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GUIDELINES FOR THE PUBLIC ENVIRONMENTAL REVIEW FOR 
THE PROPOSED MAUDS LANDING CORAL COAST MARINA 

(Assessment No 335). 

Overview 

In Western Australia, all environmental reviews are about protecting the environment, 
which for this proposal means that the environmental values associated with Coral Bay 
coast and the nearshore marine environment are protected. 

Guidelines for the preparation of a Public Environmental Review (PER) document were 
originally prepared in 1990 in response to a proposal forwarded to the Environmental 
Protection Authority (EPA) by Coral Coast Marina Development Pty Ltd to develop a 
marina at Mauds Landing. In view of the 4 year time delay since issuing of the original 
Guidelines, these amended Guidelines have been prepared. These amended Guidelines 
reflect the EPA's expectations of a PER document and supercede the original guidelines 
issued in January 1990. 

The primary purpose of the PER is to provide information on the proposal to the 
Environmental Protection Authority (EPA) within a local and regional framework. The 
Authority will assess this information and then provide advice to the Government on the 
environmental acceptability of the proposal. An additional function of the PER is to 
communicate clearly with the public so that the EPA can obtain informed public 
comment. As such, environmental impact assessment is quite deliberately a public 
process. It also seeks to inform decision makers, to identify risks and minimise adverse 
environmental impacts, to achieve environmentally sound proposals through research, 
management and monitoring, and to manage potential conflict through the provision of 
the means for effective public participation. 

It is the responsibility of the proponent to design and implement a proposal which 
protects the environment and to present this proposal for review by all interested 
members of the public. The proponent should describe what is proposed, discuss the 
potential environmental impacts of the proposal, and then describe how these 
environmental impacts are going to be managed so, that the environment is protected. 

These Guidelines have been prepared to assist the proponent in identifying issues which 
should be addressed within the PER. They are not intended to be exhaustive, and the 
proponent may consider that other issues should also be considered within the 
document. 

The discussion in the PER should be concise, accurate, and easily understood. 
Specialist information should be included where it assists in the understanding of 
technical aspects of the proposal. Where possible, all information should be referenced. 
A copy of these Guidelines should be included in the PER. 

Objectives of the PER 

The PER should have the foilowing objectives: 

to place this proposal in the context of the local environment; 
to explain the issues and decisions which led to the choice of this proposal at this 
location at this time; 
discuss the need for the proposal, including potential benefits of the proposed 
manna; 
to set out the environmental impacts that the proposal may have; and 



for each impact, to describe any environmental management steps the proponent 
believes would avoid, mitigate or ameliorate that impact. 

The PER should focus on the major issues for the area and anticipate the questions that 
members of the public may raise. Data describing the environment should be directly 
related to the discussion of the potential impacts of the proposal. Both should then relate 
directly to the actions proposed to manage those impacts. 

Based on information available at this time the primary issues of interest to the EPA 
relate to water quality within the nearshore waters of Coral Bay, Ningaloo Marine Park 
and the proposed marina, and potential impact of the proposed development within the 
Exmouth Region. 

1. Justification 

justification and objectives for the proposed development (reference should be made 
to other existing and proposed marina developments within the Exmouth region); 
an evaluation of alternatives, including location and alternative types/ forms of 
development, and constraints associated with these; and 
justification of the preferred site. 

2. Proposal 

This should include a discussion of the following points: 

history of the proposal; 
status of site; 
relevant statutory requirements and approvals; 
overall concept, location and layout; 
control, timing and staging of proposed development 

construction schedule and methods of construction (including sources of construction 
materials, disposal of wastes, stockpiling of bulk materials); 
proposed land uses, land tenures, land zonings, and a clear distinction between 
boundaries of private and public land; 
regional and local planning context; 
services and infrastructure, including power, water, drainage, sewerage disposal and 
roads; 
management structure and responsibilities; and 
context of proposal in relation to the Gascoyne Coast Strategic Planning Study. 

3. Existing Environment 

While there should be a description of the main components on the existing environment 
related to the development site, emphasis should be placed on those aspects where 
impacts and management requirements are identified later in the CER. These include: 

conservation significance of proposed marina site; 
offshore and on shore geology; 
existing infrastructure, including roads and services; 
onshore hydrogeology, including water quality, location of groundwater and 
direction of groundwater movement; 
terrestrial flora and fauna, including any declared rare flora or priority species; 
nearshore water quality within Coral Bay; 
marine flora and fauna which may be affected by marina construction; 
marine/coastal processes, ie. littoral drift, erosion and accretion points, water 
circulation; 



relevant climatic conditions, ie. prevailing winds, frequency of storm events 
including duration and wind velocity; 
description of existing communities in the vicinity of the proposed development; 
existing public and private recreational use of the area (including fishing, swimming, 
boat launching, sight seeing); 
historical, archaeological and ethnographic sites; and 
visual resource. 

4. Key Environmental Impacts and Management 

The potential impacts and their management for the development during the construction 
period and the longer term should be addressed, including the following specific issues. 

impact on water quality within Coral Bay and adjacent Ningaloo Marine Park; 
prediction and verification of flushing and internal circulation within proposed 
marina; 
details of refuelling facilities and contingency plans in the event of fuel spills; 
boat sullage pump out facilities; 
details of on-going monitoring mechanisms to ensure maintenance of appropriate 
water quality standards within proposed marina and adjacent marine environment; 
impact on marine flora and fauna during construction and operation of marina; 
impact on existing foreshore vegetation; 
details of any proposed on-going maintenance dredging within marina; 
ecological significance of the loss of seagrass in a local and regional context; 
impact on existing users of land and nearshore waters (particular reference should be 
made to projected permanent populations, and transient holiday populations); 
impact on historical, archaeological and ethnographic sites; 
cultural, recreational, and other community opportunities; 
affect on visual resource value of the Coral Bay area; 
traffic management; 
wastewater management; 
groundwater use; 
provision of permanent potable water supply 
drainage and stormwater discharge management; 
soil conservation management during development; and 
managing for climatic change, including changes in frequency and severity of 
extreme weather events and sea level. 

5. Public Participation and consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the PER. It should describe the activities 
previously undertaken or proposed to be undertaken to promote public awareness and 
support for the proposal, the dates, groups and individuals involved, and the objectives 
of the activities. This should include acknowledgment of any public awareness 
programmes undertaken for this proposal by the proponent. 

Cross reference should be made with the description of the environmental management 
for the proposal which should clearly indicate how community concerns have been 
addressed. Where these concerns are dealt with via other departments or procedures, 
outside the Environmental Protection Authority process, these can be noted and 
referenced here. 



6. Detailed list of environmental commitments 

The commitments made by the proponent to protect the environment should be clearly 
defined and separately listed in the PER. Where an environmental problem has the 
potential to occur, there should be a commitment to rectify it. They should be numbered 
and take the form of: 

who will do the work; 
what the work is; 
when the work will be undertaken; and 
to whose satisfaction the work will be carried out. 

All actionable and auditable commitments made in the body of the document should be 
numbered and summarised in this list. 
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1.0 INTRODUCTION 

Coral Coast Marina Development Ny Ltd (CCMD) proposes to develop a Resort 
Town at Mauds Landing Townsite in conformity with its agreement with the State 
Government of Western Australia. This report is prepared as part of the Public 
Environmental Review Documentation for the project and summarises preliminary 
investigations into servicing constraints and opportunities for the proposed Resort 
Town. The findings of this report will be incorporated with criteria which emerge from 
investigations of other relevant professional bodies, the public, and relevant authorities 
to produce a final proposal for progressive development of the land. Once the land is 
appropriately zoned a planning application is anticipated to result in Preliminary 
Approval to Subdivide in accordance with Department of Planning and Urban 
Development conditions. The site and other works necessary to satisfy these 
conditions to enable clearances for final approval of subdivision are proposed to 
commence in 1995 as permitted by approvals and weather constraints. 

The proposal includes development of a Marina comprising about 45 hectares of open 
water connected by a channel to Batemans Bay to allow for access by recreation and 
other boating to the adjacent Ningaloo Reef and other attractions, tourist and 
commercial facilities including Club Resort, Resort Hotel, Country Club, Caravan 
Park, back-packers, associated commercial centre and community services together 
with approximately 1,100 single and similar residential units. Coastal and harbour 
engineering considerations are covered in a separate report by MP Rogers & 
Associates Pty Ltd (Ref 1). This report provides details of engineering considerations 
for the development of services including earthworks, roadworks, stormwater drainage 
and management, potable and irrigation water supplies, effluent disposal, power, gas 
and communication facilities. 

A primary objective of CCMD in compliance with its agreement with Government is 
that its development proposals will identify, locate and develop the most effective and 
efficient service headworks for the locality. The area under consideration therefore 
includes the Mauds Landing and existing Coral Bay Townsites. The Townsites have a 
separation of about 3.5km. The service infrastructure is proposed to be located to best 
service both Townsites commensurate with meeting appropriate environmental and 
economical objectives and to best integrate with the pastoral activities of adjacent 
Cardabia Station. 
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The Master Plan prepared by Koltasz Smith and Partners (KSP) for Mauds Townsite 
identifies proposed land uses. This plan has been used to predict development staging 
over the anticipated 21 year construction programme and a schedule developed from 
that plan has been used as a basis for predictions of service demands. Service demand 
populations exceed actual population predictions from the KSP plan to ensure that a 
factor of safety is inbuilt in designs. All services will be developed to accord with 
relevant authority standards and where appropriate these will be modified to minimise 
maintenance requirements to best suit the demands placed by climate, isolation and 
environmental protection for development in this unique and beautiful location in the 
Gascoyne Region of Western Australia. 

Any services installed as part of the development will, by agreement, be maintained and 
operated for a minimum of 5 years by CCMD or a subsidiary utilities company or until 
relevant authorities wish to take over these activities. Charges for services will be 
made at commercial rates to the approval of the relevant authorities. 

Service infrastructure will be developed in such a way that the existing Coral Bay 
Townsite can link in to services such as water, sewerage, power. CCMD could 
provide headworks at the service industry site to allow for connection by Coral Bay 
and would levy a charge for that service at appropriate commercial rates. 

2 
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2.0 	DESCRIPTION OF THE PROPOSAL 

2.1 RESIDENTIAL/ACCOMMODATION 

The residential and other accommodation units within the development are 
proposed to be provided by CCMD at the time of the development with: 

* 	sites filled, levelled and stabilised to allow for dwelling construction without the 
need for further substantial site works. 

* 	a fully constructed and maintained public access road linked to constructed 
roads within the locality. 

* 	land and associated roadworks shaped to ensure that properties are protected 
from stormwater runoff and seawater storm surges in accordance with 
appropriate industry standards 

* 	potable and non potable water supplies for normal household and landscaping 
uses 

* 	reticulated sewerage to remove and treat wastewater 

* 	reticulated underground electricity distribution 

* 	gas supplies by either gas piped from strategically located storage units or 
individual bottle gas supplies installed with recommendations specific to the 
locality 

* 	telecommunications including telephone, television, security and other 
appropriate services serviced from centrally located facilities to maximise 
reception opportunities whilst minimising visual intrusion into the built 
environment. 

2.2 	MARINA AND BULK EARTH WORKS 

2.2.1 Excavation Of Waterway 

The Coral Coast Resort Concept includes excavation of a waterway area of 
about 45 hectares surrounded by resort/residential nestled generally behind the 
frontal dunes. Preliminary site investigations indicate that excavation to 
completed depths varying from minus 2.5m AHD to about minus 3.5m Al-ID 
will be within sands and relatively weakly cemented calcarenite. 

3 
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Topsoils and vegetation will be stripped prior to commencement of earthworks 
and stockpiled for respreading at completion of works. Excavation will be 
carried out most efficiently using large scrapers and excavators as necessary. 
This work will be carried out within the dry. Dewatering will thus be required 
for excavation below sea level. 

2.2.2 Dewatering For Construction 

The method of disposal of water extracted during dewatering will be selected 
from a number of options available. An assessment of likely extraction 
volumes will be made from investigations to be carried out at the project design 
stage. These investigations will include assessment of the absorptivity of soils 
within and adjacent to the project area. However, it is envisaged that the water 
will be pumped to swales to be created behind the beach ridges in the proposed 
disturbance areas such as the golf course. Water will be allowed to settle and 
infiltrate into the swales for return to the unconfined groundwater aquifer. Any 
overflow will be directed initially to the low-lying area to the east and, if 
necessary, clear water overflow back to the adjacent ocean waters. The 
absorption rate will be constantly monitored to ensure that dewatering flow is 
disposed of correctly 

The entrance to the harbour will be opened by excavation by floating dredge as 
required. Turbidity control will be exercised by final excavation during neap 
tides where possible. 

2.2.3 Fill Placement 

Earth excavated from Marina construction will be placed and compacted as fill 
for the access road in from Coral Bay Road, for the Resort and residential areas 
around the harbour and as required for the Golf Course and other areas. 

Strict controls will be maintained on movement of earth moving and other 
machinery outside the works areas to ensure maximum retention of existing 
vegetation. 

Excavation spoils from the construction of the Marina are expected to be about 
2 million cubic metres and will be used to fill the building and other sites 
sufficient to ensure adequate protection of the buildings and other 
improvements from design storms both from seawater surges and accumulation 
of stormwater runoff from the town and adjacent land. The primary objective 
to be met will be to absolutely minimise any inter-mixing of land runoff with 
seawater to maximise protection of the adjacent Marine Park waters. 

LI 
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2.3 	GOLF COURSE 

The Golf Course is proposed as a high standard, links style course. The course 
will be moulded into the existing land forms with minimal land alterations so 
that the land form meets appropriate playing and other criteria. The course will 
generally be lower than adjacent land uses to ensure that during the occasional 
extreme rainfall events the course provides stormwater runoff storage and 
routing to augment the storage capacity of adjacent inland lakes and low lying 
land. 

Topsoil and seedstock won at the commencement of earthworks operations 
will be stockpiled for re-spreading over completed works as appropriate to 
enhance and encourage regrowth of natural vegetation in Public Open Space, 
Golf Course roughs and other areas denuded during construction. 

Course irrigation will make best use of the available artesian water sources. 
Local soils, modified where appropriate, have been shown to produce, in 
conjunction with this water, an excellent growing environment for appropriate 
grasses (Ref 2). An irrigation system will be developed to ensure the amenity 
of the area is enhanced both visually and by ensuring permanent stabilisation of 
soils. Subject to final designs it is envisaged that the irrigation system will 
distribute cooled artesian water via a system designed to ensure reliability and 
to minimise maintenance requirements commensurate with constraints imposed 
by the harsh environment and the mineralisation of the available water. 
Irrigation and distribution systems will be developed drawing on the experience 
and expertise gained through the successfiul use of similar water for developing 
landscaping throughout the existing Coral Bay Townsite. 

Grasses and landscaping vegetation will be chosen to minimise water 
requirements. Species such as saltene couch, zoysia and other appropriate 
grasses will be considered. The quantities used for irrigation will be limited to 
the minimum necessary to maintain adequate ground cover and growth for the 
proposed purposes. As stated above the use of the natural artesian waters in 
conjunction with local soils provides an excellent growing medium for grasses, 
so that any supplementation of nutrients by fertiliser applications will be 
absolutely minimised. 

Any fertilisers stored on site will be stored so as to be above anticipated 
maximum flood levels and will be provided with adequate weather protection 
to ensure that fertiliser spills into the natural environment do not occur. 

Fertiliser application will not be a major requirement for landscaping and 
residential garden propagation and maintenance provided plants are irrigated 
with the artesian waters. Nevertheless an education programme will be put in 
place to ensure that residents are made aware and kept aware of requirements 
in regard to nutrient control and management within the Resort. 

5 
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2.4 	SUPPLY OF CONSTRUCTION MATERIALS AND CONSTRUCTION 
MANAGEMENT 

2.4.1 Materials 

Rock for construction of breakwaters, walling, road making materials and 
building materials as necessary will be won from Trialla Limestone quarries 
similar to that at existing quarries within 70kms of the site. Quarry excavation 
and rehabilitation will be carried out in accordance with pre-agreed quarrying 
procedures. Transport of rock will be by road trucks. 

Other construction materials will be sourced from Carnarvon, Exmouth and 
other areas within the region as possible, with the balance of materials being 
trucked to the area from Perth or other sources as necessary. Supply of 
necessary construction materials is readily available within the industry. 

2.4.2 Materials Storage 

Storage on site will be effected such as to minimise impact on existing flora. In 
particular construction works will be kept away from near-shore areas 
wherever possible. Where possible storage will be at the Service Industry 
Area. 

2.4.3 Coastal & Near Shore Land Form Modifications 

Coastal works will be limited to construction of the entrance channel and 
associated breakwaters, removal of piles from the Old Mauds Landing Jetty, 
and building of a small replica jetty on shore. 

Works which impinge on the near coastal area such as the links-style Golf 
Course, residential accommodation and parking areas and accesses will be 
constructed in such a way as to minimise alterations to the existing land forms 
commensurate with appropriate design practices, and to ensure that 
restabilisation and on going stability of the landform is maintained. 

2.4.4 Traffic 

Access to the Townsite for construction purposes will be via the main entry 
road off Coral Bay Road. This entry will be constructed to a trafficable stage 
as the first construction activity. 

Subject to final planning it would be logical to provide initial workers 
accommodation and storage in the service industries area with access via the 
road ultimately to provide primary access to that site. Traffic generated by 
construction activities will thus be kept away from existing Coral Bay Townsite 
and Cardabia Station. 
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2.4.5 Noise and Dust 

The existing Coral Bay Townsite is about 3km from the closest part of Coral 
Coast Resort and 2Y2km from the Service Industry area. Cardabia Station is 
about 1km from the nearest part of Mauds Townsite. Construction noise will 
thus be largely muted for these existing land users. 

Excavated material will for the most part be damp but any dust likely to be 
generated during construction activities will be minimised by watering as 
required. Water will be applied for compaction and dust suppression purposes 
utilising the available unconfined aquifer brackish supplies, and water from 
dewatering activities during harbour construction. 

7 
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3.0 	ROAD ACCESS 

	

3.1 	EXISTING ROADS 

The existing Coral Bay Townsite is well serviced by the good standard Coral 
Bay Road which was reconstructed and upgraded in 1990. It extends some 
14km from the Learmonth to Minilya main road. This turnoff is 86km north of 
Minilya and about 140km south of Exmouth. Good road access is thus possible 
to the North West Cape and to the North West of the State by the Learmonth 
Minilya Road and the recently upgraded Birkett Road to the North West 
Coastal Highway. Areas to the south towards Carnarvon are accessible by 
North West Coastal Highway. 

Additional traffic generated by the proposed resort town should thus be 
efficiently and effectively carried by the existing main road infrastructure. 

	

3.2 	MAIN ACCESS ROAD 

Main road access into Mauds Landing is proposed to intersect with the Coral 
Bay Road about 5km before Coral Bay Townsite and about 1km beyond the 
turnoff to Cardabia Station. This location has been chosen to minimise the 
effect of increased traffic close to Coral Bay Townsite, to best suit the vertical 
and horizontal geometry of the existing road to provide adequate site distances 
at the intersection, and to make best use of the existing topography to 
minimise the need for landfill whilst raising road levels to ensure all weather 
access into the Resort. 

	

3.3 	INTERNAL ROADS AND CONSTRUCTION TECHNIQUES 

Internal public roads will be constructed in accordance with Shire of Carnarvon 
and relevant industry standards. Road reserve widths will be kept low to 
minimise public land requiring stabilisation and landscaping commensurate with 
demands for service installations. It will thus be appropriate to make best use of 
common trenching practices wherever possible throughout the development. 

Road pavement construction criteria will be developed to suit the needs of the 
locality and drawing on the experience of the Shire of Carnarvon and the 
regional Main Roads WA officers. Road making material will be obtained from 
quarries developed in local limestone and high lime content ridges where 
possible. These supplies could be augmented from Trialla Limestone quarries 
to be developed or expanded for the purpose of construction of marina 
breakwaters, walling, building materials and other uses within the Resort town. 
Existing quarries within 70kms of Coral Bay would provide suitable rock for 
these purposes. 
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Road construction techniques will need to recognise the constraints imposed by 
the generally higher salinity waters available for compaction purposes. This will 
necessitate completion of construction in cooler months and particular attention 
being paid to bitumen and final aggregate application rates. 

Particular attention will be paid to the final appearance of road pavements to 
ensure that colours blend in with the natural and built environments. Adequate 
sources of final seal aggregates have been identified as being available in 
adequate quantities from existing North-West Cape quarry operations. 
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4.0 	STORM WATER AND STORM SURGE MANAGEMENT 

	

4.1 	RAINFALL, STORM EVENTS AND BUILDING LEVELS 

Rainfall in the area is low and inconsistent. Of the order of 150mm average falls 
in the May/June period with erratic falls of high intensity, high volume rainfall 
during cyclone events. 

Evidence exists from the major cyclone Elsie of June 1967 that resultant flood 
waters reached about R.L. 1.8m AHD (pers. comm. Surveyor D. Shepherd 
1994). This historical data will be used to set final minimum building floor and 
road levels within and adjacent to the development. On the basis of this 
evidence a minimum building floor level of R.L. 2.3m Al-ID will be set for 
buildings in the eastern part of the Resort. 

Maximum storm sea water levels from predicted cyclone events will necessitate 
that minimum building floor levels adjacent sea and Marina be set at R.L. 2.7m 
AHD (Ref 1). 

	

4.2 	RESORT STORM WATER DRAINAGE 

In order to minimise capital investment, and more particularly maintenance 
requirements piped stormwater systems within Resort town roadworks will 
only be used where absolutely necessary. 

Stormwater generated from the infrequent rain fall events in the area will 
generally be absorbed into the landfill and existing dunal system with runoff 
occurring dependant on the intensity and duration of the storms. During the 
majority of rain fall events any runoff will be directed to the specially 
constructed swales or local compensation areas away from the Marina edge 
and to the low lying area to the east (see figure 1). Disposal of stormwater will 
thus be managed by storage and absorption/evaporation in the lake areas and 
adjacent lands. 

A primary design objective in determining final fill and drainage structures will 
be to ensure that only in major flood events will there be any discharge of 
stormwater towards the Marina and the sea. Regular monitoring of the 
harbour waters will take place, particularly in the areas set aside for coral 
gardens and similar. This monitoring could be undertaken by installation of 
piezometer sampling tubes to intersect groundwater and by sampling of marina 
waters at strategic locations. 

In general all stormwater runoff will be directed away from the Marina. The 
minimum building and fill levels to be set from consideration of sea water and 
flood water storm surges are consistent with this objective. 
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Minimal quantities of runoff will be into the harbour waters where they will be 
inter-mixed and diluted with harbour waters before mixing and fUrther dilution 
into the adjacent sea. 

In major storm events (cyclones) some overflows may occur into the harbour 
but in these circumstances substantial dilution would have taken place prior to 
any of the waters entering the harbour. The majority of runoff will still be 
directed in-land away from the coast. 

4.3 	STORM WATER RUN-OFF STORAGE 

Previous storm events have resulted in inundation of the lakes and low lying 
area east of the development for some time (see Fig.2). This area extends into 
the Mauds Townsite. Development of Coral Coast Resort will affect 
approximately 10% of this total low lying area, and no substantial alteration is 
proposed to the mainly dry lake within the Townsite. The 1:25000 scale 
Australian Survey Corps mapping of 1982 indicates that some 740 hectares of 
land is now available for flood water storage below R.L. 1.8m Al-ID. Although 
detailed level information is not available over all this low lying land if it is 
assumed that this full area is available for storage from R.L. 0.2m then a 10% 
reduction in area available for the storage would result in a rise of 0.18m under 
same storm event. 

This is in practice a very conservative prediction as the land to be filled by 
Coral Coast Resort is in the high part of the lower area at the western 
extremity and the actual increase in flood level would be less than 180mm. The 
allowance of 500mm above cyclone Elsie level to R.L. 2.3m AHD is thus 
considered conservative and to include an adequate factor of safety against 
flooding in future storm events. The small increase in flood levels will have no 
significant impact on existing improvements at Cardabia Station. 

Main access road levels will need to be raised to permit stormwater levels to 
equalise across the road. Some areas east of the Resort fall below sea level and 
following major storm events water is expected to lie for some time, 
particularly in the lake areas now mainly dry. 

4.4 HYDROCEOLOGY 

4.4.1 Surfice Drainage 

Approximately 45% of the Mauds Townsite is comprised of sand dunes. 
Rainfall onto this land form then infiltrates directly into the dunal soils with 
excess water collecting in localised low areas for eventual infiltration, 
evaporation or takeup by native vegetation. 
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The balance of the site east of the dunes is generally low lying and storm runoff 
drains south east generally towards the usually dry lake areas in the large inland 
swale amongst the dunes. The capacity of this inland swale and lake system is 
such that stormwater and runoff from major storm events is collected and 
stored for eventual dispersion by evaporation and infiltration into the 
unconfined groundwater aquifer. 

4.4.2 Groundwater 

Discussion of the unconfined shallow aquifer at and adjacent Mauds Landing is 
contained within Rockwater 1994 report Section 2.1 (Annexure A). Only very 
small supplies of fresh to brackish water are considered likely to be available 
around the Mauds Townsite. Construction of the Marina is anticipated to allow 
penetration of more saline seawater into the shallow groundwater aquifer up to 
1km inland from the coast, however given the existing predominantly high 
salinity of this groundwater this entry of seawater is not seen to be 
environmentally detrimental. 

The nutrients from surface runoff from the Coral Coast Resort will generally be 
directed inland to the low lying land/lake system where nutrients have the 
opportunity to be absorbed within the local soil before entering the unconfined 
groundwater system. 
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5.0 	WATER SUPPLIES 

	

5.1 	POTABLE WATER SUPPLY 

Development at Coral Coast Resort at Mauds Landing, and the existing 
residential and accommodation facilities at Coral Bay Townsite and its 
proposed expansion will all demand development and expansion of an adequate 
potable water supply for all users. Standards of treated water will need to meet 
World Health Organisation and relevant Public Health standards. 

Population trends and water demands for the existing Coral Bay Townsite were 
subject to an extensive report prepared for the Water Authority of Western 
Australia by AGC Woodward Clyde in September 1993 (Ref 3). That report 
did not include Mauds Landing within its scope. 

5.1.1 Water Supply Options 

The median annual rain fall for Coral Bay as determined by records taken over 
some 14 years at Cardabia Station is about 200mm. The rainfall events are 
highly irregular and characterised by falls of up to 100mm over the May/June 
period with the balance being made up of irregular falls usually associated with 
cyclonic activity. Provision of potable water supply based on storage of rainfall 
runoff is therefore not considered viable. 

Although freshwater to potable standards is not available locally, raw water for 
treatment to suitable standards is available from 

* unconfined aquifer groundwater supplies 

* Artesian aquifer groundwater supplies 

* Sea water 

These options were examined. 

Treatment of sea water for drinking purposes is relatively expensive hence raw 
water sources considered were from the unconfined local aquifers, and from 
the artesian Birdrong formation. These alternatives were examined by 
hydrogelogists Rockwater Pty Ltd and the findings are presented in the 
attached report of November 1994 (Annexure A). The report confirms that the 
Birdrong sand stone is the only practical source for large supplies of 
groundwater in this region and that the water will need to be desalinated for 
drinking and domestic water purposes. 
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The estimated water supply requirements for Coral Coast Resort are presented 
in Table 2 of Annexure A. These demands assume growth of the Resort to be 
in accordance with the development schedule with appropriate adjustments for 
service factors of safety. 

The artesian water from the Birdrong formation flows at a temperature of 
around 60 degrees centigrade. Experience with use of this water in the existing 
Coral Bay Townsite has shown that use of this water, perhaps cooled as 
necessary, is quite acceptable in its raw form for other than drinking purposes. 
The mix of mineralisation is such that use of untreated water is quite acceptable 
for bathing, clothes washing, dishwashing, irrigation and similar purposes. A 
number of options exist for supply of water to the Resort, residential 
accommodation and other purposes and will be subject of detailed review as 
the project progresses. These options include: 

* 	supply of only fresh water 

* 	supply of fresh water for drinking and cooled artesian water for other 
purposes 

* 	supply of fresh water for drinking and other purposes and cooled and 
raw artesian water for landscaping only. 

Determination of the option to be installed will be dependant on factors such as 

* 	final planning and land use allocation 

* 	market evaluation of consumer demand 

* 	economic analyses including capital cost but with particular emphasis 
on operation and replacement costs. 

5.1.2 Potable Water Demand 

For the purpose of this review, peak potable water demands have been 
assumed at 250 litres per person per day with annual average of half that 
consumption. 

5.1.3 Potable Water Treatment 

Options for treatment of the water have been considered in the report by Hi-
Tech Water (Australia) Pty Ltd of November 1994. (Annexure B). This report 
concludes that reverse osmosis is the most practical treatment method for the 
raw water from the Birdrong Formation. Subject to final design, an allowance 
of 50% system recovery has been allowed in determining source water volumes 
required throughout the growth of the Resort. 

14 



EWING CONSULTING ENGINEERS r 
A.C.N. 009 339 342 

5.1.4 Storage and Reticulation of Potable Water 

Finished ground levels within the Resort Town are likely to vary from about 
R.L. 2.3m up to R.L. 14m A}ID dependant on final planning layouts. It is 
proposed that potable and perhaps cooled artesian water be reticulated by 
gravity to all lots within the development. A gravity reticulation system would 
require a storage at an elevation of about R.L. 30m to ensure that water is 
supplied to meet Water Authority of W.A. standards. 

A suitable site exists to construct a ground level storage tank just off the peak 
of Mauds Hill adjacent the development. This tank would be of a size sufficient 
to meet peak demands with major ground storage being constructed elsewhere 
with water pumped to the higher level storage. Dependant on final design 
determinations the main storage could either be at the service industry area, 
integrated within the development, or with storage split between the two. The 
ultimate storage requirements will be influenced by the demands of the Coral 
Bay Townsite. 

It is noted that artesian water from the Birdrong formation produces a static 
head of 42m AHD - in excess of minimum requirements for pressures within 
the Resort. 

5.2 LANDSCAPING AND GOLF COURSE WATER SUPPLIES AND 
MANAG El\IENT 

Detail records of average pan evaporation were not available for the Mauds 
Landing site, however, it is assumed for the purpose of this review that records 
maintained since 1975 at Learmonth will provide good evidence as to 
evaporation to be expected at Mauds Landing. 	Average annual pan 
evaporation is expected to exceed 3,000mm. Hence the average evaporation 
significantly exceeds the average rainfall for all months of the year. In order to 
ensure land stabilisation, to enhance the aesthetics of the Resort, and to ensure 
an appropriate micro-climate within the built environment, landscaping is 
proposed. In addition it is proposed to develop a high class 18 hole links style 
Golf Course. Irrigation of grasses and vegetation will be required to maintain 
this landscaping. 

By minimising lot and road reserve areas, maximising use of appropriate paved 
surfaces, and minimising the areas to be grassed in the Golf Course total water 
demand will be minimised. Nevertheless the Resort will ultimately require a 
substantial supply of water to satisfy landscaping requirements. Allowances for 
these supplies are shown in table 2 of Annexure A. 
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Suitable grasses and vegetation have been shown to flourish and thrive at the 
existing Coral Bay Townsite when irrigated with the Birdrong artesian water 
(Ref 2). Irrigation management techniques specific to this area are required to 
ensure satisfactory irrigation, however the valuable lessons learnt to date 
confirm that it is practical to irrigate appropriate grasses such as saltene couch, 
zoysia or similar direct from the artesian water. 

It is desirable to reduce the level of soluble iron within the water and to reduce 
its temperature before irrigation to prevent staining and to minimise irrigation 
system maintenance requirements. It is proposed that these objectives be 
accomplished by passing raw artesian water along artificial stream beds 
incorporated within the landscaping and storage of irrigation water in sealed 
ponds strategically located throughout the development. Cooled aerated water 
will then be distributed throughout the Resort for irrigation as required. 

Investigations by Government Chemical Laboratories (Ref 2) indicate that with 
proper management artesian water used in conjunction with the existing soils 
will provide an excellent growing medium for grasses. The water effectively 
supplies a slow-release fertiliser with nutrients being taken up by the grasses in 
such a way that only minor supplementation of nutrients may be required to 
achieve optimal grass growth. With only minimal or no application of 
supplementary fertilisers required to maintain the grass, strict controls to be 
placed on nutrient supplementation for gardens can be easily enforced. The 
likelihood of transport of nutrients into the unconfined groundwater, and either 
directly or indirectly into Marina waters is thus extremely low. 

Examination of soils in areas subject of long term irrigation in Coral Bay 
Townsite indicates very low conductivity so there is no apparent salts build up 
in the soils matrix (Ref 2). Some surface build up occurs over the irrigated 
areas but this is removed during grass mowing. The rate of grass growth varies 
seasonally, however except for careFul attention to length of grasses mowing 
periods are not considered excessive in comparison with the Perth metropolitan 
area. Grass clippings may be removed from the Resort area when not used for 
mulching and disposed of in a controlled manner such as at the rubbish 
disposal site to be developed in the service industry area. 

5.3 GENERAL 

Readily available technology exists to allow development of efficient readily 
maintained equipment for supply of adequate potable and irrigation water 
supplies for the proposed Resort. 

Three bores penetrating the Birdrong formation are likely to be required to 
service the ultimate needs of the development. Construction of two bores 
within the Mauds Townsite and a further bore near the service area would 
adequately provide for the Resorts supplies whilst maintaining appropriate 
spacing to minimise aquifer draw-down (See Annexure A). 
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Construction of a thrther bore near the service industry site would provide 
standby capacity and would allow for the existing Coral Bay Townsite to 
connect into the Mauds water supply. This complies with the long term 
objective as outlined in the Coral Bay Planning Strategy to co-ordinate services 
for the two Townsites. Management techniques and usage patterns for Coral 
Bay water supplies will need to be well established to obtain maximum benefit 
from this service co-ordination. 
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6.0 	WASTE WATER TREATMENT AND DISPOSAL 

	

6.1 	WASTE WATER COLLECTION 

Disposal of wastewater and treated effluent away from the sea is seen as of 
paramount importance in this development. 

It is proposed that each lot to be developed be provided with a sewerage 
connection. Wastewater will then be collected and pumped away from the site 
for treatment at the service industry area located to the south-west of Mauds 
and east of Coral Bay adjacent the service industries area as shown on Fig 2. 

Collection will be by reticulated sewerage constructed to meet Water Authority 
of W.A. standards. Reticulated sewerage would either be by gravity or vacuum 
sewerage dependant on the outcome of economic analyses with particular 
reference to ongoing maintenance and running costs. Wastewater collected at 
the Resort would be pumped via a pressure main to the treatment facility. 

A sewage pump-out facility for boats will be provided at a convenient location 
within the marina and wastewater collected will be discharged to the main 
reticulation system. 

For the purpose of this review, peak wastewater generation of 230 litres per 
person per day has been adopted. The salinity of this wastewater will vary 
dependant on the proportions of fresh and artesian water used within the 
household and as determined by the supply systems finally adopted for water 
supply. 

	

6.2 	Wastewater Treatment 

The treatment processes available and disposal considerations are described in 
Arinexure B prepared by Hi-Tech Water (Australia) Pty Ltd. 

The extended aeration activated sludge process proposed for treatment can be 
developed in a number of forms. These include oxidation ponds or ditch or 
package treatment plant which can be developed in modules as demand grows. 
Initial and ultimate land requirements can be determined so that expansion of 
the plant can occur within a site sized correctly at the commencement of 
development. 
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The relatively slow increase in population within the Resort will mean that 
wastewater generated will increase relatively slowly over the life of the 
development. Every effort will be made to re-use treated effluent water and 
excess solids. The slow growth rate will most likely mean that treated by-
products will initially be reused for horticultural or similar purposes adjacent 
the service industry area rather than within the Resort. Ultimately it may be 
seen as feasible to pump treated waters back to either Mauds or Coral Bay 
Townsites for reuse for landscaping purposes. Certainly the ultimate treated 
effluent output could satisf' a substantial proportion of estimated landscaping 
requirements within the Coral Coast Resort which would assist in minimising 
demand on the Birdrong formation aquifers. With proper management and 
careful husbanding of these water resources a positive impact can be made on 
the local environment. 

Development of common, efficient wastewater treatment and disposal systems 
are seen as a major opportunity for upgrading of existing facilities at Coral Bay 
Townsite. The treatment area will be about 3km by road east of the Coral Bay 
Townsite and at slightly greater distance from the Mauds Townsite. 

Treated effluent will be initially disposed of by infiltration and evaporation at 
ponds to be constructed near the service industry area. The site is about 2Y2km 
inland from the sea and at an elevation of about minimum 12m above sea level. 
The existing soils and long travel paths associated with effluent infiltration will 
ensure minimal environmental impact. 

Monitoring of the minimal unconfined aquifer waters in the area can be 
accomplished by periodic observation of water quality from bores constructed 
into this shallow aquifer perhaps in conjunction with construction of the 
potable water source water supply bores into the artesian aquifer. 
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7.0 POWER GENERATION AND TRANSMISSION, AND GAS 
SUPPLIES 

	

7.1 	ENERGY SOURCES 

Energy requirements of the Resort are expected to be met from reticulated 
electricity supplies augmented by gas supplies. A number of options for 
electricity supply were considered, and those options and staging of power 
generation installations are discussed in the accompanying report by Bassett 
Consulting Engineers (Annexure Q. 

7.1.1 Power Generation 

Power generation will be by diesel generators. Modular units will be installed 
progressively to meet increasing load demands of Coral Coast Resort and Coral 
Bay Settlement. Hence the efficiency of operation of the plant will be 
maintained. Permanent on site staff will be available to continuously monitor 
and maintain the equipment to ensure that it operates at peak efficiency thus 
minimising any emissions. 

Diesel fuel storage will be located adjacent the plant within the service 
industries area. Such storage will be maintained and operated in accordance 
with normal industry standards. 

7.1.2 Power Station Emissions 

Diesel power generators have been identified as being the most efficient and 
economical power generators for the Coral Coast Resort. It is proposed to 
locate these facilities at the service industry area and to allow access to those 
facilities by the existing Coral Bay users at commercial rates. It will thus be 
possible to co-ordinate and integrate power services for the region. 

Subject to final anticipated loads and development staging, generation 
equipment can be installed in modules to best suit the rate of development and 
the progressive load increases. Plant must be designed to operate near peak 
efficiency and with use of modern high technology diesel generation equipment 
noise and air borne emissions from the equipment will be minimised. The plant 
will be located in excess of 2km from existing and proposed developments and 
will be sited behind sand ridges to maintain the visual amenity of the area whilst 
ensuring that noise from generating equipment is not significant. 

	

7.2 	ELECTRICITY RETICULATION 

Reticulation within the Resort is proposed to be by underground cable 
distribution to ensure that aesthetic demands are met and to maintain reliability 
of supply. 
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7.3 	GAS SUPPLIES 

The natural gas pipeline from the North West to the South West of the State 
runs well east of Coral Bay and Mauds Landing. Gas demand likely for even 
the combined Townsites is not seen as sufficient to warrant extension of the 
service from this facility for in the foreseeable future. Nevertheless the 
electrical load projections based on predicted populations assume that cooking 
facilities will generally utilise gas to minimise electricity generation demands. 

The mix of electrical and gas powered facilities within the Resort will be 
subject to future economic analyses with particular reference to minimising 
maintenance and running costs. Options for gas supply include: 

* 	supply by bottle gas to individual residences and developments 

* 	reticulation within the Townsite from a number of strategically located 
bottled gas storages 

* 	reticulation of the complete Townsite at the time of development with 
storage and or generation at a suitable location to Suit storage 
regulations and aesthetic standards. 
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8.0 TELECOMMUNICATIONS 

Telecommunications, telephony, television and radio services are commented 
on in the report by Bassett Consulting Engineers (Annexure Q. It is proposed 
to make available the most up to date technology possible in the area for 
provision of such services. 

Installation and upgrading of the facilities will be carried Out in such a way as 
to maximise the opportunities for extension of the existing Coral Bay Townsite 
facilities. 
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9.0 	MUNICIPAL REFUSE DISPOSAL 

	

9.1 	DISPOSAL METHOD 

A number of methods of disposal of solid wastes generated from the Resort 
and from the existing Coral Bay Townsite were considered. The most 
appropriate method of solid waste disposal from both the Mauds and Coral Bay 
Townsite is seen as by land fill. A suitable site has been identified adjacent the 
service industries area and its progressive development should service the 
combined Townsites for many years. Allowing access to this tip by existing 
Coral Bay operators and residents will enable the existing tip to be closed. The 
existing site is well west of the site now chosen and near the existing Coral Bay 
Townsite. 

Consolidation of sites will enable proper management techniques to be used to 
ensure continuous compaction and fill. The opportunity exists to use some 
reject water from the nearby reverse osmosis potable water treatment units to 
assist with compaction and suppression of dust and airborne rubbish. 

The proposed landfill solid waste disposal operations can be monitored in 
conjunction with effluent disposal monitoring. The co-ordinated approach to 
waste disposal for both Coral Coast Resort and Coral Bay Townsite will 
maximise operational efficiencies whilst minimising environmental impact. 

	

9.2 	DISPOSAL SITE 

The site chosen is about 21/2km inland from the sea and at an elevation of about 
12m above sea level. By augmenting existing dunal ridges with a low, 
revegetated sand mound adjacent the main Coral Bay Road it will be possible 
to visually shield the service industry and associated solid and effluent disposal 
areas from that road. The natural sand ridges will provide adequate visual 
shielding from the common access into the service industries area and the 
airstrip. The availability of bypass water from the near-by water treatment plant 
and effluent water in the early stages of development will ensure that dust and 
air borne material nuisance can be controlled continuously. 

Integration of Coral Bay Townsite and Coral Coast Resort waste disposal 
facilities will ensure maximum efficiency of operation of waste disposal in the 
area. 
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10. 	AIRCRAFT LANDING GROUND 

The existing rough formed landing strip which services Coral Bay, is midway 
between Coral Bay and Mauds Landing in the western part of the low lying 
flood prone area. This landing ground is subject to occasional inundation and 
the flight path for aircraft using this strip will be directly over the Coral Coast 
Resort. This is inappropriate and the airstrip should be relocated. 

A suitable alternative site could be developed south of the Coral Bay Road and 
about 1km west of the proposed service industry site within Cardabia Station. 
This air strip could be serviced by an access road developed in conjunction with 
access to the service industries area. A suitable intersection position for this 
access road has been selected on site, and the position of these facilities is 
shown on Fig 2. 

The relocated landing strip would be constructed with an unsealed surface 
sufficient to meet the demands of proposed incoming aircraft. Final design 
requirements may indicate that a part of this strip should be bitumen sealed 
dependant on aircraft type and frequency of use. 
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11. MANAGEMENT STRUCTURES, MAINTENANCE AND 
RESPONSIBILITIES  

CCMD has given an undertaking that infrastructure established as part of the 
Coral Coast Resort development will be operated and maintained for a 
minimum period of 5 years from construction or until the relevant Authorities, 
such as the Local Authority and Service Authorities, wish to take over 
responsibility for operation and maintenance of the facilities. 

It is likely that a separate utilities company will be established to operate and 
maintain these facilities. The costs for provision of services to owners of 
freehold lots within Coral Coast Resort and to Coral Bay Townsite would be 
met by charging for services at commercial rates. These rates would be 
determined in consultation with relevant service Authorities, and the method of 
charging will be determined similarly by consultation and as determined by 
statutory requirements. 

25 



EWING CONSULTING ENGINEERS r: 
A.C.N. 009 339 342 

12. FIRE MANAGEMENT 

A primary objective of development will be to ensure maximum retention of 
existing vegetation. Protection of this vegetation will be of paramount 
importance to ensure continued stabilisation of the adjacent dunal and other 
land forms. Building construction boundary management techniques will be 
such as to minimise fire risk with fire breaks established in conjunction with 
relevant Bush Fire Control Authority requirements. 

In particular the proposed Golf Course will act as a substantial fire break 
between the Resort Town and adjacent Cardabia Station. 

The reticulated water system throughout the Resort will be constructed with 
fire hydrants to normal Western Australian Industry Standards to provide 
normally accepted standards of fire protection to the built environment of the 
Resort. 

Access to the waters of the harbour will be maintained to allow fire fighting 
equipment to draw on this source in an emergency. 

-'I - 

GH Locke B.E. MIE (Aust) 
FOR EWING CONSULTING ENGINEERS PTY LTD 
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INTRODUCTION 

The proposed marina and land development near Mauds Landing occupies a triangular 
segment of coastal country extending 3.5 km east and 1.7 km north of Point Maud. It is 
2.4 km north of the existing township of Coral Bay. 

Water supplies will be needed for domestic use, urban landscaping, and golf-course 
irrigation. The rates and volumes of water required have been calculated on the basis that 
brackish groundwater will be used for landscaping and golf-course irrigation, and that such 
groundwater will be desalinated for domestic use at 50 per cent recovery rate. 

It is estimated that the average and peak water demands will be, respectively, 3,950 and 
5,690 cu mid in the first two years, rising to 6,030 and 9,320 cu mid after 15 years. 

This evaluation of the groundwater conditions in the area, prepared for the Public 
Environmental Review document, comprises descriptions of the groundwater systems, 
groundwater availability, and environmental factors. 

HYDROGEOLOGY 

The hydrogeology of the area is determined by the nature of the shallow strata, coastal 
features, and the structure of the deep strata of the Carna.rvon Basin (Allen, 1987). There 
are two relevant aquifer levels: shallow unconfined aquifers and a deep confmed aquifer 
(the Birdrong Sandstone). 
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2.1 	SHALLOW AQUIFERS 

Extending along the coastline are coastal dunes and beach ridges of calcareous sand. 
These form a strip of generally 1 km width, although from Point Maud they cover the 
peninsula for 2 km inland. Further inland the surface deposits are coastal lacustrine 
deposits: calcareous and gypsiferous clay, silt, and sand; and saline deposits in playas (dry 
lakes). These extend to 4.3 km east (inland) of Point Maud. 

The surface deposits described above are underlain by the Bundera Formation, a variably 
cemented calcarenite forming the ground surface in a broad strip 4 to 9 km east of Point 
Maud (Hocking et al, 1985). The Bundera Formation is correlated with the Tamala 
Limestone located further south. It is interpreted to be a highly permeable aquifer, based 
on the proven characteristics of the Tamala Limestone, which is lithologically similar. 

Most of the shallow groundwater in the Mauds Landing - Coral Bay area is saline. Bores 
drilled into the Bundera Formation to depths of 13 to 60 m at distances up to 10 km 
inland from Point Maud encountered water in the salinity range 10,000 to 14,000 mg/L 
TSS. Salinities would increase from east to west, and reach 35,000 mg/L at depth near 
the coast, where a wedge of sea-salinity water underlies the less saline water. Beneath the 
playas there could be groundwater lenses of even higher salinity. The quantities of saline 
groundwater in the Bundera Formation are apparently very large. 

There is a thin layer of fresh groundwater over saline, in the coastal sand dunes at some 
localities. Wells at Mauds Landing and Cardabia Station homestead are reported to 
contain water of salinities 1,100 to 5,500 mg/L. Only very small supplies of such fresh 
and brackish water would be available, because the underlying saline water would 'up-
cone' if a well or bore was pumped consistently. Individual bores or wells could probably 
supply only 0.5 cu mid of low-salinity water. 

There are two or three additional wells in the Point Maud dune system, but data are not 
available. It is assumed that conditions are similar to those described above. 

2.1.1 Groundwater Recharge and Flow 

The shallow aquifers receive recharge at infrequent intervals, by direct infiltration of 
rainfall and run-off from hills and ranges, such as Giralia Range located 27 km inland 
from Point Maud. Evidently the rainfall frequency and intensity are such that only small 
amounts of fresh water penetrate through the soil to the water table. Apart from a small 
area west of Giralia Range and the shallowest water at Point Maud, all the unconfined 
groundwater in the area is saltier than 6,000 mg/L TSS - indicating that the saline 
groundwater is being diluted very slowly, if at all. 

Shallow groundwater flows from east to west through the area i.e. towards the sea. From 
Giralia Range to the sea the water table declines 70 in (Allen, 1987) i.e. the average 
hydraulic gradient is 0.0026. This is two to four times steeper than the water-table 
gradient over the rest of the Camarvon Basin, and is the result of structural and recharge 
effects of the Giralia Range. 
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2.2 	BIRDRONG SANDSTONE 

The Birdrong Sandstone is the basal formation of the Cretaceous-age strata (the Winning 
Group) in this area, overlying Devonian-Carboniferous strata. It is quartzose, weakly 
lithified sandstone, silty, generally 10 to 30 in thick. It is overlain by a thick sequence of 
other Winning Group formations (Muderong Shale, Windalia Radiolarite, and Gearle 
Siltstone), and the younger strata of calcareous composition. 

The Sandstone is an aquifer extending over a wide area of the Carnarvon Basin: about 
77,000 sq km of the on-shore part of the basin. It is the main source of groundwater 
between Kalbarri and the Fortescue River. Generally the aquifer is confined by the 
overlying shaley strata, and when tapped by bores it produces artesian flows of brackish, 

relatively hot, water. 

A bore 17 km inland from Mauds Landing is reported to have intersected the aquifer at 
682 to 704 m depth, and to have produced flowing water of salinity 5,200 mg/L TSS at 

2,970 cu mid. This bore, constructed in 1909, is reported to be no longer functioning. 

At the Bayview caravan park in Coral Bay a bore intersected the Birdrong Formation at 
798 to 832 m depth. This section was predominantly sandstone, with 10 In of shale. The 
bore produced a flow of 1,670 cubic metres/day of water of salinity 5,800 mg/L TSS with 
a static head of 42 in above ground surface. Water temperature was 58°C. A chemical 
analysis of a water sample taken in September 1980 is presented in Table 1. The iron 
concentration is noted to be 2 mg/L (soluble) and 3.4 mg/L (total) which is sufficient to 
cause some brown staining when used for irrigation. Subsequent analyses of water from 
the bore indicated salinities of 5,100 rng/L TSS (in August 1992) and 5,350 mg/L TSS (in 

August 1994). 

A bore at the adjacent Peoples Caravan Park produced a flow of 2,160 cu mid from a 
similar aquifer zone. Its salinity is reported to have been 5,420 mg/L TSS in April 1992 
and 5,300 mg/L TSS in August 1994. 

The Birdrong Sandstone is the only practical source of large supplies of groundwater in 

this region. 	Its groundwater is brackish to slightly saline, and would need to be 
desalinated for drinking and domestic water. 

2.2.1 Groundwater Recharge and Flow 

Groundwater recharge to the Birdrong Formation takes place along the eastern edge of the 
Cretaccous strata in the Carnarvon Basin. This is 80 km east of Point Maud, although 
over much of the basin it is 100 km or more from the coast. 1-lere, the Birdrong 
Formation outcrops, subcrops, or occupies palaeochannels. 

Water infiltrates through outcrops, river beds or overlying superficial deposits. It follows 
the structure of the Birdrong Formation to below -1000 m AT-ID locally, and evidently 
discharges to the sea some distance offshore from the Coral Bay Area. In some other 
areas there appears to be discharge near-shore and on-shore (Exmouth Gulf, Lake 
MacLeod, and Shark Bay). 
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Water-level contours of the Birdrong Formation aquifer are known broadly (Allen, 1987). 
In general, the water levels decrease from east to west across the Carnarvon Basin, 
reflecting the overall westerly groundwater flow. There appears to be a water-level mound 
at 60 m AHD at the Giralia Range, from where there are downwards hydraulic gradients 
to the west, north, and south. Thus, in the region east of Point Maud there are 
components of groundwater flow north-westerly and south-westerly. 

Estimation of the rates of groundwater flow through the aquifer requires the knowledge of 
hydraulic gradients determined from measurement of water levels in non-pumping bores. 
Such information is not currently available. An approximate value applicable to this area 
is 0.0005. 

TABLE 1 

CHEMICAL ANALYSIS OF WATER 
FROM CORAL BAY (BAYVIEW) CARAVAN PARK 

20 SEPTEMBER 1994 

Constituents Unit Value 

Calcium mg/L 124 

Magnesium 1  22 

Sodium H  1950 

Potassium 'I  32 

Chloride Il  2471 

Sulphate 820 

Bicarbonate II  368 

Iron (soluble) 
Iron (total) 

I'  2 
3.4 

Nitrate u  <0.03 

Fluoride 1.9 

pH - 7.5 

TSS (sum of ions) mgfL ---_ 5791 

2.3 	OTHER AQUIFERS 

Between the Bundera Formation and the Birdrong Formation aquifers, the strata of about 
750 m thickness comprise mainly limestone, calcarenite, and marl to about 500 m then 
siltstone and shale to about 800 m depth. 

In the upper section there are several aquifer intervals: limestone and calcarenite which are 
locally vuggy and cavernous, and minor sands. In the lower section, the siltstone/shale 
strata are predominantly impermeable, but locally there are thin sandstone beds that are 
minor aquifers. 
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2.4 DISCUSSION 

The groundwaters in the various layers shallower than the Birdrong Formation are 
essentially all saline. They are corrosive, and need to be controlled by cement-grouting 
techniques when bores are constructed. Because of the corrosion and collapse of casings, 
a number of bores have become saline and/or are leaking without control. 

	

3. 	WATER SUPPLIES 

The estimated water-supply requirements for the land development project are listed in 

Table 2 below. 

TABLE 2 

ESTIMATED WATER-SUPPLY REQUIREMENTS 

	

= 	Development Petod 	0-2 yrs 	3-5 yrs 	6-10 yrs 	11-15 yrs 	16-21 yrs 

I. 

	

	Peak potable output (treated) 	545 	854 	1476 	1774 	1890 

(m3/day)  

2. 	Average potable (m3  p.a.) 	99,000 	156,000 	269,000 	324,000 	345,000 

Cumulative Total Demands 0-2 yrs 3-5 yrs 6-10 yrs 11-15 yrs 16-21 yrs 

 Allow for treatment plant 198,000 
recovery - potable (m3  p.a.)  

312,000 538,000 648,000 690,000 

 Landscaping ('untreated') 245,000 
(m3 p.a.)  

325,000 430,000 485,000 500,000 

 Golf Course ('untreated') 1,000,000 
(m3  p.a.)  

1,000,000 1,000,000 1,000,000 1,000,000 

Cumulative Total Demand 1,443,000 1,637,000 1,968,000 2,133,000 2,190,000 

Notes 

Full development total 2,190,000 m3  p.a. 

Distribution for landscaping and golf course. 

January - March 	April - June 	July - September 
	

October - December 

32% 	 17% 	 17% 
	

34% 

Wi 
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3.1 WATER SOURCE 

Subject to approval by the Water Authority of W.A., the water would be available from 
the Birdrong Formation. Production rates from individual bores would fall in the range 
2,000 to 4,000 cu mid, depending on the nature of the formation (eg. thickness, grain size) 
at the bore site(s) and the details of bore construction. The bore at the Bayview caravan 
park at Coral Bay was constructed of 117 mm internal diameter casing with 20 m of 
perforations at 9 holes per metre; it flowed at 1,670 cu mlday. The bore at the Peoples 
caravan park was similarly constructed, and flowed at 2,160 cu mid. Bores at the Lake 
MacLeod salt project are constructed of 203 mm internal diameter casing with stainless 
steel screens (about 20 m in length); they have flowed at rates up to 3,400 cu mid and 
have been pumped at rates up to 4,600 cu mid. 

To provide the estimated peak water demands, supplies of brackish groundwater would 
need to be 5,690 cu mid in the first year, increasing to 9,300 cu mid after 15 years. For a 
residential water supply a stand-by bore would be required. Therefore a borefield for the 
project would comprise two bores initially and three in the long term. 

3.2 DOMESTIC WATER 

Water supplies for domestic consumption generally have an upper salinity limit of 1,000 
mg/L TSS, or in extenuating circumstances 1,500 mg/L. It is evident that the groundwater 
available in the project area will need to be treated i.e. desalinated, for domestic use. 

Some of the factors that will apply are: 

Feed water supply needs to be about double the product supply. 

Pre-treatment of the feedwater is required, prior to desalination. 

Reverse osmosis is the most suitable method for an operation of the throughput 
envisaged. 

Discard water from the desalination process will be saline; the estimated average 
supply rate is 0.12 x 106  cu nVyr, 330 cu mid. It could be discharged into the shallow 
saline groundwater system, subject to assessment of environmental acceptability taking 
into account its chemical composition. 

4. 	GROUNDWATER EFFECTS OF DEVELOPMENT 

The effects, on local groundwater, of the proposed marina development are primarily the 
drawdown of water levels in the Birdrong Formation aquifer, and changes to the shallow 
groundwater regime. 
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4.1 	BIRDRONG FORMATION AQUIFER 

Extraction of groundwater from an aquifer creates a cone of depression in the 
potentiometric surface (i.e. the imaginary surface of water-level elevations) around a 
pumping point. In utilising an aquifer such as the Birdrong Formation it is desirable that 
water levels generally remain above sea level so that sea water does not intrude into the 
aquifer. Local, deeper, water levels in the immediate vicinity of production bores are 
quite acceptable. 

Water levels in the aquifer in the project area are naturally about 40 m above sea level, 
therefore the main criteria will be that drawdown from pumping does not exceed 40 m 
over a wide area. 

Calculations made here are based on aquifer transrnissivity of 110 sq mid as indicated for 
the Birdrong Formation at Lake MacLeod, and an adopted storage coefficient of 0.0001. 
It is assumed that groundwater production at Coral Bay will average 1,300 cu mid in the 
future, and that the average production from bores at Point Maud is 6,000 cu mid. The 
calculated one-year drawdown at a point half way between the two pumping centres (3.5 
km apart) is 30 m. This would be an acceptable drawdown. Aquifer coefficients need to 
be verified for this locality, and this would be achieved by test-pumping any new 
production bores near Mauds Landing or Coral Bay. 

	

4.2 	SHALLOW AQUIFER 

The construction of a marina will allow entry of sea water into the shallow aquifer up to 
one kilometre inland from the coast. Given the predominantly high salinity of the shallow 
groundwater, the local entry of sea water is not seen to be environmentally detrimental. 
The minor fresh groundwater in the shallow sands in adjacent areas, such as Point Maud, 
will not be significantly affected. 

Nutrients and other contaminants that might be produced by urban development will tend 
to flow towards the coastline and the marina. It is understood that locations of and 
procedures for effluent and rubbish disposal will be planned to provide adsorption or 
containment of potential contaminants. It will be desirable to locate such facilities as far 
inland as practical. 

	

5. 	CONCLUSIONS 

Water supplies for the proposed marina and land development near Mauds Landing will be 
available from the Birdrong Formation aquifer at a depth of about 800 m. Water salinity 
will be about 5,300 mg/L TSS. Desalination will be required, to obtain fresh water for 

domestic use. 

Preliminary calculations suggest that water-level drawdowns caused by pumping the 
estimated average long-term requirements of 2.2 x 106  cu rn/annum (6,030 cu mid) from 
the aquifer are calculated to be not excessive with respect to sea-water intrusion. Aquifer 
coefficients used in the calculations need to be established by test-pumping bores to be 
constructed in the area. 
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The shallow groundwater is predominantly saline, and no significant fresh groundwater 
resource will be affected by the marina and township development. Groundwater flow of 
any nutrients or contaminants will need to be prevented or controlled. 

DATED: 18 NOVEMBER 1994 	ROCKWATER PTY LTD 

J. R. PASSMORE 
PRINCIPAL HYDROGEOLOGIST 
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HI-TECH WATER 
(Australia) Pty Ltd 
ACN 009 004 228 

69 Poole Street, Welshpooi 
Western Australia 6106 
(Po Box 732, Canningion 
Western Australia 6107) 
Telephone: 	61 (09) 451 1233 

Facsimile 	61(09) 451 1293 

POTABLE WATER SUPPLY 

Volume Requirements 

If a design basis of 250 L/person.day is used, the volume projections over the term 

of the development are: 

0-2 years 545m31day 

3-5 years 854m3/day 

6-10 years 1476m3/day 

11-15 years 1774m3/day 

16-21 years 1890m3/day 

The above volumes do not represent an onerous demand on the design and 

construction of desalination plants which can be supplied in modular form to cater 

for the expansion of the resort. 

Water Treatment 

The most common approach for desalination is to use reverse osmosis to provide 

potable water from brackish water or seawater sources. Other techniques which 

may be employed are: 

Electrodialysis 

Evaporation 

Electrodialysis is more expensive than reverse osmosis and can be applied to very 

high salinity water sources, reverse osmosis is not applicable due to the 

unacceptably high osmotic pressure of the feedwater. In this application where 

brackish water and seawater is available there is no advantage in selecting 

electrodialysis. 

ENvIRONMENFAL CONTROL AND PROCESS ENGINEERS 
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Evaporation techniques are again more expensive than reverse osmosis and are 

best employed where excess heat and high volumes of cooling water are available. 

Approximately 130kW of waste heat are needed for each 1m3  of produced water. 

For the full scale development, 5 megawatts of waste heat will be required. 

Another factor that has to be considered is the use of seawater for cooling in the 

condensation section of the plant. Because of the sensitive nature of the Ningaloo 

Reef it is envisaged that this cannot be taken from the ocean and that a dedicated 

land based cooling circuit will be necessary. The overall capital cost and operating 

costs of an evaporation system would be more expensive than reverse osmosis and 

therefore this option has not been considered. 

Reverse osmosis will be used as the method of producing potable water. 

Water Source 

The available water sources are: 

Seawater from the ocean 

Artesian bore water 

The analysis of the bore water indicates that there are no contaminants present 

that would prohibit the use of this water as feed to a desalination plant. Factors 

that have to be considered are the water temperature which will have to be 

reduced to 40°C and the iron concentration which will have to be reduced to less 

than 0.lmg/L. These demands are not arduous. 

The recommendation is that bore water is used. Seawater desalination systems are 

more expensive and operate at much higher pressures, therefore energy costs will 

be significantly higher. Seawater systems also operate at lower recovery, typically 

33%, this means that for each 100m3/day of potable water produced, 200m3Iday of 

reject water at a salinity of 55,000 mg/L would have to be returned to the ocean or 

discharged to evaporation ponds. 

Scale Up 

Reverse osmosis systems are of modular construction and the design lends itself to 
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easy scale up to cater for the staged increase in potable water supply. 

Referring to the water demand given in Section 1 it is suggested that a 1000m3/day 

system is for the first stage of the development considered with respect to the 

mechanical design. Initially a fewer number of membranes will be installed, these 

will cater for the lower water demand. More membranes can be added at a later 

date as required. Importantly it will not be necessary to change the pumps, 

instrumentation or pipeline sizes. 

Reject Disposal 

On the basis of the use of bore water, a system recovery of 50% might be expected. 

This means that the reject quantity that will have to be disposed of is equal to the 

volume of potable water produced by the system. 

The reject salinity will be approximately double that of the feed water, namely 

10,000 mg/U 

Pretreatment 

The pretreatment requirements for the bore water to comply with the feedwater 

quality requirements for reverse osmosis are: 

Temperature Reduction 

Iron Removal 

Polishing Filtration 

The small amount of heat extracted from the bore water could be used to provide 

heat for other water facilities if required. 

Iron removal is accomplished by oxidation of the ferrous ions to the more insoluble 

ferric form followed by filtration. A factor that will have to be considered is the 

disposal of backwash water from the filtration system. This will not be toxic but 

could provide aesthetic problems if disposal is considered within the resort 

development. 
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SEWAGE DISPOSAL 

General 

Sewage and wastewater from the development operations will have to be disposed 

of by acceptable methods, for design purposes there will be no industrial waste 

component in the sewage. 

As a design basis, a discharge volume of 230 litres/person.day can be anticipated. 

Relating this to the population in the resort this equates to the following projected 

volumes: 

0-2 years 307m3/day 

3-5 years 581m3/day 

6-10 years 1106m3/day 

11-15years 1361m3/day 

16-21 years 1468m3/day 

Factors that have to be considered are the disposal of this volume and the method 

of handling the excess sludge and solids produced by the process. 

Standard of Treatment 

A minimum of secondary treatment will be necessary to treat the wastewater to an 

acceptable quality that may be disposed. This will produce an effluent with a BOD 

of less than 20mg/1- and a suspended solids concentration of less than 3Omg/L. 

Depending upon the point of disposal or re-use it might also be necessary to 

practice some form of tertiary treatment to remove any residual nitrogen and 

phosphorus from the secondary effluent. Nitrogen would have to be removed by 

biological denitrification, phosphorus can be removed either chemically or 

biologically. The former is the traditional approach and is well defined. Recently 

some biological processes have been modelled to reduce both nitrogen and 

phosphorus. 

The secondary effluent will still have a considerable bacterial population and this 

can be controlled by the addition of either sodium hypochlorite or gaseous 
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chlorine. A typical design to comply with Public Health Regulation has to give a 

free chlorine residual of 0.5mg/L after a contact time of 1 hour. 

Methods of Treatment 

The flow rate from the resort is not very large by municipal standards, it is 

therefore not considered necessary to install primary treatment and anaerobic 

digestion before secondary treatment. This would make the process much more 

complex, more maintenance intensive and unnecessarily expensive. 

The form of treatment proposed is an activated sludge system operating in the 

extended aeration mode. The long sludge age makes this process relatively stable 

and produces less excess solids than higher rate activated sludge processes. 

Several forms of the extended aeration process are commercially available, these 

all use the same design basis, they essentially differ in the method of aeration, cell 

geometry and cyclic control of the process. 

The only pretreatment prior to the extended aeration system will be coarse 

screening. 

Point of Disposal 

The secondary effluent is able to be used for irrigation, the only factor that will 

need to be addressed is the bacteriological content of the water. If the irrigated 

crop has a requirement for nutrients then the presence of small concentrations of 

nitrogen and phosphorus may be considered to be an advantage. 

Excess Solids Production 

Excess biological solids are a result of all treatment systems, these solids are 

essentially biomass resulting from synthesis of the incoming organics. The weight 

of excess solids produced in the first 2 years of operation might be expected to be 

40kg/day. 
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The easiest method of dewatering these solids is through the use of drying beds 

which would be applicable to the climate in this region. Alternatively more 

intensive forms of mechanical dewatering, such as filter presses, could be used. 

The dewatered excess solids would make an ideal soil conditioner. 

6. 	Maintenance Considerations 

Extended aeration treatment processes are simple aeration systems and the 

maintenance requirements are not demanding. 

To control the plant it is not necessary to have an operator with a detailed 

knowledge of water chemistry and microbiology. 
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R.O. SYSTEM 

Preventative Maintenance 

The factors affecting the performance of reverse osmosis systems are now widely 

understood and would be incorporated into the overall system design. Maintenance 

therefore predominantly relates to the checking of instrumentation and electrical and 

mechanical equipment. No special skills are required for this service. 

The performance of the reverse osmosis system can be analysed by the instrumentation 

incorporated into the system design. In a comprehensive system the data would be 

transferred as an analogue signal to a chart recorder or a data logger. A more basic 

design would require an operator to take daily logs, this would not be an onerous 

demand. Occasionally a sample of the feed water would be taken for analysis to confirm 

the original design basis. The results of the systems performance can be analysed with 

reference to an Operational and Maintenance manual or interpreted by the system 

designers. Occasionally it might he required to carry out a chemical cleaning exercise, 

this is essentially the recycle loop whereby a chemical cleaning agent is recycled through 

the membrane. A chemical clean can easily be carried out by the maintenance personnel 

and no special knowledge or skills are required. 

It is anticipated that the maintenance demand will be less than one hour per day. 

BIOLOGICAL SYSTEM 

Preventative Maintenance 

A biological treatment system is a natural process and the maintenance demand will 

1)redominantly relate to ensuring that the operational parameters are conducive to the 

well-being and growth of aerobic bacteria. The factor that governs this requirement is 

the dissolved oxygen level in the system which in turn relates to the mechanical 

performance of the aeration device. 

Preventative maintenance would therefore address the performance of the mechanical 

and electrical equipment within the system. For a system of this size, a dissolved oxygen 

monitor would control and record the dissolved oxygen level within the system. No other 

monitoring instrumentation is required. 
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The daily requirements of the operator would be to monitor the suspended solids 

concentration in the activation cell and usually inspect the clarity of the clarifier 

overflow. In the ambient conditions in this location the growth of algae in the clarifier 

overflow weir will be unpreventable. It would therefore be necessary to ocasionally clean 

the weir with a sodium hypochiorite solution. 

It is anticipated that the maintenance demand for the process would be less than one 

hour per day. There would not be a requirement for the operator to have a detailed 

knowledge of water chemistry or microbiology. 
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INTRODUCTION 

This survey was carried out to provide information for the Environmental 
Consultants and the Developers to assist in preparation of the Public 
Environmental Review for the proposed development of a marina, resort and 
residential complex at Maud's Landing near Coral Bay. 

The aims of the survey were: 

To assess the chemical and physical properties of reclaimed soils which will 
form the golf course fairways and parkiands under irrigated turf. 

To assess the suitability of the calcareous dune soils on the coast and the red 
dune soils on Cardabia Station for fairway topdressing, greens construction or 
use as potential nutrient stripping materials in the management of WWTP 
effluent. 

To consider problems of irrigated turf management given the need to maintain 
adequate levels of nutrition while minimising nutrient export. 

To assess potential problems with respect to turf management associated with 
the use of irrigation water with a very high salinity hazard rating. 

SAMPLE COLLECTION 

The areas was surveyed and samples were collected on 14 and 15th October 
1994. 

Golf Course Fairway Soils 

Soils from the area to be excavated for the proposed marina are to be used to 
form the fairways of the golf course and other parklands. 

Samples were taken from auger holes to a depth of 2 metres at 4 sites along a 
transect between Maud's Hill and Cardabia Station Homestead (refer sketch map) 

Hole 1 	 Sample 	1.1 5 - 20 cms 
1.2 20- 40 
1.3 40-60 
1.4 100 -150] saturated 
1.5 150-200] 	zone 

Hole 2 	 Sample 	2.1 25 - 50 cms 
2.2 75-100 
2.3 100-150] saturated 
2.4 150-200] 	zone 
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Hole 3 	 (pale brown) 
(V hard calcrete) 
Sample 	3.1 

3.2 
3.3 
3.4 

0- 10cm 
10- 20 
40- 60 
75- 100 
100 - 150] saturated 
150-175] zone 

Hole 4 
	

same as Hole 3 

	

Sample 	4.1 
	

0- lOcms 

Soils under Established Turf at Coral Bay 

Saltene couch is readily established on the calcareous dune soils at the Coral 
Bay settlement, using reticulated artesian water, and without applications of 
ferti I iser. 

Samples were taken from the area under lawn at the property of Neil Wise, and 
from a nearby undeveloped dune. 

Hole 5 	 Sample 	5.1 	 5 - 15 cm 

	

5.2 	15-30 

	

5.3 	30-45 

	

5.4 	virgin 10-50 

Sample of grass clippings 

Sample of artesian water (hot) from a sprinkler 
under continuous use. 

Soils from Cardabia Station 

Samples were taken from a dune and nearby swale at a point approximately 
10 Km east of the main Exmouth road. 

Cardabia dune: deep red siliceous fine sand 

	

Sample 	6.1 	 0- 10cm 

	

6.2 	90- 100 

	

6.3 	180-200 

Cardabia swale: red brown loamy sand over dark brown loamy sand at 1 metre, 
over red brown calcareous loamy sand 

	

Sample 	7.1 	 0- 10cm 

	

7.2 	90- 110 

	

7.3 	180-200 
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CHEMICAL ANALYSIS AND PARTICLE SIZE DISTRIBUTION 

Samples 1.1 - 4.1 	Fairway soils 

Soil solution was separated from samples from the saturated zone and analysed 
for pH and electrical conductivity (EC). Dried soils were analysed for calcium 
carbonate (CaCO3) content, pH and EC. Selected samples were assessed for 
particle size distribution (coarse sand, fine sand, silt and clay). 

Samples 5.1 - 5.4 	Wise lawn soils 

Dried soils were analysed for pH, EC, CaCO3, extractable phosphorus, 
potassium, ammonia and nitrate, phosphorus retention index (PRI) and particle 
size distribution. 

Samples 6.1 - 6.3 	Cardabia dune 

Analyses were pH, EC, extractable phosphorus and potassium, PRI and detailed 
(ten category) particle size distribution. 

Samples 7.1 - 7.3 	Cardabia swale 

Analyses were pH, EC and PRI 

RESULTS AND DISCUSSION 

Soil solutions from the saturated zone of holes 2 & 3 have electrical conductivities 
of -6000 mS/rn, indicating a salt concentration of -36000 mg/I which is similar to 
that for sea water. The salt would be readily leached from reclaimed soils 
because, in general, the proportion of coarse plus fine sand exceeds 95%. 

The proportion of silt and clay in the topsoils 1.1 and 4.1 were not assessed 
because the relatively high soluble salt content (4% estimated from EC) 
caused flocculation in the test solutions. It is expected that the topsoils would 
have similar silt and clay contents to soils 1.2 and 1.3 which have larger 
proportions of silt and clay sized particles compared with soils deeper in the 
profile.. These fines may have the potential to become dispersive when soluble 
salts are leached although the very high salinity of the irrigation water should 
ensure that a stable soil structure is maintained. It may be advisable to place the 
top 1/2 metre of excavated soil at the bottom of the fairway mounds to avoid any 
possibility of dispersive soils causing restrictions to drainage. 

Reclaimed soils are very high in calcium carbonate (69-86% CaCO3) and have 
similar particle size distributions to the calcareous dune soils at the Coral Bay 
settlement (5.1 .-5.4). When leached of salt, these reclaimed soils may be 
suitable for direct establishment of turf and may not need topdressing. Apart from 
the addition of trace elements and possibly organic matter (eg pelletised poultry 
manure) saltene couch may establish as readily on reclaimed soils as it does on 
the dune soils at Coral Bay. This should be determined, as a matter of priority, 
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with turf establishment trials, as soon as approval for development is given. If 
topdressing proves to be necessary the dunes to be excavated at the marina 
entrance may provide sufficient topdressing material similar to the dune soil at 
Coral Bay. This may obviate the need to bring in soil for topdressing from 
Cardabia Station. 

Soil will need to be imported for golf course greens construction. The particle 
size distribution of the fine red sand from the dune system in Cardabia Station 
(6.1-6.3)shows a much higher proportion of sand smaller than about 0.2 mm 
compared with that recommended for greens construction by USGA and 
Australian authorities, as shown below. 

Particle size distribution for greens sand 
USGA 	- Cardabia 

coarse sand (.5-2mm) <30% <1% 
medium sand (.2-.5) >55% 35-45% 
fine sand (<.2) <25% 53-62% 
silt + clay < 5% <5% 

The golf course architect will need to decide whether the Cardabia dune sand is 
suitable. If not other sandy soils in the region will need to be assessed. 

The soil samples from Cardabia Station have only low to moderate capacity to 
retain phosphate (PRI 2-3 for dune samples, PRI 4-8 for swale samples). This 
is surprising given the deep red-brown colour of the swale samples which 
suggested to the sampling team that the PRI could be more likely greater than 
50. The potential for these soils to be used as nutrient-stripping material in 
WWTP effluent management systems is therefore limited. 

Results of analyses of lawn clippings, soils and irrigation water from the Wise 
property at Coral Bay indicate that saltene couch can be established and 
maintained with no extra nutrient input to that naturally present in soil and 
artesian water. The nutrient concentrations in the grass are generally adequate 
except for phosphorus which may be sub-optimal. Sodium and sulphur are 
relatively high but do not appear to affect grass growth and the results may be 
reflecting the accumulation of salt on the surface of grass (Neil Wise, personal 
communication) rather than uptake by the grass. The concentrations of copper, 
iron, manganese and zinc are surprisingly high given the very low levels in the 
artesian water and the relatively common occurrence of trace element 
deficiencies in turf grown on calcareous soils around Perth. It is possible that with 
large amount of irrigation water (say 5 metres/year) the contribution from even 
small concentrations of trace elements, applied directly onto the foliage, are 
significant and effective. For example 0.1 mgIl of manganese in water is 
equivalent to 5 Kg Mn/ha/yr with 5 metres of irrigation. 
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Nitrogen (N) is present in the irrigation water as ammonium at a concentration 
of 5 mg/I. If —5 metres of water is applied annually (evaporation rate is 3 metres) 
this represents —250 KgN/ha. There is no evidence of accumulation of N in the 
soil under established lawn (samples 5.1-5.3). Given the adequate level of N 
nutrition in the lawn (2.79% N db) and the vigorous root system of the lawn 
(personal observation) to a depth of at least 20 cms, the indications are that 
most of the N applied is taken up by the grass and removed in clippings. 
For the golf course turf the amount of irrigation water is unlikely to exceed 3 
metres ( ie —150 KgN/ha) and supplementary N (eg pelletised poultry manure) 
may be necessary for establishment and maintenance of turf. Recycling WVVTP 
effluent to supplement N (& P) may also be an option. 

Phosphorus (P) nutrition is possibly sub-optimal in the grass (0.22% P db). 
There is negligible P in the artesian water and P is supplied by the soil reserves. 
There appears to have been depletion of available P in soil under the lawn 
(4-5 ppm) compared with virgin soil (10 ppm). Extra P would be necessary for 
establishment and maintenance of turf for the golf course but the moderate 
capacity of the calcareous soils to retain P (PRI 8-10) coupled with regular use 
of soil and grass clippings analysis to monitor P nutrition would ensure that the 
potential for P movement beyond the root zone is minimised. 

The concentrations in the grass clippings of potassium, calcium, magnesium and 
sulphur are all adequate to high. The concentration of potassium in artesian 
water is at the luxury level of application (-1500 KgKJha for 5 metres of irrigation 
water). The fact that the grass does not accumulate luxury levels may be due to 
competition from high concentrations of sodium in the irrigation water. 

One further aspect is relevant to nutrient management for irrigated turf on the 
proposed golf course. It is normal practice at Coral Bay to remove clippings from 
lawn. If left on the surface, new growth can be burnt due to interactions between 
the clippings layer and the hot artesian water. The return of clippings to fairways 
is practiced on Perth golf courses, resulting in a beneficial increase in soil organic 
matter and the recycling, and thus more efficient use of fertiliser nutrients. It is 
anticipated that, for the proposed golf course, artesian water will be cooled prior 
to reticulation and combined with a greater frequency of mowing (compared with 
management at Coral Bay), may allow clippings return to be practiced. This will 
affect the amount of supplementary N and P required to maintain adequate 
nutrition of fairway turf. 

The artesian water has an electrical conductivity of —900 mS/rn (-5000 mg/I) 
and is a mixture of 80% sodium chloride and 20% sodium sulphate. It is 
classified (US Soil Salinity Laboratory) as having a very high salinity hazard and 
a very high sodium hazard (sodium absorption ratio —50). 
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Use of this water to irrigate an established lawn at Coral Bay has resulted in some 
accumulation of salt in the soil. EC(1:5) has increased from 15 mS/rn in the virgin 
soil to 60 mS/rn in the top 15 cms of lawn soil. The results for EC (1:5) are used 
to estimate ECSE, the electrical conductivity of the saturation extract (which 
approximates the soil solution) upon which the salinity tolerance criteria of 
turfgrasses are based. The lawn soil samples have ECSE  of 500-900 mS/rn. 
The growth of many turfgrasses is restricted at these levels and suitable species, 
such as saltene couch, display moderate salt tolerance (chapter 6 Salinity and 
Turfgrass Culture, in Turfgrass, US Agronomy Series No32, 1992). 

Give the (probable) luxury rates of application of irrigation water to the Wise lawn, 
there is very likely to be greater degree of accumulation of salt in soils under 
fairway turf where irrigation rates are likely to more closely match rates of 
evaporation. There will need to be regular flushing events to prevent excessive 
salt accumulation in the root zone. 

Saltene couch is not suitable for the golf course greens. Selection of a suitable, 
moderately salt tolerant species of grass and the development of irrigation 
management strategies is for others to consider, although the regular monitoring 
of soil solution salinity will be necessary to ensure that the strategies are 
successful. 
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/ 
94A0656; 2.1.1 
Robert Jeffery 

DEPARTMENT OF 

MINERALS AND ENERGY 
WESTERN AUSTRALIA 

CHEMISTRY CENTRE 
(WA) 

Bowman Bishaw Gorharn 
P0 BOX 946 
West Perth 
WA 6872 
Attention : M Bowman 

125 HAY STREET 
EAST PERTH 
WESTERN AUSTRALIA, 6004 

IFLEPHONE 	 109) 3255544 

FACSIMILE 	 1091 325 7161 

Report on: 

24 samples of received on 21 October 1994 

CCWA ID 
Client ID 
Sampled 

Analyte Unit 
pH (H20) 
EC (1:5) mS/rn 
CaCO3 	¼ 
Stones ¼ 
C. Sand ¼ 
F. Sand ¼ 
Silt 	It 
Clay 	¼ 

CCWA ID 
Client ID 
Samp led 

Analyte Unit 
pH (H20) 
EC (1:5) mS/rn 
CaCO3 	¼ 
Stones ¼ 
pH (SS) 
EC (SS) ms/rn 
C. Sand % 
F. Sand ¼ 
Silt 	¼ 

94A0656/001 94A0656/002 94A0656/003 94A0656/004 94A0656/005 
1.1 1.2 1.3 1.4 1.5 

15/10/94 15/10/94 15/10/94 15/10/94 15/10/94 

8.5 8.6 8.8 9.3 9.4 
1300 530 440 330 310 
69 83 73 84 84 
0.6 1.2 1.2 2.0 3.1 
- 48.5,  50.0 84.5 82.0 
- 32.5 24.0 13.5 15.5 
- 11.0 11.0 2.0 2.5 
- 8.0 15.0 - - 

94A0656/006 94A0656/007 94A0656/008 94A0656/009 94A0656/010 
2.1 2.2 2.3 2.4 3.1 

15/10/94 15/10/94 15/10/94 15/10/94 15/10/94 

9.4 9.6 9.5 9.6 9.6 
120 280 220 250 260 
84 86 86 86 85 
6.9 2.7 4.2 2.7 6.1 
- - - 7.7 - 
- - - 5600 - 
- - - - 70.0 
- - - - 27.5 
- - - - 2.5 
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CCWA ID 	 94A0656/011 940656/012 9410656/013 94A0656/014 94A0656/015 
Client ID 	 3.2 	 3.3 	 3.4 	 4.1 	 5.1 
Sampled 	15/10/94 	15/10/94 	15/10/94 	15/10/94 	15/10/94 

Analyte Unit 
pH 	(H20) 9.3 9.5 9.6 8.7 9.6 
EC 	(1:5) mS/rn 300 310 250 1300 60 
CaCO3 % 85 85 85 73 - 
Stones % 6.0 6.2 4.9 4.8 1.7 
C. 	Sand % 78.0 80.0 00.5 - 75.5 
F. 	Sand % 19.5 18.5 17.5 - 19.5 
Silt 2.5 1.5 2.0 - 5.0 
pH 	(SS) - 7.6 7.6 - - 
EC 	(SS) mS/rn - 6400 6300 - - 
P 	(PRI) mL/g - - - - 7.6 
P 	(HCO3) ppm - - - - 
K 	(HCO3) ppm - - - - 35 
N 	(NH4) ppm - - - - <1 
N(NO3) ppm - - - - 3 

CCWA ID 9410656/016 94A0656/017 94P0656/018 94A0656/019 94A0656/020 
Client ID 5.2 5.3 5.4 6.1 6.2 
Sampled 15/10/94 15/10/94 15/10/94 15/10/94 15/10/94 

Analyte Unit 
pH 	(H20) 9.8 9.7 9.4 8.7 8.5 
EC 	(1:5) mS/rn 35 37 15 2 1 
CaCO3 % 81 82 82 - - 
P 	(PRI) mL/g 9.5 8.0 6.0 2.2 2.3 
P 	(HCO3) ppm 4 8 10 3 <2 
K 	(HCO3) ppm 43 39 10 72 75 
N 	(NH4) ppm <1 <1 <1 - - 
N 	(NO3) ppm 3 3 2 - - 
Stones % 0.4 0.3 0.1 0.0 0.1 
C. 	Sand % 67.0 79.0 79.0 - 
F. 	Sand % 28.0 16.0 16.5 - - 
Silt 5.0 5.0 4.5 0.5 2.5 
size 	(a) % - - - 0.0 0.0 
size 	(b) % - - - 0.0 0.1 
size 	(C) % - - - 5.0 7.4 
size 	(d) % - - - 40.5 22.1 
size 	(e) % - - - 15.7 12.3 
size 	(f) % - - - 21.1 22.8 
size 	(g) % - - - 11.4 19.3 
size 	(h) % - - - 4.9 8.0 

CCWA ID 94A0656/021 94A0686/022 94A0656/023 94A0656/024 
Client ID 6.3 7.1 7.2 7.3 
Sampled 15/10/94 15/10/94 15/10/94 15/10/94 

Analyte Unit 
pH 	(H20) 8.6 8.9 9.8 9.8 
EC 	(1:5) mS/rn 1 7 27 59 
P 	(PRI) mL/g 3.0 4.5 8.0 7.8 
P 	(HCO3) ppm 6 - - - 
K 	(HCO3) ppm 63 - - - 
Stones % 0.0 1.0 0.1 14.0 
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CCWA ID 	94A0656/021 94A0656/022 94A0656/023 94A0656/024 
Client ID 	 6.3 	 7.1 	 7.2 	 7.3 
Sampled 	15/10/94 	15/10/94 	15/10/94 	15/10/94 

Analyte Unit 
Silt 	¼ 	 3.5 	- 	 - 	 - 
size (a) % 	 0.0 	- 	 - 	 - 
size (b) ¼ 	 0.1 	- 	 - 	 - 
size (C) % 	 9.5 	- 	 - 	 - 
size (d) ¼ 	32.7 	- 	 - 	 - 
size (e) % 	10.7 	- 	 - 	 - 
size (f) ¼ 	17.9 	- 	 - 	 - 
size (g) ¼ 	15.1 	- 	 - 	 - 
size (h) % 	11.0 	- 	 - 	 - 

Analyte Method Description 
p1-i (H20) S-PHEC 	pH (1:5) in water. ACL Method SOl. 
EC (1:5) S-EC 	Electrical conductivity (1:5) at 25 deg C. 

ACL Method 502. 
CaCO3 	S-CAC03 Calcium carbonate, soluble in dilute acid 
Stones 	S-STONES Stones, greater than 2 mm 
C. Sand S-CSFS 	Coarse sand, >0.180 mm. ACL Method S06 
F. Sand S-CSFS 	Fine sand, <0.180 mm. ACL Method S06 
Silt 	S-CLAY 	Silt, 0.002 to 0.02 mm. ACL Method S06. 
Clay 	S-CLAY 	Clay, less than 0.002 mm. ACL Method S06. 
pH (SS) S-SSpH 	pH on soil solution 
EC (SS) S-SSpH 	Electrical Conductivity on soil solutions 
P (PRI) S-PRI 	Phosphorus Retention Index 

ACL Method S15 
P (HCO3) S-BICP 	Phosphorus- P, extracted in 0.5 M NaHCO3 (1:100) 

ACL Method S12 
K (HCO3) S-BICK 	Potassium K, extracted in O.SM NaHCO3 (1:100) 

ACL Method S17.0 
N (NH4) S-KCLN 	Ammonium nitrogen N, extracted in 1 M KC1. 

ACL Method S11.0 
N (NO3) S-KCLN 	Nitrate nitrogen N, extracted in 1 N KC1. 

ACL Method S11.0 
size (a) S-SIZING Particle sizing, 1.0 - 2.0 mm. ACL Method S07. 
size (b) S-SIZING Particle sizing, 0.6 - 1.0 mm. ACL Method S07. 
size (c) S-SIZING Particle sizing, 0.3 - 0.6 mm. ACL Method S07. 
size (d) S-SIZING Particle sizing, 0.18 - 0.3 mm. ACL Method S07. 
size (e) S-SIZING Particle sizing, 0.15 - 0.18 mm. ACL Method S07. 
size (f) S-SIZING Particle sizing, 0.106-0.15 mm. ACL Method S07. 
size (g) S-SIZING Particle sizing, 0.075-0.106 mm. ACL Method S07. 
size (h) S-SIZING Particle sizing, 0.020-0.075 mm. ACL Method S07. 

Where silt only is reported (eg sample 1.5), the value shown 
is ctually for silt + clay. 
Th, 	 for CaCO3 in sample 940656/015 is 80%. 

/ 
/ N E 'Ro'thnie 

Chief 
Agricultural Chemistry Laboratory 

21 November 1994 
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M Bowman WISIERN AtJSIH/\I 	A 	titilLi 

Bowman Bishaw Gorham 

P. 0. Box 	946 TEIFIFION[ 	 Q 

West 	Perth FA1;lMlL[ 

W.A. 	6005 

Report on 	1 	sample 	of 	grass clippings 	from Coral Bay - 	received on 	21-OCT-1994 l-NOV-1994 

LAB NO SAMPLE 	N P 	K Na Ca Mg 	S 

94A %db %db 	%db %db %db %db 	%db 

653001 WISE 	1 	2.79 0.22 	1.64 2.18 2.33 0.26 	1.03 

N 	 = Nitrogen,N 

P 	 = Phosphorus,P 

K 	 = Potassium,K 

Na 	 = Sodium,Na 

Ca 	 = Calcium,Ca 

Mg 	 = Magnesium,Mg 

S 	 = Sulphur,S 

%db 	 = per cent dry basis 
The results apply only to samples as received. 

N. E. ROTHNIE 
CHIEF 
AGRICULTURAL CHEMISTRY LABORATORY 
This report may only be reproduced in full. 

Copy to: R Jeffery 
Chemistry Centre (WA) 
125 Hay Street 
EAST PERTH WA 6004 



DEPARTMENT OF 

MINERALS AND ENERGY 
WESTERN AUSTRALIA 

r 

Lab. No. 94A653001 

M Bowman 
Bowman Bishaw Gorham 
P.O.Box 946 
West Perth 
W.A. 6005 

CHEMISTRY CENTRE 
(WA) 

125 HAY STREET 
EAST PERTH 
WESTERN AUSTRALIA, 6004 

TELEPHONE 	 (09) 325 5544 

FACSIMILE 	 (09) 325 7767 

Report on 1 sample of grass clippings from Coral Bay 
received on 21-OCT-1994 	 1-NOV-1994 

LAB NO 	SAMPLE Copper,Cu Iron,Fe Manganese,Mn Zinc,Zn 

94A ppm ppm ppm ppm 

653001 	WISE 	1 38 530 71 55 

ppm 	 = parts per million dry basis 
The results apply only to samples as received. 

- N.E.ROTHNIE 
CHIEF 
AGRICULTURAL CHEMISTRY LABORATORY 
This report may only be reproduced in full. 

Copy to: R Jeffery 
Chemistry Centre (WA) 
125 Hay Street 
EAST PERTH WA 6004 



GHEMI S 	CEbTTRE 

Your Ref: 
Our Ref: Lab. No. 94A657001 

H Bowman 
Bowman Bishaw Gorham 
P.O.Box 946 
West Perth 
W.A. 6005 

125 HAY ST., 	EAST PERTH 
WESTERN AUSTRALIA 	6004 

Telephone: 	(09) 325 5544 

A Division of the Dept of 
MINERALS AND ENERGY W.A. 

Report 	on 	1 sample 	of 	water 	from Coral 	Bay 

received 	on 21-OCT-1994 18-NOV-1994 

LAB NO 	SAMPLE 	pH EC 	N 	N 	Ca Mg Na 

(SS) (SS) 	(NH4)-SS(NO3)-SS 	(SS) (SS) (SS) 

94A mS/rn 	ppm# 	ppm# 	ppm# ppm# ppm# 

657001 1 	7.5 890 	5 	1 	81 18 1200 

pH (SS) = 	pH 	on 	soil 	solution 

EC (SS) = 	Electrical 	Conductivity 	of 	soil solution 

N (NH4)-SS = Ammonium nitrogen N 	in 	soil 	solution 

N (NO3)-SS = 	Nitrate 	nitrogen 	N 	in 	soil 	solution 

Ca (SS) = 	Calcium 	in 	soil 	solution 

Mg (SS) = 	Magnesium 	in 	soil 	solution 

Na (SS) = 	Sodium 	in 	soil 	solution 

ppm# = 	parts 	per 	million 	as 	received 

mS/rn = 	milliSiemens 	per 	metre 

The 	results apply 	only to 	samples 	as 	received. 

N.E. ROTHNIE 
CHIEF 
AGRICULTURAL CHEMISTRY LABORATORY 
This report may only be reproduced in full. 

Copy to: R Jeffery 
Chemistry Centre (WA) 
125 Hay Street 
EAST PERTH WA 6004 



C II E I-I I S 'r R 	C E ITI' I E 

Your Ref: 
Our Ref: Lab. No. 94A657001 

M Bowman 
Bowman Bishaw Gorham 
P.O.Box 946 
West Perth 
W.A. 6005 

125 HAY ST. , 	EAST PERTH 
WESTERN AUSTRALIA 	6004 
Telephone: 	(09) 325 5544 

A Division of the Dept of 
MINERALS AND ENERGY W.A. 

Report 	on 	1 sample of 	water 	from Coral Bay 

received 	on 21-OCT-1994 18-NOV-1994 

LAB NO 	SAMPLE K S P Cu 	Fe Zn Mn 

(SS) (SS) (SS) (SS) 	(SS) (SS) (SS) 

94A ppm# ppm# ppm# ppm# 	ppm# ppm# ppm# 

657001 1 36 250 <0.1 <0.1 	<1.0 <0.1 <1.0 

K (SS) = 	Potassium in soil solution 

S (SS) = 	Sulphur in soil solution 

P (SS) = 	Phosphorus P, in soil 	solution 

Cu (SS) = 	Copper in soil solution 

Fe (SS) = 	Iron in soil solution 

Zn (SS) = 	Zinc in soil solution 

Mn (SS) = Manganese in soil solution 

ppm# = 	parts 	per million as 	received 

The 	results apply only to 	samples as 	received. 

N.E. ROTHNIE 
CHIEF 
AGRICULTURAL CHEMISTRY LABORATORY 
This report may only be reproduced in full. 

Copy to: R Jeffery 
Chemistry Centre (WA) 
125 Hay Street 
EAST PERTH WA 6004 





APPENDIX F 

Options for Electrical Supply 

Bassett Consulting Engineers, 1994 



bassm- 
CONSULTING 

 
ENGINEERS 

.TO'iVNSVIt.LE PCCKH.AMPTON 

Annexure C 

MEL[3OUPiE 	AOtLkIDE CANL3E1R 	 PiSPANE 

CORAL COAST MARINA RESORT 
MAUDS LANDING 
	

11JH:LSN: I 447A/2:RA 
REPORT FOR PUBLIC ENVIRONMENTAL REVIEW 1994 

	
20 December 1994 

ELECTRICAL SERVICES 

GENERAL 

Electricity supplies for the development will he provided by an electricity power generation 

facility located in the service area. 

Electricity distribution throughout the development will he installed using underground cabling for 

low voltage and high voltage distribution. 

Switchgear and transtrmers in residential areas will he located at ground level in kiosk pad 

mount style enclosures, similar to conventional metropolitan Perth residential sub-division 

systems. 

Street lighting poles will he provided in residential areas to appropriate industry standard for 

enhanced road safety and security. 

SUPPLY SYSTEM 

A no inher of supply al ternat yes were exami ned tr the development:- 

Aerial high voltage suppiy Iruiii Exniouth 

This option was discarded due to capital cost, environmental and supply reliability 

cons iderat Ri ns. 

S 	Natural gas/gas turhine generation 

This option was discarded due to the operational problems of running gas turbines on the 

anticipated load protle. 	For efficient operation it more consistent base load would be 

req ur red. 

[)ieel fuel general inn 

This option is preferred and is consistent with normal practice for electricity generation in 

regional areas. Local general ion will niInImI,,e distribution energy losses and permit load 

control energy conservation strategies to he implemented. 

GENERATION I'LANT 

A preliminary analysis of the bui di rig arid land development program has been carried out to 

determine requ irernents fur electricity. It is expected that the anticipated demand growth rate for 

the development will he further exaurirred during design development to ensure optimal sizing of 

the generation plant. 
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Bassett 
COSULI1NG ENGNEERS 

The generation plant is expected to initially comprise of 2 diesel generators supplying power via a 
high voltage distribution system. Additional machines will be added as required to suit the 
progressive load increases of the development. For supply reliability and maintenance one spare 
diesel generator is proposed, controlled by the load control system. 

The generation plant will be serviced with diesel fuel oil. Above ground fuel storage tank(s) will 
be located at the generation facility. The design of the storage will be further analysed during 
design development. 

COMMUNICATIONS 

Communications infrastructure for the development will be provided by a carrier such as Telecom 
Australia or Optus. Telecom have reviewed the proposal and have confirmed that services can be 
provided to the townsite. 

Services provided will include standard telecommunications telephone services linking to a small 
telephone exchange facility. 

Telecommunications services utilising cable technology will be installed using underground pipes 
as for conventional metropolitan Perth residential sub-division systems. 

TELEVISION 

Methods of delivery of television services to the development will be further examined during 
design development. The developer is investigating use of a cable television infrastructure linking 
to all residential lots in the development. 

If viable, the cable television service is expected to carry free to air broadcast television services 
to residential lots. The system will also cater for future cable pay television distribution to the 
development. 

Regards, 

TJ. HILL 
}'RINCIPAL 
BASSETT CONSULTING ENGINEERS 
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1. Introduction 

Coral Coast Marina Development Pty Ltd (CCMD) has an agreement with 
the State of Western Australia for the proposed development of a new 
town at Mauds Landing in Bateman Bay, about 2 km north of Coral Bay. 
The site is about 200 km north of Carnarvon and 140 km south of 
Exmouth. The town site is wholly within the Shire of Carnarvon. 

The proposed new town development is known as the Coral Coast Resort 
and will be an integrated residential and commercial development. When 
fully developed, it will include fully serviced residential lots, a caravan 
park, backpackers' hostel, country club, club resort, hotel, commercial 
centre, and a marina and golf course (refer to Figures 1.1 and 1.2). 

As part of the planning and design process, CCMD has engaged M P 
Rogers & Associates Pty Ltd (MPRA) to examine the coastal engineering 
issues of: 

* 	water quality in the marina, 
* 	ocean storm surge and building levels, 
* 	coastal stability and development set back, and 
* 	marine structures. 

This report outlines the investigations completed and the results of the 
study. 
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2. Meteorology and Oceanography 

2.1 General Meteorology and Winds 

The general circulation of the lower atmosphere over Australia is largely 
dominated by the position of the Subtropical High Pressure Belt and the 
migratory low pressure systems that exist on the poleward side of the high 
pressure belt. The high pressure belt is a series of discrete anticyclones 
(high pressure cells) which encircle the southern hemisphere at subtropical 
latitudes. 

The high pressure cells are continuously moving, throughout the year, 
from west to east across the southern portion of Australia. A notional line 
joining the centres of these cells is known as the High Pressure Ridge, or 
the Subtropical Ridge, and is oriented predominantly in an east-west 

direction. 

In the southern hemisphere, the winds circulate in an anti-clockwise 
direction about the centres of the high pressure cells. Consequently, on 
the northern side of the High Pressure Ridge the winds tend to be easterly, 
while on the southern side of the ridge the winds are predominantly 
westerly. 

In winter, the ridge lies across the Australian continent at between 250S to 

300S. In summer, the ridge is typically 350S to 400S. This seasonal 
change in the location of the High Pressure Ridge is responsible for the 
seasonal change in the wind patterns in the Carnarvon region. 

In winter the ridge is located immediately south of the Mauds Landing 

area (230  05'S) and the synoptic winds are generally easterly and 
southeasterly. Successive high pressure cells do little to disturb the 
direction of the wind, but can have a marked effect on the speed of the 
winds. The wind speed increases in response to an increasing pressure 
gradient, and decreases as the pressure gradient relaxes. 

In the summer months, the High Pressure Ridge is well south of Mauds 
Landing and the Australian continent. Over the north of Australia, a zone 
of low pressure develops due to the considerable heating of the Earth's 
surface. This effect causes the direction of the winds to be predominantly 
west to southwesterly. 

M P ROGERS & ASSOCIATES 	 Report R006 Rev 0 Page 3 



In addition to these synoptic scale effects, the mesoscale phenomenon of 
the diurnal sea/land breezes has an important influence on the local wind 
patterns in the region. The sea/land breeze system results from a marked 
atmospheric temperature difference that develops during the day between 
the land and the nearby sea. During the afternoon when the land becomes 
hotter than the ocean, the hot air over the land rises. This lowers the 
pressure and induces a replacement by the cooler air over the sea. This 
process (the sea-breeze) continues until the evening when the temperature 
difference decreases. The land-breeze results from early morning 
conditions when the sea temperature may be higher than the land 
temperature, in which case a reverse flow occurs. 

Locally, the wind climate of the area primarily results from the 
superposition of the diurnal sea/land breezes over the prevailing synoptic 
winds. As a result, throughout the year the prevailing winds are generally 
from the south, with strong southerly sea-breezes occurring on 
approximately three quarters of the afternoons. 

To date there have been no systematic wind measurements taken at Coral 
Bay or Mauds Landing. However, the Bureau of Meteorology has 
measured the wind speed and direction at the Carnarvon Airport since 
1945. This data is believed to be reasonably representative of the winds 
experienced at Mauds Landing. Using this data, winter and summer wind 
roses were prepared for the morning and afternoon readings. These are 
shown in Figures 2.1 to 2.4. The winter roses show the dominance of 
easterly winds in the morning which shift to southerly in the afternoons. 
The wind speeds are typically between 6 and 16 knots. 

The summer wind roses in Figure 2.3 and 2.4. show southerly winds in 
the mornings and southwesterly winds in the afternoons. The summer 
winds tend to be slightly stronger than in winter, and are usually between 
11 and 21 knots. 

2.2 Tropical Cyclones 

The storm winds of high intensity in the area are associated with the 
passage of tropical cyclones, thunderstorms and pressure gradient 
intensifications. The most severe conditions are caused by tropical 
cyclones which occur between November and April. Steedman Science & 
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Engineering (1989) reports that 27 cyclones have passed within 200 km of 
Mauds Landing in the period from 1960 to 1986. This is approximately 
one cyclone per cyclone season. 

The effects of any one cyclone depends upon the intensity of the central 
pressure deficit, the radius to maximum wind, and the actual track of the 
cyclone. Differences in these features between cyclones result in 
significant variations between the physical effects of each event (wind and 
wave conditions, storm surge, etc.). 

Steedman Science & Engineering (1989) examined the severity of the 27 
cyclones experienced between 1960 and 1986 and concluded that Tropical 
Cyclone Hazel, in March 1979 was very severe and had an approach track 
that would cause extreme wave conditions at Mauds Landing. It was 
assessed as being representative of the 100 year return period wave 
conditions. 

The Standards Association of Australia Loading Code, Part 2 Wind Loads 
(AS 1170.2-1989) shows the site to be in an area subject to severe tropical 
cyclones. This engineering design code recommends that structures 
should be designed using a basic regional wind gust speed for 
serviceability, Vs, equal to 50 m/s. 

2.3 Tides and Storm Surges 

The Department of Transport, Western Australia (DOT) has measured the 
tidal variations at Monck Head between 1990 and 1993. This site is only 
5 km south of Mauds Landing and the tides are believed to be virtually 
identical for all practical purposes, (per. comm. Don Wallace, DOT). 

The astronomical tides are semidiurnal (two cycles per day). DOT has 
established the following tidal levels. 

* 	Highest Astronomical Tide (HAT) = 1.92 m Chart Datum (CD) 

* 	Mean High Water Springs (MHWS) = 1.44 in CD 

* 	Mean High Water Neaps (MHWN) = 1.21 in CD 

* 	Mean Sea Level (MSL) = 	 0.99 m CD 
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* 	Australian Height Datum (AHD) = 	0.86 m CD 

* 	Mean Low Water Neaps (MLWN) = 0.80 m CD 

* 	Mean Low Water Springs (MLWS) = 0.54 m CD 

* 	Lowest Astronomical Tide (LAT) = 0.11 in CD 

From this it can be seen that during spring tides the daily range is typically 
about 0.9 metres, and that during neap tides the daily range is about 0.4 
metres. 

Figure 2.5 has been prepared by DOT, and shows the percentage of time 
that various levels are exceeded (submerged). This figure also shows that 
during the measurement period, (less than three years), the highest water 
level recorded was 2.07 metres above Chart Datum which is about 1.2 
metres above AHD. The lowest recorded water level was 0.01 metres 
above Chart Datum which is about 0.85 metres below AHD. 

In addition to the astronomical tide, tropical cyclone storm conditions can 
cause significant increases in the ocean water level through the combined 
effects of low atmospheric pressure, strong onshore winds and large waves 
breaking nearshore. This increase in the water level is known as storm 
surge. 

Steedman Science & Engineering (1989) used various techniques to 
examine the storm surges in the region. This work concluded that tidal 
residuals from 20 years (mid 1966 to mid 1986) of record from the 
Carnarvon tide gauge provide the best guide to storm surge at Coral Bay 
and Mauds Landing. The 100 year return period storm surge at 
Carnarvon was estimated by extreme analysis to be 1.65 metres. Other 
calculations suggest that the storm surge at Coral Bay and Mauds Landing 
could be slightly more severe than at Carnarvon because of the nearshore 
reef system and the effects of wave induced set-up. It was reckoned that 
the storm surge at Mauds Landing may be roughly 15 % higher than that at 
Carnarvon. Using this factor, it is estimated that the 100 year return 
period storm surge at Mauds Landing would be about 1.9 metres. 
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2.4 Current Regime 

Measurements reported in Hearn & Parker (1988) indicate that in Osprey 
Bay, about 120 km further north of Mauds Landing on the Ningaloo Reef, 
the lagoon has a flushing time of less than 24 hours. The action of waves 
breaking onto the reef was shown to cause significant transfer of ocean 
water across the reef and then drive the currents along the lagoon to the 
north. In this location the wave-driven current is strongly modulated by 
tidal changes in water level. 

Bateman Bay is generally wider and more shallow than Osprey Bay. This 
will tend to reduce the relative importance of the wave-driven transport 
across the reef in the nearshore currents. Currents in Bateman Bay are 
believed to be controlled by the relative magnitude of the wind, tide and 
wave forcing. 

The surface currents in the nearshore lagoon of Bateman Bay have been 
measured by a brief drogue tracking exercise carried out during flood and 
ebb spring tides. During the drogue tracking exercise the winds varied 
from 10 to 15 knots from the southwest. Drogues release near the 
proposed marina entrance during an ebb tide, travelled at about 0.1 m/s 
directly downwind. The drogues released from the same location during 
the flood tide and southwesterly winds showed little movement during the 
tracking exercise. 

The largest currents in the southern portion of Bateman Bay are believed 
to be caused by the persistent and strong southerly winds and the mass 
transport of water over the Ningaloo Reef caused by wave breaking onto 
the shallow reefs. It is estimated that mild currents would often be present 
in Bills Bay (see Figure 1.1) and the southern portion of Bateman Bay. 
They would be primarily driven by wave and wind forcing and modulated 
by tidal action. 

Typically the currents would be in the order of 0.1 to 0.2 m/s. Some of 
the water would flow out of the reef gaps in Bills Bay and the rest would 
continue north into Bateman Bay. It is reasonable to expect a localised 
increase in the current speed through the narrow channel near Point Maud. 
Rough estimates indicate that in this narrow channel, the currents may 
reach 0.5 m/s. 
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The above estimate of the current regime would mean that Bills Bay is 
regularly flushed with new ocean water, and water from the northern 
portions of Bills Bay would flow north into the southern portion of 
Bateman Bay, and then out to sea through Cardabia Passage (see Figure 
2.6). 

2.5 Wave Climate 

No detailed directional wave measurements have been collected near the 
site. The most relevant data are the visual estimates of wave height, 
period and direction taken from ships passing through the ocean to the 
west of Point Maud. These are reported in the US Navy Marine Climate 
Atlas (1976). Naturally, ships try to avoid storm areas, especially severe 
tropical cyclones, so the data have a bias that tends to underestimate the 
severe storm wave conditions. 

The most applicable data is for Site 26, which covers a large area of the 
ocean about 400 nautical miles to the west of Point Maud. The data for 
this site has been aggregated into frequency of occurrence tables of wave 
height versus wave direction for the four seasons. These are included on 
Figure 2.7. These visual estimates of the offshore wave conditions are in 
accord with the non-directional, wave measurements taken by the 
Department of Transport in 1988 offshore from Tantabiddi Creek, about 
120 km north of Bateman Bay. 

As site 26 covers an area hundreds of kilometres from the shore, waves 
can approach from any direction. Only the wave directions from north 
through west to south are relevant to the conditions at Mauds Landing. 

Although this data is very limited and based on visual estimates they do 
indicate that the offshore waves mainly come from the south during 
summer and the heights are typically 1 to 2 metres. During winter the 
direction shifts to southwest and the heights increase slightly to be 
generally between 2 and 3 metres. 

These waves from the south and southwest are believed to include a 
significant proportion of long period (10 to 16 seconds) swell waves. 
These waves are generated by distant and severe storms in the southern 
Indian Ocean. 

M P ROGERS & ASSOCIATES 	 Report R006 Rev 0 Page 8 



In addition to the background swell, the sea-breeze winds would generate 
short, steep sea waves. These would have heights between 1 and 2 
metres, and because of fetch limitation the periods would be expected to 
be roughly 4 to 6 seconds. 

A third class of waves in the offshore area would be the extreme waves 
generated by tropical cyclones as they travel through the area. 

Steedman Science & Engineering (1989) completed numerical modelling 
of the waves generated by Tropical Cyclone Hazel. This storm was 
reckoned to create wave conditions representative of the 100 year return 
period condition for the Mauds Landing site. These were estimated to be 
significant wave heights of more than 6.2 metres immediately outside the 
reef-line and 3.7 metres in 7 metres of water near Mauds Landing. 

This illustrates the effect of the reef-line in attenuating waves as they 
travel from the deep offshore waters towards the shore at Mauds Landing. 
The principal physical mechanisms include: 

* 	refraction, by varying bathymetry; 

* 	diffraction through reef gaps; 

* 	breaking on to reefs and in shallow water; 

* 	reflection from submerged reef faces, and 

* 	dissipation due to turbulence in the bottom boundary layer. 

The reef-line also provides significant protection from the more usual 
wave conditions of southerly swell and sea-breeze seas. The 1 to 4 metre 
southerly swells would be refracted to the west-southwest and travel 
through the gap in the reef known as Cardabia Passage where they would 
be further refracted by the bathymetry in Bateman Bay and reach the shore 
with crests almost parallel to the shore. They would break near the shore 
having been reduced generally to 0.5 to 1 metres in height. 

Because this beach is a north facing beach, the southerly sea-breeze seas 
would have little effect in Bateman Bay. 
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3. Climate Change 

Although the so called "Greenhouse Effects" receive much publicity there 
is still no definitive evidence available that proves that the Greenhouse 
changes are occurring or will occur. There is certainly clear evidence that 
the amount of Carbon Dioxide and other "Greenhouse Gases" has 
increased dramatically over the last century and is continuing to rise. 
However, the link to global warming and associated sea level rise is still 
largely based on predictive numerical models of the global atmospheric 
and oceanic processes. These general circulation models are currently run 
on coarse grids and have rather rudimentary treatment of ice melting, 
cloud over and albedo feed back links and impacts. Pielke (1991) presents 
a good review of the scientific uncertainty with the present predictions of 
"Greenhouse Effects". 

Some of the possible impacts on the southwest coast of Western Australia 
of Greenhouse Gas Warming could be: 

increase in cyclone frequency; 

* 	increase in sea level; and 

* 	change in position of synoptic features causing a changed wave 
climate. 

The current knowledge about such possible changes is extremely limited. 
This coupled with the uncertainty about global warming, has lead many 
organisations and authorities to take a low key approach to the issue until 
more definitive proof is available. 

The Institution of Engineers, Australia (1991) put forward suggestions for 
assessing the impacts of possible climate change on coastal engineering 
projects. The report is aimed at ensuring that a responsible review of the 
possible impacts is made. Designs should be robust and minimise future 
risk. This document does not say that climate change will happen but 
merely it may happen and therefore engineering design should take this 
risk into consideration. 

The issue of possible climate change and resultant effects on coastal 
processes is quite complex. Unfortunately, the present knowledge 
concerning possible effects on the coast of Western Australia is somewhat 
limited. Given this, only a relatively simple assessment of the possible 
changes can be made. The impacts of the possible increase in sea level are 
considered in this study. 
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The Institution of Engineers, Australia (1991) presents three scenarios for 
possible (not necessarily probable) changes in the Global Mean Sea Level. 
These are reproduced in Table 3.1. 

Table 3.1 Possible Global Sea Level Rise (metres) 

Year 2030 2050 2100 

Low Scenario 0.10 0.16 0.32 
Medium Scenario 0.20 0.32 0.68 
High Scenario 0.32 0.51 1.13 

Notes 1. Source: Institution of Engineers Australia (1991). 

Considering the uncertainty of these scenarios, the design of life of 
foreshore facilities and the frequency of storm attack, it is appropriate at 
this stage to allow for a 0.2 to 0.3 metres rise in sea level. This is 
believed to be a reasonable compromise between present day cost and 
inconvenience, and future risk. 

The impacts on coastal processes of a small rise in sea level would be 
quite site specific. To date, there have been no specific studies done for 
the coast of Western Australia. The most relevant works are in Bruun, 
(1962) which presents the results of some generalised work and Gordon, 
(1988) which presents some of the results of research on the New South 
Wales coast. In very coarse and general terms, both papers suggest that a 
rise in sea level would generally lead to recession of the coastline at a ratio 
of roughly 100 to 1. That is, a 0.2 metre rise in sea level may eventually 
cause a 20 metre recession of the coastline. 

This tendency for shoreline recession could be offset by other local 
effects. For example, in Bateman Bay the southern beaches are presently 
generally accreting at rates between 0.3 and 0.9 rn/year (refer Section 
6.3). Consequently, it is reasonable to anticipate that in Bateman Bay, a 
rise in sea level of 0.2 to 0.3 metres over the next 50 to 100 years would 
not necessarily cause a nett recession of the shoreline but merely decrease 
the rate of advance. 

In view of these factors, it is believed that if climate change does occur in 
the next 50 to 100 years, the effects on the beaches in the southern portion 
of Bateman Bay are likely to be minor and manageable. 
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4. Water Quality in the Marina 

4.1 General 

The intended uses of the Marina and associated waterways are: 

* 	direct contact recreation (eg. swimming and fishing); 

* 	boating; 

* 	adjacent residential development; and 

* 	passive recreation (eg. enjoying the scenery). 

The Department of Conservation & Environment (1981) put forward 
various categories of beneficial use for marine and estuarine waters in 
Western Australia. The above falls in the category titled "Beneficial Use 
No. 1 - Direct Contact Recreation). A copy of the Marine and Estuarine 
Water Quality Criteria for Direct Contact Recreation is included in 
Appendix A. The marina and associated waterways will be designed and 
managed to meet these requirements for Direct Contact Recreation. 

The resultant water quality in the marina and associated waterways is 
dependent upon the following: 

* 	the quality of the source water; 

* 	the management of nutrient and pollutant inflow; and 

the mixing and exchange processes. 

4.2 Source Water 

The source water for the marina and associated waterways will be the 
ocean water of the southern portion of Bateman Bay. As outlined in 
Section 2.4 above, this area is flushed by tidal and wind driven currents 
and the influx of ocean water caused by waves breaking on the nearby 
Ningaloo Reef. These persistent flushing mechanisms will ensure that the 
source water is clean and clear ocean water. The only possible source of 
pollution would be from the flow of nutrient rich ground water from the 
sewerage ponds that service Coral Bay. The extent of such pollution is 
presently unknown, but with the development of the Coral Coast Resort, 
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the existing settlement at Coral Bay will be able to be connected to a 
comprehensive, reticulated sewerage system. This would remove the need 
for the sewerage ponds and remove this potential source of nutrients 
flowing into Bills Bay. 

4.3 Management of Nutrient and Pollutant Inflow 

The influx of nutrients and pollutants into the Marina and associated 
waterways will be minimised by careful design and management of the 
water bodies. 

The design elements include the following: 

* 	The development will be serviced with a reticulated sewerage 
system. 

* 	A sewage pumpout facility will be available in the Marina. 

* 	All storm water run off from the roads will be collected and piped to 
soakage areas incorporated in the golf course to the east of the 
Marina. 

The ongoing management of nutrient and pollutant inputs will include the 
following: 

* 	Rubbish disposal and effluent discharge into the marina and 
associated waterways will be banned and policed by the waterways 
manager. 

* 	The use of plant species that require minimal watering and fertilising 
will be encouraged. 

* 	The use of tributyl tin oxide antifoulants on boats is prohibited under 
State Law. 

* 	The golf course will be strictly managed to ensure minimal flow of 
nutrients into the waters of the Marina and associated waterways. 
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4.4 Water Mixing and Exchange 

The water bodies of the marina and waterways will be mixed by winds, 
waves, advecting currents and boat traffic. All of these mechanisms will 
ensure that the water bodies are regularly mixed. 

There are several physical processes that cause water exchange between 
harbours and the adjacent source waters. These include: 

* 	density currents; 

* 	inflow of ground water; 

* 	astronomical tidal fluctuations; and 

* 	wind induced currents. 

The density of the marina water is expected to be almost identical to that 
of the source water in Bateman Bay. Consequently, there will be little or 
no density gradients between the marina and the bay that could set up 
density driven currents. Although density driven currents are important 
elsewhere, they will not be a significant mechanism in the water exchange 
at Coral Coast Resort. 

Rockwater (1994) predicts the ground water flow into the marina to be 
very small with very low levels of nutrients. In view of the small 
magnitude of the groundwater inflow, this is not expected to be a means of 
significant water exchange with the source water. 

The most important water exchange mechanisms will be wind induced 
currents and the astronomical tidal fluctuations. These are discussed 
below. 

4.4.1 Astronomical Tidal Fluctuations 

As outline in Section 2.3, the astronomical tides in Bateman Bay are 
semidiurnal (two cycles per day) with the typical spring and neap ranges 
being 0.9 and 0.4 metres respectively. 
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The tidal prism ration (TPR) is defined as the ratio of the volume of tidal 
flow entering the waterway from low to high tide to the total volume of 
water in the marina and waterways. This gives a measure of the potential 
for tidal flushing For the proposed development the TPR has been 
calculated to be about 25% for a 0.9 metre tidal range (spring tides) and 
about 10% for a 0.4 metre tidal range (neap tides). 

Falconer (1980) indicates that under some conditions not all of the 
incoming source water will mix with the water in the marina and 
associated waterways. The geometry can have a significant effect on the 
efficiency of mixing and exchange. Falconer (1980) defines an exchange 
coefficient as the product of the TPR and an efficiency coefficient to 
account for these effects. 

Exchange Coefficient = Tidal Prism Ratio x Efficiency Coefficient. 

Based on the work by Falconer et al (1976) these "efficiency coefficients" 
(see Table 4.1) were estimated for the various parts of the marina and 
associated waterways. These factors have then been multiplied by the 
above tidal prism ratios to obtain an estimate of the effective water 
exchange and flushing caused by the spring and neap tides. 

Table 4.1 Estimated Tidal Exchange 

Location 	 Estimated 	Estimated Tidal Exchange 
"Efficiency Coefficient" 	Springs 	Neaps 

1. Marina 	 0.7 	 18% 	7% 

Coral Garden 0.4 10% 4% 

Eastern Swimming Beach 0.4 10% 4% 

Southwestern Waterway <0.05 <1 % <0.5% 

Note 1 .The estimates of tidal exchange are for one tidal cycle. There are two tidal cycles each 
day. 
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These estimates indicate that the Marina, Coral Garden and Eastern 
Swimming Beach will all be well flushed by the action of the astronomical 
tides. The Southwestern Waterway, which extends up to 800 metres from 
the Marina, will not be well flushed by the action of the astronomical 
tides. 

4.4.2 Wind Induced Currents 

Winds blowing over closed-end waterways are known to create water 
motions that are important for water mixing and exchange. McKeehan 
(1975) specifically studied the effects of wind on water motion in man-
made waterways. This work included a theoretical approach as well as 
presenting extensive measurements taken in existing residential canal 
estates. This study shows that wind blowing over a closed-end waterway 
causes: 

* 	a slope of the water surface, raising the level at the down-wind end 
of the waterway; and 

* 	surface water movement in the down-wind direction, and an opposite 
motion in the bottom layer. 

These features are shown on Figure 4.1. The expression for the water 
velocity as a function of depth and surface velocity was given as: 

U(z) = 	Us (1 - 4(z/h) + 3(z/h)2) 

where 	U(z) = 	water velocity at depth z, 
Us 	= 	water velocity at the surface, 
z 	= 	distance below the surface, and 
h 	= 	the total depth of water. 

The water flow at the surface is usually taken to be in the range of 2 to 
5% of the wind speed, refer to Wu (1973), Bishop (1979), and McKeehan 
(1975). The above suggests that the water speed decreases rapidly with 
depth and reaches zero at about one-third of the total depth. Underneath 
this level, there is a reverse flow to ensure a conservation of mass. 
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As outlined in Section 2.1, there are strong sea-breezes at Mauds Landing 
during most afternoons. The speed is typically about 10 knots (20 kph) or 
more. The Southwestern Waterway has been aligned to take full benefit 
of these persistent winds. Local topography and the layout of the 
buildings along the waterway will funnel the southerly and southwesterly 
winds along this waterway and cause strong wind induced currents and 
associated water exchange. 

These commonly occurring southerly winds will be an important 
mechanism in the flushing of the Southwestern Waterway. Using the 
methods outlined in McKeehan (1975) it was calculated that a 
southwesterly wind of 20 kph would cause the top one-third of the water 
column to move at an average rate of 0.08 m/s. This would be 
accompanied by a return flow of equal volume in the bottom two-thirds of 
the water column. As this waterway is about 800 m long, it would take 
about two to three hours for the top one-third of the water column to 
travel the length of the waterway. This will result in exchange of about 
one-third of the volume of the waterway with the Marina water. As the 
sea-breezes often last up to 6 hours, these events would cause significant 
exchange between the waterway and the Marina. 

4.5 Resultant Water Quality 

As outline in the previous sections, the Marina and associated waterways 
have been designed and will be managed to achieve minimal inflow of 
nutrients and pollutants. Of the possible sources of nutrients and 
pollutants, the most significant will be from the antifoulant treatment on 
boats moored in the development, and accident situations which may 
release oil and fuel. 

It was estimated that the typical boat moored in the Marina would release 
about 0.5 to 1.0 g/day of copper from its antifoulant treatment. It is 
planned to initially have 100 boat pens increasing with demand to a 
maximum of about 200 pens. When fully developed, and assuming the 
unlikely event of 100% occupancy, the boats in the Marina would release 
about 200 g/day of copper into the marina water body. With the strong 
and persistent flushing outlined in Section 4.4, it was calculated that the 
resultant concentration of copper in the marina water would be about 1 to 

3 .tg/L. This is well within acceptable limits. 
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The proponent intends to establish a comprehensive oil spill response plan 
to minimise any impacts from any accidental spills in the marina. A key 
element of this, will be the rapid deployment of floating oil barriers across 
the marina entrance channel. This will prevent the spill moving out into 
Bateman Bay and onto the adjacent Ningaloo Reef. 

Skimmers and oil dispersants would then be deployed to remove and treat 
the spilt oil. 
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5. Building Levels 

in assessing the minimum finished floor levels for buildings in Coral Coast 
Resort, various physical processes and the design of the development must 
be considered. The physical processes are: 

* 	astronomical tides; 

* 	severe ocean storm surge; 

* 	possible 'Greenhouse' induced Climate Change; and 

* 	wave run-up. 

The design of the development incorporates a built-up area around the 
Marina and associated waterways, and connecting back into the high 
coastal dunes. This built-up area will provide protection from the full 
effects of severe ocean storm surge to the development behind it. 
Consequently, in the proposed development, the buildings can be 
categorised into three distinct classes of exposure to ocean storm surge 
flooding. 

Buildings on coastal dunes; 

* 	Marina and waterway buildings; and 

* 	Buildings behind the built-up coastal area. 

The first category covers the buildings along the coastal dunes. The 
waves in Bateman Bay during the severe storm attack are quite significant 
and will cause appreciable run up on the beaches. The following is an 
assessment of the minimum finished floor levels for these buildings on the 
coastal dunes. 
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Buildings on Coastal Dunes 

Astronomical tide = MSL 	 + 0.1 m AHD 

Climate change allowance 	 + 0.3 m 

100 year return period storm surge 	 + 1.9 m 

Wave run-up 	 + 1.5 m 

Freeboard 	 + 0.4 m 

Recommended minimum finished floor level 	+ 4.2 m AHD 

The second category covers buildings behind the coastal dunes and around 
the marina and associated waterways. Here, the waves during the severe 
storm will be greatly reduced by the protection of the marina breakwaters, 
and therefore wave run-up effects would be negligible. The following is 
an assessment of the minimum finished floor levels for these buildings 
around the marina. 

Marina and Waterway Buildings 

Astronomical tide = MSL 	 + 0.1 m AHD 

Climate change allowance 	 + 0.3 m 

100 year return period storm surge 	 + 1.9 m 

Freeboard 	 + 0.4 m 

Recommended minimum finished floor level 	+ 2.7 m AHD 
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The built-up area around the Marina and associated waterway should also 
be + 2.7 metres AHD at its lowest point. This will provide a protective 
barrier against ocean storm surge to the development behind it. 

The development behind the built-up area is protected from the full 
influence of ocean storm surge, but must be able to accommodate the 
rainfall runoff generated in infrequent but torrential downpours. This 
aspect is covered in the work completed by Ewing Consulting Engineers 
(refer Ewing Consulting Engineers, 1994). 
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6. Coastal Processes and Shoreline Stability 

6.1 General 

The coastal geomorphology is briefly described by the Department of 
Planning and Urban Development (DPUD) (1991). Figure 6.1 has been 
taken from that report and shows that there are parabolic dunes to the 
southeast of Point Maud. The active parabolic dune extending north in 
line with the prevailing southerly winds is also shown. Recent foredunes 
have formed at Point Maud and on the coast northeast of the old jetty 
known as Mauds Landing. These more northern foredunes are back by a 
relic foredune plain. 

The background current regime in the southern portion of Bateman Bay is 
generally mild and is believed to play only a minor role in the beach 
dynamics of this area. Wave induced processes are believed to be 
dominant in the active coastal processes of the beaches in the southern 
portion of Bateman Bay. These can be categorised as longshore drift and 
cross shore movement. 

6.2 Longshore Drift 

The transport of sand along the coast is one of the fundamental 
mechanisms in beach dynamics. A simplistic description of this 
mechanism is that in the surf zone of sandy beaches, the breaking waves 
agitate the sand and place it in suspension. If the waves are approaching 
at an angle to the beach, then a longshore current can form and this can 
transport the suspended sand along the beach. This suspended load is 
accompanied by bed-load transport where sand is rolled over the bed by 
the shear of the water motion. 

As described in Section 2.5, the prevailing waves in Bateman Bay are 
refracted swell waves that pass through Cardabia Passage. In order to 
assess the influence of these refracted swell waves, a refraction I 
diffraction analysis was completed for swell waves approaching the 
Ningaloo Reef fringing the southern portion of Bateman Bay. This 
analysis indicated that the southwest swell is refracted significantly and 
approaches the shore with wave crests virtually parallel to the beach. This 
means that the angle of approach would be close to zero and there would 
be little longshore sand transport along the beach. 
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In the portion of beach 0.5 to 5 km northeast of Point Maud, beach cusps 
were observed during the August 1994 site visit and can be seen on a 
variety of aerial photographs. These beach cusps were about 1 metre from 
crest to trough and have wave lengths in the range of 30 to 50 metres. 

When low swell waves approach beaches with steep slopes and the wave 
crests are parallel to the shore, sub-harmonic edge waves can form. The 
calculated response to low amplitude swell waves with periods between 10 
and 14 seconds is sub-harmonic edge waves with wavelengths ranging 
from 25 metres to 50 metres. This fits very well with observed conditions 
of swell period and beach cusp wavelength. The period of the incident 
swell waves typically varies in the range of 10 to 14 seconds. As the 
period changes, the wavelength of the edge wave and beach cusps will also 
change from 25 metres to 50 metres. This will result in the reworking of 
the beach sands to form the new cusp formation. This reworking will 
keep the crests of the beach cusps loosely packed and boggy. 

The presence of the edge waves is a good indicator that the prevailing 
swell waves are arriving at the shore with wave crests parallel to the 
shore. In turn, this means that the prevailing swell waves that enter 
Bateman Bay through Cardabia Passage would cause little longshore 
transport along beaches of the southern portion of Bateman Bay. 

In section 2.5, it was also outlined that the common southerly breezes 
would be blowing offshore from the north facing beaches of the southern 
portion of Bateman Bay. Consequently, these winds would have little 
influence on the waves that approach the beaches near the proposed 
development. 

Port and Harbour Consultants (1989) examined the issue of longshore 
sediment transport in Bateman Bay during extreme cyclone events. 
Numerical modelling was used to assess the amount of longshore sediment 
transport during Tropical Cyclone Hazel. This storm was assessed by 
Steedman Science & Engineering (1989) as being representative of the 100 
year return period wave conditions. 

This analysis indicated that sediment transport during the cyclone storm 
conditions is generated in a southerly direction along the Maud Townsite 
coastline. The calculated sand transport decreases from a maximum of 
about 30,000 m3  at the northern extremity of the sandy shore, to a 
negligible amount at Point Maud. 
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At the marina entrance site, the sediment transport potential in a southerly 
direction across the entrance was calculated to be about 10,000 m3  during 
Tropical Cyclone Hazel. Further south at the western extremity of Point 
Maud the calculated longshore sediment transport was close to zero. 

The above work indicates that during the very common conditions of 
southerly swells and local winds, the longshore sediment transport is 
reckoned to be very small. The extreme cyclone storms would create 
conditions that would transport sand in a southerly direction along the 
sandy shore of Bateman Bay towards Point Maud. At the proposed marina 
entrance the calculated transport was about 10,000 m3  during an extreme 
cyclone, such as Tropical Cyclone Hazel. 

This episodic movement of sand along the beach during rare storms can 
readily be accommodated by the proposed breakwaters that form the 
marina entrance. 

6.3 Cross Shore Transport 

Wave action can cause sediment to be moved onshore or offshore 
depending upon the wave characteristics and ocean water levels. 

Long, low swell waves tend to move sand from the nearshore area onto 
the beach. The measured beach profiles in the southern portion of 
Bateman Bay are in line with swell build profile slopes. Onshore 
movement of sand from the fringing reef and the bay area is likely to be 
the main feed mechanisms for these sandy beaches. 

During storm conditions, the strong winds generate high steep waves. The 
associated storm surge raises the ocean water level and permits the waves 
to attack the high portions of the beach. Initially during the storm, the 
width of the surf zone is not sufficient to dissipate increased energy in the 
storm waves. The surplus energy is spent in eroding the beach, foredune, 
and sometimes the primary dunes. The eroded sand is carried offshore 
and is deposited to form an offshore bar. Eventually this bar may grow 
large enough to cause the storm waves to break further offshore and spend 
most of their energy in the surf zone such that no further erosion takes 
place. This action is described in the Shore Protection Manual (US Army 
Corps of Engineers, 1984) and is shown diagrammatically in Figure 6.2. 
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Swart (1976) put forward a technique for calculating the amount of 
offshore transport during storm events. This method was used to assess 
the storm profile and the amount of coastal recession that would occur 
during a very severe storm. The storm conditions used were those 
calculated for Tropical Cyclone Hazel. 

Figure 6.3 shows the calculated erosion during this rare and extreme 
storm. The calculated erosion extends 70 metres from the present water 
line at mean sea level. In total, about 50 metres of vegetated coastal dune 
would be eroded during this extreme storm. 

6.4 Shoreline Movement Plan 

Using aerial photographs taken in 1949 and 1981, the longer term trends 
of shoreline stability were examined. Controlled photogrammetry was 
used to plot the vegetation line along the shore of the southern portion of 
Bateman Bay from both photographs. The shoreline movement plan, 
Figure 6.4, indicates that from Mauds Landing to about 1.8 km northeast, 
the shore has advanced over the 32 years between photographs. This 
accretion varies between 5 and 65 metres, and represents rates of between 
0.1 and 2 rn/year. Most of this section of coast has advanced between 10 
and 30 metres over the period between photographs which are rates 
between 0.3 and 0.9 rn/year. 

For the first 300 metres to the southwest of Mauds Landing the coast has 
also advanced at comparable rates. Closer to Point Maud the coast has 
generally shown little change, although, there are a few areas of recession. 
These are believed to result from mobile dune sand covering the foredune 
vegetation in the later photograph. 

The shoreline movement plots also show that the tip of Point Maud itself 
has advanced seaward about 80 metres between 1949 and 1981. This is a 
rate of about 2.5m/year. 

6.5 Shoreline Stability and Recommended Set-back 

The above work on coastal stability indicates that the southern shores of 
Bateman Bay are quite stable. In recent decades, there has been a trend of 
mild accretion of this coast. 
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The largest movements of sand are believed to occur under the action of 
severe tropical cyclones. In the work completed by Port & Harbour 
Consultants (1989) the longshore transport during an extreme cyclone was 
examined. This analysis indicated that during a very severe cyclone, there 
was significant transport of sand along the sandy beaches in the southern 
portion of Bateman Bay. The calculated sand transport was to the south 

toward Point Maud and varied from about 30,000 m3  opposite Cardabia 

Passage to about 10,000 m3  at the proposed Marina site to a negligible 
amount at Point Maud. 

The cross shore transport during such a storm would also be significant. 
Calculations of the storm erosion during a very rare cyclone event were 
estimated to cause erosion of up to 50 metres from the present vegetation 
line. In the months and years that follow such an extreme storm, the 
persistent, low amplitude, background swell would bring some of this 
eroded sand back onshore and naturally build up the beach. 

In order to allow for possible inaccuracies in these coastal engineering 
calculations, gradients in the Iongshore drift, and to provide an appropriate 
buffer as a factor of safety, it is recommended that the development line 
be set-back at least 100 metres from the present vegetation line on the 
coastal dunes. The set-back north of the Marina breakwaters should be 
between 120 and 130 metres to ensure that the buildings in the 
development are located on the relic foredune plain shown in Figure 6. 1. 
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7. Marine Structures 

7.1 Assessment of Demand 

The development of the Coral Coast Resort involves the provision of 
suitable infrastructure. As the Ningaloo Reef will be a significant 
attraction to the development, it is appropriate that a variety of marine 
related facilities be provided. In planning for these facilities, an 
assessment of the likely numbers and sizes of the boats is needed. 

By law, all boats with motors must be registered with Department of 
Transport (DOT). In November 1994, the DOT records show the 
'current' registrations at about 52,000. Undoubtedly, there would be a 
small number of boat owners that disregard the law and do not register 
their boats. In addition, there are numerous small sailing boats that do not 
have motor power and are not required to be registered. Nevertheless, the 
'current' registration figures do provide a reasonable basis for assessing 
the likely demand at the Coral Coast Resort. Table 7.1 has been compiled 
using the 'current' boat registration statistics kept by DOT and the 
estimates of population from the Australian Bureau of Statistics. The data 
has been compiled for the state, Exmouth, Mandurah and Busselton. 

Table 7.1 Boat Ownership Statistics 

Location Number 
of Boats 

Estimated 
Population 

Boats per 
1,000 People 

Western Australia 52,000 1,695,700 30.7 
Shire of Exmouth 199 2,334 85.3 
City of Mandurah 3,415 34,202 99.8 
Shire of Busselton 1,133 16,333 69.3 

In an analysis of the boating numbers and sizes throughout the state, PA 
Australia (1981) concluded that about 80% of the boats in WA are on 
trailers and about 75 % of all boats are kept at home. 

Using the available data, and making a few simplifying assumptions, an 
assessment was made of the boat numbers that would be likely in Coral 
Coast Resort when fully developed. The results are shown in Table 7.2 
below. 
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Table 7.2 Assessment of Boat Numbers 

Item Boats 
on Trailers 

Boats 
in Pens 

Total 
Boats 

1,100 Residential Units 343 64 407 

Caravan Parks 50 0 50 

Commercial Operators 50 20 70 
CALM & Dept of Fisheries 3 2 7 

Totals for Resort 446 86 532 

As the projected population of the resort is about 5,000 when fully 
developed, the 532 boats would represent about 106 boats per 1,000 
people. This is about 25 % higher than the figure for Exmouth and 7% 
higher than the figure for Mandurah in Table 7.1 above. The projected 
number of boats per 1,000 people is over three times the average for the 
state. 

in order to cater for this number of boats, it was assessed that the 
following marine infrastructure would be needed for the ultimate 
development. 

* 	4 lanes of boat launching ramps with associated trailer parking. 

* 	100 to 200 boat pens in the marina and associated waterways. 

* 	lOOm of public jetties for general use. 

* 	1 refuelling jetty with appropriate safety measures. 

As the boat number would increase progressively with the development, 
the provision of the marine infrastructure should be staged to suit the 
demand. An approximate analysis suggests that the actual number of 
boats in use on any one day would typically be in the range of 150 to 250 
boats. 

7.2 Marina Entrance Breakwaters 

The breakwaters that define the entrance to the Marina, have been 
designed to provide suitable protection to the Marina and associated 
waterways during severe storms. The layout is shown on Figure 1.2 and 
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the breakwaters will prevent the incoming waves from penetrating into the 
Marina. A preliminary diffraction analysis of the entrance configuration 
indicates that during the 100 year return cyclone, the significant wave 
height at the Marina pens would be about 0.8 metres. 

The construction of the breakwaters must be able to withstand the force of 
tropical cyclone storms. Port & Harbour Consultants (1989) completed a 
preliminary design of the breakwater cross sections. These are shown on 
Figure 7.1. The breakwaters will be conventional rubble mound 
breakwaters with two layers of large amount stone protecting a core of 
smaller mixed rock. 

The adopted preliminary design utilises 5 to 9 tonnes armour stone and 
corestone that could be run of quarry rock. This method is economic 
because it will utilise the produce of nearby quarries in Trealla Limestone. 
All fractions of the quarry rock can be used in the proposed breakwater 
design, thereby minimising any need for over quarrying. 

Although the final choice of quarry has not been made, the existing 
quarries within 70 km of Coral Bay are the most attractive sources of rock 
for the breakwaters. Figure 7.2 shows the rock face of one of the existing 
quarries that would be suitable for the breakwater construction work. 

The quarried rock would be transported to site on private and public roads 
at a rate of up to 1500 tonnes per day. This will involve about 6 to 8 
trucks completing a total of about 35 round trips per day. The 
construction of the breakwaters will take about 6 months to complete. 

7.3 Edge Walling and Internal Beaches 

The boundary between the land and the water of the Marina and associated 
waterway, will be either a simple rock revetment or a sandy beach to suit 
swimming. Preliminary designs for these edge treatments have been 
completed as part of the planning studies. The simple rock revetment is 
shown on Figure 7.3 and the proposed sections for the internal beaches are 
shown on Figures 7.4 and 7.5. 

Both of these edge treatments have been used in many other developments 
throughout the state over the last few decades. They use locally available 
materials and provide an effective and economical edge to the water areas. 
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8. Summary and Recommendations 

The oceanographic conditions vary markedly from the open ocean to the 
sheltered conditions behind the Ningaloo Reef. The position and extent of 
the reef provides substantial protection to the southern portion of Bateman 
Bay. The most severe conditions will occur during the passage of 
Tropical Cyclones. The 100 year return period storm surge is estimated to 
be about 1.9 metres above the astronomical tide. The wave conditions 
during an extreme cyclone with a similar return period are estimated to 
reach significant wave heights of about 6.2 metres outside the reef and 
about 3.7 metres in 7 metres of water near the proposed Marina entrance. 

The waters of Bateman Bay would be regularly flushed by the wind, tide 
and wave forced currents. Because of the wave-driven water transfer 
across the Ningaloo Reef and tidal flows through the reef gaps the 
nearshore water will be regularly mixed and exchanged with new ocean 
water. Except for the possible influx of pollutants and nutrients from the 
waters of Bills Bay, the water in Bateman Bay should be virtually identical 
in composition to that of the near by ocean. 

The Marina and associated waterways have been designed and will be 
managed to ensure that there will be minimal inflow of pollutants and 
nutrients. There will be strong and persistent mixing and exchange of the 
new water bodies through the action of tidal currents and wind induced 
currents. The resultant water quality in the Marina and associated 
waterways will be better than the requirements for the intended use of 
direct contact recreation. 

The 100 year return period storm surge was estimated to be 1.9 metres. 
Based on this, and accounting for the astrological tide, wave run-up during 
the cyclone, and making an allowance for the possible increase in mean 
sea level due to possible climate change, the minimum finished floor 
levels were recommended to be 4.2 metres above AHD for the buildings 
behind the coastal foredunes on Bateman Bay and 2.7 metres above AHD 
for the buildings around the Marina and associated waterways. 

The work on coastal stability indicates that the southern shores of Bateman 
Bay are quite stable. In recent decades, there has been a trend of mild 
accretion of this coast. 

The largest movements of sand are believed to occur under the action of 
severe tropical cyclones. An analysis indicated that during a very severe 
cyclone, there would be significant transport of sand along the sandy 
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beaches in the southern portion of Bateman Bay. The calculated sand 
transport for the 100 year cyclone was to the south toward Point Maud and 

varied from about 30,000 m3  opposite Cardabia Passage to about 10,000 

m3  at the proposed Marina site to a negligible amount at Point Maud. 

The cross shore transport during such a storm would also be significant. 
Calculations of the storm erosion during a 100 year cyclone event were 
estimated to cause erosion of up to 50 metres from the present vegetation 
line. In the months and years that follow such an extreme storm, the 
persistent, low amplitude, background swell would bring some of this 
eroded sand back onshore and naturally build up the beach. 

In order to allow for possible inaccuracies in these coastal engineering 
calculations, gradients in the longshore drift, and to provide an appropriate 
buffer as a factor of safety, it is recommended that the development line 
be set-back at least 100 metres from the present vegetation line on the 
coastal dunes. The set-back north of the Marina breakwaters should be 
between 120 metres and130 metres to ensure that the buildings in the 
development are located on the relic foredune plain. 

The Coral Coast Resort will be a significant attraction for boating 
activities. It was assessed that when fully developed, there would be in 
the order of 530 boats in the various sectors of the development. This is 
about 106 boats per 1,000 people, which is about three times the average 
for the state. As most of the boats are expected to be trailerable boats, the 
ultimate development will have four lanes of launching ramps. The 
ultimate demand for pens in the Marina and associated waterways has been 
estimated to be between 100 and 200. It was also estimated that on a 
typical day, about 150 to 250 boats would be in use. 

The breakwaters that define the entrance to the Marina, have been 
designed to provide suitable protection to the Marina and associated 
waterways during severe storms. The breakwaters will be conventional 
rubble mound breakwaters with two layers of large amount stone 
protecting a core of smaller mixed rock. Suitable rock can be sourced 
from quarries in the area. 
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Ficiure 1.2 - Proposed Development Layout 
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Fiqure 2.1 - Wind Rose, Winter Mornings 
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Figure 2.2 - Wind Rose, Winter Afternoons 
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Fiqure 2.3 - Wind Rose, Summer Mornings 
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Figure 2.4 - Wind Rose, Summer Afternoons 
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Figure 2.7 — Offshore Wave Climate 

WAVE HEIGHT AND DIRECTION FREQUENCY DISTRIBUTiON (SITE 261 

SUMMER 
&gnUloant Wave H.Ight (m) 

DIssodon 0-1 1-2 2-3 3-4 	4.4 	6.8 8.10 >10 Total— 

N 1 0 0 0 	0 	0 0 0 1 

NE 0 0 0 0 	0 	0 0 0 0 

8 1 0 0 0 	0 	0 0 0 1 

SE 2 17 10 6 	0 	0 0 0 34 

$ 4 23 IS 8 	I 	0 0 0 60 

SW 1 3 4 3 	0 	0 0 0 II 

W 0 1 0 1 	0 	0 0 0 2 

NW 0 0 0 0 	0 	0 0 0 0 

Ind.t 0 0 0 0 	0 	0 0 0 0 

Total 10 43 30 16 	1 	0 0 0 100 

(n-iSO) 

AUTUMN 
Slgnifivent W.v. H.ght (in) 

DIi.otlon 0-1 1-2 2.3 3.4 	4-6 	6-8 8-10 >10 Total 

N 0 1 0 0 	0 	0 0 0 1 

NE 0 0 0 0 	0 	0 0 0 1 

E 0 1 3 0 	0 	0 0 0 5 

SE 2 15 16 12 	2 	0 0 0 47 

5 0 14 10 5 	2 	0 0 0 31 

SW 0 3 5 3 	0 	0 0 0 10 

W 0 I 0 0 	0 	0 0 0 2 

NW I 1 0 0 	0 	0 0 0 2 

Ind.t 0 1 1 0 	0 	0 0 0 2 

Total 4 37 35 20 	4 	0 0 0 100 

(n-184) 

WINTER 

5Ig,fleant Wave Halght (ml 

D),.odon 0.1 1-2 2-3 3.4 	4-0 	6-5 6-10 >10 Total 

N 0 0 0 0 	0 	0 0 0 0 

NE 0 0 0 0 	0 	0 0 0 0 

£ 0 2 2 1 	0 	0 0 0 4 

SE 0 6 8 I 	I 	0 1 0 19 

1 0 10 15 10 	0 	0 0 0 38 

SW 0 7 12 10 	0 	3 0 0 31 

W 0 5 1 I 	0 	0 0 0 7 

NW 0 0 0 0 	0 	0 0 0 0 

Ind.t I 0 3 0 	0 	0 0 0 4 

Tow 	1 1 29 42 23 	1 	3 1 0 100 

In -83) 

SPRING 

$ignifleont W.v. H.lght (ml 

DI,.odon 0.1 1-2 2.3 3-4 	4-8 	6-5 8.10 >10 Total 

N 0 0 0 0 	0 	0 0 0 0 

NE 0 0 0 0 	0 	0 0 0 0 

C 0 3 0 0 	0 	0 0 0 4 

SE 1 1 20 8 	0 	0 0 0 35 

$ 0 12 17 S 	0 	0 0 0 37 

SW 2 $ 5 2 	2 	0 0 0 19 

W 0 0 2 0 	0 	0 0 0 2 

NW 0 0 0 0 	0 	0 0 0 0 

)nd.t 1 2 1 0 	0 	0 0 0 1 	3 

Total 1 	6 34 45 14 	2 	0 0 0 1 	100 

(n116) 

Source: US Navy (1976) 
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Figure 4.1 - Wind Induced Circulation 
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Fiaure 6.1 - Coastal Geomorphology 
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Figure 6.2 - Storm Wave Attack 
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Figure 6.4 - Shoreline Movement Plan 
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Fiqure 7.1 - Breakwater Cross Section 
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Figure 7.4 - Cross Section Through Internal Beach 
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Figure 7.5 - Edge of Internal Beach 
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Appendix A Water Quality Criteria 
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BENEFICIAL USE NO.1 

DIRECT CONTACT RECREATION 

For the purpose of this schedule, recreation is considered to include all activities relating to sport, pleasure and 
relaxation which for the purpose of these guidetines depend on water resources. Water orientated leisure pursuits 
dominate recreation in Western Australia. Most of the State's population is concentrated near the coast and 
especially within 200km north and south of Perth. The importance of water for recreation in Western Australia 
reinforces the need to establish effective water quality criteria as guidelines for the proper rnanaement of this 

rusowte. 
in considering this schedule, the Editors drew heavily upon the NH&MRC Australian guidelines for recreational 

use of waters (N}i&MRC, 1990). This was done as an anempt to standardise schedules which have liule relation 
to the physiography and ecology of any particular part of Australia. Other criteria have also been included from 

other sources, however. 
During revision of the criteria a common question which was raised was "how far from the high tide mark 
seawards does the criteria apply for direct contact recreation"?. The answer can only be given on a site specific 
basis and hence should be addresses by the management agency when designating water bodies for various 
benilicial USeS. However, It is pointed out that where water depth increases rapidly from the high .tide nlark,  
Schedule 1(1) would be applicable to a ribbon shaped segment of water parallel to and along side the beach. On 

the other hand, in the case of platform reefs, Schedule 1(1) would cover a much wider area depending on water 

depth. 

Primary contact recreation for humans. 
Criteria in Schedule 1(1) are intended to protect marine and estuanne waters for direct contact recreation 
involving bodily immersion or submersion, including bathing, diving, waterskiing, surfing and other simiLar 

ac U vi ties. 

ta) 	Health criteria 
People engaged in pnmary contact recreation may swallow significant amounts of water, absorb toxic chemicals 
through the skin or acquire a range of infections. The amount of water that may be aecidently swallowed varies 
considerably but in practice probably does not exceed 100 mL for any individual per day. 

Dupending on the levels of control exercised over the open water resource, effc*t should be made to either warn 
the public or control access and use when water is found to be heavily polluted. 

Faecally contaminated water may expose swimmers to a range of infectious gastrointestinal diseases. Norwalk 
virus has been commonly cited as the most likely disease causing organism. The protozoans Giardia and 

Cryp:osporidium may also be a cause for concern, particularly if farm, animal and sewage wastes are dumped 
into streams or takes which drain to upper estuaries. 

(b) 	Safety and aesthetic criteria 
Water should be free of floating or submerged objects which may cause physical injury. In terms of water quality 
control, floating debris, oil, grease, scum, foam, and other floating materials originating from waste discharges 

r of natural origin are of concern. Ideally, water should have a low turbidity and have low colour. For many 
acuvities, for example, swimming and diving, it is important that the bottom be clearly visible. 

Formulauon of criteria to ensure that water is universally appealling is difficulL Aesthetic preferences are 
subjective and dependent upon cultural conditioning. 

Waters should conform to the general health, safety and aesthetic criteria for marine and estuarine waters. They 
should also be protected against toads of nutrients and other biostinhulants capable of causing excessive or 
nuisance growths of algae or other aquatic plants. 

Water quality criteria recommended for primary contact recreation relating to human health, safety and aesthetics 
are provided in Schedule 1(1). 



SCHEDULE 1(1) 

MARINE AND ESTUARINE WATER QUALITY CRITERIA FOR PRIMARY 

CONTACT RECREATION 

Primary Contact: Criteria relating to human health, safety and aesthetics 

Parameter 	Criterion 	 Source 

AesthetiC 	 As on page immediately 1xeceeding Schedule I 

Considerations 

Floatable and Floating debris, grease, oil, sum and foam should not be 

seuleable matter visible. The bou.om  should be safe to walk on. 

Physical Hazards Water should not contain floating or submerged 

(Dangerous objects) objects which might injure, tangle or obstruct users. 

Odours, taints The waxer should be free of objectionable odours and 

colour taunts, and colour should not exceed 30 Pt-Co units 

Light Penetration 	Secchi disc (a circular plate painted black and white) visible 

(Water Clarity) 	at a depth of 1.2m except in "learn to swim" areas where 
a Secchi disc should be visible on the bottom. 

pH 	 6.5-8.5, except for estuarine waters with a low buffer 
capacity where a pH range of 5.0 and 9.0 may be tolerated. 

Turbulent and high 	flow rates should be less than 1.5 rn/sec at waist or greater 

vclocty flows 	depth. 

Piwu nWneiUS 

a) Marine 	 Nutrients should not promo4e excessive aquatic macrophyte 
and algae growth or growth of toxic cyanobscteria- Nor 
should they cause a deleterious reductions in dissolved oxygen 
concentratIOns in waxer. 

USAEPA 
(Comp.) 
(1978) 

NH&MRC 
(1990) 

NH&MRC 
(1990) 

W02(1900) 
VicEPA 
(1983) 

NH&MRC 
(1990) 

NH&MRC 
(1990) 

NH&MRC 
(1990) 

WG2(1990)/ 
NH&MRC 
(1990) 

K&S( 1977) 
Ammonia (expressed 
as Nitrogen) 

b) Estu.anne 

6 month median not to exceed 60) ugiL. 
No single reading to exceed 2000 ug/L. 

Nutrients should not promote excessive aquatic macrophyte 	WG2(1990)/ 

and algae growth or growth of toxic cyanobacteria. Nor should 	NH&MRC 
they cause a deleterious reductions in dissolved oxygen concentrations (1990) 
in water. 

Phosphorus (Total) Not to exceed 0.02 mg/L WG2 (1990) 

Nitrogen (Total) Not to exceed 0.2 mg/L W02 (1990) 

Bciciena 

Total Coliforms The  geometric mean of total colifonns in not less than 5 samples 
taken over a period of not more than 42 days should not exceed 

VicEPA 
(1983) 

1,000 organisms per 100 ml. 

Faecal Cotiforms The median value not exceeding 150 faecal coliforms NH&MRC 
(1990) 

and indic.aLors organisms/lOOmL for a minimum of 5 samples taken at 
regular intervals not exceeding 1 month with 4 out of 5 
samples containing less than 600 faecal coliforms per 
lOOmL. However, where possible, a site specific criterion 
should be developed. High temperature and high salinity 
adversely affects faecal coliform survival and may indicate the 



need to adapt a more stnngent faccal coliform criterion. Since 
some human viruses may survive chlorination, the cruerion 
must be applied with caution for assessing health risk 
where emuent of human origin is chemically disinfccted. 

cEnterccccci 	 Geometric mean not to exceed 33 organisms per lOOmL 	 NH&MRC 
(1990) 

Faecai Material 	The water in bathing and swimming areas should be 	 WGI(1981) 
protected against direct contamination with fresh faccal 
material of human or domesticated animal origin. 

Sal moneila 95 percentile should have zero organismslL. This may be WG2(1990)/ 

established on the basis of a minimum of five samples taken WRC(1989) 
over not more than a 30-day period under condiuons representative 
of the waxer quality to which users are commonly exposed. 

Enteroviruses 95 percentile should have zero organisms/10L. This maybe WG2(1990)/ 

established on the basis of a minimum of five samples taken WRC(1989) 
over not more than a 30-day period under conditions represcntative 
of the waxer quality to which users are commonly exposed. 

Blue Green Algae No quantitative figures have been produced. Waxers with NSWSPCC 
obvious algal blooms can be considered unsuitable for (dzaftX1989) 

primary contact recreation. 

Harmful organisms Dangerous aquatic parasites are almost unknown in Australia. WG2(1990)/ 
Waters should have only low levels of cercarial stages of avian NH&MRC 
schistosomes. Direct contact with a range of bottom dwelling (1990) 

animals on reefs should be avoided water should be reasonably free 
of poisonous coelenterates such as box jelly fish and blue bottles. 
in estuarine areas, freshwater leeches should be avoided where psibk 
as they can enter body c*-ificcs and cause considerable damage. 

PrcxozoanS Pathogenic free-living protozoans should be absent from warm WG2(1990)/ 

(greater than 240C) upper estuarine water bodies used bodies NB&MRC 

bodies used for primary con= recreation. (1990) 

Staining 

Iron 95 percentile not to exceed 500 ug/L WG2 (1990) 

Manganese 95 percentile not to exceed 100 ug/L WG2 (1990) 

Temperature 15-350C N11&MRC 
(1990) 

R.adiuve The waters should not contain radioactive substances in WG1 (1981) 

Substances such concentrations as to be deleterious to humans if small 
quantities are ingested. 

TOXICANTS: FOR HUMAN PROTECTION 

In General 	 Waters containing chemicals which are either toxic or 	 NH&M'RC 

imtaung to the skin or mucous membranes are unsuitable 	 (1990) 

for recreation. 

(Elements) 

Arsenic 	 95 percentile not to exceed 500 ug/L 	 WRC (1989) 

Cadmium: 
Estuaries 	 Annual average not to exceed 5 ug/L 	 WRC (1989) 

Other Coastal Waters 	Annual average not to exceed 2.5 ug/L 	 WRC (1989) 

Chromium 	 95 percentile not to exceed 500 ug/L 	 WRC (1989) 

Copper 	 95 percentile not to exceed 500 ug/L 	 WRC (1989) 



Li 95 percentile not to exceed 500 ug/L WRC (1989) 

Mercury: 
Estuaries Annual average not to exceed 0.5 ug/L WRC (1989) 

Other Coastal Waters Annual average not to exceed 0.3 ug/L WRC (1989) 

Nickel 95 percentile not to exceed 500 ug/L WRC (1989) 

Zinc 95 percentile not to exceed 50 mgit WRC (1989) 

(Organics) 

Phenols 	 Not to exceed 50 ug/L 	 WRC (1989) 

Vijal and odour 	No visible film or odour 	 W02 (1990) 

Dissolved or 	 90 percentile not to exceed 300 ug/L 	 WRC (1989) 

emulsified 

Chloroform 	 90 percentile not to exceed 300 ug/L 	 WRC (1989) 

exrrtible subszanceS 

(Other Toxicants) 

Hydrogen suiphide 	95pccntile not tO exceed-  4Oug/L 	 WRC (1989) 

(undissocialed H2S) 



APPENDIX H 

A Flora and Vegetation Survey of the Conservation 

Values for Flora and Vegetation in the Area Proposed 

for the Coral Coast Marina 

Malcolm Trudgen, 1994 



AFLORA 

AND VIGETATION 

SURVEY ANI) ASSESSMENT OF 

CONSERVATION VALUES FOR FLORA ANI) 

VEGETATION OF THE AREA OF THE PROPOSED 

CORAL COAST MARINA 

PRF.PAREI) FOR 

BOWMAN BISIIAW GORIIAM 

ENVIRONMENTAl. MANA( EMENT CONSULTANTS 

BY 

MAI.COLM TRUI)GEN 

CONSULTANT BOTANIST 

NOVEMBER 1994 



(X)NThNTS 
1.0 INTRODUCTION 

1.1 Location 
12 Topography and geomorpholoi 
1.3 Climate 

2.0 METHODS AND LIMITATIONS 
2.1 Methods 
2.2 LirnitatiorLs 

3.1' FLORA OF THE SURVEY AREA 
3.1 Flora recorded 
32 Biogeoraphical re1iioriships of the flora of the 	dy area 
:33 Signihcartt flora recorded 

3.3.1 Priority stecies 
3332 Species at ends of range 
3.3:3 Other siificartt species present 

3.4 Potential for other Rare/Priority flora to be presertt 
4.0 VEGETATION OF THE SURVEY AREA 

4.1 General description 
42 PIarLt corrirnurtities observed on the site 

4.2.1 Foredurte 
4.22 Relict foredurte plain 

- Crests 
- Swales 
- East facing slopes 
- Low sar&d drifts at rear of relict foredurte plain 

42.3 i-'arabolic dunes 
- Crests 
- Westerly facing slopes 
	 1 

Lower northfacing slope adjacent to salt flat 
- East facing slope 
- Swzcles 

4.2.4 Deflation basins, aeoliart tlats/ ridges and inlet spits (relict) 
- Deflation basirt 
- Aeoliart flats/ridges 
- Inlet spit (relict) 

4.2.6 Saline flats 
4.2.7 Flypersaline pool 

5.0 CONSERVATION VALUE FOR FLORA AND VEGETATION 
5.1 Conservation value for flora 
5.2 Conservation value for vegetfj 
5.2 Conservation value for vegetation of the coastal dunes in the study are.8 
5.3 Conservation aiue for veetatiorL of the saline flats in the study area 

6.0 REFERENCES 
- ' 	,%T rr - r .0 t-LNNOS LLktIv1N i 

APPENDIX ONE: Flom recorded for the stud'q area 
APPENDIX TWO: C:oriditiori scale 
APPENDIX THREE: Vegetation stuctural classification 

S.,'.  

41 
4.:' 



111 IN11&ODUC11DN 

1.1 Lt*ation 

The study area is located on the coast of Western Australia, just north of the 

township of Coral Bay, It is about ThO kilorrietres south of Exrriouth and 250 

kilorritres north of Camarvon (DPUD 1992). Ninaloo Marine National Park abuts 

the study area. 

12 Topiphy and geomorpho1or 

The study area has two major Iandform units in it, These are a relict mud flat and 

areas of Holocerte dunes (DPUD 1992). The dunes lie behind a long gently curved 

bay which is separated from Bill' Bay (on which the township of Coral Bay is 

situated) tq Point Maud, 

The relict mud flat has some low relief that has allowed the developrrient of some 

clay paris (areas bare of vegetation, a little lower than the surrounding flats but 

probably only holding water for a very short time), a few small sinkholes, a low 

embankment and a hypersaline pooi. The hypersaline pooi is much better defined 

!hari the clayparts. is deeper and probably holds water for longer periods (it is located 

in the south-east corner of the study area. There are some small areas of relict inlet 

spits on the flat (DPUD 1992). 

The Holocerie dunes include an area of parabolic dunes and a relict beach ridge 

plain. The parabolic dunes reach heights of up to 30 metres above sea level and are 

negular in shape while the dunes in the relict beach ridge plain are more or less 

parallel to the coast the tallest are about 9 metres above sea level. As well, there are 

OIiie minor components in the I lolocerte dunes, including a narrow strip of low 

foredunes, deflation basins and a small area of aeoliari flat or iid (DPUD 1992). 

l3Qimate 

"The climate of Coral bay is characterised by warm to hot temperatures and low 

rainfall year round. Rainfall can occur in summer and winter. Cyclonic 

disturbances are a major contribution to rainfa.11 in February and March..." (DPUD 

1 992i, 



4 

2.0 MI!.TEIOLE AND LIMITATIONS 

2.1 Methcxls 

Sites were selected in the field partly by using an aerial ortho-photoqaph and partly 

during traverses made by foot and vehicle. The structure and fioristics of the 

vegetation was then recorded using releve sites, In this technique, a formal plot is 

not used but, in this study releves were usually rouhiy circular areas of about 30 

metres diameter. In some situations (e.g. narrow strips of vegetation at the ed..s of 

the dunes and saline flats and on dune crests) releves had to be different shapes. The 

location of the releves were marked on the aerial ortho-photogntph. At each releve, 

the structure of the vegetation was recorded and at most releves all species present 

were recorded. 

The system used in the description of the vegetation types is a modified usage of the 

system of Specht as given  by Aplin (197I.. see Appendix three). This system is 

usually used to define vegetation on the upper storey only. However, vegetation 

with similar upper storey composition and abundance can have very different lower 

stories. To fully describe the vegetation, each layer present was described. 

Sometimes, within a Specht height class (e.g. 0-1 metre) there are actually two layers, 

when this happened both were described. Vegetation descriptioorts ae usually based 

on the prerirtial flora, and because of this one species was ormtted from vectaliort 

descriptions although it was at times siiificant. This was Trichodesma zeylanica, 

which is usually an arLntual but the form on present in the study area. may be 

prenirtial. 

Where species at the releves were well known to the author they were not collected 

but their presence was recorded. Other species were collected, pressed, dried and 

identified using keys and by comparison to previously named material at the 

Western Australian Herbarium. Where appropriate, assistance from specialists was 

sought to enable identification of difficult material, 

At each releve, the condition of the vegetation was assessed using a scale ranging 

from excellent to completely degraded. This scale is given in appendix twc, 
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22 1.imitafion 

There. are some limitations inherent in the approach used -Irt this study, these are: 

Ti he survey was restricted to one site visit of three days in October, and as the 

preceding season had been fairly dry, very few annual species were available for 

collection However., partly due to the small number of habitat sites in the study 

area, it was felt that a large. proportion (more than 9076) of the perennial flora of the 

site was recorded even if a much smaller proportion of the annual flora was 

recorded. 

The releve method does not provide as accurate data as the careful use of plots (the 

fact that the releves were larger than plots would have been if they had been used 

counteracts this to some extent), but was practical in the time available with the 

diversity of vegetation in the study area. 

Assessment of the condition of vegetation is more difficult in the absence of 

knowledge of the fire history. In the study area it is possible that fires may have 

reduced the abundance of fire sensitive species such as Qlearia darnpieri and Olearia 

.xi11aisssp obovatus. If this were the case, then some sites would need to assessed 

as in slightly poorer condition than the assessments made for this report 



31) FLORA OF THE SURVEY AREA 

3.1 Floxa ietoided 

One hundred and six native flowering plant species from thirty-three plarii families 

were recorded in the study area, including one aquatic species from the hypersaliute 

pool. In addition, one introduced species, *Cenchrus ciliaris buffel ass), was 

recorded. This species was common (in places abundant) on the sand dunes in the 

study area, 

The flora recorded probably represents about 85176 of the flora of the site, with those 

species not being recorded being either present in very low numbers or being 

annuals not available at the time of the survey. 

Given the relatively small size of the study area and the low number of habitat types, 

the number of species recorded seems to indicate &it average diversity, that is neither 

low nor high for an area on the coastline, in contrast, Kieghery and Gibson (1992) 

recorded six hundred and thirty taxa of vascular plants (in 86 families, excluding 

those with only weed and marine species) from the Cape Range peninsula, but this 

is a much larger area with many more habitat types. 

The plant families with the rriost species recorded for the sudy area were: Poaceae 

(n-ass family) 12 species; Chenopodiaceae (saitbush family) 15 species; Mimosaceae 

(wattle family) 7 species; Malvaceae (Hibiscus family) 5 species; Goodertiaceae 

(LthenauliI family) 8 species and Asteraceae (daisy family) 12 species. 

F'oaceae, Malvaceae, Asteraceae and Mimosaceae are usually major components of 

floras in and areas in Western Australia and Cheniopodiaceae in the floras of saline 

areas, so these families would be expected. The relative abundance of Gooderiiaceae 

is a result of the presence of several coastal species with the small size of the study 

area skewing their affect on the size of the family in the study area. Kieghery and 

Gibson (1992) had a similar list of families with many species, with differences (such 

as the inclusion of Myrtaceae and Papilioriaceae) being readily explained hq the small 

range of habitats in the study area of the current survey area. 

6 
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32 BiogeoapbicaI relationships of the flora of the study area  

The floni of the study area has groups of species that can be ascribed to different 

regions in their relationships. For e.xample, species such as Rhchosia cf, minima 

and Lunea sarmeritosa are tropical in their relationships; species such as 

Acaiflhocarus preissii. Thptomene hae.ckeacea and Pileanthus limacis are 

south-western in their relationships, species such as Spini.x lortgifolius, Scaevola 

s.icIg€.ra, Acacia coriacea ssp. oriacea and Acacia rostellifera are coastal in their 

distribution: and species such as Sida. ef. fibulifera. Abutilon cf, exoneum are 

eremaean in their relationships. In addition, there is a significant group of species, 

xicluding the losaia species and the Atriplex species that are associated with 

saline habitats. 

Given the coastal nature of the study area, the latitude it occurs in and the presence 

ot art extens]ve saline area, the biooraphical makeup of the flora recorded seems 

to be much what would be expected. 

33 Sigüt1cant flora n"Wed  

pec1es discussed in this section are those that are considered to possibly be at risk, or 

for which the population in the study area has some particular siiflcance. No 

declared rare flora were recorded, 

33.1 Priority species 

F'rioiitq species are those which the Department of Conseivation and Land 

N{artagc:merit (CALM) considers may need to be gazetted as declared rare flora after 

:troFIer surveying, or which are not currently threatened but which require regular 

rnortilonirig 

Two priority species were recorded from the study area, they are: 

Acaciaiyaniaria and Erernophila glabra ssp. Dirk Hartog(M. Manning 6/9/64). Roth 

are common in the study area, with populations generally being found in the lower 

parts of the dunes, close to the saline fiats, where the sand layer is thin. However 

the hrejihila was recanted in some sites located further up in the dunes but, at 

lower densities, 



rq 

Acacia ryaniana and Eremophila glabra ssp. IJirk Hartog (M. Maiming 6/9/64) are 

both priority two species these are: "Taxa which are from one or a few (generally 5) 

populations at least some of which are not believed to be under immediate threat 

(i.e. not currerLtly endangered). Such taxa are under consideration for dech ration as 

'rare flora' but are in urgent need of further survey (Atkins. September 14). 

332Spedatendsofrange  

Populations of species which are at the end of their range are generally considered 

important bybiologists because they give informaion about the response of the 

species to its environment. Collections of four species made during the survey 

si -tiflcantly extended their known range to give them new northern limits, These 

species were: 

Halosarcia peltata: range extension, previous northern limit was at Shark bay. 

4çacia rostellifera: range extension, previous northern limit was at the ZuYtdoiTi 

Cliffs. 

Stipa elegantissirna: previous northern limit was near Carrtaivon. 

Podolepis mnicrocephala: previously only known from Shark Bay and the 

southern end of Lake McLeod, 

333 Other significant species pIvent 

Another species worthy of comment found in the study area was Launea 

sarmentosa a prostrate member of the daisy family with long creeping stems, This 

species was recorded in the foredurtes next to the Mauds landing track and., is only 

known in Australia from a few records from beaches on the Pilbara coastline and 

from adjacent offshore islands (it has a wide distribution outside Australia on 

tropical islands). The area of suitable habitat for this species in WA. does not appear 

to be very large and it may deserve to go on the CALMpniority list 

33 Potential for other Rue/Priority flora to be present 

There are in the order of & priority and declared rare flora species in the CALM 

GasCoynLe region but systematic checking of the CALM Declared Rare and priority 

Fior .List (Atkins, Septmber 1994) indicates that it is unlikely that priority species 

other than those recorded would occur in the study area. The reason for this is the 



nli rarr ge of habitat that occurs in the study area (saline flats and younger coastal 

dunes) and the fact that most of the declared rare and priority flora species are not 

horn these habitats. However, it is not impossible that a few other priority species 

could occur in the study area, especially as the number of annual species recorded 

was low due to a lack of sufficient rain prIor to the survey to promote growth of 

these species. 

9 



41J VFCETA11ON OF THE SuRVEY AREA 

4.1 Geneml desciiption 

The vegetation of the survey area is described below in relation to the geomoi1ihic 

units occurring in the survey area (DPUD 1992). As is typical of many coastal areas 

with relatively young geologies, the vegetation of the dunes varied in the 

corribirLations of the more abundant species but.. has relatively few of them, This 

makes the vegetation appear more. uniform than it is. with different sites having 

vegetation that varies significantly in the proportion of the species present rather 

than the species present. The vegetation of the saline flats varies in a similar 

mariner, although in this case the controlling factor in the low diversity of 

dominant species is the salinity of the soil rather than the uniformity of the soil 

Most of the vegetation of the survey area is in very good to excellent condition (see. 

Appendix three for definition of scale), with the exception of some areas ot the 

dunes with heavy invasion of *Cenichrus  ciliarjbuffel gra) and some pails of the 

saline flats where there are a number of tracks. 

Note that it has riot been possible to map the distribution of all the units on the 

dunes and so they have not been given codes but that the units on the saline flats 

have been mapped in more detail and so have been given codes, 

42 Plant communities observed on the site 

42.1 Fcedunes 

This section includes the actual foredune and a low dune behind it with similar 

height and with different vegetation to the taller dunes of the relict foredune plain 

behind them. The foreduntes at Mauds Landing have: 

Spinifex lorLgifolius hummock grasslarLd over Laurtea sarmeritosa open 

heibland 

Similar vegetation extends into the swale behind the foredune and sometimes onto 
41- 	4 	.1- 1- • 	.441-. . 	..4 .-..-. 	A,..,.4.-.4 ,..., 	-1.-.4 We. ow !Aurle LIeLI1rLU e 	 ___ 

Tnichodesrna zeylanica and Atiiplex isatidea. The soil was light grey-brnwrt 

calcareous sand with white shell fragnents and the site recorded was assessed as in 
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very od condition. (Site bb.) The low dune behind the foredune can have quite 

different vetation to the foredune, e.g.: 

Eulalia aurea tussock grassland over Carpobrotus " septerttnoriah.s Laurtea 

sarmentosa open herbiand. 

Associated species recorded were Txichodesrna  zeylanica. Calandrirtia polyanth 

AngianthurtnIniamiL Spinifex 1onifolius, Rhagodia preiseji Sep. obovata.. 

.oiynotheca flexuosissima, Ptilotus villosifiorus, Chamaesyce drummondii ssp. 

iunmondii, Sertecio lautus and Erernophila glabra ssp. Dirk Hartog. In places this 

oune had patches of Acacia coriacea over the Eulalia. If Trichodeema was treated as 

' perennial rather than an annual, thert a layer of open shrubland of this species 

would he included in the vegetation description. (Site 64.) This vegetation can 

extend over the swale behind the low dune onto the base of the first of the larger 

relict foredunes or there can be a stand of: 

1ileanthus limacis low open heath with Eulalia aurea tussock grassland. 

Associated species recorded in this vegetation stand were Trichodesma zeylanica, 

Rhagodia preissii ssp. obovata, Sjiinifex lortifolius, Charnaescyce drurrirnortdii ssp. 

drummondii, Euphorbia hoopthona. Calandnnia polyandra, Corynotheca 

flexu0sissirria, Eremophila glabra sep. Dirk Haiig,  Threlkeldia diffusa and Cassytha 

aurea var. aurea. If the Tiichodesma zTlar1ica  were treated as a perennial then an 

open shrubland layer of this species would need to be added to the vegetation, 

1e.scnptmn. 1'his vegetation was in very good condition (site 65) however, it was 

noted that there was some clisturbarLce close to the track between the relict foredune 

plain and the beach. 

422 Relict foredune plain 

The veetatiorL of the relict foredune plain is dominated by Acacia coriacea and 

the taller shrub layer and Pileartthus limacis and Acacia .Ila  in

pathulifolia in the lower shrub layer. The lower slopes are similar in their 

vet;tjO!1 to the aeolian fiat/ridge, deflation basin and relict inlet spits. Vegetation 

developed includes: 



Acacia coriacea ssp. coriacea., Olearia axillaris var. obovata shrublarid over Acacia 

ryaniana Pilearithus limacis low shrubland and Eualia aurea grassland over 

Carpobrotus "septerttrionalis" operL herbiarid. 

Associated species were Rhadia preissii ssp. obovai. Scaevola spicira. 

Threlkeldiadiffusa, Commicarpus australis, Parripi:a incarLa ssp. jncaj. Sa1so1; 

Spinifex lonifolius. Trichodesma zMLIanica and Ptilotus villosiflorus. (Site 7.) 

This site was assessed as in excellent condition, if the 'l'richodesrna was treated as a 

pererLnial, then it would be included in the upper shrub layer in the vegetet!ort 

description. Further north-east along the same dune, the vegetation was similar but, 

had slight differertces including absence of the Olearia axillaris ssp. obovata and less 

Acacia xyaniana, being described as; 

Acacia coriacca shrublartd over Pileathus lirnacis low shrublarLd to low open 

heath and Eulalia aurea, *Ceric}rus  ciliaris tussock g grassland. 

Associated species recorded were Santalum spicatum Acacia tetrawnophylla, 

Cornmicarpus australis.. Carpobrotus "septerttrioriali Irtdifera aff, 	iicin 

Olearia dampieri ssp. dampieri, Senna glutinosa ssp. chatelainiana, Trichodesma 

zeylarLica.. Rhadia preissii ssp. obovata, Heliotropium crispatum., cxyriothec, 

flexuosisima, Damjra jnc na van. incana, Erachycorne 1atisgame., Chauiiecce. 

drurnmondii ssp, drumrnortdiL Salsola kalL Exocarpos aphyilus.. 

fruticulosum, Threlkeldia diffusa, Acacia iniarta, Ptilotus villosiflorus, 

Acarithocarpus preissii and Eraostis fakata. (Site 31.) There was less than 50/c,  of 

the *Cenichrus  present and the stand was rated as in very od to excellent condition 

rather than excellent ConditlorL because of its presence. 

SwaLles 

A swale behind the durLe crest described above had somewhat different vetatiort, 

although the dominants were the largely same: 

Acacia coriacea shrubland over Pilearithus limacis.. Olearia darnpjri ssn. 



dan4i1 lOW ;nrublaliL1 over bualia aure.a open tussock grassland. 

Asoci;Ied species recorded were Exocarpos aphllus,Santalurnictim,  Acia 

hc.iissii Carriobrotus "septeritrionalis, Scaevola 

cunan Charnaescyce dnimmondii ssp. drummonçjjj.lndigoferacf.brevidens, 

L liepA1o.I len rim, riosti ficat 	WU1t'O1w ClCkOla 

diru- ciliaris and patches of Whiteochloa aJoi!I.  There was no Pileanthusin 

the lowerparts or the wlt The stand was rated as in vent pod to excellent 

condihon. (site 34.) 

swe nier the estem ed. of the relict foredune plain and between a low dune 

and very low dune had; 

operL shrublarid to shrublarid over 11i aurea open 

i.isslani:l. 

pecie were Acacia car ce ssp. coniacea, l-'inielea micnxephala 

C.3rpobrotu 

	

	 Errostis falcatus Scaevola curtiiitlamiL 

Acanthocreissii, Whiieochloa airoides, Anistida holathera ssp, holathera, 

and Sclerolaenta uniflora. Similar ve..tationt occurs on 

hTN s d thifts on the sJt flats (see below). Tlje the amount of Scaevola 

unri]rlthIniicarL much h 	e 	rded in hs unit ws ssessed asbeingiTho 	 ;  

in excelertt condition, Site 35.) one areas of the same ve-etatiori unit had small 

Ta1ches of Tniodia iunçrw in therri 

East fdxtgs1ojs 

4rt east facirtcz slorie at the extension of the dune crest with site 31 on it, had a 

aniarLt with Ihitrxterte  baeckeacea in the lower shrub layer: 

ci .cssp. çniacea 	acia tetrancphll , 	talum spicatum operL 

snrubland to shrul:darid over Iiieanthuslimçis Th1Ttornene  baeckeacea low 

shrubland to low open heath. 
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Thi' iant 	only lolied, .'ith ilie Ipj''k3rnene being more common in the 



taller dunes. Associated species were Fulalia aurea, enchis ciliaris, çohrotu 

"septeritnoriah. Ltilotus villosifloru. Salsola kalil  cacia ryarliaria and 

Commicai1ius australis. (Site 39,) This site ws assessed as in very od condition 

rather than excellent because of the presence of Cenchrus ciliaris and evidence of 

rabbits being present 

A gentle slope behind the dune site 31 was recorded on (above a small patch of 

saitfiat and possibly lower than site 34) had vegetation that wis similar to that of the 

aeolian flat/ridges  deflation basin and relict inlet spit:. The ve:.tatiort  was 

dominated by different species although small arj'oirits of these were in the 

preceding units: 

Exocarpos aphyllus, Acacia te.tragoniophylla. 	ic_coriacea open shnibland oe.r 

Acacia spathulifolia low open heath arid Eulali8 lussock grassland 

Associated species recored were Brachycome latisqu.ga irrieIea rnicrocephala.. 

*Cenchruscilianis, CWgbrgjqS "setentriorialis . ckmaescyce druimnonidil ssp. 

drurnmondii, Scaevota tornentosa, Rhagodia preissii ssp. obovt QiL.ti 

ssp. obovata, Threlkeldia difftis, Lawrertcia viiidI-i. Alectryonoleifolius, 

Comnriicarpus australis Podolepis carlescerts, Gnephosis tenuissirria and Solarium 

cleistogemum. (Site 33.) This site was assessed as very good to excellent in 

condition, rather than excellent because of the presence of a small amount of 

*Cenchrus  cilianis. 

Low xand drifts at im of wild !,xedune plain 

These areas are gently undulating and the sand layer is quite thin Vegetation 

developed is intermediate between that of the dunes of the foredune plain and that 

of the inland spits with the presence of Sporobolus in the igasslayer indictirtg an 

influence of the underlying salt flat soils, The vegetation developed was; 

Acaciacoriaceassp. coriacea,Exoca. rpos aphyllus open shnibia rid o'er Eulalia 

aurea, Sporobolus virgirIcpi  grassland. 

114 

Some patches had Olearia axillanis var. obovatto 10% cover., others had 
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Whiteochloaaimide 	the crass layer. Associated species were Caimtus 

Frankertia 	var. pauci1iora Scaevola cunnirtghamii.. 

ssp Tirk Hartog >ferichrus ciliaii Acacia tetranophy1la, 

Ptiioiuse.xaltatu, 	hyllurn truticulosurn, Calartdrirtia polyaridra. 

Acanthocarpus preJIj. AccI eLi Cassytha aurea var, aurea, F'anicum 

decornpositum Drfpiera_irtcanavar, incana.. Seriecio lautus var, dissectitolius ? arid 

Ji 	anm. The stand recorded had a belt of acia lyaniana along its 

nd was assessed as being in very od to excellent condition., with some 

natches ot tencthusciliaiisreducing the condition. (site 2g.) 

423 Pra1x,1k dunes 

Tlie eç:1atloni ot the parabolic dunes was observed to vary with the position (dune 

sis, slopes, swales' with crests yenem Ily having somewhat lower vetation, 

ealyhesmelthough thedominant shrub Acacia coIacea ssp. coriacea) was genr  

i th Soca,  dominance by Aict 	 or Saritalumpicaturrt.  Variation 

.i 	tht: prc::cnc oi akerice of Pile.rtthus lirracisamd 

in'i Ijiuh layer, the decee of invasion by *L:emtchi cilians and the 

ut FI .liaaurea present. The 'Cerichi iii& seems to be more succesful in 

wales than dune crests and may be replacin E i. 118.1ia ii r (the most abundant local 

rass) r in v8dinc spcas not taken up by it, 

The t.etation  on the highest cr€st examirted (near Maud Hill) was: 

onaceassp. 	 spic 1im. low open shrubland over 

Thrptowene ae.cke.kca, Fih th u lima4..  Prnpieraiic.j var. incar, 

Rhadia n'm-eissii ssp. obovata Acanthocarpus preissii low shrubL.nid and 

*( enichru j1j.i.. rassianid. 

The ni ser or i1e Sanitalum is 1calised., whereas the Acacia coriacea ssp, coriacea 

bus Associated species we e Q 	i_ot" .pienpnalis" Trichodm. 

:cylanica.. Accia sp.ihulifoli.. Suntia glutintosa. ssp. chatelairtiana,. RhLchoisacf. 

r 1 	Iui . 	IILIiI I11jQflhiIc4  11 p Ii I9ik j, 1n!j.  tem d bzevidei, La.sytha 

ie 	rachomelati:j.tame, Eu 	 Cmnmicaps 



australis, lortulaca sp.STATainsona calcicoi., tilotu. villosificru. 

and Eulalia aure.a. (Site 21.) This site was assessed as in very ipod condition, Mi3d 

Hill has similar vq­ptationort the crest but has Fileaihus_limacis to I{i% over irid 

a few species not recorded at site 21 

A crest nearer to the beach and some what lower than site 21 had: 

Acacia coriaceassp. coriacea, Acacjathulifolji low shrub1rLd over Euldia 

aurea grassland and Carpobrotus 'sptentriona 	open heñtiartd. 

Associated species were; Bracb2NOMR latisguamea. Scaevola spicira, AcarLthocaI1fus 

reissii, *Cenchrus ciliaris Irtdifera cf, breviderts, Rhadia preissii ssp. oyt 

;anta1tiiu spicatuii. Pileanthus, limacis. Ptilolus villosiflor, Isola ll. Erpsti 

talcata, Calartdririia polyaiiciia Erernophila glabra ssp. Dirk 1larto', TJldi! 

dffLlsaEupioitiaboo,pthoria leliot 	 tatum Commicarpus austr1i. 

Lharnaescycdrurr1mnorLdii ssp. drummondii Zithyflurzfruticulosum and 

Dampiera incana var. incana. The site. was assessed as being in veiy good condition 

(Site 1,) 

Westerly facing slopes 

The westerly facing slope near site 1 (near the beach south of the. Mauds Lrtdirig 

track) had sirriilar ve.getatiori to the crest, except there was more AcaciRspathulifoli 

than Acacia coriacea ssp. gidz fcea more Fj.nthuslimacisarti1 more Santalum 

picaturr, the ve'tation being: 

Acacia spathulifolia. Santalurn spicag, Acacia coriacea ssp. coriacea,Pilearithul-

lirriacislovi shnthland to low open heath over Eulalia aurea open grassland,  

Associated species recorded were; Acanthocarpus weissii, Qjlrj1 

ssp. obovata, Dampiera incarta var. iricana, Carpobrotus 'septeritrioriaiis" 	.evuia 

p.icA,r &cb 	~tisqgame,,t 	 Calandrirtia polyindr.EuulhoItick, 
boopthorta.. Euphorbia drumrnortdii spp. dnlrnmolLdij,. Rhaiapisii sep, 

obovata and Coimnicaipus australis, This site was assessed as being in vei-i"'gooci  

condition. (Site 2.) 



Another slope nieai1:y (iore south-westerly) had rather different ve.tation: 

Olearia axillaris ssp, Libovate. Acacia coniacea ssp coriacea low shrubland to 

shrublarid or open heath over Acacia spathulifoli&. Pilearithus lirxiacis low open 

sh;ubland to low shrubland over Eualalia aurea open grassland. 

This vet.tion extended onto the nealty crest, and was noteworthy for the 

lormrtartcc: of the Oleeria Iu to :35% covers, This suedes is not common in the t I 	 I 

the cst. Aociatedspciesnudy area but occurs sporadically near 	 s  
ci  septenthortalis" 	achycorne latisquarriea, Euphoitda druiiiondii 

spp drumniondii, Eremophilassp, "Dirk Hai1o', Indif!rcf.hrevideris. 

Darx'ieraircrit var. 	__odia 'reiSSi ssp. obovata SarttalugLqkgatum 

ndandniniatiolyandra 

i wsc:rly din: slope well back frorn the beach had somewhat different vegetation 

to sites and 5. havin: 

cacpnkceassp. çoiia \cacia tetragonophylla open shrubland over 

Serina 	aft himsiL Rhacdia preissiissp obovj low open 

shr'ubland over *Cenchrus  cili.ris grassland 

Associated specis were: Irichie azlaniçRhmchoisa cf, minima, Eremophila 

11 ssp, Ciflhrk  Hartog". Sclerolana_urtiflor Alection oleifolius.. Ptilotus 

bovtus. Laipbmtus "eptentrinalis". Solarium c1eistomum and Eragmstis 

ialcau, ihis site was assessed as being in poor condition because of the high level of 

r'wsori by *ç 	çJi_a. I-i ever, the area in poor condition was quite small 

with the adjoining crest and areas alortg the slope (site 17, see below) being in very 

good condition, (Site 16,) Around the slope from site Th, the vegetation was in 

better condition and was described as: 

caciecOnacdassp. conacea open shrubla rid over Thrttomerte baeckeacea low 

o'en he.rth to low heath 
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Associated species were: Eremophilag4abra  ssp. "Ljrx Hartog. Lenchrusci1iaris.. 

Carpobrotus "erttrionalis" EraostisIiia, Dipteracanthus australasicus ssp 

australasicus, Rhyrichosia ef. minima, xocarpos apkvllMs, Sida ef, flbulifer 

Scaevola curtririghamjj. caevola peigea. Sertracl tirtosassp chatelairtina 

Diartella revoluta ssp. divaricat, Trichode.sna yirti, Alectryon olçifoli. 

1rLdifera cf. ojperd, Acithocarpus  preissii. Threlkeldia diffusa, Calaridrinia 

pol'aridnt.. 	 anZhyilumfruticulosur. This site-was    

assessed as in very good to excellent condition and had patches of Eul6jia aure.5. and 

'Cenchn.is ciliaris. (Site 172 

Similar veç.tation to that at site 16 was observe.d on the lower parts and in the 

gullies of the northerly facing slopes just north of Ivlaud Hill Maud Hill while the 

upper slopes had vetation similar to i1e IT 

An upper westerly facing slope south of l'ilaud 11111 had vegetation sonriewhat more 

like that of the crests, having: 

Acacia coriacea ssp. coriacea low open shrublarid i) low shi ubland over 

Thutoniiente baeckeacea low open heath. 

Associated species were Podolepis canescens, Bchome latisquamea, Gnephosis 

teruissirna. Scaevola spicigra. Eulalia aurea, Eragrostis falcata1  calanith-irtia 

poiy'x 	aMq!iawt EnplipblaLL1&QUliI ssp, rur noridli, CpolrQt 

' septentniortalis".. lieliotropium cnispatum Conjrtotheca flexuosissima, 

incana var. incania, Indigofera cf. brevidens and Zygvphyilum fruticulosum. 1hs 

site was assessed as in excellent condition. (Site 62.1 The adjoining crest had slinlial 

vetatiort, except that it had some Pileanthus lirnacj .  as well. The lower third of 

the slope on which site 62 was situated varied in a different way, having no 

Thtomene baeckeacea and sitificant amount of Eulalia aurea (< 20%) and 

Trichodesma ze'qlarLica, the vetation developed being: 

Acacia coniacea ssp. coriacea open shrblarLd over Acacia r:.nian.. Prn;r. 

incana uar, incana, Khapdia preissii ssp. oboyata.  low open shrubiand over 

Eualalia aurea grassland. 
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t the irichodesmma TMS tre.ated as a perennials  then this species would be included 

in the first c.-traturn of the vetation. 

Lower north facing slope adjacent to soil flat 

One stand of vegetation dominated by Acacia rostellifera was seen in the survey 

Tihis stand was quite ntarrow, and occurred .in the lower slope of the parabolic 

dunes adjacent to the salt flats and north of Maud Hill As noted in the flora section, 

this populotion represents a significant northern extension of the kntowrt rart of 

-caci a mski1ifert. hE: vegetation developed was: 

Acaciarostelliferahi'h shrublarid to open scrub oier Rhadia preissji ssp. 

obovta open shrublarid to shrublartd over Eulalia aurea grassland. 

Associated species were Threlkeldia difftsa.. Zphyllum fruticulosum 

iichdesmianica1 COMIDIcamus_australi.  Exgrostis faicata, Lawrencja 

LSci Eremophilo. glabra ssp. "Dirk Hartog".. Ptilotus villosifior, Lcaci.. 

jç 	ssp. coriacea. çleaia damnpieri ssp. dampieri, Portulaca sp.. Carpobrotus 

"eptenfljoiiiis". lndifera cf, brevidens, Alectort oleifolius arid eIiotrnpium 

ctum. This stand was assessed as being in excellent condition. (Site 22.) 

A stand of similar vegetation was observed near Pt. Cloates (on a lower dune slope at 

the east of the parabolic dunes) and this vegetation type  probably occurs sporadically 

along the coast. It is certainly not common and the number of stands is likely to be 

'.1uite Low. 

EasE 	slope  

A somewhat irrecular, east facing. dune slope at the east of the parabolic dunes was 

samp'ed, the vegetation developed being: 

Acacia coIacea ssp, coriacea open shrubland over Thtomerie baeckeacea low 

open heath with *Cenchrus c! I a:ri,  L tiiaict.  grassland. 

This vcttiort extended upsiope to the crest, Associated species were: Rhagodia 

pi4siisp. obovata, Carpobrntus "pteiitriorlls 	iacf. fibulifera1  Pimelea 

riiicrocepiaJ, Threlkeldia diffusi, Rhynchosia Cf. rninirria Senina glutinosa ssp. 



chatelainia, Commicarpus australis, Santalum spicatum. Alectryon oleifolius, 

Dipteracanthus australasicus ssp. australasicus, Sclerolaena uniflora, Calandrinia 

polyandra Dianella revoluta ssp. divaricata, Coryrtotheca flexuosissima, Acacia 

tetragonophylla Senna arterriisioides ssp. oligophylla X helmsii and Ptilottj 

thovatus. (Site 12) 

Anothereast fadngslope but, doserto the coast was also sampled. It was steeper 

than the one above and had somewhat different vegetation1  being described as 

Acacia coriacea ssp. coriacea low open shrubland to open shrubland over Acacia 

spathulifolia, Dampiera incana var. incana Pileanthus limacis low shrubland 

over Eualaia aurea grassland. 

Associated species were: Carpobrolus sepleritriortalis.. Coryriotheca flexuosissiriia. 

14igofr cI. brevider PodoJpis canesce_rts, 	anciia polyaridrScaevola 

spicigera Salsola kali, Euphorbia boopthor, Heliotrppiurn crispatum. 

Jatiuscula, *Ce.nchrus  ciliaris, Plilotus villosiflorus Pc'rtulaca sp... Fiaveria 

australasict. The site was assessed as lie ir ix,  in gDod t ery good condition. (Site .) 

At the foot of this slope there was a gentler slope, also easterly facing. with 

somriewhat different vegetation: 

Acacia coriacea ssp. coriacea low open shrublanid to open shrublanid over Oleai 

.piiissp. çtajejj. low open shrubland over Eulalia aure, 

ciliaris vassle.nd.  

Some patches within the stand had Scaevola spicigera to 15% cover. Associated 

species were: Indigofera cf.brevideris, Carpobrotus 'septeni1rionalis" Portuaca sp,, 

Brachycorne latiuscula, Cornrriicarpus australis, Euphorbia drurnmorLdii ssp. 

drummondii, T±hodesrna zlanica, Threlkeldia diffusa, Rhay 	preissii ssp. 

obovata and Pileanlhus lirnacis. This site was assessed as being in poor to good 

condition, and was unusual in this regard as most of the dunes were in significantl,i 

better condition. (Site 7.) 
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Swales 

The lar swale in the parabolic dunes south-west of Maud Hill had similar 

vegetation to parts of the adjacent westerly facing slope slopes (see site 62, above), 

having: 

Acacia coriacea ssp. coriacea open shrubland to shrubland over Thtomene 

baeckc. low open heath and Eulalia aurea open grassland over 

septerLiriortalis open herbiand. 

Ated species were: Exas aphyllus KYWpb1L1Ium fruiicuksurn Euphoia 

boopthona, *Cenchrus cilianis, Eragrostis falcata, Rhagpdia preissii ssp. obovata, 

ndifera cf, brevideris, SarLtalurn spicatum Lawrericia dertsiflora, Threlkeiclia 

~Lifftisa, Acacia spathulilia Emophila j&bra ssp. "Dirk Hartog", Salsola kaiL 

Comrnica'us australis, Tnichodesma zelardca and Portulaca sp. This site was 

assessed as being in veiy good to excellent condition. In the absence of the 

*Cit j•fljS it would have been assessed as in excellent cortdition. (Site 63.) Within 

the swale there were 1:iatc}es wen: there was almost no Th1Ttomene and which had 

Eulalia to 305 cover. 

The vetatiorL in the lower parts of a swale near the beach and south of the track to 

Mauds Landing was similar,  ,being described as: 

Asaciaconiacea ssp. coijacea open shrubland to shrubland over Thnij'tomeii. 

baeckeacea low shrubland to low open heath over *Certchnls ciliaris, Eualalia 

aurea grassland. 

This vestatiort extended up the djoining easterly and westerly facing slopes. 

Associated species were: Olearia dampieni ssp. dampieni Cabrotus 

"eptentrionalis". Eragrostis fakata, Rhagodia preissii ssp. obovata, Trichodesma 

zeylartica. Darnpiera incana var. incarLa, Commicarpus australis, Sidacf. 

c4ya1?-x 	xL~fcf. vid 	EupoibiaIppthona Dianella revoluta ssp. 

djvaricat&. Threlkeldia diffusa.. Acartthocarpus preissii, Salsola kalL Rhynchosia cf,  

m1flin 	o1Ulaca 51: and He.liotropiuin crispatum. This site was assessed as being 

in very, od cortditìon, it would have been assessed as higher except for the 



significant infestation of *Cnchrus  ciliaris. (Site 4.) lIthe Trichodesma was treated 

as a perennial then it would have been included in the lower shrub layer in the 

description of the vegetation. The swale was gently sloping along its axis and the 

vegetation was rather differertt in the upper part, being described as: 

Acacia coriacea ssp. coriacea open shrublarid over Acacia spathulifolia Rhagodi .  

piiissp. &-ovata low shrubland over Eulalia aurea open grassland to 

grassland. 

Associated species were: CarpQbrotus "septentrionalis".. Threlkeldia diffusa, Salsola 

!JiI Santalum spicaturri.. Commicarpus austreJi. Eupothia boopthons. Br8chycome 

latiuscula, *Cenchrus  ciliaris, Ptilotus villosiflorus, lrLdigofera cf. brevideris 

Euphoibia drummondii ssp. drummondii,DaniLijeraincanavanincana, caevola 

spicigera and Pileathus lirriacis. The site was assessed as being in very Wod 

condition. (Site 3.) 

42.4 Deflation basins, aealitm flat/rids and inlet spiis (reifrt) 

These geomorphic units have in common that they are quite low-lying. This is 

presumably the controling factor in much of their, vegetation (through affectirt 

water relations), as they have in corrimort that Acacia tetranophylla is the 

dominant or co-dominant shrub on them. 

w. P_;l ! I 	41 	I 4! 

One deflation basin was sampled, it had the form of a small irreguirly surfaced plain 

on the western side of the most easterly parabolic dune in the survey area. The 

vegetaitri developed was; 

Acacia tetragortophylla. Acacia coniacea., Exocarpos aphyllus shrublarid over 

Thryptornene heckeace t)iperacanthus australsicus ssp, austndasicus, 

Scaevola cunnirigharnii, low open to low open heathshrublartd over *Cerichn.s  

	

ciliaris 	ic1 grassland. 

The stand w quite viiable, with small patches of Whiteochloa airoides and 

Triodia puingens  and the Ihryptorriene varying from less than 1076 up to 51316 cover. 
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t also was one. of the more diverse sites recorded. Associated species were: 

Carpobmtus "septentriorialis" Ftilotus obovalus, Sida cf, fibulifera, RhaWdia  preissii 

ssp. o, anjerairtcanavar. incana Rhynchosia cf. minima, Lawrencia 

dertsiflora, Euphoilia boopthorta. Sclerolaeria uniflor8 Euphoitiia drummondii ssp. 

drummondii, Calndrinia polyandra, Dianella revoluta ssp. divaricata, 

Lcart1hocarpus preissii. Brachycome latisquamea, ja cf, calyxhymenia, Coodenia 

1ip1t, miIciun, Olearia dampie.ssp. dampieit Salsola kalL 

Indifera cf, brevidens and Comrnicaus australis. (Site 18.) 

Aeolian flats/xitIge 

A small area of the geomorpho1oical unit described as "aeoliarr fiat/ridge" (DPUD 

1992) occurs in the survey area. It has quite varied vegetation with stands 

dominated by several different species. There are obvious similarities with the 

veiaiori of the deflation basin described above, but there are also other vegetation 

types. The lowest slope (very slight next to edge of salt flat) had: 

Acacia tetragonophylla, Exocarpos aphyllus open shrubland over Acanthocarpus 

preisiL cayola  urtrtingharniL Frarikenia puaciflora var, pauciflora, 

remophile Qabra ssp, "Dirk Hartog" low open shrublartd with Eulalia aure 

Sporobolus virgin&icus open grassland to assland. 

This site (like site 18 on the deflation basin) was quite diverse compared to many 

others on the dunes in the study area, Associated species were: Lawrertcia derLsiflora, 

Rhwçiosia cf, rnirtim. Aristida holathera ssp. holathera Spinifex lort1ius.. 

Lenchrus ciliaiis. Rrachycome latiuscula, Threlkeidia diffusa, Carpobrotus 

'ep1entriortali", SalsolaJj, Indifera cf.breviderLs.. Eragrostis falcata Sclerolaenia 

uniflora, Euphoibia boopthoiia, AbutIlon cf. exoneum Zycphvllum fruticulosuni 

Ptilotus exaltatus, Cornrriicarpus austra.lis, Rhagvdia preissii ssp. cbovat Diartella 

revhuip. divaiicata Euphoia drummondii ssp. drummondii and Senna 

utinosa ssp. chatelairtiana. (Site 8.) 

Southwards alortg the slope next to a small area of salt flat cut off from the main salt 

flat there was a small area of quite different vegetation: 



Whiteochloa airnides grassland. 

This stand did have some shrubs but only at very low cover. Associated species 

included: Acacia coriaceaExocarpos aphyllus Acarithocarpus preissii Brachycorrie 

latiuscula.Eulalia aurea, Eragrostis falcata, C.arpobrotis septentrionali? and 

Lawrericia densiflora. (Site 9) Similar small areas of Whiteochloa grassland were 

seen on the thinner areas of sand at the eastern side of the relict foredurie plaint. 

Slightly upslope from sites 8 and 9 (to the west of the small area of salt flat) was a 

larger area of a variant of the vegetation found at site 8. It was described as: 

Acacia coniacea., Acacia tetragorophylla., Exocarpus aphyllus shrublarid over 

Eulalia aurea, Spinifex longifolius, Sporobolus virginicus grassland, 

Associated species included: *Cenchrus cilianis Commicarpus australis, Idacf, 

fibulifera Brachycorne latiuscula.. Rhyrtchosia cf. rnin.ima. Thre.lkeldia diffas. 

IJipiopeltis intermedia var. incana and Acacia Mniaria. The site was assessed as 

being in very good to excellent condition, rather than excellent condition because of 

the presence of a small amount of *Certchrus  cilianis, (Site 11.) At the upper edge of 

the vegetation stand there was a narrow belt of *Centchrus  cilianis (this site and other 

sites indicate the *Cenchrus is exploiting niches where it can he more successful but 

is not as competetive in sites where the vegetation is denser). 

Inlet sp4t (relict) 

This geomorphic form presents as a low dune or sand drift on the salt flats. The 

vegetation is similar to that of the lower edges of the relict foredune plain. the 

deflation basin and the aeolian flat/ridge in the dominance of Acacia 

tetragortophylla, being described as: 

Acacia tetragoriophylla open shrublarid to shrubland over Scaevola 

cinr!inhmiil. low shrublarid aridr Juiirgirticiis open grassland, 

Associated species were Rhagodia preissii ssp. obovata, Calandninia polyandra.. 

Carpobrotus "septerttrionialis° Salsola kali, Frankenia puciflora ssp. paucifiora.. 



Acacia coriacea ssp. conac, Sclernlaena uniflora, Eulalia aurea, Acacia ryaniana, 

Lawrencia densiflora Whiteochloa airoides (in patches). Acanthocarpus preissiL 

L)ianella revoluta var, thvaricata and Eremophila ?Jabra ssp. "Dirk Harto". 

42.b5alineflats 

The saline flats in the study area are generally very low in relef but, there are some 

slight slopes up to the edges of dunes, a few very slight rises and a "bank" where 

there may have been a linear collapse of the suth.ce. As well as the main flat there 

are several smaller areas that have been cut off from it by the encroachment of the 

parabolic dunes and the relict foredunie plain. The condition of the vegetion on the 

saline flats in the study area was rated as very good to excellent, without the 

numerous tracks most of the area would have been rated as excellent. 

The ue.w.fMinn of saline flats often has niurrierous units, some of which are similar, 

;'rid which have relatively few species and this is the case in the study area. 

Although., the units at the edges of the flats are richer in species. It should be noted 

that the iindaies between different units in the field is usually quite marked and 

most stands are relatively urdforrrj even though some units may have only one or 

two donAinarits that are different. 

.FL 	Frankenia ucifiora ssp. reuciflora, Lawrencia viridi-gisea low shrubland to 

low open heath over Spoolus vinicus open grassland to grassland. 

This unit occurs around the edge of the parabolic dunes and the relict foredurie plain 

and in a small area-.- of salt flat cut off by the parabolic dunes. Associated species at 

one site (site 10) were: Crpobrolus 'septenthonialis" Eremophila abissp. "Dirk 

Hartog". Portulaca sp., 1-lalosarcia iuidica ssp, aff, bideris, Scleroleena unIflora, 

Eragroslis falcata,. Plilotus exaltatu,, Threlkeldia diffusa, Anigianthus cuninirigharriii 

;cevola cunninamii. alandi ia polndra, Euphoia drummonidii ssp, 

runmiontdki and 	holathei .ssp. h2ithera.  This site was assessed as being 

in venj good to excellent condition teriding towards excellent). A second site (site 

:32) was not recorded in detail but also had Rhagodia preissii ssp. obovata and 

Lawrencia densifiora, A third site (site 30, on the salt flats) had very little Lawrencia 

viridi-grisea and was more open. Associated species at this site not at the other sites 
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were: *C nchjus ciliaris, Commicarpus australis, Calandrinia polyandra. 

yWphyllum fruticulosum Gooclenia rnicroptera and Swainsorta calcicola. 

Fp 	Frankenia pauciflora ssp. pauciflora low open shrublarid over Sporobolus 

virginicus, Carpobrotus "septentrionalis" tssind/herbland. 

This unit is a variant of the unit above, and was observed on the lower slope of one 

of the parabolic dunes. It was more open, with very little i&wrencia  vinidiisea and 

more Carpobrotus. Associated species were Calandrirtia polyandra. Hemichroa 

diandra, Eremophila glabra ssp. TMDirk HarlogH,  Sclerolaena urtiflora. Khynchosia cf. 

minima and Pontulaca sp. (Site 15,) 

Fl-I Frankenia pauciflora ssp. pauciflora, Hemichroa diandra low shrublarid. 

This unit is also a variant of the unit based on sites 10 and 32 (see two unit.- above). 

It is different in having more Hemichroa diantdra artd less Lawrertcia vinidi-Visea..  as 

well as being less diverse. Associated species were: Lwrencia viridi-grisea. 

Carpobrotus ' pterttrionalis Sporobolus virgirticus and Law rericia derisiflora. 

(Site 23.) 

MF 	Muellerolimon salicomiaceum, l-Iemichroa diandra, Frankenia pauciflorassp. 

pauciflora. Frankenia cirierea low open heath. 

This unit was near the edge of the flat and this shows up in the larger number of 

associated species than recorded for most other units on the flats. Associated species: 

Sporobolus virgirticus. Lawrertcia viridi-gnisea. Carpobrotus "septeritrionalis". 

Angianthus cunninghamii. Lawrencia densIflora, Scaevola spinesceris, Scle.rolaerta 

unifipra., Calaridrirda polyaridra.. Euphorbia boopihoria Scaevola curtnirLgharrin and 

Ptilotus exaltatus. (Site 24.) Another site (site 30A) was similar but did not have. 

Hemichroa diandra and Frankenia cirterea and had more Sporobolus virginicus. 

HM 	Halosarcia haIocnemoick ssp. teruj, 1V11UeIle1o1imor &aiicomiacurn iW 

shrubiand to low open heath (rarely low closed heath). 
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This unit was one of the more widespread on the flats and was quite variable in the 

total cover of the plants. Associated species (at site 13) were: Sporobolus viriicus, 

Frartke.ntia cinerea and Hemichroa diandra. (Note the Muellerolimon could be 

treated as a herb on its form but is somewhat stiff and so has been treated as a shrub 

here.) 

IviH 	ie1le.rolimonsaIicornçw, Halosarcia halocnernoides ssp. inii. low 

shrubland with Sporobolus virgirLicus grassland. 

Two of the dominant species in this unit are the same as the preceding unit (but 

reversed in relative amount present. The third species was present but only at low 

amounis in the preceding unit, Associated species were: Herriichroa diarL.a 

Lawrenciavinidi-grisea, Frankenia pauciflora ssp. pauciflora and Frankenia cinerea. 

Siie 2&) 

F 	/rtgiarithus cunnirtgharnii.. Frartkeni'auciflora ssp. paucitlora low open 

heath over Sporobolus virginicus crpobrntus  septentrionalis" grassland! 

herbiand. 

This unit (like the unit based on sites 10 and 32) occurs ort the very slight slopes near 

the edges of the sand dunes and inlet spits and is more diverse in species than the 

units dornirLated by }lalosarcia species. Associated species were: Eremophila giabra 

ssp. 'Dirk Hartog"% jrç! 	iapides Sclerona_uniflcu Rhadia preissil 

ssp. obova. Calandrinia polya ndra. Lawrencia densiflora, necio_laut ssp. 

dissectifolius?, r'odolepis miccilaEuphthbia cogiulanii 7 and E agrostis dielsii. 

in the upper part of the stand, Scaevola cunniniamii becomes signiificartt in cover. 

(Site 29) 

I-lh,p Ialosarcia halocnemoide.s ssp. nov., 1-lalosarcia peltata low shrubland to low 

open heath. 

This unit was very simple tioristically (no associated species were noted at site 14). It 

was also noted that the stand was taller at the eds. There is sometimes a lower 

layer of Muellerohrnon salicorniaceurn low shrubland. 
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Hpt 	Halosarcia pterypspenna ssp. pteiygospemia luw shrubland to lüw open 

heath over Muellerolimon salicomiaceurii, Halosarciahalocriemoides ssp. 

tenuis low shrublarid. 

Associated species were: Sporobolus virginicus. liemichroa diandra., Samolus sp. 

"Shark Bay" and Frankenia cinerea. This unit was recorded in a slight depression on 

the salt flat, (Site 25.). A second site referred here was similar but had a much more 

open lower layer. additional associated species here were: Lawrencia viridi-gris. 

and Frankenia pauciflora ssp. pauciflora. (Site 46.) 

HL 	Halosarcia pterygosperma ssp, pterygosperma low open shrublanid over 

Lawrericia viridi-ise&. Hernichroa diandra low shrubland and Sporobolus 

virginicus grassland. 

Associated species: rcis 	olepis crocephala, Frankenila 

pauciflora ssp. pauciflora, Calandninia polyandr, Samolus sp. "Shark Bay" and 

ftpqrurn  montartum. This unit has some similarities to the unit described above 

from sites 10 and 32, but that has no Halosarcia, much more Frankenia and had 

more species. (Site 27.) 

1-IF Halosarcia peltata, Halosarcia pterygosperma ssp. pterygosperrna. Frankenia, 

cinerea, Hemichroa diandra low shrublarid. 

This unit was observed on a very gently sloping site next to the hypers8.line pool. 

Associated species were: Angianthus acrohyalinus. Eragrostis dielsii, Muelerolimon 

salicorriiaceurn. Lawre.rtcia viridi-grisea Lawrertcia densiflora, Podolepis 

microcephala and Eulalia aurea. (site 44.) 

Hh,s Halosarcia halocnemoides ssp. nov., Halosarcia sp. low open heath to low 

closed heath over Muellerolimon salicomiaceum, Samolus sp. "Shark Bay 

low shrubland/heitifield. 

This unit is quite variable in the cover of the Halosarcia layer and in the lower layer, 

with some stands having little Muellemlirrion and no Samolus. Associated species 



were:4orobolusvirginicus and Hemichroa diandra. (Site 36, 36A.) This is one of 

the more extensive units on the salt flats and lntergrades with the unit below 

(possibly rather than interades, contains a number of similar units: it is a matter of 

scale as to which you choose). Similar vegetation but, somewhat denser and taller 

occurred along a hank (presumably caused by a subsurface soil collapse) on the 

saltflat. This stand had a narrow, linear presentation. (Site 45.) 

I IFM HalocarciaFcrLemoides ssp. nov. low open shrubland over Frankertia 

cii-terea. Himithroa diandra, Muellerolimon salicomiaceum low shrubland. 

This unit was recorded on a sligh t slope on the salt flats. Asociated species were: 

5porobolusvirriicus and ErasTostis dielsii, (Site 37.) 

This unit is fairly variable., with another stand having a similar lower layer in 

species composition but,, having much less of the Hemichroa diandra arid Frankenia 

(site 40, in a slight depression). Additional associated species at this site were 

Frankertia 	ssp. paucitl2rQ. Sclerolaena unitlora and Lawrencia 

Hcl 	Halosarcia halocnemoides ssp, cordata, Halosarcia halocnemoides ssp. tenuis 

low shrubland 

This unit was observed on a slight rise between two clayparts on the salt flats. The 

only associated species was Muellerolimon salicorriicxt.  (Site 41.) 

Hp 	Halosarcia peitata low open heath to low closed heath. 

This n'iit was observed in a sliit denressiori betweert the unit above and one of the 

ciavpans. Associated species wert. Halosarcia halocniemoides ssp. tertuis, Eratis 

dielii and Muellerolimonsalicomiaceum. (Site 42.) 

42.7 IIypera1ine Lxol 

There is one "claypan 0  on the fiats that is better defined, with more pronounced 

banks, than the others. This was described in the geornorpholocal study (DPIJD 
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1992) as a "hypersaline poo]". While it was dry at the time of the cunent survey, 

over the entire floor there was a white fibrous material that was obviously the driei 

and bleached remnant of an aquatic plant species. II has not been possible to identify 

this urtequivocably but, it seems likely that it is the remains of a Ruppia species or a 

similar aquatic plant. 

R?Rjipi.? aquatic herbfield (seasonal). 

While the material seems fiarly unifonn, it contains both a seedcase and what 

appears to be a spore case. this indicates that there may also be a second species 

involved (possibly a Chara, or stonewort). (Site 45.) 

While claypans and saitlakes are- relatively common in Western Australia, it is quite 

uncommon for therri to have an aquatic vegetation oer them and this site must be 

considered to be of some particular interest, 



J1(.1)NSJRVAT1ON VAJ liE FOE. FJL)l{A AND VEGFFATUN 

5.1 Coiivation value foi ibm 

The study area obviously has conservation value for the populations of the plant 

species found on it. However, except for the species discussed in detail above (see 

section 3) this is a general value rather than a specific and localised value, That is, 

siven the small size of the area, the fairly extensive distribution of marty of the flora 

species found in it and the limited deee of disturbance of much of their rans, the 

OvC:Thll co enition viiuc: for flora of the study area should be ranked as low to 

moderate. 

The 	iue for the pnonty species recorded is obviously higher, but it must also be 

itto (ortsideratiort that these species have not been specifically surveyed and 

thai tIiev maybe more. common than current herbarium collections suest. 

The value for species at the ends t their rarie is hard to assess., particularly in the 

Isertcc- of more detailed surveys t adjoirtin 'reas. It is a siificartt part of the 

	

tll t mose s1:icies from a coi 	vation vie?.Ypoint but, the value of a population 

:i 	spi cad spe.cic at the enia or its ran is obviously much less than the value 

of 	population or a rare species. 

.Jritill better material is available, no definite comment can be made on the 

conservation value of the population of the aquatic species from the hvpersaline 

pool However, it is unlikely to be a common species. 

Lur,sexcation value for vegetation 

uaiue of the to r1a Ior  e:tatiort types in the study area, i.e of 

the coastal dunes and the saline ftats needs to assessed separately. 

S2 Conrvation value for vegetation of the ccstal dunes in the studyarea  

TO t111y ;E5SC55 the conservation value of the coastal dune ve-tationi in the survey 

i is necessan to understand that there are. two scales of variation within what 

is an iipp;rently uniform vctaticni. These are the local scale where on difft:re.rtt 

(hut near to each othe)) slopes and crests, a relatively small suite of species swap 

>nulnance to make different vettion types (some of which are very similar and 

is 
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others more markedly different) and a more significant scale of variation ;t a 

sub-regional level where there are significant char 	in the total species 

corriplerne.rtt and in what species are dominant. 

The first scale of variation means that at a local level there is more. variation than 

there at first appears to be, with variations frorri dune to dune irt the burtdance of 

different species. This scale of variation is not highly significant from a 

conservation viewpoint but does have value. 

The second scale of variation includes variation between different locations alon 

oni, such a-,between those in 	study area, those about the coast but in the same rec  

three kilornetres south of Coral Bay and those at Point Cloates. Generally this type oi 

variation is more substantial the further apart areas are but, maybe occur as separate 

subregions (i.e. subrecions maybe relativeh uniform but have significant 

differences between them). 

For exampie. Banksia ashbyae is present on some at the dunes south of Coral hay in 

sufficient quantity to be included in the vetatiori description but, is not present on 

those in the study area. Otherwise these dunes seem very similar to those at Mauds 

Landing and and a detailed study would probably include them in the sarrie 

subre ion. 

In contrast, the most abundant native pass in the study area isEulalia-fulva _but. at 

p 	te oint Cloas, Whiteochloa airoides is the most abundant native g -  and there is 

vejy little Eulalia fulva; a complete reversal of the situation in the study area. There 

are also other differences in the species cornpositic3n between the dunes at Mauds 

Landing and those at Pt. Cloates and a more detailed study would probably put them 

in different subregiorLe. This scale of variation is quite significant from a 

conservation viewpoint. 

When the variation in the vegetation of the dunes is coupled with the fact that in a 

regional context the dunes s'qsterri is fairly narrow (i.e. does not have a large total 

area), Then, the ve'tation of the coastal dune system as a whole obviously has 

significant value for contservatic3rt. However, the area of dunes in the study area is a 



latively small portion of this system. Consequently, its value for the conservation 

ol velatiori (t.kingbolh the size of the area arid the regional and local variation of 

the ve.etatiori into accounl should be assessed as moderate. it should be rioted 

howe.'er, that if the coastal system became fgmerited then the value of rerxiairtirtg 

areas vvould increase. 

53 Conrva1ion value for vetalion of the saline flats in the study aiea 

The saline flats irt the study area are part of a series of such flats (relict tidal flats) 

found alon the coastline from at least Mauds Landing to Point Cloates but, probably 

extending further north and south. While it was riot possible during this surJ€Jto 

examine many of these, it was possible to briefly examine some between Mauds 

Lriding and Pt Cloates, They are disjunct and variable in size and in the vegetation 

found on them. Their total area in a regional contex is quite small. 

The flat at Mauds Landing was the biest seem and had the largest rante of 

vetatiori types. It was rioted by Beard (1975) as "a large samphire marsh" arid is 

one of three such marshes behind coastal dunes large enough to be shown on his 

map between Carriarvori and the lip of North West Cape (including one at the tip of 

the fape. Beard's map does shows similar vegetation adjoining Lake MacLeod but 

does riot give sufficient detail to assess the deee of similarity. 

It was rioted when inspecting other saline flats behind the dunes between Mauds 

Landing and Pt. Cloates that some had only the ve.tation types found at the. outer 

ed:s of the Cora.l Bay flat.. i.e they are dryer. Others., although smaller than the flat 

ai Mauas itnidinig had stands of the larger Halosarcia species as well as the 

veg.tatiori types found at the dryer edges. 

While the vetatiort of these sainte: flats is similar in appearance to succulent 

shnthiands around many saltlakes in the interior of Western Australia there are 

somewhat sen'arate suites of species in coastal and inland areas (P. Wilson pens 

comm.). This susts that their conservation value should be assessed as part of a 

series of coastal sarrxphire flats.. rather  than simply as part of a. broader, more widely 

distnbuted caterey of succulent shruhiands. 
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Given the relatively ma11 proportion of the region occupied by saline flats fanned 

from relict coastal salt flats, the large size of the Mauds Landing flat, the variability of 

the vegetation on it and the xd condition of the vegetation on it (excepting where 

affected by tracks) the vegetation of this flat must be considered to have sirtificanit 

conservation value for vegetation. Obviously, the sludy area only includes part of 

this Mauds Landing saline flat and the value of this area is less than that of the 

whole flat but, is still siiificant. 

Possibly of particular value is the hypersaline pool with its Ruppia ? aquatic 

herbianid. While it is difficult to assess this vegetation without better material (and 

more knowledge of other possible occurenices), it is quite unusual and as such until 

better intforn'iatiori is available should be considered to have siificantt conservation 

value. 
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APPENDIX ONE: Flom Ie'oTded for the study ai 

FLOWERING PLANTS (Artgiosperrnae) 
MONOCOTYLEIXJNS 

POTIMC)GETONACEAE 
Rupt'i ? 'On floor of salt part. vent dessicated) 

POACFA E 
Aristida holathera var, holathera 
Certchrus ciliaris 

CymboriorL ambiguus 
Erarostis dielsii 
Frçnsiis eriopoda 
Ererostis f.1cata 
Eulali€t aurea 
Particuri decompositurn 
Spinifex lorigifolius 

fIOiObO1 us virinicus 
rtip: t1e:carLtissin1a 
Triodia turtns 
VVhiteouhloa airoidecs  

DASYPOCONA CEAE 
Acariihocarpos preissii 

PFIORMIACEAE 
Diriell revoluta var. divaricata 

ANTHEKI('ACEAE 
Corrtotheca flexuosissirria 
Corynotheca purigerts 

DICOTVLEIIX)NS 

SINTALACEAF 
Exocarpos aphyllus 
S ntaiurn spicatuni 

C.} IENOPOL)IACEAE 
Atriplex isatidea 
Atriplex vesicaria ssp. iricornpta 

tri1ex ccari: r• 	bi1is 
Flosarcia r'• cordata (First record from a cosstal site.) 
Fialosarcia ssp. tertuis 

alosrci halocnernoides ssp. nov. (Not uncommon.) 
Halosarcia iridica ssp. leiostachi foiTna uberitharriiiu (Probably a separate taxon.) 
Halosarcia indica ssp aff, bideris 
Haktrcia peltata (Rn: extension frorui Shark bays new northern limit.) 
Halosarcia sp. nov. aff. pruincsa 
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Halosarcia pterqosperrna ssp.  pterygiosperma 
Khadia preissii ssp. obovata 
Salsola kali 
Sclerolaena urtiflora 
Threlkeldia diffusa 

AMARANTHACEAE 
Hemichroa diondr 
Ptilotus exaltatus 
Ptilotus obovatus 
Ptilotus villosiflorus 

NYCTAGINACEAE 
c:orriruiicarpus australis 

C VROSTEMONACEAE 
Gyrostemon rarnulosus 

AIZOACEAE 
Carpobrotus "septentiortalis" (An uridescribed species, found from north of Kalbari 

to Exrriouth - C. Kiehe.i-v pers corrirn.) 

PORTULACACEAE 
Calandrirtia polyarLdra 
Portulaca sp. 	(Mauds Laridingori lower dune crest south of track.) 

LALIRACEAE 
Cassytha eurea var. aurea 

BRASSICACEAE 
Lepidiurn roturidurn 

MIMOSACEAE 
Acacia coriacea ssp. coriacea 
Acacia gregorii 
Acacia rostellifer8. (Large rrLge extension to new northern limit.: previously 

Zuvldorp Cliffs.) 
Acacia rvariiaria 
Acacia sclerosperma 
Acacia spathulifolia 
Acacia tetragonophylla var, (Broad phyllode forni restricted to NW Cape and 

rteaity.) 

CAESALPINIACEA 
Senna arternisioides ssp aff. helmsii 
Seniria arterriisioides ssp. oligophylla X helrizsii (Hybrids between ssp. ol1phVlla 

Senna glutiriosa ssp. chatelainiana 
	and ssp. helrnsii are very commoi.) 

PAPILIONACEAE 
Inidigofera ef. brevidenis 



Lotus australis iforrna) 
Rhrtctiosi cf, mirtiriia 
Swairisorta calicola 

ZYCOPHYLLACEAE 
2yphyllurri fruticulosurxi 

F' JPH'RE! A  CF 
Euphorbia boophihorta? 
Euphorbia drurnriioridii ssp. drurrimortdii 
Euphorbia coghlariii ? 

;Al:1NDACEAE 
Alectryori oleifolius ssp, oleifolius 
Diplopeltis interrnedia var. irtcana 

( i. i 7 	-1 ivlhL V t-.L.tt 
Abutilori cf. exorteurri 
Law rtricia densiflora 
LYrcrLcia Vifidi-gliSCPk  

Sida cf. fibulifera 
Sida cf, calvxhvrriertia 

FRANKENIACEAE 
Frarikenia cirLerea 
Frankertia trauciflora var, pauciflora 

THYMELEACEAE 
Pirne.lea microcephala 

MYRTACEAE 
P1e&rtthus lirnacis 
Thryptorrierte baeckeace 

F'RIMULACEAE 
Sarnolus sp. Shark Bay N.E. Tnid:n 7410 

PL.L' MBAGINACEAE 
Muelleroliriiort s.i licorniace.urn 

ASCLEPIADACEAE 
Sarcostemrna virnirtale ssp. australe 

BORACINACEAE 
Heliotropiurri crispaturri 
Heliotropiurn strisurn 
Trichodesriia z€y1articurn 

SOLANACEAE 
o1ar111rn cieistogarriurri 

Solanurn lasiophyllurn 
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ACANTHACEAE 
t)ipteracarithus australasicus ssp. australasicus 

M?OPORACEAE 
Eremophila glabra ssp. Dirk Hartog (M Marirtirig 6/9,164) 
Myoprum montanurn 

GOODENJACEAE 
Dampiera irtcarta var. incarta 
Goodenia microplera 
Goodenia sp. 	(Inadequate for identification.) 
Leschenaultia subcyrnosa 
Scaevola curtrLirtgharrlii (Poorly collected.) 
Scaevola spicigera 
Scaevola spinescens 
Scaevola tomentosa 

ASTERACEAE 
Angianthus acrohyalinus 
Angianthus curirtirigharriii 
Brachycorne latisquarziea 
Flaveria sp. 
Gnephosis tenuissima 
Launea sarmeritosa (In Australia restricted to Pilbara coastline art offshore islands.) 
Oleania axillaris var. obovata 
Olearia dampieni ssp. dampieni 
Podolepis canescens 
Podolepis microcephala (A large range extension; previously only known from 

Shark Bay to the south end of Lake Mcleod,) 
Sertecia lautus var, disseclifolius? 
Streptoglossa liatroides 

{A few additional species were seen on the dunes south of Coral Bay: Banksia 
ashbyae and Ptilotus divaricatus. And some others at Pt. Cloates e.g Phyllartthus sp.} 
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Plant com,nunh(ies—major strucIuralfor'no(ion.s 

Life-form and Projective foliage 

height of ta/lest cover of ta/lest Description 

stratum slralum,asperceflt 

Trees over 30m 70-I00 High closed forest 

30-70 High open forest 

10-30 High woodland 

under 10 High open woodland 

Trees 10-30m 70-I00 Closed forest 

30-70 Open forest 

10-30 Woodland 

under 10 Open woodland 

Ii 	uiidci 	11) 	ii 70-100 1 ow closcd forest 

30-7() Low Open Ioi•cst 

10-30 Low WOOdl8ild 

ii rtdcr 10 I ow Open woodliiid 

Stir ubs over 2 in 70-100 Closed scrub 

30-70 Open scrub 

10-30 High shrubland 

under 10 High OPCfl shrubland 

Shrubs I -2 m 70-100 Closed heath 

30-70 Open heath 

10-30 Shrubland 

under 10 Open shrubland 

Shrubs under I ni 70-100 Low closed heath 

30-70 Low open heath 

10-30 Low shrubland 

under 10 Low open shrubland 

l'lcrbs 70-100 Closed herbland, closed 

tussock grassland, closed 

sedgeland, etc. 

30-70 Herbland, tussock grassland, 

sedgeland, etc. 

10-30 Open herbland, open tussock 

grassland, open sedgeland, 

etc, 

Hummock grasses 10-30 Hummock grassland 

tinder 10 Open hummock grassland 



MAP ONE: Vegetation of the Coral Coast Marina area 	 PD 
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SUMMARY 

The Coral Coast Marina Project proposed by the Coral Coast Marina Development Pty Ltd is located 
approximately three km north of Coral Bay. In accordance with the Environmental Protection Authority the 
study will be formally assessed at the level of Public Environmental Review. The guidelines for the PER 
require the documentation of the existing biota of the project area. ecologia Environmental Consultants 
was commissioned by Bowman Bishaw Gorham to compile a desk top study documenting the terrestrial 
vertebrate fauna and habitats. 

The project area falls within the Coastal Dunes Landform Unit of the Carnarvon Basins formed from recent 
Holocene dunes. The dominant soil type is a coastal calcareous sand forming dunes on the seaward 
fringe, all overlaying a core of aeolianate limestone. Dispersed throughout the area are small patches of 
strongly coherent loamy soils associated with the salt lakes. 

The Point Maud area lies within the Carnarvon Botanical District of the Eremaean Botanical Province which 
extends from Shark Bay northwards to the Exmouth Gulf Area. Within the project area, there are five 
distinct vegetation associations comprising; 

beachfronts sparsely vegetated, 

dune and swale areas bearing open Acacia coriacea shrublands over PileanthuslThryptomenelBaeckia 
heaths, 

sand drifts featunng Acacia tetragonophylla and A. coriacea, 

salt flats surrounding salt lakes supporting a low open samphire formation and, 

salt lakes with some sedges and water weeds. 

Faunal Habitats 

The Coral Coast Marina project area encompasses four faunal habitat types; 

sparsely vegetated beachfront, 

coastal scrub-heath, 

samphire flats and, 

salt lakes. 

Based on previous capture records, known distributions and habitat preferences as many as 189 different 
vertebrate species potentially occur in the project area. This total includes 18 mammals, 116 birds, 51 
reptiles and four amphibians. However, it is unlikely that all potential species would co-occur within the 
project area at any one time due to spatial constraints and various temporal variations in the physical 
environment. Numerous nomadic or migratory species may only be occur in the area after substantial rain 
or at certain times of the year. 

The beachfront habitat comprises three zones, the intertidal zone used for foraging by waders, the beach 
area used for roostirig and nesting by birds and for foraging by foxes and varanids, and bands of tidal 
debris, used for foraging by birds. Thirty one species potentially occur in this habitat, including one 
mammal, four reptiles and 23 birds. The low species richness is entirely attributable to the lack of 
significant vegetative cover and absence of any structural diversity. 

The coastal scrub-heath habitat is the most structurally diverse habitat within the project area and as a 
consequence is expected to exhibit the greatest species richness. A total of 108 species potentially occur 
in this habitat, comprising 18 mammalian, 62 avian and 47 reptilian species. The coastal dunes is the 
preferred habitat of the cryptozoic surface burrowing reptiles such as the legless lizards while the accumulated 
leaf litter constitutes an important microhabitat for fossorial species of reptiles. The relatively dense shrub 
and grass layer affords suitable shelter and a regular food supply for reptiles and for small mammals while 
tall shrubs and small trees are utilised by arboreal lizard species and small insectivorous birds. 
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The samphire flats habitat is structurally less complex than the surrounding coastal scrub-heath habitat and 
as such is expected to support fewer species. A total of 60 species potentially occur in this habitat; 15 
mammalian, 27 avian, 14 reptilian and four amphibian species. Typically plant species of samphire flats 
grow to 0.5 m tall although some may grow to one metre. The resulting low, open habitat represents a 
suitable environment for Richard's Pipits Anthus novaeseelandiae, Orange Chats Ephthianura aurifrons 
and Crimson Chats E. tricolor, all of which forage amongst low vegetation for insects. Aerial species 
occurring over this habitat are generally those which are hawking insects. Unlike the loose sand layers of 
the coastal scrub-heath habitat, the soils of samphire flats are heavy textured and unsuitable for surface 
burrowing cryptozoic fauna species. 

The saline conditions of salt lakes constitute a harsh environment that is generally devoid of vertebrate 
fauna life when dry. However following heavy rains, such as those experienced during cyclones, it may 
support up to 26 species of birds, typically waders, gulls and terns. One of the lakes appears to hold water 
for some time as evidenced by the presence of Brine Shrimp Aflemia spp. and algae. Such lakes would 
provide important food resources for both local and migratory species. 

Vertebrate Fauna 

Fourteen native mammalian species from seven families potentially occur in the project area. Forty three 
percent are Eyrean in biogeographic affinities with the major proportion of their distributions in arid central 
Australia. Of the Torresian species the bats Western Cave Eptesicus Eptesicus finlaysoni and Yellow-bellied 
Sheath-tail Bat Saccolaimus flaviventris are near the southern limits of their range. Many of the remaining 
species, such as the Dingo Canis familiaris dingo and Gould's Wattled Bat Chalinolobus gou!dii have 
Australia-wide distributions. Four species of introduced mammal potentially occur within the project area; 
the Cat Felis catus, the Fox Vulpes vulpes, the House Mouse Mus domesticus and the Rabbit Oryctolagus 
cuniculus. All four species are widely distributed over most of Australia and would undoubtedly occur within 
the project area. 

Based on preferred habitat and distribution records, 116 species of birds from 45 families may occur in the 
project area. The majority of birds recorded or expected to occur in the project area have distributions 
which extend into all the zoogeographic sub-regions of Australia, included in this group are most of the 
migratory and highly nomadic species. For other species the project area lies near the northernmost 
extension of their range, like the Chestnut-rumped Thornbill Acanthiza uropygialis, or the southern limit 
such as the Beach Thick-knee Burhinus neglectus. 

The project area encompasses habitats suitable for, and is within the distributions of, 51 species of reptiles 
from eight families. Particularly well represented are the skinks and geckos with 13 and 11 species respectively. 
In contrast the varanids (monitor lizards) are poorly represented with only one species expected in the area. 
Three species of marine turtles may use the beaches during their nesting season, October through to 
February. The largely and Eyrean component of the mammal and bird faunas of the Murchison region is 
repeated in the terrestrial reptiles. Twenty one species (44%) have Eyrean biogeographic affinities only, 
while a further 21 species (44%) such as Lerista meulleri and Thorny Devil Moloch horridus have a 
predominately and distribution with range extension into the South West. Of the Eyrean species, 6% are 
endemic to the North West Cape, including the gecko Diplodactylus rankini, the skink Lerista haroldi and 
the legless lizard Aprasia rostrata. Five species including the Tree Dtella Gehyra variegata, Bynoe's Gecko 
Heteronotia binoei and Burton's Snake Lizard Lialis burtonis have Australia-wide distributions occurring 
mainly in arid and semi-arid habitats. Only one species, the Spotted Dragon Ctenophorus maculatus is 
mesic Southwestern in distribution, with the project area being on the northern limits of their range. 

Four species of amphibians from two families potentially occur within the project area and are largely 
confined to the Samphire Flats habitat. Three of the four species Main's Frog Cyclorana maini, Water 
Holding Frog C. platycephala and Tawny Tnlling Frog Neobatrachus fulvus have entirely Eyrean biogeographic 
affinities. The fourth species the Shoemaker Frog Neobatrachus sutor has most of its range within the and 
zone of Western Australia but also extends into the South West. All species with the exception of 
Neobatrachus fulvus are widely distributed. The distribution of Neobatrachus fulvus includes the area of the 
central west coast from Wooramel River, near Shark Bay, to North West Cape. 
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CONSERVATION SIGNIFICANCE 

The samphire flats of Arthrocnemum sp. and associated salt lakes are widely distributed on a regional scale 
from Carnarvon in the south to Onslow in the North. The largest such area is to the south in the Lake 
McLeod vicinity. It is currently included in a mining lease with the option that once the mining lease 
becomes available, the ponds and adjacent areas of Lake McLeod are to be vested with the National Parks 
and Nature Conservation Authority as a Class 'A' park. 

The sparsely vegetated beach front and coastal heath/scrub habitats are also widely distributed on a 
regional scale. Both habitats are encompassed by the Cape Range National Park. The primary conservation 
significance of the sparsely vegetated beachfront habitat is as potential nesting locations for marine turtles, 
particularly the Loggerhead Turtle Caretta caretta which is listed as Schedule 1 Fauna. Additionally, the 
habitat provides feeding grounds and resting sites for migratory birds protected under the CAMBA and 
JAMBA agreements. Significantly though, no records exist of marine turtle species nesting in the Coral Bay 
area. 

The Coral Coast Marina project area is expected to contain fauna species which are generally widespread 
and abundant in similar habitats through out the region. Based upon the current study, the project area is 
not expected to contain regional endemics or locally restricted species. However, the constraints associated 
with the current study must be acknowledged. 

Rare Fauna 

Fauna species which have been formally recognised as rare, threatened with extinction or as having high 
conservation value are protected by law under the Western Australian Wildlife Conservation Act 1950 and 
the China & Australia Migratory Bird Agreement (CAMBA). In addition fauna are covered under the April 
1991 Australian & New Zealand Environment & Conservation Council (ANZECC) convention. 

Under the Wildlife Conservation Act 1950 three Schedule 1 vertebrate taxa potentially occur within the 
project area. These are the Red-tailed Tropic-bird Phaethon rubicauda, Grey Falcon Falco hypoleucos and 
Loggerhead Turtle Caretta caretta. Additionally one Schedule 4 species, the Peregrine Falcon Falco 
peregrinus, may occur in the project area. Historically a further three gazetted rare and currently extant 
species may have occurred in the area. The Western Barred Bandicoot Perameles bougainville, Bilby 
Macrotis lagotis and the Burrowing Bettong Bettongia Iesueur are now considered to be extinct in the 
region. 

The China & Australia Migratory Bird Agreement between the Federal Government of Australia and the 
government of the Peoples Republic of China binds the signatory governments to the protection of migratory 
birds and their environment. Fifteen species of transequatorial migratory bird which potentially occur in the 
project area are listed under the annex of CAMBA. 

The ANZECC convention lists fauna as "Endangered - Species in danger of extinction and who's survival is 
unlikely if the causal factors continue to operate" and "Vulnerable - species believed likely to move into the 
"Endangered" category in the near future if the causal factors continue to operate." Three species of 
marine turtle, Loggerhead Turtle Caretta caretta, Green turtle Chelonia mydas and Hawksbill Turtle 
Eretmochelys imbricata listed under the ANZECC convention potentially occur in the Coral Coast Marina 
project area. 
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1.0 	INTRODUCTION 

The Coral Coast Marina Project proposed by the Coral Coast Marina Development Pty Ltd is located within 
the town boundaries of Point Maud, approximately three km north of Coral Bay. In accordance with the 
Environmental Protection Authority (EPA) the study will be formally assessed at the level of Public 
Environmental Review (PER). The guidelines for the PER require the documentation of the existing biota of 
the project area. ecologia Environmental Consultants was commissioned by Bowman Bishaw Gorham to 
compile a desk top study documenting the terrestrial vertebrate fauna, incorporating: 

the representative faunal habitat types based on mapping and photography of the area; 

the conservation significance of similar habitat types on a local and regional scale; 

an inventory of vertebrate fauna species likely to utilise the habitats present; and 

an assessment of the conservation status of the anticipated vertebrate fauna of the project area on both 
a local and regional scale. 

	

1.1 	Land Use History 

Point Maud has been gazetted as a townsite. The Point Maud locality is encompassed by the Cardabia 
pastoral lease which is currently unused. 

	

1.2 	Biophysical Environment 

1.2.1 Climate 

The climate of the area is and with two seasons, a hot summer extending from October to April and a mild 
winter from May to September. Mean annual maximum temperature for Learmonth (the nearest recording 
location, 100 km NNW of the project area) is 31.8 °C with average maximum temperatures ranging from 
23.9 °C during July to 38.0°C in January (Figure 1; Table 1). Although Learmonth represents the closest 
recording station, some differences in temperature in the project area would be expected as Learmonth is 
protected by the high relief of the Cape Range. 

Rainfall is seasonal and influenced by both northern rainfall systems of tropical origin and southern winter 
rainfall systems. The mean average annual rainfall is 266 mm over an average of 24 rain days. A major 
feature of the rainfall is the unreliability and variation in annual recordings (Muir, 1983). The capricious 
nature of rainfall is of biological significance. While the sporadic summer rainstorms are intense, prolonged 
and sufficient for plant growth, the light winter rains are often ineffective for growth other than herbs and 
grasses. 

1.2.2 Landform and Soils 

The project area falls within the Coastal Dunes Landform Unit of the sedimentary basin known as the 
Carnarvon Basin. Most of the Carnarvon Basin is low-lying, however low ranges of hills occur close to the 
west coast, the largest being the nearby Cape Range (Beard, 1975). From Carnarvon to the Cape Range, 
the shoreline is backed by up to four kilometres of recent Holocene dunes usually with an additional belt of 
sandhills and sandy country behind the dunes (Beard, 1975). 

The dominant soil type is a coastal calcareous sand which forms dunes on the seaward fringe, overlaying a 
core of aeolianate limestone. Dispersed throughout are small patches of calcareous loams of either a 
weakly coherent or strongly coherent nature (Bettenay et al., 1967). Strongly coherent loamy soils are 
characteristic of the salt lakes. 
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LEARMONTH 	 Elevation: 5 m 	 Location: 220  14'S, 1140  5' E 

	

Jan. Feb. Mar. Apr. May June Jul Aug. Sept. Oct Nov. Dec. 	Year 

TEMPERATURE (°C) 

Daily max. - mean 	38 	37.7 	36.5 	33.4 	28.2 	24.7 	23.9 	25.7 	29.2 	32.2 	34.5 	371 	31.8 

Daily mm. - mean 	23.1 	24.3 	23.1 	20.7 	16 	13.2 	11.4 	12.4 	14 	16.2 	18.5 	20.7 	17.8 

RAINFALL (mm) 

Mean 	 39 	40 	38 	16 	45 	40 	23 	15 	2 	3 	2 	3 	266 

Mean # raindays 	 2 	3 	2 	2 	4 	5 	3 	2 	1 	0 	0 	0 	 24 

TABLE 1: Summary of climatic data for Learmonth, approximately 100 km NNW of the Coral Coast Marina project area. 
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Figure 1: Summary of climatic data for Learmonth (1945 to 1994). 

1.2.3 Vegetation 

The Point Maud area lies within the Carnarvon Botanical District of the Eremaean Botanical Province which 
extends from Shark Bay northwards to the Exmouth Gulf Area. Within the project area, there are five 
distinct vegetation associations (M. Trudgen, pers. comm.): 

Dunes 
Dune areas bear open Acacia coriacea shrublands over PlleanthuslThryptomeneiBaeckia heath above 
the grasses form the genus Eulalia. 

Swales 
These areas are again dominated by Acacia coriacea/Thryptomene open shrublands, however Pileanthus 
is absent and Olearia species may be present above a moderate cover of the grass Eu/a/ia. 

Sand drifts 
These areas feature Acacia tetragonophylla and A. coriacea. 

Salt flats 
The areas surrounding salt lakes support a low open samphire formation: common species include 
1-lalosarcia species, Frankenia species and Muelleroilmon salicorniaceum. 

Salt lakes 
Sedges and the water weed Ruppia are present, together with other aquatic herbs and brine shrimps, 
indicating that the salt lakes hold water for at least 1-2 months. 

An additional vegetation type can also be identified: 

Beachfront vegetation 
The sparsely vegetated area of beachfront is a harsh environment, exposed to high levels of salt, wind 
and shifting sands. These areas are characterised by sparse and species depauperate vegetation, 
however some beach Spinifex spp. are able to survive under these conditions. 
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2.0 	STUDY APPROACH 

The approach taken for the study involved a desk top study comprising: 

an extensive literature review relevant to the project area; and 

a description of habitat types from ground photography and site mapping. 

2.1 	Literature Review and Unpublished Databases 

The following authorities and persons were consulted to access datasets and reports containing relevant 
fauna data for the project area. 

Authorities 

Conservation and Land Management 
	

CALM 
Department of Environmental Protection 

	
DEP 

Royal Australasian Ornithologists Union 
	

RAOU 

Persons 

Mr Jim Lane 
	 CALM - Woodvale 

Dr Robert Prince 
	

CALM - Woodvale 

2.2 	Study Limitations 

The current study is based solely upon review of relevant literature including both published and unpublished 
data. Assessment of vertebrate faunal habitats within the project area was based upon ground and aerial 
photography supplied by the client and vegetation association descriptions supplied by Mr M. Trudgen, the 
project Botanist. 

The assessment of vertebrate fauna species potentially occurring in the project area was based upon the 
known preferred habitat and distribution records for all species as determined from the literature review. 

While the study encompassed an extensive review of the literature, no field work was undertaken within the 
project area. Therefore no site specific information exists for the project area. The lack of site specific field 
surveys limits the confidence of predictions made for both the composition of faunal communities and 
habitats present in the Coral Coast Marina project area to some degree. 

The primary limitations of the study lie with the lack of predictability concerning; 

undocumented species range extensions; 

the local presence of subspecific variants or races; 

the presence of new undescribed species or poorly known species. 
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3.0 	FAUNA OF THE PROJECT AREA 

3.1 	Faunal Habitats 

From the photography and detailed mapping provided it is apparent that the project area encompasses four 
faunal habitat types: 1) Sparsely vegetated beachfront, 2) coastal scrub-heath, 3) samphire flats and 4) salt 
lake (Figure 1; Table 2). For the purposes of this study, the dune, swale and sand drift vegetation types are 
collectively grouped under the "coastal scrub-heath" faunal habitat due to the structural similarity of the 
vegetation. 

Table 2: Faunal habitats in the Coral Coast Marina Project Area with approximate percent occurrence. 

Habitat 	 Description 	 % Occurrence 

Beach Front 	 sparsely vegetated foredune 	 5 
& intertidal zone 

Coastal Scrub-heath 	Acacia shrublands covering 	 65 
primary dunes and swales 

Samphire Flats 	 low open samphire formation 	 25 
surrounding salt lakes 

Salt Lake 
	 temporary saline wetlands 

Based on previous capture records, known distributions and habitat preferences as many as 189 different 
vertebrate species potentially occur in the project area. This total includes 18 mammals, 116 birds, 51 
reptiles and four amphibians (Appendix A). However it is unlikely that all potential species would co-occur 
within the project area at any one time due to spatial constraints and various temporal variations in the 
physical environment. For example, several species of bird are nomadic or migratory and may only be 
expected in the area after substantial rain, such as waterfowl, or at certain times of the year. Migratory 
species such as the Fork-tailed Swift and Rainbow Bee-eater would be expected only between late September 
and April). Other species would only be likely to occur in the area after local proliferation in food resources. 
Birds such as honeyeaters are more abundant during extensive and prolific flowering of shrubs in good 
seasons. 

3.1.1 	Sparsely Vegetated Beachfront 

The Beachfront habitat can be divided into three parts: 

the intertidal zone, used for foraging by waders; 

the beach area, used for roosting/nesting by birds and for foraging by foxes and varanids; and 

bands of tidal debris, used for foraging by birds. 

Thirty one species potentially occur in this habitat, including one mammal, four reptiles and 23 birds 
(Appendix A). The low species richness is entirely attributable to the lack of significant vegetative cover and 
absence of any structural diversity (Plate 1). 

The Fox Vulpes vulpes is the only mammal expected to utilise this habitat. Foxes forage for food such as 
eggs and chicks of beach-nesting birds and turtle hatchlings. In addition to taking turtle hatchlings, foxes 
have been known to excavate turtle nests in search of eggs. Similarly varanid species have also been 
observed excavating turtle nests. 
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Of the avian species which utilise this habitat the majority are waders (Families Charadriidae and Scolopacidae), 
gulls and terns (Family Laridae) and cormorants (Family Phalacrocoracidae). Other species include the 
Australian Pelican Pelecanus conspicillatus, Eastern Reef Egret Egretta sacra, Brahminy Kite Halias fur 
indus, White-bellied sea eagle Haliaeetus leucogaster, Caspian Tern Hydroprogne caspia and the Silver 
Gull Larus novaehollandiae. The intertidal zone and bands of beach debris provide an important source of 
food for many of the species such as the Red-capped Plover C. ruficapillus) which feed on small seeds of 
aquatic plants and a variety of invertebrates including insects, small crustaceans, worms and molluscs. The 
Ruddy Turnstone Arenaria interpres turns over small stones, dead seaweed and other plant debris in 
search of invertebrate species. 

Additionally some species including the Pied Oystercatcher Haematopus longirostris and Beach Thick-knee 
Burhinus neglectus construct nests in or adjacent to the tidal debris. The majority of avian species utilise 
the beach as either a roosting or resting site. 

Three species of marine turtle, the Green Turtle Chelonia mydas, Loggerhead Turtle Caretta caretta and 
Hawksbill Turtle Eretmochelys imbricata may potentially use the beach as a nesting site. The locations of 
turtle nests are readily discernable as they are accompanied by large depressions in the sand. 

3.1.2 Coastal Scrub-heath 

The coastal scrub-heath habitat is the most structurally diverse habitat (Plate 2) within the project area and 
as a consequence is expected to exhibit the greatest species richness. A total of 108 species potentially 
occur in this habitat, comprising 18 mammalian, 62 avian and 47 reptilian species. However for the reasons 
mentioned above it is unlikely that all of these species would occur within the project area concurrently. 

The loose sand of the white coastal dunes is the preferred habitat of cryptozoic surface burrowing reptiles 
such as the legless lizard Aprasia rostrata and the skinks Lerista lineopunctulata, L. preapedita and L. 
uniduo. These species inhabit the upper loose layers of soil beneath leaf litter, fallen branches and rocks. 
Accumulated leaf litter constitutes an important microhabitat for fossorial species of reptiles including Lerista 
muellen, Menetia greyii and Morethia lineoocellata. 

The relatively dense shrub and grass layer affords suitable shelter and a regular food supply for reptiles and 
for small mammals such as the Sandy Inland Mouse Pseudomys hermannsburgensis and the Spinifex 
Hopping Mouse Notomys alexis. These mammalian species construct burrow systems and favour sandy 
soils, although P. hermannsburgensis and to a lesser extent N. alexis also occur on loamy soils. Both 
species are nocturnally active, feeding on seeds, grass roots and tubers and Notomys alexis will also take 
insects. The coastal scrub habitat represents a marginal habitat for Pilbara Ningaui Ningaui timealeyiwhich 
may expand into the area during good seasons, contracting again during poorer times (Strahan, 1983). 

Tall shrubs and small trees provide shelter during the day for the Euro Macropus robustus and Red 
Kangaroo Macropus rufus. They are also utilised by arboreal gecko species such as Dipiodactylus ciliaris, 
D. rankini, D. sfrophurus and Gehyra variegata, skinks Cryptobiepharus plagiocephalus and agamids 
Lophogna thus longirostris. Where the taller shrubs occur as thickets the resulting microhabitat provides 
suitable shelter for small insectivorous birds such as the Fairy-wrens (Family Maluridae) and Thornbills 
(Family Acanthizidae). 

The bats (Order Chiroptera) contribute the greatest number of species to the native mammalian tally with 
seven species. The scrub-heath habitat would serve primarily as a food source for these aerial species. 
For the Lesser Long-eared Bat Nyctophilus geoufroyi it may also include roosting locations. This species 
has been found roosting under the bark of trees and under a rock on the ground (Strahan, 1983). 

3.1.3 	Samphire Flats 

The samphire flats habitat (Plate 3) is structurally less complex than the surrounding coastal scrub-heath 
habitat and as such is expected to support fewer species. A total of 60 species potentially occur in this 
habitat; 15 mammalian, 27 avian, 14 reptilian and four amphibian species. 
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Plate 1: Sparsely vegetated beachfront habitat 

Plate 3: Sam ph ire vegetation 

Plate 2: Coastal heath vegetation 

Plate 4: Salt lake habitat (with samphire flats in foreground) 

tftI-t 



Typically plant species of samphire flats grow to less than 0.5 m tall although some may grow to one metre. 
The resulting low, open habitat represents a suitable environment for Richard's Pipits Anthus novaesee!andiae, 
Orange Chats Ephthianura aurifrons and Crimson Chats E. tricolor, all of which forage amongst low 
vegetation for insects, although the Crimson Chat also drinks nectar. Aerial species occurring over this 
habitat are generally those which are hawking insects, for example the Swallows and Martins (Family 
Hiruninidae) and Woodswallows (Family Artamidae). Unlike the loose sand layers of the coastal scrub-heath 
habitat, the soils of samphire flats are heavy textured and unsuitable for surface burrowing cryptozoic fauna 
species. 

The amphibians inhabiting this environment are typically explosive breeders which emerge from underground 
burrows after heavy rains, such as those of cyclonic origin. As the water dries up, these species burrow 
back beneath the soil. The presence or absence of these species would depend on the salinity levels as 
amphibians cannot tolerate high salt concentrations. It is expected that few frogs would be present due to 
the high subsurface, <0.5 m, salinities. 

3.1.4 	Salt Lakes 

The saline conditions of salt lakes (Plate 4) constitute a harsh environment that is devoid of vertebrate 
fauna life when dry. However following heavy rains such as those experienced during cyclones it may 
support up to 26 species of birds, typically waders, gulls and terns. One of the lakes appears to hold water 
for some time as evidenced by the presence of Brine Shrimp Artemia spp. and algae (M. Trudgen, pers 
comm.). Such lakes would provide important food resources for both local and migratory species. 

TABLE 3: Number of fauna species expected to occur in habitats of the project area. 
(Habitat Codes: UB = Sparsely Vegetated Beach, CS = Coastal Scrub-heath, SF = Samphire 
Flats, SL = Salt Lakes) 

FAUNA HABITAT 	UB 	CS 	SF 	SL 

Mammals 
Native 0 14 11 0 
Introduced 1 4 4 0 

Bird Species 31 68 21 26 

Reptile Species 4 46 14 0 

Amphibian Species 0 0 4 0 

Total Species 	36 	132 	54 	26 

3.2 	Stygofauna 

The Cape Range Peninsula to the immediate north of the project area contains a rich stygofauna or cave 
dwelling fauna (Knott, 1993). The stygofauna include two Schedule 1 fish species, the Blind Cave Eel 
Ophisternon candidum and Blind Gudgeon Miiyeringa veritas, and two Schedule 1 crustaceans Stygiocaris 
lancifera and S. sty/hera. 

The Blind Gudgeon Fish Mllyeringa veritas is thought to be widely distributed and relatively common 
throughout the subterranean groundwater. The range of both the Blind Gudgeon and the less common 
Blind Cave Eel extends south to Yardie Creek. The two shrimps Stygiocaris lancifera and S. stylifera have 
only been collected from the northern end of the peninsula (Knott, 1993). 

The stygofauna of the Cape Range region are only known from the limited fresh groundwaters on the 
Peninsula. This habitat is absent from the project area due to the presence of the saline lake system. 
Therefore it is considered that stygofauna species are unlikely to be present in the Coral Coast Marina 
project area. 
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3.3 	Vertebrate Fauna 

3.3.1 	Mammals 

Fourteen native mammalian species from seven families potentially occur in the project area (Figure 3) 
(Appendix Al). Forty three percent are Eyrean in biogeographic affinities with the major proportion of their 
distributions in and central Australia. Of the Torresian species Eptesicus fin/a ysoni and Saccolaimus 

flaviventris are near the southern limits of their range. Many of the remaining species, such as the Dingo 
Canis familiaris dingo and Gould's Wattled Bat Chalinolobus gould/i have Australia-wide distributions. 

Four species of introduced mammal potentially occur within the project area; the feral cat Felis catus, the 
fox Vu/pus vu/pus, the house mouse Mus domeslicus and the rabbit OyctoIagus cuniculus. All four species 
are widely distributed over most of Australia and would undoubtedly occur within the project area. 

Figure 3: Species richness of mammalian families within the Coral Coast Marina project area. 

3.3.2 Birds 

Based on preferred habitat and distribution records, 116 species of birds from 45 families may occur in the 
project area (Appendix A2). The majority of birds recorded or expected to occur in the Coral Coast Marina 
project area have distributions which extend into all the zoogeographic sub-regions of Australia. Included in 
this group are most of the migratory and highly nomadic species. For other species such as the Chestnut-
rumped Thornbill Acanthiza uropygialis and the Beach Thick-knee Burhinus neglectus, the project area lies 
near the northern or the southern extremes respectively of their ranges. 

3.3.3 Reptiles and Amphibians 

The project area encompasses suitable habitats, and is within the distributions of, 51 species of reptiles 
from eight families. Particularly well represented are the skinks and geckos with 13 and 11 species respectively. 
In contrast the varanids are poorly represented with only one species expected in the area. Three species 
of marine turtles may use the beaches during their nesting season, October through to February (Dr R. 
Prince, CALM Woodvale, pers. comm.) although no records of this exist. 

Four species of amphibians from two families potentially occur within the project area and are largely 
confined to the Samphire Flats habitat (Appendix A3). Three of the four species, Cyclorana ma/ni, C. 
platycephala and Neobatrachus fulvus, have entirely Eyrean biogeographic affinities. The fourth species 
Neobatrachus sutor has most of its range within the and zone of Western Australia but also extends into the 
South West. All species, with the exception of Neobatrachus fulvus, are widely distributed. The distribution 
of Neobatrachus fulvus includes the area of the central west coast from Wooramel River, near Shark Bay, 
to North West Cape. 
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The largely arid Eyrean component of the mammal and bird faunas of the region is repeated in the 
terrestrial reptiles. Twenty one species (44%) have solely Eyrean biogeographic affinities, while a further 
21 species (44%) such as Lerista meulleri and Moloch horridus have a predominately and distribution with 
range extension into the South West. Of the Eyrean species, 6% are endemic to the North West Cape, 
including the gecko Diplodactylus rankini, the skink Lerista haroldi and the pygopid Aprasia rostrata. Five 

species including Gehyra variegata, Heteronotia binoei and Lialis burtonis have Australia wide distributions 

occurring mainly in arid and semi-arid habitats. Only one species, Ctenophorus maculatus is mesic 
Southwestern in distribution, with the project area being on the northern limits of their range. Within the 
Eyrean fauna, eight species including Lerista lineopunctulata, L. planiventralis and Diplodactylus ornatus 
have coastal distributions with the North West Cape representing the northernmost limit of their range. 

The Exmouth Gulf region which lies immediately north of the project area represents one of the most 
important Green Turtle Chelonia mydas rookeries on the west coast of Australia. Similarly the Muiron 
Islands represent the second largest recorded rookery of the Loggerhead Turtle Caretta caretta, the largest 
being on Dirk Hartog Island to the south. Less abundant although still recorded from the Exmouth Gulf 
region is the Hawksbill Turtle Eretmochelys imbricata. The main rookery for this species appears to be 
further north on Rosemary Island which is part of the Dampier Archipelago and to a lesser extent Varanus 
Island, part of the Lowendal group. These species nest on the beaches between October and February, 
hawksbills appearing first in early October followed by loggerheads and greens, with the latter species 
reaching its greatest concentration in late December early January. 

Cheloniidae (3) 	
Aaamidae (7 

Typhlopith 

Elapidae (: 

ScincidaE 

Figure 4: Species richness of the major reptile families within the Coral Coast Marina project area. 
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4.0 	CONSERVATION SIGNIFICANCE 

	

4.1 	Faunal Habitats 

The samphire flats of Arthrocnemum sp. and associated salt lakes are widely distributed on a regional scale 
from Carnarvon in the south to Onslow in the North. The largest such area is to the south in the Lake 
McLeod vicinity. It is currently included in a mining lease with the option that once the mining lease 
becomes available, the ponds and adjacent areas of Lake McLeod are to be vested with the National Parks 
and Nature Conservation Authority as a Class 'A' park (EPA, 1993). 

The remaining two faunal habitats, sparsely vegetated beach front and coastal heath/scrub are also widely 
distributed on a regional scale. Both habitats are encompassed by the Cape Range National Park. The 
primary conservation significance of the sparsely vegetated beachfront habitat is as potential nesting 
locations for marine turtles, particularly the Loggerhead Turtle Caretta caretta which is listed as Schedule 1 
Fauna. Additionally, the habitat provides feeding grounds and resting sites for migratory birds protected 
under the CAMBA and JAMBA agreements. To date however, no records exist of marine turtle species 
nesting in the Coral Bay area. 

	

4.2 	Vertebrate Fauna 

The Coral Coast Marina project area is expected to contain fauna species which are generally widespread 
and abundant in similar habitats through out the region. Based upon the current study, the project area is 
not expected to contain regional endemics or locally restricted species. The limitations associated with the 
current study are given in Section 2.2. 

	

4.3 	Rare Fauna 

Fauna species which have been formally recognised as rare, threatened with extinction or as having high 
conservation value are protected by law under the Western Australian Wildlife Conservation Act 1950 and 
the China & Australia Migratory Bird Agreement (CAMBA). The Japan & Australia Migratory Bird Agreement 
(JAMBA) has now been incorporated into the Wildlife Conservation Act 1950. In addition fauna are covered 
under the April 1991 Australian & New Zealand Environment & Conservation Council (ANZECC) convention. 

Classification of rare and endangered fauna under the Wildlife Conservation 1950 (Specially Protected 
Fauna) Notice 1994, recognises tour distinct schedules such that all taxa specified in; 

Schedule 1, are "fauna which is rare or are likely to become extinct, are declared to be fauna in 
need of special protection": 

Schedule 2, are "fauna which is presumed to be extinct, are declared to be fauna that is in need of 
special protection"; 

(C) 	Schedule 3, are "birds which are subject to an agreement between the governments of Australia 
and Japan relating to the protection of migratory birds and birds in danger of extinction, are 
declared to be fauna that is in need of special protection"; and 

(d) 	Schedule 4 are declared to be "fauna that is in need of special protection, otherwise than for the 
reasons mentioned in paragraphs (a), (b) and (c).' 

Three Schedule 1 vertebrate taxa potentially occur within the project area. These are the Red-tailed 
Tropic-bird Phaethon rubicauda, Grey Falcon Faico hypoleucos and Loggerhead Turtle Caretta caretta. 
Additionally one Schedule 4 species, the Peregrine Falcon Falco peregrinus, may occur in the project area 
(Table 4). 
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Historically a further three gazetted rare and currently extant species may have occurred in the area. The 
Western Barred Bandicoot Perameles bougainville, Bilby Macrotis lagotis and the Burrowing Bettong Bettongia 

lesusur are now considered to be extinct in the region. 

Table 4: Rare and endangered fauna species protected under the Wildlife Conservation Act 1950 
that potentially may be present in the Coral Coast Marina project area. 

Red-tailed Tropicbird Phaethon rubricauda (Schedule 1) 
This species is described as a "possibly regular visitor to coastal waters north of 
Perth..." (Pizzey, 1983). The Tropicbird lives in the Indian and Pacific Oceans; 
two subspecies breed round Australia (Blakers, Davies and Reilly, 1984) at 
scattered locations. Nests are made on cliffs or under bushes on shore (Pizzey, 
1983). 

Grey Falcon Falco hypoleucos (Schedule 1) 
Described as "Rare, sedentary or nomadic" (Pizzey, 1983), this species utilises 
open habitats, grassy inland plains and semi-deserts, often near waterholes. 
While potentially occurring in the project area it is a wide ranging species and is 
not dependent on any local habitats. 

Loggerhead Turtle Caretta caretta (Schedule 1) 
This species nests on beaches from north of Shark Bay around to the Queensland 
coast. Although potentially occurring within the project area the preferred rookery 
site for this species appear to be further north on the Muiron Islands and south 
on Dirk Hartog Island. 

Peregrine Falcon Falco peregrinus (Schedule 4) 
This species is widely distributed throughout Australia and is aerial over all 
vegetation types, roosting on granite hills and taller woodlands. Its status is 
considered to be "generally uncommon, probably declining in settled regions: still 
well established in remote areas" (Pizzey, 1983). Storr (1984) describes the 
species as scarce in the region, occurring either singularly or in pairs. The 
peregrine was recorded in low numbers by the Hamersley Ranges fauna survey 

The China & Australia Migratory Bird Agreement (CAMBA) between the Federal Government of Australia 
and the government of the Peoples Republic of China binds the signatory governments to the protection of 
migratory birds and their environment. Fifteen species of transequatorial migratory bird which potentially 
occur in the study area are listed under the annex of CAMBA (Table 5). 
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Table 5: Transequatorial migratory birds which may occur in the project area that are protected 
by the China & Australia Migratory Bird Agreement. 

Great Egret 
Eastern Reef Egret 
White-breasted Sea Eagle 
Grey Plover 
Mongolian Dotterel 
Whimbrel 
Eastern Curlew 
Greenshank 
Ruddy Turnstone 
Red-necked Stint 
Sharp-tailed Sandpiper 
Curlew Sandpiper 
Sanderling 
Caspian Tern 
Fork-tailed Swift  

Egretta alba 
Egretta sacra 
Haliaeetus leucogaster 
Pluvialis squatarola 
Charadrius mongolus 
Numenius phaeopus 
Numenius madagascariensis 
Thnga nebularia 
Arenaria interpres 
Calidris ruficollis 
Calidris acuminata 
Calidris ferruginea 
Calidris a/ba 
Hydroprogne caspia 
Apus pacificus 

The ANZECC convention lists fauna as "Endangered - Species in danger of extinction and who's survival is 
unlikely if the causal factors continue to operate" and "Vulnerable - species believed likely to move into the 
"Endangered" category in the near future if the causal factors continue to operate." Three species of 
marine turtle listed under the ANZECC convention potentially occur in the Coral Coast Marina project area 
(Table 6). 

Table 6: List of species protected by the ANZECC agreement that potentially occur in the Coral 
Coast Marina project area. 

Endangered species 

Loggerhead Turtle Caretta caretta 
This species nests on beaches from north of Shark Bay around to the Queensland 
coast. Although potentially occurring within the project area the preferred rookery 
site for this species appear to be further north on the Muiron Islands and south 
on Dirk Hartog Island. 

Vulnerable Species 

Green turtle Chelonia mydas 
The most abundant of the marine turtles in the region. This species nest from 
eatly October to late January and like the Loggerhead, the main rookeries for this 
species are further to the north. 

Hawksbill Turtle Eretmochelys imbricata 
This species is rarely recorded on the beaches of the Exmouth gulf and there are 
no recorded large mainland rookeries. Rosemary Island, Dampier Archipelago 
and Varanus Island represent the largest rookeries for this species. 
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PROJECT TEAM 

The Coral Coast Marina Project wildlife and habitats assessment was planned, co-ordinated and executed 
by; 

ecologia Environmental Consultants 
120 McKenzie St., 
Wembley W.A. 6014 

Project Staff 

G.W. Connell 	 BSc. (Hons) (Zool) 	 Project Manager, Senior Zoologist 
R.J. Teale 	 BSc.(Zool/Bot) (Hons Zool) 	Zoologist 

In addition; 

Mr. Malcolm Trudgen kindly provided descriptions of the vegetation of the project area. 

The Bureau of Meteorology, Perth supplied the climatic data for Wittenoom. 

ecologia 



16 

REFERENCES 

Beard, J.S. (1975) Vegetation Survey of Western Australia 1:1,000,000 Series Sheet 5: Pilbara. UWA 
Press, Perth. 

Bettenay, E., Churchwood, H.M. and McArthur W.M. (1967) Atlas of Australian Soils, Sheet 6. Meekatharra 
- Hamersley Range Area. Melbourne: C.S.I.RO. & M.U.P. 

EPA (Environmental Protection Authority) (1993) Red Book Status Report - Conservation Reserves for 
Western Australia. 

Knott, B. (1993) Stygofauna from Cape Range peninsula, Western Australia: Tethyan Relicts. In The 
Biogeography of Cape Range Western Australia. Ed. Humphreys W.F. Rec. of the West. Aust. Mus. 
Suppl. No 45, 1993. 

Muir, B.G. (1983) A fauna survey of the Hamersley Range National Park. W.A. Bull. No. 1, National Parks 
Authority WA. 

Pizzey, G. (1983) A Field Guide to the Birds of Australia Collins. Sydney 

Storr, G.M. (1984) Birds of the Pilbara Region, Western Australia. Rec. West. Aus. Mus. Suppi. No. 16. 

Strahan, R. (1983) ComDlete Book of Australian Mammals Angus and Robertson. Sydney. 

ecotogia 



17 

APPENDIX A 

Coral Coast Marina Project Area 
Fauna Species List 
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Appendix A: 	List of Vertebrates that are Expected to Occur Within the 
Habitats Present in the Coral Coast Marina Project Area. 

KEY 

+ = Species expected to occur 
* = Aerial Species 

Faunal habitats 

1 	Sparsely vegetated beach front 
2 	Coastal scrub-heath 
3 	Samphire fiats 
4 	Salt lake 
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APPENDIX Al: 	MAMMAL SPECIES WHICH OCCUR OR ARE EXPECTED TO OCCUR IN THE 
CORAL COAST MARINA PROJECT AREA. 

Fauna Habitats 

1 	2 3 	4 

MARSUPIALIA 
DASYUR IDAE 

Ningaui timealeyi Pilbara Nirigaul + 
Sminthopsis macroura Stripe-faced Dunnart + 

MACROPODIDAE 
Macropus robustus Euro + + 
Macropus rufus Red Kangaroo + + 

CHIROPTERA 
EMBALLONUR IDAE 

Saccolaimus flaviventris Yellow-bellied SheathtaiIbat* + + 
Taphozous georgianus Common Sheath-tail Bat* + + 

MOLOSSIDAE 
Nyctinomus australis White-striped Mastiff Bat* + + 

VESPERTILIONIDAE 
Chalinolobus gouidii Gould's Wattled Bat* + + 
Eptesicus finlaysoni Western Cave Eptesicus* + + 
Nyctophilus geoffray! Lesser Long-eared Bat* + + 
Scotorepens greyii Little Broad-nosed Bat* + + 

RODENTIA 
MURIDAE 

Notomys alexis Spinifex Hopping-mouse + 
Pseudomys hermannsburgens!s Sandy Inland Mouse + + 

CARNIVORA 
CANIDAE 

Canis familians dingo Dingo + 

Expected Species Richness = 0 	14 11 	0 

INTRODUCED MAMMALS 

Felis catus Feral Cat + + 
Mus domesticus House Mouse + + 
Oryctolagus cuniculus European Rabbit + + 
Vulpes vulpes Fox + 	+ + 

Expected Species Richness = 1 	4 4 	0 
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APPENDIX A2: BIRD SPECIES WHICH OCCUR OR ARE EXPECTED TO OCCUR IN THE CORAL 
COAST MARINA PROJECT AREA. 

Fauna Habitats 

1 	2 	3 	4 

CASUARIDAE 
Dromaius novaehollandiae Emu + 

PELECANIDAE 
Pelecanus conspicillatus Australian Pelican + + 

ANHING IDAE 
Anhinga melanogaster Darter + 

PHALACROCORACIDAE 
Phalacrocorax carbo Great Cormorant + 
Phalacrocorax melanoleucos Little Pied Cormorant + 
Phalacrocorax sulcirosiris Little Black Cormorant ± 
Phalacrocorax varius Pied Cormorant + 

ANATIDAE 
Anas rhynchotis Australasian Shoveller + 
Anas superciliosa Pacific Black Duck + 
Chenonettajubata Maned Duck + 
Cygnus atratus Black Swan + + 
Ma/acorhynchus membranaceus Pink-eared Duck + 
Tadorna tadornoides Australian Sheilduck + 

PHAETHONTIDAE 
Phaethon rubricauda Red-tailed Tropic Bird + 

ARDEIDAE 
Ardea paciuica Pacific Heron + 
Ardea novaehollandiae White-faced Heron + 
Egretta a/ba Great Egret + 
Egretta garzetta Little Egret 4- 

Egretta sacra Egretta Eastern Reef Egret + 

PLATALEIDAE 
Platalea flavipes Yellow-billed Spoonbill + 
Platalea regia Royal Spoonbill + 
Threskiornis spinicollis Straw-necked Ibis + 

PANDIONIDAE 
Pandion haliaetus Osprey + 

ACCIPITIRIDAE 
Elanus scriptus Letter-winged Kite* + 

Aqulla audax Wedge-tailed Eagle* + 

Circus assimiis Spotted Harrier* + 
Elanus notatus Black-shouldered Kite* + 
Haliastur indus Brahminy Kite* + 

Haliastur sphenurus Whistling Kite* + 

Hiraaelus morphnoides Little Eagle* + 
Lophoictinia isura Square-tailed Kite* + 
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Fauna Habitats 

1 	2 	3 
	

4 

ACCIPITIRIDAE (cont.) 
Haliaeetus leucogaster White-bellied Sea Eagle* + 

Accipiter cirrhocephalus Collared Sparrowhawk + 

Accipiter fasciatus Brown Goshawk* + 
Hamirostra melanosternon Black breasted Buzzard* + 
Milvus migrans Black Kite* + 

FALCONIDAE 
Falco berigora Brown Falcon* + 
Falco cenchroidas Australian Kestrel* + 

Falco longipennis Australian Hobby* + 

Falco peregrinus Peregrine Falcon* + 

TURNICIDAE 
Tumix ye/ox Little Button-quail + 

RALLI DAE 
Rallus philippensis Banded Land Rail + 

OTIDIDAE 
Ardeotis australis Australian Bustard + 

GRUIDA E 
Grus rubicundus Brolga 

BURHINIDAE 
Burhinus neglectus Beach Thick-knee + 

HEAMATOPODIDAE 
Haematopus longirostris Pied Oystercatcher + 

CHARADRIIDAE 
Pluvialis squatarola Grey Plover + 
Pluvialis dominica Eastern Golden Plover + 
Charadrius melanops Black-fronted Plover + 
Charadrius ruficapilus Red-capped Plover + 
Charadrius veredus Onental Plover + 
Charadrius mongolus Mongolian Plover + 
Vanellus tricolor Banded Lapwing + 
Arenaria interpres Ruddy Turnstone + 
Numenius madagascariensis Eastern Curlew + 
Numenius phaeopus Whimbrel + 

RECURVIROSTRIDAE 
Cladorhynchus leucocephalus Banded Stilt 
Himantopus himantopus Black-winged Stilt 

SCOLOPACIDAE 
Calidris a/ba Sanderling + 
Calidris acuminata Sharp-tailed Sandpiper 
Calidris ferruginea Curlew Sandpiper + 
Ca/idris ruuico I/is Red-necked Stint + 
Thnga nebu/aria Greenshank 
Tringa stagnati/is Marsh Sandpiper 
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1 

Fauna Habitats 

2 	3 	4 

LARIDAE 
Chlidonias hybrida Whiskered Tern + + 
Gelochelidon nilotica Gull-billed Tern + + 
Hydroprogne caspia Caspian Tern + 
Larus novaehollandiae Silver Gull + + 

COLUMBIDAE 
Geopella cuneata Diamond Dove + 
Geopelia placida Peaceful Dove + 
Ocyphaps lophotes Crested Pigeon + 

CACATUIDAE 
Cacatua roseicapilla Galah + 
Cacatua sanguinea Little Corella + 

CUCULIDAE 
Chr,'sococcyx basalis Horsefield's Bronze Cuckoo + + 
Chrysococcyx osculans Black-eared Cuckoo + 
Cuculus pallidus Pallid Cuckoo + + 

AEGOTHELIDAE 
Aegotheles cristatus Owlet-riightjar + 

CAPRIMULGIDAE 
Caprimulgus guttatus Spotted Nightjar + 

ALCEDINIDAE 
Halcyon pyrrhopygia Red Backed Kingfisher + 
Halcyon sancta Sacred Kingfisher + 

APODIDAE 
Apus paciuicus Fork-tailed Swift + + 

MEROPIDAE 
Merops ornatus Rainbow Bee-eater + 

ALAUDIDAE 
Mirafrajavanica Singing Bushlark + 

H IA UN D IN IDA E 
Cheramoeca ieucosternum White-backed Swallow + + 
Hirundo ariel Fairy Martin + + 
1-lirundo neoxena Welcome Swallow + + 

CAMPEPHAGIDAE 
Coracina novaeholiandiae Black-faced Cuckoo-shrike + + 

MOTACILLIDAE 
Anthus novaeseelandiae Richard's Pipit + + + 

MUSCICAPIDAE 
Melanodryas cucullata Hooded Robin + 
Oreocica gutturalis Crested Belibird + + 
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Fauna Habitats 

1 	2 	34 

MUSCICAPIDAE (cont.) 
Petroica goodenovii Red Capped Robin + 
Rhipidura fuliginosa Grey Fantail + 
Rhipidura leucophiys Willie Wagtail + + 

TIMALIIDAE 
Pomatostomus superciliosus White-browed Babbler + 

SYLVIIDAE 
Gin clorhamphus cruralis Brown Songlark + 
Gin clorhamphus mathewsi Rufous Songlark + 

MALURIDAE 
Malurus lamberti Variegated Fairy-wren + 
Malurus leucopterus White-winged Fairy-wren + + 

ACANTHIZIDAE 
Acanthiza uropygialis Chestnut-rumped Thornbill + + 
Sericornis brevirostris Weebill + 
Sericornis brunneus Redthroat + 
Sericornis fuliginosus Calamanthus + + 

MELIPHAGIDAE 
Lichenostomus virescens Singing Honeyeater + 
Lichmera indistincta Brown Honeyeater + 

EPHTH IAN URIDAE 
Ephthianura aurifrons Orange Chat + + 
Ephthianura tricolor Crimson Chat + + 

DICAEIDAE 
Dicaeum hirundinaceum Mistletoe Bird + 

PLOCEIDAE 
Poephila guttata Zebra Finch + 

GRALLINIDAE 
Grallina cycanoleuca Australian Magpie-lark + 

ARTAMIDAE 
Artamus cinereus Black-faced Woodswallow + + 
Artamus leucorhynchus White-breasted Woodswallow + + 
Artamus minor Little Woodswallow + + 
Arlamus personatus Masked Woodswallow + + 

CRACTICIDAE 
Cracticus nigrolgularis Pied Butcherbird + 

CORVIDAE 
Corvus bennett! Little Crow + 
Corvus orru Torresian Crow + 

Expected Species Richness 31 	68 21 	26 
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APPENDIX A3: REPTILES AND AMPHIBIANS WHICH ARE EXPECTED TO OCCUR IN 
THE CORAL COAST MARINA PROJECT AREA. 

Fauna Habitats 

1 	2 	3 	4 

Lizards 

GEKKONIDAE 
Crenadactylus ocellatus Clawless Gecko 
Diplodactylus alboguttatus 
Diplodactylus conspicillatus 
Diplodactylus ornatus 
Diplodactylus rankini 
Diplodactylus squarrosus 
Diplodactylus stenodactylus 
Diplodactylus strophurus 
Gehyra variegata Tree DteIIa 
Heteronotia binoei Bynoe's Gecko 
Nephrurus levis 

PYGOPODIDAE 
Aprasia rostrata 
Delma butleri 
Delma nasuta 
Deima tincta 
Lialis burtonis Burton's Snake Lizard 
Pygopus nigriceps Hooded Scaly-foot 

AGAMIDAE 
Ctenophorus maculatus Spotted Dragon 
Cfenophorus nuchalis 
Diponphora winneckei 
Lophogna thus longirostris 
Moloch horridus Thorny Devil 
Pogona minor Dwarf Bearded Dragon 
Tympanocryptis parviceps 

SC INC IDA E 
Cryptoblepharus carnabyi 
Cryptoblepharus plagiocephalus Fence Skink 
Eremiascincus richardson!! Broad-banded Sand Swimmer 
Lerista harold! 
Lerista lineopunctulata 
Lerista meullen 
Lerista planiventralis 
Lerista praepedita 
Lerista uniduo 
Menetia greyii Grey's Skink 
Menetia surda 
Morethia lineoocellata 
Tiliqua occipitalls Western Blue-tongued Lizard 

VARANIDAE 
Varanus gouldll Gould's Monitor 

+ 
+ 
+ 

+ 
+ 

~ 	+ 
+ 

+ 
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Fauna Habitats 

1 	2 	3 
	

4 

Turtles 

CHELONIIDAE 
Carotta caretta 	 Loggerhead Turtle 	 + 
Chelonia mydas 	 Green Turtle 	 + 
Eretmochelys imbricata 	 HawksbiO Turtle 	 + 

Snakes 

TYPHLOPIDAE 
Rhamphotyphiops diversus 	 + 	+ 
Rhamphotyphiops grypus 	 + 	+ 
Rhamphotyphiops hamatus 	 + 

ELAPIDAE 
Demansia psammophis 	 Yellow-faced Whipsnake 	 + 	+ 
Furina ornata 	 Orange-naped Snake 	 + 	+ 
Pseudonaja modesta 	 Ringed Brown Snake 	 + 	+ 
Pseudonaja nuchalis 	 Gwardar 	 + 	+ 
Simoselaps littoralis 	 West Coast Banded Snake 	 + 
Suta fasciata 	 Rosen's Snake 	 + 

Amphibians 

Cyclorana maini 	 Main's Frog 	 + 
Cyclorana platycephala 	 Water-holding Frog 	 + 
Neobatrachus fulvus 	 Tawny Trilling Frog 	 + 
Neobafrachus sutor 	 Shoemaker Frog 	 + 

Expected Species Richness 	4 	46 	18 	0 

Sources: 

Blakers, M., Davies, S.J.J.F. and Reilly, P.N. (1984) The Atlas of Australian Birds 

Cogger, H.G. (1993) Reptiles and Amphibians of Australia Reed Books 

Pringle, J.D. (1987) The Shorebirds of Australia Angus and Robertson Publishers 

Simpson, K. and Day, N. (1993) Field Guide to the Birds of Australia Penguin Books Australia Ltd. 

Strahan, R. (1984) The Complete Book of Australian Mammals Angus and Robertson Publishers. 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1981) Lizards of Western Australia. I. Skinks U.W.A. 
Press. 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1983) Lizards of Western Australia. II. Dragons and 
Monitors U.W.A. Press. 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1986) Snakes of Western Australia U.W.A. Press. 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1990) Lizards of Western Australia. Ill. Geckos and 
Pygopods U.W.A. Press. 

Tyler, M.J., Smith, L.A. and Johnstone, R.E. (1994) Frogs of Western Australia Western Australian 
Museum. 
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funCS Street 
Western Austr 
1elephOfl (oc 
1aimik (09) 32 

Date: 
	ii December 1989 

Your Ref: 2W2/1sI4051'87 

Our Ref: 77132 
RF:CS 
EnquiriCS R.Fry 

Department of Marine & HarbourS 

P0 Box 402 
Frcmafltie WA 6160 

Attention: Mr N SiraguSa - ) 

Dear Mr Siragusa, 

MAIJD'S LANDING - 
PROPOSED MARINA/TOURIST DEVELOPMENT 

Thank you for the copy of the Notice of Intent submitted to EPA by 
Coral Coast Marina Development Pty Ltd. 

The Department of Aboriginal Sites has also received a copy of the 

report by Morse and Wright 
An Archaeological and Ethnograpl:iC Survey 

of the proposed Coral Coast Derelopn1e)11 Area, Point Maud, Western 

Australia, 
September 1989. The Department supports the 

recommendations 

of this report, as  included in the Notice of Intent. 

The report records five Aboriginal SiteS located within the survey 
area. All Aboriginal SiteS are covered by the provisionS of the 

/1rjl.'j?tal Heritage Act 1972-80, 
whether known to the Department or 

not. Section 17 of the Act makes it an offence to alter an Aboriginal 
site in any way without written permission from the Minister for 

Abor iginal Affairs. 

it is our preference that your client modifies their development plans 

to avoid impacting sites. If however, this is not possible, and in 
ordcr to avoid a breach of Section 17, the landowner can submit a 
notice in writing to the Trustees of the Western Australian Museum 
seeking the Minister's consent to use the land in question. 

it should be emphasised that it is possible that burials may be 
uncovered once disturbance of the ground begins. Should this occur, 
work should cease immediatelY and the procedure clearly outlined in 
Section 6.0 of the report by Morse and Wright followed. 

it is understood that the development will not encroach on the small 
sand dunes to the north of the proposed harbour entrance cut (Morse 

and Wright, p.18). This area is of concern to Aboriginal people. When 

sncheS: 
l,.rT?rille Museum 
ji:tnerty Sucet. 1,erntic 
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Telephone (099) 2 i 5080 

Albany ResidencY 
Muse urn 
ResidencY Road. Af1ny 
Western AusU&tt. 6330 
Telephone (098) 4 t 4844 



the survey for the cut is completed, the developer is strongly advised 
to consult with the senior Aboriginal man referred to in 
recommcndation (j) in Morse and Wright to ensure that no areas of 
significance to Aboriginal people are disturbed. 

Kate Morse or myself would be pleased to meet with the Maud's Landing 
Working Group on Friday 19 January. Could you please advise on the 
time and place nearer the date. 

If you have any further enquiries, please contact me. 

Yours sincerely, 

Robert Reynolds 
Acting Assistant Registrar 
DEPARTMENT OF ABORIGINAL SITES 

c.c. EPA 
Coral Coast Marina Development Pty Ltd 
c/- Alan G Smith 
Port & Harbour Consultants Pty Ltd 
I High Street 
Fremantle wa 6010. 
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AN ARCHAEOLOGICAL AND ETHNOGRAPHIC 
SURVEY OF THE PROPOSED CORAL COAST 
DEVELOPMENT AREA, POINT MAUD, 
WESTERN AUSTRALIA. 

PREPARED FOR CORAL COAST MARINA DEVELOPMENT 
PTY. LTD. 

By KATE MORSE, Western Australian Museum and 

GUY WRIGHT, G. and K. Wright Research Associates 

SEPTEMBER 1989 
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] 	1.0 Introduction 

] 	
In June 1989 staff of the Department of Aboriginal Sites and the 

Department of Anthropology, Western Australian Museum attended a 

] 	meeting of the Maud's Landing Working Group at the Department of 

Marine and Harbours, to discuss the proposed Coral Coast development 

- 	 near Point Maud, Western Australia. Museum staff explained that very 

J 	little was known about Aboriginal sites in the development area, and 

that under the conditions of the Aboriginal Heritage Act (1 972- I 980; 

J Appendix 1), it was the developer's responsibility to ascertain the nature 
and significance of the Aboriginal cultural resources before development 

j
should go ahead. It was also noted that the area was potentially sensitive 

for Aboriginal people as several burial sites were recorded in the 

J
Museum site register. 

-, 	 In response to this meeting Mr. Alan Smith, director of Port and Harbour 
Consultants, acting on behalf of Coral Coast Marina Development Pty. Ltd., 

the developers of the proposed Coral Coast Marina, contacted the 
Department of Aboriginal Sites to arrange for a survey of Aboriginal sites 
in the area. In August 1989 the archaeological component of the survey 

was undertaken by Kate Morse of the Department of Anthropology with 
Lynda Strawbridge. The ethnographic survey was undertaken by 

- 	 consultant anthropologist Mr. Guy Wright. 

This report present the results of both the archaeological and 

- 	 ethnographic surveys of the proposed Coral Coast development area and 

makes recommendations about Aboriginal Sites located during the 
survey. 
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2.0 Archaeological survey 

2.1 The Area 

The coastal region around the Mauds Landing- Coral Bay area is 
dominated by a wide relict foredune plain which lies seaward of an 
extensive relict tidal flat. Along the coast east of Point Maud, lightly 
vegetated foredunes parallel the shore. Behind the foredunes are a series 
of relict dunes vegetated in part with salt tolerant coastal heath. Active 
blowouts are exposed intermittently in the relict dunes (Hesp 1986). 

To the west and south west of the proposed development area, extensive 
partially vegetated parabolic dunes backed by aeolian flats form an 
environment highly susceptible to natural erosion and human 
disturbance (Hesp 1986). 

2.2 Previous archaeological research in the North West Cape 
area. 

No systematic archaeological investigations have ever been carried out in 
the Point Maud - Coral Bay area. Despite this, at least three Aboriginal 
sites in the area are recorded in the Museums Register of Aboriginal 
Sites. Two of these sites are burials (P5715; P2064) one of which has an 
ethnographic component. The other is an ethnographic site (P57 16) 
recorded during preliminary ethnographic investigations undertaken in 
1985 for the area encompassed by the Ningalco Marine Park (Turner 
1985). 

Extensive archaeological investigations have been carried out on the more 
- 	northerly section of the Cape Range peninsula since 1985 (Fig. 1; Morse 

and Kee 1985; Morse and Fry 1989; Morse 1988). Preliminary results 
- 	indicate that Aboriginal people with a well developed and diversified 

coastal economy lived there intermittently from 25,000 years ago to 

2 
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modern times. Research in 1989 has demonstrated that the area was 

occupied by at least 33,000 years ago (Morse thprep.) In 1982, a shell 

midden, on the coast near Warroora Station, some 20 km south of Point 
Maud, was dated to c. 7000 years ago (Kendrick and Morse 1982). 
Another similar site. Mulanda Bluff midden, has recently been recorded 
some 3 km south east of the proposed Coral Coast development area. 
Radiocarbon dating of a sample of marine shells from this site has also 
yielded an age of nearly 7000 years. 

Archaeological material from both Mulanda Bluff and Warroora midden 

sites indicate that when they were occupied during middle Holocene 

times, they were in close proximity to a well established mangrove 
community. Today the nearest significant mangrove formations occur at 
the mouth of the Gascoyne river some 130 km to the south, and in 
Exmouth Gulf nearly 80 km to the north. Research suggests that at the 
time these sites were occupied the relict tidal flat at Coral Bay was a 

flourishing mangrove environment which was cut off from marine 
exchange c. 5000 years ago and developed into the extensive hypersaline 

evaporative pan it is today (Kendrick and Morse thprep.). This data is 

important as it contributes to the growing body of evidence in Australia 

and South East Asia for the widespread development and sudden decline 

of mangrove environments during the middle Holocene (Woodroffe et a! 

1985; Allen 1987). 

2.3 	The Survey 

The survey area is a 70 ha. tract of land which more or less fits into the 

natural contours of the coastal landscape to the north-east of Point Maud. 

All major development is planned to be concentrated on the coastal flats. 
The modern and relict dunes which parallel the shoreline are largely to 

he fenced off with access tracks to the beach constructed at selected 
locations. The main disturbance to the coastal dune system will occur at 

the entrance to the proposed inland marina/harbour development (Fig.2). 
This will cut through the dunes at a point corresponding to deep water 
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offshore and open up an area on the coastal flat as the main focus for 
development. The extensive vegetated parabolic dune system to the west 
of the development area will not be impacted by proposed developments 
and will he fenced off as part of dune stabilization and management 

plans. 

The proposed development area was completely unmarked at the time 

the archaeological survey was undertaken. The approximate boundaries 

of the development were pointed out by Mr Ken Ryan, resident of Coral 
Bay and executive director of Coral Coast Marina Development Pty Ltd. 

The archaeological survey was done on foot. A transect survey of the 

immediate foreshore and relict dune systems was completed. For the 
coastal plain all apparent features were inspected and several transects 
were walked at random intervals to complete an adequate coverage of 

the proposed development area. Archaeological sites as defined under the 

\Xfestern Australian Aboriginal Heritage Act (197280), were recorded 
and located using maps and aerial photographs provided by Mr Alan 

Smith of Port and Harbour Consultants. No archaeological material was 
collected. 

J 	
2.4 Survey Results 

2.4.1 Coastal Dunes 

Archaeological material including marine shell, bone and occasional stone 
and glass artefacts is scattered very sparsely throughout the coastal dune 

system. In places the dunes are badly disturbed with modern European 

camps, hearths and associated rubbish and some of the shell and hone 

material noted during the survey probably has a European origin. The 

area is also littered with storm beach material, including numerous 



scatters of fragmented shells and other beach debris. Despite this 

	

I 	disturbance, much of the material recorded during this survey can he 

identified as resulting from Aboriginal occupation. Three sites were 

located in the coastal dune system (Fig. 3; Table 1). 

P 6180 Mulanda Site I. 

This site is located in a small blowout in the secondary dunes some 80m 

J
from the modern shoreline. A walking trail east from the Point Maud 

beach parking area runs directly to this site. A sparse scatter of 

	

J 	
fragmented shell and bone material covers an area of approximately 25 

m E-W and 41 in N-S. The site is quite badly disturbed. There is a 

modern hearth with beer bottle caps and burned cans on the eastern 

I dune slope and concentrations of apparently very recent fish bone and 

oyster shell Only two stone artef acts were recorded. The first, a 

	

3 	triangular piece of sandy limestone with a very flat, smoothed face is 

probably a fragment of a basal grinding stone. The other artef act is a 

	

,] 	partially silicified limestone flake. The shell material includes large 

fragments of baler shell (AIej'o sp.), and several large bivalves. At many 

	

-i 	Aboriginal midden sites in the North West Cape area intact baler shell 

	

i 	carrying dishes have been found. It is possible that the baler fragments 

at this site are remains of a broken shell dish. 

The site is considered to be a mixture of Aboriginal and European 

j
material and is of low archaeological significance. 

P 6257 Mulanda Site 2. 

	

U, 	 Mulanda Site 2 is located in an extensive and active east-west running 
- 	 blowout clearly visible on aerial photographs. Like site P 6 180 this site is 

littered in places with European material, and the presence of numerous 

tiny bivalves and broken coral and shell fragments indicates that this site 

also includes a component of storm beach material. Material identified as 

- 	 . 	 5 



.14 

I coastal flats 	 mouth Minhlya 
/ 	 rood 

. P6259 

- 	coastal dunes 

- 

- 

. 	) 	

P68 	

-' 
P6257 

cP 

P6I8O 

p575 

Coral Boy\\\\  

Figure 3. Archaeological sites located in the survey area. 



-j 

having a probable Aboriginal origin is scattered sparsely throughout the 
blowout and covers an area of approximately 65 in N-S and 10-15 m E-W 

An interesting feature of this site was the presence of several broken 
bottle bases made from thick dark green glass. Glass of this type was 

commonly used to make bottles in the early-mid nineteenth century 

	

) 	
(Patricia Sumnierfield pers. comm.). The bottle glass was located at the 
eastern end of the blowout and concentrated in an area of about 2m2. 

Some 30 metres from these fragments, two pieces of glass which had 

evidently been humanly flaked and used were found. Other 

	

] 	archaeological material recorded includes fragments of baler and clam 

shell ( Tria'iwnd rnzirna), as well as other shells commonly found on 

midden sites in the area, a fragment of a large sea urchin (species 

I unidentified), charred turtle shell and bones and one chalcedony flake. 

	

] 	
This site is considered to he a mixture of Aboriginal, European and storm 

beach material. The bottle glass artef acts suggest Aboriginal people 

	

I 	camped there in the early contact period. Turners 1985 preliminary 

ethnographic survey notes that many Aboriginal people from Carnarvon 

	

.] 	remember camping at Maud's Landing in the early station days (Turner 

1985:24). 

	

I 	P6258 Mulanda Site 3. 

	

] 	
Mulanda Site 3 is located in a blowout east and immediately adjacent to 
site P6257. Archaeological material consists of a single discrete scatter of 

baler and turtle shell which is eroding down the westerly dune slope. 

Several fragments of bottle glass and an intact sand-blasted old bottle 

	

J 	
were located in the same area. Some 45 m north west of this 
concentration, fragments of charred turtle shell and a broken baler shell 

	

J 	
were recorded. The presence of numerous tiny bivalve and coral 

fragments indicates a storm beach element is mixed in with the 

archaeological material. 

6 
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Turtles are abundant along the coast near Maud's Landing and the site is 
identified as a probable turtle butchering site. The presence of glass 
suggests that the site was occupied during the early contact period. 

2.4.2 Isolated finds  

In the north-easterly part of the survey area the coastal dune system is 
less developed. The foreshore and relict dunes grade into one and other 

and the dune landscape is generally much flatter than it is in the more 
south-westerly part of the survey area. No discrete midden sites were 

located in this eastern stretch of coast. However fragments of a large and 

thick baler shell were noted scattered in amongst the dunes. Several large 
fragments of baler shell were also exposed in vehicle tracks which run 
across the coastal plain to the edge of the relict dune system. A fragment 

of sandy limestone conglomerate 12 cms long, 10 cms wide and 6 cms 

thick which had a smoothed depression on one surface was also found. 

This is considered to be a fragment of basal grindstone. No other 

artef acts were found. 

2.4.3 çastLF!ats 

The coastal flats behind the dune system are densely vegetated with salt 

tolerant coastal heath vegetation and as such archaeological visibility is 

reduced. Transect surveys were walked from the main Coral Bay road to 

the base of the secondary dune system. Like the adjacent coastal dunes a 

sparse scattering of archaeological material was noted on the coastal flats. 

Occasional fragments of large baler shell and a single valve of a chiton 

shell (AccantbopIeurageninia1a were noted. These are considered to be 

nianu ports that have been carried and eventually dropped as people 

made their way to and from the coast. Several fragments of clear glass 
were also noted none appeared to have been humanly modified. One site 

was recorded on the coastal flats. 
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P6259 Mujada Site 4. 

This is a discrete scatter of marine bivalve shells concentrated in a sandy 

I patch about 3 x 2 m2  on the western edge of the coastal flats (Fig. 3). The 
scatter consists of some 17 largely intact shells and numerous fragments. 

] 	
The bivalves are clearly selected for species and size and many appear to 
have a distinctive fracture pattern. No artefactual material was noted in 

] 	
the shell scatter and apart from human collection and transportation no 
other explanation for the shells presence can be found. No modern or 

I 	
European material was found and the site is considered to be a dinner 
time camp" - a place where someone has sat and eaten a collection of 

shells. 

10 Archaeological Conclusions and Recommendations 

3.1 	Sites P6 180, P6257 and P6258 are located directly in the path of 

] 	
the proposed marina/harbour entrance. All three sites have been 
adequately recorded and are considered to have low archaeological 

] 	
significance. 

] 	It is recommended that subject to approval being granted to the 
developer under Section 18 of the Aboriginal Heritage Act (I 972-80), 
these sites should be allowed to be disturbed and development should go 

] 	ahead. 

J 3.2 	It is likely that "isolated finds" on the coastal dunes will 
inadvertently be disturbed once the proposed development increases 

J 	
tourist pressure on the beach and adjacent dunes. Fencing of the coastal 
dunes may prevent some disturbance of this area. Archaeological 
material in the dunes is considered to be of low significance. 

3.3 	Site P6259 and "isolated finds" on the coastal flats will be 

1 	disturbed once development is underway. 

J 

11 
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Site p 6259 has been adequately recorded and has low archaeological 

significance. 	It is recommended that subject to approval under Section 

18 of the Aboriginal Heritage Act, development of the coastal flats should 

proceed as planned. 

3.4 	Site P5715 	a soak recorded during the preliminary 1985 

U ethnographic survey is located just outside the direct impact area of the 
proposed development. However, in view of the size of the project and 

I the presence of large earthmoving equipment it seems likely that this site 

may be inadvertently or unavoidably disturbed. 

It is recommended that the developers apply under Section IS of the 

Aboriginal Heritage Act for permission to disturb this site before 

developments proceed as planned. 

t 
3.5 	It is possible that further archaeological material will be uncovered 

once disturbance of the ground begins. In the coastal dune area in 

particular it is possible that Aboriginal burials 	may be found. 

i It is recommended that if archaeological material is uncovered the 
developer should contact the Department of Aboriginal Sites. If skeletal 

j material is found, procedures outlined in section 6.0 of this report should 

be followed. 

2 

3.6 A visitor information centre is planned as part of the Coral Coast 

development. It is recommended that information relating to the 

Aboriginal traditional and historical use of the Maud's Landing- Coral Bay 

area should be included as part of educational displays presented for the 
I 	public. 

I 



Table 1.0 
Archaeological sites located during survey of proposed Coral 
Coast Marina Development. 

SiteNumber 	SiteName 	1:250000 	1:100000 

map ref. 	map ref. 

SF 49-16 	Sheet 1651 

P6180 Mulanda Site 1 151 117 845410 

P6257 MulandaSite2 151 117 846410 

P6258 MulandaSite3 151 117 847411 

P6259 MulandaSite4 152 117 851 412 
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— 	4.0 Ethnographic survey -- Introduction 

In August 1989, the management of Coral Coast Marina Development Pty. 

Ltd., commissioned myself, Guy Wright, of G. and K. Wright Research 
Associates to conduct a survey for ethnographic sites at their proposed 

development at Mauds Landing, north of Coral Bay. The ethnographic 
survey coincided with the archaeological survey described in this report, 

conducted by Kate Morse of the W.A. Museum. 

The Ethnographic survey had a twofold purpose: 1) To scout for 
previously unidentified Ethnographic sites as defined under the 

Aboriginal Heritage Act (1972-80) and 2) to identify and liaise with 
relevant Aboriginal people in the Carnarvon area who may have a 

knowledge of or interest in, burial material that could be uncovered 
during the excavations for the proposed Coral Coast development. 

The survey comprised three basic stages. In the first stage, academics 
with experience working with Aboriginal people in the region were 

j 	

contacted, as were relevant Aboriginal organizations. The purpose of the 
survey was explained and advice as to who would be the most 
appropriate people to speak for the Aboriginal interest in the area was 
canvassed. In the second stage, appropriate Aboriginal people were 

located in the Carnarvon area and interviewed to determine whether 

J they had an interest in the area which will be disturbed by the proposed 
development. Several people who clearly had substantial knowledge of 
the area were unable to visit the site due to work commitments and ill 

health. However, there was clear approval from these people that a senior 

man' living in Carnarvon was regarded as having appropriate knowledge 
and authority to represent the Aboriginal interest in the area. 

I 
The identities of Aboriginal scouts is not normally given in Aboriginal site 

ji 	

sury reports. Their identities are lodged, separately and in confidence, with the 
Aboriginal Sites Department of the W.A. Museum. This practice will be followed 
here 

I] 



The senior man was taken to the Maud's Landing site, where he made a 
thorough inspection of the area, accompanied by myself and Mr. Ken 

Ryan of Coral Coast Developments. After discussing the proposed 
development in detail, he said that the proposal as presently constituted 

was not likely to disturb places or material of significance to Aboriginal 

people. However, he was concerned that the development plans only 
narrowly miss features of Aboriginal interest in the eastern edges of the 

coastal dunes, and has requested that he be able to have a second look at 

the development site when the area has been surveyed, prior to 

excavation 

There is one previously registered Aboriginal Site in the proposed 

disturbance area. It is recommended that the company seek permission 

of the Minister for Aboriginal Affairs for permission to disturb this site, 

under the provisions of Section 18 of the Aboriginal Heritage Act 0 972- 

80). 

4.1 	Ethnographic background 

The area of the proposed Coral Coast development is within the area 
identified by Tindale (1974) as the land traditionally occupied by the 

	

] 	Baijunju linguistic unit. According to lindale, the Baijunju people 

inhabited an area roughly between Pt. Cloates and (?uohha  Pt., and inland 

	

] 	
to approximately Mia Mia (see Fig.1). Neighbours to the North were the 

Jinigudira and to the south, the Maia. 

Probably during the latter portion of the nineteenth century the 
Tinigudira were wiped out by an epidemic of some sort, likely introduced 
by pearlers and others working in the Exmouth Gulf area. Jan Turner, 

	

I 	
who conducted a survey for ethnographic sites in the area to be affected 
by the Ningaloo Marine Park (Turner 1985), quotes an elderly man from 
Onslow, who describes the sickness in these words: 

II 
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Then Jinigudi. The sickness began with the dogs, just 
like distemper, with shaking all over. Shake, shake. 
They died. The Old People tried to nurse them and 
they died too. Whole families died. Skeletons 
everywhere Cardabia. 

The epidemic undoubtedly also affected the Baijunju, the direct 
neighbours of the jinigudjira. Cardabia Station, mentioned above, is only 
a couple of kilometres from the proposed Coral Coast Development, and 
there are seven burial sites recorded between Gnarraloo Bay and Point 

t 	

Maud. A blowout on the southern side of Point Maud is locally refered to 
as "Skelly Beach." 

II Turner (1985) provides an outline of the possibilites for early European 
contact. The Ningaloo region was clearly within reach of the great Dutch 

01 navtgation track up the West coast of Australia to Batavia. Yarrow (1980) 
notes that Yardie Creek was marked on Dutch charts from the early 17th 

a century as 'Jacob  Remessen's River (quoted from Turner 1985:5). 	In 
1 1 875, the Stepliano wrecked near Pt. Cloates, and Aboriginal people gave 

a water, food and, surprizingly, navigational charts to two surviving sailors. 
They guided the survivors towards Tien Tsin Harbour (now Cossack) but 
saw the /essie en-route. The Aborigines lit large signal fires, and the 

I sailors were picked up. Knives and axes were later sent to the Aboriginal 
people in appreciation (Ibid:i) 

I 
In spite of the auspicious beginnings however, contact with European 

1 based culture had a devastating effect upon the traditional cultures of the 
area, as was true for most of Australia. The frontier existence provided 
incentives for Aboriginal people to drift into station work, providing a 

.I much needed pool of labour for the growing Northwest pastoral industry. 
Tea, sugar, flour, tobacco and alcohol were traded for work and the sexual 

J services of many of the women. A large number of "half caste" children 
were produced, many of whom were taken away to be raised in missions 

'i 

Turner, 1985p.21 
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and other foster care arrangements where they learned to be members of 

I 

	

	
neither culture. Under the domineering Christianity of the time, much of 

the formal knowledge of Aboriginal culture was lost. 

1 	For the current generation, re-establishing as much as possible of the old 

culture has become a priority. The recognition that Aboriginal culture is 

1 	an important focus to give hope and direction to young Aboriginal people 
is a driving force behind agencies, such as the Kuwinywardu Aboriginal 

Resource Agency in Carnarvon. 

1 	5.0 Conducting the ethnographic survey 

1 	51 	Initial investigations: 

I After being informed by Mr. Alan Smith of Port and Harbour Consultants 

that the survey was to go ahead as discussed, I contacted Dr. Alan 

I
Dench, a linguist with the Deparment of Anthropology, U.W.A. and Dr. 

Chris Birdsell, who has conducted doctoral research among Aboriginal 

I 	people in the Carnarvon area. They gave me background information and 
told me that to their knowledge there were no disputes among Aboriginal 

J 	
people in the Carnarvon region that would be likely to affect the study. 

They agreed that the Kuwinywardu Aboriginal Resource Agency (KARU) 
should be the point of contact for the study. I later spoke with Mr. Joseph 

I WaIlam of the Aboriginal Sites Department also who confirmed this. 

I then contacted Mrs. Mary Franklin, of Kuwinywardu, faxed her a map 
showing the area of the proposed development and sent a letter 
explainingthe intentions of the survey. I arranged to meet with her on 

the morning of August 7. 

I 
k  



5.2 Finding and interviewing informants: 

Mrs. Franklin is well known among the Aboriginal people of Carnarvon. 

She is Baijunju herself, and knew the appropriate people to contact. 

j 
Mrs. Franklin first introduced me to Mr. Rod Belotti, who works for the 
Aboriginal Medical Service. He is a former Aboriginal police officer and 

- was aquainted with the normal police procedures that follow discovery of 

' a burial. The usual procedure, he said, was for the police to investigate 
and to take an appropriate member or members of the local Aboriginal 

community to give their opinion as to what should happen with the 
remains. The Department of Aboriginal Sites is contacted, and a sites 
officer is sent to investigate. Mr. Belotti said the local police were well 
experienced in this procedure, and that Coral Coast Developments could 
expect quick and efficient response from the police and the Aboriginal 
community should a burial be discovered in their construction work. 

Mrs Franklin and Mr. Belotti then told me the names of about five 

people who ought to be consulted and Mrs. Franklin offered to help me 

I 
lind them and introduce me. The first person we contacted was the 

After senior man who eventually conducted the field survey. 	showing 

him the plans for the Coral Coast marina, he agreed to accompany me to 

the site the next day. We discussed the participation of a number of other 

people who would likely have an interest in the survey, but most of these 

I people were known to have other commitments or were ill. 

j Mrs Franklin and I then drove out to meet with an elderly woman living 

on the north side of the river. This woman had worked for many years at 
Cardabia station, and said the area near the Pt. Maud jetty was a 

favoured camping place for Aboriginal people. After viewing the plans, 

she agreed that it was possible that excavations for the harbour entrance 

UI would unearth some Aboriginal remains, but she said that she thought 

the project would not otherwise disturb significant Aboriginal sites. "That 

.1 should be okay," she said. At the end of the interview, she pointed out 

U 
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that it was possible that the grandmother of a brother and sister 

J 	
currently living in Onslow may be buried within the development area. I 

told her I would try to contact these people. I asked if the woman would 

like to drive up to view the development site the next day, but she 

declined the offer, saying she had a bad cold that needed looking after. 
Mrs. Franklin and I mentioned that the senior man had agreed to view 

I the area. The elderly woman concurred that he would be an appropriate 
person to give a first hand opinion of whether the development would 

J
infringe on things of Aboriginal significance. 

J 	
After lunch, Mrs. Franklin and I went to Mungullah Village hoping to 

meet with a man who had accompanied Ms. Jan Turner on an 
ethnographic sites survey of the Ningaloo region in 1985. We knew this 

1 	person was ill, but I wanted to make him aware of the project, especially 

since he had probably identified the Mulanda soak site (P571 5) at Mauds 

I Landing. Mrs. Franklin spoke to the man and told him of the project, 
while I waited in the vehicle. 'He's pretty sick, she said on returning to 

I the vehicle. Doesn't want to go.' She said that the sick man was satisfied 
that the senior man would he viewing the area, and representing 

Aboriginal interests. 

1 	5.3 The field survey 

The next day the senior man and I drove to Coral Bay. Along the way we 
discussed the project area. The man said the base of the hills near the 

I Point Maud jetty was a favoured camping place, and that he and his 

family had used it since he was a boy. "It was the place to come when we 

I 	had holidays from working on the station,' he said. "We used to roIl a big 

tyre up the sandhill, then get in it and roll all the way down." 

1 	He said that people had probably used the camping place in prehistoric 
times as well. The presence of midden material discovered in the 

I archaelogical component of this study supports this observation. 
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My informant made it plain that he did not want to specifically identify 
Aboriginal sites unless they were in immanent danger of desecration. He 

was willing to tell the company where it might go without disturbing sites 

as defined under the Aboriginal Heritage Act (1972-80) (AHA). I was not 
surprized at this reluctance to specify sites, as Mrs. Fanklin had warned 

me that in the recent past the man had objected to researchers who had 

probed him for specific cultural information. This attitude is in line with 
current trends in Aboriginal site survey methodology. Aboriginal people 
are becoming increasingly wary of surveys which map the precise 

location of sites. There are a number of reasons for this trend.1  

by identifying specific sites, Aboriginal people in effect give away 
much of the protection and control that the Aboriginal Heritage Act 
(AHA) otherwise gives them. The purpose of a survey for Aboriginal sites 

is usually to indemnify a developer against desecration of sites. Once the 

sites are known, the developer can work around them and so long as he 
does not disturb the actual site, he need take no further heed of the AHA. 

Generally speaking, Aboriginal people feel they have a right to be 

consulted about developments on land which until quite recently -- in 

their reckoning -- was subject to the constraints of Aboriginal cultural 

proscriptions. By refusing to specify sites, but by demanding that 

Ah - iginal permission be obtained before development proceeds, they 

can retain some measure of control over land matters of interest to them. 

Precise identification of sites is not always culturally appropriate. 
Many sites are only to be viewed by initiated people of the appropriate 

sex Aboriginal people often consider that this knowledge should be held 
by themselves, and they are distrustful of the management of site 

knowledge in centralized registers of sites. 

See Lawrence (1989), and Veth (1989). Both in Wright (ed.). 

17 



I 
Given the strong public denunciation of Land Rights a few years back, 

l

and the State Governments subsequent refusal to re-endorse the concept, 

it is not surprising that Aboriginal people are trying to use whatever 

legislative devises they can, to re-assert Aboriginal cultural integrity. 

The above notwithstanding, the senior man appeared to he impressed by 

1 	the concept of the proposed development at Pt. Maud. I explained that 

the company thought that the effect of the development would he to 

I 	concentrate tourist activity in a restricted area, potentially reducing 
tourist induced environmental stress on the coastal areas adjacent the 

I 	
Ningaloo Marine Park. These stresses were obvious when we parked at 
the access to the old jetty. After walking around the area, and having a 
reminiscence about the times spent at holidays there, and showing me 

1 	the hill down which he once rolled, the man mentioned that in the past 
half hour over a dozen vehicles had passed through the small parking 

J 	hay. 

With these things in mind, we drove into Coral Bay and found Ken Ryan 

of Coral Coast Developments. Mr. Ryan went over the plans for the marina 

I 	
with the man, and explained that the constructions would be very careful 

to avoid damaging vegetation on existing sand dunes. This, he explained, 
was in the company's clear self interest, since disturbing the dunes would 

I likely cause erosion which would be difficult to control in the windy 

	

- 	 climate. The senior man said that most things of Aboriginal interest 

would be in the dunes and thus would not be subject to disturbance by 

the project. 

Mr. Ryan and his wife then accompanied the man and myself to the 

development area, where we went over the proposal in detail. The man 
clearly understood where the harbour entrance was planned, and agreed 

	

- 	 that nothing of Aboriginal significance, which he was aware of, would he 

disturbed by the proposed cut. He was concerned, however, that the 

[ 	 proposed development should not encroach upon the small dunes on the 

I 
18 
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landward side of the main dunes to the north of the proposed harbour 

entrance cut. 

The man showed us the site of the Mulanda soak, and showed us where 

the favoured camping areas were, in the lee of the dunes. He did not offer 
to re-enact his roll down the dunes, but there did not appear to be a 
tyre available in any case. Mr. Ryan, in turn, told us some of the 
experiences he had had while camping at the site. 

The man told Mr. Ryan that so long as the development did not encroach 
on the dunes, it was not likely to affect anything of Aboriginal interest. 
However, he said that he would like to have a further inspection of the 
area after the surveying has been done, but before actual digging begins, 

especially in those areas near the dunes. 

There remained the problem of the burial which the elderly woman 

referred to. The man said he did not believe the burial was in the 

development area, and that the grandchildren would have been too 

young when their grandmother died to have remembered, He said he 

believed the grandmother to be buried on a station in the interior. I later 

contacted the granddaughter and explained the project and its location. 
She said she had no objection to it proceeding. She also indicated that so 
far as she was concerned, the senior man had authority to speak for 

Aboriginal interest in the area. 

6.0 Process to be followed in the event of discovering 
skeletal material 

Those Aboriginal people who should be contacted in the event that an 
Aboriginal burial is discovered while excavating the Coral Coast Marina, 

have now been alerted to the development and they have expressed their 

willingness to cooperate to make the formalities associated with such a 

discovery procede as efficiently as possible. 

IN 
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Should human skeletal material be found during excavation, it should be 

assu med to be of Aboriginal origin. The remains should be left where 

found, and any machinery being used in the immediate area should be 
re-deployed to another portion of the project. The Carnarvon Police 

should be contacted, as should the Department of Aboriginal Sites of the 

W. A. Museum. The company should explain any urgency to these 
agencies. Both the Police and the Museum should contact the 
KuwinywardU Resource Agency in Carnarvon who should in turn contact 

the senior man who participated in this survey, or another person who is 
considered to have some authority to speak for Aboriginal interests near 
Pt. Maud. In consultation with the Police and the Museum, this person 
should determine what should be done with the remains. 

It is suggested that Mrs. Mary Franklin be the contact person at 
Kuwinywardu. The Kuwinywardu telephone number is: 099-412-328. 

7.0 Ethnographic conclusions and recommendations 

There do not appear to be any objections by relevant Aboriginal people to 

the proposed Coral Coast Development. Since the majority of the 
development will take place on the coastal flats behind the dunes, it does 
not appear likely to conflict with sites of Aboriginal interest which are 

probably located in the dunes. The exception is the previously registered 

site at Mulanda soak (P5715). 

The Mulanda soak is likely disturbed by the proposed development. 

Although it appears to be outside the area of planned direct impact, it is 

hard to believe that it would not be disturbed given the size of the 
project and the equipment that will be used. It is recommended 

therefore, that Coral Coast Developments apply under Section 18 of the 

Aboriginal Heritage Act for permission to disturb a registered site. 
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The Mulanda soak does not appear to he of any great significance to 

Aboriginal people, except that it may have some sentimental attachment 

for those who used to camp at Mauds Landing. It is therefore 

recommended that permission be granted to Coral Coast Developments to 

disturb site P5715 (Mulanda soak). 

It is suggested that Coral Coast Developments maintain the excellent 

relations it currently enjoys with the Baijunju people by facilitating the 

request of the Senior man that he re-inspect the area when the survey 

has been completed. 
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Appendix 1. Obligations relating to sites under the Aboriginal 
Heritage Act (1972-80) 

Report of findings - Section 15. 

Ony pe50n who has knowledge of the existence of any thing 
in the nature of Aboriginal burial grounds, symbols or 

chjOtS of sacred, ritual or ceremonial significance, cave or 
roc- paintings or engravings, stone structures or arranged 
tones, carved trees, or of any piace or thing to which this 
ct applies or to which this Act might reasonably he 
eusnecte.d to apply shall report its existence to the 
Trutee., or to a police officer, unless he has reasonable 

cauSe to believe the existence of the thing or place in 
uestion to be already known to the Trustees- 

Offences relating to Aboriginal Sites - Section 17. 

Ca 	e>:oavates, destroys, damages, conceals or in any way 
alters any Aboriginal site; or 

b, 	jr arr' way alters, camages, removes, destroys, conceals, 

or who deals with in a manner not sanctioned by relevant 
(:;ust.or, or assumes the possession, custody or control 

- ar;: oric-ct on or under an Aboriginal site, 

cc.nrit an offence unless he is acting with the authorization 
f :he Trustees under section 16 or the consent of the 

H±r.ister under section 18. 

Consent to certain uses - Section 18. 

Fc' 	the purposes of this section, the expression 
I. 

the 

ower' c any and inc ides a lessee from the Crown, and the 
hold&r of any miring tenement or mining privilege, or cf any 

:ic't c' pr'viiege unde the V'etco]eum Act 167, in relation 

tn and. 

2) kJhere the owner c' any land gives to the Trustees notice 
writing that he requires to use the land for a purpose 

which, unless the Minister gives his consent under this 

section, would be likei 	to result. in a breach of section 17 
in respect of any Aboriginal site that miaht be on the land, 
the Trustees shall, as; soon as they are reasonably able, form 
ar c'cinion as to whether there is any Aboriginal site on the 
lard, evaluate the importance and significance of any such 
site, and submit the notice to the Minister together with 
their recommendation in writing as to whether or not the 
Minister should consent, to the use of the ]and for that 



purpose, and, where applicable, the extent to which and the 
conditions upon which his consent should be given. 

1 	(3) Where the Trustees submit a notice to the Minister under 
subsection (2) of this section he shall consider their 
recommendation and having regard to the general interest of 
the community shall either- 

(a) consent to the use of the land tOe subject of the I 

	

	notice, or a specified part of the land, for the 
purpose required, subject to suth conditions. if 
any, as he may specify; or 

I 	(b 	wholly decline to consent to the use of the land 
' 	 the subject. of the notice for the purpose required, 

I 	and shall forthwith inform the owner in writing of hi r 	decision. 

11 	(a) 	Where the owner of any land has aiven to the Trutees 
notice pursuant to subsection (2) of this section and the 
TrLJEteee.hav not submitted it with heir recommendation to 
the Minister in accordance with that '.ubsection the Minister I 	may require the Trustees to do so within a specified time, or may require the Trustees to take such other action as the 
Minister considers necessary in order to expedite the matter, 
and the Tust.ee.s shall comply with any such requirement. 

r (5) Where the owner of the any land is aggrieved by a t 	decision 01 the: Minister made under subsection (3) of this 
section he ny, within the time and in the manner prescribed 
byrules of court, appeal from the decision vihich shall have 
affect as if it were the decision of the riinister to the 

I
Supreme Court. which may hear and determine the appeal. 

In determining an appeal under' subsection (5) of this 
section the Judge hearing the appeal may confirm or vary the 

r 	decision of the Minister against which the appeal is made or 
quash the decision and substitute his own decision of the 

I 	 Minister, and may make such order as to the costs of the 

1 	appeal as he sees fit. 

Where the owner of any land gives notice to the Trustees I 	under subsection (2) of this section, the Trustees may, if they are satisfied that it is practicable to do so, direct 

I the removal of any object to which this Act applies from the 

I

land to a place of safe custody. 

I (B) 	Where consent has been given under this section to a 

II 	
person to use any land for a particular purpose nothir'g done 
by or on behalf of that person pursuant to, and in accordance 

I 	with any conditions attached to, the consent constitutes an 

I 	offence against, this Act.. I 
II 
Ii' 


