to planning approval under Part 3A of the EP&A Act. As part of the Part 3A
approval process, environmental assessment requirements (commonly referred to as Director-General
Requirements) are issued by the Department of Planning. The Environmental Assessment for the project must
address all issues raised within the Director-General Requirements.

Indicative environmental assessment requirements were obtained from Department of Environment, Climate
Change and Water, and Industry and Investment NSW as part of the scoping study to identify likely studies that
may be required before planning approval is granted.

Additional studies and research will be required as part of the feasibility phase. A baseline data set will be
required for benchmarking during the Part 3A approval process.

The current NSW Government policy opposes sand mining off the NSW coastline, both within and beyond the
3Nm limit. At present, Clause 4 of Schedule 2 of the OM Act provides for reserves that prohibit extraction under
Section 18 of the OM Act. It would require an amendment to Schedule 2 of the OM Act and the introduction of
companion regulations to enable a mining licence to be issued over an area of sand within the 3Nm limit, to
enable sand to be recovered for beach nourishment purposes.

It is recommended that in-principle political, social and environmental support be granted prior to investment in
additional studies and data collection. An estimate of all fees for the project including the additional studies is
outlined in Section 7 of this report.

In an attempt to appreciate the likely acceptance of a sand extraction project by State government agencies, and
to gather preliminary environmental impact assessment requirements, key government agencies were consulted
as part of this scoping study. Copies of the government agency responses are presented as Appendix J and are
discussed below.

121 Director General Requirements under Part 3A

The project is likely to be subject to planning approval under Part 3A of the EP&A Act (refer to Chapter 11 and
Appendix | for a full discussion of the statutory framework and approval processes).

One of the steps of a Part 3A planning approval process is the preparation of environmental assessment
requirements by the Director-General of the Department of Planning (DoP). The environmental assessment
requirements are needed under Section 75F of the EP&A Act and are commonly referred as Director-General’s
Requirements (DGRs).

The purpose of the DGRs is to outline the level of assessment, general requirements and specific key issues that
must be included within an Environmental Assessment for a particular project. The DGRs are tailored to a specific
project and may also outline consultation requirements. When preparing the DGRs, the Department of Planning
will consult with relevant government agencies and other key stakeholders with regard to their respective
requirements for the project. The DGRs may also be informed by issues raised at a Planning Focus Meeting that
is held for the project.

The Director-General may require a Statement of Commitments to be included within the EA that documents the
commitments a proponent is prepared to make to mitigate impacts associated with the proposal, including
development contributions. An environmental risk analysis may also be required and would comprise potential
environmental impacts associated with all phases of the project, proposed mitigation measures and residual
environmental impacts.

Prior to the EA being placed on public exhibition, DoP will review the document to determine if it adequately
addresses the DGRs. If the EA is not adequate it will need to be revised. The public will have an opportunity to
provide formal comment on the EA during the public exhibition phase. Depending on the nature of the public
submissions, the project and design may need to be redefined. As such, it is crucial that the proponent
understands issues early in the project planning and fully comprehends the assessment required within the EA, in
an attempt to minimise undue costs and programme delays.
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1211 Agency Consultation

It is standard practice to formally request environmental assessment requirements from government agencies
when a project is defined and an application is being made for planning approval. However, it is not standard
practice to request environmental assessment requirements at such an early stage in project planning, prior to a
project being defined.

Despite this, consultation with agencies as part of this scoping study will allow SCCG to identify and appreciate
likely key issues associated with the project. This will enable SCCG to have a greater confidence moving forward
by being able to adequately plan (both future costs and timing) for later stages. This is critical for such a project
where there are potentially many uncertainties and potential impediments associated with government support,
stakeholder and community sentiment, and approvals.

Although many agencies will need to be consulted as part of an environmental assessment for a sand extraction
and beach nourishment project, two State agencies (Department of Industry and Investment and Department of
Environment, Climate Change and Water) will have a central role in providing technical advice and guidance on
an environmental assessment for such a project. Both agencies were consulted as part of the scoping study.

The agencies were informed about the project and the motivation for requesting environmental assessment
requirements at this stage. In accordance with the planning approval process within NSW it is not appropriate to
request formal environmental assessment requirements prior to seeking approval. Based on this rationale, the
agencies were asked to provide indicative assessment requirements to inform later stages of project development
and to enable the SCCG to appreciate the likely requirements associated with such a project.

If the location of sand extraction is within Commonwealth Waters, consultation with Department of Environment,
Water, Heritage and the Arts (DEWHA) will also be required. The DEWHA requirements are likely to be similar to
those received from the State agencies and will focus on potential impacts on Commonwealth matters of National
Environmental Significance, which includes the Commonwealth marine environment (refer Chapter 11 for full
discussion on Commonwealth planning approvals).

12.1.2 Agency Responses
Industry and Investment NSW

Industry and Investment NSW (& NSW) was established earlier this year from three agencies including Primary
Industries, State and Regional Development and Energy. I& NSW was selected as a relevant regulatory agency
to consult as a result of its interest in potential offshore environmental impacts associated with the project
(including commercial fishing, recreational fishing, aquatic habitats, habitat management including threats to
habitats, and species protection), as well as offshore resources and investment. Two separate divisions within 1&I
NSW were consulted: Mineral Resources and Fisheries.

A copy of the I& NSW response is provided in Appendix J and a summary of the key matters raised are outlined
below:
. A proposal to extract sand in offshore waters would face many impediments including:

- NSW Government opposition to sand mining off the NSW coastline

- There is a reserve on the area covered by the Offshore Minerals Act 1999 that prevents the lodgement
of any titles

- Planning approval would likely be required under Part 3A of the EP&A Act.

Indicative assessment requirements are as follows:

. 1&I NSW require more detailed information to assess the potential impacts of the proposal on the marine
environment and fisheries including:

- Broad description of aquatic habitats, species and fisheries in the study area

- Methods and locations of extraction and deposition and associated volumes and suitability of sand for
beach nourishment

- Predicted impacts on the aquatic habitats, species and fisheries

- Proposed mitigation, offset and /or compensatory measures.
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Department of Environment, Climate Change and Water

The Department of Environment, Climate Change and Water (DECCW) was selected as a relevant regulatory
agency to consult as a result of its interest in the effects of climate change, water pollution, noise pollution,
contamination and hazardous materials, as well as cultures and heritage.

A copy of the DECCW response is provided in Appendix J and a summary of key matters raised are outlined
below:

. The provision of indicative assessment requirements does not represent DECCW support for the project.

. The Minister for Climate Change and Environment has a concurrence role under the provisions of the
Coastal Protection Regulation 2004 for development in the coastal zone between mean high water mark and
the limit of the State’s coastal waters.

. When making a concurrence determination the Minister is to consider the matters outlined in Section 44 of
the Coastal Protection Act 1979.

Indicative assessment requirements are as follows:

. The effects of dredging on and from the natural physical coastal processes are to be assessed including
infilling mechanisms, alterations to wave climate and impact on neighbouring beaches.

. The effects of sand nourishment on and from the natural physical coastal processes of the nourished
beachfront are to be assessed including:

- Onshore and offshore and alongshore processes

- Aeolian transport processes

- Alteration to lagoon entrance dynamics and infilling mechanisms

- Infilling of existing infrastructure including stormwater pipes and ocean pools
- Headland bypassing under extreme storm events

- Profile adjustment under a climate-induced sea-level rise.

. Environmental protection impacts associated with dredging and sand emplacement operations are to be
assessed including impacts on water quality, noise emissions, air emissions including odour, contaminated
sediments, impacts on threatened species, such as the little tern and beach stone-curlew, Aboriginal cultural
heritage, and impacts on existing bathymetry.

121.3 Formal Environmental Assessment Requirements

The matters raised by 1& NSW and DECCW should be considered as an indication of the likely environmental
assessment requirements from those agencies for a sand extraction and beach nourishment proposal. That is,
the matters raised by I1& NSW and DECCW should be considered to inform the next stage of the project, and act
as a prompt to identify likely cost and time requirements (taking into account seasonality of surveys) to assist with
determining the feasibility of the project.

Formal environmental assessment requirements (in the form of Director General Requirements (DGRs)) will need
to be requested from I& NSW, DECCW, DoP and other relevant agencies when a project is defined and an
application is being made for Part 3A planning approval. The request for DGRs is made when a project
application is lodged with DoP together with a Preliminary Environmental Assessment report.

The formal assessment requirements will replace the indicative assessment requirements obtained during this
scoping study and should be used to guide the level of assessment required for planning approval. Refer to
Chapter 11 and Appendix | for a full discussion of the statutory framework and approvals processes relevant to
the project.

12.2 Community and Stakeholder Consultation

The social acceptability of a sand extraction and beach nourishment project will hinge upon the availability and
technical level of information surrounding the social, environmental and economic issues. In turn, the success of
such a project will be delicately balanced on the level and quality of consultation undertaken with government,
stakeholders, interested parties including indigenous communities, environmental organisations, and the media,
as well as the general public.
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Consultation with the community and with stakeholders is a fundamental component of any environmental
assessment undertaken under Part 3A. Consultation requirements vary from project to project and will be
determined by the extent and magnitude of the likely environmental, social and economic impacts. These in turn
will be dependent on the nature of the project, magnitude, location, duration of construction phase and residual
impacts once the project is operational. Consultation requirements will be outlined within the DGRs and should
be undertaken in accordance with a DoP publication that outlines guidelines for major project community
consultation.

Based on the information gathered during this scoping study, it is recommended that a Community and
Consultation Strategy (CCS) be developed and implemented during subsequent stages of the project. Key
objectives of the CCS should include:

o To develop information packages for stakeholders, local, State and Federal Governments, interested parties
(including non-government organisations and indigenous communities) and the general public, that are
based on factual and expert scientific information in an attempt to dispel historical myths associated with
sand extraction and beach nourishment and to ‘build an information base’.

. To engage all relevant stakeholders, interested groups and the general community including locals, visitors
(from within Australia) and tourists (international visitors) in an open and transparent process.

o To define key milestones to keep the community and general public well informed about likely project timing
and duration — through local updates in media.

. To nominate key project spokespeople, who are well informed and well respected, to deliver information
about the project.

o To develop strong relationships with government, media groups and environmental organisations to ensure
the right messages are being consistently delivered.

A framework for the CCS is outlined in Chapter 13.0.

12.3 Required Studies and Data for Feasibility Phase and Part 3A Approval
Process

As outlined in this scoping study, a range of existing studies are available that document environmental impacts

associated with sand extraction and beach nourishment. These studies have been undertaken for specific

projects, predominantly related to mining the seafloor for commercial purposes. Depending on the confirmed

location of sand extraction and beach nourishment activities, some data from existing studies may be extrapolated

for use in this project. However, new studies will need to be undertaken to supplement the existing knowledge
base and provide a comprehensive and current data set.

The project parameters, including location of sand sources and beach nourishment, will be refined during the
feasibility phase. Once the location of the project activities have been identified, the validity of existing studies
can be reviewed and the need for additional studies confirmed. The focus of the additional studies will be on
ensuring a comprehensive baseline data set exists for the study area. This data set will be used as a benchmark
for studies undertaken as part of the Part 3A approval process.

Studies required as part of the Part 3A planning approval will be detailed within the DGRs. The indicative
assessment requirements obtained as part of this scoping study provide an indication as to the likely studies that
should be undertaken to satisfy the requirements of State agencies. Based on the indicative assessment
requirements the likely studies that will be required as part of the EA include the following:

. Aquatic ecology assessment.

. Terrestrial ecology assessment.

. Noise and vibration assessment.

. Air quality assessment.

. Socio-economic assessment.

. Hydrodynamics and coastal processes.

. Water quality assessment.

. Contaminated sediments, soil and groundwater investigation.
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. Indigenous and historic heritage assessment.
. Sustainability and climate change.
. Landscape and visual amenity assessment.

. Waste management.

Impacts on the marine environment will be a key issue for the project and therefore the aquatic ecology study has
been outlined in more detail. The aquatic ecology assessment should provide a broad description of aquatic
habitats, species and fisheries in the study area. The study methodology for an aquatic ecology assessment
should comprise:

. Desktop research.

. Field investigations including SCUBA divers to undertake surveys of marine biota.

. Laboratory work.

. Data analysis.

. Impact assessment.

. Reporting.

In particular, the impact assessment of an aquatic ecology assessment should focus on the following:

. Impacts on marine habitats, primary producers, benthic organisms, nektonic organisms, marine mammals
and seabirds.

. Impacts on benthic macrofauna and demersal fish.

. Potential smothering of benthic communities.

. Impacts of increased turbidity from dredging.

. Effects on the marine environment due to operation of dredging equipment.

. Conflicts with other marine vessels and users including commercial and recreational fishers and divers.

. Direct and indirect effects on the inter-tidal habitat and subaqueous near-shore habitat.

The level of assessment for each of the other studies will be confirmed once the project parameters have been
defined.

12.4 Additional Studies and Data

Numerous studies, public information seminars/workshops, data collection programmes and environmental
monitoring programmes would need to be established when the project is commissioned. Prior to commissioning
of the project, a host a programmes would need to be considered. The majority of these would be associated with
the EA requirements, but some would also have an engineering consideration. Additional studies would include:

. Review and update the physical processes and impacts associated with offshore extraction at the potential
borrow sites. This is essentially an extension of the investigations conducted for the Metromix Marine
Aggregate Proposal by Geomarine Pty Ltd. It would update the science with recent developments and
address other possible sand sources.

o Review and update the ecological processes and impacts associated with offshore extraction at the potential
borrow sites. This is essentially an extension of the work undertaken for the Metromix Marine Aggregate
Proposal by The Ecology Lab Pty Ltd.

. Establish an ecological monitoring programme for the pre-commissioning phase of the project, but also
consider the commissioning and post-commissioning stages of the project. Examples of monitoring
requirements may include:

1) Baseline/Description of existing environment. Temporal/seasonal variation should be accommodated
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2)

3)

a) Describe the taxonomic composition of assemblages in both the subaqueous and inter-tidal areas
to be affected (possibly 12 beaches could be considered to represent different morphodynamic
types and kinds of disturbance envisaged — see below under point 3).

b) Locate potentially vulnerable biota outside the immediate impact area e.g., kelp beds. All beaches
should be examined.

c) Survey all beaches for birdlife, especially threatened or vulnerable species.

d) Physical environment — describe all beaches (sediments and slopes). The subaqueous sediments
should also be described.

Pilot sampling that would:

a) Estimate structural features of the macrobenthic assemblage (e.g., taxonomic richness,
abundance).

b)  Estimate error variation in order to inform the design of sampling that would address effects of
deposition and recovery.

c) Inform estimates of sample processing times.

The descriptive sampling and pilot sampling could be combined. Pilot studies could be limited to one beach of each
morphodynamic type, with results assumed to be an adequate guide to other beaches.

Effects and Recovery sampling that would estimate:
a) The magnitude of the effects of sediment deposition on assemblages (especially macrobenthos).
b) The rate of recovery of assemblages.

c) The magnitude of any changes to the physical environment, especially sedimentary variables.

A before, after/control, impact (BACI) design would be appropriate. This would require a) the identification of the
kinds of disturbance at each beach (e.g., sediment only or sediment plus bulldozing), b) the stratification of beaches
according to their morphodynamic status (i.e. reflective, intermediate or dissipative) and c) the designation of multiple
control sites. Details of replication would be guided by the pilot project. Questions of sieve mesh size and taxonomic
resolution will depend on resources available (both financial and human skills) although there is information available
to guide the choice.

Not all the beaches need to studied for impact and recovery. However, each combination of beach type and
disturbance type needs be addressed with replicate beaches. A total of 12 impacted beaches may be sufficient,
depending on the range of engineering processes (disturbance type) envisaged. Six control beaches are also
necessary.

A pilot programme could be used to develop the full BACI monitoring programme.

Undertake sediment sampling of all Sydney beaches to characterise the sands within each beach system.
The estimated nourishment volumes from the borrow sites are very sensitive to grain size.

Determination of sand composition and sand volumes in identified offshore sand reserves.

Identification of other offshore sand reserves.

Refinement of depth of closure parameters.

Key Recommended Studies and Further Work

Detailed design of ecological studies for sand placement

Review and update the physical and ecological processes and impacts associated with offshore extraction at
the potential borrow sites
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The framework for the development of a Community and Consultation Plan is developed in this Chapter.

Chapter Summary

Consideration should be given to the establishment of three key stakeholder consultation groups — a Project
Control Group, Stakeholder Working Group, and Community Reference Group.

Stakeholder engagement would need to focus on information and education, communication, media and
community consultation.

One of the key determinants for the progression of efficient, cost effective sand nourishment strategies will be the
amendment of the Offshore Minerals Act 1999 and introduction of companion regulations to allow mining/dredging
of offshore sand and mineral supplies from NSW statutory waters (refer to Chapter 11 for a full discussion of
approval processes and statutory framework).

Consideration needs to be given to preferred government approach to facilitating this amendment. The Offshore
Minerals Act 1999 can be amended on the basis of multifunction investment benefits across several government
sectors and communicated to the broader public via media release and parliamentary statements. This
announcement will then pave the way for communication and consultation on future investigation and
implementation of sand nourishment strategies.

A second approach could be to test the stakeholder and community sentiment towards amending the Act, and
subsequent sand extraction, via a broad community consultation campaign in the Sydney area around the
nominated beaches. This consultation campaign could be a combination of educational communication material
and media releases and stakeholder and community feedback via public information days, website surveys,
newsletters, focus groups and or market research surveys. The basic tools and methodology for these
consultation approaches has been outlined and matched to each key project phase in a timeline table.

13.1 Key Stakeholder Engagement Strategy

Given the need for political support to amend legislation and progress state and national planning approvals, as
well as the potential for the scheme to attract controversial media and feedback, it is important that strong
relationship based stakeholder networks are established at the beginning of the project. Establishing stakeholder
consultation groups will assist with the following:

. Identify issues and concerns.

. Identify mitigation measures and solutions.

. Facilitate project decision making.

. Endorse outcomes and findings for progression.

. Manage information distribution.

Three key stakeholder consultation groups are proposed, ranging from:

. Decision making and advocacy = Project Control Group (PCG).

. Influencing and advice = Stakeholder Working Group (SWG).

. Community input and feedback = Community Reference Group (CRG).

13.1.1 Establish a Project Control Group (PCG)

We recommend establishing a Project Control Group (PCG) comprising senior local, state and federal
government agency representatives. The PCG would oversee the processes for further investigation and scoping,
securing a licence for offshore sand recovery within NSW waters and planning approval for beach nourishment.
For example;
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. Monitor the engagement with Department of Industry and Investment (Mineral Resources) to confirm
approval processes and licence requirements.

. Endorse gazettal of Offshore Mineral Regulation to support application.

. Seek confirmation of policy position of Commonwealth and NSW Governments with respect to offshore sand
recovery for beach nourishment.

. Approve the briefing paper for Ministerial consumption that describes and justifies the proposal.

The PCG would also play a consistent role in advising on, and endorsing, subsequent project phases, including
each of the key steps within the planning approval process, provide guidance on the timing and nature of project
information, consultation and approval processes. The project phases are anticipated to be:

. Feasibility Study and preparation of Economic Business Case. This would include detailed studies into
environmental constraints and design parameters. The project would be defined at this stage.

. Commence planning approval process and prepare Preliminary Environmental Assessment (assuming
planning approval will be under Part 3A of the EP&A Act). EPBC Act approvals should also commence at
this stage, if required.

. Detailed project design and progressive development of Environmental Assessment. Preparing the
Environmental Assessment in parallel with the detailed design would enable key environmental issues to be
incorporated into the design and vice versa.

. Finalisation of Environmental Assessment.

. Public exhibition and preparation of submission report.
. Ministerial determination of the project.

. Project implementation.

Underpinning all of these project phases would be staged communication and consultation programmes.
Depending on the needs of each phase, programmes would vary between key stakeholder consultation,
educational communication, media announcements, community feedback and active consultation.

13.1.2 Stakeholder Working Group (SWG)

The Stakeholder Working Group (SWG) would comprise key government agency officers working in association
with the project and relevant impacted agencies. The role of the SWG is to meet regularly throughout the various
project phases and provide strategic operational advice, and to identify conflicts and concerns early. It would also
provide a forum to harness practical and innovative approaches and solutions to sand extraction and nourishment
in Sydney. The group would act as an internal stakeholder group and would not provide public information. This
group would be managed under the guidance of the PCG and operate under workshops discussions and
individual meetings, as required.

13.1.3 Community Reference Group

The Community Reference Group (CRG) would provide input and advice throughout phases of the project, but
would not be a decision making body. The group would act as an informed focus group to test ideas, highlight
community and interest group opinions and help facilitate information sharing. The reference group does not need
to meet regularly but would need to meet at key milestones, when information is relevant and input is required.

13.1.4 Other stakeholder engagement

It would be necessary to consult with a broad range of stakeholders during the project. Prior to the development of
the Communication and Consultation Plan a community and stakeholder profiling exercise would identify key
government, industry, commercial and community stakeholders, and:

. Their concerns.

. Areas of influence.

. Their preferred method of contact.

Once drafted the Plan would be a living document and updated on an ongoing basis to identify other stakeholders
and agencies that may require consultation.
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13.2 Community Education and Consultation

In addition to being a best practice method to gain approvals - to inform the community of the project and
opportunities and concerns - consultation is required under the EP&A Act (and potentially under EPBC Act). A
flexible Communication and Consultation Plan would need to be developed to tailor communication tools and
techniques to suit the needs of each target audience and establish timelines for delivery, evaluation and reporting.
Each phase of the project would require varied approaches to communication and consultation. The three main
approaches, other than the stakeholder consultation listed above, would be:

. Information and education.

. Communication and media.

. Community consultation.

An opportunity also presents itself to assist the socio-economic impact assessment — opportunities, constraints
and design parameters - via well-crafted and well facilitated consultation, including the development of surveys
and questionnaires, focus group facilitation, market research and integrated analysis of community feedback.

Given the escalating awareness and importance of global climate change strategies, social marketing can also
feature as an additional communication and consultation approach. Social marketing can be used for the long
term strategy to educate, inform and influence communities, monitor success and acceptance, maintain support
and set benchmarks for similar future projects in NSW.

Each of the above approaches would engage a variety of tactics and tools. Strong record keeping and data
capture systems will ensure thorough evaluation and reporting that can be used to facilitate transparent processes
for planning approvals, legislation changes, Ministerial and Council endorsement, and community acceptance.
The Communication and Consultation Plan would need to have embedded processes to monitor and review the
effectiveness of stakeholder and community engagement.

13.21 Information and Education

The initial information and education strategy would involve informing local, state and federal government,
interested parties (including non-government organisations and indigenous communities), the broader community,
and the media on the need for sand nourishment, the basic principles of implementation and the requirement to
use offshore sand reserves.

Key messages would need to be developed in consultation with respective Councils:

. Why - climate change, social and economic amenity and storm recovery/erosion prevention.
. When - outline proposed investigation time frames and approval stages.

. What — use of offshore sand reserves, legislation changes, planning approvals, investigations and
implementation phases.

. How - sand extraction techniques, sand nourishment techniques, monitoring programmes and reporting
mechanisms.

. Impacts:
- Environmental impacts and protections
- Social impacts
- Economic impacts.
. Timing — investigation and proposed implementation, consultation and approval process.
. Consultation — methodology, community opportunities and timeframes.
. Monitoring and reporting.
Messages would be based on factual and expert scientific information in an attempt to dispel historical myths
associated with sand extraction and beach nourishment.

Information and education would most likely be an iterative approach, with new material being prepared in
response to stakeholder and community feedback, emerging data and project outputs and the changing needs of
the project and political environment.
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13.2.2 Communication and Media

Due to the political and economic implications of amending the current legislation, and the potential controversy
surrounding sand extraction and nourishment, a comprehensive media strategy is required. The media strategy
would identify risks and mitigation measures regarding progressing investigation and implementation, a list of
distribution agencies and reach, and a briefing structure for Sydney Coastal Councils Group and local and state
government. It would include pre-planned milestones for media releases, provide internal questions and answers
for Council speaking notes, case study examples, and identify opportunities for proactive local media stories. It
would need to be a flexible strategy that responds to the changing environment and phases of the project.

The objectives of a strong media and communication campaign are to:

. Highlight the positive drivers for sand nourishment:

- Climate Change initiatives — to protect social and economic infrastructure and environmental places
from rising sea levels

- Maintaining social and economic amenity for future generations.
. Announce activities, actions and policy.

. Define key milestones to keep the community and general public well informed about project timing and
duration.

Educational material supporting these campaigns would also address the anticipated concerns of impacts on the
sea life and ecology; altering beach conditions for recreational and commercial activities and management of
setting a precedent for commercial extraction. Background information and education material would be available
on the website and via media kits and public information packages.

13.2.3 Community Consultation

Once an information base has been established, two way consultations would need to commence, to understand
stakeholder and community impediments, respond to community concerns and harness ideas, collaboration and
innovations.

This Scoping Study identifies three options to maintain Sydney’s existing beach amenity with climate change sea-
level rise: Do nothing (Retreat), Nourish or Prevent. These three options can be used to consult on the risks of
rise in sea levels and increasing natural major weather events and the differing levels of impact they may have
(social, economic and environmental amenity), based on scenarios.

We recommend scenarios maintain a local focus with information available on other successful Australian and
international schemes. Local case studies will be used to explain concepts, provided factual examples based on
what has worked well locally (and internationally) and demonstrate the results that can be achieved.

The consultation programme would aim to achieve community buy-in, support and participation into the project,
which would lead to:

. Greater and mutual understanding of the issues and objectives.

. Greater understanding of stakeholder and community attitudes.

. Insight into what the stakeholder and community sentiment regarding legislation and policy changes.

. A forum for ideas, concerns and constraints to be raised and discussed.

Inviting participation into the consultation process would be inclusive and interactive to encourage a broad cross
section of stakeholders and community members to participate. A mix of online and hard copy surveys, newsletter
feedback forms, information days and written submissions would be used to gather feedback and reach different
sections of the community. Consultation feedback and evaluation would promote the development of the business
case and inform the Minister’s determination.

13.2.4 Application of Communication and Consultation

The communication and consultation approaches to be applied to the various stages of the project are listed in
Table 13.1. It is recommended that community consultation be commenced early in the project. This approach
would allow ideas and concerns to surface early in the process and enable issues to be incorporated and
addressed as part of the design development.

More detailed methodologies and activity plans will need to be developed as part of the next project stage.
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Table 13.1

Staged approach for communication and consultation throughout project delivery

Likely project phases

Communication and consultation approach

Feasibility Study and Economic Business Case. Detailed
studies into approvals processes, environmental
constraints and design parameters

Key stakeholder engagement
Information and education
Communication and media
Community consultation

Commence Planning Approval Process (including
Preliminary Environmental Assessment) and referral under
EPBC Act, if required

Key stakeholder engagement
Information and education
Communication and media

Detailed project design and progressive preparation of
Environmental Assessment

Key stakeholder engagement

Information and education

Communication and media

Possible consultation — socio-economic impact
assessment

Finalisation of Environmental Assessment

Key stakeholder engagement
Communication and media

Public exhibition and submission report

Key stakeholder engagement
Information and education
Communication and media
Community consultation.

Possibly social marketing campaign

Ministerial determination of the project.

Key stakeholder engagement
Communication and media

Project implementation

Key stakeholder engagement
Information and education
Communication and media
Community consultation.

Chapter Summary

. Preparation of a detailed Community and Consultation Plan with timing and milestones.
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This chapter outlines a business case strategy for a sand nourishment campaign.

Chapter Summary

As a result of the positive cost-benefit assessment and the favourable environmental and social outcomes, the
preparation of the Strategic Gateway Review will be the first gate in the preparation of a business case to NSW
Treasury to seek funding to progress the programme.

14.1 NSW Gateway Review Process

The NSW Gateway System is a process applied by NSW Treasury to examine a project at critical stages of its
lifecycle. It is applied to projects that procure construction, goods and services, property and accommodation, and
information technology and communications. There are six defined gates at which reviews are undertaken:
Strategic, Business Case, Pre-Tender, Tender Evaluation, Pre-Commissioning and Post Implementation.

The Strategic Gateway Review, the first gate, requires the presentation of a preliminary business case to:

. Support the strategic assessment of the need for the proposed intervention and its priority and timing.
. Identify any realistic options for the intervention.
. Outline the high-level costs and benefits, risks and sustainability issues relevant to each option.

. Identify any relevant technical standards or legislative requirements associated with the proposal and the
options.

The information enables Government to determine the rationale for the intervention and if it is consistent with
Government objectives or priorities before it progresses. This is a crucial stage in the planning of a project or
programme, with the preliminary business case constituting the planning framework for the final business case.

As well as demonstrating the need for the intervention and that the intervention strategy offers value for money
relative to alternative strategies, the preliminary business case should outline the governance arrangements
planned to take the intervention proposal through to the next stage of the Gateway System, the final business
case. This outline should summarise the key elements, milestones and risks to achieve the final business case.

A template for preparing a preliminary business case is given in Appendix 1 of NSW Treasury Guidelines for
Capital Business Cases, TPP08-5, December 2008.

14.2 Summary of Cost Benefit for each of the Beach Case Studies
14.2.1 Case 1: Collaroy-Narrabeen Beach

The cost-benefit analysis demonstrated that the proposed beach nourishment programme is economically viable
— it produced a net present value of $42M, a benefit-cost ratio of 1.6 and an economic internal rate of return of
12%. The value of the benefit-cost ratio indicates that, on the basis of the quantified benefits, the programme is
expected to provide medium value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (45% of total quantified benefits).
. Value of residential properties located within hazard lines (38%).
. Expenditure by beach visitors (8%).

. Rates revenue from residential property values within walking distance of the beach as a result of lower
property values (4%).

The sensitivity analysis showed that the economic viability is reasonably robust. However, the programme is not
economically viable in the most extreme sensitivity test (where project benefits are reduced by 30% and project
costs are increased by 30%).
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Adopting a lower discount rate (4% instead of 7%), as is increasingly the overseas practice in economic appraisal
of social and environmental projects with long-term benefits, increases the benefit-cost from 1.6 to 2.2.

The economic results are also sensitive to the shape of the relationship applying between beach width and the
loss of economic value from the flow-on effects of reduced beach amenity — use of an exponential rather than
linear relationship increases the benefit-cost ratio from 1.6 to 2.5.

14.2.2 Case 2: Manly Beach

The cost-benefit analysis demonstrated that the proposed beach nourishment programme is economically viable
— it produced a net present value of $48M, a benefit-cost ratio of 2.4 and an economic internal rate of return of
20%. The value of the benefit-cost ratio indicates that, on the basis of the quantified benefits, the programme is
expected to provide high value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (49% of total quantified benefits).

. Expenditure by beach visitors (23%).

. Rates revenue from businesses in the Manly Business District as a result of lower property values (13%).
. Non-traded value (consumer surplus) associated with beach visits (9%).

The sensitivity analysis confirmed the robustness of the economic results, with the programme being
economically viable in all sensitivity tests undertaken. Adopting the lower discount rate of 4% increases the
benefit-cost ratio from 2.4 to 3.3.

14.2.3 Case 3: Bate Bay

The cost-benefit analysis demonstrated that the proposed beach nourishment programme is economically viable
— it produced a net present value of $13M, a benefit-cost ratio of 1.2 and an economic internal rate of return of
8%. However, the value of the benefit-cost ratio indicates that, on the basis of the quantified benefits, the
programme is expected to provide low value for money.

The main quantified benefits are the avoided loss of:

. Residential property values attributable to beach amenity (73% of total quantified benefits).
. Expenditure by beach visitors (13%).

. Rates revenue from residential property values within walking distance of the beach as a result of lower
property values (5%).

. Non-traded value (consumer surplus) associated with beach visits (5%).

The sensitivity analysis showed that the economic viability is not robust, with the programme not being viable in
most of the sensitivity tests. However, adopting the lower discount rate of 4% increases the benefit-cost from 1.2
to 1.6.

The economic results are also sensitive to the shape of the relationship applying between beach width and the
loss of economic value from the flow-on effects of reduced beach amenity — use of an exponential rather than
linear relationship increases the benefit-cost ratio from 1.2 to 1.8.

14.3 Financing Mechanisms
14.3.1 USA

The financing of beach nourishment programmes is most advanced in the USA, where the primary source of
funding is the Federal Government. The agencies that are responsible for such funding are:
. U.S. Army Corps of Engineers (the primary source of funds).

. Continuing Authorities Programme: Federal government and non-federal government agencies share the
cost of funding, which can be granted under emergency shoreline erosion, hurricane damage, beneficial
uses of dredged materials and aquatic ecosystem restoration.

. General Investigations: for larger projects that do not fit under the Continuing Authorities Programme.

Under US legislation, Federal funding for nourishment projects beyond the normal extent is generally released in
the case of emergencies. When extreme weather events cause extreme erosion of the coast line, regions can
secure funding to repair damage.
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There are also State government run organisations that are capable of providing funding for beach nourishment
programmes; this can be done alone or in partnership with the Federal government.

Local/Regional Matching Funds

Within the USA, for a region to secure funding from a Federal body (such as the U.S. Army Corps of Engineers),
they must be able to provide capital generally equal to half the value of the studies and construction that needs to
be undertaken. However, not all members of the region will benefit from a beach nourishment programme, as
properties in close proximity to the beach will be expected to appreciate in value, while the value of properties
further away is likely to be unaffected. It is therefore argued that the cost of the programme should be borne by
the beneficiaries.

Below are examples of the way in which this can be done:

. Transient Occupancy Tax/Hotel Tax

This is a tax that is levied on visitors to the area, where they are charged a tax on their accommodation when they
are staying in the area which benefits from the beach nourishment programme.

For example, a Transient Occupancy tax was introduced in New Hanover County (North Carolina) where a room
occupancy tax is levied at a rate of 6%. The revenue from this tax is split among promotion of travel and tourism
in the region, beach projects (nourishment and other) and other capital works projects determined by the
controlling authorities. However, the proportion of the revenue given over to each activity varies within the county,
with the Town of Wrightsville Beach, the Town of Carolina Beach, the town of Kure Beach and City of Wilmington
all deciding on their own break-up.

° Real Estate Transfer Tax

This is a tax that is levied on properties when they are bought and sold — properties can be residential and/or
commercial. This tax has in the past been very unpopular with the residents of regions that propose to, or do
introduce real estate transfer taxes.

For example, in 2005 the implementation of a real estate tax in Dare County (North Carolina) was discussed. The
proposal was that the revenue from the tax would be used to pay for the estimated $32M that would be needed to
pay for the nourishment of ten miles of beach. However, the tax was rejected under a referendum vote by the
residents of Dare County.

° Taxation of Sports Goods

Revenue from taxation on the sale of sports goods has been used to pay for the cost of a beach nourishment
programme in Texas.

o User Fees

User fees are a way in which those who use the beach pay for the benefits of the nourishment project, this can
include paid parking or beach use fees. In some cases these are only levied on visitors, not residents.

Summary

Funding types are as follows:

1)  Federal storm and erosion — this type of funding is up to 65% Federal and is used for shore protection,
hurricane protection, and erosion control.

2) Federal navigation — this involves taking sand from Federal navigation maintenance and placing it on the
beach, though if beach disposal of this sand is not the most cost efficient method than the local community
will have to pay.

3) Federal Emergency - Federally funded projects that occur in response to storm events.
4) State projects funded by the State.
5) State/local; projects in which the State and local government share costs.

6) Local/private; funded by local government or private parties.
14.3.2 Europe

Most European countries undertaking beach nourishment (e.g. France, Italy, Netherlands, Spain, UK, etc) have
legislated for whom and under what circumstances beach nourishment projects are funded. Funding sources
generally include international, national and regional governments and other local sources. The funding sources in
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the UK (mixed), Spain (central government) and France (local area) are described below, representing different
approaches that countries in Europe take to funding beach nourishment programmes.

The UK adopts a combined approach, where funding from several sources is and can be used for coastal
protection projects. Coastal defence/protection policy is set by the central government and carried out by local
government authorities in England, Scotland and Wales, consulting with relevant environmental agencies and
stakeholders. The department responsible for coastal defence in each region will give ultimate approval and
sometimes offers financial assistance. However, funding for most coastal defence schemes comes from the
central government, the environmental agency, and local government authorities. In some cases, financial
contributions to works associated with coastal defence schemes may be made by the European Regional
Development Fund, by special interest groups such as the Sports Council or by charities, such as the National
Lottery. Land owners may undertake works on their own property with governmental consent, the cost to be borne
by the individual.

In Spain, all beaches are State-owned and all works within the jurisdictions of the central government are financed
directly from the national budget. If applicable, contributions from the regional governments, local governments,
international organisations, and private parties may be required. In practice, almost all nourishments are financed
by the central government, as coastal defence is strictly its responsibility. For projects that are more concerned
with development rather than protecting the coast line (such as beachfront promenades), both regional and local
governments may contribute financially along with the central government.

In France, historically the costs associated with maintaining and protecting the shore line has been borne by the
local land owners. However, since 1970 the local government from time to time has provided funding (10— 30%) in
cases of the protection of urban areas. Realistically though, such funding is uncommon. Local communities are
permitted to initiate beach nourishment when common interests are threatened. In practice, local municipalities
are in charge of coastal defence works with possible partial financial support from regional authorities. As a
consequence, there is no national coastal management in France and no national standard for beach
nourishment design and evaluation. Each project is managed according to prevailing and local conditions.
However, this is changing as regional funders are becoming aware of the need to think at a regional level before
committing funds locally.

The European High Commission in specific instances has supplied funding to countries in the European Union for
beach nourishment research and capital works. These funds are supplied from the European Regional
Development Fund, the purpose of which is to “strengthen economic and social cohesion in the European Union
by correcting imbalances between its regions.” Part of this involves funding environmental projects. As a large
number of countries in Europe share a common coast line, the European Regional Development Fund helps
converge the goals of individual countries to the benefit of Europe as a whole.

14.3.3 Application to Sydney Beaches

Funding beach nourishment programmes in Sydney is also likely to involve a combination of funding measures,
given the mix of potential beneficiaries. Beneficiaries comprise:

. Beach visitors, who can be residents of the local government area or visiting from elsewhere (including
international and interstate tourists).

. Businesses supplying goods and services to beach users.

. Owners/occupiers of properties within proximity of the beach where beach amenity has an influence on
property values.

A hypothecated beach nourishment levy could be imposed by councils on residential properties within a certain
distance from the beach and on business properties within close proximity of the beach which service beach
visitors. This would establish a new source of targeted funds to achieve a specific programme with measurable
results which can be reported on the local communities. This approach would contribute to the funding of a new
programme without upsetting the conventional funding regime.

Councils could also levy a surcharge on beach car parking area charges, which could be a complementary source
of funds from beach users residing in the local government area but away from the beach or from beach users
outside the local government area. This source of funding is unlikely to be a dominant part of the funding mix but
could play a role in funding the recurrent costs of the programme.

The State Government could provide capital funding on the grounds that the beach nourishment programme
represents a long-term investment in the city’s future, given the role and economic contribution of beaches to the
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Sydney economy. To the extent that debt finance is used, programme costs are shared over time between current
and future generation beneficiaries.

Key Recommended Studies and Further Work

° Entry into NSW Gateway System
° Formation of working group with key stakeholders to address the funding mechanism
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Shoreline erosion issues are not unique to Sydney or the NSW coastline and it has long been held that beach
nourishment is, in many cases, the best long-term management strategy. If sufficient sand deposits are available
for nourishment works, hazards associated with storm events and sea-level rise can be alleviated. The primary
purpose of this scoping study was to develop the outline of a sand nourishment programme utilising suitable
offshore sand deposits for amenity enhancement and to ameliorate increased hazard risk from sea-level rise. A
key environmental driver for the study was the projected climate change sea-level rise. Generally, sea-level rise
causes beach erosion and recession which could result in permanent loss of beach amenity. The scoping study
identified potential benefits and impacts of a nourishment programme associated with physical, environmental,
social and economic issues. It also drew comparisons with the “do nothing approach”.

While the study scoped a nourishment programme for the whole of Sydney that is closely aligned to nourishment
of all NSW ocean beaches, it case studied three (3) Sydney beaches in more detail. The nominated beaches
were Collaroy-Narrabeen, Manly and Bate Bay.

The environmental, economic and social evaluations of the nourishment campaign demonstrated substantial
positive benefits associated with the project. Some potential adverse ecological impacts may be caused by the
nourishment programme with the smothering of aqueous benthic communities. These are likely to be less severe
than the ecological impacts associated with a “do nothing” approach and the subsequent loss of the inter-tidal
beach, resulting in a total loss of the beach ecosystem. Environmental monitoring programmes would need to be
developed to measure and, if required, respond to ecological impacts.

The nourishment campaign encompasses 31 Sydney ocean beaches extending from Forresters Beach (north of
Sydney) to Cronulla Beach (south of Sydney). The first nourishment campaign is estimated to cost $300M at a
unit rate of approximately $25/m? of sand. The second and subsequent nourishment campaigns are estimated to
cost $120M at a unit rate of $30/m® of sand.

Key recommended studies and further works outlined in the report are summarised as follows:

° Monitor performance of sand nourishment campaigns (Chapters 3 & 6).

. Working group study tour of Florida beaches nourishment campaigns (Chapter 3).

° Determination of sand composition on each of Sydney’s ocean beaches (Chapter 4).

o Determination of sand composition and sand volumes in identified offshore sand reserves (Chapter 4).
o Identification of other offshore sand reserves (Chapter 4).

o Refinement of depth of closure parameters (Chapter 4).

o Community education and consultation on the requirement to use offshore sand reserves (Chapter 5).
o Formation of working group/s with key stakeholders (Chapters 5, 6, 11 & 14).

. Update ecological impact studies associated with extraction activities (Chapters 5 & 12).

o Community education and consultation on sand placement (Chapter 6).

o Mapping of subaqueous, inter-tidal and subaerial ecology (Chapter 6).

° Extensive ecological impact studies associated with sand placement activities (Chapters 6 & 12).

o Community education and consultation on the nourishment programme (Chapter 11).

° Political representation and support to amend Schedule 2 of the OM Act (Chapter 11).

. Preparation of a detailed Community and Consultation Plan with timing and milestones (Chapter 13).
. Entry into NSW Gateway System (Chapter 14).
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TO OUR WAY OF LIFE

HEALTHY BEACHES ARE VITAL

Photo courtesy of Scott L. Douglass

People in the United States highly prize the
thousands of miles of sandy beaches along our
nation’s coasts

Our beaches — a precious national resource — help
define the physical, economic, environmental, and
social fabric of our nation:

Many of us choose to live near a beach. The
population in counties along U.S. coasts more than
doubled from 1960 to 2000. By 2006, more than
one half of all Americans lived in coastal counties,
which make up just 17 percent of land in the 48
contiguous states. People are still moving to the
coasts, which see 3,600 new residents daily.’

Development continues near our nation’s beaches.
Over the last three decades, Americans have built
19 million homes in coastal areas, and people

are still building — at the rate of 1,500 homes

a day.”? New roads, bridges, and sewers are

being constructed to support these increasing
populations.

Travelers from diverse economic, ethnic, and racial
populations choose the beach over any other

American tourist attraction.® Each year, our coasts

are the preferred
vacation destination
for an estimated 180
million people, who
spend billions of
dollars and support
more than 2 million
jobs.? As long as our
beaches are healthy,
they will continue

to lure national and
international travelers.

Local, regional, and national economies thrive
on the prosperity of American beaches. Coastal
watersheds generated a remarkable $6 trillion in
2003 — more than half of the nation’s economy.’
The tourism industry is now the nation’s largest
employer and fastest growing economic sector.
Shipping and commercial fishing industries also
contribute significantly to coastal regions and
the nation.

Clean oceans and wide beaches are crucial
elements of our environment. Beaches sustain
animals, fish, sea turtles, birds, plants, and other
wildlife including many rare, threatened, and
endangered species.

Florida’s 800 miles of sandy beaches, which contribute
more than $15 billion annually to the state’s economy,
are its greatest economic asset.*
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Healthy beaches not only are important to our quality
of life but also protect people and property along the
coasts from hurricanes and coastal storms

A beach'’s size, shape, and sand volume help determine
how well the beach can protect a developed area during
a storm. All the various elements of a beach, such as
bluffs, dunes, berms, and offshore sand bars — even

the width and slope of the beach itself — offer a level of
natural protection against hurricanes and coastal storms
by absorbing and dissipating the energy of breaking
waves, either seaward or on the beach itself.

Photo courtesy of Scott L. Douglass

DYNAMIC AND AT
DIVERSE, COASTAL T e e et e
BEACHES FUNCTION
AS A SYSTEM

For thousands of years, the forces of wind, water,
storms, sea level changes, and other natural processes
have moved the sediments that shape and reshape our
coastlines and beaches

These sediments, which range from fine, white sand to
coarse gravel and cobblestones, continuously build up,
or accrete, only to drift away, or erode, again and again
over time in complex and sometimes unpredictable
ways. Wind, tides, currents, and waves constantly keep
sediment on the move to build up and wear down
natural features such as bluffs, dunes, beaches, sand
bars, and inlets. Under normal conditions, wind shapes
the dry beach and its dunes while tides, currents, and

waves shape the “wet” part of the beach. Wind, tides, currents, and waves move sediment continuously.
Coastal area Offshore
Inland Beach or shore

Backshore or berm Foreshore
+—>

v

Coastline

High water level

Coastal beaches function as a system. The beach not only includes the dunes and berm, or
the dry part of the beach, but also the wet part of the beach that slopes underwater.



It is natural for hurricanes and coastal storms - which
move huge volumes of sediment through the system -
to erode beaches

Storms erode and transport sediment from the beach
into the active zone of storm waves. Once caught in
the waves, this sediment is carried along the shore and

redeposited farther down the beach, or is carried offshore

and stored temporarily in submerged sand bars.

Periodic and unpredictable hurricanes and coastal
storms, with their fierce breaking waves and elevated
water levels, can change the width and elevation of
beaches and accelerate erosion:

 Longer lasting storms, which give the waves more time

to attack the beach, cause more erosion and sediment
transport than fast-moving storms.

* Very intense storms create higher winds and larger waves,

inducing more erosion than less intense storms.

After storms pass, gentle waves usually return sediment

from the sand bars to the beach, which is restored
gradually to its natural shape. Sometimes, however,
sediment moving along the shore leaves the beach
system entirely, swept into inlets or taken far offshore
into deep water where waves cannot return it to the
beach. This causes the shoreline to recede, or move
farther landward.

Over time, these processes — combined with sea level

rise — produce larger waves that break farther landward.

In flat coastal areas, beach erosion and shoreline
recession can have dramatic consequences to people
and property.

Complex coastal processes, which vary in intensity and significance, determine how sediment moves

Profile A: Beach shaped by
normal wave action

Profile A

Erosion

Profile B: Initial attack
of storm waves

Accretion

Overwash
deposit Profile A

2 P

Erosion

Profile C: Attack of storm waves

Accretion
plus storm surge

A storm with modest waves affecting the coast for several days -
shown here in Scituate, Mass., during the Blizzard of 1978 - can
cause more damage to structures and infrastructure than a much

Photo courtesy of the City of Virginia Beach

larger storm moving quickly over the coast.

Storm waves break farther up on an eroding beach in 1991 at
Sandbridge, Va., threatening people and property.

— Still water level

— Still water level

Storm
waves plus
storm surge

— Still water level

* Wind not only produces currents and
waves but also picks up and moves
sediment on the beach and dunes.

Tides — whose rise and fall depend

on local physical conditions and the
gravitational effects of the sun, moon,
and earth — generate currents.

Currents near the beach are formed
through a combination of wind, tides,
waves, and the shape of adjacent sand
bars. Currents can move large volumes
of sediment along the beach or to deep
water offshore.

Waves that break during calm weather
cause turbulence, which stirs up sediment
from the shore bottom. This sediment
can be deposited onshore and offshore,
parallel or perpendicular to the beach.

Accretion and erosion refer to changes
in sediment volume in a coastal area.
Shoreline recession and shoreline
advance refer to a change in position
of the shoreline, farther landward and
farther seaward, respectively.

Sea level rise exposes areas farther
inland to the coastal processes that
move sediment.



Human activities have increased the rate and severity
of beach erosion

Decades of beachfront development have interrupted
the natural and necessary movement of sediment and
interfered with coastal processes at our nation’s beaches.
Beginning in the early 1900s, construction along the
shoreline began to forever alter the natural setting and
topography to make way for resorts, hotels, boardwalks,
roads, houses, marinas, and other recreational amenities.
This development, which increased after World War I,
frequently eliminated protective sand dunes, weakened
bluffs and banks, and reduced beach widths, making
coastal communities more vulnerable to winds and high
waves. Development today continues to affect accretion
and erosion processes upstream and downstream.

The dredging of inlets and harbors, which removes
sediment to improve navigation, has changed sediment
processes in coastal waters. The construction of dams
and stormwater retention ponds for inland flood
control has blocked new sediment from entering the
coastal system.

The addition of hard structures, such as groins for
coastal stabilization, sometimes has made erosion
worse. Structures like these have been designed to
retain sediment moving along the shore and help
maintain wide beaches by minimizing or slowing down
local erosion. In the past, however, if these structures
were not designed properly, they sometimes transferred
erosion problems farther down the beach.

Because of natural processes - coupled with the
effects of development and other human interventions

- sediment in certain areas is being lost to the
coastal system [0 If nature cannot take its course with natural renourishment,

coasts can erode.

Photo courtesy of Marlowe & Company

In some regions, wide beaches are narrowing, or
retreating.? When accretion and erosion are not in
balance, there are consequences to beaches, coastal
habitats, people, recreation, and the economy. For
example, too little sediment in some areas can make
valuable real estate, coastal wetlands, or recreational
amenities more vulnerable to damage; too much
sediment in commercial shipping channels can restrict
the passage of ships delivering goods to our ports.

Photo courtesy of NOAA Coastal Services Center

[7 Beginning in the 1930s, communities attempted to control erosion
by installing structures such as groins.

Photo courtesy of Marlowe & Company
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] Coastal development - driven by economics and aesthetics and
regulated at the local level — has been occurring for decades.
Even though government at all levels has created programs and
restrictions to discourage further growth in vulnerable areas, coastal
development continues.




NARROW, ERODING BEACHES HAVE
INSUFFICIENT SAND VOLUME TO PROTECT
DEVELOPED COASTAL AREAS FROM THE
EFFECTS OF HURRICANES AND STORMS

Photo courtesy of Scott L. Douglass

Significant destruction from flooding, wave
attack, and storm surge is more likely as an
eroding beach assumes a steeply sloping profile
and the coastline moves inland, ever closer to
people and property along the shore

The physical characteristics of the coastline, tides,
and other factors can affect what happens when

a storm makes landfall on an eroding beach.
While the width of the beach affects wave attack,
the elevation of the beach affects storm surge, a
higher than normal rise in sea level caused by high
winds and topped by
waves. Storm surge
can inundate and
destroy coastal areas.
The higher the storm
surge, the closer the
water and waves

are to more people
and property. On an
eroding beach at a
low elevation, even a
modest storm surge
can cause significant
damage.

Rising water can
inundate low barrier
islands, cut a new
inlet, and wash
sediment inland.
Waves can attack the
base of a dune or
create vertical cuts
that erode the dune
completely, exposing
people and property
to potential damage.
Waves can scour
sediment from around structures and pilings and
strip bricks off of homes. Erosion can undermine
slabs, which can fail and then damage homes.
Even property farther inland is at risk as shorelines
continue to recede and dunes collapse, since

the storm surge’s fast-moving water can rapidly
inundate and destroy structures behind the beach.
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Hurricane Ivan in 2004 caused the shoreline to recede 40 feet
on the Alabama and Florida panhandle coasts and produced
up to 165 feet of erosion in certain areas. Some dunes that
were 30-feet high were eroded to just 2 feet. Ivan’s storm surge
washed over the low-lying barrier islands near Gulf Shores,
Ala., transporting sediment and cutting a new inlet. Several
miles east, where barrier islands rose higher, dunes eroded,
undercutting and toppling five-story condominium buildings.®

Heavily populated areas with significant

coastal development - but without sufficient sand
volume, a wide beach, and protective dunes - risk
great damage from hurricanes and coastal storms.

Eroding beaches threaten the environment,
recreation

If a beach cannot provide a protective buffer,
coastal wetlands are at risk: In fact, sediment
overwash, salt water inundation, and erosion may
cause essential wetlands to disappear.

Beach erosion may harm ecosystems by changing
habitat conditions for wildlife. In some cases,
habitat for sea turtles, birds, fish, plants, and other
organisms may be lost. Sufficient sand with the
right characteristics and in the proper locations is
crucial for sea turtles to nest, and for birds to nest
and feed.

A receding shoreline also can jeopardize a coastal
area’s capacity for recreation. If beaches become
narrow or unstable, travel and tourism along the
coasts will suffer.



SOCIETY RESPONDS

Because people highly value the economic, recreational,
and environmental resources on the coasts, there is
public interest in protecting our nation’s beaches

People are driven by a strong desire to protect life and
property. Trillions of dollars in property, structures, and
infrastructure overlook our nation’s shorelines. Eroding
beaches, left alone, will continue to put people, as well
as our cultural, historic, economic, and environmental
resources, at risk for damages from hurricanes and
coastal storms.

Measures designed to protect our nation’s coasts and
prevent or reduce damages ultimately cost less than
federal disaster assistance and insurance payouts if
overwhelming economic losses occur after a natural
catastrophe.® If significant damages can be prevented,
emergency equipment can get into a coastal region
faster, evacuated residents can return home sooner, and
the high costs of cleanup and rebuilding structures and
infrastructure can be avoided.

Shore protection can help safeguard the public’s
investment in our nation’s coasts

Shore protection projects are designed to retain and
rebuild natural systems such as bluffs, dunes, wetlands,
and beaches and to protect structures and infrastructure
landward of the shoreline. Shore protection not only
can reduce a storm’s potential physical and economic
damages from waves, storm surge, and the resulting
coastal flooding but also can mitigate coastal erosion
and even help restore valuable ecosystems that may
have been lost such as beaches, wetlands, reefs, and
nesting areas.

There are several ways to protect the shore:

* Hard coastal structures;

* Non-structural solutions such as relocation or
retreat (controls that restrict building and coastal
development); and

» Soft measures such as beach nourishment.

Breakwaters, constructed offshore but parallel to the shore, break
waves before they reach the shore. Breakwaters help retain sand and
reduce local erosion.
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Storm surge can inundate structures on an eroding beach and
cause them to collapse. Hurricane Ivan in 2004 destroyed these
structures at Orange Beach, Ala.

Hard structures parallel to the shore, such as breakwaters
or seawalls, help stop waves from affecting the shore

or beachfront dwellings; structures perpendicular to

the shore, such as groins, influence the movement of
sediment along the shore by waves and currents.

In the past, hard structures were used exclusively for
shore protection, but sometimes they changed the
shape and nature of beaches and even blocked sediment
transport. Today hard structures are still used when
appropriate, either alone or in combination with beach
nourishment.

Non-structural solutions such as increasing building
setbacks, elevating structures, and implementing zoning
restrictions may lessen the consequences of erosion, but
they won't slow it down. And retreating from the shore,
leaving property, structures, and infrastructure behind
—some $3 trillion along the East Coast alone - is rarely
practical or politically feasible.”® It is difficult to reverse
some 300 years of development.




Beach nourishment, the only shore protection method
that adds sand to the coastal system, is the preferred
method for shore protection today

During a beach nourishment project, large volumes of
beach-quality sand, called beach fill, are added from

Photo courtesy of the City of Virginia Beach

This beach nourishment project is under construction at
Virginia Beach, Va.
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Coastal engineers often place beach fill directly on the beach
to extend the natural berm seaward.

Dune

Nourished profile

In some cases, beach fill is placed as underwater mounds.

Photos courtesy of Tom Campbell

outside sources to restore an eroding beach. Or, a beach
is constructed where only a small beach, or no beach,
existed.® Ultimately, beach nourishment widens a beach
and advances the shoreline seaward.

Beach nourishment projects are designed and
engineered to work like natural beaches, allowing sand
to shift continuously in response to changing waves

and water levels. Coastal engineers may decide to

place beach fill as underwater mounds, directly on the
beach, as dunes - or all three. This sand, once placed, is
redistributed gradually by natural processes affecting the
beach system. Ultimately, the wider, nourished beach,
which slopes gently downward below the water, and the
taller sand dunes protect the shore by acting as naturally
protective buffers.

* The gradual slope of the nourished beach causes waves
to break in shallow water as they begin to feel bottom.
As water rushes up the beach, wave energy dissipates.

* Water running back down the beach redistributes
sediment, which is deposited in deeper water or moved
along the shore.

» These sediments often create an offshore bar that
causes waves to break farther offshore, again
dissipating wave energy, and thus protecting people
and property behind the beach.

To ensure that a nourished beach continues to provide
protection and mitigate the effects of hurricanes and
coastal storms, the project must be supplemented
with additional quantities of sand, called periodic
renourishment, as needed.

The federal government helps communities protect
certain beaches by providing shore protection with
beach nourishment

Coastal development began in the early 1900s. In those
days, individual property owners attempted to build their
own structures to control erosion after hurricanes and
coastal storms — but with unacceptable results. These
structures not only were ineffective and unattractive but
also harmful to the environment.®

In 1930, Congress authorized the U.S. Army Corps of
Engineers to play a role in shore protection. During

the 1950s, construction began on the first 18 federal
shore protection projects, most of them involving
beach nourishment. Through 2006, the Corps has
constructed 87 major shore protection projects, most
on the Atlantic coast. Today the Corps continues to
provide shore protection, including beach nourishment,
under the Flood and Coastal Storm Damage Reduction
Program as part of its civil works mission. Other Corps

Beach nourishment, which adds sand to the coastal system, protects people and property from the effects of hurricanes and coastal storms by
widening a beach and advancing the shoreline seaward. This project was constructed at Panama City Beach, Fla.



[ The Corps of Engineers manages the federal shore protection program.

water resource activities include navigation, recreation,
ecosystem restoration, and emergency response.

Local governments often initiate beach
nourishment projects

Beach nourishment projects often begin after a local
government decides that it has valuable resources

— dense development and other economic and
environmental resources behind a beach — needing
protection from hurricanes and coastal storms. The
community already may have endured flooding and
property damage from recent storms, or its narrowing
beach may be affecting recreational capacities and
threatening the local economy.

The local government approaches the federal
government with a request for assistance; the federal
government must determine that there is a federal
interest in protecting these areas to prevent damages.
For projects with federal involvement, the beach
receiving protection must be accessible to the public;
for example, there must be adequate parking or access
to public transportation. Additionally, the community
requesting the project must be willing to help pay for it,
since Congress requires that costs for beach nourishment
and periodic renourishment be shared by the federal
government and the local sponsor, which operates the
project over time.

Not all proposed projects will get built. Projects must

go through a rigorous evaluation process, including an
environmental analysis, reviews by state and federal
agencies, public hearings, and the Corps’ internal review
process.

From 1950 through 2006, the Corps has helped construct
beach nourishment projects on approximately 350 miles
of U.S. shoreline, with most projects on the Atlantic and
Gulf coasts. Beach nourishment projects constructed by
the Corps have reduced damages to coastal development
caused by erosion, hurricanes, and flooding; protected
and renewed the natural habitat; and provided recreation
and economic benefits.

[ Dunes included in a beach nourishment project act as a protective
barrier, preventing flooding and storm damage caused by storm surge,
wave runup, and overtopping. This project was constructed at
Ocean City, N.J.
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BEACH NOURISHMENT
PROJECTS ARE ENGINEERED

Coastal engineers use their knowledge of complex

coastal processes and decades of experience in
beach nourishment to plan and design projects

Every beach nourishment design is unique, since
different beaches in different areas have different
physical, geologic, environmental, and economic
characteristics and different levels of protection
justified. Because it's impossible to predict with
certainty what wave or storm
conditions will be in a given year,
coastal engineers use computer
models to help design beach
nourishment projects based on a
range of expected beach behavior
and certain types of storms.

During the planning process, the
study team must evaluate complex
environmental issues; find ways to
maximize benefits and minimize
construction costs; and ensure that
the project complies with federal,
state, and local laws and regulations.
Some key questions are:

What are the site boundaries
and design considerations?

Photo courtesy of the City of Virginia Beach

Will beach nourishment take place
on a long, straight beach - the typical
location — within a “pocket beach,” or next to an
inlet? The design must consider climatology, the
shape of the beach, type of native sand, volume
and rates of sediment transport, erosion patterns
and causes, waves and water levels, historical
data and previous storms, probability of certain
beach behaviors at the site, existing structures and
infrastructure, and past engineering activities in
the area.

By understanding beach topography above and
below the water, coastal engineers can identify
coastal processes at the site, calculate the volume
of beach fill needed, and determine how long the
project will last before renourishment is required.
Periodic renourishment intervals — which vary
based on the initial design, wave climate, sand
used, types of storms, and project age — range on
average from two to 10 years.®

[ This beach nourishment project is under construction at Sandbridge
Beach in Virginia.

Beach nourishment is not an exact science;
variables and uncertainties exist. Actual periodic
renourishment intervals may differ from planned
intervals based on conditions at the nourished
beach and the frequency and intensity of storms
from year to year.



Photo courtesy of Scott L. Douglass

What features should be designed and constructed?

Monitoring of past beach nourishment projects — and
better scientific information on how these projects
interact with sediment transport and other coastal
processes — have improved beach nourishment designs,
which can include beach berms, sand dunes, feeder
beaches, underwater berms, and some types of hard
structures.

A higher and wider beach berm is designed to

reduce wave energy. New sand dunes may need to

be constructed or existing dunes improved to reduce
damage from inundation. By acting as a protective
barrier, dunes help prevent flooding and storm damage
caused by storm surge, wave runup, and overtopping.
Berm height and width, dune height, and offshore slope
are critical elements of a beach nourishment design.

Sometimes a feeder beach, which stockpiles beach fill
for distribution naturally to other parts of the project
area, may be required. In some cases, sand is placed in
shallow water so waves can move it gradually toward
the beach; in other cases, sand may be placed offshore
in an underwater berm. Hard structures such as
groins may be included to reduce the forces that cause
rapid sediment losses and extend the time between
renourishment events.

Beach nourishment projects are designed to optimize
storm damage reduction benefits relative to costs.
Designing a project to protect against any and all storms
is not economically feasible. Extreme conditions and
severe storms could exceed the capacity of a beach
nourishment project to protect people and property.

What ‘borrow source’ for beach fill should be used?

The sand to nourish a beach comes from a borrow
source, chosen based on compatibility of sand, cost,
removal and transportation, and environmental factors.
Beach fill can be dredged from underwater sources

of sediment such as harbors, navigation channels, or
waterways, or from other large, offshore deposits, which
is now common. Dredged material can be pumped
through pipelines directly onto the beach or transported
to the shore via specially designed barges before being

Photos courtesy of the City of Jacksonville, Fla.
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During project design, coastal engineers often include features that
improve habitat and encourage turtles and shorebirds to nest and
dwell on the nourished beach.

pumped onto the beach. Or, sand for beach fill can be
taken from dry land sources and transported by trucks.

Finding an affordable borrow source with sufficient
quantities of high-quality beach fill is challenging. Grain
size, color, composition, and texture of the material
should match the native sand as closely as practical to
ensure proper project performance. If one borrow source
is depleted over time, coastal engineers find another
affordable borrow source.



During construction of a beach nourishment project,
sand is placed so that natural coastal processes

can reshape the nourished beach into the desired
configuration as intended by coastal engineers

The dry beach may seem “overbuilt” during
construction, since sand is often placed on the shore

at fairly steep slopes. After construction, it is normal

for the newly nourished beach to readjust and change
substantially within the first few months. Engineers
expect modest waves to move and spread the sediment
so that the nourished beach can begin assuming a

more natural form. This sediment will continue to move
offshore, so that larger waves are prevented from
reaching the shore, and along the shore. This movement
of sediment, while decreasing the width of the nourished
beach somewhat, is not erosion; rather, it indicates that
the project is performing as designed.
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After renourishment
(3-10 years after construction)

After a beach nourishment project is constructed, coastal engineers
expect the beach to change gradually over time and assume a
more natural form.

Beach nourishment projects can have multiple benefits

Besides mitigating coastal erosion and protecting life and
property through hurricane and storm damage reduction,
beach nourishment projects can provide environmental,
recreational, and aesthetic benefits. For example,
nourishing and widening an eroding beach can:

* Protect threatened or endangered plants in the
dune area;

* Protect habitat behind dunes or next to beaches;

» Create or restore habitat, lost through erosion, for sea
turtles, shorebirds, and other beach organisms; and

» Create new nesting areas for endangered sea turtles
and spawning grounds for other species.

Beach nourishment projects also can create and
sustain wider beaches for recreational activities such
as fishing and boating and protect infrastructure
enjoyed by tourists. Healthy beaches not only are
crucial to the nation’s travel and tourism industry but
also can help revitalize local economies by increasing
property values, condominium rentals, retail sales,
and demand for services.

Photo courtesy of the City of Virginia Beach
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Since sediment is constantly being redistributed —

and coastlines and beaches are always on the move

- plants, fish species, and other marine life are well
adapted to the natural processes of accretion and
erosion. Nevertheless, the type, timing, extent, and
duration of these changes can affect our ecological
resources. Studies are still being conducted to determine
how these species become accustomed to the physical
changes that occur when a beach nourishment project is
constructed and periodic renourishment occurs.

Because beach nourishment projects can affect
environmental resources at the borrow source and
placement site, responsible planning and design are
needed to prevent or reduce adverse effects to the
environment and wildlife before, during, and after
construction:

Beach fill can be dredged from borrow sources in
ways to minimize turbidity and in thin layers to
protect organisms and habitat.

Sensitive areas such as reefs and hard bottom areas
can be avoided or protected from damage during
dredging.

Beach fill can be selected to match the native sand
size and composition as closely as possible; closely
matched beach fill helps accommodate species’
needs for sea turtle nesting, egg incubation, and
hatching success.

Construction can be scheduled during specific months
to avoid disrupting nesting, spawning, or other
behaviors and associated habitat.

Care can be taken to avoid creating steep berms or
scarps, which can force female sea turtles and beach
nesting birds to lay their eggs too close to the water,
where they could be washed away by tides.




HOW BEACH NOURISHMENT
WORKS WHEN A STORM
COMES ASHORE

It is natural for nourished beaches and dunes to erode
and change as they dissipate and absorb wave energy
during a storm

Coastal engineers expect that large storms will induce
sediment transport from the nourished beach and move
sand offshore. When this happens, waves begin to break
farther from the shoreline, thus weakening their force
before they reach the shoreline itself. In this way, beach
nourishment projects help protect dunes and property
from further erosion, decrease flooding, and limit how far
ashore storm surge will go.

A wide, flat beach berm with a sufficient volume of sand
keeps the erosive power of the waves from reaching
and destroying the dunes and structures and can reduce
damages significantly from waves, inundation, and
erosion. Without beach nourishment, the starting point
for damage would be farther onshore; a nourished
beach, with sufficient sand volume and healthy dunes,
absorbs the storm’s energy, even during slow-moving
storms, and helps prevent damages to structures and
infrastructure.
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» Coastal engineers can build environmental amenities
into a project based on needs at the site. In an eroding
area, the project can be designed to produce an
artificial “overwash fan,” which spreads sand landward
of the dune line into waters behind a barrier island, for
example. In an area with a sensitive-species habitat,
however, the project can be designed to prevent a An estimated $105 million in damage was prevented after Hurricane
natural overwash fan, since additional sand could harm Isabel struck a nourished beach with a seawall at Virginia Beach in fall
such habitats. 2003.7 The project was designed to stop a 9-foot storm surge — and it

did. The nourished beach minimized wave attack and overtopping of

the seawall, the community’s last line of defense.

Photo courtesy of the City of Virginia Beach
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Beach nourishment projects work by allowing the destructive forces of waves to
strike the beach instead of the structures and infrastructure behind the beach.

The height and sand volume of a dune, stabilized
by vegetation, also play an important role in
reducing damages. During large storms, the dune
on a nourished beach is usually the last line of
defense that can absorb wave energy,
protect against storm surges, and
minimize or prevent flood damages.

When a storm strikes a nourished
beach, sediment is redistributed in
two ways: in the longshore direction,
e?gs'}gn to adjacent beaches, and in the
~a cross-shore direction, either toward
the sea or toward land. At first,
shoreline recession produced by the
cross-shore transport of sediment
may seem significant. But it is not
unusual for nourished beaches to
change dramatically in response to storms.
Storm-generated currents and waves will
redistribute great quantities of sediment,
changing the profile of the nourished beach.

Nourished beaches begin to ‘heal’ after a storm

Within hours or days — with milder weather and
time - sediment that has moved offshore or
alongshore during a storm begins to move back
onshore, since much of it remains in the system.
After a few months, dunes begin to recover with
wind-blown sand. The sediment returns gradually,
carried by smaller waves, to restore the beach

and prepare it to protect the shore during future
storms. Sand that moves to other areas offshore or
alongshore can nourish adjacent beaches and also
have a positive effect by dissipating wave energy
in other locations.

However, a beach nourishment project can

last only so long before natural processes and
storms will have transported too much sediment
outside the project area. If the volume of sand
on the dry beach cannot provide adequate shore
protection, renourishment may be required to
rebuild and restore the berm before erosive
processes affect dunes, development, and
valuable ecosystems behind the beach.

Beach nourishment projects can be considered
successful - even when a beach changes
dramatically after a storm

The goal of beach nourishment is not to maintain
a wide, dry, exposed beach. In fact, after a
storm, a nourished beach may be narrow, the

Photo courtesy of USGS

Photo courtesy of Scott L. Douglass

shoreline may have moved landward, waves
may have eroded or even overtopped the dunes,
great quantities of sand may have moved
offshore or alongshore, and the beach may need
renourishment. But that doesn’t mean the project
was a failure. A beach nourishment project is
considered successful if damages from waves,
inundation, and erosion have been prevented

or reduced significantly, and development and
ecosystems behind the dunes are still intact.

post-storm dune

During Hurricane Fran in 1996, no structures were destroyed
and no oceanfront development endured significant damage at
Wrightsville Beach, N.C., the site of a Corps beach nourishment
project. However, as shown here on Topsail Island, an
unprotected area, the shoreline eroded, and the dunes and
hundreds of structures were destroyed.®

A beach nourishment project at Ocean City, Md.,
constructed in 1990 and 1991 at an initial cost of $37.5
million, immediately prevented an estimated $93 million in
damage to structures and infrastructure after severe storms
struck the area the following two winters.



THE FUTURE
OF OUR COASTS:
WHAT'S IN STORE

Photo courtesy of Marlowe & Company

Continued population migration and development
along the coasts, impacts from global climate changes,
relative sea level rise, and more frequent and intense
storms will continue to affect our coastlines

Yo berebos 17, J008

From 1985 to 1994, when sea surface temperatures
were lower in the tropics, there were only half as many
hurricanes as there have been since 1995, when sea
surface temperatures and wind conditions in the Atlantic
shifted. Now that the United States is in the midst

of a new, long-term weather cycle, scientists predict

that frequent, clustered hurricanes will become more
common, with more major hurricanes making landfall
over the next 10 to 30 years. As waters remain warm,
they're likely to spawn more intense hurricanes.

Societal changes, however, pose the greatest threat

Photos courtesy of USGS

Eroding beaches — if left alone — will continue to lose their naturally

The more people and property along the coasts, the
peop property 9 protective function.

more vulnerable we are, and the larger the potential
losses - including loss of life — from the effects of
hurricanes and coastal storms on eroded beaches.

Nourishing an eroded beach in a highly developed area
allows nature to take its protective course. However,

if we don’t take care of our nation’s beaches, they will
lose their naturally protective function, putting people,
property, and the environment at great risk.

These are considerable challenges for the 21t century.

As long as beach nourishment projects are planned,
engineered, and constructed properly — and periodically
renourished — beach nourishment is a sound and cost-
effective shore protection method.

In the future, it is likely that more communities may turn
to beach nourishment as the preferred method of shore
protection to reduce storm damages and help protect
life and property, mitigate coastal erosion, and restore Our highly developed coastlines will continue to be vulnerable to the
the ecosystem. effects of hurricanes and coastal storms.

Photo courtesy of Scott L. Douglass

Beaches will continue to retreat if sediment in certain areas is lost
to the coastal system.




Beach nourishment of an eroding beach can protect people and property
from the effects of hurricanes and coastal storms.

FOR MORE INFORMATION
ABOUT BEACH NOURISHMENT

Please contact the Coastal and Hydraulics Laboratory, Engineer Research and
Development Center (ERDC), at CHL-Info@erdc.usace.army.mil.
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KS““HE Shore Protection Assessment is an initiative to evaluate\

PROTECTION how federal shore protection projects performed in the
ASSESSMENT ~ wake of hurricanes Charley, Frances, Ivan, and Jeanne
n@ in 2004. Shore Protection Assessment is a unique
il opportunity for a comprehensive and coordinated
technical evaluation. The U.S. Army Corps of Engineers
and others will use these findings to improve future
US Army Corps projects by better predicting how storms move sediment,
Qf Engineers. change shores, and cause damage.

VTR Y PR RN B 1 PR DY LT 1 AN PN B LN I Y T A



AZCOM

Appendix B
Native Sand Volume Calculations







Beach Sand Nourishment Scoping Study — Maintaining Sydney’s Beach Amenity Against Climate Change Sea Level Rise AECOM

Appendix B Native Sand Volume Calculations

The following tables outline the beach dimensions and the required native volumes of sand to maintain existing
beach amenity in response to climate change sea level rise. Each of Sydney’s beaches from Forresters Beach
(north of Sydney) to Cronulla Beach (south of Sydney) is tabulated.

The beach dimensions (referenced to Figure 4.2 and reproduced below) and the “governing” depth of closure
criteria are documented in Table 1.

Figure 4.2 (reproduced from main report) Definition of parameters to calculate beach volume requirements

Native sand volumes to maintain beach amenity for 0.1m incremental rises in sea level are tabulated in Table 2.
Native sand volumes per metre length of beach are also provided. The final column in Table 2 presents the
volume of sand required to nourish that beach relative to all of Sydney’s beaches.
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Table 1 Beach Dimensions and Depth of Closure Criteria

Name Line 1 (m) | Line 2 (m) E;:‘h (m) Eci:; nuie(::)ﬂm (132) Governing Criteria ?r:)p LUCUILL Slope

Forresters Beach 800 175 487.5 1050 21m (CD) water depth 21 1: 44

Wamberal Beach 1275 1225 1250 875 21m (CD) water depth 21 1: 36

Terrigal Beach 1300 775 1037.5 1175 fine/medium sand 20 1: 49

Avoca Beach 1425 2050 1737.5 1075 21m (CD) water depth 21 1: 45 Gosford
MacMasters Beach 1400 750 1075 950 21m (CD) water depth 21 1: 40

Little Beach 225 300 262.5 725 21m (CD) water depth 21 1: 30

Maitland Bay 550 75 312.5 1250 fine/medium sand 14 1: 52

Putty Beach 1450 950 1200 1125 21m (CD) water depth 21 1: 47

Tallow Beach 625 2450 1537.5 1125 21m (CD) water depth 21 1: 47

Palm Beach 1975 1275 1625 975 21m (CD) water depth 21 1: 41

Whale Beach 575 650 612.5 875 21m (CD) water depth 21 1: 36

Avalon Beach 600 625 612.5 875 21m (CD) water depth 21 1: 36

Bilgola Beach 375 300 337.5 950 21m (CD) water depth 21 1: 40 Broken
Newport Beach 975 875 925 1125 fine/medium sand 20 1: 47 Bay
Bungan Beach 750 225 487.5 1150 21m (CD) water depth 21 1: 48

Basin Beach 275 125 200 825 fine/medium sand 4 1: 34

Mona Vale Beach 1150 800 975 875 21m (CD) water depth 21 1: 36
Warriewood Beach 375 325 350 1250 21m (CD) water depth 21 1: 52

Turimetta Beach 375 750 562.5 1450 fine/medium sand 16 1: 60

Narrabeen Lagoon Flood Delta | Area =458,295m? Sydney
Collaroy/Narrabeen Beach 3475 2150 2812.5 1250 Slope 1:50 17 1: 52
Fishermans Beach 475 175 325 1075 fine/medium sand 4 1: 45

Long Reef Beach 775 175 475 1500 fine/medium sand 10 1: 63

Dee Why Beach 1050 1200 1125 1750 Slope 1:50 14 1: 73
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Table 1 Beach Dimensions and Depth of Closure Criteria (cont)
Name Line 1 (m) | Line 2 (m) g;:‘h (m) Eci;t:, nuie(::)ﬂm (132) Governing Criteria ?n?)p LUCUILL Slope
Curl Curl Beach 1025 1500 1262.5 1125 21m (CD) water depth 21 1: 47
Freshwater Beach 350 975 662.5 1300 21m (CD) water depth 21 1: 54
Manly Beach 1400 1725 1562.5 1200 21m (CD) water depth 21 1: 50
Bondi Beach 825 1375 1100 875 21m (CD) water depth 21 1: 36
Coogee Beach 375 250 312.5 475 21m (CD) water depth 21 1: 20
Maroubra Beach 875 1300 1087.5 950 21m (CD) water depth 21 1: 40
Malabar Beach 200 150 175 1275 fine/medium sand 9 1: 53 Bate Bay
Cronulla Beach 4700 2875 3787.5 2625 Slope 1:50 20 1: 109
Table 2 Native Sand Volumes
Beach Dimensions Native Sand Volumes (m°)
Beach | anceto Depth at LRi m length of [SL Ri m length of mlengthof  Nolum
Name L::;th ) il r:t iﬁ:’)zm) Governing Criteria fnr‘i)teria Slope OS i se beaihgt ° OS_ o se beaihgt °' sLRise 0.3m beazhgt ° P:’O"')o:ion %

1 [Forresters Beach  1487.5 1050 21m (CD) water depth 21 1: {44 51,480  [106 102,960 211 154,440 317 1.7

2 Wamberal Beach 1250 875 21m (CD) water depth 21 1: {36 [108,000 (86 216,000 173 324,000 259 3.5

3 Terrigal Beach 1037.5 1175 fine/medium sand 20 1: 49 [116,926 113 233,853 225 350,779 338 3.8

4 IAvoca Beach 1737.5 1075 R1m (CD) water depth 21 1: 45 187,650 108 375,300 216 562,950 324 6.1

5 MacMasters Beach [1075 950 21m (CD) water depth 21 1: 40 {103,200 (96 206,400 192 309,600 288 3.3

6 Little Beach 262.5 725 21m (CD) water depth 21 1: 30 [18,900 72 37,800 144 56,700 216 0.6

7 Maitland Bay 312.5 1250 fine/medium sand 14 1: b2 27,625 88 55,250 177 82,875 265 0.9

8 Putty Beach 1200 1125 21m (CD) water depth 21 1: W47 |135,360 113 270,720 [226 406,080 338 4.4

9 Tallow Beach 1537.5 1125 21m (CD) water depth 21 1: 47 |173,430 113 346,860 226 520,290 338 5.6

10 |Palm Beach 1625 975 21m (CD) water depth 1 1: 141 [159,900 (98 319,800 197 479,700 295 5.2

11 |Whale Beach 612.5 875 21m (CD) water depth 21 1: 136 52,920 86 105,840 173 158,760 259 1.7







Beach Sand Nourishment Scoping Study — Maintaining Sydney’s Beach Amenity Against Climate Change Sea Level Rise

Table 2

Native Sand Volumes (cont)

AECOM

Beach Dimensions

Native Sand Volumes (m°)

Name e 2;:1’:;;)” Governing Criteria 2:"::2: t Slope SLRise fm length SL Rise I:‘ngth of SL Rise 0.3m m length of :::::T:ion
Length (m) e - 0.1m of beach [0.2m beach beach (%)
12 |Avalon Beach 612.5 875 R1m (CD) water depth 21 1: 36 52,920 |86 105,840 173 158,760 259 1.7
13 Bilgola Beach 337.5 950 R1m (CD) water depth 21 1: 40 32,400 (96 64,800 192 97,200 288 1.0
14  |Newport Beach 925 1125 fine/medium sand R0 1: 47 99,993 [108 199,985 216 299,978 324 3.2
15 |Bungan Beach 487.5 1150 21m (CD) water depth 21 1: 48 56,160 [115 112,320 230 168,480 346 1.8
16 |Basin Beach 200 825 fine/medium sand 4 1: 34 4,760 24 9,520 48 14,280 71 0.2
17 |Mona Vale Beach 975 875 21m (CD) water depth 21 1: 36 84,240 (86 168,480 173 252,720 259 2.7
18 |Warriewood Beach (350 1250 21m (CD) water depth 21 1: 52 43,680 [125 87,360 250 131,040 374 1.4
19 |Turimetta Beach 562.5 1450 fine/medium sand 16 1: 60 53,438 (95 106,875 190 160,313 285 1.7
20 |Narrabeen Lagoon |Area = 458295 45,830 91,659 137,489 1.5
21 CB;Z';LOV I Narrabeen g 15 5 1250 Slope 1:50 17 1. B2 292,500 [104 585000 208 (877,500 312 0.4
22 [Fishermans Beach (325 1075 fine/medium sand 4 1: 45 10,238 |32 20,475 63 30,713 95 0.3
23 |Long Reef Beach 475 1500 fine/medium sand 10 1: 63 30,875 65 61,750 130 92,625 195 1.0
24 |Dee Why Beach 1125 1750 Slope 1:50 14 1: 73 95,625 |85 191,250 170 286,875 255 3.1
25 |Curl Curl Beach 1262.5 1125 21m (CD) water depth 21 1: 47 142,410 [113 284,820 226 427,230 338 4.6
26 [Freshwater Beach [662.5 1300 21m (CD) water depth 21 1: 54 85,860 [130 171,720 259 257,580 389 2.8
27 [Manly Beach 1562.5 1200 21m (CD) water depth |21 1: 50 174,139 296 348,278 593 522,416 889 6
28 Bondi Beach 1100 875 R1m (CD) water depth 21 1: 36 95,040 86 190,080 173 285,120 259 3.1
29 |Coogee Beach 312.5 475 21m (CD) water depth |21 1 20 15,000 (@48 30,000 96 45,000 144 0.5
30 [Maroubra Beach 1087.5 950 21m (CD) water depth 21 1: 40 104,400 (96 208,800 192 313,200 288 3.4
31 |Malabar Beach 175 1275 fine/medium sand 9 1: 53 11,130 64 22,260 127 33,390 191 0.4
32 [Cronulla Beach 3787.5 2625 Slope 1:50 0 1: 109 435,563 [115 871,125 230 1,306,688 345 14.0
TOTAL 30275 210159 102 6,203,179 205 9,304,769 307 100

0
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The Inner Continental Shelf near Sydney is interspersed with marine sand deposits in depths ranging from around
20-75 m. Some of these have been the subject of exploration licences and mining lease applications, as indicated
in the following figure. Details of current licences and lease applications are provided in this Appendix. The
Providential Head lease is held by Metromix Pty Ltd. The Cape Banks lease is held by Archdall Investments Pty
Ltd (Unisearch) and the Central Coast lease is held by Sydney Marine Sand Pty Ltd.

All leases have currently expired and applications have been received by the NSW Department of Primary
Industries, Industry and Investment NSW for renewal.
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METREOMIX Fty Limited (METROMIX: [onmne:ly
REALRY MIKED IKDUSTRLUCS Pry Linsited aaoen-
pany owned equally by PIONEER [NSW) Pry Lim-
ited aned SR Investments Pry Limited) poopsasss o
AT MR I AREr e Troen twan gt ofiziers fran
Cape Bunks and Providential HewE south of Sydrey
(Figaere 1}and discharpe ivata terminnd a2 Pyrmone (e
prewsessing and diswibanaon w this Do Land nogakeds in
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Cee e,

—. Sopondea Tetrocoon
=] Db

Flgure 1 Stedy remion and proprsod extractian aeens
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2 CaASEETUINES

2.1 [niroduclioo

I the: Tl loaving diiscossion deedging refors o ke win-
mrig of [arge volumes of spdiment gwer relau vl y shon
e poricls for purposes such as beath neorishment,
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cndemaken safely hevond te 30w isobqih wethom
ol ooy bagshies,
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3 PFHYSICGRAPHIC ETTIMG

A1 Inirodwcticm

A detailed hydtrographe survey was aupmenied Ty
seismic teflecticn profitesg and swapling of btk sur-
fxee aned sub-sudace sedimenis.

The beaches and dunes wge mapped inthe DTield sxl
from available vertical acmial photsgraphy. The stbil-
iy ol the sapdy heach cmbayments was dehined
throagh procise mapping and analysis of dasaobained
from avarlabbe i swrical mapping quality phusugroph.

The physeeal pregesies of winds, waves and guregas
which shaps Ui seabsd and the skoreline bave been
eirfaned for the slsdy region. This included both e
asmsskent of 1oang corm averags condiicns, aingsal
wanahilily ind the assezsment of 5evere cvenls. Waves
amd cpments woore measwred dircolly in dhe Dicld ard
the cla were aummented with longer werm encasoered
dal al nearhy madons, The zld dag were wied
calibrale and verify malthemalical models of e oce-
amig provesses. Dirceemeasueements of wind dau froun
shoce basod moweoealopical sun0ng wars wsid dle,

A3 Geomerplvwlogy

.21 Inoer Cobtinental Shelf

The contnental <helf is relutively narrow and e inner
conpnenlal shell is reladively sasep; waler deplhs in
mcers of Bl e withion 3o oF the goasl, T shilf
surface souwards of 3w i s relatively Nat.

Generilly, Lhe sand om the inner shell sand bedics is
typically fawi-grey, (e e p1ediom - graned and -
crawely soried quarzpsc marine sand with 2 highly
warinhle zhell cpneeee {Rgy 19858 Teelz ff Wharcwglys
and Bondi exigind g TThiv aacr Geosh bedween the sand
bodieg and betwern thess reels e iener shelFaediment
vacics rom Mne-grained, grey colowned s with up o
¥ nod and sosme 4095 shedl (o medism 1o Corse.-
rrained, oraes colaaed sand with 40% shell (Garden
& HolMfenan L3367,

The Jower parts of Lhe makor estuaries of Porl Jacksan,
Boeany Bay and Por Hxcking-Bale Doy arc mearine
dominated sl canaan rpe Nood-ide delts com-
posed of niiwine sarek,

342 Castbine and Fenceg

The Bydney coastis characieniaed by hedrock cllis and
Eeddlards intorspargad watle so00ll pockel biaches and
narraw, downsd-valley re-entrunts indilled with Qua-
lermary sciliments: (Roy 1285]. YWawer dephs aroue
lcaadlands sl alang Mie chilfed socwons zne suck dhal,
pencrally, the beaches are comparted amdl are isclaled
wilh Little or no wleagshore lintoral =and supply or [ass.
Any saed canspomnalongshoes begephche socly egion
wirald only e wr i 1 resall of W stiring combined
wilh longshore currenls in despor waler as (fere 35 oo
wanspon of huorad deifl by loeaking wiwes at Gie
shoreling from one embaymenl to anolher.

The beailes of the Port Jackson 10 Bile Bay caxed,
Lypicalby, arenamow and generally compnze relaively
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thick znd vniloem besch sand deposies capped b
dunzg, Old headland duves cour inmany pluces aoag
the costal clilly,

The beeshes from Pon Hacking 1@ Buming Palms
comprise small cmbuyments and pockel Roaches
rprmed within sligh lindeneavign; or valleys ceccrongh
the cliffg by small recks cxating w the coasting over
genbagicn] uioe, Tndevidmd bedch compartments ex-
Likit Mucluations a5 & resulc of wave aclivity and re-
wiorking cawsed by winds and crock Mows thigy wére
Fawned 1 b, cssentially, stlde over the peraod of his-
lemicis] arstlysis. The changes obsorved Jay within the
range of nawwrnl Moe luacgas ex el 1@ eesgh fa the
asbienl wedther ecndilions and human intederence.

31 Coasty] Melewobogical Processas

3.1 Wingy

Thea M3 W, cousl capericncss o complex wind repime.
Oiffshoee westerlice dowminals in winer and diumal
geatreezes and landbrocors doosergne e sunimesr, e
laller accur from early spring lo carly aclumn. SLm
winils emd 1o appeoach the comer feom b sooth o
soatebieast baang pereaied By low présame systems of f
Lhe gl it S 13 Zoutbier by buslens isociabed with the
caseaard miraticn of froncs.

Tl cOufed Coasn of the study reion may have a con-
sidemblcinlloenceon local wind spesd and graonuaLicn.
Easrenaomihas) winds dpprodching the coast are lkely
L3 ber stéwd il i portheasd ot the shorclins by
the hagh clikfs, Duuln [oc the corclalion of wind-driven
currenl; medsared al Brovidemial Hest were gbilained
fopam & aodoredogacal slation vpemited by Macguaric
LInivests wl La Perouse.

AL Wawes

The Sydney cosd cipericnces 3 high-coeray wiaee
reTimE. Wares lecdm the sonthensieely quarter arE oo
(reg snt L wipier whersos norteeasier]y waves lend to
b e onimom in summer. The largesd waves ap-
prowch o the southeasierly o, Long weme{=2]
yedes) Jdond are avadibln from g deepaaler Waveridor
budy icaled offshione of Bolany Bay and operated by
the Marilime Services Board. Analysag of 0 yeans of
thes i shows that the sigaiTozar wave hotohl (the
average of 1he highesl 33%h of the wawes} exoesds | .5m
some50% of the Ume. The segrifieder wive hisight inay
ek AL ol LM dunng vooy sevens shomms.

Whale ingssured wive specds may cahibil multiple
peaks reflocling Lthe co-pxisience of sea and swell, (e
averuge wave period seeckied wal (e sgnifoan
wivve T hil is 25 Gpproximaiely) and the average raro
LA g period] is some G5 (Lawson el a2t 178 T). How-
cver, langer pertods can b pasoemiied wigh seeore
siarms and elsrang cyeloaes bave peocratesd swell wilh
peFiwds ol 185,

A range of wows chizucleristics was measwred ia the
(izld at Providenlial Head allca-ing che vesihgimon of
coripulte modeHing wchmiques 12 wwnslee long wem
Wivverider uoy salsics acturacely ower Lhe sopdy
rEginn.
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333 Carrenls

Cwrens in the oocan am cauxed by sevensk physical
processes that vary ower dme und with [ecation and can
b uedal, wind-driven, coaslally irappeel waves (T,
Lurpe seale ooeanic cureents such s the East Avoseralian
Current (EAL) a0 s associated addueg, inLama] wives
and currenls induzed by surfzie waves.

The escil Lalery euerents (iiles, CTW, sierfges and inger.
nal wavesp cxlibil 3 wids range of periods Irom a low
seconds Lo many davs. Quasi-sready cumencs [wind-
driven, EAC) may persast [or weeks (EAC), Tl cur-
rcols can eahibitl difforent struckores over the waier
galuiwg, wind-deiven ¢uirems ard e EAC 2ee maich
stranger i1 1he surface whereas CTWS w2 nurs wii-
fom gwer depln (Lee & Yo nes FRD). The simula-
nzayg accrecnse of these SIUTe SCUC e my £osig
from a single meatearological evenl; for examply, a
CTW may be imduced by the passage of a sicon g [ront
scross Hass Strailwhich may induce adio wave-induced
and wend-driven cwmreols coincident wilh the passoge
o the CTW clfshon of Sydroy.

A ponsiderable measored dals base on Spdney shell
curcnls al wacions waer depahe o aviolalle sl 3,
was possible 10 geaerate & stalisticad current climade
ower the stody region wsing nomerical modelling och-
aagques calibraed with ge-give [eld das olgemed in tie
proponed extraction ama al Providential Hezel,

4 SEBIMEMNT TEANSPOHT

4.1 Iotrosductinn

In the study of coastad sedimenl ranspocl L is conye-
nienl to define rones relaling 10 ihe prinzipal hedoody-
nantic ferses epfloeneing the ranspon. Here we define
the meacklore same a3 that perainiog @ bechfice
procetses and anclules ke sol zane, whers sodiment
miotign s dominated by cumiems peacrued By wive
shoaling andbeead ing, and the v gion of fshore e where
sediment iramnspert is daminaled by pearshorne cuerents,
including ripg, and the bpdrodymganic fomes relaed Lo
the wsymeRclry uf wave meedion.,

Beyaand the atarshore zoae, whise bochlse processes
are dominant, we deline Lhe inner shelf roee wheee ihe
asymmielry of wave motian iz neglipihle and wiwe
BI0GHN 15 SIMPBlY a8 i oy pusnacr maving
sealiment back aod Bertly; the main ransporing agents
being gocan currenls genecaled by 2 sacicey of oeggha
FELITS

Additinnal 4 these peneeal 2one S2ERIlIONK is the Aife-
erry Fated zomd where Ll cument velosiues nsy dom-
inate sediinenl neubion.

4.7 Mearshore Sedithent Teanspor

421 Inirduction

Chen the beach s perceived 1 be the sandy ara
beslw ezn Ui wiserdine diuk the dunes, The overal | Beach
swiem, henwever, may exwengd lecas the hind dungs
same severd heelred meres indward of Lhe walerline
w some sevaral Kilomelres of fshare an wasr dopilss
iypesally of 2ome pweily nigLes.

Tage 4
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The beach comprises uncansalidawed sands which can
b mngilignd @ixlor eonain meksomdogical comditions.
T dynamic wuture of beashey is witnessed during
ruMms when wayves remove e sand from the beach
race and the beach herm, and in seveee cases foom ty
dienzs e waell, anel Lsgpeal it by 3 combinateon of
Iosigshere and mp cwrsats beyond the breaker zone,
wlwers il s depasiled in the decper warers 25 sand hars.
Ac ahe offshore wand bars boold wp, the waees heeak
Turther offshore wanl, eventually, sufficiznr wave -
ergy isdissipatedin Lhe swil zone o preyvent any funber
Leach coosion. This ceosion process may mse place
renr wavera dnys L neaths,

Oegan swell follgwing s10m08 meplaces the sand [rom
the ¢ffshon: bars endo U beach Tace where onshose
winds move il back anwy the feondal clone, Thig Bbeach
brtildig phitot vpocally may span muny months do
sowiera] wears, T processes ciusing this aoshor: sand
Lrangport Tesall (rom the asymnetry of wave Jclion as
mwedl waves propogale into shoaling walera. As wawes
mevd Rl slalbow water dwir wavelsngth decreasee,
the wzrer liezphlincreases and e wave prclile hecomes
asymmebrizzl. Ar the seabed the back angd feh momon
af the wawer under wae Jchion Beones simager in Uie
ansbhiend dirss[ion but foe sharler durations wheseas e
altshore velocilies decrease hur Ly longesr, Fusther, 3
INERS OrRnEpart ol wintlr i anduced nidr ke bad in the
enshere direclion resuling from ehanges B the neae-
Tzd eibial moos OfF th waler, On MNal beds this
ssymnelry of wave moton ciwsesd by shoaling waves
wotld lend lor resale dn sediment eramgpart onsliorg,

The reasen thal beachos exis, therefgre, lics in the
eloaling oclign of wuwes ard the g OF and
omaheae apaisiahe corealing. s ol ba 4 i e
ez e oF Sarnd et win baild up against e shore
and the ircrease in beuch glope cacssd by onshore sand
transpere Wikt be planced, énrer @it by imavilatioral
lortes; Wias being e basic cencepr of the sp called
equeilibriem arofile.

Tlhere is i comeiderable body of daa avulabde Jor
ALY sources which allows an azcorate delinioon of
g exsenl of solkiusaus peach Mucloations in the sLedy
region and, in particulae, the seawped Liapap beyond
which any exoraenan would sal mault im beash draw -
doswn ar loeg Gl gand o the beach .

d22  Hoediment TIaka

Exlgugive shadies ud anany siles along the New South
Walis vuasl have idenlified tao disuncive scd:mcng
anits an the imceemoat put af the conlingnlal shetl;
Neurshore Sand ofmuer and Owury oozupics the
shoeeface and somcshal conrcar Faner Thelf Sand Jpre.
vigsty releared 10 as Shely Plorm Selics Sandy ooowrs
forthee soaward (Figure 22 In general corms ahe twa
sedi mend onils correamond v thoze parts of die seabed
considerst 0 B acive (he bedch] and pulimpsest
fimmer shel M.

The selimemiclogical daly show sonsiseontly dastingt
changes in the chivocleristics of e sodiments wilh
walvr degAli. These changes incloded changes in grain
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sut, Souming, esc bt connent and colowr, The depths
i wliick changes have begn Sutzcicd T e Gold
Cionst, Qeesnsland o tlie soall ceas! ilShoad haesi il
ol The gL lseast oegst of Mew Zealand shotw a remark-
able comsislency. Whale these afe vaciabions along
beaches, with marked changes cocurring in shalloaer
depha n beschgs whers Lhere s some proecuan Gom
the affshore wawe clirmade, generally ivhas been shoam
b far begches exposed Tully 1 the offshore wave
climate, distinel sedimentological difforences ucs
I consiswendy Ay 10m-15m watcer deplh, defining
the oty etaeea the fanss and Derer Sedeshors
Sanads amed TRm-2 Tow waser depsh delaning W boundary
of the fnmer Skell Saeds. M Maroubra Beach snd
Malohar Beach ngar Cape Banks the frearghore sands
have Lo anapped W <aend gewecally o the 25m
isobath. OH Masley Beach the ssdimenl gmmin size
shmbprsangrkedly at 220w deprh.

423 Burvey Dala

Field data comprisimg asdual measueemenls of sealod
Mbzzeuziicn & wsing soundr soeveys sdken poor 10 and
lkraing sLorms and sedlod fakd nadiummens owar
enicrded study periods bosh cn the Apdralian casleo
seaboard ard averseas shovw Jile beach profile Tloctu -
aunng Bevood e 1500 sohath (Figaes )

Jurceyed profiles nomiad W e beackes of Lhe study
cegion ac Proeridenog! Head indicawed a consisiony gea-
rsarghulogacal discontoiuity &1 aboual 25-25in walgr
deplh, seaward of which the seabed lope became very
Tlal. This sugpesisd thal the nearskarz 2an: docs wol
extfd bayoard the 28m abalh.

Swdics gl vips thy Gogordurin g Seveee S[ort s, wreying
sand offshore, showed U these sediines ] phapes s
sammibeen Beach {Masch 19763, Palm Scach {font
19765, Curl Curl Beach [Mday 19517 and Wamkeeral
Beacn [[une 197480 di] noe exead oltshore beyond the
19em 2z,

424  Anatytical and Laboratary Slodics
Considerable aoabylicad reseaech virilisd Ty Bilardiory
and, 30 Ggaie ses, E2eld sumlics hus been cnderlikcn
in the arca of enshorefaffeliom sand wansmxrl; thal is,
beach eegponge 10 storn dod Lhe sulseguens beach
TCOVETY .

Ionee shell wedimendt omnits
(Chapmzn ct al. [952)

Figaere 2
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The masimuan depa? dimat Sl alistune saacd s part o
the Beaghes 0F the sludy regicn duning ¢ateeme slodms
(iued @5 Uagraz thal oo srregd o L34 aq galealaeced 140
b 19m using thenethod of Hallermeiee {1983 e T 6m
tsang the roedhed of Bwurd (1974

The cakculations of <aishicre sand Enspon cnder lew
swel]l waves shiweed Lhat the orshooe sand runsgst
potcncial alls mpidly beyoad [Om wawer deplth and
bepond 25m wakee il s wprtgid 1y awom-e xasteon, bsziay
s0me Iwa orders 9f magoulxde bower than Lkat a8 1
watcr depth. These cesnlis com pared wellwith those (er
the Earch Monh Sea coast where the poresial cake of
wrishore sand I spon e wis caloulzied o ] very
rapidly wilh increasing depl tobeing virtwally neq ok -
g an LSy winer depih (Yam Alphiea el 21 1999,

4.3 lomer Slaplf Sedinent Transpeord

4.21  Innrade tEag

Sediments om thiz sedlloor can be agilated gnd dzns -
paned opdee the actzon ol waves and caryenis. Cn the
inre eoatnekkal shelf wheee depohs booome shal loaw
{=8iln wy) waves Gl BE noperlant 1gents in 3eduadnt
transprt. Transpart can be effected under the bask and
farth wave motion, placing e sodimenl info suzpen -
£anm, wi b tL CEanA[HIT eoguc iy o L presence of
SgMeTienposi] ey cureant,

Mncwathsranding ihe enhanced poenuzl for sand cang -
jorlunder wive actics), §rn dme 1o ame quasi-sleady
cwrequs oa e inner shelf off Sydney ¢an be sinomyr
cnosghdosae o fransponsand. Socdigurrens sanTesplg
[ronk b dedds vl erdurdon anto te sledlof Lhis Eas
Aicieaiia Carrenr, or may be Ceairally Treppad Wawa s
o Inderaiad Wigpes.

[n respecl of sediment Lrunsmact on the inner shell thers
may be an i dependence o ibe of pur oo of wayss
and cwrriigy. 90 exaple, dunng sovere sienus thie
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sirong wirnds thal generale latge seas may ke the opent
sloa for deletayining [he corzent sceuctore dieecsng sard
Crdt i =rE L ot alchd

4.2  Hegional Sediment Transpirt

The broader undeestanding of sand movement on a
Pl iona solle enoom passetg 1he inner conlinewal shelf
rnff Sydney and 15 adjacent estuarias has been nhriinel
feeam S analvsis of daty ad Teparhing given ik £1ud ies
carcied st by vazicos poveronte e agoeicsaond witiver -
siticn wod Jrom fimad sledies Bar this pregect, This pro-
vited the contex b within which sod iment Ecansport oo er
th: study region was syalaated.

Sancwaves wers evident in 25m bo Bm water deplhe
sereeyed inthe Provllenieal Head study region (Flaure
41 They oecur alar i 1he eotrance o By Ty il
have bogn foansd jn deepes water off Bondh, Dimensions
of the 56 sandwaves measared varied bel lenpths
rexchied 1000m (250 ave=age) wath beighes of 4m
[N average].

Sandwaves conctibues lese-averaped nalormahiod o
sarfied eraitspor 0 &osocr ne attaioab: | froem digecrofser-
wvizlpn, They appeired oy ansverss sandaaves will
their crestls approxinalely peraendicular 1o ake souib-
ecly current dizeclion Here, the Eaze sonsimliaat Cuzre el
cacses a sirong b dntgmmitcent aned predominanly
woiecly flow, This is reflactesl in the asymmeltical
chape on masl of the sandwaves observed. Seisone
recacds from (e Provulontial Elcad sfucly tepgion are
charasterived by sleep sz bward-dipping ewenfs im-
mediiiely below (e seabed refipdion. interpreted as
itdicoting soeihwaad neabiling.
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Fige &
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The divirieelion und size vl the sandwaves found war-
ied. The area sovah of Provade nfial Head showed none
sanchwusy fealuses than toe arca betwecn Forc Hackang
Foint anel Frovideatial kFead. This cldserihution is mme.
sisteni with a sowherly cren; strwcturs as depicied in
the current madelling cver tbe sdudy remion. That the
sifang coresnbs afe ik rosame e resalbs sndhe sapdwaves
etng megribond for moch of che ume, allowing the
volonisstion of the seabod surfuce by shelly species; it
allgnes alioe seane depradurimn of The sandwave forn.
The asymmetry of 132 sandwaves i cssocialed wul o
nett sand \eanspo 1oie in the direction faced by dhe
sleeper les sides of the features, 1hes Being seatbheriy
which is commensurale wilh the southerly ditectional
kiacs in B2 stromgeT fosamic curseats. The slaw passage
of samkwaves over shelly scabed deposas cowld pra-
uce the sluclly Bayers focicd Do the eowes Raslinezstel
dating of these shelly lavers indicgred very slow rodes
af sandwaye 1renslation and that the sandwaves cowld
honve reworked ethe seabed sorfzes aver tune Tames of
milleane amd oo meeisored depilis of &m o (appooxs.
miaiely) and most likaly reaching maxima boyand 1his.

Wavegenerated pipples oot Toond on the seabed ol the
inner shelf off Sydney to depihs of ¢dm (approxi
emaiely). These cance reworbking of the seabed surfacs
o depihs of 0.2m (appeonionarely) aver awoch shorter
time frames (Migleen 19900 ot a davan.day hagig in
25m water depth and for some 25% of the fime in 60m.

Bused oo B mewmil b gf oot inonos Beld data owoears bed
curmenls and waves at seveml Iocations on the innegr
shelf oftshore of Sydney, the gross sedimen: iranspoal
vver Chad perued was ealeclued o bave been direered
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both nartherly and wauhstly, with 3 small nen bias o
the south. The rates of sand ounspoert calcolated were
faw bt it weas eonsidergd thar higher gaes b Lhe nosth
could oceurd uning stoans (Gordun & Hoffawn TWEL),

There is ng corcluzave cwvadenes of any sagpmiiuanl
sedimend Ersport Jog e s lf amwd inle or cut of the
estuary ealraces M Bomny Bay, Fon Hacking ard B
Bay and 11 is concidered thal sodimen L islasd fron the
Qesin i Lhe esrnarics heoe is nepligible.

413  Apalylical Asassment

Lsing ehe method of Wan Rign { I789 compulalions ol
sediinenl Wnsporl wend wdenakon a3 Seie of sies
o Crle propossd SALREOR aredsand Sovenng  mnge
of warer depths feom 23m o &Fm. The compulacions
indicated generlly that o riges Of 22diment wanspor
on ehe inner shell are los, parlic wlarly keypond the 25m
pobath where dwy become vinoally negligeble: there
the annwd | 2eaes iwanspoa cates wore calculasd Wb in
the order ol 1 U'm (Figare 5). Far the annual stalistis,
che synplic piclare showed thad canspoel pacallcl o
the shorelines 55 close 10 Being evenly desuibuued b
soulkerly ad rocthedy, with & very small Cvirpuatly
negligibbed nen bias 10 de soath,

Thie shore-Boimal crangfred sas waes CalgoTaled ol
kower thin the alonpslors rales aith i very amad | {vir-
twally neplizible) nell biss onshore (Figure 6], How-
gver, et corputans &g rot wke aoceont of the
lope al the inoer shelEadich would ceduce further thie
ne rehore cawe a5 calenliged.

4 i + Tote=te Lpaebialerr T
dFFLa Ry ] =t ] depl o e Aeee
roo ,
: L
4 I|
1
1
1 L]
) , — =T ——
| ‘
vo— e ST e __
. ; ‘ T
r ’
h -+
! I-— ———
». '
3 '
i ]
i /
1
N H
1
- |
] . 1
1z [} [E) [T
=gl=r Zrpch e 11 L =]
Figure ¥ Culculsded anmypl rates of alonpshure

siad (ranspetl on the iomer shelf

Pape 7

AFNielsen & D0 Lerd
GECOMARINE

The onoual groce rale of sand wanspart calzulaied ata
P b at e entraece w Bony Bay wus 22 .510m
widh anait rae of 1.29m calculated o be direcied inlo
The Bay, Thig raes iz incheorder af (hat dewcemancd fxam
Tirited fiedd peasurements {5tlva 1972

The raes of wanspon duninp siedm s can be o arde of
wagnilude bigher than ehe annepd sypopes s
LS. Foor exaoplde, thi wainspeart dursg an evinl such
ac the May 1974 storm cowld socount for same 1% 10
[ 3% of (he gross anmen] longshors zand weapspart; the
lugher prapocieons pplwing 10 e shal lower mepicas.

4d  Summary

The synisses of field dag, Taborosy dala and analyl-
iral studics of sand ransport in the saarsfors 2ome
wesened a eabeiat and cuasasint wsesanerl of the
lismile of subaiueons Beach Bucivalicns. Thres iypical
warer depths were aonsasuenu y e nnimed !

Il GRjsapnd- the depsh 1 Lhe aweler G of the
swrt zoAe bars representinge tee subagueoes Limit
ol whe active beachbzos Onoan anmagl boss Ganer
e shivee seersferaler meprskore sand bosndacy );

= Xm{+f4m) - the ahsoiole lamicnf ifahong sand
LranspacL wisd o Canremie SBOrim Gl |3 [mafer
nrarshore sandiiones sheif szrd boundaryy; and

« A0 {450k b caleulangd Lzl of sienificant
reworking and Lrmssorl of heach sized sand
angkare under wave aeEnn lans an o hopsanil
bl
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5§ OOMSTIRAINTS ARSESSMENT

51  Generalised Ceiterly for the Deslpn of
Fadructivn Configuraiions

The Following criteria relaling o0 coaslal procesecs

were abopled in detennirnag the buondanies of e

exbraclion arcas:

v Exwracnan Soeld not have st shle offecian
the wawe climates of hemches, Texf communilics or
enmances up the adjacenl esepanks. Changes
indueed by extcacdion slwould e

+  an order of magnitude smaller than the natueat
annyal average vabations cxpericnzed on
Daches And Aeross £soaly MITNeRs) e

v less than that which was prssilile w dewet or
measues 11 a2 (eald.

= The extracuon ghoeld dake place tewvond the aren
thalexpericness e o shoree Bshore beash
Twclearson and beyond the limiof sipnifeanl
wavi-iEemd onshoce samd eeansae

+  Extracton showld not distork the: siabilily of ar
cabcraise harm shipwrecks inthe repion.

5.2 Copslyd Process Consistevatinng

I was considered thak ealraction should ool alier the
aeneral ooasial processes of winds, wayves and cemencs;
peuricolarly al the shomeline, Obvaously, sedloar s
triktron weld have mo afet oo e wind clinale
While cx raclion in esruares can aluer ddal coreensand
eviy (Tows gigaaficantly, eximclion of sadatent 1 Sm
on the innes cootinculal shelf over the proposed ealrac-
cnnareas would kave only a loepdsed of Mect oo aoennig
cwrrenle in Wal thers wouwld Be a slightl lowering of
cwrtenl spocds near Lo the Bed where exorscion ooougs:
there would be po cfiect, howewer, on che gverall cor-
penstcuciares o the shell, Thereas, however, pogeninl
o exlRclion W alter shoreline wave climales.

When @ wave maves e shidkos waer of slows dowa
aned, i3 35 veavel ling ablisquely 1w e bt contours
Cizobaths), this wowld resuleio changes o the direcucn
of wawe wgvel and the disteibagaon of qeery abknag the
et This process i bnown us wave relnclicn.

Unless caried aulin aceordunce wilh cusablished pra-
cedures exeration has the potenizal oo change dee wave
refeae aon pacems and, consegraniby, U wave cunda-
tisnes and beach slability al the shareline. iF cxlraclicn
wire wderakeon along the izobache such tha e align.
rocen Gf e wealed was aor 3ored 8 can b 2w,
Uaewrspicaly, thit there would Be 1o changs ke
reArshiorg palTaclion paltems imespeclive of al what
depdh the exiess Hon had Teen prderaken. 1 hgwever,
crurac o wers uncdenaken peeges e wabauhs i,
unlese e exaclion ok plwe in relatively deep
walee, there would be some change i e ngaeshoes
refrcbon patiem. W3 clear thae 21 ehe exlremitices of
dhy expraction confrguralion the latter cannot be
avoided and therg cauld be adpe gifeces, These eifceiz

Fape B
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ire ol virintione in Ue nearshone wave climate and
CanCause reccesiom and progradarion ef unconalidate d
shorelines: particnlarly oo long sy beaches,

The adverse imnacts from odos cifec 1 coold be ebimi-
rikek bp:

« underlaking cxwacuon o sefticienily deep waler
S0t dere would 12 0o change wo Ui mlrdion
paltoens wmespeclive of Lhe shape of the cxiracied
configaraion: or

» ansucing that the extracted boundanes are
sufficiently up const or down coasl (roem beashes
5o that any impacys epm cdoe @Mieers are Liraged
i roucky shoeelings,

Flpure 7 compiles recles of wacigus diffongn, oo iee-
Lienziudies uodertaken on e s et Tegls Krm varicus
dredd ped conligoraticns on ersion and accretion along
abang sandy beweh, The eesal e showed thal ithe 2elees
ol extraction on teach erosion and acceetion diminish
rapidly with inceeazing warer depak, The stpdics
sheweecl aban pat whion o 990wl s ke of g rgs
Gl wiwe dirtclions occufng in matoral wase raing
{sludics in Japan} the changes calewlawd al the shore-
hoe are cxagaeraled when corpargel witls those chae
acsirn & dircctianal sprepd et atueal wive engrgy
ety (s studyh, Whiss approprisle pamirms i de-
scnibing the warishiliy in dircclional spead (ound in
nalwral wave speers ae used, edae elfesrs on peachaes
s led 1 cienwl by elazsincatel i ezteacison wees limiled
iu Sne below caisting seabod levels and were undee-
eiken in swer Sepis proeesbing 3,

sde frpear el law Jusmeer g |
N (LT TTOLN LT LA W -
1 Wim aerobps Tem 3 gty (Rl A gl
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Figure 8 shows Lhe theorelical result in the calzulalion
ol varations io be i ion of mean anagal wive
encigy fua adong the shomding feflectiwgly the vaga-
Ui i arkeniation of the beachFacapihat may be coused
by &ro heles in 25m waer depah . Maximum vatazions
approach 17 but beyend 1.5km from Uie edge of the
mcdell=d deprossions dhe change is less than an order
Sl ovagwinede smaller than the nattrad 2nnwsl varkatnn
of the Sydoey wive climaee. While gxiragion an Zim
water depth showed slight eélfects on crosion end eccre-
uon o long sandy heaches, Tor extrae lion of 5m oag
proposed olfshore of the rocky coagtlings, she cdze
cilecls would sy be extreacly $mall and woull o
Liarage nee B5Em upr coast or down coast Boom the cdpe
of thie exvacied configuranans (Figure 4),

These consideralions wera ased Lo datine the cxileacdion
configusicon in the: vicenuy of Toaches 10 cicsors e
there would ba ao chinge Do ensdrshare wase conibi-
L

51  Hediment Transpur Consdderalkms

531  Mearshere Sedimen] Trunsporet

Braches experience significani flocivalions in response
o cheangeng melzaalogical conditong. For e beaches
in ihe sludy rogkon these chivepees am refleclad prodam -
inanUy in dirccl onshore and offshore sand mioveooen.

Offshone Lrpnspaert within the surfeaans of o beash amd
onshore ouesport seaward of Lhe surfooms results ina
conu nweous intcrchangs of scdiment belwaen e 1wa
regicas; the boondary aencrally being defined by the
presones of & sand bar, Az the provailing wave congi-
Lons change the localion of the har (o7 bars} moyes
inshede oralfshore: the mawimom afrebore movemsnt
Comnmiog dueing severd $10eng, Howaver, cownterng
Lhises the Birg ngrzage in e nshons-Uiecled hydeo-
dynamic forces scaward ol the sucfeone with inereasing
wipee heighe. The Qeposiion ol sedimgel alsbiorg Jur-
i stomng. therg fore, duees 1wt vocur 1o oy great dis-
Lance seaward of Ue surfzone beyond the bars or
b=y she offshors lmitof p swrrcns.
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It was comsidered that any extraction proposed shauld
rat inerfeee with ihe nntaeal onshoesrolishoes gond
trunsgrLing proges s of 1he beaclaes, For the beaches
al Uiz Awdy reguon e absolule Limit of ofTshore sand
ransporl during sexvere slormes was delemained {o b
2o to 26m0 aond the practical lirmt of enshers sund
IRLaspoid unkler wave wction alone was deteomincd io
be 28m. On this basiz alone cxmacion beyond (say)
Yim with moilablz balers woutd have oo jm pedias
cffezt on the bowl provesszs and would not caess
brach draeadorny.

o eespecl of Daloes, vnd rwdter slopes In lne sund
subpsc L Lo wave actiom okd Slecpening (as wonld pesalL
fom exlracrion) capericnie changes in siress g v
ULIONE I POt willdr pressure within the sediment The
cémasegueent rediction in cffeclive fnclional rexisiance
nkAy caiise sbape ansenhabity, Stable derign slopes i
sard wederaster are ollen L3 {¥:H). Howover, this
applics b hirbowrs and csolownes which capericmos lJow
wave climales. Por the wnnge shelf off Sypdoey, consid-
crisrg the bl energy wave climale, slabls slopes are
mard likely W ke jn Lha coder of 1215, We recommend
4 sluble dzcigr clops of 120, which is commenaicans
with the stecper roewral sabde sopes fowwd n e
prupiascd exlrrclion arcas.

532 Bhelf Sedinent Trangpor;

When consibrng peoposl s For sard extraclion gemns-
ally, il is recegniscd that extractlicn configuralions an
e shelf could be alicred in ure by notucal Sued
uanspaiing processes. The side bagers ol exlienoa
sondiguzackns could Maesn oul a5 3 resull of the gross
sediment wranspon processes. The ceniesling posingns
af the edges of txiraeed shipes could skl 46 3
msult of (¢ oen sedipenl transpor provesses. In e
Icaljmer Leeart, thid fexture of e surficial sediments an
cslracted areas cneld become coarser 35 nalue|
aramegeing of s seibed oo wrs, eeeby alleding sadi-
sl LraLsparL Tiles,

[ i% posgible Uwme, peaerally, churges o the sapes aad
[aeikrs of cxlraclion configuralions cauld alter wave
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relraction pattems and, hence, theeg nay e 3 pocotid
Lo aluer beach sl gnments. Being mindful of Tanger term
A irAns o ang precesse s, inshors limis of earacion
reesd io B g2l 1 sufficien] depib 2045 (0 L inweeTore
wilh the nalwrid sand transporing processes of tie
bewches. On che: shelf the sand cransporti ng Droeessts
could reduce buflers 120 arouad shipgwricks and rocds,

54 Generalizad Cronstrainis for the Design of
Extraction Conflrurations

The cogstal enginesring crileria taiablishod fof e

desnen of the proposed extracuon confligueatiang, in

comjuoclach with criperia froegaher specindised sodies,

ked 10 the fellowng peneral ised consmints:

» rhepearshore depth limie for exceaetenn gff ehe
rocky Ehyled copst B e 23 wabith;

= gl sbongshnre cxwent of cxwrac licn 10 the 23m
bt be bewand 1.5k ol the eod of 3 Teeoch;

v Hic inzhoee livwil oF Cateac Foo dizeei by SIF Leueles
be the 35m isukalk;

= exinxerian depoh be omied w0 5w below the
natural sudace;

= allnwunce be made for inilial hatier slopes arcand
Ui eavracit Son higuralions & develop g 170

= adequite bubfers b loft around shipwrecks and
fesarm reails.

Wichan these con sieaines it was cansidered chac i would
b oy ible 4o wnde ks any Cowaclicn conlap et on
witlin 1l propoosd Sxdractivn areas withoul any
measureabh impact on the shorelines.

6 IMPACTS OF EXTRACTION

g1 Waves

A summary &l e results of die wive chmate studics
are presented in Table 2. The gencralised resallsal the
wanh pefraclion swdy relevanl 19 ks coasiling of the
sfudhy region include:

= The proposed extraclion nlaas kave beem desigend
S0 Chat ANy P riurkanions (o the fong tem
nearshure wave climade that mav e poccwsiorod
by eaeras o would e order of naymiivak:
smaller thin Wnz malural vasialkons in the averuge
wiaw Climate that are exporieroed anmmally on ke
sundy shorehings of the Sudy regicas aad, ay swech,
wionld o be discemible neg wowld hey e aldle
to be measured; thar 35, the extescion paos
progoset would Live oo mdcumalle sbfest oa
thie Jong Lom wive clinales of the beoches.

= The propased ox eaclion pung would cause 0o
measureable change w the efficts (hal slom s may
haves on e Beaches of the zlody region.

= Thechanges that the cxumenion iy wialse 1o gho
sharcling wave energy alang the mcky shaoe

Fape 10

A F Mielsco & I Lerd
GEOMARINE

wruld be far smaller duvyin dhe ngloral Mueipations
of wiwe cperpy cxpedenced aml would nod e
dixcemible o meaxwreahte.

The propesed celradion plans would have no discem-
thle effmel on the wave climale across the enuramees (o
Boawny Bay or Buc Bay-Port Hacking amd, béncs,
Lz beiaches within Bolany Bay, Buiz Hay and Parl
Huckine.

62 Currents

Yhile cxtrzcrom would have a loeplized €IRe) o ¢ pr
s Wi the meracuen afead there wopld e nao
clizuigs 1@ Gig general surrenl streclore in the study
region nor would there be any changs 1o the tidal
cwrents sl the cnerances @ Bowany Bav and Port Hxck.
ing. Withan the exlrisclean qreas e currents would be
peduzed in speed slightly.

a8 Tuastline

The saned ealriclion proposzd would have poimpaclon
fezde [oah prooesaes, The proposed extraciion ancs
ar2 el seward of the Littoral zane and are outside the
depah of clf:kore sand ranspon mmlce exironie sEoen
gvens. Changes o the wave Slumang s gl 2ol
mesuluag Trom the prucagation of waves across e
proposéd ealraclon arca would bBe popligible and
would ke an order of magnilude Jess than the verape
vhanges 1hat gcgue naturlly an Uie beaches on 3n
anedl bams i response W changing wealher condi-
lens (Tahble 2). ¥idoally, chere wauld be ng changes
rwude to che beaches.

Tt shauld be anticimaled thae the Beaches inoelse sody
regicn woukd underan Fogs Mugluations in response e
Muturd sldaene s, Forther, with a scenario of an increasing
soa bevel wy 3 sesolt of 2 Gresrhowse warmong, ehode
coaild T s avcreasad propensity dorall e beaches o
he erclod more severely and more frequendy during
sy evenlg, This crasian wondld a fgowdy b eaacsr-
hated by the ppertpiIe ealvicbun proposed.

Table I shows cthal Lhees wneld be ng mepsurahbls
ghanpes Iy wawe heaghts of diseenons along the eky
shrelings ag & msult of the extaciion propased. W is
propased Lhal 250m bulfers be bef ol ghe real edge
Exricticn offshos  therelore, wou Il pol altect the noel
st Jewg] 5 AL the toe of Lhe reef Jor soveral hundred
yours, it whichtime there weallbhegin g slow loweing
af ube s bevels appinst the cecf. The side slopes of
thiz deprossion cowld ned mierale onshnee 22 chey
wiiald be comzingd by ke prosimine of the reel.

6.4  Inmor Shelf

Exuracuon ef Smaf sedingenl gver Lhe praposed ok bac-
Lice arizas would redues wavs and cucrent ackions at Cie
sl where extraction occons. Hoewawer, because the
srdimeonls sl daplh ane, generally, (ke than chase e e
surface e would be lieks elfecl imibally on Lthe ralas
nl shelf sediment ranspor following caractan, In e
kongger oo, bowiEede, e niturdl armouwring of e
gurface of the seahed alun would ocur with the
wanngwvity of tae Nedr ctivns in the scdiments
withinn ihe zsiracied ascas and with the [ranspoa ailo
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Table 6.1 Predicted Changes to Wave Climates from Propased Extracifon
s T U ST Mot Beg T “Extraction Plan
e beeallons Al Hr: BE | BE8N | HE  HeHw
L A o N O A Y i) [m]
' Marbiibea Béach M | 1178 388 Bgs 11777 | 00a | 887 -0d
O MaroubraBeach$- | 5887 480 415 #8097 | 000 | 415 | 040
. Maidbar Beach 1653 138 470 165G | 003 170 | 0.0
Tu]::ia Hgaﬂ Eﬂjl' 12327 4.22 3914 12318 .11 2.89 .02
<{:'.apa Bal'llm Stn ] 162714 g.18 h.E2 162,24 - 0405 5.61 -_-ﬂ.ﬂ'l
- BoaryBay Enience N | 14520 | 441 448 } 4630 | 001 | 493 000
- Botany Bay EnirinosC - | 13862 | 820 a0s WESE | 008 | 407 | -0.01
Bulan-,r Elay End fance 5 13037 | 322 383 13037 | oo 3.53 £.00
: "-'l"ill‘idil BEwBE-hH 136.241 2.EB HAL 13521 .00 515 0O
- FibueraBeath § 19546 | 283 ' 439 11546 001 420 0.0
" partHacking - 8554 | 4.36 234 | =547 | 007 235  O.M
Cdibbon . ¢ . 1zisd | 1614 475 | 12412 | vae | 477 0.0z
. Cobblers - - - 12867 | 280 485 12858 002 | 481 | -Bod
"""""" Rarey N 1_14?.13 2 56 GRS 14701 | 012 58D 0.04
_ Taneys 1SS 20T 446 2854 007 44 | 04
'+ “lnnarWaltamiolla o' 8821 | 344 BBE SBE1 000 B6A 0.0
" Gjﬂg{ﬂﬂ_l@ﬂla L] 13808 a7 5.21—] 123811 | 005 | 821 0.00
. !:‘urm::urrang IIIIII _ ‘IiEI._l:IE_ L 482 . 112.1 2.1 481 .01
' ' Esgle ook - 14637 | 314 SE1 14697 | 004 557 008
SGede N, | 44Ena | 303 552 14473 0 552 | 000
';ﬁan‘es_'-:- s ] 13719 | 2868 SE4 13708 D0 SB6 | 002
G T Era .. 13464 | 228 606 13459 005 506 0.00
Buming Paims H | 148.40 TR £.14 145 40 oo B.14 000
CBuming Paliss | 14025 | 2.8 534 14023 | 002 534 | 000
" H@llHole™ 15580 | 142 516 11581 001 416 | 000

whesa:

8y, GE aré the direclions of nearshore wave engrgy 1 ux for{hg najural (M) ard exracled (E)
bathymctries a2 dedernined foom anrual wave slatlstics;

A8 is the ngtural variation in diregtion of nearshore wave energy Tz 83 ieasured a1 each legation; and
Hy, He are Ihe naluzal (M) wave heights and (g Blowing exicaston (E) exceeded for 24 howrs per year.

Uie extmicled arcas af 1he coarser sediments from with-
out woeld resull in a reduction of sand Uansporl rlss
over the exiracned agas. Thas woold ezsull i g very
Slew infilling of (e cxranied aoens angd Nggaing e
al thes baiter slopes.

Because the raics af samd nnspost assessed or the
Capes Bk crlraction drea weoe vory low the ellocis
OF eairaction would e veey slow wooccer, Fog
diflerential rles oliranspuricensidered obave, Lhe 1005
of the baugr slopes wouwld vansTale o sory 9w races

calculated wo be O lmfy. The centeelines of Lhe
bunceeslopes would Lrunslawe ac cwen lowetr rics calou-
Enced oo b QO025mfy. These wosibd b g eI feg Lo b
£ CraiLorling Troeesses Al e enirance 10 Rokgay
Bay wrat he sdacent baaches. The doedged Jepression
would remain slafle for millennia.

The mles of sanmd s spon calculzied over e extrec-
o s ul Peovidenual Elead indicowed i tie ex-
teoicd configuciion would remain &able for wery
nay ¥ears fad chere would be ng ¢lange oo 1he Teag
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wem wave refractiom patlams & =iod ranspart poe-
cosses reluting Vo e beackas, For exampd, he Lime
period mauired ar the W of the baller-slope in 25m
waree deprh o extend W a pasilion affshare of Moy
Buaill wus calcubuied o be i cxcest of 1,500 years.
Even by this 8me the e woul] sUll be mo eflecl on Uiz
beach. Further, there woulE be no ol lese Trom chang-
ing refracton paicems on Marley Beach ¢or any oiher
beach adiacsnt 1 the proposed cxbaclion area) 35 Lhe
rles of movernent of e cemmeliiey of ke Paroer-
shopes would be yory much dower,

In eqspect of onshoefalizhoone sand keansnoning pro-
cesses, obfshore of Murley Boach. where cilraclion to
b 3 5m esolsh s proposed, e top inshorz edge of the
cIredoead depression woubd rmave slorcwiand s L Tor-
ter slope Eladecns oot (given thal the bed boioanes
arnaoured with coarser sedimend, Suchapreces; waould
continwe until the bedslope of the batter eeincides wish
the natural hedslope off dhe beach. The dime sedquined
e thig L aoeer wie catenlaled oo b inexcess of vome
T AN el it we Inicbn Limes nEver 1apee winl o b kb liged.
That e poinl of interseclicn of tie Matteaing skops
would coincide wiih the lirml of o Fshore sagd eanspoc
at Marley Beach (afier o pericd of 3 A0 years) amlc-
ciicd Lt eatmcon o 55 af U 330 120bath wenld
have no effect on beach drawdown evenover Lhese s
scales. Pooemial deawdowen slony the clifled cpastling
is et by the garent of rock seef aleag the 25m
izobath.

Because of the deprhi of the shipweecks in the iramedi-
e wiginity of the proposed extrdrnan aqe (Ehe 55
Wonforg and the e Teegerah} and the adoplion OF 41
230m buiTer araured Lhese wrecks, Lheee would 1o vir-
wally napossibility, oncoasial cngineceing arau rds, of
cxtractipn within the propesed areas dispuibang the
sability of Uwse wrecks,

T CONCLUSIONS

The siudics of exwaclon have shown thal shonelise
of facls are dependend wp<n L depth of cxusclon aol
the watcr depth at which exlraclon oocars. The shaore-
Lmz effecls redupe dramelically and markedly with
increasing waler depth, The inlemalional cxperic e is
thal clraction is cgramonly 2ppresed Al wncdenaken
in depeles beyoned w2 15 e 250k isalsatl oo 10 endizates
wiversally Gl cxicazmon cin be underaken slely
beyond the 50m sohath.

The eatrdction of marins aggrepale as proposed fron
w1 siles offshore From Cape Bunks and Frovidential
Head would resule ineinirral sepesct ot eoasol
processes ol e meyion, Eximaton woald not aligr b
mirshre wave Climales or cusmal pallcms. Conse-
quenidy, here wanld be no measurcable impact cn e
adjcent sady brach artas or on it clilfed coastines,

In che propase] Cxrclion areas o rates of sodiment
transport are very kow. Exicazion wobld gt a low-
eringe of the seabed by up 1 5m. This wouald expase
slighily bincr sediments at the scabed g wave and
Suerca Lacto e, miteally, e pites al samd wngpon
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would nor alwer mch. Jowewer, willy ime, the Acer
sealimie s wirild be ransported away selec ively by the
amebignl corens o sele o deepor walers and there
wiauld be an amsuciag ol the cepossod sand bo# graing-
wee gkmilar en that which exicls al presene The mles ol
gl within The exwacwsd freas, Uprefore, would
slowly docrease. Az @ mosult, e s Sopes of he
deprossions would gpradually faven out aod 1he ooene.
trelines ol the slopes would bogin wo ranshite vory
Slowly in the directions of dthe amall med sedimend
Lransport rakes, Thal these provesses would ke place
vory slowly and gver Uwou sands of years indscsatzd Ol
Lhe eulracied depressicns, cesentially, wookd be stable
und would nol Afect e beachas or the slarchags,
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1 Introduction
Cardno Ecology Lab Pty Ltd (formerly The Ecology Lab) was commissioned by AECOM to

summarise the environmental impacts associated with dredging of offshore sand reserves in
the Sydney region as indicated in the Metromix Marine Aggregate Proposal. This
assessment forms part of the Scoping Study for the Extraction of Sand Reserves from the
‘Sydney Shelf Sand Body’ for Protection of Threatened Assets and Amenity Enhancement
prepared by AECOM for the Sydney Coastal Councils Group. This report comprises:

» a brief overview of the Metromix proposal;

» adescription of the potential impacts of the Metromix project on marine habitats, biota
and resources; and

» an overview of additional potential impacts arising from sand extraction that have been

identified in recent overseas studies.

2 Overview of the Metromix Proposal

Metromix Pty Ltd proposed to extract sand from two separate areas of a large 20 -25 m deep
sand body situated off the coast to the south of Sydney and deliver it to the Port Jackson
terminal. The proposal included the extraction of 30 million tonnes of concrete grade sand
and 39 million tonnes of finer-grained material for general construction purposes from an
area of 7.4 km? situated approximately 0.5 - 2.0 km off the coast between The Cobblers and
Providential Head which varied in depth from 25 - 55 m. Metromix also planned to extract 27
million tonnes of concrete grade sand and 24 million tonnes of finer grade sand from an area
of 8.2 km? off Cape Banks, near the entrance to Botany Bay, which varied in depth from 43 -
65m (Corkery and Co. 1993).

The sand would have been extracted by a trailer suction dredge and stored in a 2000 m®
hopper inside the vessel until it could be offloaded. On site, the extraction head would have
created a slurry consisting of approximately 90% seawater and 10% sand that would have
been pumped up the suction pipe into the hopper, which would initially have been filled with
ballast water drawn from Sydney Harbour. Approximately 30% of the water would have
been retained with the sand the remainder would have been released into the sea via
diffuser ports at a depth of about 15 m below the surface (Corkery and Co. 1993). Between
40 and 50% of the water retained in the sand would have been discharged into the ocean
via a series of outlets in the vessel's hull en route to the offloading berth. The dredge would
have needed to travel 5.8 — 6.8 km over a period of about 2.5 hours to fill the hopper. It was
expected that extraction and unloading together would take 11 -12.5 hours and that the

vessel would make between 170 and 450 trips per year. The plan was to produce 0.6 million
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tonnes of fine sand in the first five years of operation, 1 million tonnes between years 6 and
10 and 1.2 - 1.5 million tonnes from year 11 onwards and for extraction of sand to continue

for 25 years from Providential Head and for 24 years from Cape Banks.

3 Environmental Impacts of the Metromix Project

3.1 Introduction
The potential impacts of the Metromix project on marine habitats, biota and resources off the
coastline adjacent to Sydney were identified and evaluated by The Ecology Lab (1993). The

following categories of potential impacts were identified:

» Effects on benthic macrofauna and demersal fish due to the removal of sand from the
seabed;

» Effects on marine habitats, primary producers, benthic organisms, nektonic organisms,
marine mammals and seabirds resulting from the release of fines with the excess water;

» Effects on the marine environment due to operation of, or accidents involving, the
extraction vessel; and

n Conflicts with users of other marine resources.

3.1.1 Potential Impacts Associated with Sand Extraction

3.1.1.1 Impacts on Marine Habitats

The extraction head of the trailer suction dredge would initially create a furrow approximately
1.7 m wide and 0.2 m deep along the seabed (Corkery and Co. 1993). It was estimated that
1 - 1.15 hectares of the seabed would be disturbed per trip and that the upper layer of the
sand over an area of 2-5 km? would be removed annually. The area disturbed per trip would
be equivalent to 0.007% of the sandy inner shelf sediments between Broken Bay and Garie
North Head and to less than 1% of these sediments over a three month period (Corkery and
Co. 1993). The interval before an area would be re-extracted would vary from at least two
years in the early stages of the operation to not less than 3 months near the end of
extraction. The re-extraction of areas of seafloor would have resulted in a mosaic of patches

in the following states:

» Never disturbed by extraction;
n Disturbed once;
» Disturbed more than 3 months previously; and

» Disturbed within the previous 3 months.

The sediment that would have been exposed would be similar to that occurring on the

surface of the sand body, except for the lack of living organisms and probably having less
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organic matter (The Ecology Lab 1993). The sediment would, however, be slightly finer in
areas from which Grade 2 marine aggregate was extracted (Corkery and Co. 1993). Sand
extraction was not expected to expose any bedrock, because the sand body is 20 - 30 m
deep. The depth of the sand body within the two extraction areas would have been reduced
by 5 m by the end of the extraction period. It was predicted that the edges of this depression
would gradually flatten over thousands of years. According to Corkery and Co. (1993), the
creation of the depressions on the seafloor would have negligible impacts upon regional
bathymetry. The existing isobaths would move shorewards by 0.1-0.5 km, which was

considered negligible on a local scale.

The effects of sand extraction on the coastline and on movement of sediment on the seabed
were also considered (Geomarine et al. 1993). These studies indicated that extraction
would have no measurable effects on beaches, coastal erosion, wave energy on rocky

shores or coastal processes at Cape Banks.

3.1.1.2 Impacts on Marine Biota

The powerful suction generated at the extraction head would pump the upper 20 cm layer of
sand and most of the associated benthic invertebrates and small sedentary and/or burrowing
species of fish occurring directly below or immediately adjacent to the track of the head up
into the hopper on board the dredge (The Ecology Lab 1993). Mobile species, such as fish
and prawns, and large bivalves may be able to avoid the extraction head by swimming away
or burrowing, respectively. Some of the organisms extracted would be released back into
the sea with the excess water, however, not all would survive, because of the change in
water pressure, abrasion against the sand, impact with the screens, deposition into
unsuitable habitat or consumption by predators such as fish. Other organisms would be
returned to port with the sand. The removal of organisms would change the structure of
benthic assemblages, affect their ability to recovery from natural disturbances and result in a

net loss of benthic productivity.

The impacts on benthic invertebrates would thus be significant, but highly localised and
short-term persisting until recolonisation occurred (The Ecology Lab 1993). Longer-term or

wider scale impacts were not expected, because:

» Less than 25% of the extraction area would be disturbed at any one time;

» A physical disturbance experiment indicated that recolonisation by macroinvertebrates
would occur within two to three months;

» Sediments exposed by the extraction process would be similar to those occurring on the

surface; and
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» The potential for smothering of organisms by fines in the excess water returned to the
sea would be minimal.
The Ecology Lab (1993) did, however, point out that the rate of recolonisation may change

as the area of undisturbed seabed containing a potential source of new recruits declined.

The relatively small area of seabed that would be disturbed at any one time and likely rate of
recolonisation by benthic invertebrates indicated that there would be a minimal, localised
reduction in potential benthic food resources for fish. There was no evidence that the
proposed extraction areas were significant spawning or nursery grounds for fish. Impacts on
demersal fish assemblages were consequently predicted to be small-scale and short-term.

It was, however, noted that the eventual 5 m increase in depth of the seabed might lead to
assemblages in shallower parts of the extraction area becoming more similar to those in
deeper water. If these assemblages include more species of economic value, this long-term,

large-scale impact could be beneficial to local fisheries.

The impacts of the plume generated by the extraction head as it passes over the surface of
the seabed were not assessed, because it was predicted that this plume would be negligible

due to the strong suction generated at the extraction head (Lawson and Treloar 1993).

3.1.2 Potential Impacts Associated with Disposal of Excess Water

According to Corkery and Co. (1993), the release of excess water and fine sediments into
the sea would generate an underwater sediment plume up to 170 m wide behind the dredge.
This plume would disperse rapidly and be transported by ambient currents parallel to the
coast or offshore. Lawson and Treloar (1993) estimated that the concentration of
suspended fines would approach 9000 mg L™ at the outlet pipe, but would be diluted by a
factor of 18 within 35 m of the discharge points and would drop to < 9 mg L™ at a distance of

1.5 km behind the extraction vessel.

Given the proposed sub-surface release of excess water, rapid dispersion of the plume over
a large area and large size of the coastal water body relative to the plume, The Ecology Lab

(1993) made the following predictions about impacts on marine biota in the water column:

» the plumes would be unlikely to have any detectable effects on primary productivity,
except possibly at small spatial and temporal scales;

» the potential for impacts on plankton would be further reduced by the sub-surface
release of the excess water;

» clogging of the respiratory and feeding appendages of organisms would be limited to
very small spatial scales;

» the migration of fish, prawns and marine mammals would not be affected; and

» the decrease in water clarity would be unlikely to affect the foraging activities of seabirds.
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Lawson and Treloar (1993) indicated that the maximal annual average settlement of the
fines released in the excess water would not exceed < 1 mm of sediment. On the basis of
this low deposition rate, the fact that the settling fines would have originated at the site and
relatively high energy nature of the Sydney coastline it was predicted that deposition of fines
would have minimal effects (The Ecology Lab 1993). This reflected the fact that survival of
burial is greater when the settling material is comparable to that on the seafloor, the ability of
burrowing organisms to withstand sedimentation and the fact that storms often resuspend

greater amounts of sediment.

The assessments undertaken by Pollution Research (1992) indicated that the release of
contaminants and nutrients from the plume into the water column would not be significant.
The Ecology Lab (1993) consequently predicted that there would be no increase in potential
for bioaccumulation of contaminants and no detectable increase in primary productivity due

to the release of nutrients into the water column.

3.1.3 Potential Impacts Associated with Operation of the Extraction Vessel
The generation of noise would be limited to that associated with the day to day movements
of the dredge and use of a suction pump to transfer the slurry into the hopper (Corkery and
Co. 1993). The levels of noise generated by these sources were considered relative to what
was known at that time about the effects of noise on marine organisms. Heggie et al. (1993)
concluded that the noise of the extraction machinery would be attenuated by background
shipping noises and that noise generated by the vessel steaming to and from the extraction
area each day would not cause a significant change in existing ambient underwater noise
levels. This was due to the relatively high density of shipping activity and likely presence of

other vessels within the possible zone of influence or audibility of the extraction vessel.

The extraction vessel would move at similar speeds (12 knots) to other vessels when moving
between the terminal and extraction area, but would be moving at about 1 knot during
extraction and therefore likely to be avoided by most marine mammals, reptiles and seabirds
(The Ecology Lab 1993). The potential for impacts with marine mammals would also be
limited by curtailing activities within the extraction area or by the vessel steaming away from
them. It was also recognized that impacts could arise as a result of an accident, loss of the
vessel, discarding of wastes or accidental spillages, but the likelihood of these could be

reduced by adopting appropriate management practices.

3.1.4 Potential Conflicts with Users of Other Marine Resources
The waters off Providential Head and Cape Banks are utilised by a variety of other groups,
including commercial and recreational fishers and divers. The Ecology Lab (1993)

considered the potential for conflict between sand extraction and commercial fishing to be
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low, because fishing rarely took place in the proposed extraction areas and extraction was
expected to have neither short- or long-term impacts on the marine ecosystem or fish stocks.
The potential for conflict with recreational fishers and divers was considered to be low, for

the following reasons:

» they could continue to access the extraction areas and their surrounds;

» fish stocks and biodiversity would be maintained during and after sand extraction;

» the vessel would be in each extraction area for a relatively small time;

» sand would not be extracted on weekends or during public holiday; and

» the willingness of Metromix to develop a Code of Practice in conjunction with other user

groups.

3.2 Potential Impacts Identified in Studies Elsewhere

In the past decade, a number of studies have been undertaken overseas on the effects of
offshore sand extraction. In the United States, site-specific, inter-disciplinary baseline
studies have been carried out in potential offshore borrow areas (Byrnes et al. 2004a and b;
Diaz et al. 2004; Maa et al. 2004) and a comprehensive physical and biological monitoring
program has been developed to evaluate the long-term impacts of sand dredging on the
outer continental shelf (Nairn et al. 2004). In Europe, changes in the structure of benthic
assemblages and physico-chemical environment resulting from the extraction of marine
aggregates have been documented (Newell et al. 1999; Desprez 2000; Sarda et al. 2000;
van Dalfsen et al. 2000; Nonnis et al. 2002; Newell et al. 2004). The major findings from

some of the studies on impacts of aggregate extraction are highlighted below.

3.2.1 United States

Nairn et al. (2004) prepared a comprehensive literature review of the potential impacts of
sand extraction on the continental shelf environment for the U.S. Minerals Management
Service. Their review indicated that plankton, benthic assemblages associated with soft and
hard substrata, nekton, marine mammals and wildlife were the components that could
potentially be affected by sand extraction. Impacts on plankton, fish and marine mammals
were expected to be minimal and of short duration, because the plumes created by dredging
operations were very small and temporary. Impacts on hard substrata were not expected,
because these areas would either be avoided or surrounded by large buffer zones that
would prevent discharges from dredging having any impacts. The impacts on biota that
were identified were essentially the same as those highlighted in relation to the Metromix

proposal (see Section 3.0), except for the following:
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» Discharge from the cutter-head and changes in ridge morphology could alter sediment
particle size composition and change nearfield habitat conditions, which, in turn, could
have an impact on the composition and structure of assemblages in nearfield areas; and

» Recolonisation by an altered benthic assemblage could alter productivity and energy
transfer pathways in the food chain, which, in turn, could alter the composition of prey
organisms available to fish and adversely affect the foraging efficiency of fish and other

mobile predators.

The evaluation of physical and biological impacts led to the recommendation that sediment
sampling and analysis, wave monitoring and modelling, bathymetric and substratum
surveys, shoreline monitoring and modelling, benthic assemblages and their relationships to
fish, marine mammals and wildlife be included in monitoring programs. Nairn et al. (2004)
suggested that the benthic monitoring program should focus on trophic energy transfer
between the benthos and representative species of fish, because removal of sand and the
resultant changes in substratum type and composition, surface texture, water circulation and
nutrient distribution would affect benthic assemblages and the organisms that rely on benthic

resources for food.

3.2.2 Europe
The studies undertaken in European waters provide some indication of the types and
guantities of organisms lost through dredging, rates of recolonisation and recovery of benthic

assemblages after dredging.

A review of the impacts of dredging works on a variety of coastal habitats including muddy
embayments, lagoons and oyster shell deposits in the USA and sand and gravel deposits in
the North Sea indicates that species richness may be reduced by 30-70% and that the
number of individuals and biomass in dredged areas may be reduced by 40-95% (Newell et
al. 1998). There is also evidence of declines in catch and drastic reduction of stocks of
bivalves exploited by artisanal and commercial fishers after dredging (Sarda et al. 2000; Van
Dalfsen et al. 2000). The impact of dredging is also likely to vary with the intensity of
disturbance in a particular area and the degree of disturbance of the sediment. In gravel
deposits, the level to which the benthos is reduced by anchor dredging depends on whether
samples coincided with the middle of a dredge pit and the number of days elapsed since
dredging (Newell et al. 2004). It should be noted that in the Metromix project sand would
have been extracted from strips of seabed, the underlying sediments would have had a
similar composition to those on the surface and a large proportion of the extraction area

would have been relatively undisturbed. This would facilitate benthic recolonisation from
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adjacent areas, so the ecological effects would probably be less severe than those

associated with the use of anchor dredgers.

There is also a potential for impacts on marine organisms resulting from the sediment
plumes generated by marine aggregate extraction operations. Extensive plumes may
develop in areas where screening of aggregate occurs and the impacts of these plumes may
be more significant in deeper water where benthic assemblages are less exposed to natural
disturbances of their sedimentary regime (Hitchcock and Bell 2004). Trailer suction dredges
are likely to cause a much reduced plume at the suction head, because the dredging action
creates a slurry that entrains sand and fine materials. The physical impact of the material
washed out through hopper overflow spillways and reject chutes on trailer suction dredgers
depends on the amount and grade of deposit that is rejected by screening. The inorganic
particulate load that is discharged generally settles a few hundred metres from the point of
discharge. Outwash can lead to the generation of surface slicks which may extend several
kilometres beyond the dredging site. There is evidence that these surface plumes may be
associated with organic enrichment generated by fragments of marine benthos that are
discharged in outwash water (Newell et al.1999). It has been hypothesized that such
plumes may contribute to the enhanced benthic species diversity and population densities

noted in deposits surrounding dredged areas (Newell et al. 2004).

Recolonisation of dredged areas is generally relatively fast, occurring within a few months of
the cessation of sand extraction, due to the rapid increase in opportunistic species (Sarda et
al. 2000; van Dalfsen et al. 2000; Newell et al. 2004). Recovery of benthic assemblages to
comparable pre-dredging conditions, however, takes much longer with sites in the North Sea
showing recovery within 2-4 years and those in the Mediterranean expected to take even
longer (Van Dalfsen et al. 2000; Sarda et al. 2000; Newell et al. 2004). In the North Sea,
species diversity in the extraction area generally returned to within 70-80% of that in
surrounding sediments within 100 days, but restoration of population density and biomass to
similar levels took 175 days and more than 18 months, respectively (Newell et al. 2004).
There is also evidence of recovery resulting in assemblages that are quite different in
structure from that originally present, due to infilling of tracks with much finer sediment than
was originally present (Van Dalfsen et al. 2000). The rate of recovery of infaunal
assemblages depends on successful recruitment of larvae and immigration of mobile
species, local hydrological conditions and the degree and duration of changes in sediment
composition caused by sand extraction (Van Dalfsen et al. 2000). It has also been noted
recovery is faster within narrow trailer-dredge tracks than in larger pits in the seabed caused
by anchor-dredging (Newell et al. 2004). Newell et al. (1998) pointed out that benthic

assemblages characterised by long-lived, slow-growing species with a slow rate of
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reproduction will probably take longer to recover species diversity and population density
and for biomass to be restored by growth of individuals. Assemblages of this type are typical
of stable deposits in low-energy environments and areas where deposits are coarse. In
areas that are subject to frequent environmental disturbances, assemblages will be

dominated by opportunistic species (Newell et al. 2004).

Hydrodynamic conditions and sediment transport also influence the recovery of the physical
environment of the seabed. In deeper water, where conditions for regular redistribution of
sediment are scarce, there is evidence of physical changes in the substratum persisting for
long periods and of recovery being dependent on irregularly-occurring severe storms (Van
Dalfsen et al. 2000).
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1 Introduction

The importance of coastal areas is illustrated by the fact that 85% of Australians live within 50 km of
the coastline (ABS, 2003). Sandy beaches are particularly important since they comprise 60% of the
coast (Short 1999), protect coastal assets, provide a prime recreational setting and are essential for
coastal economies (Blackwell 2007). Less appreciated is the fact that sandy beaches also provide habitat
for a surprisingly high diversity of plant and animal species (McLachlan and Brown 2006). Most are
small, buried and inconspicuous but some can attain densities exceeding 10,000 per square metre
(Jones et al. 1991). A few have commercial or conservation significance (e.g., donacid clams, onuphid
beachworms, various birds, turtles). Consequently, beaches are far from the ecological deserts of
popular belief and, in order to meet the stated goals of ecologically sustainable development (Council
of Australian Governments, 1992) and subsequent State and Commonwealth Coastal Policies, they
require credible management informed by sound scientific research. This has long been acknowledged
(Coastal Management Manual, 1990) and some coastal protection legislation is now in place (e.g.,
SEPP 71, 2002). Unfortunately, ecological studies in Australia are few, being “grossly under-
represented in our published work.” (Fairweather, 1990, p.71). Such a knowledge deficit severely
compromises our ability to manage beaches in the face of various threats.

Moreover, the need for knowledge is growing since beaches are under increasing pressure (see Defeo et
al. 2009, Brown and McLachlan 2002 for reviews). In particular, erosion is an issue with about 75%
of the world’s beaches erosding and less than 10% accreting (Bird 1985). Historically, much of this
erosion has been caused by the damming of coastal rivers and the instream extraction of sand,
processes that reduce the supply of sand to beaches (Sherman et al. 2002), and the use of traditional
hard-engineering solutions such as seawalls, breakwaters and groynes.

Now however, new factors associated with climate change are exacerbating the erosion pressures on
beaches. These factors include sea-level rise and the increased intensity of storm surges and will cause
geomorphic adjustments to coasts (Cowell and Thom 1994). Sand will be eroded from the upper
beach and deposited on the near-shore bottom, causing the shoreline to recede horizontally at 50 -100
times the vertical sea-level rise (Bruun 1962). Note that this “Bruun Rule” has recently been criticised
and may lack accuracy (Cooper and Pilkey 2004). This recession was forecast to be 4.5 — 88 metres by
2100 (CSIRO 2002) but this may be an underestimate for some of Sydney’s beaches (Anon 2005,
Brahic 2008). Overall, this means that currently-retreating beaches will retreat further, stable beaches
will begin to retreat, and the number of accreting beaches will decrease (Burkett et al. 2001). If we
wish to retain the socio-economic and ecological values of beaches in developed, urban areas,
protective engineering strategies will be required.

Unfortunately, the hard-engineering option (e.g., seawalls) can cause the total loss of the intertidal
beach (Pilkey and Wright 1989). Consequently, more environmentally-friendly, soft-engineering
solutions such as beach nourishment (also called beach replenishment, restoration or renourishment)
have become more popular both globally and in Australia. For example, between 1923 and 1999 there
were >573 episodes at 154 locations on the U.S. east coast from New York to Florida (Valverde et al.
1999). Individual episodes vary greatly in scale from tens of millions of cubic metres of sand to less
than 50,000 cubic metres (Finkl & Walker 2004). Assuming that sea level rise and increased
storminess associated with global warming will exacerbate erosion, nourishment operations are likely
to proliferate.

This document considers the ecological consequences of nourishment operations and is organised into
several sections as follows.
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2 Review of the ecological effects of beach
nourishment

2.1 Review of the ecological study component of sand nourishment

At nourished intertidal sites, various components of the biota may be affected. These components
were grouped into benthic micro-algae, vascular plants, terrestrial arthropods, marine zoobenthos and
avifauna by Speybroeck ez al. (2006). Since the current proposal involves the deposition of borrowed
sand into the subtidal zone (depth of 8-15 metres), additional nearshore components will be affected.
These include benthos and epibenthos/hyperbenthos, phytoplankton, zooplankton and fish
assemblages. As well, it seems possible that some sand may move to rocky reefs with smothering effects
on the fauna and flora including kelp beds.

In Australia, the ecological consequences of intertidal nourishment are virtually unknown with
published studies limited to (Jones ez a/. 2008). This study addressed impacts and recovery concerning
the abundance of a single species of intertidal zoobenthos at Towra Point, Botany Bay.

As there is a scarcity of studies in this field, relatively little is known about:

o Australia’s sandy beach and shallow subtidal invertebrate and algal assemblages

e the effects of deposition on subtidal, nearshore biota (virtually no information)

o the effects of sand re-distributed from subtidal nearshore deposition on intertidal biota (no
information)

e changes to beach morphology induced by nourishment and the consequences for the intertidal
biota

e the ability of biota in borrow sediments to survive the sediment transfer process

o the effects of any translocated biota on existing biota

e long-term ecological recovery

e the cumulative effects of repeated nourishment

e indirect trophic effects on birds and fish

e changes to biologically-mediated sediment erodability

e best-practice protocols (some suggestions are available, see below)

2.2 General description of flora and fauna at the three case study
sites of Collaroy/Narrabeen, Manly and Cronulla.

There are no published studies of the intertidal and subtidal biotic assemblages at these beaches other
than Paxton (1979). She sampled species of onuphid beachworm including Australonuphis parateres
(found from half tide to low tide) and A. reres which displays size zonation (largest at lowest tide,
youngest highest on the beach).

Whether these three beaches are representative of all of Sydney’s beaches is unknown although it is a
reasonable assumption if morphology and grain size characteristics differ little among all the beaches.

A general description of Sydney’s ocean beaches follows.

2.3 General description of the flora and fauna for all of Sydney’s
ocean beaches

The biota of Sydney’s ocean beaches comprises the following components:

e vascular plants (and associated invertebrates) occupying dunes above high water;

e air-breathing species on the upper beach including crustacean and insect assemblages inhabiting
seaweed wrack and ghost crabs;
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e shore birds; and

e the assemblages living under the intertidal sand.

Biota inhabiting the nearshore, subtidal habitat include benthic infauna, epi/hyperbenthic fauna,
nekton (fish and cepalopods) and plankton. The plankton includes dispersive larvae of benthic species
and phytoplankton that are food for intertidal filter-feeders. As well, this habitat provides a nursery
function for the larvae of fish (Lasiak 1981).

In the intertidal habitat, some non-resident animals become stranded e.g., bluebottles, sea-slugs, goose
barnacles. Although they (and wrack) contribute to the ecological economy of the beach, they will not
be considered further.

The biota of the intertidal sand comprise the tiny meiobiota (that occupy the interstitial species
between sand grains) and the larger macrofauna (invertebrates larger than 0.5mm long). Although
these species are usually buried and inconspicuous, they constitute the great majority of sandy beach
biodiversity. Moreover, they are the biotic component that is most at risk from nourishment.

The interstitial biota comprise hundreds of species of microalgae such as diatoms and meiofauna such
as nematodes and copepods (Brown 2001). Unfortunately, virtually nothing is known about the

interstitial biota of Sydney’s beaches although some ecological work on the nematodes of beaches at
Moruya, NSW exits (Nicholas and Hodda 1999, Nicholas 2001).

The macrofaunal component comprises tens of species (mostly crustaceans, polychaetes and molluscs).
A few Sydney studies concerning macrofaunal assemblages and populations exist.

2.3.1 Macrofauna

Prior to 1980, there were no published accounts of sandy-beach macrofaunal ecology in the Sydney
region (or in Australia). Subsequently, 84 NSW beaches were studied by a visiting American (Dexter
1983). These included 27 beaches in the Sydney region from Broken Bay to Port Hacking although
few were open ocean beaches (i.e., Palm, Narrabeen, Coogee, Maroubra, Garie). At least 78 species
and 16,778 individuals were found, most species being crustaceans (55%) and polychaetes (25%). In
general, species richness, total abundance and the proportion of polychaetes were greater on beaches
with relatively low action. Amphipods were abundant in all habitats. The species characteristic of, or
limited to, different kinds of beaches (e.g., reflective, semi-exposed, protected etc) were identified.
Marked across-beach zonation patterns occurred in which the upper beach (dominated by crustaceans)
differed from the lower beach (crustaceans and polychaetes). Greater species richness and abundance
usually occurred at lower levels.

In subsequent publications, Dexter addressed temporal and spatial variability in assemblage structure
at four beaches i.e., La Perouse, Ocean, Doll’s Point and Towra (Dexter 1984) and the life history of
abundant crustaceans (Dexter 1985). In addition to spatial changes noted above, densities changed
during the year (related to reproductive activity) but no seasonal changes in across-beach zonation
patterns were found.

Other sandy-beach biological research in Sydney includes Jones ez /. 1991) and Barros (2001). The
former studied the patterns of abundance and life histories of two dominant exoedicerotid amphipods
in Botany Bay, Middle Harbour, Dee Why Lagoon and Curl Curl Lagoon. In general, abundance
patterns varied among sites and reproduction was continuous but with peaks. As well, the responses of
the amphipod crustacean Exoediceros fossor to oil pollution in Port Jackson (Jones ez al. 2003) and
beach nourishment at Towra Point (Jones ez al. 2006) were addressed. Oil pollution appeared to have

6
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a large affect on abundance and recovery varied among sites. At Towra Point, the immediate impacts
of nourisment were very large but recovery started within a few weeks and may have been complete in
a year.

Ghost crabs were used as a tool for assessing human impacts on exposed sandy beaches by Barros
(2001). He found fewer crab burrows on urban (Bondi, Bronte and Coogee) than non-urban beaches
(Port Stephens and Jervis Bay).

Outside of Sydney, relevant work in NSW includes James and Fairweather (1996) who described
spatial variation in intertidal invertebrate assemblages at Catherine Hill Bay, and Hacking (1996,
1998) who studied assemblage structure and zonation in northern NSW beaches.

Although most macrofaunal species are unfamiliar to the public, others are better known. These
include the commercial pipi/surf clam (Donax delroides), the sand crab (Ovalipes australiensis), soldier
crabs (Mictyris spp.) and giant onuphid beachworms (Australonuphis spp.) which occur from intertidal
to shelf depths. Some distributional and life-history information on beachworms is available from
Narrabeen Beach, Sydney (Paxton 1979) while pipis have been studied elsewhere in NSW (James and
Fairweather 1995, Murray-Jones, unpubl. PhD thesis).

Other species inhabit the upper beach. These include the ghost crabs Ocypode cordimana and O.
ceratopthalma whose burrows occur above high water, sand hoppers (Allorchestes spp., Talorchestia
spp.), amphipods that can be very abundant in seaweed wrack, and some insect species. The effects of
urbanisation (especially seawalls) on ghost crabs were examined by Barros (2001) and their utility as an
indicator of human disturbance was assessed by Schlacher ez 4/. (2007) in south east Queensland.

2.3.2 Other Biota

Other biota include shore birds and dune vegetation (Underwood and Chapman 1993). About 86
plant species occur with about 20% being introduced. The most common types in Sydney are the
hairy spinifex (Spinifex sericeus) and the sea rocket (Cakile maritima). Since a) dunes are non-existent
or poorly-developed at most of Sydney’s ocean beaches and b) existing dunes and their vegetation are
unlikely to be affected by the proposed nourishment (since they primary effects will occur initially
nearshore and subsequently intertidally), they are not further considered.

Shore birds include the silver gull (Larus novaehollandiae), crested tern (Sterna hirundo), oystercatcher
(Haematopus longirostris), red-capped dotterel (Charadrius ruficapillus) and the sharp-tailed sandpiper
(Calidris acuminate). The last three are waders that prefer more sheltered sandflats to ocean beaches. It
is possible that nourishment may affect shore birds indirectly by reducing the abundance of their prey
(Peterson et al. 2006). As well, penguins that feed at sea but nest in the dunes at Manly may be
affected by nourishment disturbance to nearshore waters and the beachface.

2.4 General impacts and subsequent recovery associated with
nourishment

It is likely that the largest ecological effects of nourishment will occur in the nearshore environment
where the spoil will be deposited. Given that intertidal species a) live within the sand, b) can probably
survive some degree of burial (Maurer ez /. 1986) and ¢) are adapted to sediment disturbance by
waves, any nourishment effects on the intertidal biota are likely to be small if sand gradually accretes to
the beachface via hydrological action. However, if sediments move rapidly and is contoured by
bulldozing, effects may be substantial (Peterson ez a/. 2000).

Past findings concerning the impacts of nourishment on intertidal biota and subsequent recovery are
summarised below. These impacts arise from direct deposition onto the intertidal zone and would be

7
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much greater than impacts resulting from deposition into the shallow nearshore zone as proposed.
General impacts are summarised in Appendix 1.

2.4.1 |Intertidal Habitat

Impacts

Although nourishment is considered more eco-friendly than hard-engineering alternatives (Speybroeck
et al. 2006), it nonetheless imposes substantial impacts on both the physico-chemical, sandy-beach
habitat (Blott and Pye 2004) and its biota (see Goldberg 1988, Nelson 1988, and Speybroeck ez al.
2006 for reviews. Published Australian studies appear to be limited to Jones ez /. (2007) although
there is information concerning the effects of nourishment on seagrass beds at Towra Point (Cardno
EcologyLab) and the intertidal macrobenthos on the Gold Coast (Rocio unpublished MS). Various
components of the biota at or near nourished sites may be affected, these being listed under Section
2.1 and in Appendix 1.

In general, nourishment affects both functional (e.g., trophic cascades) and structural (e.g., changes to
population abundances and species richness) aspects of the shore ecosystem. Effects may be direct
(e.g., benthos killed by burial) or indirect (e.g., shorebirds or fish affected by the shortage of benthic
prey or loss of nursery or nesting areas) (Nelson 1993a, Peterson ez a/. 20006).

Most international nourishment research has targeted the effects of the deposition of sediments on
intertidal macrofaunal assemblages (e.g., Rakocinski ez 2. 1996, Menn ez al. 2003) or populations (e.g.
Hayden and Dolan 1974, Peterson ez al. 2000, Bilodeau and Bourgeois 2004, Jones ez al. 2007). The
immediate impacts are usually very large, either by assumed burial (Menn ez al. 2003, Peterson ez al.
20006, Jones et al. 2007), by emigration (Hayden and Dolan 1974) or mis-matched sediment (Peterson
et al. 2000, 2006). These effects may be compounded by changes to the beach morphology. For
example, steepening of the foreshore creates a more reflective beach and such beaches are usually
poorer in species richness and abundance than dissipative or intermediate beaches (McLachlan and
Brown 2006). Several factors probably contribute to such impoverishment (Defeo and McLachlan
2005) including the reduction of the habitat area for some species (Peterson ez al. 2006).

As well, the engineering process itself can have ecological effects (summarised by Speybroeck ez al.
2006). For example, visual and noise disturbance can affect the nesting and foraging of birds.
Bulldozing to contour beaches may destroy dune vegetation, cause compaction of sediments and
reduce populations of ghost crabs (Peterson ez al. 2000). Compaction affects the interstitial spaces,
capillarity, water retention, permeability and the exchange of gases and nutrients. The burrowing of
turtles and infauna, and the bill penetration of wading birds may be affected although turtles are not
an issue in Sydney.

Recovery

Since beach nourishment constitutes a pulse disturbance (Bender ez al. 1984), recovery is highly likely
unless the habitat is greatly changed or the process is repeated at short intervals. Unfortunately,
recovery is less well studied than immediate impact but available information suggests that it can occur
in weeks or months rather than years (Speybroeck ez /. 2006). A major factor affecting the speed of
recovery is the matching of sediments i.e., whether the nourishment sand is similar to the original
beach sand (Nelson 1988, 1993a, Peterson ez al. 2000, 2006, Speybroeck ez al. 2006). Imported
sediments that differ in having more shell hash or fines may cause long-term impacts. Other factors
influencing recovery rates include the depth of deposited sediment, the availability of interspersed
refuges and seasonal timing. For example, some sedimentary invertebrates can survive some degree of
burial by burrowing upwards (Maurer ez /. 1986). Further, if nourishment activities cease just before
the breeding season, available recruits would effect a faster recovery than at other times. This factor
may be less important for Sydney since the available life-history information of local species (Paxton

8



Proposed Beach Nourishment in the Sydney Region — Review of its Ecological Effects and Recommendations for Future Monitoring m

1979, Dexter 1985, Murray-Jones unpubl. PhD thesis, Murray in prep.) suggests that many species
have continuous reproduction.

The mechanism of recovery involves the settlement of larvae out of the plankton or the movements of
adults or juveniles. Many marine invertebrates have planktonic dispersing larvae but the peracarid
crustaceans (including amphipods, isopods and mysids which are often important taxa in beaches and
the surf zone) have no larvae. Instead they brood eggs which hatch as juveniles. Consequently,
recovery rates would depend on the size of the nourishment operation and would be accelerated by
leaving patches of undisturbed beach from which adults or juveniles could move into new sediment.
Such movements may be facilitated by alongshore sediment drift as suggested by Jones ez al. (2007) for
amphipods at Towra Point. Since beach sediments drift from south to north in Sydney, leaving
undisturbed areas of beach to the south of engineering operations may be useful in accelerating
recovery.

It is also reasonable to suppose that sandy beach species are adapted to recovering from severe physical
disturbances because storm events have been a frequent feature of their evolutionary history (Hall
1994) and rapid post-storm recovery has been observed (Saloman & Naughton 1977, Ansell 1983).
However, since climate change is also causing seawater to become more acidic, and this will affect the
calcium metabolism of many species, their ability to withstand physical disturbances may become
reduced.

2.4.2 Subtidal Nearshore Habitat

Impacts

Virtually all the above published studies relate to deposition of sand directly onto the intertidal beach
whereas the current project proposes to deposit sand in the subtidal, nearshore zone (8-15 metres
depth). Consequently, results from the above published literature do not relate directly to the current
project but nonetheless provide useful guidance.

Although this nearshore habitat is virtually unknown locally, other work (Clark 1997, Smith and Rule
2001, Beyst er al. 2001) suggests that several ecosystem components would probably be affected by the
current nourishment proposals. These components include assembages of a) benthic infauna, b)
epibenthic /hyperbenthic invertebrates e.g., shrimps, crabs and squid). ¢) fish and d) plankton. As
well, this environment serves as a nursery for larval fish (Lasiak 1981).

Of all these nearshore components, it is probable that the infauna would be most affected since they
are relatively immobile and would suffer burial, the factor that appears to most affect the intertidal
biota. Other components (fish, hyperbenthos) have greater ability to evade burial by swimming away
or else their position in the water column (plankton) means that they may only be affected by the
raised turbidity likely to occur (Newell ez /. 1998). This factor would be of short duration and could
be minimised by best practice techniques. Nevertheless, turbidity would affect light penetration and
planktonic photosynthesis. Not only would this affect the plankton, it may affect the intertidal filter-
feeding invertebrates that feed on plankton.

Concerning infauna, McLachlan and Brown (2006), proposed a model in which species richness of
macrofauna falls from lower intertidal lavels to a minimum at the break point of waves (where
disturbance is greatest) and then rises as depth increases. Consequently, effects would be least if
deposition occurred at the break point of waves.

Although there is substantial information on the effects of dredging operations on benthic biota (see
Newell ez al. 1998 for a review), little information concerning sediment deposition on nearshore
infauna exists. However, the work of Smith and Rule (2001) is relevant since they examined the effects
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of dumping sediment spoil at a six-metre-deep site at Park Beach near Coffs Harbour NSW. They
were unable to detect any effects on the benthos and attributed this to several factors: the sediments
were well matched and contaminant free, spoil was laid down in shallow layers (allowing fauna to
survive by migrating upwards), and the high energy environment at the disposal site meant that the
resident biota could cope with dynamic sedimentary conditions.

Recovery

Recovery of the subtidal benthos may not be an issue if sediments can be laid down in shallow layers
that permit survival of the resident biota as suggested by Smith and Rule (2001) i.e., impacts are non-
existent or minimal. Alternatively, if burial is sufficiently deep, the resident biota would be eliminated.
Subsequent recovery would proceed as for the intertidal habitat with colonisation of the new
sediments occurring via adult/juvenile migration and settlement of larvae from the plankton.
However, since the new sediments will move upshore there may be insufficient time for recovery and
the question then applies to the original underlying subtidal sediments. In any case, it seems certain
that recovery will occur (Newell ez al. 1998).

A final point concerns the possibility of biota surviving the transfer from deep borrow sites to the
nearshore dump sites. There is evidence that this has occurred elsewhere (Jones 1986). The
consequences of introducing deep-water species into shallow areas are unknown.

Effects on the water column will occur if turbidity becomes elevated. This may affect the gills of fish
and the photosynthesis of phytoplankton. However, it seems likely that mobile species such as fish
would evade the turbid area and return subsequently. Phytoplankton would either suffer temporarily
depressed photosynthesis, or if killed, would easily recover from nearby areas since the mixing is strong
in this hydrologically-dynamic environment.

Impacts associated with do nothing
At beaches with seawalls (South Cronulla, Manly), sea-level rise and erosion will reduce the width of
the beach until no intertidal beach remains i.e., the total loss of the beach ecosystem.

At beaches without seawalls (Collaroy/Narrabeen, North Cronulla) sea-level rise will cause the beach
to migrate landwards. Beach ecosystems would probably remain intact with urban infrastructure being
progressively buried.

Impacts associated with nourishment
Refer to Section 4.

Identify potential show stoppers
None are obvious since the proposed operations constitute pulse disturbances from which recovery should occur. It is
possible that kelp beds could be destroyed but operations can be managed to minimise the risk.

3 Outline of recommended studies

Research for an EIS concerning the proposed operations should include descriptive sampling, a pilot
sampling project and a program of sampling to determine the impact of nourishment. Each stage is

detailed below.
See Appendix 2 for costings.

3.1 Baseline descriptive sampling of existing environment

e describe the taxonomic composition of assemblages in both the subtidal and intertidal areas to

be affected and
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e locate potentially vulnerable biota outside the immediate impact area e.g., kelp beds. All beaches

should be examined.

3.2 Pilot sampling project

e cstimate structural features of the macrobenthic assemblage (e.g., taxonomic richness,

abundance); and

e estimate error variation in order to inform the design of sampling that would address effects of

deposition and recovery.

The descriptive sampling and pilot sampling could be combined. Pilot studies could be limited to one

beach and results assumed to be an adequate guide to other beaches.

3.3 Effects and recovery sampling

e cstimate the magnitude of the effects deposition on assemblages (especially macrobenthos) and

their rate of recovery.

e estimate the magnitude of any changes to the physical environment, especially sedimentary

variable.

A before, after/control, impact (BACI) design would be appropriate. This would require knowledge of

the impact locations and the designation of multiple control sites. Details of replication would be

guided by the pilot project. Questions of sieve mesh size and taxonomic resolution will depend on

resources available (both financial and human skills) although there is information available to guide

the choice. It would be preferable to include all impact beaches.

Not all the 33 beaches need to studied for impact and recovery. However, each combination of beach

type and disturbance type be addressed with replicate beaches. A total of 12 impacted beaches may be

sufficient, depending on the range of engineering processes (= disturbance type) envisaged. Six control

beaches are also necessary.

4 Best Practice Nourishment

Potential Issue

Best Practice Recommendation

Sediment grade

Use sediments that match the original beach sediments in terms of grain size and shell
content. This is complicated by the fact that sediments may differ between the beach and
nearshore environments. Since the ultimate destination of the borrow sediments is the
intertidal beach, these sediments should be similar to the beach sediments.

Engineering techniques

Piping sediments from the borrow sites to the deposition sites as a slurry may enable
some biota to survive.

Depth of deposition

Deposit the borrow sediments in shallow layers, thus enhancing the chances of survival
by upwards burrowing.

Recovery islands

Intersperse some untouched areas among deposition areas to accelerate recovery. In
particular, leave the southern part of the beach untouched to enhance recovery by
longshore drift.

Timing

Time operations such that they conclude just before breeding seasons.

Dredging near sensitive areas

Leave buffer zones around rocky reefs to minimise the effects on non-sedimentary biota
e.g., reef/shore invertebrates, kelp beds.

Altered Beach profile

Retain original beach profile and morphology since beach biota are sensitive to beach
morphodynamic state.

Active adaptive management

Institute monitoring programmes to test explicit hypotheses concerning the effects of
nourishment. Since nourishment is likely to be a repeated process, lessons learned early
will be help to optimise the process and minimise ecological effects and accelerate
recovery.

These effects will depend on the engineering process and the quality and quantity of the
new sediment (Speybroeck et al. 2006). It appears that post-nourishment recovery is fast
provided that the new sediments matched the original (Nelson 1988, 1993a). Where new
sediments were different with increased silt-clay or shell hash, recovery rates were much
slower (Goldberg 1988, Peterson et al. 2000, 2006, Speybroeck et al. 2006).
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The spatial placement of sediment and its timing are also likely to be important. For
example, profile nourishment distributes sediment across the entire intertidal zone and
may affect all species whereas foreshore and backshore nourishment has its greatest
effects on the lower and upper beach, respectively. The timing of the engineering is
relevant since feeding and reproductive activities are often seasonal. Consequently, both
the magnitude and duration of impact are affected by timing.

5 Discussion

It appears that the nourishment of sandy beaches usually acts as a short-term, pulse disturbance
(Bender et al. 1984) that elicits a pulse ecological response (i.e. recovery occurs). In general, the
immediate effects of both dredging and nourishment are large but recovery occurs in weeks or months

rather than years (Newell et al. 1998, Speybroeck et al. 2000).

This is expected since sandy-beach species are adapted to severe physical disturbances, storm events
having been a frequent feature of their evolutionary history (Hall 1994). However, recovery probably
depends on the scale and design of the engineering operation and on the biology of the species (e.g.,
their life-history and motility). As well, it is important that the nourished beach profile and new
sediments match the original condition. Where these differ from the original (especially via increased
amounts of shell hash or fines), full zoobenthic recovery to natural, pre-existing assemblages may not
occur (Goldberg 1988, Peterson et al. 2000, 2006). In such cases, especially where unnaturally coarse
sediments persist, nourishment operations can be considered press disturbances (Peterson et al. 2000).
As such, they are of greater concern than pulse events with fast recovery. Best practice therefore
demands similar profiles and sediments if recovery to natural assemblages is desired.

Other management recommendations include the avoidance (by ploughing) of sediment compaction,
the timing of operations to minimise biotic impacts and enhance recovery, the selection of locally-
appropriate engineering techniques, and the implementation of several small projects rather than a
single large project Speybroeck et al. (2006). The last would accelerate recovery if untouched areas of
beach were interspersed with nourished areas. In particular, interspersion would assist recovery in
species such as peracarid crustaceans since these that lack planktonic larval stages. Instead, they depend
on adult motility or passive alongshore drift to colonise nourished areas.

Other beneficial operational techniques include the deposition of new sediment in repeated, thin
layers (Smith and Rule 2001). This would probably allow many benthic species to evade mortality
since some macrofaunal species can survive burial (series of papers synthesized in Maurer et al. 1986).
In practice, nourishment depths often exceed one metre and thus burial is likely to be the major source
of mortality associated with nourishment operations.

Management is hindered by a shortage of research on the life history of the dominant species, the
long-term rates of recovery and the cumulative effects of repeated nourishment (Speybroeck et al.
2006). This issue is exacerbated by the fact that little nourishment research is published in the peer-
reviewed primary literature and much of it is poorly designed (Peterson and Bishop 2005). In
particular, few studies have employed the before-after, control-impact (BACI) designs needed to
isolate the effects of nourishment from natural factors. Since nourishment is highly likely to flourish as
a beach management technique, the need for further, well-designed studies is clear.
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Appendix1: Summary of general impacts and recovery associated with nourishment

44

compaction and crushing

and vegetation.
Maintain original
beach slope and
morphology.

compaction and direct
crushing of biota

Activity/Pressure | Ecosystem Impact Recovery Mitigation Showstopper Research needed Consultant
Affected
Sediment Seabed: Large on benthos (structure and | Yes. Fast (weeks to months Yes. Pattern and No. BUT, Baseline re benthos. AMBS/Cardno
extraction Benthos, Reefs, productivity). Reefs and kelp for some benthos). Slower depth of problem exists if | Monitoring to test Ecology
dredging in deep Kelp, Mobile probably absent. Possible effects | for large slow-growing spp. dredging. deep sediments | predictions. Spatial and
water. Possible epibenthos on epibenthos (eg prawns). BUT, if habitat is changed (eg are temporal scale important.
release of Indirect effects of benthos loss sediments, depth), dredging contaminated. Baseline mapping of kelp and
contaminants and on fish. becomes a press disturbance reefs (available?). Testing of
bioaccumulation with long-term sediments for contaminants.
consequences.
Sediment Seabed: Large on resident subtidal Yes for benthos. Uncertain Yes. Rate, depth Possible re As above. AMBS/Cardno
deposition in 5- Benthos, Reefs, benthos. Large on kelp and for kelp and seagrass (if and pattern of seagrass, kelp Ecology
10m depth. Kelp, Seagrass, seagrass if present. Small on present). Fast for reefs. BUT, deposition. and penguins.
Sediments will Intertidal biota, reefs. Uncertain effects on if habitat is changed (eg
move to intertidal | Fish Nursery. juvenile fish. Impact on intertidal | sediments, depth),
biota depends on rate of deposition becomes a press
accretion. Possible indirect disturbance with long-term
effects on seabirds and consequences for the biota.
penguins. Some biota may be
translocated from deep to
shallow.
Turbidity in Water column. Small effect on phytoplankton Yes. Pulse disturbance. Yes. Deep No No n/a
extraction and and photosynthesis. Light discharge of
deposition areas intensity reduced but nutrients wastes.
possibly enhanced. Possible
small effect on gills.
Noise Water column Possible effect on migrating Yes. Pulse disturbance. ? noise ? Expert opinion. Review ?
marine mammals suppression? literature.
All the above Humans Recreation, fishing, aesthetics Yes if total ecosystem Ensure match of ? Review literature ?
(especially intertidal sand) is sediments
changed little.
Shipping accidents | All of the above | Pollution effects on all the biota | Yes Yes No No N/A
causing pollution
Bulldozing Intertidal sand Probable effects on biota via Yes. Pulse disturbance. Yes. Minimise No Monitor to test predictions re | AMBS/Cardno
disturbance, sediment effects on dunes the effects of sediment Ecology
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Appendix 2: Cost of recommended ecological
monitoring

Item Components Cost (AUD)

Baseline descriptive samping describe the taxonomic composition of assemblages in both the | $50,000
subtidal and intertidal areas to be affected (possibly 12 beaches could
be considered to represent different morphodynamic types and kinds
of disturbance envisaged — see below under point 3).

locate potentially vulnerable biota outside the immediate impact area
e.g., kelp beds. All beaches should be examined.

survey all beaches for birdlife, especially threatened or vulnerable
species.

physical environment — describe all beaches re sediments and slope in
order to provide the basis for stratification. The subtial sediments
should also be described.

Pilot sampling estimate structural features of the macrobenthic assemblage (e.g., | $25,000
taxonomic richness, abundance)

estimate error variation in order to inform the design of sampling that
would address effects of deposition and recovery.

inform estimates of sample processing times

Effects and recovery sampling of the magnitude of the effects of sediment deposition on assemblages $500,000
subtidal and intertidal biota (especially macrobenthos)

the rate of recovery of assemblages

the magnitude of any changes to the physical environment, especially
sedimentary variables

Equipment & Personnel Costs

Boat hire N/A $50,000
Sample processing . Extraction and identification of biota from sediment cores/grabs $500,000
Materials and personnel costs
Statistical analysis and | N/A $20,000
interpretation.
Sediment analysis. N/A $20,000
Report preparation. N/A $20,000
Report refereeing N/A $5,000
Attendance at workshops. N/A $5,000
Miscellaneous. N/A $20,000
Total $1,215,000
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Social Stakeholder Workshop







Targeted Stakeholder Workshop

Level 5 AECOM Office

44 Market Street, Sydney

11 August 2009
Attendees

Aaron Spadaro
Steve Mclnnes
Dean Storey
Roland Persson
Captain John Paton
Malcolm Poole
John Burgess
Brendan Donohue
Geoff Withycombe
Craig Morrison
Lex Nielsen
James Walker
Deborah Bowden

Apologies

Tourism NSW Strategy Unit

Surf Life Saving

Surf Life Saving

All at Sea Solutions

Bravo Fishing Charters

Recreational Fishing Alliance of NSW
Australian National Sportfishing Association Ltd
Surfrider Foundation

Sydney Coastal Councils Group
Sydney Coastal Councils Group
AECOM

AECOM

AECOM

Jayne Jenkins Ecodivers

Carl Falon
Richard Nicholls

Distribution
As above

Minutes from workshop sessions

AZCOM

Values

The purpose of this session was to explore and record some
of the values that attendees attribute to the beach and
coastal zone. It includes activities enjoyed in the coastal
precinct, what the coastal zone means and the emotions
associated with time spent in the coastal zone.

e Recreation
o Lifestyle
e Health benefits
e  Sporting purists:
- Fishing
- Surfing
- Spear fishing
- snorkelling
- Whale or dolphin watching
- Beach volleyball




e Historic symbolism —iconic, good for branding and promoting
Australia

o Unrestrictive activity — open to anyone
e  Freedom — for community and visitors
e  Family enjoyment

e Free — no cost to visit and use beach
e Nippers

e  Commercial fishing

e  Commercial fishing and beach hauling

e Coastal zone represents the ‘edge’ — it's the location where
mans influence ends ‘greatest wilderness area’

e Moving from land to sea is moving into a habitat that
uncontrolled by us

e Dynamic environments that are ever changing which makes
them attractive, fresh

° Pristine — different to some Asian countries that have used
coastal area for livelihood

e  Precious quality

Issues and Concerns

The purpose of this session was to explore and investigate
current issues and concerns with the beach and coastal
environment. Attendees were asked to reflect on their values
when responding.

e Sea level rise will impact upon beaches and cliffs (hydrology
and wave climate)

e Sea level rise will impact on existing development, existing
sandy beaches i.e. impact of doing nothing

. Coastal erosion. More extreme storm events

e Bait collecting, impart on recreational fishing, retaining
access, compensatory habitat - potential to create artificial
reefs the but also negative impact if volume of sand on
beach is altered

e  Change in pattern of warm water currents. Currents are
occurring a lot later.

e Unacceptable to change existing conditions re
recreational/commercial fishing — impact on fisheries and
aquatic ecology

e  More extreme weather moving south, potential for increased
occurrence of cyclones in Brisbane

e  Barometric pressure changes will result in greater
fluctuations in beach. Added to this will be sea level rise and
movement of sand offshore

e Coastal erosion has a negative impact on the following
- Integrity of facilities and safety
- Access to beach

- Public may move to another beach which is more
aesthetically pleasing which may not be patrolled —
safety issues




SLSA — mass sand movement has implications on safety,
surfing Implications, potential for rips, dangerous conditions —
There is potential for education of public with respect to
these issues.

Potential to impact on heritage/cultural aspects,

Beach Nourishment — issues and concern

The purpose of this session was to explore some issues and
concerns associated with beach nourishment

Timing
- Recreational fishing - timing is irrelevant
- DPI Fisheries would be concerned with timing with

respect to potential impacts on marine ecology and
habitat

Turbidity associated dredging and nourishment in the near
shore environment would create a negative impact on spear
fishing and scuba diving

Plume migration would need to be investigated to ensure
impacts are minimised

Turbidity resulting from dredging and nourishment in the near
shore environment would impact on recreational activities
such as whale watching

Charter operations

- Affected by volume (higher levels) of sand which may
affect navigation

- SLSA - timing - summer more popular period

- SLSA - non invasive nourishment techniques (i.e. in the

near shore as opposed to on the beach) would be more
acceptable

- SLSA - night dredging and nourishment may be good
option to minimise impact on beach users although
noise impacts would need to be carefully considered.

- stirring up and disturbance of sand may lead to potential
for more fish, and in turn more sharks. This will affect
safety of beach users

- consideration should be given to mid week nourishment
as opposed to weekends to minimise impact on users

- commercial fishing operation at night currently an issue
- ‘great surf breaks need to be maintained

- Dredging would need to be undertaken properly from
the beginning i.e. planned to minimise impact and public
education program in place

- Surfrider Foundation — there needs to be a public
education program

- Need to look at surfing reserves — what is aquired to
preserve these? What are the environmental impacts
associated with depositing sand on rock platforms

Site works would need to be carefully planned i.e. where
would construction compounds be sited and storage of plant

Issue of Kirra - not a precedent - need to consider
contracting




Recreational fishers would like to fish off pumping system
Sand type

- Research should be undertaken to investigate
receiving/existing sand type and source to potentially
match grain size and colour although SLSA were of
opinion that colour of sand not really an issue — as long
as not replacing white sand with black sand

Tourism - better to deposit sand off shore - less disruption of
beach users particularly if summer is deemed to be the
best time for nourishment

Waverley Council has had issues with footing the bill of
maintaining a beautiful beach for all

Potential for users pays? Potential for federal government to
get involved with respect to funding?

Timing for project and action - within 10-15 years

Byron Bay study ruled out beach nourishment - study on
website

Council sand nourishment needs - SCCG to provide study

Coast care - Dune care — there is potential for erosion of
dunal areas and rehabilitation, who pays?

Threatened species, penguins etc. - impact associated with
coastal erosion

Beach nourishment is a positive as it is putting sand back
‘where it belongs’

Where will the sand be sourced from?

Approval to extract sand for beach nourishment may set
precedence for commercial mining

There needs to be political support for such a project. Is the
political will to act about potential loss of sand on our
beaches present or absent?
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Economic Evaluation







Beach Sand Nourishment Scoping Study — Maintaining Sydney’s Beach Amenity Against Climate Change Sea Level Rise AECOM

The main economic benefits of the beach nourishment program to be valued are associated with the flow-on
effects from loss of beach amenity. Much of the information required is being collected in the on-going Sydney
Beaches Valuation Project being conducted by Dave Anning at UNSW for the SCCG. The Project will produce an
estimate of the Total Economic Value of two of the Scoping Study beaches (Manly and Narrabeen/Collaroy).

Total Economic Value (TEV)

In cost-benefit analysis and welfare economics, TEV is conventionally estimated on a ‘willingness-to-pay’ (WTP)
basis. It comprises an expenditure component based on market prices of traded goods and services and a non-
market based component where the market does not provide a satisfactory measure of economic value. For the
latter component, values of non-traded attributes need to be derived using surrogate or proxy measures of WTP
indicators, the approach being used in the UNSW study.

Non-traded attributes include:

. Consumer surplus — the value of the beach to people over and above that indicated by the expenditure
component of TEV,;

. Indirect use value — the value which the beach provides as protection of foreshore assets from storms; and
non-use value — the value people hold for the beach’s actual existence even though they may never use it.

Scoping Study Approach

Pending the completion of the UNSW study toward the end of 2009 and the valuation of the non-traded
components of TEV for Sydney beaches, AECOM will undertake high-level benefit valuation using data from
secondary sources on key parameters of the expenditure component of TEV. These parameters determine the
change in expenditure on coastal goods and services and the change in government revenues as a result of flow-
on effects following the loss of beach amenity.

Fiscal impacts need to be part of the assessment of ‘value for money’ of a public investment as affordability to
government will often be a critical factor in deciding whether an investment program is realistic and practical. The
inclusion of fiscal impacts along with impacts on economic efficiency and wider economic impacts is consistent
with the latest developments in project appraisal.

At this stage, the avoided loss of the non-market component of TEV can only be approximated. This is because,
pending the results of the specific valuations that are being undertaken in the UNSW study:

. For beach use, the value of WTP for beach amenity would need to be based on transferring benefits from
studies of other coastal areas to the Sydney context — we believe this approach is limited because of the
individual nature and characteristics of specific beaches;1

Ttis only under certain conditions that benefits transfer provides a credible basis for valuation. Factors
influencing these conditions include:

Purpose of original value estimates

Consumer groups considered

Location of original study site

Good or service valued

Type of environmental impact

Reference and target levels (existing quality and quality outcome sought)
Reliability of source data

Market structure

Demographic and socio-economic characteristics of the population
General attitudes, perceptions, or levels of knowledge of the population
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. For price differentials of properties in close proximity to beaches, information is not available on what is
driving the willingness to pay a price premium — it could be the beach, the water views, the open space or a
combination of these.?

Benefits Measurement
The following benefits of the beach nourishment investment program will be valued in the Scoping Study:

. Avoided loss of the expenditure component of TEV

- The current level of expenditure will be estimated by combining Tourism Research Australia estimates
of Gross Value Added (GVA) per tourism business and information on the number of potentially
affected business properties;

- The percentage of this expenditure which is beach-related is assumed for each type of tourism
business, based on the factors shown below:

Cafes, restaurants & take-aways e resident: visitor ratio
e ratio of visitor average daily expenditure to

Clubs, pubs, taverns & bars ) - )
resident average daily expenditure

Retail e % of visitors attracted by the beach
Accommodation e % of visitors attracted by the beach
Galleries, museums, etc e weak association with beach amenity
Other entertainment services e only on-beach activities included

- The annual loss of expenditure over the evaluation period will be derived from the rate of beach width
reduction in the base case;

- Inclusion of this benefit assumes that beach-related expenditure is not diverted to other coastal
locations where beach width reduction is less severe.®

- Uplift factor for the non-traded component of TEV

- An uplift factor will be applied to the expenditure component of TEV to provide some allowance for the
value of non-traded attributes;

- A possible range for the uplift factor will be derived from relevant Australian studies where non-traded
attributes have been valued;

- The range of values will enable assessment of the sensitivity of the economic results to this factor.
. Avoided loss of Council rate revenue
- This will be estimated by assuming that:

1)  There will be a differential of about 30% between rate revenue from residential properties with direct beach
access:

- This property price differential is based on analysis of property values® in Adelaide reported in Burgan
(2003)5;

- This will be assumed to apply to rateable land value
- The annual loss of rate revenue will align with the rate of beach width reduction in the base case

2)  There will be a differential of about 40% between rate revenue from residential properties within easy
walking distance of a beach

2 For this component, we have drawn on the property willingness-to-pay relativities reported in Burgan
(2003).

® This benefit will be overestimated to the extent that expenditure is diverted to other beaches.

* For properties having water views with direct access to the beach and those having water views only.
The relativity is derived using the coefficients of the dummy variables in Model 4 which is the preferred
model using the 2003 data (refer Page 16).

® In the case of Collaroy/Narrabeen (because this is where the potential impact on residential property
values is most significant), the differential has been checked for reasonableness with local real estate
agents.
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- This property price differential is based on analysis of property values® in Adelaide reported in Burgan
(2003)*

- This will be assumed to apply to rateable land value
- The annual loss of rate revenue will align with the rate of beach width reduction in the base case

3) Rate revenue from properties within easy walking distance assumed to be over 3 times that of properties
with direct beach access - from Burgan (2003);

4) Rate revenue from potentially affected business properties will reduce at the same rate as the reduction in
the expenditure component of TEV.

. A WTP factor to reflect the impacts of beach amenity on residential property values
- This assumes that property value is an indicator of WTP for beach amenity;

- This will be approximated by annualising the property value impacts derived from the application of a
ratio of residential property value to rate revenue to the avoided loss of residential rate revenue (the
ratio assumes that property value is typically 75% higher than land (site) value);

- The annualisation factor is calculated using 7% interest rate over 50 years.

e Avoided loss of tax revenue
- This will be estimated by applying the average tax on tourism industry products to the reduction in
the expenditure component of TEV (when expenditure is measured in terms of GVA it excludes taxes
on products);

- Taxes in the tourism industry are significantly higher than the national average — in 2006-07, 21% for
the tourism industry compared to the national average of 9-10%.

In summary, the benefits of the beach nourishment program will be measured as:

Benefits = (Avoided loss of expenditure component of TEV)
x Uplift factor for non-traded component of TEV
+ Avoided loss of Council rate revenue
+ (Avoided loss of Council residential rates revenue)
x Property value factor x Annualisation factor

+ Avoided loss of tax revenue

Parameter Values

The parameter values used in the three case study cost-benefit analyses are set out in the following table.

® For properties within easy walking distance of a beach (defined as within 500 metres) and those not
within this distance. The relativity is derived using the coefficients of the dummy variables in Model 4
which is the preferred model using the 2003 data (refer Page 16).
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PARAMETER VALUES
Collaroy-

Unit Manly |Narrabeen| Cronulla
Discount rate % 7.0%
With Sand Nourishment
Unit Costs - 1st Campaign
Capital
Dredging & nourishment $/m’ 19.00
Other $/m’ 3.75
Total $/m? 22.75
Recurrent $/m’
Monitoring $/m3 1.02
Management $/m’ 1.20
Total S/ m’ 2.22
Sand Volume m’ 625,200| 1,262,689 1,515,200
Total Costs - 1st Campaign
Capital $'000 14,223 28,726 34,471
Recurrent $'000 1,388 2,803 3,364
Unit Costs - 2nd & subsequent Campaigns
Capital
Dredging & nourishment $/m3 19.88
Other $/m’ 4.64
Total $/m’ 24.52
Recurrent $/m3
Monitoring $/m’ 3.00
Management $/m3 2.30
Total $/m’ 5.30
Sand Volume m’ 208,348 420,803 504,940
Total Costs - 2nd & subsequent Campaigns
Capital $'000 5,109 10,318 12,381
Recurrent $'000 1,104 2,230 2,676
Benefits
GVA $'000 7,601 3,344 4,965
Uprate factor ¥ 1.4 1.4 1.4
Residential rates revenue $'000 651 1,330 1,862
Property value factor o/ 347 264 216
Annualisation factor 7 0.072 0.072 0.072
Residential property value o $'000 16,273 25,301 28,900
Business rates revenue $'000 4,377 153 887
Tax revenue $'000 1,596 702 1,043
Base Case
Year 1-10 0.9 0.9 0.9
Year 11-20 0.8 0.8 0.8
Year 21-30 0.7 0.7 0.7
Year 31-40 0.6 0.6 0.6
Year 41-50 0.5 0.5 0.5

AECOM



Beach Sand Nourishment Scoping Study — Maintaining Sydney’s Beach Amenity Against Climate Change Sea Level Rise

Notes:

a/ Derived using the travel cost method as indicator of the consumer surplus

associated with a beach visit. Average of values from relevant studies:

(i) Lower and upper value of 1.10 and 1.45 - based on expenditure per beach visit

of $5.09 (excl parking and public transport) [Table 9] and travel cost per beach

visit of $0.50 (lower) and $2.30 (upper) [Table 18], from Raybould (2009).

(ii) 1.62 for residents and 1.72 for visitors - based on on-site expenditure of $3.85

by residents and $16.53 by visitors [Table 3, calculated as TTSCALL-TTSCTIM] and

travel cost per beach visit of $2.39 for residents and $11.86 for visitors [Table 6],

from Blackwell (2007).

b/ Residential rates revenue =land value x residential rate. Therefore,

ratio of residential property value to rates revenue can be approximated as:
(Land value x 1.75 x 1/Residential rate)

assuming property value is typically 75% higher than land (site) value.

¢/ Calculated using 7% interest rate over 50 years.

d/ Assumes property value is an indicator of willingness to pay for beach amenity.

e/ Proportion of 2009/10 beach amenity benefits.

AECOM
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Collaroy-Narrabeen Case Study

AECOM

VALUE OF BEACH-RELATED EXPENDITURE AND ASSOCIATED TAX REVENUE: COLLAROY-NARRABEEN

GVA per Total Beach-related
business | No. of GVA % of GVA
($'000) |businesses| ($'000) | Base o/ ($'000)

2006/07
Cafes, restaurants & take-aways 58 28 1,624 [ 59% 965
Clubs, pubs, taverns & bars 105 3 315 [ 59% 187
Accommodation 306 6 1,836 90% 1,652
Retail ¢ 21 10 210 [ 59% 125
Galleries, museums, etc 24 0 0 10% 0
Other entertainment services 19 6 114 100% 114
Beach-related expenditure 3,043
Tax revenue® 639
2009/10 ¢/
Beach-related expenditure 3,429
Tax revenue 720

Notes:

a/ From Tourism Research Australia, Tourism Businesses in Australia June 2004 to June 2007,

March 2009, Table 12.

b/ Assumed percentage contribution of beach-related activities to economic base. Assumptions

based on:

Cafes, restaurants & take-aways
Clubs, pubs, taverns & bars
Retail

Accommodation

Galleries, museums, etc

Other entertainment services

) 2:1 resident:visitor ratio, visitor average daily expenditure

) twice that of residents, with 90% of visitors attracted by the

) beach
90% of overnight visitors attracted by beach
weak association with beach amenity

only on-beach activities included

¢/ Excludes retail outlets that primarily serve local residents (eg. homewares).
d/ From Tourism Research Australia, Tourism's contribution to the Australian economy 1997-98 to

2006-07, October 2008, page 8. Average tax rate in tourism sector is:

e/ Updated by change in household final consumption expenditure from Dec Qtr 2006 to

June Qtr2009]  1.127 |
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VALUE OF RATES REVENUE: COLLAROY-NARRABEEN

Affected area Value
Residential
Direct Beach Access
Units
No. of occupied private dwellings 392
Average rates revenue per occupied private dwelling o $923
Rates revenue $361,816
Houses
No. of occupied private dwellings 96
Average rates revenue per occupied private dwelling o/ S$5,000
Rates revenue $480,000
Total $841,816
Value differential ¢ 100%
Loss of rates revenue $841,816
Walking Distance
Ratio of impact on property values ¢/ 3.2
Rates revenue ¢ 2,693,811
Value differential 7 40%
Loss of rates revenue $1,077,524
Total Loss of Residential Rates Revenue $1,919,340
Business
No. of businesses 53
Average rates revenue per business property e/ $3,113
Rates revenue $164,989

Notes:

a/ Assumes the minimum rate for occupied private dwellings.

b/ Based on average land value for a selection of beachfront properties.

¢/ These properties will not exist in the base case.
d/ From Burgan (2003).

AECOM

e/ Assumes same housing mix as for properties with direct beach access (20% houses, 80% units/

flats/apartments)

f/ Based on premium in Adelaide property values of being within easy walking distance of a beach

(defined as 0.5 km) - from Burgan (2003).

g/ Based on average rates revenue for properties within hazard lines.
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COST-BENEFIT ANALYSIS: COLLAROY-NARRABEEN ($'000 in 2009 prices)

Costs
Year |Dredging| Mgmnt Benefits Net
ending & & Non-traded| Rates Revenue Resid'tl Tax Economic
June Nourish | Monitor GVA Value Resid'tl | Business WTP Revenue | Total Benefits
2010 0 0 0 0 0 0 0 0 0
2011 28,726 2,803 257 103 149 12 2,832 54 3,408 -28,122
2012 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2013 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2014 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2015 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2016 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2017 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2018 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2019 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2020 0 2,803 343 137 199 16 3,777 72 4,544 1,741
2021 10,318 2,230 514 206 298 25 5,665 108 6,816 -5,733
2022 2,230 686 274 397 33 7,553 144 9,087 6,857
2023 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2024 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2025 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2026 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2027 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2028 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2029 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2030 0 2,230 686 274 397 33 7,553 144 9,087 6,857
2031 10,318 2,230 772 309 447 37 8,497 162 10,223 -2,325
2032 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2033 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2034 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2035 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2036 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2037 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2038 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2039 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2040 0 2,230 1,029 412 596 49 11,330 216 13,631 11,401
2041 10,318 2,230 1,029 412 596 49 11,330 216 13,631 1,083
2042 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2043 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2044 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2045 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2046 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2047 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2048 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2049 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2050 0 2,230 1,372 549 794 66 15,106 288 18,175 15,945
2051 10,318 2,230 1,286 514 745 62 14,162 270 17,039 4,491
2052 0 2,230 1,715 686 993 82 18,883 360 22,719 20,488
2053 0 2,230 1,715 686 993 82 18,883 360 22,719 20,488
2054 0 2,230 1,715 686 993 82 18,883 360 22,719 20,488
2055 0 2,230 1,715 686 993 82 18,883 360| 22,719| 20,488
2056 0 2,230 1,715 686 993 82 18,883 360| 22,719| 20,488
2057 0 2,230 1,715 686 993 82 18,883 360 22,719| 20,488
2058 0 2,230 1,715 686 993 82 18,883 360 22,719| 20,488
2059 0 2,230 1,715 686 993 82 18,883 360 22,719| 20,488
2060 0 2,230 1,715 686 993 82 18,883 360 22,719 20,488

AECOM
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PV at

7.0%| 36,460 34,803 8,502 3,401 4,922 409 93,630 1,785] 112,649 41,695
Notes:
a/ Assumes benefits accrue for only 9 months of first year of NPV ($m) 41.7
each campaign. BCR 1.6

EIRR 12%
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Manly Ocean Beach Case Study

VALUE OF BEACH-RELATED EXPENDITURE AND ASSOCIATED TAX REVENUE: MANLY

GVA per Total Beach-related
business | No. of GVA % of GVA
($'000) |businesses| ($'000) | Base o/ ($'000)

2006/07
Cafes, restaurants & take-aways 58 100 5,800 33% 1,914
Clubs, pubs, taverns & bars 105 10 1,050' 33% 347
Accommodation 306 18 5,508 70% 3,856
Retail ¢ 21 80 1,680 33% 554
Galleries, museums, etc 24 7 168 10% 17
Other entertainment services 19 3 57 100% 57
Beach-related expenditure 6,744
Tax revenue ¥ 1,416
2009/10 %/
Beach-related expenditure 7,601
Tax revenue 1,596

Notes:

a/ From Tourism Research Australia, Tourism Businesses in Australia June 2004 to June 2007,

March 2009, Table 12.

AECOM

b/ Assumed percentage contribution of beach-related activities to economic base. Assumptions

based on:

Cafes, restaurants & take-aways
Clubs, pubs, taverns & bars
Retail

Accommodation

Galleries, museums, etc

Other entertainment services

) 2:1 resident:visitor ratio, visitor average daily expenditure

) twice that of residents, with 50% of visitors attracted by the

) beach

70% of overnight visitors attracted by beach

weak association with beach amenity

only on-beach activities included

¢/ Excludes retail outlets that primarily serve local residents (eg. homewares).
d/ From Tourism Research Australia, Tourism's contribution to the Australian economy 1997-98 to

2006-07, October 2008, page 8. Average tax rate in tourism sector is:

e/ Updated by change in household final consumption expenditure from Dec Qtr 2006 to

June Qtr2009]  1.127 |
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VALUE OF RATES REVENUE: MANLY

Affected area Value
Residential
Direct Beach Access
No. of occupied private dwellings fronting North Steyne 500
Average rates revenue per occupied private dwelling af $824
Total rates revenue $412,000
Value differential ” 30%
Loss of rates revenue $123,600
Walking Distance
Ratio of impact on property values ¢ 3.2
Rates revenue o 1,318,400
Value differential ¢ 40%
Loss of rates revenue $527,360
Total Loss of Residential Rates Revenue $650,960
Business
Manly Business District 7 $4,377,000
Attributable to beach amenity & 50%
Loss of Business Rates Revenue $2,188,500

Notes:
a/ Estimate from Manly Council.

AECOM

b/ Based on difference in Adelaide property values between having water views with direct access to

a beach and having water views only - from Burgan (2003).

¢/ From Burgan (2003).

d/ Assumes same housing mix as for properties with direct beach access (1% houses, 99% units/

flats/apartments)

e/ Based on premium in Adelaide property values of being within easy walking distance of a beach

(defined as 0.5 km) - from Burgan (2003).

f/ Includes special purpose rate for Manly Business Centre Improvements.
g/ Based on percentage of GVA of businesses that is beach-related (from preceding table).
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COST-BENEFIT ANALYSIS: MANLY ($'000in 2009 prices)

Costs
Year |Dredging| Mgmnt Benefits Net
ending & & Non-traded| Rates Revenue Resid'tl Tax Economic
June Nourish | Monitor GVA Value Resid'tl | Business |[P'ty Value| Revenue | Total | Benefits
2010 0 0 0 0 0 0 0 0 0 0
2011 14,223 1,388 570 228 49 328 1,220 120 2,515 -13,096
2012 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2013 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2014 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2015 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2016 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2017 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2018 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2019 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2020 0 1,388 760 304 65 438 1,627 160 3,354 1,966
2021 4,924 1,104 1,140 456 98 657 2,441 239 5,031 -997
2022 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2023 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2024 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2025 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2026 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2027 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2028 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2029 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2030 0 1,104 1,520 608 130 875 3,255 319 6,708 5,603
2031 4,924 1,104 1,710 684 146 985 3,661 359 7,546 1,518
2032 0 1,104 2,280 912 195 1,313 4,832 479 10,061 8,957
2033 0 1,104 2,280 912 195 1,313 4,882 479| 10,061 8,957
2034 0 1,104 2,280 912 195 1,313 4,832 479 10,061 8,957
2035 0 1,104 2,280 912 195 1,313 4,882 479| 10,061 8,957
2036 0 1,104 2,280 912 195 1,313 4,832 479 10,061 8,957
2037 0 1,104 2,280 912 195 1,313 4,882 479| 10,061 8,957
2038 0 1,104 2,280 912 195 1,313 4,832 479 10,061 8,957
2039 0 1,104 2,280 912 195 1,313 4,882 479| 10,061 8,957
2040 0 1,104 2,280 912 195 1,313 4,832 479 10,061 8,957
2041 4,924 1,104 2,280 912 195 1,313 4,882 479 10,061 4,033
2042 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2043 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2044 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2045 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2046 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2047 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2048 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2049 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2050 0 1,104 3,040 1,216 260 1,751 6,509 638 13,415 12,311
2051 4,924 1,104 2,850 1,140 244 1,641 6,102 599 12,577 6,549
2052 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769| 15,665
2053 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769| 15,665
2054 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769 15,665
2055 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769| 15,665
2056 0 1,104 3,800 1,520 325 2,189 8,136 798 16,769 15,665
2057 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769| 15,665
2058 0 1,104 3,800 1,520 325 2,189 8,136 798 16,769 15,665
2059 0 1,104 3,800 1,520 325 2,189 8,136 798| 16,769| 15,665
2060 0 1,104 3,800 1,520 325 2,189 8,136 798 16,769 15,665

AECOM
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PV at

7.0%| 17,733 17,232 18,843 7,537 1,614 10,852 40,344 3,957
Notes:

83,148| 48,183

a/ Assumes benefits accrue for only 9 months of first year of NPV ($m) 48.2
each campaign.

BCR 2.4
EIRR 20%
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Bate Bay Case Study

VALUE OF BEACH-RELATED EXPENDITURE AND ASSOCIATED TAX REVENUE: CRONULLA

GVA per Total Beach-related
business | No. of GVA % of GVA
($'000) |businesses| ($'000) | Base o/ ($'000)

2006/07
Cafes, restaurants & take-aways 58 72 4,176 [ 59% 2,481
Clubs, pubs, taverns & bars 105 2 210' 59% 125
Accommodation 306 4 1,224 90% 1,102
Retail ¢ 21 53 1,113 [ 59% 661
Galleries, museums, etc 24 0 0 10% 0
Other entertainment services 19 2 38 100% 38
Beach-related expenditure 4,406
Tax revenue ¥ 925
2009/10 ¢/
Beach-related expenditure 4,965
Tax revenue 1,043
Notes:

a/ From Tourism Research Australia, Tourism Businesses in Australia June 2004 to June 2007,
March 2009, Table 12.

b/ Assumed percentage contribution of beach-related activities to economic base. Assumptions
based on:

Cafes, restaurants & take-aways ) 2:1 resident:visitor ratio, visitor average daily expenditure
Clubs, pubs, taverns & bars ) twice that of residents, with 90% of visitors attracted by the
Retail ) beach

Accommodation 90% of overnight visitors attracted by beach

Galleries, museums, etc weak association with beach amenity

Other entertainment services only on-beach activities included

¢/ Excludes retail outlets that primarily serve local residents (eg. homewares).

d/ From Tourism Research Australia, Tourism's contribution to the Australian economy 1997-98 to
2006-07, October 2008, page 8. Average tax rate in tourism sector is:

e/ Updated by change in household final consumption expenditure from Dec Qtr 2006 to

June Qtr2009]  1.127 |
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VALUE OF RATES REVENUE: CRONULLA

Affected area Value
Residential
Prince Street ¥ $102,507
Eloura Rd/Bate Bay area $1,005,676
Total rates revenue $1,108,183
Value differential 40%
Loss of rates revenue $443,273
Walking Distance
Ratio of impact on property values ¢ 3.2
Rates revenue o 3,546,186
Value differential ™ 40%
Loss of rates revenue $1,418,474
Total Loss of Residential Rates Revenue $1,861,747
Business
Cronulla CBD $1,365,004
Attributable to beach amenity K 65%
Loss of Business Rates Revenue $887,253

Notes:
a/ Calculation from Sutherland Shire Council.

AECOM

b/ Based on premium in Adelaide property values of being within easy walking distance of a beach

(defined as 0.5 km) - from Burgan (2003).
¢/ From Burgan (2003).

d/ Assumes same housing mix as for properties in Eloura Rd/Bate Bay area.

e/ Calculation from Sutherland Shire Council for CBD rateable area.

f/ Based on percentage of GVA of businesses that is beach-related (from preceding table).
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COST-BENEFIT ANALYSIS: CRONULLA ($'000 in 2009 prices)

Costs
Year |Dredging| Mgmnt Benefits” Net
ending & & Non-traded| Rates Revenue Resid'tl Tax Economic
June Nourish | Monitor GVA Value Resid'tl | Business| WTP |Revenue| Total Benefits
2010 0 0 0 0 0 0 0 0 0 0
2011 34,471 3,364 379 152 140 67 2,168 80 2,984| -34,851
2012 0 3,364 505 202 186 89 2,890 106 3,978 614
2013 0 3,364 505 202 186 89 2,890 106 3,978 614
2014 0 3,364 505 202 186 89 2,890 106 3,978 614
2015 0 3,364 505 202 186 89 2,890 106 3,978 614
2016 0 3,364 505 202 186 89 2,890 106 3,978 614
2017 0 3,364 505 202 186 89 2,890 106 3,978 614
2018 0 3,364 505 202 186 89 2,890 106 3,978 614
2019 0 3,364 505 202 186 89 2,890 106 3,978 614
2020 0 3,364 505 202 186 89 2,890 106 3,978 614
2021 12,381 2,676 758 303 279 133 4,335 159 5,967 -9,090
2022 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2023 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2024 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2025 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2026 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2027 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2028 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2029 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2030 0 2,676 1,010 404 372 177 5,780 212 7,956 5,280
2031 12,381 2,676 1,136 455 419 200 6,503 239 8,951 -6,106
2032 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2033 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2034 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2035 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2036 0 2,676 1,515 606 559 266 8,670 318| 11,934 9,258
2037 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2038 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2039 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2040 0 2,676 1,515 606 559 266 8,670 318 11,934 9,258
2041 12,381 2,676 1,515 606 559 266 8,670 318 11,934 -3,123
2042 0 2,676 2,020 808 745 355/ 11,560 424| 15,913| 13,236
2043 0 2,676 2,020 808 745 355| 11,560 424| 15,913| 13,236
2044 0 2,676 2,020 808 745 355| 11,560 424|  15,913| 13,236
2045 0 2,676 2,020 808 745 355 11,560 424 15,913 13,236
2046 0 2,676 2,020 808 745 355/ 11,560 424| 15,913| 13,236
2047 0 2,676 2,020 808 745 355| 11,560 424| 15,913| 13,236
2048 0 2,676 2,020 808 745 355| 11,560 424| 15,913| 13,236
2049 0 2,676 2,020 808 745 355| 11,560 424|  15,913| 13,236
2050 0 2,676 2,020 808 745 355| 11,560 424|  15,913| 13,236
2051| 12,381 2,676 1,894 758 698 333| 10,838 398 14,918 -139
2052 0 2,676 2,526 1,010 931 444| 14,450 530 19,891 17,215
2053 0 2,676 2,526 1,010 931 444 14,450 530 19,891| 17,215
2054 0 2,676 2,526 1,010 931 444| 14,450 530 19,891| 17,215
2055 0 2,676 2,526 1,010 931 444| 14,450 530 19,891 17,215
2056 0 2,676 2,526 1,010 931 444| 14,450 530 19,891 17,215
2057 0 2,676 2,526 1,010 931 444 14,450 530 19,891| 17,215
2058 0 2,676 2,526 1,010 931 444| 14,450 530 19,891| 17,215
2059 0 2,676 2,526 1,010 931 444| 14,450 530 19,891| 17,215
2060 0 2,676 2,526 1,010 931 444| 14,450 530 19,891| 17,215

AECOM
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PV at

7.0%| 43,922 41,762 12,523 5,009 4,616 2,200 71,650 2,630
Notes:

98,627 13,484
a/ Assumes benefits accrue for only 9 months of first year of NPV ($m) 13.5
each campaign.

BCR 1.2
EIRR 8%
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1.1 Project Details
In respect of the approvals process the following assumptions have been made:

. Sand would be won from the ocean floor within 3 nautical miles (Nm) of the Sydney metropolitan coastline
(water depth of approximately 25-70m).

. Sand would be transported by waterborne craft (e.g. barge)
. The sand would be placed offshore of beaches along the Sydney Metropolitan coastline

. Beach nourishment would occur at approximately 10 year intervals (depending on trigger for nourishment
that is selected) for a period of 50 years.

It is not proposed to stockpile sand at any location on land, nor is it proposed to transport sand on land. The
following sections describe the planning approvals process that would apply to works of this nature as well as a
description of lessons learned from past proposals for similar projects.

1.2 Key Legislation

This section provides an overview of the key legislation that influences the feasibility of the proposed beach
nourishment project. The background discussion below (Section 1.2.2) is informed by a Discussion Paper
prepared by Rob Corkery (Principal), R.W. Corkery & Co Pty Ltd (RW Corkery), which is provided in Appendix | of
this report.

1.2.1 Background

Following the Constitutional Settlement of 1979, the Governments of NSW and the Commonwealth of Australia
agreed that coastal waters adjacent to the NSW State boundary were recognised to be:

. NSW Statutory Waters for a distance of less than 3Nm from the coast (herein referred to as the “baseline”);
and

. Commonwealth Statutory Waters for a distance of greater than 3Nm from the baseline.

In light of this Constitutional Settlement, it is a requirement for any person or enterprise to seek approvals under
NSW legislation for the exploration and recovery of marine aggregate (sand) within the 3Nm limit. Conversely, it
is a requirement for any persons or enterprise to seek approval under Commonwealth legislation for the
exploration and recovery of marine aggregate beyond the 3Nm limit. Notwithstanding this agreement, there
remains an understanding between the NSW and Commonwealth Governments that the views of the NSW
Government would be sought regarding any proposals for exploration or mining beyond the 3Nm limit. This has
in fact recently occurred with an application to the Commonwealth Government for a mineral exploration licence
off the NSW Coast.

1.2.2 Approvals process overview

On the basis of this study, the extraction of marine aggregate for purposes of beach nourishment from NSW
statutory waters requires satisfaction of two principal NSW Acts:

. Offshore Minerals Act 1999 (OM Act)
. Environmental Planning and Assessment Act 1979 (EP&A Act).

There are other NSW Acts and regulations that must be addressed in order to gain approval, such as Protection
of the Environment Operations Act 1997, Threatened Species Conservation Act 1995, Fisheries Management Act
1994. These and other relevant Acts are discussed in Appendix | of this report.

Offshore Minerals Act 1999

Sand, or marine aggregate, is recognised to be a mineral under Section 22 of the OM Act. To recover marine
aggregate from the seabed within the 3Nm limit from the baseline, an enterprise is required to hold a mining
licence under Part 2.4 of the OM Act. Since the OM Act has been gazetted (31 March 2000), no regulations have
been gazetted or promulgated that will allow any enterprise to apply for a mining licence off the NSW coast. This
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situation reflects the current NSW Government policy ‘opposing sand mining off the NSW
coastline’, both within and beyond the 3Nm limit. It is understood this policy has been
referred to by Government as recently as February 2009.

At present, Clause 4 of Schedule 2 of the OM Act provides for Reserves No. 2893 and 2894 to be reserves that
prohibit extraction under Section 18 of the OM Act. It would require an amendment to Schedule 2 of the OM Act
and the introduction of companion regulations to enable a mining licence to be issued over an area of sand within
the 3Nm limit to enable sand to be recovered for beach nourishment purposes. Changes of this magnitude will
require considerable discussions with Government at the highest levels.

The Department of Primary Industries (Mineral Resources) has verbally advised that the reserved blocks exclude
the areas that are subject to the existing exploration licences currently in force. Under Section 18(2) of the OM
Act, the Minister may not declare a block in coastal waters to be a reserved block if “a licence over that block is in
force”. As, in accordance with Clause 2 of Schedule 2 of the OM Act, exploration licences granted under the
Mining Act 1992 are taken to be exploration licences under Part 2.2 of the OM Act. It follows that the reserved
blocks do not affect the areas that are affected by the current exploration licences.

Due to Government policy, acting upon the existing exploration licences would be difficult. The Department of
Primary Industries (Mineral Resources) has verbally advised that planning approval would be required for
exploration for minerals. Due to current policy regarding offshore mineral recovery for commercial purposes, the
State Government is unlikely to grant planning approval under the EP&A Act for such exploration activities.
However, as these areas are excluded from the reserved blocks (that is, they would be standard blocks within the
meaning of the OM Act) the Minister may grant a mining licence over these areas. Under Section 198(1) of the
OM Act, the holder of exploration or retention licence may apply to the Minister for a mining licence over all or
some of the blocks in the licence area.

Environmental Planning and Assessment Act 1979

To obtain approval for the recovery of marine aggregate under the EP&A Act, it will be necessary for an
enterprise to obtain project approval under Part 3A of the EP&A Act. Part 3A applies to major extractive industry
projects such as extraction of marine aggregate that meets the following criteria:

a) the total resource size exceeds 5Mt; or

b) the annual production exceeds 200 000t/a.

The Part 3A approval process is discussed in more detail in Section 1.4.1 of this report.
1.2.3 State Government policy in respect of offshore sand extraction for beach nourishment

While there is a prohibition on offshore minerals extraction due to the effect of the OM Act, a report prepared by
Patterson Britton & Partners for Byron Bay Shire Council (PBP 2006) titled Scoping Study on the Feasibility to
Access the Cape Byron Sand Lobe for Sand Extraction for Beach Nourishment includes a discussion regarding
the current government policy with respect to offshore sand extraction. The report states that a letter was written
by the NSW Premier to The Northern Beaches Branch of the Surfrider Foundation Incorporated dated 6 March
2001, specifically in relation to Collaroy/Narrabeen Beach, which stated:

“As you are aware, the Government does not support offshore commercial sandmining, and the areas off the
coast are currently protected by reserves under the Mining Act, which do not permit exploration or mining activity.
Your proposal of dredging for beach nourishment, however, is a different matter, and bears further investigation.”
(PBP 2006)

An officer of the Department of Primary Industries (Mineral Resources) has recently confirmed that the
understanding of the Government’s policy position, being opposed to offshore commercial sand ‘mining’ remains.
It is recommended that this position be formally confirmed with the NSW Minister for Mineral Resources.

1.3 Federal Government Approval
1.3.1 Environmental Protection and Biodiversity Conservation Act 2000

The Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) governs the
Commonwealth Environmental Assessment process and provides protection for matters of National
Environmental Significance (NES), which include:
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. Nationally threatened species and ecological communities

. Australia’s World heritage properties

. Ramsar wetlands of international importance

. Migratory species listed under the EPBC Act (species protected under international agreements)
. Commonwealth marine areas

. Nuclear actions, including uranium mining

. National heritage.

The EPBC Act defines proposals that are likely to have an impact on a matter of NES as a “controlled action”.
Proposals that are, or may be, a controlled action are required to be referred to the Commonwealth Minister for
the Environment, Heritage and the Arts for a determination as to whether or not the action is a controlled action.

The Project will likely require a referral to the Commonwealth Minister for the Environment, Heritage and the Arts
for an assessment of whether or not it includes a controlled action under the EPBC Act. If the action is a
controlled action, the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA) will
provide assessment requirements to be addressed under Part 3A of the EP&A Act, in accordance with the
Bilateral Agreement.

Investigations are required to determine the potential impact on matters of NES, including, but not limited to, the
following items protected under the EPBC Act:

. migratory species (e.g. whales)
. marine fishes

. important wetlands.

1.3.2 Native Title Act 1993

The Native Title Act 1993 sets up processes through which native title can be recognised and provides protection
for native rights and interests. Native title arises as a result of the recognition, under Australian common law, of
indigenous rights and interests according to traditional indigenous laws and customs, in relation to land or waters.

Consultation with the National Native Title Tribunal (NNTT) and review of the National Native Title Register
(NNTR) is required to determine whether there are any approved determinations of native title over land or water
subject to the beach nourishment works.

1.4 State Government approval
1.4.1 Environmental Planning and Assessment Act 1979

The EP&A Act and the Environmental Planning and Assessment Regulation 2000 (EP&A Regulation) provide the
framework for the assessment and approval of proposed developments in NSW.

Part 3A projects

Part 3A of the EP&A Act consolidates the assessment and approvals process for all ‘major development’, which
was previously dealt with under Parts 4 and 5 of the Act and that require approval of the Minister for Planning.
The Part 3A approval process involves a single assessment and approval regime for all major development,
which includes an integrated and streamlined assessment process for all environmental and planning approvals,
through preparation of an Environmental Assessment (EA).

Section 75B(1) of the EP&A Act states that “this part [Part 3A] applies to the carrying out of development that is
declared under this section to be a project to which this part applies:

(a) by a State environmental planning policy, or
(b) by order of the Minister published in the Gazette (including by an order that amends such a policy).”.

Under Section 75(2) the following kind of development may be declared to be a project to which Part 3A of the
EP&A Act applies:

“(a) major infrastructure or other development that, in the opinion of the Minister, is of State or regional
environmental planning significance,
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(b) major infrastructure or other development that is an activity for which the proponent

is also the determining authority (within the meaning of Part 5) and that, in the opinion

of the proponent, would (but for this Part) require an environmental impact statement to be obtained under
that Part.”

Further, Section 75B(3) states that “if only part of any development is a project to which this Part applies, the
other parts of the development are ... taken to be a project to which this Part applies. The development is to be
dealt with under this Part as a single project”.

Accordingly, if part of the project is declared to be a project to which Part 3A applies, then the whole project is
taken to be a project to which Part 3A applies (Section 1.4.2 of this report).

Under Section 75D of the EP&A Act, the Minister is the approval authority for Part 3A projects. It is highlighted
that, in accordance with Section 75J(3) the Minister cannot approve a project that would be otherwise prohibited
under an environmental planning instrument. Clause 8N(1) of the EP&A Regulation states that approval for a
project application may not be given under Part 3A for any project, that:

“(a) is located within an environmentally sensitive area of State significance or a sensitive coastal location,
and

(b) is prohibited by an environmental planning instrument that would not (because of section 75R of the Act)
apply to the project if approved.”

The proposed sand extraction and beach nourishment is proposed to be carried out in an environmentally
sensitive area of State significance. However Section 1.4.3 of this report establishes that the proposed beach
nourishment is not prohibited and can be approved under Part 3A of the EP&A Act.

Part 3A approval process

A flow chart showing the steps in the Part 3A approval process is provided in Figure 11. A more detailed approval
process for a Part 3A application for the proposed beach nourishment (including sand extraction) is described in
the RW Corkery discussion paper (Appendix |) and also reproduced below.

The approval process stages that of relevance to the proposed beach nourishment project are described as
follows.

. Stage 1: Confirmation that the Minister for Planning would accept a project application for the proposed
marine aggregate extraction (for beach nourishment) as a major project under Part 3A of the Act.
Comment:

This initial stage is a very important stage as it would provide the enterprise with an opportunity to establish
with the Minister for Planning on behalf of the NSW Government what the prevailing Government policy is
towards marine aggregate recovery for beach nourishment purposes.

o Stage 2: Preparation of a Preliminary Environmental Assessment setting out the preliminary concepts for
the project and the results of preliminary environmental studies to assist the NSW Government to identify the
key issues that should be addressed in an environmental assessment for the project.

Comment:
This document will provide the basis for discussions with Government agencies and the compilation of the
Director-General's requirement for the Environmental Assessment.

. Stage 3: Detailed studies to identify environmental constraints and design parameters for the project.
Comment:
An appreciation of the various environmental and operational constraints will assist in the design of a project
and identification of design and operational safeqguards required to achieve an acceptable level of impact.

° Stage 4: Preparation of a detailed project design reflecting the environmental constraints identified during
Stage 3.
Comment:
The level of design needs to be sufficient for all potential environmental impacts to be accurately assessed.

. Stage 5: Detailed environmental assessment involving specific studies to quantify and describe the
impacts associated with the detailed project design and reflecting the adoption of the proposed design and
operational safeguards.

Comment:
A wide range of assessments will be required to accurately predict the potential environmental impacts,
should the project proceed.
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. Stage 6: Finalisation of the Environmental Assessment and submission for adequacy.
Comment:
The Department of Planning requires an Environmental Assessment to be submitted for relevant State
Government Agencies to review the document to ensure all key issues nominated in the Director-General’s
Requirements have been satisfied.

° Stage 7: The Environmental Assessment would be finalised, if required, to address any deemed
inadequacies in the version submitted in Stage 6.
Comment:
The "final" Environmental Assessment would then be placed on public exhibition and circulated to relevant
government agencies for comment.

The process beyond the exhibition of the Environmental Assessment will reflect the Minister's assessment of
public interest and the views of government agencies. Based on the current legislation, policies and practice, it is
envisaged an application for project approval would be referred to a Planning Assessment Commission for an
independent assessment of the project — for incorporation with the Department’s own assessment before being
submitted to the Minister for Planning for determination. It is noted that a project approval would need to be
granted under the EP&A Act prior to the issue of a mining licence under the OM Act.

A fundamental component of the approval process is the initial phase to garnish Government support for off shore
sand extraction to nourish Sydney’s beaches, in light of the current Government policy to oppose off shore sand
extraction (Section 1.2.2).
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Figure 11

w
=
-
>
Z
<
=
<
[a]
L
o
L
]
9
o
[t
L
o
[a)]
-
2
@]
O
[
Z
w
=
0
0
L
0
2}
<
—
w
P4
<
o
[
Z
[}
[a)]
Zz
w
o
[}
[a)
P
P4
<

Part 3A approval flow chart

Request Minister’s opinion that Proposal is subject to the

provisions of Part 3A

Part 3A applies
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Part 3A does not apply

Submit project application and preliminary assessment.
This should include:

V  Project description
Project justification
Site / route context
Consider and evaluate alternatives
Consider other approvals required
Outline consultation plan

Environmental assessment methodologies

SEE or EIS under
Part 4 of the EP&A Act

Hold initial Planning Focus

: Preparation of Environmental Assessment

Issue Director General’s (DG’s) requirements prioritising

and focusing on key issues. These will be circulated to

relevant Government agencies and posted on the DoP
website

STEP 1

Prepare Environmental Assessment (EA) based upon
the DG’s requirements. EA to include draft ‘Statement of
Commitments’ (e.g. how potential environmental impact
will be managed and mitigated)

Meeting enabling Government
agencies to identify key issues

Statement of
Commitment

workshop with
Applicant

Potential for peer review of EA

Lodgement of the EA with DoP

Pre-exhibition review - DoP may seek advice from
relevant Government agencies to ensure consistency
with DG’s requirements and that the EA is adequate for
exhibition

EA placed on exhibition for a minimum of 30 days and
submissions invited from public, relevant Government
agencies and Stakeholders

DG will provide a copy of the submissions or of the
issues raised

to ensure adequacy of
assessment

Potential refinement of EA

STEP 2 : Exhibition and Consultation

Respond to issues and modify the concept
design and/or Statement of Commitments

Issue a Preferred Project Report (PPR)
including the revised Statement of
Commitments if necessary.

Note: the PPR will be exhibited for a 30 day
period

Respond to issues but do not modify the
concept design and/or the Statement of

Commitments

DoP undertake an assessment and prepare
a draft assessment report for the DG

DG will consult with Government agencies
before finalising the assessment report,
including reference to the Statement of

Commitments

STEP 3 : Assessment and Determination

Assessment Report
submitted to Minister for Planning for
determination

Legznic

. AECOM / Applicant responsibility

. DoP responsibility
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1.4.2 State Environmental Planning Policy (Major Development) 2005

State Environmental Planning Policy (Major Development) 2005 (MD SEPP) specifies development to which the
development assessment and approval process under Part 3A of the Act applies.

The aims of the Major Development SEPP are:

“(a) to identify development to which the development assessment and approval process under Part 3A of
the Act applies.

(b) to identify any such development that is a critical infrastructure project for the purposes of Part 3A of the
Act.

(c) to facilitate the development, redevelopment or protection of important urban, coastal and regional sites
of economic, environmental or social significance to the State so as to facilitate the orderly use, development
or conservation of those State significant sites for the benefit of the State.

(d) to facilitate service delivery outcomes for a range of public services and to provide for the development
of major sites for a public purpose or redevelopment of major sites no longer appropriate or suitable for
public purposes.

(e) to rationalise and clarify the provisions making the Minister the approval authority for development and
sites of State significance, and to keep those provisions under review so that the approval process is
devolved to councils when State planning objectives have been achieved”.

Development that is listed in Schedule 1 of MDSEPP requires Ministerial approval under Part 3A of the EP&A Act.
The following criteria (Clause 7 of Schedule 1 of MDSEPP) are used to determine whether a project is subject to
assessment under Part 3A of the EP&A Act:

“(1) Development for the purpose of extractive industry that:
(a) extracts more than 200,000 tonnes of extractive materials per year, or

(b) extracts from a total resource (the subject of the development application (or other relevant application
under the Act)) of more than 5 million tonnes, or

(c) extracts from an environmentally sensitive area of State significance.

(2) Development for the purpose of extractive industry related works (including processing plants, water
management systems, or facilities for storage, loading or transporting any construction material or waste material)
that:

(a) is ancillary to or an extension of another Part 3A project, or

(b) has a capital investment value of more than $30 million”.
Under Clause 3(1) of MD SEPP, ‘environmentally sensitive area of State significance’ means:
“(a) coastal waters of the State, or

(c) land reserved as an aquatic reserve under the Fisheries Management Act 1994 or as a marine park under the
Marine Parks Act 1997”.

The proposed sand extraction component of the project meets the criteria of a Major development as it:

° will extract more than 200,000 tonnes of material in a single year (during each phase)
o would extract from a total resource more than 5 million tonnes (over the 50 year program)
o is proposed to be carried out within the coastal waters of the State.

As it is understood the beach nourishment component of the project does not require the construction of any
‘works’, the beach nourishment does not strictly meet the criteria for a Major Development under Clause 7(1) or
7(2) of Schedule 1 of MD SEPP. However, as discussed in Section 1.4.1 of this report, where part of a project is
declared to be a project to which Part 3A of the EP&A Act applies, the related parts are taken to be a project to
which Part 3A applies. Accordingly, as the proposed beach nourishment is fundamental component of the
project, it would be subject to approval under Part 3A of the EP&A Act together with the proposed off shore sand
extraction.
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1.4.3 State Environmental Planning Policy (Infrastructure) 2007
General

State Environmental Planning Policy (Infrastructure) 2007 (ISEPP) came into effect on 1 January 2008. The aim
of the ISEPP s to facilitate the effective delivery of infrastructure across the State through increased regulatory
certainty and improved efficiency and flexibility in the location of infrastructure and service facilities while providing
adequate stakeholder consultation.

Clause 8(1) of ISEPP states that where there is an “inconsistency between this Policy and any other

environmental planning instrument, whether made before or after the commencement of this Policy, this Policy

prevails to the extent of the inconsistency”. Consequently, ISEPP overrides, to the extent of the inconsistency, all

Local Environmental Plans, Regional Environmental Plans and State Environmental Planning Policies, with the

exception of:

. State Environmental Planning Policy No 14 - Coastal Wetlands (SEPP 14);

. State Environmental Planning Policy No 26 - Littoral Rainforests (SEPP 26); and

. State Environmental Planning Policy Major Projects 2005 (subsequently renamed State Environmental
Planning Policy (Major Development) 2005).

Beach nourishment

Under Clause 129(1) of Division 25 (Waterway or foreshore management activities) of ISEPP development for the
purposes of ‘waterway or foreshore management activities’ may be carried out by or on behalf of a public
authority without consent on any land.

Under Division 25, ‘waterway or foreshore management activities’ means:

“(a) riparian corridor and bank management, including erosion control, bank stabilisation, resnagging, weed
management, revegetation and the creation of foreshore access ways, and

(b) instream management or dredging to rehabilitate aquatic habitat or to maintain or restore environmental
flows or tidal flows for ecological purposes, and

(c) coastal management and beach nourishment, including erosion control, dune or foreshore stabilisation
works, headland management, weed management, revegetation activities and foreshore access ways”.

Under Clause 129(2) waterway or foreshore management activities includes development for any of the following
‘connected’ purposes:

“(a) construction works,
(b) routine maintenance works,
(c) emergency works, including works required as a result of flooding, storms or coastal erosion,
(d) environmental management works”.
1.4.4 Protection of the Environment Operations Act 1997

The Protection of the Environment Operations Act 1997 (POEO Act) relates to pollution management and waste
disposal in NSW. The objects of the POEO Act are:

. To protect, restore and enhance the quality of the environment in New South Wales, having regard to the
need to maintain ecologically sustainable development

. To provide increased opportunities for public involvement and participation in environment protection

. To ensure that the community has access to relevant and meaningful information about pollution

. To reduce risks to human health and prevent the degradation of the environment.

The POEO Act also established licensing of certain activities which are listed in Schedule 1 of the Act. ‘Water-
based extractive activities’ “that involve the “extraction of more than 30,000 cubic metres per year of extractive
materials” are listed within Schedule 1 and would therefore require an Environment Protection Licence from the
Department of Environment, Climate Change and Water to undertake the activity.
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1.4.5 Threatened Species Conservation Act 1995

The Threatened Species Conservation Act 1995 (TSC Act) provides for the conservation of threatened species,
populations and ecological communities of animals and plants.

Section 91 of the TSC Act requires that a license be obtained should a development result in one or more of the
following:

. Harm to any animal that is of, or is part of, a threatened species, population or ecological community

. The picking of any plant that is of, or is part of, a threatened species, population or ecological community

. Damage to critical habitat

. Damage to habitat of a threatened species, population or ecological community.

The requirement for a permit under Section 91 of the TSC Act will be determined following completion of a
detailed impact assessment.

1.4.6 Fisheries Management Act 1994

The objects of the Fisheries Management Act 1994 (FM Act) are to conserve, develop and share the fishery
resources of the State for the benefit of present and future generations. In particular, the objects of this Act
include:

. To conserve fish stocks and key fish habitats

. To conserve threatened species, populations and ecological communities of fish and marine vegetation
. To promote ecologically sustainable development

. Including the conservation of biological diversity.

A dredging permit would be required under Part 7 of the FM Act. However the Department of Planning will be
required to consult with the Department of Primary Industries (Fisheries) with respect to details of dredging and
environmental management.

A permit to remove seagrass, mangroves and macroalgal habitat may be required under Part 7 of the FM Act
should the proposal impact on such habitats. It is likely that compensatory habitat would be required for any
losses of seagrass.

1.4.7 Other applicable statutory approvals
The following Acts may be applicable to the Project:

. Historic Shipwrecks Act 1976 (Cwth)

. Navigation Act 1912 (Cwth)

. Customs Act 1901 (Cwth)

. Protection of the Sea (Prevention of Pollution from Ships) Act 1983 (Cwth)

. Telecommunications and Other Legislation Amendment (Protection of Submarine Cables and Other
Measures) Act 2005 (Cwth)

. Mining Act 1992

. Mine Health and Safety Act 2004
. Coastal Protection Act 1979

. Navigation Act 1901

. Fisheries Management Act 1994
. Marine Pollution Act 1987

. Pollution Control Act 1970

. Water Act 1912

. Maritime Services Act 1935.

Relevant licences or approvals required under these Acts would need to be obtained as required.
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1.4.8 Other Planning instruments
State Environmental Planning Policy No 71 — Coastal Protection

State Environmental Planning Policy No 71 — Coastal Protection (SEPP 71) commenced on 1 November 2002.
As part of acknowledging the increasing development pressure to which the NSW coastline is being subject, the
NSW Government announced its $11.7 million Coastal Protection Package in June 2001. As part of this package,
planning and development within the coastal zone is subject to policies including SEPP 71, the NSW Coastal
Policy 1997 and MD SEPP (Section 1.4.2).

SEPP 71 was formulated to ensure that:

. “Development in the NSW coastal zone is appropriate and suitably located
. There is a consistent and strategic approach to coastal planning and management
. There is a clear development assessment framework for the Coastal Zone’ (Department of Planning, 2006)”.

Pursuant to Clause 7, the matters for consideration documented in Clause 8 are to be taken into account by a
consent authority when it determines a development application within the coastal zone. As the proposal would
be subject to approval under Part 3A of the EP&A Act, assessment against matters for consideration in Clause 8
is not required. Although not a regulatory requirement, Clause 8 matters for consideration and how they have
been considered should be documented in any submission for approval.

The matters for consideration are:
“(a) the aims of [SEPP 71]

(b) existing public access to and along the coastal foreshore for pedestrians or persons with a disability
should be retained and, where possible, public access to and along the coastal foreshore for pedestrians
or persons with a disability should be improved,

(c) opportunities to provide new public access to and along the coastal foreshore for pedestrians or persons
with a disability,

(d) the suitability of development given its type, location and design and its relationship with the surrounding
area,

(e) any detrimental impact that development may have on the amenity of the coastal foreshore, including
any significant overshadowing of the coastal foreshore and any significant loss of views from a public
place to the coastal foreshore,

(f) the scenic qualities of the New South Wales coast, and means to protect and improve these qualities,

(g) measures to conserve animals (within the meaning of the Threatened Species Conservation Act 1995)
and plants (within the meaning of that Act), and their habitats,

(h) measures to conserve fish (within the meaning of Part 7A of the Fisheries Management Act 1994) and
marine vegetation (within the meaning of that Part), and their habitats

(i) existing wildlife corridors and the impact of development on these corridors,

(j) the likely impact of coastal processes and coastal hazards on development and any likely impacts of
development on coastal processes and coastal hazards,

(k) measures to reduce the potential for conflict between land-based and water-based coastal activities,

() measures to protect the cultural places, values, customs, beliefs and traditional knowledge of Aboriginals,
(m) likely impacts of development on the water quality of coastal waterbodies,

(n) the conservation and preservation of items of heritage, archaeological or historic significance,

(o) only in cases in which a council prepares a draft local environmental plan that applies to land to which
this Policy applies, the means to encourage compact towns and cities,

(p) only in cases in which a development application in relation to proposed development is determined:

(i) the cumulative impacts of the proposed development on the environment, and
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(ii) measures to ensure that water and energy usage by the proposed development is efficient.”
NSW Coastal Policy 1997

Also promoted as part of the Governments Coastal Protection Package, the NSW Coastal Policy 1997 addresses
key themes including:

. “Population growth in terms of physical locations and absolute limits,

. Coastal water quality issues, especially in estuaries,

. Disturbance of acid sulphate soils,

. Establishing an adequate, comprehensive and representative system of reserves,

. Better integration of the range of government agencies and community organisations involved in coastal
planning and management,

. Indigenous and European cultural heritage; and integration of the principles of ESD into coastal zone
management and decision making.” (Department of Planning, 2006).

The policy contains nine goals establishing the desired long term goals for outcomes of the policy. Following on
from the goals are objectives, which help to achieve the goals. Beyond each objective are strategic actions,
which set a context for local and State Government decision and policy making. The long-term goals of the policy
are reflected in SEPP 71.

1.5 International agreements
1.5.1 Migratory bird agreements
The Australian Government has entered into three bilateral migratory bird agreements, including:

. Japan-Australia Migratory Bird Agreement (JAMBA)
° China-Australia Migratory Bird Agreement (CAMBA)
. Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA)

The JAMBA, CAMBA and ROKAMBA agreements list terrestrial, water and shorebird species which migrate
between Australia and the respective countries. The majority of the listed bird species are shorebirds. The
bilateral agreements provide an important mechanism for pursuing conservation outcomes for migratory birds,
including migratory shorebirds.

A number of bird species listed in the bilateral agreements are matters of NES under the EPBC Act and based on
initial investigations some birds use Sydney beaches as habitat. In this regard, a detailed ecological assessment
may be required to determine whether any matters of NES will be impacted and whether a referral under the
EPBC Act is required.

1.6 Approvals strategy
1.6.1 Approvals process

The two key legislative approvals that would be required for recovery (or extraction) of sand from coastal waters
for the purposes of beach nourishment are described in the following table:

Act Approval Key steps

OM Act Licence for offshore To obtain approval to engage in offshore recovery of sand (marine
sand recovery within aggregate) the following tasks describe the process.

NSW coastal waters. | 4 Engage with Department of Primary Industries (Mineral Resources) to

confirm approval process and licence requirements. From an initial
review of the OM Act and discussions with officers of the Department
of Planning and Department of Primary Industries(Mineral
Resources) as part of preparing this study, the two alternative
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process are:

a) If the area of coastal waters preferred for sand recovery is not
affected by a reserved block” (i.e. within an existing exploration
licence area):

Ll The exploration licence holder may apply for a mining
licence under Section 198 of OM Act.

b) If area of coastal waters preferred for sand recovery is affected
by a reserved block declaration (either within or outside existing
exploration licence areas):

= Seek amendment of the ‘reserved block’ (i.e. offshore
mining reserve) affecting the preferred sand recovery site
under Section 18 of OM Act to allow sand recovery
(Section 12 of OM Act allows Minister to revoke or amend
reserved block by notice published in the Gazette).

] Seek mining licence for ‘recovery of minerals from coastal
waters’ under Part 2.4 of the OM Act.

Seeking a mining licence, regardless of approval path under OM Act,
would require preparation and gazettal of Offshore Minerals
Regulation to support the application for such a licence. This would
be undertaken by the NSW Government.

Seek confirmation of policy position of NSW Government with respect
to offshore sand recovery for beach nourishment purposes. This
would constitute initiating the process for consideration of the
proposal to recover sand from coastal waters for beach nourishment.

Based on the findings of discussions, it is recommended that a
briefing paper for Ministerial consumption (if appropriate) that
describes and justifies the proposal. This should outline the key
approval process steps and would be informed by this study.

EP&A Act | Part 3A planning
approval for beach
nourishment and
associated off shore
sand extraction.

Simplified Part 3A approval process would comprise the following steps:

1)

2)

3)

4)
5)

6)

7)
8)
9)

Seek confirmation from the Minister for Planning that the proposed
marine aggregate extraction (for beach nourishment) is major
development under Part 3A of the Act.

Preparation of a Preliminary Environmental Assessment.

Detailed studies to identify environmental constraints and design
parameters.

Preparation of a detailed project design.

Consultation with key stakeholders (government agencies,
community groups) and community.

Undertake detailed environmental assessment and prepare
justification of proposal.

Finalisation of the Environmental Assessment.
Exhibition and respond to submissions

Minister's determination.

! It is understood from discussions with an officer of the Department of Primary Industries (Mineral Resources) that the entire

coast has been declared a reserved block, except those areas already granted an exploration licence Note, it is understood
there are no existing mining or retention licences in NSW coastal waters.
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1.7 Approval process summary
1.7.1 Feasibility

Notwithstanding the potential environmental impacts and the need to undertake a comprehensive impact
assessment (Section 11), the above process indicates that there is a feasible approval pathway for the proposed
beach nourishment and sand extraction project under the OM Act and the EP&A Act.

1.7.2 Critical success factors
Government support

It is likely the approval process will be complex and will involve a wide range of stakeholders. To avoid
unreasonable delays or assessment requirements, it will be vital to seek government support at the outset of the
project. In particular, it is recommended to seek support from the Minister for Planning and the Minister for
Mineral Resources as key ‘approval’ authorities as well as the Minister for Environment and Climate Change with
respect to determining environmental assessment requirements.

Robust approvals
Key factors to the success of the approval process(es) are:

o Robust approval — Due to the potential for opposition to the project (based on current Government policy
and community opposition to past offshore sand extraction proposalsz) it is important that the approval
process be appropriate to minimise risk of third party challenge/appeal on procedural grounds. It is possible
that third party appeals may occur on merit grounds, for which the risk can be minimised (but not eliminated)
through comprehensive impact assessments using best practice methodologies.

o Flexibility — Within the approval flexibility is important to enable nourishment and extraction activities to
respond to the coastal conditions that warrant beach nourishment.

o Adequate certainty — Ability to act upon the approval granted at the outset of the project for future stages
when the need is triggered, which is important for the long term viability of the project.

It is understood offshore extraction will only be undertaken to provide the necessary material for beach

nourishment and no stockpiling will occur. Accordingly the conditions that trigger the need for beach nourishment
and extraction will require careful consideration as part of the application for planning approval.

Consultation

Due to the need for political support for the proposed offshore mineral extraction and the potentially controversial
nature of the project in the wider community, it is recommended that a comprehensive Engagement Strategy be
prepared to guide all discussions with stakeholders and the public. This strategy would:

o Describe key stages in the approval process and assign communication and engagement protocols for
achieving desired outcomes

. Guide timing and nature of project information that is released to the stakeholders and the community, to
coincide with approval process(es) and formulating project design/methodologies

2 Metromix Pty Ltd (1993) and Goldfields Pty Ltd (early 1980s).
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Dear Ms Bowdon,

| rafer 12 your e-mail daled 27 Septembgr 2008 to the Dapartment of Edvirgnment, Clirale
Crange and Waler {DECTW) requesting indicative assessmant requirements for 3 scoping shudy
to invastigate the viability of extracbng sard olishore the NSW coast for the purpose of beach
nourishreant,

DECCW hag considerad your reques! and developed indiative assessment requisements.
DECCW notas Inat AECOM has investipated a range ol relevant potential impacts asseciatad with
both sand extraction and beach nouarshrmenl as partt of the scoping study. 1 advise that the
provigion of indicative assessment requirements does nol represent DECCWYY support lor the
pProposal.

You may also be awars of & current CSIRG Wealth from Ocean project looking at offshore sand
nuning with a case study off the NSW Central Coast, This CSIR0 project it undertaking similar
asseasmeanis 1o those you aré underiaking in relation to sand cxraction.

Pleasr conlast Mr Jarmes Goodwin, Unil Head Sydney Industry, Metropaitan Branch, DECCW, on
S35 6847 il you would like to diseuss DECCW's proposed reguirgments.

Wours Sincarely

JOE WOODWARD
Deputy Director General
Envirgnrnent Protection and Reguleiion
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BECCW INCICATIVE ASSESSMENT REQUIREMENTS FOR SCOPING STUDRY FOR
OFFSHORE SAND EXTRACTION AND BEACH NOQURISHMENT

Background

The Sydngy Coastal Councils Group has engaged AECOM to undorake & scoping study o
irvestinate the viability of offshore sand extraction along the NSW coast lor Ihe purpese of beach
rourishment. The scoping study 15 10 focus on three beach case studies in Sydney: Man'y,
Narrabean/Collargy and Cronulla,

The Ministar for Climate Shange and Environmen: has a concurrence role under 1he provisians of
the Cogstal Frotection Raguiation 2004 for Ine carrying out of dewvelopment in ihe coastal zone
betwean the mean high watar mark and the limit of the State's coastal walers, generaly 3 nautical
miles from the coastline. Accordingly, sand nourishment activities and dredging agskwlics within 3
nautical miles of the coastline will regquing the Minisler's concuerence.

e

It determining e granting or relusal of concurrence, the Minigtar has agard 10 1he matters for
consideralion as oullined in Section 44 of the Coastal Protection Act 1972, Thosc matters are
whethar or not the development may, in any way:

» be inconsistant with the prineiples of eeologically suslainable develapment; or

« pdversely affect the behavicur or b adverse'y affected by the bahawiour of the sea ar an
amm of ke 523 or any bay, inket, lagoon, lake, body of watar, niver, stream Of walkroourss,
or

» advorsely affect any heach or dune &r the bed, bank, shareling, foreshore, magr or flogd
plain of the sea or an arm o the sea or any bay, inlst, lageon, lake, body of water, river,
stream Qr watarcourse,

Indicative asaessment requirements

DECCW otfers the following indicative assessmert requirements 1 adequately sansider proposals
tor sand nounghment of beaches using materal dredgad from the seabed ol the Stale’s coastal
walers,

Stal Fr ISsLIgs

DREDGING:

Azsass the affects of dradging on and Irom the natural ghysical coastal processes, ingiuding but
mod limited tos

1. dreggea hote infiling mechanisms,
2. altcrations to wawve climale: and
4. impacts on ngignbouning beaches,

SAND NOLIRISHMENT:

Assess the offects of sand nourishmant on and from Lhe natural physical coastal processes of the
nourished beachfrant, mcluding but ot limited to:

1. enshore/pffshare and alongshore procasses:
. Aeclian Iransporl processes,

infiling of slormwatar pipas and oeean pools;

2
3. altaration Lo lagoon entrance dynamics and infilling mechanisms:
4
& headland bypassing under axtreme storm events: and
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predile adustment under a climate-inducad sea leval rise,

Enviranmant Prptashioet ssss

DAEDGING AND SAND NOURISHMEMNT

AgsCss the envirgnment protecltion impacts of dredging and sand emplacement operatons,
includirg but not limited 1o

1.

b

impacls on water qualty;

noize impacts:

air emissions, including polential odour and plant exhaust impacts,

the paental lar @ncountering contamnalad sedhments f eontarminalian;

impacts on migralary and hreataned shorebirgs, such as the iMe lem and Beach stone-
LIl

poterlal mpacts of sand empfacemeni on areas of Aborigingl Cullural Hestage
signibizarce: atil

seabed impacts, ‘rgiuding the impadct of specitic control measures such as silt curtaing,
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Dzar Deboran,

Fe. [nglcative assessimaent requiraments for a Scoping Study of offshore sand
gxtraction and beach nourishrmenl at Manly, Narrabean!/Collarcy and
Cronulla baachas.
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exiastion progasd in the affshare rone.

Therm are 4 number of mpediments associated with any pracosal to extract sard n
oifshore waters 1nal would have 1o be resclved.
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1974,
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Wil is proposaed o axlracl sand ‘rom Commanweallth waters 1nen 1ne appl calions would
need 10 corply wilh e Comenorgaith O shove Minera's 4ol 1504,

As pant of the scoping atudy AEDOM shauld corfact tne Emvironmiental Susizrabiliby
Branch (1&1 M5W — Mineral Rezowrces) for further infomaabken an covirennenial
BEZELEMEE FAg JIreITIers,

&, NEW I3 also responsibs tor ersuing thad fish stocks are conserved anc that thera s
o riet tss” of key fish habitets vpon whicn they depend  To acriewe thes, RS0
ensiLres thal develapments camply witn the requirements o i Deheres Managorngd
Act 1894 (namely the anuatic nabilat protection and threalened spesias consarvation
prevdisions in Pats T and TA of the Act, respectively). and the assoiated Pobcy e
Guidelines for Aquatc Habita! Managarront aad Fetr Congervation {1933} In addlion,
&1 NBW is resaons.ble for ansunag the soilainabla management of commarncial and
rec-eal pnal fishing and aguac it welhin MW

Conzistant with wWoor emai, the ollowrig ome irdicat ve requirements lar thiz scoping
phase of the study, and are provided an ke basis 1hak mare delaied assessment
recLirceaents woild be sought al a " aer dala,

In ardas for *& WEW o atspss the polential impacis of the araposa on the maoes
anyroarent and fiskeres we requine:

A, o braad descrplion of aqualic nagitats. specics and fisheros o the study
araas;

3. details at the methods ard locaticns of exirachor and duposiizn, and
lhe assooialed volumes of sand 3ns 115 =0 tab by for boach mourishmant
(2.0. 537 ar similar gra n SIZey

.oA predicten Sf the impacts of 1he proposa, or the agual'c comporsnts
istes At A; and

I detals of proposed rulgauon, offscl andlor compersatory meRsURS
wwiare raguirerd

Tre [Wllowiry indicative requ rements are specific B this scaning phase of the oroect
ard should nod ke relied g0 for any faure, apparertly ssmular propesals. Farthormana,
Ihis |5t i pdcative, nol exhansieee, and | would alse refe you 1o the Depariment of
F.aning's documanls, “Aquatic Ezclogy in ZIA" and ra’avant guidel res for furines
imiaEmasion.

Fart &

& declipp reviaw of avadlable imfasamnaton o delenmne Lha wpe and exent of hahitals,
soeces and fshenes should be adequale 1o achiave pad & 3 this Sceping Phaze of the
stugy. Ir par-cular. of should identfy avd map $e presence o threatrned and protectsd
soecies hswed uncor the Fasheres Managenent Act 1984 such as grey nurse shark or
blacx cod. and'or 12enhfy Tha availal ity of thet preferrad haoils) types. Those maps
shoLld alsa idently the 'calion Amd nature of any acjacent marine protecied ancas or
grvnlar conse nyakian acens.

The Commuercial Management  (Dernyl Sallings, 9527 8351 and  Recrealional
Management (Bryan wan der Wal! 9527 5221 tearrs of 151 MEW slould be conlasted 1o
gumist (0 the fenlification of prmany fshing groands and fishing-related nirasinchyne
e.g. Fish Aggregaling Devices) an the swady area. Any Tisning gclwitias that cood be
prohibited gr rastnizted i e study 2eoea derendg o aer axlraction andior de positign my sl
Alza ba identifiec,

Fart B

The scoping 5%Wdy needs 10 detaramg and provice a rztiorale fz2r the most suitahble
aextraciion and nourishment lechnsgaes based on Iocal, ratnnal and overseas
expenences ard [teratund.
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The probable locations of estraction and depesition need to be identificd and jusnhcd, a5
does the nature and voluma of matenal o be extracted and deposited.

Fart &

Thy pradicled impacts (direct and inhirect, onate and cside. shorl term and long ok
ol 1ne proposal on the aqualic environment muat be assessed and clearly defined. A
rish-bazed ascessmen! should be used to wdentify any aspects of the proposal thal
require medification or that should He monitored Befor, dudng an:d after davalopreentl
activity. &5 tharg is only lixely to be mded surey wark sod aoomens ve sampliog at this
stace, potential impacts shoeld be famed in s of overall nsk o Lhe varioos
components hased on A Delohic assessment (e ncg igibla, fow, moderale ar high)
This shoud irclude guantil cation of any exoecled changes, e.q. luss of Xm2 of fishng
grounds. and an assessmort of the potential impact hat could Fave lor aquatic
rarmunities and the fishanas thal depend an thom.

Fart D

In the event thal Par C identifes componeels 1hal are al moderate or greater fisk, then
the study skould -ncluda 3 swle of miligal ve measures, A Rmatives andior highlight
areas for furher areesliigation 10 reduce those risks. Cirgumstances where those nisks
canndd be reduced, or allerratives are nal availagle, shewed be clearly stated and
justitadd ;o lerms of Ecoleg caly Sustznable Devetapment. In such cases tnere shoald
Bi: sorwe corsiduration of polenia afisels or compensaton. The Seeping StLdy s1ould
253 highhght the need ar gtherwise fr any ongoing moritonng of tho ackivity,
parhcalarly il unavoidable impacts are identified anddior e cebemina e offechvonczs of
a1y nlgakive measures.

Az indicated abouwe, mesting these broad recuirements and any ohers iwenlilied fror
the Deparment o Flanning’s cocwments should enable (&1 NSW o delammine whether
ar nzt the proposal will regult in sghcant maacls en aquats habeats, fish and Sshenes
in tha study area anc adjacel areas.

[ Lrwat thae Lha infarmation provided in this lesier will assist AECCW i the preparahcn of
The Scoping Study, with 1tha averall a m af enguring that thore s

=« a0 signif cant degradaticn of agualis habilals, padic.alarly rocky raefs and maring
Ve akien
no significart mpacts an agualic taury, especia’ly threalaned species; and
mimmazl injaference with comeers@l of recreationzl bishing.

ME;: It iz an offence to dredgeiaclann moany waless anciar harm marne wvegelation
withot perrats from 150 RS, Penaltios of op to 3710,0090 %0r an individual andigr up 1o
F220,200 far a corrpany or L3A can aoply plus “ull site remadiatian costs

foyod ~oeqaire any clanficabon o addilional nfommation pleass conlact lain Pakerson
Aot Clhief Geoscaerlis? Land Use an 4831 6704, or Marcel Green, Acuatic Habitat
Protochan Unit {Central) an 8437 4933

Yours sincarsly,

Lindsay Gilligan
Dipegior, Geslogical Surey of Naw Souln Yalus
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Current Offshore Titles and Applications
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