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EGLINGTON BEACH RESORT, CITY OF WANNEROO 
PUBLIC ENVIRONMENTAL REVIEW (PER) 

PUBLIC COMMENTS INVITED 
Eglington Resort Development Pty Ltd propose to develop a recreational 
resort complex, incorporating a dune links type of golf course, a marina 
and beach resort, and leisure accommodation. The Eglington Beach Resort 
will be located on the coast 45km north of Perth. The proposal concerns 
an area of approximately 245 ha which is located to the west of the 
planned alignment of Marmion Avenue. The project, partly located within 
System 6 M2 has been designed to accommodate the EPA recommenda-
bons by setting aside large areas for conservabon and open space. 

In accordance with the requirements of the Environmental Protection 
Authority, a PER has been prepared by LeProvost Environmental Consul-
tants to examine the environmental eflects associated with the proposed 
resort development. The PER descnbes the proposal, identifies and as-
sesses the environmental effects, and puts forward environmental manage-
ment procedures. Copies of the PER will be available for examination 
between Wednesday 12 September and Tuesday 6 November 1990 at: 

ENVIRONMENTAL PROTECTION AUTHORITY, 1 Mount Street PERTH WA 
6000 
THE ENVIRONMENT CENTRE, 794 Hay Street, PERTH WA 6000 
STATE REFERENCE LIBRARY, Alexander Library Building, Cultural Centre, 

PERTH WA 6000 
WANNEROO CITY COUNCIL, Administration Centre, Boas Avenue, WAN-

NEROO WA 6065 
SORRENTO/DUNCRAIG LIBRARY, Warwick Rd (corner Marmion Ave), 

DUNCRAIG WA 6023 
YANCHEP/IWO ROCKS LIBRARY, Lisford Avenue, IWO ROCKS WA 6035 

Copies of the PER with Appendices may be purchased for S20.00 from: 

LePROVOST ENVIRONMENTAL CONSULTANTS 
Suite 2, 175 Labouchere Road, 
COMO WA 6152 

For further information, please contact LeProvost Environmental Con-
sultants (Ph 094741933). Interested persons and organisations who wish 
to comment on the environmetal impact of the proposal or the content of 
the PER are invited to make written submissions by Tuesday 6 November' 
1990 to: 

The Chairman 
Environmental Protection Authority 
1 Mount Street, PERTH WA 6000. 

Attention: Ms Eve Bunbury 

If you have any queries about preparing your sUbjnssion or the assess- 
ment process, please contact the EPA (ph 09222 7000). 	- 
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EGLINTON BEACH RESORT 

PUBLIC ENVIRONMENTAL REVIEW 

VOLUME 2 OF 2 

TECHNICAL APPENDICES 

Appendix 1: Environmental Protection Authority Guidelines for the Public 
Environmental Review.  (PER) for the Proposed Golf Resort, 
Eglinton. 	 - 

Appendix 2: Conservation 	Reserves 	for 	Western 	Australia 	as 
Recommended by the EPA - 1983. The Darling System - 
System 6. Part II: Recommendations for Specific Localities. 

Appendix 3: Coastal Engineering Study, Eglinton Beach Resort. 

Appendix 4: Water Quality and Exchange, Eglinton Beach Resort. 

Appendix 5: Eglinton Beach Resort, Predicted Impact of Development on 
the Groundwater Regime and Proposals for Management. 

Appendix 6: Eglinton Beach Resort, An Appraisal of the Vertebrate Fauna. 

Appendix 7: Report on a Survey for Aboriginal Sites at the Eglinton 
Beach Resort Development. 

Appendix 8: 	Foreshore and Landscape Management Plan (Draft). 

Appendix 9: 	Eglinton Golf Resort Project, Legal Agreement (Draft). 
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GUIDELINES FOR THE PUBLIC ENVIRONMENTAL REVIEW (PER) FOR THE 
PROPOSED GOLF RESORT, EGLINTON 

These guidelines have been prepared following submission of a proposed golf course and marina 
development at Lot 9 Pipidinny Road, Wanneroo, in April 1989, entitled 'Ocean Dunes Resort'. They 
were revised in March 1990 following submission of a revised concept plan which includes 
development of Lot 6 Pipidinny Road: The revised concept is entitled "Golf Resort, Eglinton". 

These guidelines are intended to identify issues that should be addressed within the Public 
Environmental Review (PER). They are not intended to be exhaustive and the proponent may 
consider that other issues should also be included in the document. 

The PER should be concise and accurate as well as being readily understood by interested members 
of the public. Specialist information and technical description should be included where it assists in 
the understanding of the proposal. It may be appropriate to include ancillary or lengthy information in 
technical appendices. Particularly voluminous, additional, technical information could be made 
available at convenient designated locations, such as local libraries, and at appropriate government 
departments and local authorities. 

SUMMARY 

This section should contain a brief summary of: 

salient features of the proposal; 
alternatives considered; 
description of receiving environment and analysis of potential impacts and their significance; 
environmental monitoring and management programmes and commitments; and 
conclusions. 

2 	INTRODUCTION 

The introduction should include: 

identification of proponent and responsible authorities; 
background and objectives of the proposal; 
brief details, and timing, of the proposal; 
relevant statutory requirements and approvals; and 
purpose and structure of the PER. 

3 NEED FOR THE DEVELOPMENT 

This section is concerned with the justification of the project, ie the need for a marina and golf course 
development at this particular location, projected costs (in the broad sense) and benefits in a local and 
regional context. Discussion should make reference to the fact that facilities of a similar nature are 
already existing within the City of Wanneroo (le golf course, marina). 

4 	EVALUATION OF ALTERNATIVE 

The evaluation of alternatives, in a regional planning context, is one of the more important parts of a 
PER. A discussion of alternatives to the proposal including alternative sites as well as the "do nothing" 
option should be given. A comparison of these in the context of the stated objectives should be 
included as well as costs and benefits at both construction and operational stages. In this way the 
rationale for not choosing certain alternatives should be clear as will the basis for choosing the 
preferred option. 



5 	DESCRIPTION OF PROPOSAL 

This should include: 

overall concept; 
location and layout in local and regional context, in particular, in relation to other existing and 
proposed manna sites along the coast north of Perth; 
proposed land use, land tenures and a clear indication between boundaries of private, public and 
Metropolitan Region Scheme reserved land; 
construction schedule and methods of construction including source of materials and disposal of 
wastes; 
infrastructure including onshore facilities for manna access; 
auxiliary services (eg power, water, sewerage) 
control and staging of project; 
operation during and after construction; and 
projected lifetime. 

6 	EXISTING ENVIRONMENT 

This section should provide an overall description of the environment and an appraisal of physical and 
ecological systems likely to be affected by it. 

It should then concentrate on the significant aspects of the environment likely to be impacted by the 
development (ie in particular, the processes sustaining the system). Only the processes, habitats, 
resources and potential resources which could be influenced should be defined. 

Wherever possible in the discussion of physical and biological processes that are essential 
determinants in the maintenance of habitats and resources, conceptual models or diagrams should 
illustrate and synthesise the interactions between the processes. 

This section should include: 

6.1 Physical 

offshore and onshore geology; 
coastal geomorphology; 
drainage; 
onshore hydrogeology including water quality, location of groundwater and direction of 
groundwater movement; 
nearshore water quality; 
marine/coastal processes (ie littoral drift, coastal erosion and accretion points); and 
climatic conditions (eg prevailing winds, frequency of storm events including duration and wind 
velocity). 

6.2 BIological 

Offshore and onshore biota and their ecosystems, set in regional context. Special attention should be 
given to the near "pristine" conditions of the offshore reefs. The area encompassed by and within 
System 6 Recommendation M2 will also need to receive particular attention. That is, mapping of 
conservation values of local and regional significance. 

Discussion should also include proximity of proposed development to System 6 Area M3 (Pipidinny 
Wetlands, Yanchep National Park) and potential impact on groundwater levels and associated 
wetlands in Area M3. 

6.3 Human 

land use, land tenure and zoning (existing and future) including conservation and recreational 
aspects; 
fishing activities; 
road access; 



general public access; 
landscape; and 
adjacent urban development. 

7 	ENVIRONMENTAL IMPACTS 

This is the most important part of the PER and the result should show the overall effect on the total 
ecosystem and social surroundings of the location during and after construction. 

The objective of this section is to synthesise all information and predict potential impacts upon the 
environment. This should include an assessment of the resilience of the systems identified in Section 
6 to natural and humanly-induced pressures. Discussions should include justification as to how this 
development can be located in an area of conservation value. Impacts should be quantified where 
possible. Criteria for making assessments of their significance should be outlined. Compliance with 
existing environmental and planning recommendations and guidelines should be demonstrated. In 
some cases there will be advantage in discussing construction and operation impacts separately. 

It will be necessary to determine impacts on individual components of the environment before a final 
overall synthesis of potential impacts is made. 

The following potential impacts should be included: 

offshore and onshore biota with reference to System 6 Recommendations M2 and M3, including 
the effects of human and boating pressures, both at the project site and elsewhere, and how 
these will be managed; 
prediction and verification of marina flushing and internal dynamics; 
impact on marine water quality, in particular, in relation to the proposed Water Authority of Western 
Australia's ocean wastewater treatment outfall at Alkimos (synergistic effects); 
approximate quantification of total cumulative pollutant loadings into the nearshore marine 
environment associated with the development (including fertiliser, sewage, drainage from hard 
stand areas); 
impact on existing recreational and professional fishing (in particular rock lobster fishing) in the 
area; 
projected impact on offshore reefs associated with increased public access; 
drainage; 
spoil disposal; 
groundwater, including the affect of abstraction on the present groundwater levels on 
seawater/freshwater interface and in relation to System 6 Area M3; 
sea water quality; 
land stability; 
impact on change of shape of shoreline on nearshore processes; 
landscape; 
retention and protection of representative habitats, including shorelines, trans-shoreline and 
inland habitats; 
any historical, archaeological and ethnographic sites; 
noise and dust (wind blown sand); 
impact on seagrass communities in the immediate area and in a regional context; 
impact of marina, boat moorings and anchor damage on marine ecosystem; 
land use, including conservation and recreation aspects; 
traffic and parking; 
services (power, water, sewerage); 
vehicular, pedestrian and service access to the marina site in particular, and beachfront in general; 
community costs of construction and operation both during and post construction; and 
aesthetic impact. 

The final synthesis should include an assessment of the significance and timing of the various 
potential impacts identified and the justification of the boundaries of the golf links and urban 
development in relation to its intrusion into an area of high conservation value. 

3 



8 ENVIRONMENTAL MANAGEMENT 

An environmental management programme should be described on the basis of (and cross-
referenced to) the synthesis of potential environmental impacts described in 7. 

The purpose of the management programme is to demonstrate the manner in which conservation 
values are protected, and also how potential adverse environmental impacts can be ameliorated in the 
short and long term, both on the marine and terrestrial environment. 

Responsible authorities for management should be clearly identified as should management 
administration and funding. 

Emphasis should be placed on the manner in which monitoring results will result, where appropriate, in 
amendments to the management programme. 

Specific environmental safeguards should be described. 

Procedures for reporting the results of monitoring and management to appropriate authorities should 
be given. 

Elements of monitoring and the environmental management programme should include: 

flushing characteristics of proposed marine and adjacent ocean; 
marina water quality; 
groundwater quality, in particular, adjacent to Pipidinny wetlands (System 6 Area M3) and 
saltwater/freshwater interlace; 
management of public open space and conservation areas during construction period; 
risk analysis from daily prevailing winds and major storm events; 
management of nearshore works; 
contingency planning; 
discharges to land, air or water, including accidents, waste and sewage disposal; 
landscaping in terms of retaining native endemic species as opposed to exotic species, in 
residential, golf course and other associated development areas; 
future recreation and land use activities, including use of off road vehicles; 
rehabilitation of dune area onshore; 
noise; 
public access; 
operational safety; 
management costs; 
strategy for nutrient control on site (sewage, fertiliser use and surface water management) in 
particular, in relation to maintenance of the proposed golf course and wildflower farm, marina and 
urban development (drainage); and 
monitoring of adjacent coastline, in view of the changes to existing equilibrium. 

It is important that specific commitments are given to all components and procedures of the 
management programme, as indicated in Section 9. 

9 COMMITMENTS 

Where an environmental problem has the potential to occur, the proponent should cover this potential 
problem with a commitment to rectify it. Where appropriate, the commitment should include: 

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

A summary of all commitments in numbered form should be given. 

4 



1 0 CONCLUSION 

An assessment of the environmental acceptability of the project in terms of its overall environmental 
impact and in the context of the proposed management programme should be given. 

11 REFERENCES 

All references used in the PER should be listed. 

12 APPENDICES• 

The appendices should include: 

Glossary - definitions of technical terms, abbreviations should be included; 
PER Guidelines - a copy of these Guidelines should be included in the document; 
Ancillary or lengthy technical information related to discussion in the text of the report. 

OTHEB GOLF PER GUIDE:ma 
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Conservation Reserves 
for Western Australia 

as recommended by the 
Environmental Protection Authority - 1983 

THE DARLING SYSTEM - SYSTEM 6 
Part II: Recommendations for Specific Localities 

Report 13 	 0 Department of Conservation and Environment 
October, 1983 	 Western Australia 



M2 COASTAL STRIP FROM TWO ROCKS TO BURNS BEACH 

The recommended area extends along the coast from Mullaloo to Two Rocks and comprises 
Reserves 011630, for Camping, Park and Recreation, A12439 and C29694, both for Recreation, 
part of 020561, for Recreation and Purposes Incidental Thereto, C22915, for Recreation and Park-
ing, 032978, 035890, C33444, 033431, all for Public Recreation, 034601 for Government Re-
quirements, all vested in the Shire of Wanneroo; Reserves 029354 and 029352, both for Public 
Recreation, C25997, 030959 and 032510, all for Recreation, all not vested; and part of lots 1, 2, 
4,6 to 9,614, 1010, 1029, M1482, M1503, M1689, M1722 (Location 1370), privately owned freehold 
land (Figure 75). Part of the area is reserved" for Parks and Recreation under the Metropolitan 
Region Scheme. 
The MAPA has recommended in the North-West Corridor Planning Structure that an additional 
strip of coastal land, between 80m and 1km wide, should be 'reserved" for Parks and Recreation 
under the Metropolitan Region Scheme. Wanneroo Shire Council has proposed that a continual 
coastal strip, at least 400m wide, should be reserved and that coastal planning policies should 
apply to a 1km wide coastal zone. 
The Environmental Protection Authority has appointed a Coastal Planning and Management Ad-
viser and a Coastal Management Coordinating Committee to develop management guidelines 
for the Western Australian coast. 
There are MWA sewerage and drainage works in the area. The area may also be affected by future 
MWA works, a proposed regional road, and the construction of boat launching and other recrea-
tional facilities. The area south of Burns Beach has potential for sand and limestone, and there 
are existing mineral claims for limestone. 
The area is important in conserving a diverse and relatively undisturbed coastal environment. 
The fragile sand dunes are important wildlife habitats and contain special features such as 
limestone pinnacles, a freshwater swamp and the wreck of the Alkimos. The section of the coastal 
strip south of Burns Beach is of special conservation value: the picturesque limestone sea cliffs 
carry some unusual species, one being Frankenia paucif/ora, and the cliff tops carry closed-heath 

with the dominant species being Spyridium globulosum, rats' tails, quandong, chenille honeymyr-
tIe and sword sedge. In the south, behind breaks in the limestone, there are sandy beaches behind 
which the foredunes support characteristic species such as Tetragonia decumbens, Cakile 

mar/f/ma and spinifex. Inland from the cliffs is open-scrub containing parrot bush, acacia and 
Scaevola crassifoia. Beyond the scrub is low woodland of slender banksia and Menzies' banksia 
with an understorey dominated by zamia, blackboy, prickly moses and buttercups. 

The area constitutes open space of regional significance (see Figure 1, Chapter 4) because of 
its high conservation value and its popularity for recreation. Not all the land under the various 
tenures in the area has conservation and recreation as primary management objectives: to 
enhance these values the area's management structure requires coordination. Important manage-
ment considerations include: preventing erosion; providing adequate car parks, boat ramps, life-
saving stations and fenced access ways to the ocean; restricting recreation activities to those 
which are compatible with conservation of flora and fauna; and recognising the area's mineral 
potential. 

Recommendation: 
M2.1 That our general recommendations on planning and management of Regional Parks be 

applied to this area (see Recommendations 15 and 16, Chapter 5). 
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M3 YANCHEP NATIONAL PARK 

The recommended area is situated about 50km north of Perth and comprises Reserve A9868, 
for Protection and Preservation of Caves and Flora, and for Health and Pleasure Resort, vested 
in the National Parks Authority; lot I (Location 1370), part of lots 3 and 4 (Location 2751), part 
of Location 2751 and parts of lots M1502, M1503 and M1689, privately owned freehold land (Figure 
76). Most of the area is "reserved" for Parks and Recreation under the Metropolitan Region 
Scheme. 

There are SEC lines in the area and there are proposals for gas pipelines and construction of 
a major road, involving extension of the Mitchell Freeway on the west of the Park. The MRD states 
that it requires limestone from the area. There is an MRD marl pit in Pipidinny Swamp. MWA 
by-laws are applicable to the area, and minor lowering of groundwater levels could result from 
future MWA groundwater extraction. 

The area is noteworthy for a series of wetlands. Loch McNess, the largest, is a permanent lake 
containing about 55ha of open water. The fringing vegetation consists of closed sedgelands; 
adjacent areas carry low open-forest of paperbark, sometimes associated with flooded gum, and 
beyond this is low woodland of swamp banksia. To the north and west of Loch McNess are areas 
of open-forest and woodland of tuart, and to the east and south are some woodlands of mixed 
tuart and jarrah and a few patches of main. Associated with the eucalypt woodlands are low 
woodlands of banksia, of greatest extentin the north. Scattered throughout the Park are limestone 
outcrops carrying closed-scrb and closed- or open-heath, the principal species including par-
rot bush, spider-net grevillea and blackboy; near the edges of some of these outcrops are pockets 
of limestone marlock. In the north-western portion of the Park, principally in Swan Location 7953, 
are sand dunes covered mainly by melaleuca, with a few patches of rigid wattle, and some low 
woodland of slender banksia and tree smokebush in the valleys. 

Of the other wetlands in the Park, Yonderup Lake lies south of Loch McNess and contains fern 
and sedge interrupted by paperbark and flooded gum and has an area of open water. Wilgarup 
Lake, which is seasonally inundated, lies further south and is densely covered with sedge and 
paperbark. Pipidinny Swamp is to the south-west of Wilgarup Lake and most of it has been drained, 
with meadows of fern and grass occurring in the north-eastern part. Beonaddy Swamp has been 
largely drained and is used for small agricultural holdings. The MRPA's North-West Corridor Plan-
ning Structure proposes that the latter two swamps become part of an Open Space linkage bet-
ween Yanchep and Neerabup National Parks. 

There are more than 100 limestone caves in the Park. Two of them, Crystal Cave and Yonderup 
Cave, are open to guided tours and are popular with the public: at times over 1,000 people visit 
them in a day. 

Yanchep National Park is by far the most frequently visited National Park in Western Australia, 
with close to two thousand cars visiting in a peak day. Visitor impact is therefore very high and 
already a large proportion of the Park has been changed from its natural state to provide facilities. 
With the major growth of the Metropolitan Region being channelled into areas north of Perth, 
visitor demand can be expected to increase substantially although this will be difficult to ac-
commodate while the Park is confined to its present size. Addition of land north and south of 
Swan Location 7953 and the use of adjacent State Forest would help ease this problem. 

Yanchep National Park contributes to open space of regional significance (see Figure I, Chapter 
4) because of its high conservation value, its capacitity to attract large numbers of people and 
its relative proximity to the Perth urban area. Management of the Park will need to take account 
of increased usage and of the need to share some of the pressure of recreational usage with 
Ridges MPA(M4) to the east. 

Recommendations: 

M3.1 That our general recommendations on planning and management of Regional Parks be 
applied to this area (see Recommendations 15 and 16, Chapter 5). 

M3.2 That the Metropolitan Region Planning Authority's proposal in the North West Corridor 
Planning Structure to "reserve" additional land in this area for Parks and Recreation under 
the Metropolitan Region Scheme is endorsed. 

M3.3 That the Metropolitan Region Planning Authority together with the Wanneroo Shire Coun-
cil consider realignment of the proposed Mitchell Freeway extension further west so as 
to retain as much land as possible within both the National Park and Location 1689. 

M3.4 That the National Parks Authority and the Forests Department negotiate on the manage-
ment of the adjoining areas of Yanchep National Park and Ridges Management Priority 
Area (M4) with a view to relieving the visitor pressure on the National Park. 

M3.5 That the Wanneroo Shire Council's Landscape Enhancement Area plan give considera-
tion to protection of those wetlands within the recommended area to the south and south-
west of Yanchep National Park. 
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1. 	INTRODUCTION 

The Eglinton project consists of a world class golfing facility complemented by a 

waterfront tourist resort and marina. 

This report, which forms our appendix to the Public Environmental Report for the project 

was commissioned to study the coastal engineering processes influencing the project. 

Water levels, winds, waves, and coastal processes were examined in order to: 

- 	facilitate the design of breakwater profiles and harbour entrance. 

- 	establish the impact of the marina on the longshore sediment transport and 

on the coastline to either side of the development. 

- 	determine the shape of equilibrium beach alignments in the pocket beaches 

adjacent to the harbour. 

- 	estimate the size of the sand buffers and/or sand bypassing required to 

enable continued serviceability of the marina and stability of the adjacent 

coastline. 

Figure 1.1 shows the location of the proposed development and its general layout is 
shown in Figure 1.2. 
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LOCALITY PLAN 	FIGURE 1.1 
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2. 	WATER LEVELS 

The chief factors influencing ocean water levels are astronomical tide, long period water 

level variations, and extreme storm surge events. The Greenhouse effect on water levels 

also needs to be considered. These are discussed separately below. 

2.1 	Astronomical Tides 

The astronomical tides along a considerable length of the Western Australia coastline are 

very similar to that measured at Fremantle, some 55 km south of, the site. The 

astronomical tide data for the Port of Fremantle is summarised below. 

Table 2.1 	 Astronomical Tides - Fremantle 

Tide 	 Level 
(metres above Chart Datum) 

Highest Astronomical Tide 
	

1.3 
Mean High Water 
	

0.9 
Mean Sea Level 
	

0.8 
Mean Low Water 
	

0.5 
Lowest Astronomical Tide 

	
0.2 

The Fremantle tide is basically diurnal with a typical daily variation in tidal levels of about 

0.4 metres. 

2.2 	Long Period Water Level Variations 

There is a continual slow variation in water level along the Western Australian coastline 

superimposed over the normal diurnal tides. The magnitude of this variation in water 

level can be the same as that of the diurnal variation with a period of several days to 

weeks. 

A report by Provis and Radok (1979) on long period water level variations indicated that 

there were significant water level variations with periods in the range 1 to 20 days and 20 

to 365 days. 
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The most significant factor responsible for these long period water level variations is the 

rise and fall of sea level in response, respectively, to falling and rising barometric pressure 

in the atmosphere above the ocean. The period of this type of variation is usually from 3 

to 10 days. 

Shelf waves are also significant in contributing to long period water level variations of 

periods from 1 to 5 days. They are a response to wind stress produced by large scale 

atmospheric disturbances, and mass energy movement of the deep oceans trapped on 

the relatively shallow continental shelf. 

Large scale current and eddies that travel down the Western Australian coastline and into 

the Great Australian Bight may cause water level variations of 0.1 to 0.2 m over a period 

of several months. 

I 
2.3 	Extreme Events 

Extreme events such as Tropical Cyclone 'Alby' in 1978 may cause a combined wave 

and wind set-up (or set-down) as the storm system interacts with the coastline. This set-

up (or set-down) phenomenon may exist for 1 to 5 days. 

Tropical Cyclone 'Alby' caused the water level at Fremantle to rise to 1.9 metres Chart 

Datum (1.15 AHD). This level is the highest recorded at Fremantle since the late 1890's 

when measurements were commenced. 

2.4 	Greenhouse Effect 

One of the major problems in attempting to assess whether sea level is rising is the fact 

that Relative Sea Level (RSL) is affected by a combination of tectonic, oceanographic and 

meteorological factors which may be operating locally, regionally, or globally. 

There is no convincing evidence the RSL is rising on a global scale. The data obtained 

from tidal gauges is not adequately distributed and there are doubts associated with the 

reliability of most records. Similarly, models developed to assess the relationship 

between temperature and sea level rise are dependent on poorly distributed land-based 

data. Knowledge of the dynamics of ice melting, ocean circulation, and heat uptake is 

incomplete and therefore it is not possible to use the models to determine conclusively 

the changes over the past century or to forecast future changes. 
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Pirazzoli's (1986) study shows that of the reliable tidal data approximately 70% indicates 

some rise in RSL. The model developed by Meier (1984) indicated that the melting of the 

small glaciers has contributed between 2 and 7 cm to the rise in RSL over the past 

century. The models used by Wigley and Raper (1987) indicated a rise of 2 to 5 cm as a 

result of thermal expansion of the oceans over approximately the same period. The 

combination of these contributions from the Greenland or Antarctica ice sheets does not 

allow for the 2 cm per century which Gornitz et al (1982) take into account from long term 

isostatic rebound. It is generally consistent with the results of the studies based on tidal 

records. 

It is possible that sea level is rising globally, however the available evidence is not 

sufficient to prove this conclusively. There is certainly no evidence to suggest a dramatic 

increase in global sea level within the time frame of most engineering structures. 

The world scientific community is at present engaged in extensive research in order to 

determine more precisely the effects of the accumulation of greenhouse gases. Until 

confident predictions of sea level and climate changes are available we believe it is 

appropriate to design coastal structures which allow for a sea level rise of approximately 

30cms. 

2.5 	Summary 

At the Eglinton site we can expect:- 	...... 	. 

-. 	diurnal tides with a daily range of 0.4 metres. 

Long period variations with periods of 3 to 20 days and a range of 0.4 

metres. 	 - 

- 	the pOssibility of storm event surges in water level, in extreme storm events 

up to 1.9 metres Chart Datum. 

- 	. a gradual increase in steady sea level from the Greenhouse effect with a 

- best estimate of the increase being 0.3 metres over the next 50 years. 
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3. 	WINDS 

The wind climate is of fundamental importance to coastal processes. The wind generates 

the waves which determine sediment transport direction and magnitude. Sediment 

transport may be onshore/offshore and/or alongshore in either direction. The wind also 

causes surface currents which can assist in the flushing of the marina basin. 

Wind speed and direction distributions along the coast from Mandurah to Moore River 

are very similar. 

Site specific measurements have not been undertaken. For flushing estimates, Fremantle 

wind data is considered to be an adequate representation. For wave analysis, synoptic 

chart data was also incorporated in the assessment of winds. 

Figure 3.1 illustrates the wind data for 14 years of records at Fremantle in the form of 

wind roses. Winds from the south-south westerly quadrant tend to determine the overall 

wind spectrum. Calm periods existed for 5.25 percent of each year. 

21 March 1990 
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4. 	WAVES 

A detailed knowledge of the nearshore, directional wave climate is required for the 

purposes of defining the coastal processes at the site. Measured data was not available. 

A mathematical model was therefore developed using a hindcast deepwater, directional 

wave climate as the input and transformed to the site in shallow water, modifying the 

waves to take into account the effects of refraction, diffraction, shoaling, attenuation due 

to seabed friction, and wave breaking. 

The nearshore directional wave climate was then used for the preliminary design of 

breakwater profiles and entrances, and also for the evaluation of sediment transport at 

thesite. 

4.1 	Wave Hindcasts 

For convenience, waves are often considered in two broad categories: 

Swell waves which are generated over distant fetches in the Southern and 

Indian Oceans and have travelled out of their generation area. Swell waves 

typically have long periods. 

Sea waves which are generated by local winds, and typically are short 

period waves. 

The hindcast of waves in deepwater offshore of the Eglinton site was undertaken by 

Oceanroutes (Australia) Pty. Ltd. This technique is outlined in Appendix A. Wave 

conditions were hindcast every 3 hours using information on wind fields obtained from 

synoptic charts, ship records, satellite imagery charts, and wind records. 

The hindcast techniques used have been verified at other sites where measured data was 

available and the highest wave estimates were within 10% of the measured wave heights, 

McCormack et al (1985). 

Wave activity varies seasonally and so for reliable results a full year of hindcast wave data 

must be obtained. The year chosen, from November 1985 to October 1986, was 

considered typical. 
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4.1.1 	Sea Waves 

Sea waves are those generated by local wind systems, usually over fetches of less than 5 

kilometres. These waves are affected by refraction, diffraction, shoaling, breaking, and 

seabed friction as the waves follow their paths from the generating areas over the 

nearshore reefs and seagrass meadows to the shore. The location of the sea wave 

hindcast was in 20 metres of water just east of the outer reef line. 

4.1.2 	Swell Waves 

A site in approximately 100 metres depth of water, west of the site was selected as the 

swell wave hindcast site. Waves here have not been significantly altered by refraction, 

shoaling, or seabed friction and thus the hindcast produced represents the deepwater 

climate. The swell hindcast was broken down into three basic groups covering the swell 

from the following sectors: 

south - western sector, 

western sector, 

north - western sector. 

This breakdown was required in order to keep the waves arriving from separate storms 

distinct, and thus avoid errors resulting from the combination of waves from different 

directions. 

The wave height exceedance curves for the deepwater wave hindcast and the shallow 

water wave climate resulting from this hindcast at Refraction Site 15 (Breakwater design 

wave site) have been plotted on Figure 4.1. The curves illustrate the significant impact 

that the series of offshore reefs and seagrass meadows have in attenuating wave heights 

as waves travel into the shallow water at the site. 
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4.1.3 	Storms 

Extreme storms can effect the breakwater design and sediment transport at a site. A 

series of four storms were hindcast to evaluate their effect at Eglinton. The following 

severe storm events made up the storm hindcast; winter south westerly storm 1985, 

winter westerly-northwesterly in 1974 and 1983 storms. 	Cyclone Alby 1978 

(predominantly from the north west). They were chosen from meteorological data 

spanning the 12 years from 1974 to 1986. A brief summary of each event appears below 
in Table 4.1. 

Table 4.1 	 Extreme Storm Events 

Date Direction Deepwater Period Comments 
Wave Ht T (Sec) 
Hs (m) 

July 1974 W-NW 8.1 12 Severe W-NW Storm 
April 1978 NW 5.2 10 Cyclone Alby 
August 1983 W-NW 8.2 10 Key Biscayne Sinking 
August 1985 SW 7.2 11 S.W Storm 

4.2 	Wave Transformation 

4.2.1 	Refraction, Diffraction, and Shoaling 

As waves move from deep water to shallower water they are altered by refraction 

shoaling and in some cases by diffraction. A mathematical model scheme based on that 

developed by Abernathy and Gilbert (1975) and Treloar and Abernathy (1977) was used. 

The program uses a reverse ray techniques with a spectral basis to allow for the natural 

spread in wave periods and directions. The input allows variable grid sizes to cater for 

complex seabed bathymetry. 

The refraction technique used is described in detail in Appendix B. Detailed results are 

provided in Appendix D. 
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Sites 14 and 15, Figure 4.2 were chosen as the refraction origins for significant wave 

height analysis for design storm waves. All other sites, 1 to 13 and 16 to 19, were 

investigated in relation to sediment transport analysis and beach design. Figures for all 

sites are shown in Appendix D. The wave coefficient gives the factor by which the 

offshore wave height is multiplied to obtain the inshore wave height. For example, at Site 

9 a 12 second 1 metre high dèepwater swell wave coming from the west (2700)  would be 

modified by refraction, diffraction, and shoaling (attenuation due to seabed friction is 

accounted for at a later stage of the transformation process) to become a 0.61 high wave 

with a nearshore direction of 2540 . 

4.2.2 	Seabed Friction 

Wave attenuation by seabed friction is often overlooked, when in fact its effect can be 

quite significant, particularly where there are reefs and seagrass meadows, or where the 

sand bed may be rippled. The existence of ripples depends on the sand grain size, wave 

characteristics and water depth. 

The methods used to calculate the attenuation due to friction have been adopted from 

Riedel, Kamphuis and Brebner (1972), Kamphuis (1975), Nielson (1977), and Hsiao and 

Shemdin (1978). The method treats seabed friction in detail and is described in Appendix 

C. In brief, the seabed is schematized into segments to which are assigned: 

water depth 

sand grain size 

seagrass roughness (if seagrass is present) 

reef roughness (if reef is present) 

For every possible combination of; wave direction, height, and period; calculations are 

performed to determine: 

whether ripples are likely to exist 

the effective roughness of the seabed 

the wave height attenuation 

whether wave breaking would occur and if so a reformed wave height is 
assigned 
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The wave height attenuation by seabed friction depends upon many variables: 

wave travel path 

nature of seabed 

wave height over the individual segment used in the calculation (variations 
due to refraction and shoaling are taken into account) 

water depth 

wave period 

wave regeneration by a following wind 

Consequently, it is not possible to present the results in a simple format. The values were 

stored on computer for later application when breaking heights were calculated for 

sediment transport calculations. 

4.2.3 	Wave Breaking 

The shallow water area over reefs offshore of the site will result in wave energy loss from 

wave breaking as well as from seabed friction. When waves break over banks and reefs 

the reformed wave height is about 50 % of the water depth over the bank or reef. This 

adjustment, together with seabed friction allowances, produces an accurate model of the 

wave transformation process. This is essential for a coastline with several shallow 

offshore reefs and seagrass meadows. 

4.2.4 	Summary 

Through the combined influences of each of the transformation processes the nearshore 

wave climate at this particular location is quite mild due to the influences of the 

attenuating forces over the reefs and seagrass meadows which lie between the harbour 

and the ocean. 
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4,3 	Nearshore Waves 

4.3.1 	Climate 

Figure 4.1 shows the wave height exceedance plot for nearshore waves of a typical 

location, site 15. The offshore wave climate is shown for comparison purposes. 

The wave climate is very mild based on the average hindcast year 1958/86. This year did 

not include any exceptional storm activity. It is representative of average conditions in 

relation to sediment transport by waves and operational conditions for the harbour 

entrance. The wave climate indicates annual maximum significant wave heights will be of 

the order of 1 metre. 

These very low wave heights result from the breaking of larger waves on the offshore 

reefs and energy loss due to seabed friction over both the reef and seagrass areas. In 

fact, the larger the offshore wave the greater the percentage reduction in wave height. 

Although inshore wave measurements have been made at both Yanchep and the Moore 

River entrance to the north, neither site is as well protected as the Ocean Dunes site. The 

most recent measurements were undertaken at Moore River (1988/1989) in a water 

depth of 10 metres. At Eglinton there is another line of reef and seagrass meadows 

between the 10 metre depth contour and the harbour site. Even though the Moore River 

wave measurement is significantly more exposed, indications from preliminary analysis of 

data are that inshore waves (at a 10 m water depth) are less than 50% of the offshore 

wave height and the percentage decreases with increasing wave height. Over the 15 

month recording period the highest significant wave height reading was 2.1 metres. 

Considering the additional areas of wave attenuation (reef and seagrass) at the Eglinton 

Site it is considered that the mathematically predicted waves are consistent with the 

measured data at Moore River. 

At the Eglinton Site the nearshore wave heights are similar at each site, however the reefs 

and undulating offshore bathymetry result in varying wave directions from site to site 

which lead to different rates and directions of sediment transport. See Section 5 for a 

more detailed explanation of coastal processes. 
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4.3.2 	Storm Events & Design Waves 

The extreme storm events identified in Table 4.1 have been transformed to sites 14 and 

15 in order to determine design waves for breakwaters. The results are shown in Table 

4.2. 

Table 4.2 	 Nearshore Extreme Storm Waves 
- 	 Resulting From Waves Generated Offshore 

Date and Storm Offshore Wave Nearshore Wave Height 
(Maximum Significant Height 

throughout storm) 
(m) Site 14 	 Site 15 

July1974 8.1 1.3 	 1.7 
(Westerly Storm) 
April 1978 5.2 1.0 	 1.0 
(Cyclone Alby) 
August 1983 8.2 1.4 	 1.5 
(Severe Westerly) 
August 1985 7.2 1.0 	 0.9 
(S.W Storm) 

The nearshore extreme waves include all swell and sea. It is suggested that for design 

these values be increased by 20% to allow for any inaccuraies within the methodology. 

The design wave height (Hsig) recommended for breakwater design is 2 metres. 

Reduced wave heights would be applicable for groyne design and some areas of the 

main breakwater located in shallower water. 
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5. 	COASTAL PROCESSES 

It is necessary to consider the whole coastline between Quinns Rocks and Yanchep in 

order to obtain an understanding of the coastal processes and in particular, the 

longshore sediment transport at the Eglinton Site 

The methodology used in this assessment has included: 

Review of Physical Features 

Aerial Photographs 

Published Charts and Hydrographic Surveys 

Field Inspections 

Historical Shoreline Movement plans 

- 	Numerical Modelling 

Model Calibration 

Longshore Sediment Transport 

In this assessment it has been necessary to look at not only the present coastal 

processes (via numerical modelling) but also to examine historical sediment transport (via 

Shoreline Movement plans) and the overall sediment budget between Quinns Rocks and 

Yanchep. The region is shown in Figure 1.1. 

5.1 	Review of Physical Features 

The past and present physical features of the coastline in the region can provide 

information vital to understanding the coastal processes in the area and the specific 

processes at the development site. 

5.1.1 	Aerial Photographic Analysis 

Low level colour aerial photography of the coastline was flown in February 1989. With 

stereo overlaps the photography provided excellent coverage of both the onshore 

conditions and the offshore features. 
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The purpose of the aerial photographic analysis was threefold: 

assess the extent of offshore reefs and seagrass meadows. These features 

have a significant impact in dampening the energy of incoming swell. By 

using the aerial photographs, backed up by on site inspections, the reefs 

and seagrass were able to be mapped for use in assessment of wave 

attenuation due to friction, 

identify any offshore sediment sources or sinks which might be supplying or 

removing sediment from the coastal system, and 

establish those features worthy of closer on site inspections. 

It was apparent from the aerial photography that there were extensive areas offshore 

from the coastline covered by either seagrass or low relief reef systems. 

There are a number of blow outs in the dune system but in general the vegetation cover 

is good indication of a relatively mild inshore wave climate. 

Beach rock was evident along much of the coastline and in particular along the section 

proposed for the Eglinton development. As would be expected there was a strong 

correlation between the existence of beach rock and stable beach conditions. 

There was evidence of significant sand accumulation in the lee of the major reef systems 

indicating the possibility that the coastline was divided into a series of discrete sediment 

cells. Of special interest was some historical aerial photography available for the 

Yanchep groyne area. These are shown in Figure 5.1. Existing groynes along . a 

coastline provide a means of determining actual sediment transport over time and they 

also allow an assessment to be made of variability of sediment transport over the time 

span of the photographs. 
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The photographs shown were taken in 1973, 1974, and 1975. The 1973 photograph 

shows the condition of the groyne not long after construction and it can be seen that 

there has been little sediment accumulation on either side. By the time the 1974 

photograph was taken the groyne was nearly saturated indicating quite significant 

longshore sediment transport from the south. In the 1975 photograph the groyne is once 

again empty suggesting a net sediment transport reversal during the intervening 12 

months. 

It would appear that, depending on the actual mix of storms during a particular year, 

variations in the direction of net longshore sediment transport are possible. 

5.1.2 	Published Charts and Hydrographic Surveys 

The essential information from published Hydrographic Charts is shown in Figure 5.2. In 

this figure it can be seen that along this section of coastline, three rows of offshore reefs 

exist. The first row of reefs, approx. 1300 m offshore, rise from a seabed level of about -8 

m to a reef top level of between -2 and +0.5 m. Pipidinny Reef is typical of these. 

Further offshore,(approx. 2500 m), a second row of reefs exist. These reefs tend to rise 

from a seabed level of -12 m to a reef top level of between -6 m and -3 m. Hugill Reef is 

typical of these. 

A third line of reefs exist about 5 km offshore from this section of coastline. In this 

location the seabed rises from around -24 m to between -12 m and -9 m. The importance 

of these reefs is that each consecutive reef acts to attenuate incoming deepwater storm 

waves and thus they help to protect the site from not only severe waves but also from a 

high sediment transport environment. Of particular interest for this particular site location 

is the almost continuous line of the inner most reef from Pipidinny Reef south to Alkimos 

Reef. This provides the site with excellent protection from severe south-westerly waves. 

Detailed Hydrographic Survey data was also obtained from the Royal Australian Navy 

Hydrographers office. This information was used to accurately digitise the seabed to 

enable mathematical modelling of the wave climate and sediment transport. 
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5.1.3 	Field Inspections 

Following the desk top study of the aerial photographs a series of field inspections of the 

onshore and offshore sections of the site were undertaken. 

The onshore field inspections allowed an assessment to be made of the current condition 

of the beach and foredune system. As inspected over the course of this study, the beach 

initially exhibited mild erosion adjacent to the development site. At a subsequent 

inspection several months later, the same beach had accreted back to a 'normal' profile. 

This is a result of the seasonal variations in wave climate and thus sediment transport. 

A significant amount of' beach rock' is evident along the beach. It was observed that at 

outcrops of beach rock the coastal alignment stood out to sea slightly more, not unlike a 

conventional rocky headland, although on a much smaller scale. These outcrops of 

beach rock tend to be at the most 0.5 m above the adjacent sandy beach profiles. They 

provide a stabilising influence to the beach system by both limiting erosion of the 

beaches in specific areas and reducing the volume of sediment available for transport. 

Scuba diving inspections were undertaken to examine the offshore sections of the site 

area. The aim of these inspections was to identify the nature of the seabed. In particular 

it was necessary-to delineate the seagrass meadows and the low relief limestone reef 

structures. 	 -. 

Cross checking between the field inspection results and the aerial photographs showed 

that, although both seagrass and reefs appear dark green on the photographs, the 

seagrass meadows have a 'soft' edge, while the reefs start with a distinct edge. In this 

fashion, large areas of the offshore seabed could be accurately schematised for later use 

in the numerical modelling. 

5.1.4 	Shoreline Movements 

Based on the available historical aerial photography the Department of Marine and 

Harbours, W.A, has prepared a series of plans showing the shoreline and vegetation lines 

for this portion of the coastline for the years 1954, 1965, and 1988. By calculating the 

areas of erosion or accretion of both the shoreline and the vegetation line, it was possible 

to obtain an overall perspective of the historical coastal processes in this area. 
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Table 5.1 	Net Longshore Sediment Transport 

(from Shoreline Movement Plan) 

Zones 

(from North to South) 

Sediment Transport (m3/yr) 

At Shoreline 	At Vegetation Line Total 

7 2500 2500 5000 

6 2200 -5700 -3500 

5 5000 2000 7000 

4 200 -8200 -8000 

3 4300 -5000 -700 

2 1300 -4500 -3200 

1 4900 2600 7500 

Note: positive values indicate accretion. 

negative values indicate erosion. 

It can be seen from an analysis of these results that the coastline between Quinns and 

Eglinton is divided into a series of discrete cells. Sediment is fed into the accretionary 

zones from both the north and south resulting in a number of null points where, on 

average, there isno net Ingshore sediment transport. 

It should be noted that the quantification of longshore transport using movement plans 

must be considered approximate only. It is necessary to make assumptions about the 

depth over which shoreline changes occur and in some area where the shoreline 

movement is small it is possible for there to be a reasonably high percentage error. 

Notwithstanding the limitations of the methodology it does provide a very useful tool in 

developing a conceptual model of the processes and in establishing a first order estimate 

of the quantities of sediment transport. 
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5.2 	Numerical Modelling 

A technique has been developed to mathematically estimate littoral drift taking into 

account wave height and direction, at the point of breaking, relative to the shoreline. The 

method often used is the CERC formula as described in the Shore Protection Manual 

(1984). 

Traditionally the mathematical techniques have been very coarse and at best have been 

able to provide accuracy only within an order of magnitude. More recently, refinements 

to the technique have been possible as a result of more accurate directional wave 

information and more precise wave transformation into shallow water. It is now possible 

to sequentially calculate sediment transport every three hours for a twelve month period 

and although it must still be considered an approximate method it is considerably more 

accurate than it has been in the past. 

This technique has been used on a number of project sites south of Fremantle with a 

reliable reproduction of measured longshore transport rates at sites where measured 

data existed. It needs to be noted that the technique estimates the sediment transport 

capacity on the assumption that there is sand available to be moved in the nearshore 

active zone. At locations where beach rock breaks the surface, the actual volume of 

sediment transported will be limited. In other words the sediment transport capacities 

can be considered as upper bounds on the estimates of sediment transport :: 

A total of 16 sites were chosen for sediment transport modelling, 10 of these being in the 

vicinity of Eglinton (see Figures 4.2 and 5.5). The other 6 sites were located further south 

and were examined in order to check the calibration of the model against measured data 

and confirm the conceptual coastal processes model established shoreline movement 

plans. The reason for choosing such a large number of sites lies in the variability possible 

from site to site due to the effect of the complex reef bathymetry on wave direction and 

height. Averaging was used minimise this variability. 
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Sediment transport in the longshore mode is strongly dependant on the beach alignment. 

Beach angles at each site have been measured by using the low water alignment from 

the shoreline movement measurements conducted by the Department of Marine and 

Harbours. A number of beach angles were used: 

1987/88 for present day conditions 

earliest data set (varying from 1941 to 1954) 

median angle to represent average historical conditions. 

5.2.1 	Calibration 

Le Provost Semenuik and Chalmer have as part of the monitoring programme for the 

Mindarie Keys project, taken beach profiles at a number of locations to the north of 

Quinns Rocks every month for the past five years. Those profiles were analysed for the 

period November 1985 to October 1986 to determine the total quantity of sand 

accumulated or lost from this section of coast. 

It can be assumed that no sand is being fed into this area from the south because of the 

extensive rocky headland and the present of the Mindarie Keys harbour. The sand 

accumulation in that 12 month period is therefore a measure of the longshore sediment 

into the area from the north. 

	

- 	- 	 . 	----- 	-.,-. 

The mathematical mathematical model of sediment transport was run for three closely spaced sites and 

then averaged to make allowance for the complex offshore bathymetry and variations in 

beach alignment. A comparison of the model results and the measured data is given in 

Table 5.2. 

Table 5.2 	- Model Calibration 

Measured Accumulation Model Results 

Quantity 	 Direction Site 	Av. Quantity 	Direction 

3,300 m3 	 South 1-4300 

2-9000 - 	 5100 	South 

3-2000 
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It can be seen that the longshore sediment transport predicted by the model shows very 

good correlation with that calculated from the measured beach profiles. 

5.2.2 	Sediment Model Results 

The sediment model was run for sites 4, 5, 6, 12, and 19, the locations of which are 

shown on Figure 5.5. 

Sites 4, 5, and 6 are south of the proposed Eglinton development and were chosen to 

confirm the conceptual model of coastal processes established from the analysis of 

shoreline movement plans as discussed in Section 5.1. 

Sites 12, and 19 were investigated to provide a measure of longshore sediment transport 

at either end of the proposed development. 

Table 5.3 provides the predicted longshore sediment transport capacity for the year 

1985/86 for the sites and shows the contribution from each of the different wave 

conditions. A comparison is made with the average longshore. transport calculated at 

each site from the shoreline movement plans. 

Table5.3 
	

Predicted Longshore Transport (m3/yr) 

Site Sediment Transport Model Shoreline 

Wave Conditions - Movement Plans 

N.Swell W.Swell 	S.Swell 	, Sea Total 

4 -2724 -8252 	-1219 -19659 7463 8000 

5" -1333 -6021 	-5643 11954 -1043 0 

6' -2100 -9745 	.-3808 13719 -1933 . 	 0 

19 -1907 -10742. 	-3144 .18792 2998 3500 

12 2774 -16426 	' 	-11041 13362 -16882 -2200 

Note: positive numbers indicated transport north 

negative numbers indicated transport south 
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Given that the mathematical model is based on one years data and the shoreline 

movement plan are averaged over approximately 50 years there is very good correlation 

between the results obtained from the two methods. This provides some confidence in 

developing a model for the coastal processes and in the quantities of longshore transport 

predicted. 

Site 12 stands out from the other sites in that the mathematical model predictsa much 

higher transport to the south than is indicated by the analysis of shoreline movement. A 

review of the model indicated quite high swell wave coefficients for this site, consistent 

with the 500 metre gap in the reef immediately opposite. On site inspection of the area 

revealed quite extensive beach rock. It is probable therefore that the wave conditions are 

such that there is the potential for greater sediment transport, but the beach rock has 

stabilized the coast in this area and reduced the supply of sand available for transport. 

5.2.3 	Conceptual Model of Longshore Transport 

The mathematical modelling of sediment transport and the analysis of shoreline 

movement plans both indicate that the section of coast between Quinns and Eglinton is 

divided into a series of discrete cells with little transfer of longshore sediment from one to 

the other. 

The inner line of reefs transform the incorning waves in such away that sediment is 

accumulated in their lee by erosion of the shoreline in those areas more exposed. 

A conceptual model of the longshore transport has been prepared and is illustrated in 

Figure 5.6. This indicates the direction and magnitude and the longshore transport along 

this section of coast and the approximate location of the null points. 

5.2.4 	Impact of Development 

Based on the conceptual model of longshore transport there is sediment being fed into 

the development area from both the north and south, albeit in relatively small quantities. 

The construction of the groyne field to the south of the harbour should stabilize this 

section of coast which historically has been subjectto slight erosion. 
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It is unlikely that there will be much additional sand fed into this area once it has been 

stabilized as there id a predicted null point in the coast at about this location. 

Sand can be expected to be transported into the northern groyne field at some rate 

between 2,000 and 10,000 m3  per year depending on available sand supply and the 

severity of the general wave conditions. The groyne system will trap this sand and build 

up the beaches in this area. 

The construction of the development should have no impact on the coastline either to the 

north or the south. An allowance for occasional bypassing of sand from the north to the 

south should be made to ensure that accumulation of sand at the mouth of the harbour 

does not occur. 

Monitoring of the beach profiles on either side of the development should be undertaken 

for 5 years or so following construction. Analysis of these results should allow 

confirmation of the longshore transport model and the rates of sand movement. It is 

recommended that the budget should allow for sand bypassing at an annual rate of 

about 7500 m3/year to be conducted every 3 to 5 years. 

5.3 	Onshore - Offshore Movement 

During a severe storm sand can be removed from the beach and deposited offshore. 

After a period of time under more gentle wave conditions the sand is gradually returned 

to the beach. Typically in Western Australia there tends to be a depletion in winter and a 

build up in summer. 

Measurements of the amount of sand removed from the beaches under storm attack 

have been undertaken in the United States and Holland. It has been found that for an 

exposed coast up to 80 - 100 m3  per metre length of beach can deposited offshore 

during an extreme (say 1 in 50 years) event. 

On this section of coast, where there are a series of protective reefs and seagrass 

meadows offshore, the extent of this short term erosion is much less, up to 30 - 50 

m3/metre. In those areas where there is beach rock the extent of erosion will be much 

less again. 
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At present the large sand dunes provide the buffer for these severe storms. The good 

vegetation cover which exists is evidence of the relatively mild inshore wave climate and 

the fact that the buffer is only occasionally required. 

Within the pocket beaches to be created by the groyne fields on either side of the 

development small additional foredunes will be constructed which will provide an 

additional buffer for this onshore / offshore sand movement. This will further stabilize the 

coastline and allow vegetation on the primary dunes to develop. 
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6. 	CONCLUSION 

A detailed study of the oceangraphic and coastal engineering aspects of the proposed 

development at Eglinton has been carried out, the results of which may be summarised 

as follows: 

Water Levels 

Tides at the site are similar to those at Fremantle with a typical daily 

variation of about 0.4 metres. 

There are longer period water level variations of a similar magnitude to the 

tide but with periods of several days to weeks. 

Extreme water levels can occur as a result of storm set up. Cyclone Alby 

represents the highest level recorded during this century at 1.9 metre Chart 

Datum. 

It is possible that there will be a general rise in relative sea level a result of 

the Greenhouse effect. An allowance of 300 mm over the next 50 years is 

considered appropriate for planning purposes. 

Winds 

. 	Wind conditions at the site can be expected to be similar to those recorded 

at Fremantle. Winds from the south - south westerly quadrant tend to 

dominate the overall wind spectrum with wind speeds of 10 km/hour 

exceeded about 50 % of the time. 

Waves 

The wave conditions at the site were predicted by hindcasting deepwater 

waves and transforming them using mathematical modelling techniques 

into shallow water. 

The series of offshore reefs and seagrass meadows have a significant 

impact in attenuating the waves and changing their direction, resulting in a 

very mild inshore wave climate. 
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Four severe storms representing a range of offshore wave directions have 

been hindcast to determine appropiate design wave heights for breakwater 

design. It is recommended that a significant wave height of 2.0 metres be 

used. 

Coastal Processes 

The whole coastline from Quinns to Yanchep has been studied to enable 

preparation of a conceptual model of coastal processes in the area. 

Study of the coastal processes has included analysis of aerial photographs, 

review of published charts and surveys, field inspection, analysis of 

historical shoreline movement plans, and mathematical modelling of 

sediment transport. 

The coastline between Quinns and Eglinton appears to be divided into a 

series of discrete cells with little transfer of sediment from one to the other. 

The Eglinton site is at a null point with sand being fed into the area from 

both the north and south albeit at a relatively small rate. 

The construction of the harbour at Eglinton should have no impact on the 

coast on either side of the development. 

SÔfie 1hd bypassing from north to south of tie dêëlopmëñt may be 

required from time to time to prevent build up of sediment at the harbour 

entrance. For planning purposes bypassing at a rate of 7500 m3/year 

every 3 to 5 years should be assumed. 

The construction of the groyne field and pocket beaches on either side of 

the harbour should help to further stabilized the coastline and create 

popular swimming beaches. 
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OCEANROUTES' Wind and Wave 

Hindcast Technique 



1.0 INTRODUCTION 

A brief description follows of the techniques that are used by 

OCEANROUTES' marine meteorologists in determining the wind and wave 

conditions that are likely to have occurred at a given location a 

specific times in the past. 

The "manufactured" data base is a set of observations at the required 

frequency consisting of entries which include date/time, wind 

direction and speed, sea wave height and period, and swell wave 

heights, periods and directions. A further step can be to combine the 

sea and swell valuesto provide signi-ficant wave heights (He) and 

average zero crossing periods (T2 ). 

The data contained in a manufactured data base can be compared with 

measued observations if they exist for1the site in order to astab]ish 

any bias that may exist in the data set. 	This bias may be the result 

of limitations in the original Mean Sea Level charts and in the 

techniques described below, and in the measured data. 

From a regular set of data, joint frequency occurrences of the various 

parameters can be developed. 	Further manipulation of the data can 

provide estimates of extreme values and return periods. 



2. 	DATA SOURCES 

The primary data source for •constructing a data base is the set of 

Mean Sea Level (MSL) synoptic analyses which include the site and the 

oceanic areas from which distant swell may arrive at the site. 	The 

MSL analyses are isobaric chart, that is, the contours depict lines 

of equal atmospheric pressure corrected to mean sea level. These 

analyses are constructed at regular intervals from observations of 

weather parameters noted at stations on land and at ships at sea. 

Supplementary information for the analysis of the MSL charts is 

obtained from the upper air by radiosonde, pilot balloons and 

observations from aircraft. 	The interpretation of the observational 

data is also aided by analysis of the cloud imagery obtained by means 

of geôstationary or polar orbiting satellites. 

Throughout the world the MSL synoptic analyses are usually prepared at 

6-hourly intervals. 	In the Australian region the analyses are these 

days available at 3-hourly intervals. 	Incorporation of smaller scale 

features and coastal effects is consequently readily achieved. 

OCEANROUTES' uses Bureau of Meteorology MSL and upper air synoptic 

charts from 1975 on for database work of this kind, as these are 

available at 3-hourly intervals. 

The techniques used for determining the various parameters in the data 

base are now described. 



3. 	WINDS 

Winds in the data base are derived from the historical MSL charts, 

using known relationships between isobaric spacing (pressure 

gradients) and wind speed. 

For synoptic situations where the isobars are parallel and straight 

and the pressure field is not moving, the basic relationship between 

the pressure field and the resultant wind is given by the formula: 

V5  =cx(f 1 ) 
dv 

where V3  is the wind speed, known in this special case as the 

geostrophic wind speed, cK is the specific volume of air (=(density 1 ) 

f is the Coriolis parameter (= 1.4584 x lOsin 4' rad sec 1  , where 

is the latitude), 	and 	is the prqjs, 	normal. to, the 

isobars. 

To determine the effective wind at sea level, corrections must be 

applied to the geostrophic wind to make allowances for surface 

friction, thermal stability of the atmosphere, curvature of the 

isobars and 	movement of the pressure field. 	In many cases the 

relevant parameters necessary to calculate these corrections are 

unknown. In these cases a simplified relationship is used: 

V = 0.72 V3  

where Vs  is the effective surface wind speed (Dexter, 1980). 



Wind directions are also related to the isobaric pattern. 	The 

geostrophic wind flows parallel to the isobars. 	However, frictional 

effects result in a turning of the airflow towards the region of lower 

pressure. 	The amount of turning is considered to be about 100  to 150  

over the open ocean. This is accomodated subjectively in the analysis 

by the meteorologist. 



4.0 WAVE GENERATION AND PROPAGATION 

The theory and techniques of wave generation and propagation used 

routinely by OCEANROUTES in forecasting and hindcasting tasks are 

current and up—to—date. 	They have been developed by Pierson, Newman 

and James (1960), Bretschneider (1970) and others and have been 

collated in the "Handbook of Wave Analysis and Forecasting" World 

Meteorological Organisation (1976), especially Part 1 Chapter 3 and 

Part 11, Chapters 1, 2 and 3. 

The general concepts of wave generation and propagation are now 

described. 

4.1 Wave Accretion 

Waves are first formed by the pushing and dragging effects of 

. 	 .,.. 	 ..... 	. 

turbulent air motion over water. 	Growth of the waves continues 

in the same direction as the wind until there is equilibrium 

between the wave generating force of the wind and energy 

dissipation through internal friction and air resistance. 	At 

this time the waves are fully developed. 

Important factors which limit wave growth to less than full 

development are the duration of the constant wind and fetch 

length over which it is blowing. 



The surface of the sea generally has a confused appearance owing 

to the presence of many different groups of waves becoming 

superimposed as the groups move with different speeds and 

directions. This combination of characteristics, of the different 

wave groups can be determined and is called the wave or sea 

spectrum. 

4.2 Computation of Wind Waves 

To enable ocean wave parameters to be computed from known 

properties of the wind field, in particular wind velocity, its 

duration and its fetch, many studies have been undertaken. 	The 

results of such studies are usually empirical, based on as many 

observations as can be gathered. 	Typical of these results 

expressed in graphical form are that developed by Bretschneider 

(1970) and that published by the World Meteorological 

Organisation (1976), (Figure 1), which relate wave heights and 

periods to wind speed, duration and. fetch length. 	Figure 1 

assumes that the waves are formed in deep water and that there 

were no waves initially. 
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Figure 1 	WAVE FORECASTING DIAGRAM 



The first step in computing waves is to determine the fetch and 

its duration, i.e. the area of sea surface over which the wind 

is blowing at constant speed from a constant direction and the 

time for which it persists. 	Fetch boundaries are generally 

limited physically by coastlines, and analytically by fanning out 

of isobars on a chart, by meteorological fronts, or by changes in 

curvature of the isobars. 

Successive wind analyses may indicate that the fetch area is 

moving. 	The wave analysis must then be modified to take account 

of this effect. OCEANROUTES uses techniques based on the 

various "filters" described in Pierson, Neuman and James (1970) 

pp 127-135 and in World Meteorological Organisation (1976) Part 1 

3.1.3. 

Since the wind speed, duration and fetch length are know, the 

maximum significant wave height is calculated using a 

mathematical formulation of Figure 1. 	The energy spectrum is 

then determined by using the formulation of the JONSWAP spectrum 

(HASSELMANN 1973): 

( s
exp 

S(f) = agZ (2 
4- - 

f exp1— 4 (f) cv 26 2 f r  

with 6  having two values: 	
fp 

= 0.07 for ffp 

Ob = 0.09 for f<f 



and where S(f) is the energy density 

f 	is the frequency 

fp is the frequency at maximum energy 

density (peak frequency) 

v 	is a peak enhancement factor 

a 	is 0.01 for wind speeds of 20 to 50 kts 

and for fetches which are not too short. 

One important wave frequency that is required is fp (peak 

freqency) which is obtained from the Kruseman Model as: 

fp = (0.055/H )i  
m o 2 

Figure 2 shows a COMPARISON between the JONSWAP and KRUSEMAN 

models. 
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Figure 2 	A COMPARISON BETWEEN THE JONSWAP AND KRUSEMAN MODELS 



4.3 Shallow Water Waves 

The waves discussed so far were assumed to be in deep water. 

However water depth affects wave generation and wave heights will 

be smaller and wave periods shorter if waves are being generated 

in shallow water rather than deep water. 	Generally water depths 

of less than 15m are considered shallow and water depths greater 

that 90m are considered deep water. 	Water depth 15-90m are 

considered transitional. 

In shallow or transitiona•l depths the method used to calculate 

wave height and period is based on successive approximations in 

which energy is added due to the wind and subtracted due to 

bottom friction and perculation. 	The amount of energy lost is 

governed by the wave period and the following formulae are used 

for determining the wave height and period: 

1•• . 

I. 
3/4 u) 
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The 'primary direction of the propagated waves is taken as that 

component contributing the maximum proporti.on to H .S 	A 

secondary direction may also be specified from the direction of 

the next 'highest contribution. 



5. 	ASSUMPTIONS AND LIMITATIONS (WINDS AND WAVES) 

The main assumption made in the technique for determining the wind 

speeds and directions is that the precise corrections for the 

geostrophic flow caused by surface roughness, thermal stability, 

curvature of the isobars and movement of the pressure field are 

unknown and a simplified relationship is used. 	An average cross— 

isobar flow is also assumed. 

The most noteworthy limitation to this technique for determining winds 

is that the winds with low velocities e.g. less than about 8kt, will 

probably by systematically overestimated. 	This will result in an 

overestimate of the associated sea heights. 

The chief assumption made in the techniques for wave generation and 

propagation include simplified concepts of: 

the shape and size of the particular fetch area; 

the location and movement of the fetch area relative to the site; 

the distribution of the wind through the fetch area; 

the determination of the duration of each event or part of it. 

Other assumptions are contained in the adoption of the particular wave 

forecasting diagram (Figure 1), the Jonswap model spectrum, and the 

formulation of the angular spreading factor and the dispersion 

process. 
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1. INTRODUCTION 

The generally accepted method of wave refraction studies for 
coastal engineering investigations is to project parallel rays 
(orthogonals) from offshore deepwater towards some chosen area of 
coastline. 	If these rays have an initial spacing of bo, and this 
spacing becomes b in shallow water, then refraction coefficient, 
Kr, is simply defined as 

2.. 
Kr = bo/b 	(1) 

This technique is suitable for simple locations where there are 
no abrupt bathymetric changes. However, in these instances, ray 
paths are quite complex and one may have a refraction diagram 
such as that shown in Figure 1. These rays began in deep water 
and were initially parallel and equidistant. 	The deep water 
origin is not shown, but it is obvious that interpretation is 
difficult, if not impossible. 	Even where ray paths have not 
crossed, a large gradient in inshore ray spacing can make it 
difficult to interpret the results and obtain reliable estimates 
of refraction coefficients. The result depends upon the chosen 
values of bo. 	Thus one can see that general refraction results 
for a length of coastline can be obtained in this way, but there 
is virtually no detail at any particular point. 

At this stage it, is important to ask one-self,. 'that,, is my 
urose in cing out .a wave refraction stuy?"' 	rthe anwer 

be to eventually use these results to obtain inshore wave climate 
from offshore wave data, then it is obvious, refer to Figure 1, 
that the forward ray technique is generally inadequate. By wave 
climate we here mean wave-height exceedance and wave d i r e c t i o n 
information. A large amount of wave data is collated in terms of 
Tz, average zero crossing period. Forward ray projection, using 
monochromatic wave periods, does not facilitate the use of these 
data- and requires ?tadaptionu from the more realistic condition. 
Further, offshore waves virtually never occur with a single 
direction. Thus it is desirable to use a technique which can 
take this aspect into account in a physically acceptable manner. 
This work has the objective of describing a technique which 
overcomes most of these problems. It is one which was originally 
developed at the Hydraulics 	Research 	Station 	Wallingford, 
England, and has been further developed by Lawson and Treloar 
Pty. Ltd. 
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2. REVERSE RAY TECHNIQUE 

The H.R.S. 	program, RAYTRK, calculates orthogonal paths 
using the basic refraction initial value equation 

dJ./ds = -1/C dC/dn 

where cL is ray bearing 
s is distance along the ray 
n is the inward normal direction 

The seabed is schematised on a grid of equilateral triangles 
contained within zones which are parallelograms. 	Within each 
zone all triangles are of the same size, but the triangle size 
may vary among the zones. 	In this way it is possible to develop 
the seabed in some detail where necessary, yet be economical in 
deeper water where data points can be further apart. 

An inshore location is chosen and fans of rays are projected 
from there to deep water with wave periods of say 4,6,8,10,12 and 
14 seconds. The inshore orthogonal bearings, 0, are generated at 
intervals of dO, which may range from less than 1 degree to 5 
degrees, depending upon the site and the window to deep water. 
The results of this are .a series of 0-9plots(in theory only, as 
they are never in fact drawn), where G'  is the offshore orthogonal 
bearing. The required result, then, of the ray calculation 
procedure is the 0-9 relationship for each ray. Figure 2A shows 
one such plot•.. 	It. will be seen that 0 can 	 for 
some ê values as in this example. These areas exhibit the effect 
of caustics, which in effect are those events in the forward ray 
technique where neighbouring rays cross. 	In such a case the 
logical conclusion from equation 	(1) would be that Kr tends 
towards infinity. 	However, we know that this is not so and that 
wave diffraction causes a lateral transfer of wave energy so that 
the total spectral energy remains constant. 	Refraction and 
diffraction are not independent phenomena. 

The next step is to make the reasonable proposal that an 
offshore frequency direction spectrum can be assumed to be made 
up of the linear product of the separate frequency and direction 
spectra. The form of these can be freely chosen , but the 
modified Moskowitz spectrum and Gaussian distribution are usually 
chosen for the frequency and direction spectra respectively. 
This follows the work of Abernethy and Gilbert,(1975). 	Thus, 

S(f,O) = Sl(f).S2(8) 	(2) 

where S1(f) = (Ils u )/'1Ttz cxp(-u /T-r) 	(3) 

2 	Z 
S((3-) = 1/diexp(-(1L-) /2d ) 	(4) 
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where 1u.. is mean offshore direction 
is the standard deviation in wave direction 

f is wave frequency 
u = f/fz 
fz=l/Tz 

At the present stage the choice of 5' is somewhat arbitrary. 
A value of 10 'degrees provides stable results when one has 
parallel offshore contours, but a value of 40 degrees has been 
obtained from ocean wave measurements carried out 	by 
Cartwright,Longuet-Higgins and Smith, (1963) . 	It is believed that 
o will depend on. the site and will have its own statistical 
distribution. A value of 40 degrees is generally used, but if 
insight into the effect of a narrower direction spectrum is 
desired, a smaller dvalue should be tried. 

Figures 2A-C show the essential steps in the method. Suppose 
that from an inshore location a fan of wave orthogonals has been 
projected out to deep water for some chosen frequency, fi, and 
their directions plotted as the 0-9 curve of Figure 2A. A set of 
such curves at several frequencies will contain 	the 	full 
description of the refracting effect of the seabed topography 
between A. and the ocean. 

Figure 2B on the other hand depicts the tfdlimaticl! 	input to 
the problem: 	this is a spectrum shown as th'e dontoured surface 
of S(f,G), the more familiar one dimensional components being 
indicated on the axes. The shape of the spectrum is decided by 
the choice of equations (3) and (4) . 	Its position 	in the f- 
plane depends upon the choice of Tz and ,&j. Us can be assigned an 
arbitrary value since we follow usual practice in neglecting 
non-linear effects and so making Kr independent of Us. 

The spectrum at A that results from combining the deep water 
spectrum of Figure 28 with the refracting properties of Figure 2A 
is constructed in Figure 2C as a set of contours on the f,O 
plane. Its method of construction is thus: 	for any point fl,01 
of Figure 20 the conjugate value of 1 is found by reference to 
Figure 2A. The point fl,Gi is located in Figure 2B and 	its 
ordinant, S(fl,gl), read there. This value is transferred 
directly to the location fl,0l in Figure 2C, after adjustment 
according to the equation 

S(f,0) = (Cgo.Co)/(Cg.C).S(f,Q) 	(5) 

Equation (5) was first presented by Longuet-HigginS (1957) in 
wave number space and its derivation can be summarised as 
follows. Consider (in the context of conventional forward 
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projected wave rays) a small element of wave energy which in deep 
water is contained between two rays at spacing bo, and which is 
distributed over small ranges of frequency and direction, df and 
d9. At A the ray separation is b and the corresponding ranges of 
frequency and direction will be df and dO. 	Equating energy 
fluxes we have 

S(f,) .df.d.Cgo.bo 
2. 

which, by introducing Kr = 

2. 
Kr 	= (Co/C) .dO/d9 

= S(f,0) .df.dO.Cg.b 	(6) 

bo/b and substituting 

a relationship developed by Dorrestein (1960) , produces the form 
shown in equation (5) 

Calculation of the inshore root-mean-square wave-height is 
then simply given by 

2. 
H r.m.s. = 8)) S(f,0) .df.dO 	(7) 

The inshore mean wave direction is given by 

Om = (JfOS(f,0) .df.dO)/(JJ S(f,0) .df.dO) 	(8) 

The inshore zero crossing period can also be determined from 

Tz 	) S(ff,0) .df.d0)/j f S(f,0) .df.d0). 	(9) 

The equations are evaluated numerically. Note that equation (9) 
demonstrates the change in Tz as refraction occurs. This aspect 
can not be obtained from the forward ray technique. 

The method is quite versatile and is applicable where one has 
islands which intercept some orthogonals and severely refract 
others. Figure 3A-B shows an idealized example of such a bed 
area and the resulting 0-9 diagram. The important aspect is the 
discontinuity in 0 which will appear in the inshore spectrum as a 
break or depression, i.e. 	there will be two humps of energy. 
Wave diffraction would of course mean that the spectrum is not 
discontinuous, but due account of the islands effect should be 
taken. 

Table 1 is an example of the results obtained from this 
method. The first block is an array of wave coefficients 
arranged in columns for directions and rows for zero crossing 
period. Note that this method does not obtain separate 
refraction and shoaling coefficients, as shoaling coefficient and 
Tz are not directly related. 	However, each spectrl ordinant 15 
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correctly transformed. 	If it be desired, wave coefficients at 
each of the monochromatic periods can be determined, each of 
these being averaged over the direction spectrum. 

3 CAL.CUL)\TION OF INSHORE WAVE CLIMATE 

Wave-height statistics generally fall into four areas. These 
are 

Short term 	statistical 	distribution 	- 	Rayleigh 
Distribution 

Long term wave-height exceedance statistics 	- 
Log-normal or Weibull Distributions. 

Storm Duration-Return Interval studies. 
Wave group statistics. 

This study is concerned with the first two of these, the first in 
an implicit sense and the second directly. Where adequate data 
are available they are collated in a form whereby it is divided 
into groups, each referred to by an offshore direction and 
period. This means that all wave observations falling within a 
22.5 degree sector are assigned to the central direction and all 
observations within a 1 second zero crossing period band are 
assigned to the central period. Thus it is possible to prepare 
the data in the form shown in Figure 4. 	In that figure, p1, is 
the probbility that the particularoffshore direction-period, 
event will occur. The plot then shows the conditional 
probability of wave height exceedanc'. 	The data are usually 
drawn up in terms of Hs. Thus one has a number of such plots, 
one for each direction-period case. Each is completely described 
by choosing two pairs of wave-height and probability points, 
including p1, and given that the distribution is log-normal. 

In order to 	calculate 	inshore 	wave-height 	exceedance 
statistics, one first selects a list of wave-heights. Then, 
taking the smallest, say Hl, it is divided by 	the 	wave 
coefficient for the first direction period condition to determine 
the offshore wave-height, 1-lol, necessary to generate that inshore 
wave-height. The wave-height exceedance plot is then entered at 
Hol on the vertical axis and the conditional probability p2 
determined. The product pl*p2 then provides the partial 
probability of Hi being exceeded. By repeating this process for 
all offshore conditions and summing all partial probabilities, 
the total probability of Hi being exceeded will be produced. The 
procedure is then repeated for each choice of Hi. 	The total 
wave-height exceedance plot can then be determined by calculating 
successive probabilities of exceedance. 
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It should be noted that the breaking wave-heigh-t limitation 
is not included. 	If a particular design probability be chosen, 
then this wave-height can be matched to a water level taking into 
account the change in inshore wave-height with change in water 
level. The effects of bed friction can be included by 
calculating wave conditions at a number of locations between deep 
water and the shoreline. This is necessary because turbulent 
flow energy dissipation depends upon wave-height itself and the 
wave height must be included in each calculation of Kf, 	the 
friction coefficient. 

A further calculation may be performed and this is the 
weighted mean inshore wave direction. Based on the premise that 
wave energy is a more relevant parameter than wave-height in many 
situations, He, the effective wave-height is calculated as 

2- 	(2. 
He = H p(H)dH 

where p(H) is the log-normal distribution. 
Then, following from the general sediment transport equations in 
which, Q,  rate of transport, is described by 

2. 
Q,4H T 	i.e. wave power 

one determines weighting factors Eo thus 

Eo = p.l(Tz.,) .Tz.He 	for each 	 c-' 

Thus Q  can be written further 
2. 

Qo( Eo.Kw 	for each Tz-U. pair 
I 

Thus the total average sediment transport can be obtained by 
summing these Q  values over all Tz-U. pairs. 	Note that this 
procedure should not be used as presented for sediment transport 
as no account of threshold velocities has been included. The Eo 
and Kw values can then be used to calculate the weighted mean 
inshore direction. 	This mean direction is also useful 	for 
offshore berth investigations. 

Additionally it is possible to divide the inshore directions 
up into sectors for studies involving ship movement. Diffraction 
effects can also be included by further analysis. 

The processes presented above have been well tested and a r e 
believed to provide the most reliable inshore wave-height 
iriCormaLion, which is in a Iorm which is readily used in further 
studies. Although the method has been presented in terms ofTz 
many aspects can be used in a monochromatic period study or use 
can be made of other period parameters. 



WAVE CLIMATE STUDY 

LOCATION 

INSHORE WAVE CONDITIONS FOR POSITION * 
DIRECTION STANDARD DEVIATION 40.0 

WAVE COEFICIENTS 

DIRECTION 
Z ERO 

CROSSING 225.0 247.5 270.0 292.5 315.0 337.5 360.0 

PERIOD 
4.5 0.49 0.57 0.59 0.56 0.48 0.38 0.28 

5.5 0.43 0.51 0.54 0.52 0.47 0.39 0.30 

6.5 0.40 0.47 0.50 0.50 0.47 0.42 0.35 

7.5 0.39 0.45 0.48 0.49 0.48 0.47 0.44 

8.5 0.39 0.44 0.47 0.48 0.50 0.51 0.50 

9.5 0.39 0.44 0.46 0.48 0.50 0.53 0.53 

10.5 0.40 0.45 0.46 0.47 0.51 0.54 0.55 

11.5 0.40 0.45 0.46 0.47 0.51 0.55 0.56 

12.5 0.4.0 .45 0.46 0.47 0.51 p Ø 	55 :0.56 

INSHORE DIRECTIONS 
4.5 251.37 254.81 258.71 262.74 266.36 259.04 270.64 
5.5 250.83 253.63 256.94 260.41 263.37 265.24 265.00 
6.5 249.87 252.19 255.09 258.20 260.70 261.97 262.15 
7.5 248.56 250.43 253.02 255.03 258.40 259.46 259.56 
8.5 247.49 248.99 251.31 254.32 256.87 258.11 258.45 
9.5 246.97 248.24 250.38 253.41 256.12 257.55 258.06 
0.5 246.72 247.88 249.92 252.95 255.77 257.30 257.89 
11.5 246.60 247.70 249.58 252.70 255.58 257.17 257.81 
12.5 246.53 247.60 249.54 252.56 255.47 257.10 257.77 

WEIGHTED MEAN INSHORE ORTHOGONAL DIRECTION 	259.03 

TABLE 	POSITION * - TIDE + 1.8M I.S.L.W. 
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Appendix C Seabed Friction Technique 
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1. METHOD 

Wave attenuation due to friction at the seabed is calculated using a program, the flow 

chart for which, is shown in Figure 1. 

The procedure involves: 

A separate calculation for each hindcast wave usually at 3 or 6 hourly timesteps. 

Inputting water depth, wave refraction and shoaling coefficients for each offshore 

direction radiating from the site of interest out to deep water. This is done as a 

series of discrete, steps along the radial. The step length is variable and depends 

primarily on the rate of change of the seabed slope and the type of seabed 

roughness. 

For the first calculation step for a nominated deepwater wave height, period and 

direction the shoaling and refraction coefficients are retrieved from other computer 

files. 

The type of seabed is checked out. If the seabed is granular it will form either a 

plane bed or a rippled bed depending on the wave characteristics, the seabed 

material and the water depth. If the seabed has seagrass, boulders, or other surface 

materials these will control the roughness. Where the seabed is granular, the 

formation .ofripp1es is checked and a roughness coefficieit is determined. 	. 

From the roughness coefficient a friction factor is computed and the wave height 

reduction calculated for that computation step. 

The procedure is then repeated for the next step along the wave orthogonal. 

Wave regeneration due to following winds is included in each step. 

Typically it has been found that up to 30 computation steps from deepwater to shallow 

water are required. 

RIEDEL & BYRNE CONSULTING ENGINEERS P/L 



Input Deepwater Wave 

Seabed Bottom Profile 

Sediment Characteristics 

Distance 

Compute Shoaling and 

Refraction 

Check 

Predominant Source 	

Seagrass 	

0uldcss of Seabed 

Roughness 

16 	Granular Sediments  NO L
Check  

for Ripple 

Formation 

YES 

Compute Ripple Length 

and Height or Assign 

Ripple Roughness 

Determine Roughness 

Coefficient 

Compute Friction 

Factor 

Calculate Wave 

Height Reduction 

Has 

Design Location 	 NO 

Been Reached? 

YES 

Compute Attenuation 

Wave Height Coefficient 

FLOW CHART 	 Figure 1 

RIEDEL & BYRNE CONSULTING ENGINEERS P/L 



Source references describing the mathematics, research and other literature upon which 

these calculations are based are: 

Riedel, H.P., Kamphius, J.W., Brebner, A. (1972). "Measurement of Bed Shear 

Stress under Waves". Proc. 13th International Coastal Engineering Conference, 

- 	 Vancouver. 

Kamphius, J.W. (1975). "Friction Factor under Oscillatoiy Waves". Proc. ASCE, 
101, WW2, 135-144. 

Hsiao, W.V., Shemdin, O.H. (1978). "Bottom Dissipation in Finite - Depth Water 

Waves", Proc. 16th International Coastal Engineering Conference, Hamburg. 
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Appendix D Wave Coefficient and Direction 

Data for all Sites 
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Angular spreading is the lateral extension of sea waves as they- 

move out of a fetch. 	It results from the slight natural 

variations in wind direction within the fetch. 	The wave energy 

is propagated mainly in the predominant direction of the wind, 

decreasing at deviant directions and reaching zero at directions 

perpendicular to the predominant one. 	It is generally assumed 

that the wave energy in different directions is distributed 

according to: 

COSZ (Q - Q0) 

where Q0  is the predominant direction of the sea and Q is the 

direction of the wave component under consideration 

Swell waves originating from different points and times along the 

down wind edge of the fetch may affect the observation point 

being monitored 	A certain fraction of the original energy 

'determined by the COSZ(Q - Q0) energy distribution is propagated 

to the observing, site along each direction. 	The energy arriving 

at the site is the sum of all these factors expressed as a 

percentage in diagrammatic,  form are shown in Figure 3. 

- 	 - Dispersion is the separation of the waves into their component 

	

- - 	
parts owing to the different wave groups possessing different 

	

- 	 - frequencies' and hence velocities. 	Those with greater velocities 

	

-: 	- 	out—distance the others. - Hence swell from - distant fetches 

possesses a -much narrower range, of frequencies than sea waves. 
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Figure 3 : ANGULAR SPREADING FACTORS FOR SWELL ENERGY IN PER CENT 



However, swell from nearby fetches may possess a broad spectrum 

as longer period waves from the rear of the fetch may be present 

at the site at the same time as lower period waves originating 

from near the front of the fetch. 

In summary, waves generated in a fetch which arrive at the site 

at any future time have periods limited to those determined by 

the dispersion process while their heights are decreased by the 

spreading factor. 

4.5 Calculation of Parameters of Significant Waves 

Waves from different originating fetches whether nearby or 

distant may be simultaneously present at the site. 	These are 

combined using the formulae: 	- 	 - 

H 	
= 	2 + H2  ) 1/2 
	 - 

	

H 1 2 + H 2 2 	1/2 
and T = 

z 	
H12/T1 2  + H22/T22  

in an iterative manner (Hogben and Miller, 1980). 	H 	is the 

resultant significant waveheight, and T is the zero crossing 

period. 

These values are the forecast wave heights and periods at a 

deepwater site. 
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7.4 	Nutrient Monitoring Programme 

The construction of about 18 monitoring bores (Figure 4) is planned to 
provide facilities for regular sampling of groundwater in the vicinity of the 
golf course, the marina, the sewage effluent disposal area and the eastern part 
of the site downgradient of the Pipidinny Wetlands and the Market 
Gardening areas. 

Quarterly monitoring of water levels and groundwater sampling for chemical 
analysis will be undertaken on all bores. The monitoring programme will be 
designed to meet the requirements of the EPA and the Water Authority in 
terms of sampling frequency and the parameters to be analysed. 

The quantitative assessment of the existing groundwater regime presented in this 
report, and the prediction of changes which may be caused by development of the 
Eglinton Beach Resort, are based mainly on comparisons with similar studies and 
developments in the Perth area, rather than on factual data from the proj ect site. 
The only data available from the proj ect site are from three scout holes and from 
one Water Authority of WA investigation bore. The data used must be verified by 
site investigation and testing to evaluate aquifer geometry and hydraulic parameters 
and to determine the groundwater chemistry. 

The site is underlain by the superficial formations which consist of sand and 
limestone and form an inhomogeneous unconfined aquifer of generally high 
permeability with a saturated thickness of about 32m. 	The aquifer contains 
groundwater with a salinity of less than 1000 mg/L TDS, a total hardness of about 
150 mg/L (CaCO3) and a near neutral pH in the range 6.5 - 7.5. High levels of 
dissolved iron may be present locally. Groundwater flow is in a westerly direction 
and discharge occurs to the Indian Ocean across a seawater interface. Groundwater 
discharge also occurs by evapotranspiration from the swamps adjacent to the eastern 
boundary of the site. Groundwater levels fluctuate annually by about 0.5m in 
response to recharge from winter rainfall. 

Preliminary estimates of water requirements for irrigation and domestic supplies 
have been made and these estimates will be revised as detailed design of the resort 
proceeds. The total water requirement for irrigation of about 69 ha is calculated 
to be approximately 1.5 x 106  kL/annum with a peak demand of about 8500 kL/day. 
Based on a total number of services of about 1450, the total demand for domestic 
consumption is calculated to be approximately 1x106  kL/annum with a peak demand 
of 6500 kL/day. Considering the estimated throughflow in the superficial aquifer 
beneath the site, there are adequate groundwater resources to meet the estimated 
peak demand of about 15 000 kL/day. 

GRC - DAMES & MOORE 
Dames & Moore ON Ltd incoroorated in NSW 
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It is anticipated that the irrigation and domestic supplies will be obtained from a 
borefield completed in the superficial aquifer. Groundwater will be pumped into 
four lined lakes which will form temporary water storage facilities from which the 
irrigation water supplies will be drawn. Groundwater for domestic use will be 
pumped to a high level tank from which the reticulated supplies will be distributed 
after treatment. 

Modelling indicates that the effects of the planned abstraction on existing users, the 
wetlands and the seawater interface are likely to be minimal. Construction of the 
marina may cause the seawater interface to migrate about 200m further inland in 
the immediate vicinity of the marina basin. 

Stormwater drainage systems will be designed to prevent the introduction of oils and 
other noxious chemicals into the superficial aquifer. Consequently, the addition of 
nutrients to the shallow groundwater system is the only effect of resort development 
on groundwater quality which is potentially of significance. Estimates of nutrient 
loadings from the principal sources, namely, the golf course and other landscaped 
areas, and the effluent discharged from the sewage treatment works are provided 
in the report together with proposals for nutrient management. 

Outline nutrient and groundwater management plans for the resort are presented 
in the report and have been designed to minimise the impact . of the proposed 

. development, on the groundwater. regime.  

GRC - DAMES & MOORE 
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TABLE I 

I8OIATIOX 06240 840U184684T2 	((L) 

V.rç.. 

(.16.09 	hi) 

Clubhcui. 

(0.18 	hi) 

(mdcc 

(10.13 	hi) 

dm81 

Cmrd.n 

(2.23 	hi) 

Whcrl 	Ar.d 

(0.86 	hi) 

8•ccrl 	* 	HumC 

(4.78 	hi) 

Sperlc 	Ar.* 

* 	(qu.iirlin 

(5.9) 	hi) 

Gc-..*i 

(1.01 	hm) 

Fm) rccyi 	• Ic. 
(4)69 	hi) 

5 .rvic. 

C.nlr. 

(2 	)) 

0.4 	(cip 	Liii 

From 	Lch.i 

(5.48 	hm) 

Tetmi Av.i-i. 	Omit7 

AhitricCion 

Oil. 	)hL,d) 

1ir. 40643 548 34933 6(22 1321 13766 17020 3131 400087 1760 0964 2805(8 0(05 

r.b 40536 432 29142 5352 1104 11472 1(404 2626 100056 4600 7555 217105 7757 

11c, 33644 350 24439 4458 9154 9512 11764 2035 82963 3980 6112 	- 108260 6073 

Apr 25335 270 48495 3345 690 7170 8865 1727 62535 3000 - 	2724 133256 

Iley 11147 149 8006 1472 304 3155 3900 1121 27515 1320 -3311 54744 7766 

JuO 0 0 0 0 0 0 0 0 0 0 .7140  

Jut 0 0 0 0 0 0 0 0 0 0 .6579 .659 0 

Aug 0 0 0 0 0 0 8 0 0 0 .4144 _4144 0 

8.p 14525 155 10432 7918 396 4115 5083 1000 35053 1720 -259 75054 2500 

Oct 22(64 239 16133 2966 612 6357 7860 1700 55440 2660 2933 179400 3054 

poe 36445 305 25950 4772 984 10229 12647 2196 89257 4580 0853 593066 6(36 

D.c 44927 479 32266 5932 1224 12755 15721 3131 110895 5320 7827 240432 7736 

Annu.t 277333 2935 599474 36617 15793 78407 97041 59432 88(549 32840 19891 7464712 (011 

Projected Application 
Ra):e 	(mm/month) Epon* Epart x 0.7 Rainfall 

Month Greens 	Others (mm/month) (mm/month) (mm/month) 

Jan 310 	288 260 .182 9 

Feb 260 	240 224 157 12 

Mar 221 	199 195 137 19 

Apr 171 	150 123 86 45 

May 111 	 66 84 59 123 

Jun 0 	 0 63 44 182 

Jul 0 	 0 65 46 173 

Aug 0 	 0 81 57 137 

Sep 107 	 86 108 76 81 

Oct 177 	133 158 111 54 

Nov 257 	214 192 134 21 

Dec 310 	266 236 165 14 

Is Ossed on meals daily 	pan evaporation rates for 	l'crth 	Station 

+ Mean monthly rainfall 	for Perth Station 

(OC.flamc 	P. 	Mrsrcc 



TABLE 2 

DOMESTIC WATER REQUIREMENTS 

ACCOMMODATION 	NO OF SERVICES 	ASSUMED WATER CONSUMPTION 
AVERAGE 	PEAK 	ANNUAL 
(kL/d) 	(kL/d) 	(kL/a) 
(1.8)* 	(45)* 	(657)* 

Marina Precinc 

Hotel 	(450 Rm) 225 405 1012.5 147825 
Condos 	(150) 150 270 675 98550 
Clubhouse 2 3.6 9 1314 
Shops 	(20) 20 36 90 13140 

Golf Course Precinct 

Condos 	(450) 450 810 2025 295650 
150 Lots 	(800 m2 ) 150 270 675 98550 
Maintenance Centre 
Staff Quarters 	(100) 50 90 225 32850 

Balance Area Stage 	1 

400 Lots 	(800 m2 ) 400 720 1800 262800 

Totals 1447 2605 6512 950679 

* 	Source: Draft Report by Water Authority of Western 
Australia on North West Coastal Groundwater 
Schemes - A study of their Potential Utilisation 
and associated Source Costs Analysis (Aug. 1989). 

+ 	Includes adequate provision for garden watering. Average 
scheme water use in Perth Metropolitan Area by non-bore users 
= 327 kL/annum (Domestic Water Use in Perth, W.A; Metropolitan 
Water Authority, 1985). 
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PRODUCTION BORE 	 MONITORING BORE * 

Bolted flange 	 I, 	 Lockable cap 

Natural surface  	I 	I 	Steel collar pipe 

Concrete block 

155mm dia. hole 

- 	 250mm dia. . 	. 	 Steel casing 

WATER 	 - 
TABLE 	.:.-• 

2m AHD 
	Gravel pack 

...... 	(0 

I 	I 	UI 
II 

1 

Neoprene packer & 
screen extension 

I 	
..• 	I 

.• 	 .. 	 . 	- -- 	- Imm slots 
iz 	 250mm dia. hole 	 I 
Uj 

.Gravelpack 

- 80mm n.d. Class 9 
... 	

P.V.C. casing I 	I 
200mm dia. 

Stainless Steel 	 . 
Well Screen 	 - 

-30m AHD  

LOW PERMEABILITY SEDIMENTS OF COOLYEENA GP. 

* Types of Monitoring Bores 
Borefieid Monitoring: depth and screen depth similar to production bore (shown above). 
Environmental Monitoring: screened 1-5m approx. below water table. 
Seawater interface Monitoring: screened from 1-2m below water table to base of aquifer. 

EGLINTON BEACH RESORT 

SCHEMATIC BORE DESIGNS 

D.AMES & MOORE 	 FIGURE 16 178-014- 
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FERTILISER APPLICATION USE OF SLOW RELEASE FERTILISERS 
AND 	FOLIAR FEEDING. 
DETAILED FERTILISER PROGRAM, MANAGEMENT 
TO AVOID EXCESSIVE LEAF GROWTH. 

GOLF COURSE 
FERTILISER 

APPLICATION 

SOIL NUTRIENT MONITORING 

4 
SOIL NUTRIENT MONITORING 4 	AND CULTIVATION OF 

NATIVE SPECIES. 
INFILTRATION TO  GROUNDWATER 

- SEWAGE - EFFLUENT Iu'qUuuuu!!IuIU'i.' 
RESIDENTIAL SEWAGE 

HOTEL TREATMENT 
o 0 0 WORKS 

CONDOMINIUMS C C 
Z Z MONITORING & MANAGEMENT 

LOTS NO DIRECT DISCHARGE S OF RAW EFFUENT & 
S TO R M WAT ER 

rm rn 
UPTAKE & REMOVAL BY 

RVESTING OF VEGETATION 

PAVEMENT 	 INFILTRATION INFILTRATION 
DRAINAGE 	 TO 

GROUNDWATER 
TO 	

GROUNDWATER GROUNDWATER o LI MONITORING 

INTERCEPTION & TREATMENT 

AS EQUIRED V V 
0
00 

EGLINTON BEACH RESORT 

NUTRIENT MANAGEMENT PLAN FIGURE 16178-014-® 
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RESULTh OF SCOUT HOLE DRILLING PROGRAMME 

BORE COMPLETION REPORTh 

SUMMARY OF CHEMICAL ANALYSTS DATA 
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GROUND LEVEL 

O-45m SAND/LIgST0NE sand white-cream 
orange, brown, fine to very 
coarse grained, moderately to 
well sorted, subangular to 
rounded, quartz and calcite. 
Lestone, sandy, grey, orange, 
brown. 

0-7m 	sand; white-cream 

7-5m sand, yellow-orange 

15-20m limestone, grey 

24-28m sand, cream-orange 

.:::.. 

 

28-38in sand, cream 

38-39m limestone, yellow-brown 

:.° 
65mm dia. hole 	

43-45m- limestone, orange 
______ 

45-5lm sand:brown to green-grey 
980 6.5-7. 

890 7.0 

910 7.0 

900 7.0 

760 6.5 

600 6.5 

570 6.5 

580 6.5-7. 

680 6.5-7. 

780 6.5-7. 

650 6.5 

680 6.5 

GROUNDWATER EXPLORATION BORE COMPLETION REPORT 

WALLIS DRILLING DRILLER' 	
REDUCED LEVEL DATUM' 	19m A.H.D. 

 BORE N9:1 

DATE DRILLED' 	17.12.88 	
COORDINATES: 

TOTAL DEPTH: 	Slm 	
DEPTH TO WATER: 	 17m 

BORE DIAMETER: 	
65mm 

 

DEPTRI 	 BORE CONSTRUCTION 	 LiTHOLOGICAL DESCRIPTION 	 GROUNDWATE (m(  

-0  

5 

10 

15 

1 7.Om 

20 

30 

35 

40 

45 

50 
T.D. 5 im 

55 

COMMENTS 
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GROUNDWATER EXPLORATION BORE COMPLETION REPORT 

DRILLER WALLIS DRILLING BORE N9 :2 

. REDUCED 	LEVEL 	DATUM: 	
2013 

DATE 	DRILLED: 17.12.88 

CO-ORDINATES: 
TOTAL 	DEPTH: 

She 

DEPTH TO 	WATER: 	19.2 

BORE. DIAMETER: 	
65cn 

fl 
DEPTH 

(m) BORE CONSTRUCTION LITHOLOGICAL 	DESCRIPTION GROUNDWAT 
pmho/m 	pH 
®25C - 

0 

______________ 

GROUND LEVEL 

0-50mSAND/LDSTONE. sand, grey, 
white, cream-yellow, 	orange-red, 

:.F:. fine to coarse grained, 
moderately to well sorted, 
subangular to rounded, quartz 
and calcite. 	Limestone, 	sandy, 
white, 	orange, 	bro, 	green- 
bro. 

O-lm 	sand,grey 

io  1-5m 	limestone, 	sandy, white, 
yellow-orange 

S-urn 	sand, 	orange 

15 . 11-12m 	limestone, 	as above 

. 12-14m 	sand, orange-red 

. l4-23m 	limestone, as above 

20 
19.2m_ V 

.1.  

.. 

23-25m 	sand, yellow-orange 

-65mm dia. hole . 1_.L. 25-34m 	limestone, as above 

34-37m 	sand and limestone, cream-yellow 

• 25 37-4lrs 	sand, cream-yellow 

41-42ni 	limestone, 	as above 

43-44rn 	sand andlimestone, 	as above 870. 

30 44-50rn 	limestone, green-brown 

900 

920 6.5-7. 

35 

1510 6.5-7. 

40 
1570 	6.5-7. 

1570 	7.0 

45 

50 	
T.D. 51mJ.. 

50-51m 	CLAY; silty, green-black 

55 

COMMENTS 
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GROUNDWATER EXPLORATION BORE COMPLETION REPORT 
BORE NO: 	3 

DRILLER 	WALLIS DRILLING 	

REDUCED LEVEL DATUM: 
	

6. Om 

DATE DRILLED: 	
17.1288 	

CO-ORDINATES:  

TOTAL DEPTH: 	 DEPTH TO WATER: 
	5. 6m 

BORE DIAMETER: 

DEPTH 
(m) 

BORE CONSTRUCTION   LITHOLOGICAL 	DESCRIPTION GROUNOWATE! 
s/ca 	pH 
25C  

0 

5 

-15 

20 

• 

- 30 

-35 

40 

.45 

50 

55 

-10  

GROUND_LEVEL  

5.6m _ 

-65mm dia. hole 

T.D. 39m 	_______  

--- 

0-50m 	SANDILISTONE. 	sand, grey, 
white, 	cream, 	fine to medium 
grained, moderately to well 
sorted, 	subrounded, 	quartz 
and calcite. 	Limestone, 
sandy, 	silty, white-cream, 
orange, fine to medium 
grained, well sorted. 

0-3m 	sand, grey 

3-4m 	sand, white-cream 

7-35m 	limestone, 	sandy, white-cream, 
Orange 

35-38m 	limestone and silty clay, 
brown 

950 

900 

910 

920 

990 

22000 

7.5 

7.0 

6.5-7.0 

7.0 

6.5-7.0 

7.0 

I 
.T. 	:1 

. 

I I 	•. 
:1.- 

:1 

:-I-1 .i• 

..:-: 

_____ 

iEJ 

38-39m 	CLAY; silty, dark green-grey 

-.- --- 
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CONDUCTIVITY AND TOTAL IRON CONTENT OF GROUNDWATER 

Scout Hole 1 	 Scout Hole 2 
	

Scout Hole 
Depth Conductivity 

(umhos/cm 

@ 250C) 
pH Fe 

(mg/L) 
Conductivity 
(umhos/cm 

@ 250C) 
pH Fe 

(mg/L) 
Conductivity 
(umhos/cm 

@ 250C) 

pH Fe 
(mg/L) 

15 - 950 7.5 3.6 
18 980 6.5-7.0 - - - - 900 7.0 46 
21 890 7.0 3.1 - - - 910 6.5-7.0 1.1 
24 910 7.0 7.6 - - - 920 7.0 29.2 
27 900 7.0 19.2 870 7:0 29.3 990 6.5-7.0 15.6 
30 760 6.5 8.7 900 7.0 8..4 22000 7.0 7.4 
33 609 6.5 - 920 6.5-7.0 1.7 - .- - 
36 570 6.5 - 1510 6.5-7.0 2.3 - - - 
39 580 6.57.0 - 1570 6.5-7.0 28.7 - - - 
42 680 	. 6.5-7.0 - 1570 7.0 - - - - 
45 780 6.5-7.0 - 1580 6.5 54 - - - 
48 650 6.5 - 1510 6.5  

51 	
j 

680 6.5 - 1510 6.0-6.5 15 - - - 
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CHEMICAL ANALYSES 

Constituent 	 Scout Hole 1 Scout 'Hole 2 	Scout Hole 3 

Calcium 

Magnesium 

Sodium 

Potassium 

C ar hon ate 

Bicarbonate 

Sulphate 

Chloride 

Nitrate 

Total P 

T.D.S. (based on E.C.) 

pH 

39.0 50.0 47.0 
9.0 11.8 11.0 

90.0 205.0 95.0 
7.9 10.0 4.5 

138.8 133.4 242.1 
8.3 30.0 17.0 

162 413 159 
<0.1 <0.1 2.6 
0.15 <0.05 <0.05 

411 890 490 
7.4 7.4 7.5 

All constituent concentrations in mg/L 
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1.0 INTRODUCTION 

Eglinton Resort Development Pty Ltd are investigating design options for the 
construction of a golf course resort and marina on a coastal site at Eglinton Beach, 
45 km north of Perth. The proposed development is some 280 hectares in area and 
includes approximately 110 hectares of System Six land Location M2. 

As part of an assessment of the existing -environment and its local and regional 
significance, the following report examines the conservation status of the vertebrate 
fauna recorded or expected to occur in the vegetation associations of the area. 

1.1 Assessment Objectives 

The main objectives of the vertebrate fauna survey of the proposed development 
area were to provide an overview of the general environs of the project, focus on 
the project site itself which lies adjacent and west of the proposed Marmion 
Avenue extension and explore in particular the status of the western portion of the 
land which lies within System Six area M2. 	 - 

In the context of the above it was planned to: 

produce an inventory of the vertebrate fauna based on data gathered during 
the field survey and a provisional listing constructed from published 
reports, unpublished data and Western Australia Museum records from the 
general area; 

relate the fauna recorded or expected to occur to the major vegetation types 
present; 	 - 

give particular attention to species declared as rare under Schedules 1 and 2 
of the Wildlife Conservation Act, 

compare faunal habitats, i.e. vegetation and soil types, in terms of their 
potential fauna species richness and abundance; 

assess the regional conservation significance of the proposed development 
area, and on a local basis, specifically address the faunal value of: 

the area of approximately 110 hectares which falls within the 
boundary of System Six area M2; and, 

the proposed development site itself which includes the System Six 
- 	land and represents some 280 hectares in total; 

assess the potential impact of the proposed development on vertebrate 
fauna populations and provide management strategies. 



2.0 METHODS 

An appraisal of the proposed, development site and its environs was carried out on 
November 9, 14 and 22, 1989. Two experienced field personnel were used on all 
occasions and a series of vehicle and foot transects were conducted throughout the 
major vegetation and soil types of the area (Figure 1). During the field inspection 
all active vertebrates were recorded and intensive hand foraging for reptiles was 
carried out. Signs such as tracks, scats, diggings and nests were also noted and 
identified and an appraisal of vertebrate micro-habitat quality and critical resources 
was conducted. This latter aspect included an assessment of the number of 
tree-hollows, the frequency of logs on the ground, leaf litter depth and distribution, 
the capacity of the soil to support burrows and the density of flowering shrubs. 

An actual and provisional species list (Annex 1) was constructed for the proposed 
development. Actual records were gathered during the field inspection and 
provisional records i.e. species likely to be present but not recorded during the 
survey, were drawn from a variety of sources including: Western Australian 
Museum (1978); Kitchener and Vicker (1981); Storr and Johnstone (1988); Forests 
Department of W.A. (1981); Kinhill Steam (1983). All of these reports contain 
information on fauna habitats similar to those covered by the project area. 

Geographic distribution patterns and taxonomy follow Blakers et al. (1984); 
Strahan (1983); Storr et al. (1981, 1983, 1986, 1990) and Tyler et al. (1984). 

2.1 Fauna Habitat Definition 

In terms of utilisation by fauna the project area can be divided into six broad 
habitats each having many species in common but defined by a small suite of 
vertebrates associated with particular resources such as nectar-rich shrubs, dense 
shelter, deeper soils or tree-hollows. Using the vegetation assemblage map prepared 
by LeProvost Semeniuk and Chalmer, the following habitats were recognised: 

Habitat 1: 	shoreline and coastal margin supporting salt tolerant vegetation such 
as Spiizfex hirsutus and S. Ion gifolia; 

Habitat 2: primary dune blowout system and protected valleys supporting a 
dense shrubland dominated by Acacia rosteIIfera and associated 
species; 

Habitat 3: secondary blowout system with patchy surface or sub- surface 
limestone supporting a low heath dominated by Acacia spp. and 
Dryandra sessilis on shallower soils. A more diverse heath including 
the faunally important Calothamnus quadrifidus occurs on deeper 
calcareous soils; 

Habitat 4: deeper valleys containing low woodlands of Banksia species with 
Macrozamia and Xanthorrhoea; 

Habitat 5: tall open forest of Tuart Eucalyptus gomphocephela; 

Habitat 6: 	pasture and cleared land. 
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3.0 RESULTS 

During the field assessment 30 species of bird, one native mammal, three 
introduced mammals and eight reptiles were recorded. With the addition of 
seasonal and passage migrants, vagrants and cryptic vertebrates, whose presence is 
difficult to ascertain without detailed, seasonal studies, it is judged that the project 
area and nearby vegetation communities such as Banksia and Tuart woodland have 
the capacity to support a further 60 species of birds, 14 native mammals (including 
seven species of bats), one introduced mammal, four amphibians and 36 reptiles 
(Annex 1) 

The development area itself and the System Six land within it does not support 
Banksia or Tuart woodland, and on this basis is expected to support 69 species of 
bird, 14 native mammals, three introduced mammals, four amphibians and 36 
reptiles. 

Based on the actual and potential species richness of each of the six faunal habitats 
recognised (Section 2.1), the vegetation types of the project area and adjacent areas 
can be ranked in descending order of conservation significance: 

Table 1 	Relative significance of the various vegetation associations in and 
adjacent to the proposed development area based on vertebrate 

- species richness. 

(1) Banksia woodlands (Habitat 4) - 	117 species 
(2) Tuart open forest (Habitat 5) - 104 

 Heathland on older 
phase blowout system (Habitat 3) - 100 

 Shrubland on earlier 
phase blowout system (Habitat 2) - 	82 

 Pasture and cleared land (Habitat 6) - 	58 
 Shoreline and coastal margin (Habitat 1) - 	35 

3.1 Rare Species 

No vertebrates classified under Schedules 1 and 2 of the Wildlife Conservation Act 
as "rare, or otherwise in need of special protection" were recorded during the field 
survey although one bird, one mammal and one reptile are possibilities for the 
project area based on geographic distributions and habitat preference. A brief 
description of the conservation status of each species is given below: 

Peregrine Falcon Falco yereRrinus 

Status: 	Schedule 2 - in need of special protection. 

- • 	Habitat: 	Woodlands, forests, rocky country and wetlands. 

Comments: A highly mobile species with little apparent habitat specificity. 
Known to occur within the Perth city block. • The project is most 
unlikely to affect this cosmopolitan bird. 
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Australian Sea-lion Neophoca cinerea 

Status: Schedule 2 - in need of special protection. 

Habitat: 	Beaches and ocean. 

Comments: Solitary males may occasionally appear within the proposed marina 
and on adjacent beaches and could be harassed by dogs or disturbed 
by residents and visitors. Provided rangers are present and a public 
education programme is in place, the effect on local popu1atons will 
be negligible. 

Black-striped Snake Vermicella calonotus 

Status: 	Schedule 1 - likely to become extinct. 

Habitat: 	Sandy country from Lancelin to Mandurah and inland to Middle 
Swan. 

Comments: Because of its burrowing habits this snake is rarely seen but it is 
highly probable that it is much more common on the Swan Coastal 
Plain than originally thought (G. Harold, pers. comm.). The proposed 
resort will result in a localised population reduction but it is unlikely 
that this will in itself threaten this geographically restricted species. 



5 

4.0 DISCUSSION AND CONCLUSIONS 

4.1 Regional Conservation Status 

The proposed development area lies within the Swan Coastal Plain, an area 
extending from the Hill River Scarp in the north, to Cape Naturaliste in the south. 
It is bounded by the Indian Ocean to the west and the Darling Scarp to the east 
(Seddon 1972). More specifically it is located in the Northern Swan Coastal Plain 
which lies between the Swan River to the south and Moore River to the north. 

Until 1977 no fauna surveys of any magnitude had been conducted in the Northern 
Swan Coastal Plain (NSCP) and little was known of its conservation status or 
overall contribution to the fauna of the south-west of Western Australia. In 1977 
the Western Australian Museum commenced a major vertebrate survey of this 
sub-region and published the results in the following year (Western Australian 
Museum 1978). 

In sumrnarising the conclusions of contributing authors, How (1978) concluded that 
major faunal changes had occurred in the region since European settlement. 
Kitchener et al. (1978), for instance, considered that the native mammals of this 
sub-region originally numbered 33, of which only 12 were recorded during the 
intensive survey period, although Museum records show that several other species 
still occur. Storr et al. (1978a and b) believed that changes to the avifauna were 
less dramatic, although still significant, and that reptiles showed a marked decline 
in Perth and its suburbs. All these authors attribute this faunal decline to 
environmental modification brought about by urban and agricultural development, 
increased fire frequency and intensity, introduction of exotic fauna species, disease 
and the modification of wetlands by drainage or landfill. 

Within the context of System Six Location M2 and the documented changes to the 
NSCP, the following section reviews local aspects of the vertebrate fauna of the 
proposed development area. 

4.2 Local Conservation Status 

4.2.1 System Six Land 

The System Six Report (Department of Conservation and the Environment 1983) 
describes the M2 area, a narrow, 32 kilometre coastal strip from Two Rocks to 
Bums Beach, as: 

important in conserving a diverse and relatively undisturbed coastal 
environment. The fragile sand dunes are important wildlife habitats...." 

By far the greater proportion of the System Six land represents Habitat 2, the 
primary dune blowout system and protected valleys supporting a dense shrubland 
dominated by Acacia rostellifera and associated species. Habitat 1, the shoreline 
and coastal margin in addition to a very small section of Habitat 3, low heath on 
calcareous soils, are also present as minor elements. 

While sub-coastal vegetation associations such as heathlands, Banksia species 
woodlands and Tuart open forests are represented to varying degrees in adjacent 



reserved land such as Neerabup National Park, Yanchep National Park and 
Nowergup Lake Fauna Sanctuaxy, the large expanse of Acacia rostellifera 
dominated primary dune country in the System Six land is poorly represented 
within the metropolitan area and are only adequately reserved much further north 
and south of Perth. Shorelines and coastal margins are not as critical since fairly 
large expanses of this type of country is either protected by local councils or 
reserved. 

It can be seen from the relative species richness of the various vegetation types 
within and adjacent to the project area (Table 1) that this primary dune habitat has 
a potentially low vertebrate species richness - approximately half that of the nearby 
Banksia woodlands. Its significance is therefore more a matter of the conservation 
of representative vegetation types rather than as a locally or regionally important 
fauna habitat. This relatively low species richness, brought about by habitat 
uniformity, does not detract from the conservation value of the land since, as stated 
earlier, the community is poorly reserved near Perth. It is more a matter of 
bringing it into a realistic perspective with habitats containing diverse faunal 
niches. 

No vertebrates are specifically restricted to these primary dune and sheltered valley 
systems on the NSCP, although between Geraldton and Lancelin it is recognised as 
being the only habitat where an isolated population of the White-breasted Robin 
Eopsaltria georgiana occurs. The White-breasted Robin is not classified as rare 
under the Wildlife Conservation Act (1950) but apart from the isolated north-
coastal population found in dense, tall Acacia rostellifera thickets, this bird is 
restricted to the vicinity of streamside vegetation in south-western Western 
Australia. In order to address the potential for this robin to occur, eight hours were 
spent on November 22 specifically searching for it. No birds were seen. The only 
area where this bird may occur is in the dense, taller portion of Acacia rostellifera 
scrub at the extreme north-western limits of the study area, and even here the area 
involved is probably too small, isolated and degraded to support a viable 
population. It is judged that the presence of this bird in the portion of System Six 
land included in the proposed development is a remote possibility. This section of 
the development has been set aside for conservation and recreation. 

Apart from the rare Black-lined Snake Vermicella calonotus, all other species 
recorded or predicted from this habitat have geographic ranges extending well 
beyond the Swan Coastal Plain. The Black-lined Snake is a burrowing species and 
therefore rarely seen. With such species, their apparent rarity is more a product of 
the obvious difficulty in adequately confirming their presence or absence and it is 
very likely that they are much more common than records show. A parallel can be 
drawn between the Black-lined Snake and the semi-burrowing skink Lerista lineata 
which was originally believed to be restricted to pale sands between the Swan And 
Murray Rivers until it was discovered south of the Murray River in 1987 by the 
author of this report and an associate (Youngson and Harold 1989, in press). Some 
species such as the Variegated and White-winged Fairy-wren show a marked 
reduction or absence in the more urbanised southern portion of the NSCP and need 
to be considered in more detail as development proceeds northwards, although 
there is justification to believe that as these two species have geographic ranges 
which extend as far as New South Wales, a project such as this will have minimal 
impact. 

The most important aspect of the System Six area is that it represents a fairly 
large, relatively undisturbed tract of land with the capacity to support populations 
of vertebrates which have disappeared or are under pressure from the rapidly 
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expanding metropolitan area. It also currently forms a linear coastal link between 
areas which may be partitioned by the development. In this sense it is of some 
significance to fauna because of the habitat fragmentation which has taken place 
along the length of the central western portion of the Swan Coastal Plain. 

4.2.2 Proposed Development Area 

About 40% of the proposed development area consists of Habitat 2, the Acacia 
rostelljfera dominated heath, and the comments made in the previous section 
concerning this habitat equally apply. Apart from a variable fringe of Xanthorrhoea 
around this heath, the remainder of the area is situated on an older phase blowout 
system with patchy surface or sub-surface limestone supporting a low heath 
dominated by Acacia spp. and Dryandra sessilis on shallower soils (Habitat 3). A 
more diverse heath including Calothamnus quadrifidus occurs on deeper calcareous 
soils. Habitat 3 is a floriferous heath which attracts many species of nectarivores 
such as honeyeater birds and the habitat- specific Honey Possum Tarsipes rostratus 
(Annex 1). Many insects are seasonally attracted to flowering within these heaths 
and in turn act as prey for small insectivorous birds, mammals, reptiles and frogs. 
Habitat 3 is therefore faunally productive but is well represented in various forms 
throughout and beyond System Six. 

The comments made about the System Six land in the context of disturbance to the 
NSCP apply to the proposed project area as a whole and will result in a localised 
reduction in resources such as food, refuge areas and breeding sites and a 
fragmentation of habitat' brought about by the barrier effect that access roads and 
grassed areas will impose on terrestrial species (Barnett et al. 1978). 

Although this heath is rich in vertebrates (Table 1), none of the species expected to 
occur are totally restricted to it and all have geographic ranges covering the 
southern portion of the State or, in the case of some honeyeater birds, virtually the 
whole of Western Australia. 



5.0 IMPACT OF THE PROJECT 

If the impact of a project on fauna is taken to be the adverse effects that it will 
have within and beyond its boundaries, the proposed development will have a 
moderate, strictly local impact and a negligible regional impact. While this 
proposal will obviously contribute in some way to the continuing faunal changes in 
the NSCP as documented by the W.A. Museum (1978), it is not situated, for 
example, on an internationally important wetland (no wetland of any type is in fact 
present), does not encompass any habitat of major conservation significance, the 
loss of which could seriously affect animal populations, and is not a focal point for 
rare species. 

The proposed development will have a moderate, strictly local impact and a 
negligible regional impact. Of the 127 species of native vertebrate recorded or 
expected to be present either as residents, vagrants, nomads or seasonal migrants, 
no individual species is considered to be of special conservation significance. Of 
the three rare species which could be present, the Peregrine Falcon and Australian 
Sea-lion are transient visitors and the Black-striped Snake is mainly found in dune 
systems. Impact on these species is judged to be minor. 

The potential loss of, or disruption to the small portion of regional or local 
vertebrate populations occurring within the zone of influence of the proposed 
Eglinton Beach Resort will be minimal provided that the development is sensitively 
integrated with the existing environment, clearing is kept to a minimum and 
rehabilitation of disturbed areas is conducted as soon as is practicable. 

5.1 Impact Management Strategies 

A large proportion of the proposed development will consist of a golf course which 
will allow a far greater scope for fauna management than other types of 
development. The following series of recommendations are oriented towards 
reducing impact and encouraging elements of resident fauna to remain in the area, 
or towards attracting more mobile species to use it as part of their wider resource 
base. It is therefore recommended that: 

clearing is kept to a minimum commensurate with safe and economical 
working conditions and that all topsoil is re-used in rehabilitation since it 
will contain seeds of plants used by the fauna of the area; 

rehabilitation takes place as soon as is practicable after clearing; 

plants native to the area are used in rehabilitation and a high proportion of 
flowering shrubs and trees such as Calothamnus, Grevillea, Dryandra and 
Banksia species are planted if more landscaped, decorative areas are 
required since these will re-attract many of the birds which may have been 
disadvantaged by clearing; 

"hazards" and "roughs" on the golf course are retained in a natural 
condition and kept as large as possible in order to act as refuge areas for 
animals; 



attempts are made to retain patches of natural vegetation and position 
re-planted areas such that faunal movement corridors allow the 
development to be at least partially linked with uncleared locations north 
and south of it 

the planned wetlands in the golf course are provided with small islands, 
variable water depths and patches of dense vegetation to act as refuges for 
the waterbirds which will be attracted to them. 
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Annex 1 	List of vertebrates recorded or expected to occur in the 
habitats of the proposed Eglinton Beach Resort development 
area. 

KEY 

HABITAT TYPE 1 	Shoreline and coastal margin supporting salt tolerant 
vegetation such as Spinifex hirsutus and S. longifolia. 

HABITAT TYPE 2 	Primary dune blowout system and protected valleys 
supporting a dense shrubland dominated by Acacia 
rostellifera and associated species. 

HABITAT TYPE 3 	Older phase blowout system with patchy surface or 
sub-surface limestone supporting a low heath dominated by 
Acacia spp. and Dryandra sessilis on shallower soils. A 
more diverse heath including the faunally important 
Calothamnus quadrifidus occurs on deeper calcareous 
soils. 

HABITAT TYPE 4 	Deeper valleys with low woodlands of Banksia with 
Macrozamia and Xanthorrhoea. 

HABITAT TYPE 5 	Tall open forest of Thart Eucalyptus gomphocephela. 

HABITAT TYPE 6 	Pasture and cleared land. 

X 	= 	Recorded during site inspection 

* 	= 	Expected to occur 

A 	= 	Mainly aerial 

= 	Rare, or otherwise in need of special protection 

+ 	= 	Introduced species 
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ANNEX 1 

HABITAT TYPE 	 1 	2 	3 	4 	5 	6 

BIRD SPECIES 

DROMAIIDAE 
Dromaius novaehollandiae, 	 Emu * * * * 	* 

PANDIONIDAE 
Pandion haliaetus, 	 Osprey A A 

ACCIPITRIDAE 
Elanus notatus, 	Black-shouldered Kite A A A A 
Accipiter fasciatus, 	Brown Goshawk A A A 	A 
Haliaeetus leucogaster, 

White-bellied Sea-Eagle A A 
Aquila audax, 	Wedge-tailed Eagle A A A A A 	A 
Hieraaetus morphnoides, 	Little Eagle A A A A A 	A 

FALCONIDAE 
Falco peregrinus, 	Peregrine Falcon # A A A A A 	A 
F. longipennis, 	Australian Hobby A A 
F. berigora, 	 Brown Falcon A A A A 	A 
F. cenchroides, 	Australian Kestrel A X X X A 	A 

OTIDIDAE 
Ardeotis australis, 

Australian Bustard * * 

HAEMATOPODIDAE 
Haematopus longirostris, 

	

Pied Oystercatcher 	* 

CHARADRI IDAE 
Vanellus tricolor, 	Banded Lapwing 	 * 	 * 
Pluvialis squatarola, 	Grey Plover 	* 
Charadrius ruficapillus, 

	

Red-capped Plover 	* 

SCOLOPAC IDAE 
Limosa lapponica, 	Bar-tailed Godwit 	* 

Calidris alba, 	 Sanderling 	* 

LARIDAE 
Larus novaehollandiae, 	Silver Gull 	* 	* 

Hydroprogne caspia, 	Caspian Tern 	* 

Sterna bergii, 	 Crested Tern 	* 



ANNEX 1 - Cont. 

HABITAT TYPE 	 1 	2 	3 	4 	5 	6 

BIRD SPECIES 

COLUMBIDAE 
Streptopelia senegalensis, 

Laughing Turtle-Dove * * 	* 
Phaps chalcoptera, 	Common Bronzewing * 	X 	* * 	* 

CACATUIDAE 
Calyptorhynchus latirostris, 

White-tailed Black-Cockatoo * 	* * 
Cacatua roseicapilla, 	 Galah * * 	* 

LORIIDAE 
Glossopsi tta porphyrocephala, 

Purple-crowned Lorikeet - 	* 

PLATYCERCIDAE 
Purpureicephalus spurius, 

Red-capped Parrot * * 
Platycercus icterotis, 

Western Rosella * * 	* 
Barnardius zonarius, 

Port Lincoln Ringneck X 	* 	* X 	* 

Neophema elegans, 	Elegant Parrot  

CUCULIDAE 
Cuculus pallidus, 	Pallid Cuckoo * * 
C. pyrrhophanus, 	Fan-tailed Cuckoo * * 
Chrysococcyx basalis, 

Fiorsfield's Bronze--Cuckoo * * 
C. 	lucidus, 	Shining Bronze-Cuckoo * 	* 	* * 

STRIGIDAE 
Ninox novaeseelandiae, 

Southern Boobook * * 

TYTONIDAE 
7yto alba, 	 Barn Owl 	 * 	* 

PODARGIDAE 
Podargus strigoides, Tawny Frogmouth 	 * 	* 

APODIDAE 
Apus pacificus, 	Fork-tailed Swift 	A 	A 	A 	A 	A 	A 
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ANNEX 1 - Cont. 

HABITAT TYPE 	 1 	2 	3 	4 	5 	6 

BIRD SPECIES 

ALCEDINIDAE 
Dacelo novaeguineae, 

Laughing Kookaburra + 	 * 	X 
Halcyon sancta, 	Sacred Kingfisher. 	 * 	* 

MEROP IDAE 
Merops ornatus, 	Rainbow Bee-eater 	A 	A 	X 	X 	A 	X 

HIRUNDINIDAE 
Cheramoeca leucosternum, 

	

White-backed Swallow 	* 	* 

Hirundo neoxena, 	Welcome Swallow 	* 	X 	* 

Cecropis nigricans, 	Tree Martin 	 * 	* 	* 

MOTACILLIDAE 
An thus novaeseelandiae, 

	

Richard's Pipit 	 X 	* 	 * 

CAHPEPHAGIDAE 
Coracina novaehollandiae, 

Black-faced Cuckoo-shrike * * * * 	* 
Lalage sueurii, 	White-winged Triller * * * 

MUSCICAPIDAE - 
Petroica multicolor, 	Scarlet Robin * * * 	* 
P. goodenovii, 	Red-capped Robin * 
Melanodryas cucullata, 	Hooded Robin * * * 
Pachycephala pectoralis, 

Golden Whistler * 
P. rufiventris, 	Rufous Whistler X X * 
Colluricincla harmonica, 

Grey Shrike-thrush * * 
Oreoica gutturalis, 	Crested Beilbird * * * 
Rhipidura fuliginosa, 	Grey Fantail X X * 
R. leucophrys, 	 Willie Wagtail X * X * 	* 

SYLVIIDAE 
Cinclorharnphus mathewsi, 

Rufous Songlark X * 
C. cruralis, 	 Brown Songlark * * 

MALURIDAE 
Malurus splendens, 

Splendid Fairy-wren * X * 
M. lamberti, 	Variegated Fairy-wren - 	* X 
M. 	leucopterus, 

White-winged Fairy-wren X X 

ACANTHIZIDAE 
Sericornis frontalis, 

	

White-browed Scrubwren 	 X 	* 	* 	* 

Smicrornis brevirostris, 	Weebill 	 * 	* 

Gerygone fusca, 	Western Gerygone 	 X 	* 

	

Acanthiza apicalis, Inland Thornbill 	 * 	X 	* 	* 

A. inornata, 	 Western Thornbill 	 * 	* 

A. chrysorrhoa, 

	

Yellow-rumped Thornbill 	 * 	X 	* 	* 
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ANNEX 1 - Cont. 

HABITAT TYPE 1 	2 3 4 5 	6 

BIRD SPECIES 

NEOS ITTIDAE 
Daphoenositta chrysoptera, 

Varied Sittella * 

HELl PHAGIDAE 
Anthochaera carunculata, 

Red Wattlebird X X * X 
A. chrysoptera, 	Little Wattlebird X * X * 
Manorina flavigula, 

Yellow-throated Miner * * 
Lichenostomus virescens, 

Singing Honeyeater * 	X * * * 
L. ornatus, 	Yellow-plumed Honeyeater * 
Melithreptus lunatus, 

White-naped Honeyeater * 
Lich.rnera indistincta, 

Brown Honeyeater * X X * 
Phylidonyris novaehollandiae, 

New Holland Honeyeater * X * 
P. nigra, 	White-cheeked Honeyeater X X 
P. melanops, Tawny-crowned Honeyeater X * 
Acanthorhynchus superciliosus, 

Western Spinebill * X * 

EPHTHIANURIDAE 
Ephthianura tricolor, 	Crimson Chat * * * 
E. albifrons, 	White-fronted Chat * * * 

DICAEIDAE 
Dicaeum hirundinaceum, 	Mistletoebird * * 

PARDALOTIDAE 
Pardalotus punctatus, 

Spotted Pardalote * 
P. striatus, 	Striated Pardalote * * 

ZOSTEROPIDAE 
Zosterops lateralis, 	 Silvereye * 	X X X * 

ARTANIDAE 
Artamus cinereus, 

Black-faced Woodswallow A A A 
A. cyanopterus, 	Dusky Woodswallow A A A 	A 

CRACTICIDAB 
Cracticus torquatus, Grey Butcherbird X X X * 	* 
Gymnorhina tibicen, Australian Magpie X X X * 	* 

CORVIDAE 
Corvus coronoides, 	Australian Raven * 	X X * x 	* 
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ANNEX 1 - Cont. 

HABITATTYPE 1 2 3 4 5 	6 

MAMMAL SPECIES 

TACHYCLOSS IDAE 
Tachyglossus aculeatus, 

Short-beaked Echidna * * * * 

DASYURIDAE 
Sminthopsis griseoventer, 

Common Dunnart  

BURRAMYIDAE 
Cercartebus concinnus, 

Western Pygmy-possum * * 

TARSIPEDIDAE 
Tarsipes rostra tus, 	Honey-possum * 

MACROPODIDAE 
Macropus irma, 	Western Brush Wallaby * * * * 

fuliginosus, Western Grey Kangaroo * * X * 	* 

MOLOS S IDAE 
Tadarida australis, 

White-striped Mastiff-bat A A A A 	A 

VESPERTILIONIDAE 
Nyctophilus major, 

Greater Long-eared Bat A A A A 	A 
geoffroyi, 	Lesser Long-eared Bat A A A A 	A 

Chalinolobus gouldii, 
Gould's Wattled Bat A. A A A 	A 

C. mono, 	Chocolate Wattled Bat A A A A 	A 
Falsistrellus mackenzei, 

Great Pipistrelle A A A A 	A 
Eptesicus regulus, 

King River Eptesicus A A A A 	A 

MU1UDAE 
Pseudomys albocinereus, 

Ash-grey Mouse * * * 

Mus musculus, 	 House Mouse + * * X * * 	* 

OTARIIDAE 
Neophoca cinerea, Australian Sea-lion # * 

LEPORIDAE 
Oryctolagus cunicu1us, 	 Rabbit + * X X * * 	* 

CANIDAE 
Vulpes vulpes, 	 Fox + * X X * * 	* 

FELIDAE 
Felis catus, 	 Feral Cat- + * * * * * 	* 



ANNEX 1 - Cont. 

HABITAT TYPE 	 1 	2. 	3 	4 	5 	6 

AMPHIBIAN AND REPTILE SPECIES 

LEPTODACTYLIDAE Frogs 
Heieioporuseyri * * 	* 
Limnodynastes dorsalis * * 	* 
Myobatrachus gouidii * * 	* 
Pseudophryne guentheri * * 	* 

GEKKONIDAE Geckos 
Crenaclactylus 0. oceliatus * 
Dipiodactyius aiboguttatus * * * 
D. polyophthaimus * * 
D. spinigerus * * * * 
Phyliodactylus in. marmoratus * * 
Phyliurus mliii * 

PYGOPODIDAE 	 Legless Lizards 
Aclys concinnus * * 
Aprasia repens * * * 
Delma fraseri * * * * 

grayii * * * * 
Lialis burtonis * * * * 
Pietholax g. gracilis * 
Pygopus lepidopodus * * * * 

AGAMIDAE 	 Dragon Lizards 
Pogona m. minor X * * * 	* 
Tyrnpanocryptis a. adelaidensis * * * 

SCINCIDAE Skinks 
Cryptobiepharus piagiocephalus * * 
Ctenotus faliens * * X 
C. 	iesueurii * 
Egernia kingii * 

napoleonis * * x * 
Hemiergis quadrilineata * * X * 	* 
Lerist:a elegans * * * * 
L. iineopunctuiata * 
L. praepedita * * x * 
Menetia greyii * * * * 
Morethia obscura * * 
Omolepida branchialis * * 
Tiiiqua occipitalis * 	* X * * 	* 
T. r. rugosa * 	X X X * 	* 

VARANIDAE 	 Monitors 
Varanus gouidii * 	* * * * 	* 
V. rosenbergi * * 	* 
V. 	t. 	tristis * * * * 

TYPHLOPIDAE 	 Blind Snakes 
Ramphotyphiops austraiis * * * 
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ANNEX 1 - Cont. 

HABITAT TYPE 	 1 	2 	3 	4 	5 	6 

AMPHIBIAN AND REPTILE SPECIES 

ELAPIDAE 	 Elapid Snakes 
Demansia psammophis reticulata * 	* * * 
Notechis corona tus * * 
N. curtus * * 
N. scutatus occidentalis * * * 	* 	* 
Pseudonaja a. affinis * 	* * * 	* 	* 
Rhinoplocephalus gouldii * * * 	* 	* 
Vermicella bertholdi * * X 	* 
V. birnaculaba * 	* 
V. calonotos # * 	* * * 
V. 	f. 	fasciolãta * 	* * * 
V. semifasciata * 	* * * 	* 
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SUMMARY 

Eglinton Resort Development Pty Ltd are investigating design options for the 
construction of a golf course resort and marina on a coastal site at Eglinton, some 
45 km north of Perth. As part of an assessment of the existing environment and its 
local and regional significance an appraisal of the vertebrate fauna of the project 
area was carried out on November 9, 14 and 22, 1989. 

An actual and provisional species list was constructed for the proposed 
development and adjacent areas. Actual records were gathered during the field 
inspection and provisional records i.e. species likely to be present but not recorded 
during the survey, were drawn from a number of published and unpublished 
sources. 

During the field assessment 30 species of bird, one native and three introduced 
mammals and eight reptiles were recorded. With the addition of seasonal and 
passage migrants, vagrants and cryptic vertebrates it is judged that the habitats of 
the project area and adjacent vegetation communities such as Banksia and Tuart 
woodland have the capacity to support a further 60 species of birds, 14 native 
mammals (including seven species of bats), one introduced mammal, four 
amphibians and 36 reptiles. 

The development area itself and the System Six land within it does not support 
Banksia or Tuart woodland and on this basis is expected to support 69 species of 
bird, 14 native mammals, three introduced mammals, four amphibians and 36 
reptiles. 

No rare vertebrates classified under Schedules 1 and 2 of the Wildlife Conservation 
Act as were recorded during the field survey although one bird, one mammal and 
one reptile are possibilities for the project area based on geographic distributions 
and habitat preference. 

The most important aspect of the proposed development area and the System Six 
land within it is that they represent a fairly large, relatively undisturbed tract of 
land with the capacity to support populations of vertebrates which have disappeared 
or are under pressure from the rapidly expanding metropolitan area. 

The proposed development will have a moderate, strictly local impact and a 
negligible regional impact. Of the 127 species of native vertebrate recorded or 
expected to be present either as residents, vagrants, nomads or seasonal migrants, 
no individual species is considered to be of special conservation significance. Of 
the three rare species which could be present, the Peregrine Falcon and Australian 
Sea-lion are transient visitors and the Black-striped Snake is mainly found in dune 
systems. The impact of the proposed development on these species is judged to be 
minor. 

The potential loss of, or disruption to the small portion of regional or local 
vertebrate populations occurring within the zone of influence of the proposed 
Eglinton Beach Resort will be minimal provided that the development is sensitively 
integrated with the existing environment, clearing is kept to a minimum and 
rehabilitation of disturbed areas is conducted as soon as is practicable. 
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APPENDIX 1 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE ACT, 
1972-1980 

Report of Findings 

"15. Any person who has knowledge of the existance of anything 
in the nature of Aboriginal burial grounds, symbols or objects of 
sacred, ritual of ceremonial significance, cave or rock paintings 
or engravings, stone structures or arranged stones, carved trees, 
or of any other place or thing to which this Act applies or to 
which this Act might reasonably be suspected to apply shall 
report its existance to the Trustees, or to a police officer, 
unless he has reasonable cause to believe the existance of the 
thing or place in question to be already known to the Trustees." 

Excavation of Aboriginal Sites 

1#16. 	(1) Subject to Section 18, the right to excavate or to 
remove any thing from an Aboriginal site is reserved to the 
Trustees. 

(2) The Trustees may authorise the entry upon and excavating 
of an Aboriginal site and the and the examination or removal of 
any thing on or under the site in such manner and subject to such 
conditions as they may direct." 

Offences Relating to Aboriginal Sites 

1117. A person who- 

Excavates, destroys, damages, conceals or in any way 
alters any Aboriginal site; or 

In any way alters, damages, removes, destroys, conceals, 
or who deals with in a manner not sanctioned by relevant custom, 
or assumes the possession, custody or control of, any object on 
or under an Aboriginal site, commits an offence unless he is 
acting with the authorisation of the Trustees under Section 16 or 
the consent of the Minister under Section 18." 

Consent to Certain Uses 

1118. (1) For the purposes of this section, the expression "the 
owner of any land" includes a lessee from the Crown, and the 
holder of any mining tenement or mining privilege, or of any 
right or privilege under the Petroleum Act, 1967, in relation to 
the land. 

(2) Where the owner of any land gives to the Trustees notice 
in writing that he requires to use the land for a purpose which, 
unless the Minister gives his consent in this Section, would be 
likely to result in a breach of Section 17 in respect of any 
Aboriginal site that might be on the land, the Trustees shall, as 
soon as they are reasonably able, form an opinion as to whether 
there is any Aboriginal site on the land, evaluate the importance 
and significance of any such site, and submit the notice to the 
Minister together with their recommendations in writing as to 
whether or not the Minister should consent to the use of the land 
for that purpose, and, where applicable, the extent to which and 
the conditions upon which his consent should be given. 



(3) 	When 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 the subject of the 
notice, or a specified part of the land, for the purpose 
required, subject to such conditions, if any, as he may specify; 

or 

(b) 	Wholly decline to consent to the use of the land the 
subject of the notice for the purpose required, 

and shall forthwith inform the owner in writing of his decision. 

Where the owner of any land has given to the Trustees 
notice pursuant to the subsection (2) of this section and the 
Trustees have not submitted it with their recommendation to the 
Minister in accordance with that subsection the Minister 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 
Trustees shall comply with any such requirement. 

Where the owner of any land is aggrieved by a deciion 
of the Minister made under subsection (3) of this section he may, 
within the time and in the manner prescribed by the rules of 
court, appeal from the decision of the Minister to the Supreme 
Court which may hear and determine an appeal. 

In determining an appeal under subsection (5) of this 
section the Judge hearing the appeal may confirm or vary the 
decision of the Minister against which the appeal has been made 
or quash the decision of the Minister, and may make such order 
as to the costs of the appeal as he sees fit. 

Where the owner of the any land gives notice to the 
Trustees under subsection (2) of this section, the Trustees may 
if they are satisfied that it is practicable to do so, direct the 
removal of any object to which this Act applies from the land to 
a place of safe custody. 

Where consent has been given under this section to a 
person to use any land for a particular purpose nothing done by 
or on behalf of that person pursuant to, and in accordance with 
any conditions attached to, the consent constitute an offence 
against the Act.' 



APPENDIX 2 

Notes on the Recognition of Aboriginal Sites 

There are various types of Aboriginal Sites, and these notes have 
been prepared as a guide to the recognition of those types likely 
to be located in the survey area. 

An Aboriginal Site is defined in the Aboriginal Heritage Act, 
1972-1980, in Section 5 as: 

"(a) Any place of importance and significance where persons 
of Aboriginal descent have, or appear to have, left any object, 
natural or artificial, used for, or made for or adapted for use 
for, any purpose connected with the traditional cultural life of 
the Aboriginal people, past or present; 

(b) 	Any sacred, ritual or ceremonial site, which is of 
importance and special significance, to persons of Aboriginal 
descent; 

(c) Any place which, in the opinion of the Trustees is or 
was 	associated with the Aboriginal people and which is of 
historical, anthropological, archaeological or ethnographical 
interest and should be preserved because of its importance and 
significance to the cultural heritage of the state; 

(d) 	Any place where objects to this Act applies are 
traditionally stored, or to which, under the provisions of this 
Act, such objects have been taken or removed." 

Habitation Sites 

These are commonly found throughout Western Australia and usually 
contain evidence of tool-making, seed grinding and other food 
processing, cooking, painting, engraving or numerous other 
activities. The archaeological evidence for some of these 
activities is discussed in details under the appropriate heading 
below. 

Habitation sites are usually found near an existing or former 
water source such as a gnamma hole, rock pool, spring or soak. 
They are generally in the open, but they sometimes occur in 
shallow rock shelters or caves. It is particularly important that 
none of these sites be disturbed as the stratified deposits which 
may be found at such sites can yield valuable information about 
the inhabitants when excavated by archaeologists. 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near 
horizontal rock surfaces. The smooth areas are usually 25cm wide 
and 40 or 50cm long. They are the result of seed grinding by the 
Aboriginal women and indicate aspects of past economy. 



Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, 
generally made of branches and sometimes 	of grass. These sites 
are rarely preserved for more than one occupation period. 
Occasionally rocks were pushed aside or used to stabilise other 
building materials. When these rocks patterns.are located they 
provide evidence for former habitation sites. 

Middens 

When a localised source of shellfish and other foods has been 
exploited from a favoured camping place, the accumulated ashes, 
hearth stones, shells, bones and other refuse can form mounds at 
times several metres high and many metres in diameter. 
Occasionally these refuse mounds or middens contain stone, shell 
or bone tools. These are most common near the coast, but examples 
on inland lake and river banks are not unknown. 

Stone Artefact Factory Sites 

Pieces of rock from which artefacts could be made were often 
carried to camp sites or other places for final production. Such 
sites are usually easily recognisable because the manufacturing 
process produces quantities of flakes and waste material which 
are clearly out of, context when compared with the surrounding 
rocks. All rocks found on the sandy coastal plain , for example, 
must have been transported by human agencies. .These sites are 
widely distributed throughout the State. 

Quarries 

When outcrops of rock suitable for the manufacture of stone tools 
were quarried by the Aborigines, evidence of the flaking and 
chipping of the source material can usually be seen in situ and 
nearby. Ochre and other mineral pigments used in painting rock 
surfaces, artefacts and in body decoration are mined from 
naturally occurring seams, bands and other deposits. This 
activity can sometimes be recognised by the presence of wooden 
digging sticks or the marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark 
which have been incised by Aborigines. Toeholds, to assist the 
climber, were sometimes cut into the bark and sapwood of trees in 
the hollow limbs of which possums and other arboreal animals 
sheltered. Some tree trunks bear scars where section of bark or 
wood have been removed and which would have been used to make 
dishes, shield, spearthrowers and other wooden artefacts. In some 
parts of the state wooden platforms were built in trees to 
accommodate a corpse during complex rituals following death. 

Burials 

in the north of the state it was formerly the custom to place the 
bones of the dead on a ledge in a cave after certain rituals were 
completed. The bones were wrapped in sheets of bark and the skull 
placed beside this. In other parts of Western Australia the dead 
were buried, the burial position varying according to the customs 
of the particular area and time. Natural erosion, or mechanical 
earthmoving equipment occasionally exposes these burial sites. 



Stone Structures 

If one or more stone are found partly buried or wedged into a 
position which is not likely to be the result of natural forces, 
then it is probable that the place is an Aboriginal site and that 
possibly there are other important sites nearby. There are 
several different types of stone arrangements ranging simple 
cairns or piles of stones to more elaborate designs. Low weirs 
which detain fish when tides fall are found in coastal ares. Some 
rivers contain similar structures that trap fish against the 
current. It seems likely that low stone slab structures in the 
south west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or 
pits were sometimes made to provide a hide or shelter for a 
hunter. 

Elongated rock fragments are occasionally erected as a sign or 
warning that a special area is being approached. Heaps or 
alignments of stones may be naturalistic or symbolic 
representations of animals, people or mythological figures. 

Paintings 

These usually occur in rock shelters, caves or other sheltered 
situations which offer a certain degree of protection from the 
weather. The best known examples in Western Australia occur in 
the Kimberley region but paintings are also found through most of 
the states. One of several coloured ochres as well as other 
coloured pigments may have been used at a site. Stencilling was a 
common painting technique used throughout the state. The negative 
image of an object was created by spraying pigment over the 
object which was held against the wall. 

Engravings 

This term described designs which have been carved, pecked or 
pounded into a rock surface. They form the predominant art form 
of the Pilbara region but are known to occur in the Kimberleys 
in the north to about Toodyay in the south. Most engravings occur 
in the open, but some are situated in rock shelters. 

Caches 

It was the custom to hide ceremonial objects in niches and other 
secluded places. The removal of objects from these places, or 
photography of the places or objects or any other interference 
with these places is not permitted. 

Ceremonial Grounds 

At some sites the ground has been modified in some way by the 
removal of surface pebbles, or the modeling of the soil, or the 
digging of pits and trenches. In other places there is not 
noticeable alteration of the ground surface and Aborigines 
familiar with the site must be consulted concerning its location. 



Mythological Sites 

Most sites already described have a place in Aboriginal 
mythology. In addition there are many Aboriginal sites with no 
man-made features which enable them to be recognised. They are 
often natural features in the landscape linked to the Aboriginal 
Account of the formation of the world during the creative 
"Dreaming" period in the distant past. Many such sites are 
located at focal points in the creative journeys of mythological 
spirit beings of the Dreaming. Such sites can only be identified 
by the Aboriginal people who are familiar with the associated 
traditions. 
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1.0 	INTRODUCTION 

A survey for the Aboriginal sites at the proposed Eglinton Beach 
Resort development near Yanchep was carried out by R.00onnor. G. 
Quartermaine and C. Bodney in August 1989. No sites were recorded 
in the course of that survey. Subsequent to this, Le Provost. 
Semeniuk and Chalmer, Environmental Consultants to the 
developers, were advised that the development had been extended 
to incorporate an additional parcel of land to the immediate 
south (see Figures One and Two) . Accordingly, a survey for 
Aboriginal sites in this extended area was commissioned and 
executed in March 1990. 

2.0 METHODOLOGY. 

The survey was conducted by R.O.Connor and C. Bodney, who 
gratefully acknowledge the assistance and advice of Mr. K. 
Colbung, Mrs. V. Mippy and Mr. N. Mippy. The methodology of this 
additional survey replicated that of the August 1989 survey. 

3.0 RESULTS. 

No sites of significance to living Aboriginal people have been 
recorded previously in the vicinity of the proposed development. 
The conclusion reached as a result of the discussions with 
Aboriginal people and site visit, was that no sites of 
significance would be impacted by the proposed development. 

1 



	

1.0 	INTRODUCTION 

	

1.1 	Background to Survey 

This addendum to the original report (O'Connor. Quartermaine and 
Bodney, 1989) is for a survey for Aboriginal sites at an 
extension of the first location, situated in the North West 
Corridor of the Perth Metropolitan Area. This is. known as 
Eglinton Beach Resort. 

This work was commissioned by Le Provost, Semeniuk and Chalmer 
and executed in March, 1990. Gary Quartermai.ne  conducted the 
archaeological survey with Caroline 1-leine as field assistant. 

The objectives of the archaeological survey were as follows: 

The assembly of data from previous work in the 
region,including information from W.A. Museum Aboriginal site 
files, previous survey reports, maps and environmental 
information. 

A sample survey of the project area. 

The location and recording of archaeologicaL sites within 
the designated survey area. 

1.2 Location 

The survey area is situated immediately south of the original 
project area between Wanneroo Road and the coast just south of 
Pipindinny Road. It has maximum dimensions of 1.0 km (NS) and 4.0 
km (EW) and encompasses an area of approximately 250 hectares 
(see Figures 1 and 2) 

1.3 Environment 

The environment has been described in the original report. It is 
mostly coastal heath with a small cleared area of pasture in the 
west central part and larger trees to the east. 

	

1.4 	Previous Archaeological Research 

As a result of previous surveys and independent research, four 
Aboriginal sites have been recorded and registered with the W.A. 
Museum on, or near the project area (see Table 1) . These are 

TABLE 1 : Aboriginal Sites in the Vicinity of the Project Area 

SH 50-14 1:250,000 Mapsheet 

WA Museum 	Grid Ref. 	Site type 
Site No. 

50051 	 374.084 	Artefacts, 
S2189. 	 366.099 	Mythological 
S0544 	 367.096 	Burial 

Site name 

Marshal 1 /Beechboro 
Loch McNess 
Yonderup Cave 

2 



2.0 METHODS 

	

2.1 	Obligations under the Act 

The Western Australian Aboriginal Heritage Act. 1972-1980, makes 
provision for the recording and preservation of places and 
objects customarily used by. or traditional to, the original 
settlers of Australia. The Act defines the obligations of the 
community relating to sites (Sections 15-18) 

The archaeological survey should identify the effects of the 
proposed disturbance of the physical environment on any 
Aboriginal archaeological sites. In recognition of the possible 
significance of this area to living Aboriginal people, 
consultationswith Aboriginal people identified as having an 
interest in the area were conducted by Rory OConnor, in 
conjunction with the archaeological survey. 

The consultant is obliged to submit site documentation for any 
newly recorded sites on appropriate forms for registration with 
the W.A. Museum. 

	

2.2 	Survey Design 

The survey design involved the following stages of operation. 

Background research - this involved familiarisation with 
W.A. Museum site files. survey reports, plus maps and 
environmental information for the area to be surveyed. 
Previously recorded Aboriginal sites. registered with the W.A. 
Museum, are listed in Table 1. 

Survey strategy - this consisted of a systematic sample of 
the project area. 

The field survey was completed using 1:20.000. 1:50.000 and 
1:250,000 topographic maps. 

A 4WD vehicle was used to drive around the perimeter of the 
survey area. Inspections were then made on foot at regular 
intervals of 200 metres. Any clear areas or potential site 
locations were also inspected. This enabled a field inspection of 
2096 of the survey area. 

The field survey was completed on foot in a series of E/W 
transects from the tracks running around the area. These 
transects were spaced at 200 metre intervals using maps and a 
compass which provided an adequate degree of accuracy for the 
purpose of this survey. Likely site locations in the remaining 
survey area were inspected. 

Access was possible to all sections of the corridor parts of the 
survey area by 4WD vehicle and on foot. Visibility was not good 
because of the thick surface vegetation. Disturbance was from 
farming activities, such as tree clearance, tracks and 

I 
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2.3 Site Definitions 

Aboriginal material culture is based. to a large extent, on non-
durable materials, such as wood, bark, fibre and skins, that have 
a limited life in the archaeological record. Stone tools. 
conversely, remain as often the only evidence of prehistoric 
activity. Bone, either as a tool, as refuse, or as a burial, 
falls somewhere between these extremes. Lofgren (1975:7) 
describes spears, spear-throwers and clubs for men, and digging 
sticks, wooden carrying dishes and grindstones for women, as the 
basic implements of Aboriginal life. 

Therefore, stone artefact sites reflect only one aspect of 
Aboriginal material culture which utilised a wide range of 
materials from the natural environment. 

For the purpose of this survey, a site was defined as any 
material evidence of prehistoric Aboriginal activity. This is 
manifested in a number of different site components which may 
occur singularly or with one or more of the others to form an 
archaeological site. The most common of these are surface 
artefact scatters, quarries, art sites, stone arrangements, 
rockshelters with evidence of occupation, grinding patches, 
burials, and marked trees. An artefact scatter was recorded as a 
site if it contained two or more artefacts in association. 
Solitary artefacts were recorded as Isolated Finds but not 
registered as sites. 

As samples were not collected in the field, it was important to 
standardise a recording format that would be of use for analysis 
and have relevance for other researchers. Categories under which 
site data was recorded are as follows: 

Site dimensions - extent and type: 

Artefact assemblage - number, type, lithic 
material, and dimensions of artefact; 

Environmental setting - vegetation, soil, drainage 
and proximity to water, surface visibility and 
disturbance. 

Stratigraphy - assessment of potential. 



3.0 	RESULTS 

No archaeo1ogcal sites were located as a result of the field 
survey. None have been previously recorded in the survey area. It 
is considered that any major archaeological sites would have been 
discovered by the survey strategy employed, given the environment 
of the survey area. 



	

4.0 	CONCLUSIONS 

	

4.1 	Discussion 

The proposed development project involves an extension of a 
previously inspected area in the North West Corridor of the Perth 
Metropolitan Area. This is named the Eglinton Beach Resort, and 
encompasses approximately 250 hectares west of Wanneroo Road and 
south of Pipindinny Road. 

The archaeological survey involved an investigation of previous 
research in the area. a systematic field survey of the project 
area, and the recording of any archaeological material located. 

No previously recorded archaeological sites are within the survey 
area. As a result of the field survey, no archaeological sites 
were located. 

Access was possible to all parts of the survey area. Visibility 
was not very good in the bushland because of surface vegetation 
cover and also poor in the pasture area because of grass cover. 
The various tracks and firebreaks gave the best surface 
visibility and provided a reasonable sample in this coastal 
sandplain where site potential is considered to be low. The most 
likely site locations, water courses and swamps, were not present 
in the survey area. 

4.2 Recommendations 

The recommendations which follow are based on field observations 
and investigations of previously recorded sites in area. 

In the light of the present investigation, given the results 
of the present survey in an area of low archaeological site 
potential, it is considered that no further archaeological work 
is warranted. It is recommended that development proceed. 

It is pointed out that human interference to Aboriginal sites 
is an offence, unless authorised under the Act, as outlined in 
Section 17 of the W.A. Aboriginal Heritage Act, 1972 - 1980. 
Therefore, it is recommended that the Developers take adequate 
measures to 'inform any project personnel of this requirement. 
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1.0 	INTRODUCTION 

1.1 Background 

This report. which is based on a period of field'research carried 
out in August 1989, was commissioned by Le Provost. Semeniuk and 
Chalmer. Environmental Consultants. The aim of the research was 
to identify and delineate areas of Aboriginal significance in the 
vicinity of the proposed Eglinton Beach Resort site near Yanchep 
and thus enable the Resorts developers to fulfil their 
obligations under the Aboriginal Heritage Act (1972-80) (See 
Figure One for location of survey area) . To this end, Aboriginal 
people who have long-term association with the region in 
question, were consulted by the authors. At the same time, and in 
recognition of the possible archaeological significance of the 
areas to be the impacted by the proposed development, an 
archaeological survey was conducted by Gary Quartermaine. 

1.2 Acknowledgements 

The research was conducted by R. OConnor and C. Bodney, who 
gratefully acknowledged the assistance and advice given by Mr C. 
Colbung and Mr N. Mippy. 

	

1.3 	Brief Description of Project 

The developer proposes the construction of a golf course and 
resort on the western side of the land, with a small marina 
adjoining on the seaward edge. At present, no firm plans exist 
for development on the eastern side of the land. 

	

1.4 	Format of Report 

The conduct of the field survey and format of this report are 
based upon: 

Guidelines for Developers and Consultants previously issued 
by the Department of Aboriginal Sites, Western Australian Museum; 

discussions with senior officers of that Department; 
the requirements of the W.A. Aboriginal Heritage Act: 
procedures standardised by the author in a large number of 

similar exercises, which have been acceptable to that Department 
in the past. 



2.0 ABORIGINAL SITES IN SOUTH - WESTERN AUSTRALIA 

2.1. 	Anthropological Considerations 

The Aboriginal political geography of South-Western Australia has 
been described in OConnor (1984 and 1985) and OConnor and 
Quartermaine (1986 and 1987). The following summarised points are 
relevant to the present exercise. 

2.1.1 South-Western Aborigines were a distinct sociocultural 
group in pre-contact times. 

2.1.2 Dialectal variation occured within a single South-
Western language family. 

2.1.3 A regional system of land tenure, based on either kinship 
or dialectal units existed. 

2.1.4 As contemporary accounts of these systems are internally 
inconsistent and sometimes contradictory, it is now 
impossible to reconstruct the pre-contact political 
geography of the region. 

2.1.5 Territorial separateness disappeared soon after European 
settlement, due to population movements, deaths and the 
development of the fringe camps (and later settlements 
and missions") 

2.1.6 The development of a widely- scattered population of mixed 
-ethnic background, who live in the South-West of this 
State, see themselves as sharing a common identity and 
refer to themselves as "Nyungars' occurred during the 
nineteenth century. 

2.1.7 Continuity with the traditional past, knowledge of 
regional mythology and knowledge of areas of religious 
significance were passed to the present senior adult 
generation of. Nyungars by a pivotal generation of culture 
transmitters. Among these, in the Metropolitan Region were 
Maitland Sandy, Chitty Hedland, Daglish Granny, Sam 
Broomhall, Herbert Dyson, Bulyil, Wandi, Nyinda Bropho, 
Lottie Harris and 011ie Worrell; and in the Murray River 
region were George Windjan, who settled in Mandurah, and 
Kitty, who settled in Pinjarra. The two last-named were 
survivors of the Battle of Pinjarra. 

2.1.8 There is now a determination among the present senior 
adult generation to protect remaining areas of 
significance from development. 

2.2 	"Significance" 

"Significance", in the survey area is attributed by Aboriginal 
people on the basis of former or current domestic usage, or on 
the basis of relevance to traditional ritual or mythology. 
Broadly speaking, this distinction can be viewed as a series of 
dichotomies between historical and mythological, human and 
supernatural, or mundane and sacred areas. Thus, one area may be 
viewed as significant from a historical/human/mundane viewpoint, 
and another from a mythological/supernatural/sacred viewpoint. 

2. 



As noted by O'Connor and Quartermaine (1989) in a recent report 
to the Water Authority of Western Australia (Aboriginal Site 
Survey of proposed Jandakot Mound Borefield), a substantial 
number of Aboriginal sites are mentioned in Hammond (1933), Moore 
(1885). Bates (numerous dates) and other historical sources. Any 
sites not known to contemporary Aborigines cannot reasonably be 
classified as "sites of significance to living Aborigines." 
However, rediscovery or realization of the existence of such 
sites, could lead to an attribution of significance. The history 
of Western Australian Museum (archaeological) site number S0999 
is a clear example of this : in that case, a 40,000 year old 
archaeological site, which was discovered by chance, has become 
an area of importance and significance to Aboriginal people from 
the Swan Valley (see Pearce and Barbetti [1981] for a description 
of this site). Therefore, the neat compartmentalization resulting 
from European academic disciplines may not fit absolutely the 
Aboriginal models; any archaeological or historical site in the 
survey region could also be potentially significant to Aboriginal 
people. 

2.3 	Regional Framework 

Waugal (also Wagal. Wagyl or Uocol) is the Dreaming Ancestor who, 
according to local tradition, created the Swan, Canning, Murray 
and Serpentine River systems, and retains a presence in some of 
the deep pools in the area. Waugal beliefs, widespread throughout 
the south-west, refer to a water-creative spiritual force with a 
serpentine physical manifestation. In some cases, the Waugal is 
seen as ubiquitous (described by one person as "a bit like God", 
i.e. the Christian Deity) or, at least, multi locational; in 
others, as purely local and associated with a particular creek or 
spring. This religious philosophy is not unique to the south-
west; Maddock (1982:114-115) describes a similar system in Arnhem 
Land. 

Apart from Waugal beliefs, however, a number of other myths, 
fragments of which have continued to the present day, are 
associated with the coastal plain and its hinterland (see, for 
example. O'Connor, 	et al, 1985) . 	Under the mythological/ 
supernatural/ sacred rubric could also be grouped rainmaking 
sites, which generally occurred in relationship with Waugal 
sites, and ritual grounds (colloquially known as "corroboree 
grounds"), generally located in proximity to large camping areas. 

3. 



3.0 THE SURVEY 

	

3.1 	Methodology 

Four separate phases were involved in the survey; 

examination of the existing ethnographic data base; 
consultation and discussions with relevant Aboriginal 
persons. with long-term local residents and with 
Wanneroo City Council personnel; 
site visit in company of Aboriginal people; 
report preparation. 

	

3.2 	Previously Recorded Sites 

No sites of significance to living Aboriginal people have been 
recorded previously in the vicinity of the proposed development. 

	

3.3 	Newly Recorded Sites 

The conclusion reached as a result of the survey is that no sites 
of significance to living Aborigines will be affected by the 
proposed development. 

	

3.4 	Additional Information 

Although it is not specifically an Aboriginal site issue, Mr Ken 
Colbung noted the existence of an unusually large blackboy tree 
in the eastern end of the survey area. He has requested that the 
developers should avoid damaging this tree, whose approximate 
location is shown in Figure Two. 

ri 
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1.0 INTRODUCTION 

1.1 Background to Survey 

An Aboriginal site survey of the proposed Eglinton Beach Resort 
Development near Yanchep was commissioned by Le Provost. Semeniuk 
and Chalmers, Environmental Consultants and executed in August, 
1989. Gary Quartermaine conducted the archaeological survey with 
Emma Quartermaine as field and research assistant. Rory O'Connor 
conducted an ethnographic survey at the same time. 

The objectives of the archaeological survey were as follows: 

The assembly of data from previous work in the region, 
including information from W.A. Museum Aboriginal site files, 
previous survey reports, maps and environmental data. 

A sample survey of the project area. 

The location and recording of archaeological sites within 
the designated survey area. 

1.2 Location 

The proposed development involves the construction of a golf 
course and resort in the western section of the project area, 
with a small marina on the coast. The dimension of the project 
area are approximately three kilometres (east-west) by one 
kilometre (north-south) (see Figure 1 for location) 

1.3 Environment 

The climate of the project area is dry Mediterranean 
characterised by winter rainfall and a dry summer. 	The average 
annual rainfall in Perth is 883 mm (Beard, 1979:25) . Mean monthly 
temperatures range from 13 degrees Celsius in June to 26 degrees 
Celsius in February (Beard, 1979:26) 

The project area is part of the Perth Basin geological unit. 
This is a deep trough filled with Phanerozoic sedimentary rocks 
with a surface mantle of Quaternary deposits (Playford, et al, 
1975) 

The area lies on the Quindalup Dune and Spearwood Dune landforms. 
The Quindalup Dunes are a Holocene sequence where calcareous 
sands occur both as beach ridges and parabolic dunes. The 
Spearwood Dunes are characterised by dunes lithified to limestone 
and without any recognisable trend patterns. Chief soils are 
siliceous sands, brown sands and leached sands in the sandhills 
all underlain with calcarenite at depth (Beard, 1979; and Seddon, 
1972). 

The vegetation consists of Banksia low woodland and coastal heath 
and thicket on recent dunes. A lower level of smaller trees 
comprises Banksia attenuata, Casaurina fraserana and Xanthorroea 
preissii. Shrubs include species of Acacia.. Hakea. Grevillea, and 
Jacksonia. There are patches of Banksia low woodland comprising 
B.attenuata and B. menziesii (Beard, 1979) 

1 



1.4 	Previous Archaeological Research 

The earliest evidence for prehistoric occupation of the South-
West of Australia is dated at 38,000 years ago, for a stratified 
site at Upper Swan. located 25 km northeast of Perth (Pearce and 
Barbetti, 1981) . A number of Holocene sequences have yielded data 
on possible cultural/environmental changes during, and after, the 
recent transgression of the sea, for the metropolitan region (see 
Clarke and Dortch, 1977; Hallam, 1974; and Pearce, 1978) . This 
work postulates increased populations on the Coastal Plain, 
rising to a peak just before European contact. 

As part of a regional survey of the Metropolitan area, Hallam 
(1986:5) concludes that the majority of sites lie around the 
lakes and swamps of the Swan Coastal Plain, and that site numbers 
double in the last few hundred years. Site density decreases 
westwards from the Pinjarra Plain/Bassendean Dunes zone with few 
sites recorded near the coast. Three phases of occupation are 
suggested for the Coastal Plain. These are: 

Early - low number of sites centred towards the coast. 
Artefacts include steep scrapers on 'flakes and scrapers made from 
an Eocene fossiliferous chert. This phase was up to 5000 years 
ago. 

Middle - from 5000 - 500 years ago. Showed a contraction of 
occupation to sites near permanent water. Artefacts were made on 
quartz and green chert and included backed blades, adzes, 
scrapers and flakes. 

C. Late - from 500 years ago. Concentration of sites on the 
Coastal Plain. Fabricators (bipolar cores) were introduced and a 
large percentage of assemblages were made up of qua'tz flakes, 
chips and debitage (Hallam, 1973.1974 and 1986). 

Prehistoric stone tool industries in the South-West have been 
classified into earlier and later phases (Dortch, 1977) . The 
early phase industries have only been documented from a few well-
dated sites. They include small thick flake scrapers, bipolar 
cores, notched-denticulated pieces, flakes from discoidal cores, 
and single and multi-platform cores. These artefacts have been 
manufactured from a range of lithic materials, including a 
distinctive Eocene fossiliferous chert. It appears that access to 
this chert was lost after the last marine transgression (Dortch, 
1977; Glover, 1975) 

Later phase stone industries, generally found in archaeological 
contexts dating from 4,000 years ago, include the addition of 
geometric microliths, backed blades, and a variety of adze 
flakes, which are part of the Australian "small tool tradition" 
(Dortch. 1977; Mulvaney, 1975). 

Anderson (1984) has proposed a land-use model for prehistoric 
exploitation of the Swan Coastal Plain, and its hinterland, based 
on regional research into the relative proportions of variously 
sized surface artefact scatters and their associated artefact 
densities. This model suggests that, due to the variation in 
resources available in the three different environmental zones 
investigated, there was more intensive use of the coastal plain 
than either the adjacent forest or open woodland plateau. 
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As a result of previous surveys and independent research, three 
Aboriginal sites have been recorded and registered with the W.A. 
Museum within 5 kms of the proposed development ( Hallam, 1986) 
These sites include ethnographic sites. They are listed in Table 
1. 

TABLE 1 : Aboriginal Sites in the Vicinity of the Proposed 
Development. 

SH 50-14 1:250.000 Mapsheet 

WA Museum Grid Ref. 	Site type 	 Site name 
Site No. 

S0051 	374.084 	Artefacts,markings Orchestra Shell Cave 
52189 	366.099 	Mythological 	Loch McNess 
50544 	367.096 	Burial 	 Yonderup Cave 
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2.0 	METHODS 

2.1 Obligations under the Act 

The Western Australian Aboriginal Heritage Act. 1972-1980, makes 
provision for the recording and preservation of places and 
objects customarily used by, or traditional to, the original 
settlers of Australia. The Act defines the obligations of the 
community relating to sites (Sections 15-18). 

The archaeological survey should identify the effects of the 
proposed disturbance of the physical environment on any 
Aboriginal archaeological sites. In recognition of the 
significance of this area to living Aboriginal people, an 
investigation of Aboriginal interests was conducted by Rory 
O' Connor. 

The consultant is obliged to submit site documentation for any 
newly recorded sites on appropriate forms for registration with 
the W.A. Museum. 

	

2.2 	Survey Design 

The survey design involved the following stages of operation. 

Background research - this involved familiarisation with 
W.A. Museum site files, survey reports, plus maps and 
environmental information for the area to be surveyed. 
Previously recorded Aboriginal sites, registered with the W.A. 
Museum, are listed in Table 1. 

Survey strategy -- this consisted of a systematic survey of 
the proposed development area. 

The field survey was completed using 1:25,000 and 1:50,000 
topographic maps of the area. 

A 4WD vehicle was used to drive along the various tracks and 
firebreaks in the project area. Inspects were made on foot at 
regular intervals. 

Apart from limestone outcrops, there were no features in this 
homogenous sandplain. This enabled a field inspection of 
approximately 25% of the survey area. 

Access was possible to all sections of the area by 4WD vehicle 
and on foot. Visibility was restricted by the ground cover 
vegetation and only good along tracks and firebreaks. However, 
there was generally some form of track throughout the project 
area and a cross-section was able to be inspected. 
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2.3 Site Definitions 

For the purpose of this survey, a site was defined as any 
material evidence of prehistoric Aboriginal activity. This is 
manifested in a number of different site components which may 
occur singularly or with one or more of the others to form an 
archaeological site. 	The most common of these are surface 
artefact scatters. quarries, art sites, stone arrangements, 
rockshelters with evidence of occupation. grinding patches, 
burials, and marked trees. 	An.artefact scatter will be recorded 
as a site if it contains three or more artefacts in association. 
Solitary artefacts will be recorded as Isolated Finds but will 
not be registered as sites. 

As samples will not be collected in the field, it is important to 
standardise a recording format that will be of use for analysis 
and have relevance for other researchers. 	Categories under 
which site data will be recorded are as follows: 

Site dimensions - extent and type: 

Artefact assemblage - number,, type, lithic material, and 
dimensions of artefact: 

Environmental setting - vegetation, soil, drainage and 
proximity to water, surface visibility and disturbance. 

Stratigraphy - assessment of potential. 
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3.0 	RESULTS 

No archaeological sites were located as a result of the field 
survey.. None have been previously recorded in the survey area. It 
is considered that any major archaeological sites would have been 
discovered by the survey strategy employed, given the size of the 
survey area and the local environment. 

	

4.0 	CONCLUSIONS 

	

4.1 	Discussion 

The proposed development involves a coastal resort development, 
just south of Yanchep. 

The archaeological survey involved an investigation of previous 
research in the area, a systematic field survey of the project 
area, and the recording of any archaeological material located. 

No previously recorded archaeological sites are within the survey 
area. As a result of the field survey, no archaeological material 
was located. 

Access was possible to all parts of the survey area. Visibility 
was not very good in the bushland because of surface vegetation 
cover. The various tracks and firebreaks gave the best surface 
visibility and provided a sufficient sample in this homogenous 
sandplain where site potential is considered to be low. The most 
likely site locations, water courses and swamps, were not present 
in the survey area. 

4.2 Recommendations 

The recommendations which follow are based on field observations 
and investigations of previously recorded sites in area. 

In the light of the present investigation, given the results 
of the present survey in an area of low archaeological site 
potential, it is considered that no further archaeological work 
is warranted. It is recommended that development proceed. 

It is pointed out that human interference to Aboriginal 
sites is an offence, unless authorised under the Act, as outlined 
in Section 17 of the W.A. Aboriginal Heritage Act. 1972 - 1980. 
Therefore, it is recommended that the Developers take adequate 
measures to inform any project personnel of this requirement. 
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FORESHORE AND LANDSCAPE MANAGEMENT PLAN 

1.0 INTRODUCTION 

The purpose of this Plan is to describe the management measures that 
are to be adopted to ensure development of the Eglinton Golf Course 
and Marina does not compromise the integrity of the foreshore area in 
the immediate and longer terms, and to describe the measures to be 
undertaken to increase public opportunity for use and enjoyment of this 
resource whilst minimizing the effects of direct impacts. 

2.0 PROPOSED DEVELOPMENT 

The basic concept behind the proposal is to develop an international 
standard Golf Course Resort with a minor residential component, on the 
coast, relatively close to Perth. The golf course area is to be maintained 
in a state as close to natural as is feasible, whilst the hotel complex, 
clubhouse and residential components will be landscaped and orientated 
to offer relief from the at times harsh coastal environment. 

The overriding consideration in development of the Marina and Golf 
Resort is to preserve and protect the natural environment to ensure the 
coastal character of the area can be embodied in the overall concept. 

Protection and enhancement of the natural coastal environment is crucial 
to the success of this project. 

3.0 ENVIRONMENTAL DESCRIPTION 

3.1 Shoreline Stability 

Riedel and Byrne Consulting Engineers as part of the Public 
Environmental Report for the Eglinton Project, have prepared a Coastal 
Engineering Study which examines water levels, wind, waves and coastal 

processes in order to; 
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facilitate the design of breakwater profiles and the harbour entrance. 
establish the impact of the marina on the longshore sediment 
transport and on the coastline either side of the development. 
determine the shape of equilibrium beach alignments in the pocket 
beaches adjacent to the harbour. 
estimate the size of the sand buffers andlor sand by-passing required 
to enable continued serviceability of the marina and stability of the 
adjacent coastline. 

With respect to coastal processes and shoreline stability Riedel and Byrne 
assessed the present coastal processes and examined historical sediment 
transport and the overall sediment budget between Quinns Rocks and 
Yanchep. 

The methodology used in the assessment included:- 

Review of Physical Features 
- Aerial Photographs 
- Published Charts and Hydrographic Surveys 
- Field Inspections 

: 	 - Historical Shoreline Movement Plan 

Numerical Modelling 
- Model Calibration 
- Longshore Sediment Transport 

The Riedel and Byrne assessment has foundthat the coastline between 
Quinns and Eglinton is very stable, with a mild inshore wave climate 
brought about by the pacifying effects of the off-shore reef system and 
seagrass meadows. The coastline between Quinns and Eglinton is 
divided into a series of discrete cells with little transfer of sediment from 
one cell to the other: The Eglinton site itself is at a null point with sand 
being fed into the area from both the north and south, albeit at a 
relatively low rate. 	• 
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The conclusion drawn from the coastline process analysis is that the 
construction of the harbour at Eglinton should have no impact on the 
coastline either side of the development, and in fact construction of the 
groyne field and pocket beaches on either side of the harbour should 
assist in further stabilizing the coastline and create popular swimming 
beaches. 

3.2 The Beach Dune System 

Sandy coasts are typified by short term changes where a beach can build 
up during calm weather and be eroded back from wave attack during 
storms. The dunes accumulate sand when vegetation is intact and may 
become areas of mobile sand should vegetation be disturbed. The 
onshore winds are also an important feature at Eglinton determining in 
part the rate of dune erosion. This factor needs to be considered in the 
revegetation and restoration of the dune systems on the site. 

The dunal landscape comprises aeolian soils of the Quindalup 
Association. These were formed during the last four or five thousand 
years and due to the high degree of leaching contain very low levels of 
soil nutrients. The dune system is typical of most Quindalup dunes of 
the Perth Metropolitan. 

Landform character of the site has been determined largely by the action 
of wind and subsequent movement of these soils as parabolic dunes. 
The vestern margin of the land comprises younger Quindalup Dune 
"Blowouts", whilst to the west are the remnants of an older parabolic 
dune system also of the Quindalup Association. It is important to note 
that both of these previously active dunal landforms are now very well 
stabilized indicating that on-shore deposition of sand occurs today at a 
far lower rate than occurred in the past. 

The frontal dunes at Eglinton have been destabilised at numerous points 
due to a variety of causes. It is likely that grazing of stock or rabbits has 
contributed to erosion of the sand dunes, particularly those located in the 
southern part of the site. 
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This irrigation comes under the landscape designer's 
responsibility. It will be necessary to connect to the golf course 
irrigation system to accomplish this rehabilitation adjacent to 
the golf course. 

Golf course bentgrass greens: 
The greens will require valve-in-head irrigation heads for 
individual head control. The need to understand the golf 
course designer's width for greens will be of some importance 
leading into the selection of the particular irrigation heads to 
be used. 

Golf course fairway - "Wintergreen II": 
The fairways will require valve-in-head irrigation for one to 
two head control per controller station. Designed widths of 
the fairway turf will also be an integral part of the irrigation 
head selection for the fairways. 

Golf course fairway edges - "Wintergreen II/Fescue: 
These edge areas will be the actual areas of intersection 
between the Wintergreen II and the Fescue rough area grasses. 
It is of key importance to the long term control of these 
grasses to have the ability to manage the water to each grass 
separately. The application of too much water to certain areas 
of Wintergreen II may cause this grass to tend to "creep"  or 
"move" into the Fescue grasses in the grasses depressions 
adjacent to many fairway/green area features. 

In the areas of water management and subsequent water 
conservation, the two turf species will require different 
amounts and frequencies of irrigation based On: 

different heights of out 
different aesthetic requirements (it is aesthetically pleasing 
to attain a "brownish" or "dry" look in the fescue rough 
areas for contrast), 
different rooting depths, 
irrigating and fertilizing the fescue rough less in quantity 
and frequently will reduce mowing and maintenance on 
steeper areas of golf course features. 
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6. 	All Fescue rough areas: 
The Fescue rough will be drought tolerant and it is also 
desirable that these grasses be off colour to help develop 
contrast in the architectural aesthetics of the golf course. With 
these items in mind, separate control of the irrigation in the 
Fescue rough area is essential. The heads, however, could be 
piped together in "like" areas reducing the future maintenance 
of this portion of the Irrigation system. 

The Irrigation Control System - The Irrigation control system will be 
the extension from the field locations carefully attained for each and 
every irrigation head to the golf course superintendent. The 
importance of the control system's ability to "link up" with the 
programming in the distinct areas of irrigation is essential to the 
overall "look" of the project in addition to the ability of the golf 
course superintendent to properly manage the water. 

At this time the following parameters are the key for the control 
system: 

Must have the ability to easily change the areas to be irrigated. 
With the strong winds evident on this particular site, there will 
be the necessity to irrigate "upwind areas" and avoid irrigating, 
irrigation heads adjacent to the native dunes in the 
"downwind areas". 

In addition, the use of multiple type of grasses will require the 
central control system to have programming capabilities to 
isolate each type of grass for the conservation of water. 

The control system shall be in direct communication with an 
on-site weather station. The information from the weather 
station shall provide the central controller with the information 
necessary to properly adjust station area times in the field. 

The use of moisture sensors parallel to the central control 
system will be another tool for water conservation. At this 
time the moisture sensor component of the control system will 
not be an integral part, but will provide information on a 
regular basis as to the moisture content in the root zone and 
whether or not irrigation is necessary at a given time. 



0 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

300 

N 

s 250 

H 

0 
R 200 

E 

0 150 

R 

E 100 
C 

I 

I 	50 
0 

N 

Peak 

Period 

- 6 sec 

-- 7 sec 

8 sec 

- 9 sec 

10 sec 

— 11 sec 

-- 12 sec 

SITE 9 - SWELL 
Peak 

Period 

0.7 

0.6 
A 

V 

E 	
0.5 

0.4 

0.3 

0.2 

0.1 

— 6 sec 

-- 7 sec 	I 

8 sec 

- 9 sec 

10 sec 

— 11 sec 

-- 12 sec 

0 	 I 	 - 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 9 - SWELL 

RIEDEL & BYRNE OOJSuLG E.GNEERS EL 



SITE 10 - SEA 

Peak 

Period 

/ 	 -------- 

H2.0sec 

-- 3.0 sec 

4.0 sec 

- 5.0 sec 

-- 6.0 sec 

— 7.0 sec 

-- 8.0 sec 

0.2 

0 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0 

OFFSHORE DIRECTION (Deg) 

350 

1 300 

N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

SITE 10 - SEA 	 . 

Peak 

Period 

- 2.0 sec 

3.0 sec 

4.0 sec 

-- 5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec - 

0 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE  

1.2 T 

w 
A 

V 

E 
0.8 

C 

0 

E 

F 	0.6 

F 

C 

1 	0.4 
E 

N 

T 



SITE 10 - SWELL 

1.2 

W 
A 	1 

V 
E 

0.8 
C 

0 

E 

F 0.6 
F 

C 
0.4 

E 

N 

T 0.2 
S 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

- 10.0 sec 

— 11.0 sec 

-- 12.0 sec 

0 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 10 - SWELL 	 . 	 . 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

300 

250 

200 
R 

E 

D 150 

R 
E 
C 100 

T 

50 
N 

01 	i 	I 	 I 	i 	I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE 



SITE 11 - SEA 
Peak 

Period 

1.2 

w 

A 	1 

V 
E 

0.8 
C 
0 
E 
F 0.6 
F 

C 
i 0.4 

E 
N 

T 0.2 
S 

— 2 sec 

sec 

4 sec 

- 5 sec 

- - 6 sec 

- 7 sec 

-- 8 sec 

0 	i 	I 	I 	I 	I 	I 	I  

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

SITE 11 - SEA 	 - 

350 

1 300 
N 
S 

H 250 
0 
R 

E 200 

150 

T 100 

0 
N 50 

Peak 

Period 

- 2 sec 

-- 3 sec 

4 sec 

- - 5 sec 

- - 6 sec 

- 7 sec 

DI 	I 	1 	I 	 I 	i 	i 	I 	i 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RtEOEL & BYRNE .:. ......... 



SITE 11 - SWELL 

Peak 
Period 

- 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

300 

W 
A 250 

V 
E 

200 

0 
E 
F 150 
F 

C 
100 

E 
N 
T 	50 
S 

01 	 I 	 I 	I 	I 	 I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 11 - SWELL 

Peak 
Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

- •10.0 sec 

— 11.0 sec 

-- 12.0 sec 

1.2 

0 0.8 
R 
E 

D 0.6 

R 
E 
C 0.4 

I 

0 0.2 
H 

0 -F ------.-- 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE :. ..... 



SITE 12 - SEA 

Peak 

Period 

— 2.0 sec 

-- 3.0 sec 

4.0 sec 

- 5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec 

1.2 

U 

A 	
1 

V 

E 

0.8 
C 

0 

E 

F 0.6 

F 

C 
i 0.4 

E 

N 

0.2 
S 

0-1 	I 	 I 	 I 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0 

OFFSHORE DIRECTION (Deg) 

SITE 12 - SEA 	 • 	 s .," - 

Peak 

Period 

— 2.0 sec 

-- 3.0 sec 

4.0 sec 

- 5.0 sec 

6.0 sec 

— 7.0 sec 

-- 8.0 sec 

350 

I 300 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

DI 	i 	I 	Ii 	I 	I 	i 	i 	i 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE  



SITE 12 - SWELL 

1.2 

U 
A 	1 

V 
E 

0.8 
C 
0 
E 

F 0.6 
F 

C 
i 04 

E 

N 

0.2 
S 

0 

Peak 

Period 

— 6.0 sec 

7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

—11.0 sec 

-- 12.0 sec 

 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

 

300 

250 

200 
R 

E 

O 150 

R 

E 
C 100 

T 

0 50 
N 

SITE 12 - SWELL 

Peak 

Period 

r
_6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

—11.0 sec 

-- 12.0 sec 

0 	i I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Oeg) 

RIEDEL & BYRNE 	 L 



SITE 13 - SEA 
Peak 

Period 

1.2 

U 

A 	
1 

V 

E 

0.8 
C 

0 

E 

F 0.6 

F. 

C 
0.4 

E 

N 

T 0.2 
S 

— 2.0 sec 

-- 3.0 sec 

4.0 sec 

- 5.0 sec 

6.0 sec 

— 7.0 sec 

-- 8.0 sec 

UI 	i 	i 	i 	I 	iI 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

SITE 13 - SEA 

Peak 

Period 

r 20 
sec 

-- 3.0 sec 

4.0 sec 

5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec 

350 

I 300 
N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

01 	I 	i 	i 	i 	 I 	I 	i 	i 	I 	I 	 I 	I—I 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE 	 .3.EE3 



0.7 

W 0.6 
A 

V 

E 

C 

0.4 
E 

F 

F 
0.3 

C 

E 0.2 

N 

T 

S 	0.1 

SITE 13 - SWELL 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 13 - SWELL 

Peak 

Period 

ri 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

12.0 sec 

300 

250 

200 
R 

E 

o 150 

R 

E 
100 

T 

0 	50 
N 

0 	1 	 1 	 I 	I I 	 I 	 I - 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE :0.:.3 3.EES 





SITE 14 - SWELL 

0.7 

W 0.6 
A 

V 

E 0.5 

C 

0.4 
E 

F 

F 
0.3 

C 

E 0.2 

N 

T 

s 	0.1 

Peak 

Period 

6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

 

I 	I 	 i 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

 

350 

I 300 

N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

SITE 14 - SWELL 

Peak 

Period 

— 6.0sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

01 	I 	I 	I 	I 	 I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE ..,: 



SITE 15 - SEA 

1.2 

L± '--------- '-'-- 

-- 	 'N 
CH .  

0.6 

	

04 	
/ 

	

T02 	 V 
01: 1,1 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

Peak 

Period 

- 2.0 sec 

-- 3.0 sec 

4.0 sec 

' 5.0 sec 

-'- 6.0 sec 

7.0 sec 

-- 8.0 sec 

350 

1 300 

N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

SITE 15 - SEA 
Peak 

Period 

— 2.0 sec 

-- 3.0 sec 

4.0 sec 

5.0 sec 

-"- 6.0 sec 

— 7.0 sec 

-- 8.0 sec 

0 	 I 	• 	 I 	I 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE --; • 



SITE 15 - SWELL 

Peak 

Per iod 
0.9 

0.8 
W 
A 
v 0.7 

E 

0.6 
C 

0 

E 0.5 

F 

F 	0.4 

C 
0.3 

E 

N 0.2 
T 

0.1 

0 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

12.0 sec 

 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

 

SITE 15 - SWELL 

300 

N 
250 -1- 

S 

H 

0 200 
R 

E 

D 150 

R 

E 
C 100 

T 

50 
N 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

0! 	I 	i 	I 	I 	i I 	 I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE cy 	. E3.EERS 



SITE 16 - SEA 

Peak 

Period 
1.2 

U 
A 	1 

V 
E 

0.8 
C 
0 
E 
F 0.6 
F 

C 
0.4 

E 
N 

T 0.2 
S 

2.0 sec 

3.0 sec 

4.0 sec 

5.0 sec 

- 6.0 sec 

-- 7.0 sec 

8.0 sec 

 

ii 	II 	 I 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHCRE DIRECTION (Deg) 

 

SITE 16 - SEA 
Peak 

Period 
350 

I 300 
N 
S 

H 250 
0 
R 

E 200 

150 

100 

0 
N 50 

— 2.0 sec 

- 3.0 sec 

4.0 sec 

-• - 5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec 

0 	l 	I 	I 	I 	I 	I 	Ii 	i 	i 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE  



SITE 16 - SWELL 

0.9 

:: 	 S  

0.6 

E 05  

0.3 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

Peak 
Period 

- 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

12.0 sec 

SITE 16 - SWELL 

300 

250 

0 200 
R 

E 

o 150 

R 

E 
C 100 

T 

0 50 
H 

UI 	 I 	• 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 	- 

Peak 
Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

RIEDEL & BYRNE 	3: 



350 

I 300 
N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

. 

Peak 
ofl..; 

-- 3.0 sec 

4.0 sec 

5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec  

SITE 17 - SEA 

Peak 

Period 
1.2 

w 
A 

V 

E 

0.8 
C 

0 

E 

F 0.6 

F 

C 
0.4 

E 

N 

T 0.2 
S 

2.0 sec 

3.0 sec 

4.0 sec 

5.0 sec 

6.0 sec 

— 7.0 sec 

-- 8.0 sec 

01 	I 	I 	I 	i 	I 	i • . 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

SITE 17 - SEA 

01 	I 	I 	I 	II 	 I 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RIEDEL& SYRNE:. 



0.9 

0.8 
W 

A 

v 0.7 

E 

0.6 
C 

0 

E 	0.5 

F 	0.4 

C 

I 	0.3 

E 

N 0.2 
T 

0.1 

SITE 17 - SWELL 

Peak 

Period 

— 6.0 sec 	- 

-- 7.0 sec 

8.0 sec 

-- 9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

0 	 1T i 	 i 	 I 	 i 	 I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 17 - SWELL 

300 

250 

0 200 
R 

E 

D 150 

R 

E 
C 100 

T 

0 50 
N 

Peak 

Period 

— 6.0 sec 

7.0 sec 

8.0 sec 

-- 9.0 sec 

10.0 sec 

11.0 sec 

-- 12.0 sec 

01 	i 	I 	I 	I 	 I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE- -- 	3.ES 



Ho sec 

-- 3.0 sec 

4.0 sec 

5.0 sec 

6.0 sec 

— 7.0 sec 

-- 8.0 sec 

I 300 
N 

S 

H 250 
0 

R 

E 200 

150 

T 100 

0 
N 50 

SITE 18 - SEA - 	
Peak 

Period 

SITE 18 - SEA 
Peak 

Period 

1.2 

1 

A 

V 

E 

0.8 
C 

0 

E 

F 0.6 

C 
0.4 

E 

N 

T 0.2 
S 

— 2.0 sec 

-- 3.0 sec 

4.0 sec 

- 5.0 sec 

6.0 sec 

- 7.0 sec 

-- 8.0 sec 

01 	 I 	 I 	i 	I 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

01 	II 	I 	I 	I 	I 	I 	i 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE c-,: -. 



 

SITE 18 - SWELL 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

- 10.0 sec 

— 11.0 sec 

12.0 sec 

0.9 
W 

A 0.8 
V 
E 

0.7 

C 
0 0.6 

E 

F 	0.5 
F 

I 	0.4 
C 

0.3 
E 

N 
T 0.2 

S 
0.1 

0 	r -T' — r -   -i 	I 	i 	I 	I 	I 	I 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 18 - SWELL 

Peak 
Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

300 

250 

200 
R 
E 

D 150 

R 
E 

c 100 

T 

0 50 
N 

UI 	I 	I 	I 	I 	I 	 I 	 I 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL & BYRNE 



1.2 

A 
V 
E 

0.8 
C 
0 
E 
F 	0.6 
F 

C 
0.4 

E 
N 

T 0.2 
S 

0 

SITE 19 - SEA 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320.330 340 350 0 

OFFSHORE DIRECTION (Deg) 

Peak 

Period 

— 2.0 sec 

3.0 sec 

4.0 sec 

5.0 sec 

-.. 6.0 sec 

— 7.0 sec 

-- 8.0 sec 

Peak 

Period 

- 2.0 sec 

-- 3.0 sec 

4.0 sec 

-- 5.0 sec 

6.0 sec 

— 7.0 sec 

-- 8.0 sec 

350 

1 300 
N 
S 

H 250 
0 
R 

E 200 

150 

T 100 

0 
N 	50 

0 

- 	2 	 SITE 19 - SEA 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 0 

OFFSHORE DIRECTION (Deg) 

RIEQEL & BYRNE osj: ENG NEERS EL 



0.9 

0.8 
W 

A 

v 0.7 

E 

0.6 
C 

0 
E 0.5 

F 

F 0.4 

C 

I 	0.3 

E 

N 0.2 
T 

0.1 

SITE 19 - SWELL 

Peak 

Period 

— 6.0 sec 

-- 7.0 sec 

8.0 sec 

- 9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

0 r'TrT 	 I 	i I 	I 

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

SITE 19 - SWELL 

Peak 

Period 

- 6.0 sec 

-- 7.0 sec 

8.0 sec 

9.0 sec 

10.0 sec 

— 11.0 sec 

-- 12.0 sec 

300 

250 

0 200 
R 

E 

D 150 

R 

E 
C 100 

T 

50 
N 

01 	 I 	 I 	 I 	 I 	 I 	• l 

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 

OFFSHORE DIRECTION (Deg) 

RIEDEL•& BYRNE CONSULIN3 E'3!NEER PL 



Eglinton Resort Development Pty Ltd 

Eglinton Beach Resort 

Public Environmental Review 

APPENDIX 4 

WATER QUALITY AND EXCHANGE 

EGLINTON BEACH RESORT 

LEC Ref: J1791R270 



REPORT: 	WATER QUALITY AND EXCHANGE 

PROJECT: 	EGLINTON BEACH RESORT 

LOCATION: PERTH 
CLIENT: 	EGLINTON RESORT DEVELOPMENT PTY LTD 

DATE: 	MARCH 1990 

STATUS: 	FINAL 

Approved for Release 

A.P. BYRNE 
RIEDEL & BYRNE Consulting Engineers Pty Ltd 

4 Walcott Street 
Mount Lawley 6050 
PERTH, WESTERN AUSTRALIA 

Telephone: (09) 370 4122 
Facsimile: (09) 370 4133 

Report No 	R375 
Job NO 	J645 



TABLE OF CONTENTS 

INTRODUCTION 

CONTAMINANT SOURCES 

	

2.1 	Nutrient Inflow 

	

2.2 	Source Water 

	

2.3 	Anti-Fouling Coatings 

	

2.4 	Oils, Fuel and Greases 

	

2.5 	Bilge Water Discharges 

EXCHANGE MECHANISMS 

	

3.1 	Harbour Geometry 

	

3.2 	Tidal Exchange 

	

3.3 	Wind Induced Exchange 

	

3.4 	Density Currents 

	

3.5 	Total Exchange 

CONCLUSION 

REFERENCES 

RIEDEL & BYRNE CONSULTft4G ENGINEERS P/L 



Water Quality and Exchange 	 Page 1 

1. 	INTRODUCTION 

In any development such as the recreational boat harbour at Eglinton, care must be 

taken to ensure that the quality of water in the harbour does not deteriorate. 

The EPA in their report 'Water Quality Criteria for Marine and Estuarine Waters of W.A.' 

have set out levels of water quality to maintain and preserve aquatic ecosystem such that 

any discharge or man made change will be readily assimilated and withstood by the 

system without detectable effects on the biota or structure of the ecosystem to which 

they belong. 

For these and general aesthetic criteria the water should be: 

- 	Free from substances which would settle to form putrescent or 

objectionable sludge. 

- 	Free from floating debris, oil etc in objectionable amounts. 

- 	Free from materials which will produce colour, odour or turbidity which may 

be objectionable. 

- 	Free from dangerous pollutants at unacceptable levels. 

These criteria can be met if there is good quality source water and if the harbour has 

adequate circulation and exchange. 
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2. 	CONTAMINANT SOURCES AND QUANTITIES 

The main source of contaminants that deteriorate water quality isolated in similar 

developments have been identified as: 

Nutrient inflow from inadequate sewerage (whether residential or 

accommodated boats), farm runoff, and indiscriminate rubbish dumping. 

Storm water carried silts and pollutants. ie. quality of the source water. 

Anti fouling coatings. 

Oil, fuel and grease spillages or bilge discharges. 

For the most part these can be controlled by strict management policy. 

2.1 	Nutrient Inflow 

As the proposed residential development is to be fully sewered and is not in an 

agricultural area, problems from these sources are not expected. The nature of the 

residential part of the development will ensure that dumping will not go unobserved and 

thus will not be of concern. The effluent nutrient load from boats should be minimal as 

most vessels will be owned by residents and people can be expected to use the 

residential or marina facilities. Long term accommodation on board vessels within the 

marina will not be permitted. The discharge from holding tanks will be strictly prohibited 

and policed. 

The storm water catchment of the development is small with small sediment loads due to 

its nature. The encouragement of the reduced use of artificial fertilisers by the use of 

native plantings would minimise nutrient loadings. No commercial activity is expected 

that would add other pollutants to the system. 

2.2 	Source Water 

The source water of exchange within the marina is the Indian Ocean. The water along the 

coast near Eglinton is of a high quality, low in suspended sediment and contaminants. 
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2.3 	Anti-Fouling Coatings 

Copper and Tributyl Tin Oxide (TBTO) are the principle chemicals currently used for anti 

fouling coatings in Australia. 

Copper 

This element has been used in anti fouling paints and coatings more than a century and 

its toxology to marine organisms at low concentrations is well known. Hart (1982) 

recommended 5 ug/litre for protection of marine organisms. 

Assuming all craft using the harbour used copper based coating and using the 

methodology adopted for the Merrett Rifle Range study, Riedel & Byrne (1987) an input of 

copper would be based on: a release rate of approximately 10 ug/cm2/ day; with 24 hr 

occupation; 80% occupancy, for an assumed size distribution mainly in the 8 to 15 m 

range. For 220 vessels it is estimated that the release rate of copper would be in the 

order of 260 gms per day. 

The concentration of copper in the immediate ocean waters neighbouring the 

development can be expected to be 10 - 20% of that in the marina. If there were no 

flushing within the harbour at all, it would take an excess of 40 days for copper 

concentration to reach unacceptable levels. 

Tributyl/Tin Oxide 

In recent times studies carried out by the French oyster industry and the N.S.W fishery 

have brought into question its use as an anti foulant and it is probable that the future use 

of TBTO in Australia will be curtailed by law. 

In the meantime its use by vessels within the Eglinton marina will be actively discouraged. 

2.4 	Oils, Fuel and Greases 

The effect of oils in sea water is variable because of the complex mixture of a large 

number of hydrocarbons. 
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Hydrocarbons spilled into the water are affected by evaporation and solution. Aromatic 

hydrocarbons evaporate 1200 times the rate of solution whereas for alkanes the rate is 

up to 1000 times. McAuliffe. (1977), reports that lower hydrocarbons were completely 

lost from spilled oils within 8 hours. 

Petrol is considered to be highly toxic, because of its high concentration of aromatics and 

other soluble hydrocarbon. Diesel is moderately toxic because the aromatics are of 

higher molecular weight and less soluble. Oils and greases are of low toxicity but may 

have an aesthetic impact. 

An acceptable water quality criterion for hydrocarbons, for the protection of aquatic 

systems, may be set at 1 ug/litre. 

There is no data available for the release of hydrocarbons from marinas. During normal 

marina fuelling operations spillage would be negligible, at most a few tens of ml per 

refuelling. If 20% of vessels were to refuel each day the total input would be only in the 

order of <1 litre per day. Spillage from maintenance operations may account for a 

further 5 litres/day. 

Allowing for evaporation and assuming that the concentrations in the ocean waters will be 

10 - 20% of those within the development it would take in excess of 30 days of zero 

flushing for concentrations to reach unacceptable levels in the ocean. 

2.5 	Bilge Water Discharges 

The Public Works Department analysed the discharges from bilge as part of the ElS for 

the Rozelle Bay Marina, the results of which are shown in the following table. 
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TABLE 2.1 - RESULTS OF ANALYSES OF BILGE WATER FROM VESSELS IN 

EXISTING MARINAS. * 

PARAMETER 

(mg/L) 

STEEL-H ULLED 

VESSELS 

WOODEN-HULLED 

VESSELS 

FIBREGLASS 

VESSELS 

pH 6.2 7.2 7.0 

Suspended Solids 355 40 50 

Grease and Oils 30 10 2 

Phenols <.001 <.001 <.001 

Nitrite - N <1.0 <1.0 <1.0 

Nitrate - N 1.0 <1.0 <1.0 

Ammonia - N 1.0 16.0 <1.0 

Total Nitrogen 14.0 11.0 6.0 

Total Phosphorous 1380 415 1095 

Zinc 2.3 1.5 2.7 

Chromium 0.07 <0.05 0.05 

Lead 1.6 0.1 0.2 

Copper 0.8 <0.5 0.7 

* Source: 	Public Works Department (N.S.W. 1987) Environmental Impact Statement. 

Proposed Rozelle Bay Marina and Bicentennial Park Stage 1, May (1987). 

If one uses these results as typical and assumes that 80% of the vessels in the 

development will be fibreglass and the remainder equally divided between steel and 

wooden hulled vessels it is possible to make some estimate of nutrient input. 

The volume of bilge water discharge will depend on a whole variety of conditions such as 

weather conditions, on-board activities, maintenance operations etc. A conservative 

assumption of 2 litres / boat /day has been used in the following calculations. 
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TABLE 2.2- ESTIMATED MAXIMUM DAILY DISCHARGE OF NUTRIENTS AND 
TOXICANTS TO THE MARINA WATERS WITH 220 VESSELS 

STEELED-HULLED WOODEN-HULLED 	FIBREGLASS 	TOTAl 

VESSELS 	VESSELS 	 VESSELS 

No. of VESSELS 	72 	 22 	 176 	 220 

Bilge Water Pumped 44 	 44 	 352 	 440 

per day (litres) 

Parameter (g) 

Suspended Solids 15.6 1.8 17.6 17.4 

Grease and Oils 1.32 0.4 0.7 2.42 

Ammonia - N 0.04 0.2 NS 0.24 

Total Nitrogen 0.62 0.48 2.1 3.2 

Total Phosphorous 60.7 1.8 385 447.5 

Zinc 0.1 NS 0,07 0.17 

Lead 0.1 NS 0.07 0.17 

Copper 0.04 NS 0.25 0.29 

NS: Not Significant 

The only parameter of any quantity is phosphorous and that adds <lug/litre per day to 

the concentration, an insignificant contribution. 
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3. 	FLUSHING OF MARINA 

Water Exchange Mechanisms 

There are three likely mechanisms for the flushing of the recreational boat harbour at 

Eglinton resulting in the exchange of water between the enclosed basin and the ocean. 

Tidal exchange which occurs at least once a day and long term water level 

variations which occur with periods of 5 to 20 days. 

Wind - induced currents within basin. 

Density currents due to groundwater inflow 

3.1 	Harbour Geometry 

The harbour laybut of Eglinton Resort is illustrated in Figure 3.1. A basin of area 87,800 

m2  at an average depth of 5 m has been used for harbour exchange estimates. The 

entrance channel has an average width of approximately 70 m. 

3.2 	Tidal Exchange 

Astronomical Tides 

The tidal range at Fremantle is representative for the site: 

HAT 	MHHW 	 MSL 	MLLW 	LAT 

1.3 	0.9 	 0.7 	0.5 	0.2 

The tidal range each day will be in the region of 0.4 metres. 
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It can be expected that in a single tidal cycle the exchange coefficient will be: 

Exchange Coefficient. 	= Tidal Prism Ratio x Efficiency 

= 	0.4 (tidal range) x 80% 
5. (Av. Depth) 	1 

= 6.4% 

This means that approximately 6 - 7% of the total water within the harbour would be 

exchanged with the ocean each day. 

Barometric Tides 

Long period water level variations are experienced along the Western Australian coast. 

This variation can be as large as the tidal variation, but the change occurs over several 

days or weeks. 

Variations at Fremantle in 1968 after diurnal and semidiurnal tides have been filtered out 

show sea level variations with periods 1-20 days and 20-365 days. (Provis & Radok, 

1979). 	 . 

Several factors contribute to these variations: 

- 	The response to low and high pressure atmospheric conditions moving 

across Australia at intervals in the range of 3-10 days. 

- 	Shelf waves with deep ocean energy and winds 'shear effects trapped on 

the shallow continental shelf with periods from 5-20 days 

- 	Wave set-up from storm systems moving across the coast with periods 1-5 

days. 

- 	Large scale coastal currents and eddies 
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The significance for the development is an additional source of exchange: 

Exchange Coefficient 	= 0.2 (Av variation) x 100 
5. (Avdepth) 	1 

= 4% 

This amount of additional exchange is over a period of 5 to 20 days. 

3.3 	Wind Induced Exchange 

Wind induced currents are known to be very important source of mixing water exchange 

in canal estates and harbours. There are many waterway developments for example in 

the south of France where the tidal range is virtually zero and yet water quality is 

maintained by wind circulation. 

A number of researchers have examined the relation between wind and surface currents 

(Wu, 1973; Bishop, 1979; Shemdin, 1972) and the general agreement is that the surface 

current is between 2-5% of the wind speed. Bishop suggests the most appropriate value 

is 3.5%. The magnitude of the current decreases rapidly with depth and in a closed end 

water body a reverse current of equal mass flow forms to preserve the conversation of 

mass. The forward flow is theoretically limited to the top one third of the water column. 

McKeehan (1975) presents the following formula to relate the current magnitude and 

direction to depth below the water surface. 

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

where 	U(z) = 	water velocity at depth z 

Us 	= 	water velocity at the surface 

z 	= 	distance below the surface 

h 	= 	total depth of water flow 
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The velocity profile correspondent to the above equation is shown in Figure 3.2 below. 

WIND 

Wind Induced Velocity Profile 	Figure 3.2 

Results of an analysis of Fremantle wind records over 14 years (Fig 3.3) show a strong 

preponderance of wind from the south-southwesterly sector and the east-northeasterly 

sector. The records also indicate that the wind is quite strong, between 10 and 30 

km/hour for over 70 % of the time. Winds greater than 10 km/h can be expected about 

30% of the time from the S-SW-W sector. 

The proposed layout for the basin with buildings aligned approximately along a SW - NE 

axis giving a funnel to the predominant winds provides a significant opportunity for wind 

shear effects to set up circulation currents around the central island. Figure 3.4 and 3.5 

shows this circulation for the proposed basin layout 

Based on work by Bishop and McKeehan and using wind speed of 10 kph, average 

currents in the top 1.5 m of the basin would be in the area of 0.04 m /sec. 

An estimated efficiency of exchange for the circulations identified above of about 30% for 

the SW sector and W sector is expected due to secondary circulations near the mouth of 

the harbour. For the predominant wind directions when their occurrence is greater than 

10 km/h, water exchange of between 15 and 50% of the total harbour volume can be 

expected each 24 hours. 
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3.4 	Density Currents 

It is estimated that up to 5000 m3  of fresh groundwater will flow into the marina each day. 

The lighter fresh water mixes with the sea water resulting in a density difference between 

the marina water and the ocean. Density currents are set up with a significant impact on 

flushing mechanisms as shown by Schwarz (1988) for Hillarys Boat Harbour, where an 

inflow of 2000 m3 / day was sufficient to cause a measured total water exchange in 5 

days. Water exchange through density current is illustrated in Figure 3.6 below and 

inflow through harbour w]ls1s. illustrated in Figure 3.7. 

MARINA FLUSHING BEHAVIOUR 

ACCUMULATED DJSTAtICE  

Density Current Exchange Hillaries Boat Harbour Figure 3.6 

(after Schwarz (1988) Fig 3 p  2633) 

From analysis based on critical flow in a two layer system as discribed by Stommel & 

Farmer and using a method described by Armi & Farmer to establish flow rates in each 

layer by obtaining the non-dimensional flow components To, the following layer velocities 

were obtained: 

U1 = 0.023m/s 

U2 = 0.019 m/s 	 - 

Taking the lower layer to calculate an exchange rate 
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R = 	(Volume of basin) =yt = Vb 
(Layer flow rate) 
	

°e Uxbxy 

where Ui = layer velocity 

b = entrance width 

y = depth of layer 

R = 	456560 
0.019x 70 x 2.55 x 3600 

= 37.4 hrs 	 or 60% exchange/day 

This method calculates baroclinic flushing through density driven currents in the order of 

1.5 days if critical flow is achieved. For Hillarys Boat Harbour, Schwarz (1988), calculated 

a 2 days exchange rate compared to a 5 day measured exchange. The difference was 

explained by the fact that critical flow will not always be present. 

Based on the same ratios as measured at Hillarys, total exchange due to density currents 

at Eglinton could be expected every 3 to 4 days. 

It is possible that the expected freshwater inflow may be reduced by development water 

needs but the order of inflow is far in excess of that required to set up the density 

difference required. 

3.5 	Total Exchange 

The effects of tidal flushing, wind induced circulation and mixing, and gravitation flushing 

due to a freshwater inflow should ensure good water quality will be maintained within the 

harbour at all times. 

The dominant flushing mechanism was shown to be gravitational flushing driven by 

density differences caused by a large fresh water inflow and is of the order of 3-4 days. 

Where wind conditions are such that thoroughly mixed conditions occur within the 

harbour exchange rates of 2 to 6 days can be expected. Tidal exchange although 

relatively small will add to that provided by wind and density currents. 

RIEDEL & BYRNE CONSUL11NG ENGiNEERS F/L 
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4. 	CONCLUSION 

The results of the study into water quality for the proposed harbour at Eglinton Beach 

Resort may be summarised as follows: 

Water quality within a harbour can deteriorate if the input of contaminants is 

excessive or water exchange and flushing is poor. 

Contaminants will be introduced primarily from the following sources: 

- 	antifouling coatings 

accidental fuel spillage 

- 	Bilge water release 

Calculation of the rate of input of contaminants indicate that flushing rates of 

better than 20 to 40 days will be required if adequate water quality is to be 

maintained. 

These main water exchange mechanisms have been identified: 

- 	tidal exchange 

- 	wind circulation 

- 	density currents 

Calculations of exchange time indicates that wind circulation and density 

currents are the dominant factors in harbour flushing resulting in estimated 

exchange time of between 2 and 6 days 

Although both the calculations of contaminant input and water exchange 

times must be considered to be approximate only, it is evident that flushing 

of the harbour should be quite adequate to maintain good water quality at 

all times. 

REDEL & BYRNE CONSULTING ENGINEERS F!L 
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GRC-Dames & Moore have been commissioned to prepare this report on the 
groundwater aspects of a proposed resort development project at Eglinton in the City 
of Wanneroo, adjacent to the Indian Ocean. The report also contains proposals for 
groundwater and nutrient management and is to form part of a Public 
Environmental Report. 

The project is being developed by Eglinton Resort Development Pty Ltd and is 
referred to as the Eglinton Beach Resort. The project site (Figure 1) is about 40 km 
north of Perth GPO and comprises Lot 9 and Pt Lot 6, an area of about 600 ha. The 
site lies within the Perth Groundwater Area and the Perth Coastal Underground 
Water Pollution Control Area. 

Stage 1 of the project will occupy the western half of the site, an area of about 290 
ha. It will comprise a resort complex centred around a marina and an 18 hole golf 
course. The resort complex includes a clubhouse, hotel, shopping precinct and a 
variety of sporting and leisure facilities. Mixed density residential development is 
planned around the marina and golf course. 

Pi 

During December 1988, a scout drilling programme was undertaken to investigate 
the hydrogeology of the superficial formations beneath the property. Three holes 
were drilled to a maximum depth of 5 im at three sites which lie on an east-west line 
(Figure 1). The scout holes were drilled using the reverse circulation air-core method 
which allows groundwater samples to be collected at selected depth intervals during 
drilling. The scout holes were abandoned following completion of drilling and 
completion reports are given in Appendix 1. 

Field measurements of electrical conductivity (BC) and pH were made on water 
samples taken at 3m intervals in each hole. Selected samples from each hole were 
acidified and submitted for analysis of total iron. The results are summarised in 
Appendix 1. The presence of sediment in some of the samples and vertical mixing 
of groundwaters during drilling may have affected the accuracy of some of the 
analysis data. Nevertheless, the results provide a useful indication of the variation 
in groundwater quality with depth. 

Additional samples were taken from each scout hole for maj or ion analysis. Samples 
were taken from the basal section of the superficial aquifer in holes 1 and 2, and 
from above the seawater interface in hole 3 at a depth of about 18m. The chemical 
analysis results are summarised in Appendix 1. 	 - 

The Water Authority completed an investigation bore in the central part of the 
project site during July 1989. This bore was drilled as part of a regional 
investigation of the superficial formations. 

References consulted during the preparation of this report are listed in Section 9. 
Information was also obtained from records, maps and unpublished papers held by 
the Geological Survey of WA, the Water Authority of WA and the Bureau of 
Meteorology. 
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3. 	CUMATE. PHYSIOGRAPHY AND DRAINAGE 

The area has a Mediterranean climate, with hot dry summers and cool wet winters. 
The average annual rainfall is about 870 mm. Rainfall generally exceeds 
evaporation during the five months May to September. The average annual 
evaporation is about 1970 mm. Histograms of monthly rainfall and pan evaporation 
for Perth Station during the period 1979-1988 are given in Figures 2 and 3 
respectively. 

The project site lies on the western margin of the Swan Coastal Plain within the 
coastal dune belt. The dunes are stabilised by natural vegetation and form a land 
surface which includes very steep slopes in the western part of the site where surface 
elevations range from about 10 to 40 m AHD. The eastern part of the site is 
characterised by more gentle slopes and surface elevations ranging from about 20 
to 50m AHD. 

Drainage occurs predominantly by subsurface flow to the Indian Ocean and there 
are no prominent surface drainages on the site. The site is bounded in the east by 
Pipidinny and Beonaddy Swamps which form part of the Wanneroo chain of 
wetlands. The swamp lands east of the project site are utilised for agricultural 
purposes mainly market gardening. 

4.1 	Hydrogeological Setting 

Three maj or aquifers underlie the area, namely, the superficial formations, 
the Leederville Formation and the Yarragadee Formation. The superficial 
formations are underlain by the Coolyena Group (Davidson, pers. comm.) 
which mainly comprises low -permeability sediments and forms an aquitard 
separating the superficial formations from the Leederville Formation. The 
eastward extent of the Coolyena Group is uncertain and the superficial 
formations may directly overlie the Leederville Formation in the eastern part 
of the project site. 

Low permeability sediments of the South Perth Shale form a maj or aquitard 
which underlies the Leederville Formation and separates it from the 
Yarragadee Formation. 

4.2 	Superficial Formations 

The project site is underlain by the superficial formations which extend from 
the ground surface to about -32m A.H.D., and vary in thickness from about 
50-85m depending on natural surface elevation. The superficial formations 
comprise the Tamala Limestone and the overlying Safety Bay Sand, and 
consist of sand and limestone which is well cemented locally. These sediments 
form an inhomogeneous unconfined aquifer of generally high permeability. 

GRC - DAMES & MOORE 
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The water table ranges in elevation from Urn A.H.D. in the west to about 4m 
A.H.D. in the east. The minimum depth to the water table is about 5m and 
the depth increases locally to a maximum of 50m in response to increasing 
topographic elevation. The saturated thickness of the aquifer is generally 
about 32.5 m and the seasonal fluctuation in water table level is about 0.5m 
in response to recharge from winter rainfall. 

Groundwater flows in a westerly direction towards the coast and discharges 
across a seawater interface. The seawater interface was intersected near the 
base of the superficial formations in a scout hole and probably extends about 
250m inland. Groundwater discharge also occurs by evapotranspiration from 
the swamps adjacent to the eastern boundary of the site. 

Groundwater sampling undertaken during the scout drilling programme 
indicates that the groundwater salinity is generally less than 1000 mg/L TDS. 
The salinity probably ranges from about 300-900 mg/L TDS, except in the 
vicinity of the seawater interface where brackish to saline groundwater is 
present in the basal section of the aquifer. The salinity varies both laterally 
and vertically. 

The groundwater appears to have a near neutral pH in the range 6.5 to 7.5 
and high levels of dissolved iron may be present locally. 

The results of sampling programme indicate that the concentrations of 
sodium, chloride, sulphate and total hardness are generally less than those 
recommended by NHMRC/AWRC (1987) for drinking water. Locally, 
chloride concentrations are higher than the guideline value of 250 mg/L. 
The recorded ranges in concentration of these ions were sodium 90-205 mg/L, 
chloride 159-413 mg/L, sulphate 8-30 mg/L, nitrate (N) <0.1-2.6 mg/L and 
total hardness 134-174 mg/L (CaCO 3).  The higher nitrate levels are probably 
associated with the coastal vegetation. 

Total phosphorus concentrations also appear low (<0.05 mg/L) except in the 
east where the groundwater contains elevated concentrations of about 0.15 
mg/L. This indicates that the extent of contamination resulting from 
agricultural activity is limited to the eastern part of the site, which is 
adjacent to and down gradient of the market gardening area. 

Groundwater throughflow was calculated using data published by the Water 
Authority and information obtained from the Geological Survey and from 
the scout drilling as input parameters for the Darcy equation: 

Q = KbiL 

where 	Q is throughflow 
K (hydraulic conductivity) = 400 m/d 
b (saturated aquifer thickness) = 32.5 m 
i (hydraulic gradient) = 8 x 10' 
L (width of flow section) = 2000 m 
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Hence throughflow is estimated to be approximately 21 000 m3/day through 
a flow section corresponding to the width of the property aligned at right 
angles to the direction of groundwater flow. 

4.3 	Leederville Formation 

The Leederville Formation forms a multilayered, confined aquifer consisting 
of interbedded sandstone, siltstone and shale. The aquifer contains a large 
resource of low salinity groundwater which is largely undeveloped in this 
area. 

Groundwater in the Leederville Formation probably has a salinity of 300 - 
500 mg/L TDS and may contain high concentrations of dissolved iron. 

4.4 	Groundwater Usage 

Since the area has only recently (Dec. 1989) been proclaimed for licencing 
of groundwater abstractions, groundwater usage on adjoining properties has 
not been accurately recorded. 

The adjoining properties to the north and south of the proposed resort are 
largely uncleared and consequently no groundwater abstraction occurs on 
these properties. 

On the adjoining properties to the east of the development site, small 
groundwater abstractions are made for domestic supplies and larger quantities 
of water are abstracted for irrigation of the market gardening area. 

5. 	DEVELOPMENT OF GROUNDWATER SUPPLIES FOR THE RESORT 

Development of the groundwater resources is planned to meet the demand for 
irrigation and domestic water supplies to the resort. 

5.1 	Water Requirements 

Preliminary estimates of the water requirements for irrigation and domestic 
supplies are given in Tables 1 and 2 respectively. These estimates will be 
revised as detailed design of the resort proceeds. 

The water requirements for irrigation have been calculated using the 
proj ected application rates which are based on evaporation rates and monthly 
rainfall (Table 1). The application rates are similar to those for golf courses 
constructed recently in the Perth area. 

The total water requirement for irrigation is estimated to be 1.464 x 106 
kL/annum with a peak demand of 8400 kL/day. Additional supplies may be 
required on a temporary basis for re-establishment of vegetation in areas 
disturbed during golf course construction and for establishment of the golf 
course and landscaped areas. 
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The domestic water requirements have been calculated using consumption 
figures which are similar to those used by the Water Authority of WA in the 
planning of their North West Coastal Groundwater Schemes. For design 
purposes, the total number of services is estimated to be 1447 and 
consequently the total water requirement is estimated to be 0.95 x 106 
kL/annum with a peak demand of 6500 kL/day for domestic water supply. 

Considering the estimated throughflow of 21 000 kL/day, there are adequate 
resources in the superficial aquifer to meet the estimated peak demand of 
about 15 000 kL/day for the total water supplies. 

5.2 	Water SuDolv and Treatmen 

The irrigation water supply for the golf course, the resort complex and the 
residential areas will be obtained by groundwater abstraction from a 
borefield completed in the superficial aquifer. It is anticipated that the 
borefield will be located adjacent to the proposed Marmion Avenue 
alignment. Schematic bore designs are given in Figure 4. 

Groundwater will be pumped into four lakes which will be lined and will 
form temporary water storage facilities from which the reticulated water 
supplies will be drawn. These lakes are located at selected sitesaround the 
golf course to facilitate the distribution of water across terrain where 
differences in surface elevation of up to 30m will be encountered. If 
necessary, the irrigation supply will be treated by aeration for iron removal. 

It is anticipated that the domestic water supply will also be obtained from 
the above borefield and that treatment may be required for hardness and 
dissolved iron. However, water quality constraints may necessitate the 
development of a supply from the Leederville Formation. Reticulated 
supplies will be distributed from a high level storage tank after treatment 
which will include chlorination. 

Although the irrigation water supply will be drawn from a borefield 
adjacent to the Marmion Avenue alignment, the reticulation system is 
unlikely to be completed until just before grassing of the golf course 
commences. Consequently, temporary groundwater supplies will be required 
for soil stabilisation. These supplies will be drawn from up to 5 temporary 
production bores at selected locations around the course. These bores will be 
completed in the superficial aquifer - and will be used for environmental 
monitoring after they are decommissioned. 

6. 	EFFECT'S OF DEVELOPMENT ON THE GROUNDWATER REGIME 

6.1 	Enhanced Recharge 

Land clearing and resort development will probably result in a rise in water-
table levels due to the following factors:. 
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Reduced evapo-transpiration losses following removal of vegetation. 

Enhanced aquifer recharge from roofed and paved areas with higher 
runoff coefficients than uncleared land. 

Enhanced recharge as a result of losses from domestic and irrigation 
water reticulation systems. 

On-site disposal of stormwater drainage to ground is preferred because it 
optimises water conservation and would augment the groundwater resources 
available for development. 

	

6.2 	Effects of Abstraction 

The proposed borefield is at least 1500m from the nearest existing user and 
from Pipidinny Wetlands, and about 1300m from the seawater interface in 
the basal section of the superficial aquifer. Simple modelling (based on the 
Theis equation) of the planned abstraction from the proposed borefield 
indicates that drawdowns at radial distances of 1300 and 1500m will be small. 
Consequently, the effects of abstraction on existing users, the wetlands and 
on the seawater interface are likely to be minimal. 

	

6.3 	Effects on Groundwater Ouplity 

Stormwater drainage systems will be designed to prevent the introduction of 
oils and other noxious chemicals into the superficial aquifer. Consequently, 
the only effect of resort development on groundwater quality which is 
potentially of significance is the addition of nutrients to the shallow 
groundwater system in the superficial aquifer. Since the thickness of the 
unsaturated zone is in excess of 20m over much of the development site and 
the soils have fairly high phosphorus absorption capacities, the potential for 
leaching of nutrients to the water table is much lower than at other 
development sites in the metropolitan area which are underlain by 
Bassendean Sands. The principal sources of nutrients are discussed below. 

6.3.1 Effluent Discharge from Sewage Treatment Works 

The resort is to be serviced by a reticulated sewerage scheme constructed, 
operated and maintained to Water Authority of Western Australia standards. 
The sewerage scheme will either be connected to a treatment plant located 
adjacent to the southeast side of the intersection between Marmion Avenue 
and Pipidinny Road or to the proposed Water Authority Treatment Plant at 
Alkimos. Connection to the Water Authority Plant is the preferred option. 

For design purposes, the total population is estimated to be 4500 persons and 
consequently the volume of effluent is estimated to be 830 kL/d. 
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In the event that onsite disposal becomes necessary on a temporary basis, raw 
effluent will be pumped to the treatment plant which will be designed to 
prevent entry of raw effluent and stormwater into the ground prior to 
treatment. The effluent will be treated to Health Department requirements 
and, BOD levels will not exceed 20 mg/L and suspended solids will not exceed 
30 mg/L. Nitrification during treatment will convert most of the organic 
and ammoniacal nitrogen to nitrate. 	Although the concentration of 
phosphorus and nitrogen in the treated effluent will vary, it is anticipated 
that, on average, the treated effluent will contain less than 10 mg/L total 
nitrogen and less than 8 mg/L total phosphorus. 

Estimates of the annual nutrient loadings to ground based on the plant 
capacity are as follows 

Total Phosphorus 	- 	2424 kg/annum 
Total Nitrogen 	- 	3030 kg/annum 

The treatment plant proposed for Eglinton Beach Resort is similar in design 
to the plant that was constructed at the Vines Resort. The Vines Resort 
treatment plant has been in operation since late 1989 and the monitoring 
results to date indicate that it is generally producing good quality treated 
effluent which consistently meets the standards outlined above and those 
given in the Water Pollution Control Licence issued by the EPA. 

Treated effluent from the plant will be discharged to ground within a 
disposal area of about 12ha using a low pressure irrigation system. The 
treatment plant and the adjacent effluent disposal area are underlain by the 
Tamala Limestone. The Tamala Limestone comprises sand and limestone and 
is highly permeable. Consequently high infiltration rates can readily be 
maintained without generating runoff of treated effluent within the disposal 
area. 

The depth to the water table is approximately 30m and the seasonal variation 
in water table level is about 0.5m. Consequently, the nature and thickness of 
the unsaturated zone is sufficient to allow efficient operation of the proposed 
disposal system and attenuation of nutrients in the treated effluent. 

The effluent disposal area is located immediately upstream of the proposed 
irrigation borefield. Groundwater abstracted from the bores, which will all 
be completed in the aquifer formed by the Tamala Limestone, will be used 
to irrigate the golf course and landscaped areas associated with the resort 
centre. Therefore, the dilution and dispersion which would occur under 
natural hydraulic gradients will be enhanced by borefield pumping and 
subsequent irrigation. Most of the treated effluent reaching the water table 
will therefore be intercepted and the concentration of nutrients will be 
greatly attenuated by dilution. 

It is expected that up to 85% of the nutrient in the treated effluent will be 
removed by vegetation which will be planted in the irrigation areas and 
harvested periodically for offsite disposal. Consequently, the nutrient loading 
to groundwater due to effluent disposal is expected to be minimal. 
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A detailed management plan for the effluent disposal area will be prepared 
and submitted to EPA prior to application being made for a licence to 
operate the treatment plant. The management plan will include details of 
vegetation species to be planted, watering time and, management measures 
to be employed to optimise nutrient removal by vegetation and soil fixation. 

Shallow and deep piezometers will be installed within and downgradient of 
the disposal area to allow regular monitoring of groundwater quality. The 
quality of the treated effluent will also be monitored on a regular basis. 

6.3.2 Golf Course and Turfed Areas 

Fertiliser applied to the golf course and the turfed areas is a potential source 
of nutrient loading to the shallow groundwater system. Based on preliminary 
designs, the total turfed area has been estimated to be 69 ha of which 42.7 ha 
is the golf course. Preliminary calculations of the annual loading of nutrients 
to the turfed area have been made taking into consideration that nutrient 
requirements will be greater during establishment than during normal 
operation (Table 1). 

TABLE 1: ANNUAL NUTRIENT LOADINGS TO TURFED AREA 

Nitrogen Phosphorus Potassium 
Kg/ha 	Total Kg/ha 	Total Kg/ha Total 

(tonnes) (tonnes) (tonnes) 

1st year 200-300 	13.8-20.7 20-25 	1.4-1.7 100-150 6.9-10.4 

2nd year 200 	13.8 15 	1.0 100-150 6.9-10.4 

3rd year 200 	13.8 3-4 	0.2-0.3 100-150. 6.9-10.4 

Actual rates of application will form part of a detailed fertiliser programme 
which will be drawn up when soil analyses are carried out. Key components 
of the programme will be the use of slow release fertilisers and foliar feeding 
to minimise the leaching of nutrients to the wter table. 

6.4 	Imract of Marina Construction on the Groundwater Regime 

Construction of a Marina is planned and it is anticipated that the marina 
basin will extend about 150m inland from the present coastline and about 
200m along the coast. The marina basin will be excavated, to a depth of 
about 4m below sea level, predominantly by dredging though some local 
dewatering may be required. 
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Ingress of seawater to the marina will cause denser salt water to displace the 
fresh groundwater present in the upper part. of superficial aquifer. The 
seawater interface present in the basal section of the aquifer will migrate 
landwards to a new equilibrium position up to about 200m further inland. 

The impact on the groundwater regime will be localised and confined to the 
immediate vicinity of the marina because of the high permeability and low 
hydraulic gradient of the superficial aquifer. Enhanced aquifer recharge 
associated with the development of the resort around the marina will reduce 
the extent of the landward migration. 

During construction of the marina, the techniques employed will be designed 
to minimise any adverse effects on the groundwater regime. Interface 
monitoring bores will be installed about 12 months in advance of the 
commencement of construction (Figure 4). This will enable the effects of 
marina construction to be monitored and assessed. 

7. 	MANAGEMENT AND MONITORING 

7.1 	Nutrient Management Plan 

A staged nutrient management programme has been designed to minimise the 
impact of the development on the environment and to address the major 
nutrient inputs and the potential export. A schematic nutrient flux diagram 
for the resort is presented in Figure 5. 

Sources of nutrient input to the site are summarised below: 

Fertiliser application to the 18 hole golf course - both for 
establishment and maintenance. 

Disposal of resort sewage by treatment and irrigation. 

Fertiliser application to turfed areas and gardens. 

The nutrient management programme aims to minimise nutrient export from 
the site by the following methods: 

1. 	Golf course management 

minimise fertiliser application through the use of slow release 
fertilisers and foliar feeding. 

regular soil sampling and testing to assess soil nutrient levels. 
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Management of resort sewage 

treatment of sewage by package treatment plant 

disposal of treated effluent by low pressure irrigation. 

selection, establishment and harvesting of suitable vegetation 
within the irrigation ares. 

Management of fertiliser application to turfed areas and gardens. 

annual soil testing of resort lawns to monitor soil nutrient levels 
and hence minimise fertiliser usage. 

private lot owners to be encouraged to cultivate native species 
and to use slow release fertilisers on turfed areas. 

The overall nutrient management plan is shown schematically in Figure 6. 

7.2 	Golf Course Management in Terms of Nutrients and Groundwater 
Conservation 

7.2.1 Establishment of Turf 

It is planned that planting will commence in 1991 and will be undertaken in 
stages to minimise the additional water required in excess of normal operating 
requirements. 

A fertiliser program will be drawn up to achieve the following results. 

To establish a deep root system to obtain maximum benefit from the 
water applied and assist in maintaining the turf against wear stress. 

To avoid excessive leaf growth which would cause turf maintenance 
problems and result in the use of more water. 

7.2.2 Turf Management Programme 

A turf management programme will be designed to achieve a turf coverage, 
which is adequate for the anticipated wear stress and is of satisfactory 
appearance, using the minimum quantities of water and nutrients. 

The application of too much water and/or nutrient results in the 
development of excessively succulent leaves and heavy thatching. This causes 
maintenance costs to rise and ultimately requires the removal and replanting 
of the grass. Overwatering can also lead to temporary waterlogging, reduced 
soil oxygen levels, a restricted root system, increased disease development and 
an overall reduction in turf-grass vigour and quality. 

GRC - DAMES & MOORE 
Dames & Moore Pty Ltd incoroorated in N.S.W 
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Regular de-thatching of fairways, tees and greens, including removal of grass 
clippings, isa prime management objective. This will allow maximum benefit 
to be obtained from the water applied in that it facilitates rapid infiltration 
to the root zone and minimises evaporation losses. Other measures to 
facilitate and maintain water movement to the root zone include coring of 
the turf and the application of products such as Wetta Soil. 

The timing and frequency of irrigation is important and will be given 
careful consideration in terms of the soil water retention characteristics and 
the soil infiltration rates. Irrigating too frequently can cause excessive leaf 
growth at the expense of root development. 

It is planned to run the irrigation system as necessary between 6pm and 6am 
to lessen wind interference and minimise evaporation losses. This will also 
avoid disturbance of players during daylight hours. 

There is some variation in soil type across the Golf Course and the irrigation 
system will be designed to accommodate this variation in terms of head to 
head coverage, sprinkler size and quantity applied. 

7.2.3 Monitoring 

A monitoring programme will be designed to allow the determination of 
the plant water balance and the nutrient requirements on a regular basis. 
This will allow the gro.vth and maintenance of satisfactory turf. 

The installation of soil-moisture-level sensing units is planned and this will 
greatly assist in the determination of appropriate water application rates. 

Regular monitoring of the soil nutrient levels is also planned. 

7.2.4 Operational Water Usage 

Operational water usage will be based on the evaporation from a free water 
surface measured at the Perth Meteorological Station and calculated on a 
weekly basis. 

The golf course superintendent will adjust the application rates for each hole 
on a daily basis after consideration of the condition of the grass, the nature 
of the soil, the data obtained from the soil-moisture-level sensing units and 
the local weather conditions. 

Maintenance of top quality turf is a necessary aim of the developer in order 
to attract tourists and the proposed golf course management strategy is 
designed to achieve this aim whilst minimising the water and fertiliser 
requirements. 

GRC - DAMES & MOORE 
Dames & Moore Ptv Ltd incoroorated in NS.W 
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The monitoring programme will enable accurate determination of turf water 
and nutrient requirements on a regular basis and, allow efficient operation 
of the golf course. 

7.3 	Groundwater Monitoring Programme 

The efficient maintenance of the resort facilities requires a considerable 
commitment by the developer in terms of the operation of the water supply 
scheme. Routine groundwater monitoring will be undertaken by the golf 
course maintenance personnel who will receive appropriate training for this 
work. 

The water supply monitoring programme proposed for, the long term 
operation of the system is described in three parts: 

water level monitoring 
discharge, lake storage and irrigation monitoring 
water quality monitoring 

7.3.1 Water Level Monitoring 

Water levels in observation bores (Figure 4) near each production bore will 
be measured before the commencement of the seasonal pumping and every 
month thereafter. Additionally, selected bores remote from the borefield will 
also be monitored at the same frequency. 

7.3.2 Discharge, Lake Storage and Irrigation Monitoring 

Volumes of water abstracted from each bore will be recorded monthly using 
cumulative flow meters installed on each bore main. Lake levels will be 
monitored by staff gauge and, the irrigation rates and distribution of 
irrigation throughout the resort will be recorded. 

7.3.3 Water Quality Monitoring 

An annual sample from each production bore will be taken at the end of 
summer and submitted to an approved laboratory for water quality analysis 
to ensure that the water-quality is not declining significantly. 

7.3.4 Monitoring Reviews 

Annual reviews of borefield performance will be undertaken to the 
satisfactiOn of Water Authority requirements. It is anticipated these reviews 
could be prepared during the winter low-pumping period each year. This 
will ensure that the aquifer is maintaining the required abstraction without 
any adverse hydrogeological and environmental effects, and will enable 
pumping schedules to be adjusted if necessary to avoid such effects. 

GRC - DAMES & MOORE 
Dames & Moore °tv Ld incoroorated in N SW 
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Summary of Irrigation System - The sophistication of the irrigation 
system at the Golf Resort-Eglinton will be unsurpassed, at this time, 
world wide. The wind conditions, sandy soils, and use of hybrid 
turfgrass adjacent to drought tolerant grasses, and those drought 
tolerant grasses adjacent to native dunal vegetation, require this kind 
of sophistication. 

Although at this time the actual acreage of turfgrasses is not available, 
it is the intent to operate the turfgrass irrigation system at a standard 
below the pan evapotranspiration for this area. In order to achieve 
quality turfgrass and be able to utiuise water at a level below °pan 
evapotranspiration', the constant monitoring of root zone moisture is 
essential. The use of a parallel system monitoring root zone moisture 
through moisture sensors will be implemented. 

In addition to the use of moisture sensors the proper use of the 
irrigation heads with regard to location and spacing will be essential. 
At this time data is being obtained from the major irrigation 
component manufacturers to best determine the heads and spacing. 
The ability to be able to have control of all areas of irrigation will 
prove invaluable to the project. 

The control system will also have the ability to isolate individual turf 
areas to prevent drift' into the adjoining dunal plant materials. The 
irrigation heads will be part circle configuration adjacent to the dunal 
plant material to ensure that unwanted watering of these plants will 
be held to a minimum. 

Grassing/Vegetation Procedures - There are a variety of methods used 
to quickly establish turf, roughs, and dryland areas. The specific 
application will depend on the method used to establish vegetation. 

In areas where turf is being maintained, the use of solid sodding on 
steep slopes and bunker faces may be employed to prevent erosion. 
Sod will be held in place with wooden spikes during root 
establishment and will decompose over time. A nursery will be 
established prior to construction to provide a dependable source of 
sod close to the site. This nursery should be available for immediate 
use when the sod is required. Alternate off-site suppliers, such as 
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Carabooda, will be used to support any turf shortfall. 

In roughs and dryland areas where seed is required, hydro-mulching 
is an effective way to quickly establish seed germination. This 
process consists of mixing seed, fertilizer, mulch and tacifier and then 
spraying it onto the soil to provide further protection against 
displacement by wind. Special pins will be used to keep the fabric 
intact during the growing period. 

Prior to construction, native grass seed which will be used to help 
return the native areas to their natural state will be collected. Seeding 
areas with this will aid in providing visual contrasts between intended 
playing surfaces and dryland areas. 

Dune Retention with Sleepers - In some instances where a steep cut 
must be made, the use of railroad ties (sleepers) will be laid against 
the cut bank which will provide immediate protection from erosion. 
These can also be used to provide accent on bunker faces and built 
in the form of retaining walls to provide support for teeing surfaces. 

5.2 Development and Management of Golf Holes 16, 17 and 18 

Most of the 16th, 17th and 18th golf course holes will be constructed 
immediately behind the existing foreshore with the exception of the 
northern tip of the 18th hole which does intrude over the foredune. In 
this northern sector a new foredune will be created on additional land 
made available by the Breakwater. For the balance of the coastal strip 
the frontal dune will not be disturbed by the construction with all works 
confined to the back of the foredune and beyond. The detailed 
Development Plan of the 16th, 17th and 18th holes demonstrates how 
the existing topography will be modified to accommodate the holes. The 
Development Plan demonstrates that a minimum amount of site works 
will be undertaken in the Foreshore Area, to ensure the foredune and its 
surrounds are maintained in their natural state. The development of the 
Breakwater as mentioned provides the opportunity for the creation of a 
new foreshore west of the existing one, further assisting stability of the 
dunes. 
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Strict construction controls will be implemented at all times when 
working within this extremely fragile environment and these holes will 
be turfed rather than seeded or stolonised. 

There are a number of areas where the frontal dune has been blown 
through. These breaches will be plugged with sand, then the surface 
protected and stabilised. All primary dune areas affected by the 
construction of the golf course holes will have stabilisation planting and 
protection works implemented, adopting a combination of the following 
techniques as appropriate. 

Grass Establishment 

Planting of Spinifex Grass or Marram Grass can be done by hand or hand 
fed machine and requires a hole or trench 20-40cm deep, placing the 
Marram plants and trampling sand around them. Planting is best carried 
out from June to August. Planting distances vary from 50cm between 
rows and 50cm between plants for hand planting of steep exposed 
slopes to 1.5m between rows and im between plants for machine 
planting of extensive sand drifts. 

The subsurface placement of nitrogen fertiliser at planting time greatly 
increases the early growth and establishment of Marram grass on 
calcareous sands. Sulphate of ammonia alone at a rate of 100kg/ha, if 
placed in bands both sides of planted rows by tractor mounted 
machinery, will be sufficient. On steep slopes sulphate of ammonia hand 
spread at a rate of at least 100kg/ha is recommended. Hand placement is 
superior, but labour intensive and thus costly. Higher spreading rates 
(200-300kg/ha) produce effective results and may at times be warranted. 

The addition of superphosphate increases growth response on quartz 
rich sands (*Zallar  1977) and a rate of at least 100kg/ha should be used 
where sands are phosphorous deficient. The addition of potassium and 
trace elements gives no significant response (Zallar 1977). 
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When Marram grass stocks are left for several days before planting it is 
necessary to soak the cuims in water for at least two days to offset 
dehydration and ensure high survival rates (Zallar 1977). Survival rates 
will remain high if the roots have been covered with damp sand within a 
few hours of collection and left for two days. However, for best results 
the grass should be planted as soon as practical after collection. 

Experience in the use of Marram grass at the Dune Restoration 
Programme at Halls Head by the Agriculture Department and the Coast 
Development Committee in 1981 has shown that large areas of this 
species will die out if not stimulated by sand build up around the base of 
each plant. (Ian Lovegrove, Field Notes 1989 - unpublished). The 
species has been extremely effective in providing initial sand 
stabilisation, however will die out after a period of approximately 2 
years. Additional species are therefore required to take over the 
colonising role and avoid longer term maintenance problems. 

Beach spinifex (Spinifex longifolia) and Hairy Spinifex (Spinifex hirsutus) 
are both Australian native plants found on site, and perform a similar job 
in stabilising sand. Whilst planting by culm has shown limited results it 
will germinate successfully 12 months after sowing. 

it is therefore proposed to plant Marram grass cuims, then scatter seeds 
of spinifex longifolia and hirsutus prior to the placement of protection 
measures. Any cuttings of Spinifex sp. located and salvaged during 
earthworks procedures will be spread at this time also. 

As concluded by Lovegrove, it would be expected that following 
stabilisation of the primary dune, secondary dune species such as 
Scaevola crassifolia, Olearia axillaris and similar will be the dominant 
colonising species (Lovegrove, 1989). 

Protection of New Planting 

The most practical and cost effective rehabilitation developed to date has 
been exclusion fencing, and protection of surfaces to be rehabilitated 
with a coarse, heavy brush layer. Replanting may precede the spreading 
of brush materials. 
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This technique has been used successfully during the Dune Restoration 
Programme at Halls Head (Lovegrove, 1989) where acacia cuttings from the 
nearby site were used. Brush was laid with the stems facing into the 
prevailing wind with successive layers overlapping adjacent rows. The brush 
cuttings were useful in providing wind protection to the small plants and seeds 
and in trapping sand which then stimulated growth of the Marram grass, 
eventually burying the brush matting. The use of the acacia cuttings has the 
added advantage of introducing local sources of seeds in the dunes. Other 
techniques that have been used where suitable material is not available 
include straw, and even hessian or a large weave shade cloth. 

Where it is considered necessary to rebuild the front dune, sand trap fencing is 
commonly used. Field trials using a variety of fences have found that fences 
made of brush and slats were more effective than plastic mesh fences at 
accumulating sand, but are not as quick to erect as the plastic mesh. 

At Halls Head, ring lock fencing with brush fed through the wires helped 
reduce wind velocity. Sand eventually dropped out behind the fence and was 
colonised by the appropriate plants. 

The dune profile can also vary with the technique used. Brush matting alone 
can lead to a broad low dune, brush matting with vegetation can lead to a 
high broad dune, and a single drift fence can lead to a narrow dune. 

The design and construction principles and controls as previously outlined for 
the golf course would also apply to the section of the golf course located 
behind the frontal dune. in particular however, it is planned to construct 
these holes during Winter where the benefit of rain and relatively calm winds 
will minimise erosion of the sand dunes. Materials and techniques to be 
utilised in stabilisation works will be identical to those employed in the coastal 
dune restoration project undertaken at Halls Head, Mandurah in 1988, 
overseen by Ian Lovegrove. 
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5.3 Resort Construction 

The variety of building types, roads and carparks, and sea wall and 
marina that will be built as part of the golf course resort, means that the 
central section of the primary dune system will be substantially modified 
to accommodate necessary building grades and construction platforms. 
The construction of the proposed marina basin will also have a new 
"artificial" coast edge with a significantly altered microclimate and other 
physical characteristics. 

The general design principle adopted for landscape design within the 
resort building precincts is to recreate mounded landforms within the 
landscaped areas where possible that will link in a visually homogeneous 
manner with the adjacent undisturbed sand dunes. The intention of the 
grading design will be to create a new contour pattern in these highly 
altered areas that is sympathetic to the existing landform context. 

It is proposed that a transition in surface treatment to landscaped areas 
will occur closer to central resort areas. 

Peripheral landscaped areas that border undisturbed dunes will be 
revegetated using a hydroseed mix of endemic native plant species. 
Generally hydroseeded grass will form the groundcover in open parkland 
areas, with turfgrass used in immediate building environs, particularly at 
the golf course Clubhouse and the Hotel. Mass planted garden beds will 
be located around these buildings, as well as in the Condominiums and 
the carparks, and at localised points throughout the resort. 

It is essential that all landscaped areas around the resort have adequate 
site preparation and site soil or topsoil coverage. Topsoil depth and 
quality will vary according to the type of landscaping being 
implemented. Irrigation of all landscaped areas will also be provided as 
part of the landscape treatment. The most sensitive areas to protect as 
part of the resort building construction works will be the sand dunes 
immediately adjacent each construction zone. Destabiisation of these 
dunes could occur very quickly if strict protection and construction 
controls are not implemented. To avoid this the following procedures 
will be adopted: 
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Clear definition of construction zones with protective fencing located 
to prevent vehicular or pedestrian access to undisturbed dune 
areas. 

Immediate temporary stabilisation of roadway batters through 
hydroseeding with a cover crop (e.g. cereal rye) and/or 
revegetation measures as early as possible in the construction 
programme. 

Immediate long term stabilisation of disturbed exposed dune areas by 
brushing, seeding and planting endemic species. 

Programming works to minimise the time that disturbed areas are left 
untreated after completion of bulk earthworks. 

Defining an on-going landscape maintenance programme to 
undertake follow-up hydroseeding and general maintenance for 
all landscaped areas. 

Avoiding batters steeper than 1:3 and preferably adopting 1:4 or flatter 
as a general design gradient for landscaped areas. 

Using additional stabilisation measures such as "Anti-Bird" netting or 
spreading of brush or other mulch materials with binding 
characteristics where embankments are at gradients steeper than 
1:4. 

Co-ordination and monitoring of landscape rehabilitation works in 
conjunction with the Environmental Protection Authority 
throughout the construction process. 

5.4 Plant Species 

A number of native and exotic ornamental plants will be used as part of 
the landscaping for the project. These are fully listed in the landscape 
master plan. 

The following native tree species which are tolerant to the environmental 
conditions at Eglinton will feature in planting works: 
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Eucalyptus platypus var heterophylla 

Eucalyptus eth rocos 

Eucalyptus gomphocephala TuarO 

Casuarina fraseriana 

Agonis Flexuosa (Peppermints) 

The following naturalised exotic species are also typically found in the 
primary dune habitat, and often recolonise disturbed areas: 

11 êThIiWEIJøDiJiit.JeDUI 

Trachyandra divaricata 

It is recommended that these plants not be deliberately established as 
part of the sand dune stabiisation or revegetation works, due to their 
invasive growth habit and ability to spread rapidly through naturally 
vegetated dune areas. 

6.0 PEOPLE MANAGEMENT 

To ensure the longer term success of any dune restoration programme, 
particularly where it is associated with a project which will generate 
significant people movement, it is crucial that management measures are 
installed to control and limit access opportunities. These measures will 
include the following: 
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6.1 Dune Protection Areas 

The plan makes provision for the establishment of significant cells of 
undisturbed dune vegetation to be known as dune protection areas. It is 
the intent of the Project that these areas be managed for their 
conservation and amenity values. These areas will be fully fenced with 
no public access permitted. 

6.2 Golf Holes 

Golf holes will be developed such that they present a gradual transition 
along the edges from grass to "rough" to dune vegetation. Pedestrian 
access to retrieve balls from the "rough" will be permitted, however all 
other dunal areas will be fenced and off limits to ensure dune 
degradation is prevented. 

Golf carts paths are to be included along the perimeter of each hole and 
kerbed on the dunal side to prevent buggy incursions into the dunes. 

Signs displaying course rules and regulations will be displayed clearly on 
the course. 

6.3 Sand Dunes 

The central focal point of human activity about the site will be the 
marina area and golf club, which means that potentially damaging 
movements are away from any sensitive dune areas. It is recognised 
however that demand will exist for use of beaches outside the marina 
area, to the south (predominantly) and to the north. To the south it is 
proposed to construct a timber decked walkway from the Resort Hotel 
area across the breakwater/foredune to the southern beaches of the site. 
The decking will be elevated and guard railed to prevent direct 
pedestrian movement on the dunes themselves. Access to the beach area 
north of the marina will be possible from the resort/marina itself or from 
a carpark within the Conservation and Recreation area via a constructed 
and maintained access path. The dunes north and south of the Marina 
will be fenced to prevent access into dunes from the beaches. 
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7.0 ONGOING MANAGEMENT AND MAINTENANCE 

7.1 Introduction 

An effective landscape management and maintenance programme is 
critical to the successful establishment of the resort and the golf course. 
It is also critical in achieving the stated environmental planning objectives 
for the development. 

Key issues that an ongoing landscape management plan should address 
are: 

Effective monitoring and management of the foreshore dunal system 
to maintain stable landforms and minimise erosion hazard. 

Recognition and response to seasonal climatic effects on the 
landscape in terms of programming of maintenance works. 

On-going regular monitoring and maintenance to all landscape in 
terms of programming of maintenance works. 

On-going regular monitoring and maintenance to all landscape 
irrigation systems. 

Establishing an on-going strategy and commitment to supplementary 
planting and landscape works as the resort establishes. 

Recognition of the special management techniques required due to 
the site's exposure and environmentally sensitive location. 

7.2 Extent Of Works 

Landscape management works associated with the resort will cover the 
following areas: 

Management of undisturbed dunal areas bordering the golf course. 

Maintenance to the golf course and its environs. 

Maintenance to landscaping along all roadway verges, and to all 
carpark areas. 



Maintenance to private and public open space associate with the 
clubhouse, the hotel, fisherman's wharf and other resort facilities. 

Maintenance to communal open space associated with condominiums 
and other residential development. 

Management of future development areas on the site. 

7.3 ConstructIon Maintenance 

All landscaping associated with the resort development shall have an 
intensive construction maintenance period under the control of the 
landscape contractor. This will generally run from 3-6 months but could 
extend or decrease depending on the stage of construction of the full 
resort. Once the construction maintenance period is complete, handover 
of landscape areas to resort maintenance personnel will occur. 

It is possible that on-going maintenance of some landscape areas could 
be contracted out on an annual basis to commercial landscape 
maintenance contractors, due to the specialised services and skills that 
they offer. If this was the case, management of any commercial 
maintenance contractors would be under the control of resort 
maintenance personnel. 

7.4 CoIl course Maintenance 

Golf course maintenance will be intensive in nature due to the 
requirement for extremely high quality grass and landscape appearance. 

Greenkeeping staff with appropriate turf and horticultural qualifications 
will be employed to enable these standards to be met. 

Golf course maintenance will commence in parallel with golf course 
construction to ensure that establishment of the golf course meets design 
objectives. A key element in the successful establishment and 
maintenance of the golf course will be the irrigation system. 
Greenkeeping staff allocated to permanent monitoring and maintenance 
of the irrigation system will form part of the management programme for 
the golf course. Specialised horticultural turf management practices 



including fertilising, top-dressing, weed control, overseeding and soil 
aeration will be used in maintenance of the golf course. 

7.5 Landscape Maintenance 

naement of Qaen Soace not Aff 

A large part of the total resort site will not be affected by early stages of 
development. There are also significant site areas that will always be 
preserved and managed to retain the dramatic landscape and scenic 
character that currently distinguishes the site. 

A landscape management programme will be developed for these areas 
encompassing the following: 

Control of feral animals 

Weed control 

Stabilisation of disturbed dune faces 

Revegetation of unused clear track areas 

Control of public access and usage, particularly of 4 wheel drive 
vehicles 

Shelter belt tree planting as appropriate 

Management of peripheral construction affected areas will require clear 
controls during design and construction stages. These have been 
detailed in earlier sections of this Report. Management of ornamental 
landscape areas close to the central resort areas comprising the hotel, 
clubhouse, fisherman's wharf and associated carpark areas will require 
on-going management and maintenance consistent with accepted 
horticultural maintenance practices. 



7.6 Operations And Staffing 

Given the size of the resort site and the ultimate extent of development, 
landscape management and maintenance will require a number of 
specialised personnel. However, being a staged project, the number of 
maintenance personnel will fluctuate over time as management and 
maintenance changes with maturity of the landscape. The most intensive 
maintenance will be required in the first 1-2 years of the resort 
development. 

It is anticipated that approximately 100 persons will be employed on the 
construction phase of the Golf Course. Following the opening, 35 
persons will be employed full time for the general on-going maintenance 
of the Golf Course and Resort. 

7.7 Maintenance Compound 

A centralised maintenance compound facility will be built for the resort. 
All necessary machinery and materials will be stored in this area. 
Administration of all management and maintenance personnel will occur 
from this area. 

7.8 Maintenance Programme And Budget 

The development of a comprehensive landscape management 
programme and budget for the resort will be central component of the 
management plan. 

The landscape management programme will evolve and be refined as 
construction progresses for the resort. 



APPENDIX A 

EXAMPLES OF GOLF COURSE HOLES THROUGHOUT 

TILE WORLD LOCATED IN COASTAL 

ENVIRONMENTS 
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There is also evidence that dune vegetation has been effectively 
destroyed by people walking to the beach, and by vehicle tyres from 
cars, four wheel drives, dune buggies and trail bikes. Numerous tracks 
exist on the steep dune faces which are particularly susceptible to 
erosion, especially on the windward side of the dunes. Trail bike and 
four wheel drive activity appears to have been the major contributing 
factor to localised areas of erosion on the dune faces, as well as 
increasing the extent of a major dune blow-out located in the middle of 
the site. Despite the abuse the sand dunes have endured over the years 
erosion, is visually quite localised and in general the system is for the 
most part, stable. 

3.3 Vegetation on Sand Dunes 

Plants growing near the coastline must be able to withstand strong winds 
and being blasted by the sand carried by on-shore winds. They must 
also withstand salt, both deposited as spray on the leaves and in the sand 
itself. Sand is generally poor in plant nutrients, organic matter and water 
holding capacity. Plants must be able to survive being inundated by 
sand during wind storms. 

The most exposed and erosion susceptible habitat is the seaward face of 
the primary dune that borders the beachfront. At Eglinton, typical 
species that grow in this zone are: 

Spinifex hirsutus - (Sand Spinifex) - a perennial grass with stout rhizomes 
containing nodes from which grow the roots and silvery grey, hairy, 
strap-like leaves. It spreads by lateral rhizome extension and grows 
through sand accumulations by upward growth of new rhizomes. 

Spinifex longifolius - (Spinifex) 

Spinifex is the major primary coloniser evident on the site frontal dune, 
with the width of the Spinifex zone varying with the degree of sand 
blown by the wind. In some parts of the site, it forms the dominant 
cover of the entire frontal dune. 

Cakile maritima - (Sea Rocket) is a low, spreading annual herb with 
fleshy lobed leaves and small lilac coloured flowers. Cakile most 
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commonly occurs along the sand line where it traps the summer 
accumulation of sand blown up the beach forming an incipient foredune. 
Cakile also affects partial, temporary stabilisation of loose, bare sands on 
the foredune and on parts of active dunes, forming typical hummocks 
rather than a smooth dune line. 

1t(Y.1I1111UJ,IIK1 

Typical plant species found on dune crests and slope which have a low 
level of protection include: 

Typical plants found on landward facing dune slopes and minor swales 
with moderate levels of protection include: 

Groundcovers: (as for dune crests above) 

Santalum acurninatum] 
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Clematis  

Typical plants in the deep valleys and depressions which have the 
highest level of protection include: 

(51earia 

4.0 CONSTRUCTION PROGRAMME 

Clearly, the development of a project this scale, significant modification 
of the natural environment will need to occur over substantial parts of 
the site. The success of the foreshore management programme will 
depend upon intensive management of disturbed areas both during and 
after the construction phase to ensure stabilisation of foredunes and 
revegetation to their natural state where required. Protection of 
undisturbed sand dune areas during the construction period will also be 
an essential part of this programme. 

The construction phase be preceeded by the upgrading of Pipidiriny 
Road along the northern boundary of the property to serve as a 
temporary works access road to facilitate on site geotechnical and other 
investigative works. Following completion of Eglintori, Pipidinny Road 
will be closed and utilised as a major service corridor, with an alternative 
entrance to the marina being provided via a major road to be constructed 
further south. 

Following construction of the service road a construction camp will be 
established and a borefield installed operating on a temporary power 
source until State Energy Commission of WA power is extended. The 
borefield will provide water for the irrigation of the golf course. 
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The first stage of works will involve construction of the 13 inland golf 
holes, lakes and the practice fairway. These are holes 2, 3, 4, 5, 6, 8, 11, 
12, 13, 15 and 16. The manner in which the development of these holes 
will occur is described in more detail in the following section. 

In summary, it will involve the following steps: 

Harvesting and stockpiling of vegetative material for later revegetation 
and stabilisation works; 

Stripping and stockpiling available topsoil, seed store and rootmass 
from areas to be disturbed; 

Bulk earthworks and short term stabilisation works (including 
temporary irrigation); 

Detailed shaping; 

Installation of permanent irrigation; 

Respread topsoil on exposed dune faces; 

Long term stabilisation, revegetation and fairway grassing works; 

Pathway construction. 

Following development of these holes, construction of the marina sea 
walls will commence with major earthmoving behind the marina to 
construct pads for the hotel, clubhouse, condominiums etc. Again, 
temporary grassing and stabilisation works will be an integral part of the 
construction programme. 

Once the southern groyne and main marina wall is in place, 
development of the 17th and 18th holes will commence utilising the 
same techniques as employed with the inland holes except that a further 
low foredune will be created seaward of the existing foredune. This will 
be revegetated utilising stabilisation and planting techniques to be trialled 
on site prior to commencement of construction. These techniques are 
detailed later in this report. The trial programme will confirm the most 
appropriate techniques to utilise during the construction programme. 

On completion of Marina earthworks and levels, holes 1, 9 and 10 will be 
developed, irrigated, revegetated and grassed. 
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5.0 CONSTRUCTION AND REVEGETATION TECF[NTQUES 

5.1 General Hole Construction 

Most of the golf course will be constructed within relatively protected 
valleys and minor ridges away from the highly exposed foredunes faces. 
While any clearing work associated with the Course construction will 
immediately increase the risk of erosion, particularly on steep higher 
slopes and ridges, the following design and construction principles will 
be followed to minimise the impact of the construction works on these 
fragile landforms. 

Design Principles 
Design fairways, tees and greens to fit closely to the natural landform 

wherever possible, thereby rninimising the extent of major cut and 
fill and reducing the area of revegetated embankments. 

Preserve the existing Heath vegetation wherever possible. Strictly 
control the extent of clearing and siteworks, particularly points of 
construction access and movement of earthmoving equipment. 

Design buggy pathways to minimise cut and fill wherever possible. 
Construction pathways with edge details designed to stabilise the 
dune face above or below, eg: wired embankments, special 
planting or low sleeper or limestone walls. 

Chip and stockpile all Heath vegetation cleared as part of the initial 
siteworks. Spread and re-use as a vegetative mulch and potential 
seed source over cleared areas between the fairway 'rough" and 
the undisturbed dune faces at completion of the earthworks. 

Supplement the chipped vegetation mulch with native seed mixes 
comprised of plants endemic to the site, as noted elsewhere in 
this report. 
Use hydroseeding of native plants endemic to the site for revegetation 
of dune faces where a reasonable degree of landform protection 
is available. 
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Ensure that sand dune revegetation works are carried Out 
progressively in conjunction with the golf course construction and 
grassing programme. 

Ensure that adequate water supply and irrigation is available to wet 
down cleared areas during construction, and provide adequate 
water coverage to newly revegetated dune faces. 

Avoid golf course construction works during December-February 
when high velocity winds are regularly experienced, and rainfall 
is at a minimum. 

General Construction Process 

Rough Shaping - This process involves movement of the heavy (bulk) 
earthwork and entails the use of large equipment. Irrigation lakes 
will be constructed early so a water source is available to keep soil 
moist during construction. Spot elevations on tees, fairways and 
greens will be achieved along with major features of the golf course, 
such as waste bunkers and mounding. Work may be done in pods 
as opposed to disturbing the entire site. Roads required for 
infra-structure of adjacent development will be prepared concurrently 
and used for golf course construction traffic. Once general elevations 
are achieved for each pod, drain lines will be installed. These drain 
lines will be tapped into during the final shaping stage to drain 
individual features of the golf course providing a fully integrated 
drain system. 

Final Shaping - Dye Designs defines this as the paint brush which is 
used to create the distinctive features of the golf course. These 
features will be unique to this site and entail the use of smaller 
equipment, such as D6 and D4 size dozers. Operators will shape and 
blend individual features to fit naturally into the surrounding terrain. 
Mounds and depressions are created to drain specific areas of the golf 
hole. During this process the shaper is allowed flexibility (under the 
designers supervision) in creating a golf hole unique in itself. Green 
surfaces are also shaped at this stage and prepared for drainage and 
sand mix. 



10 	 Feilman Planning Consultants 

Erosion Control Techniques 

There are a number of techniques Dye has used in the past to prevent 
erosion in a variety of site and environmental conditions. The specific 
techniques that will be used at the Golf Resort-Eglinton are discussed as 
follows: 

Project Scheduling - An effective means of preventing erosion during 
construction is to plan excavation of the vulnerable areas during 
periods when adverse weather conditions are least likely to occur. 
Specifically, it is expected that the most sensitive areas will be holes 
1,9,10,16, 17 and 18 which are located in close proximity to the 
foreshore and are most prone to wind erosion due to the lack of 
organic material and fines in the sand. These holes will be 
constructed during the winter months when erosion potential will be 
minimized due to a reduction of wind and increased rains. The 
remaining holes are somewhat protected from high winds and 
contain more organic material and fines which aid in reducing the 
chance of erosion during construction. 

Equipment Selection - The faster the soil is moved and shaped, the 
faster the disturbed areas can be revegetated, thus reducing erosion 
potential. Proper equipment selection and quantity will help 
expedite the construction of each golf hole and/or construction pod 
(area). The selection of a contractor with dependable equipment will 
help reduce the chance of down-time resulting in disturbed areas 
being exposed longer than necessary. Defining construction routes 
will prevent operators from penetrating undisturbed areas. These 
routes will correspond to the ultimate cart paths used on the golf 
course and the infra-structure roadways. 

Small Drainage - Small diameter drainage pipe is installed to drain 
localized features such as tees, greens, bunkers and depressions once 
their rough shaping is complete. This small drainage will connect to 
the larger drainage trunk lines in the fairways. Small drainage must 
precede irrigation installation and will consequently be done as 
quickly as possible on this project to allow the irrigation to be made 
available soon, to assist with erosion control. 
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All drainage from these localised features will be retained within the 
"rough' areas via small fully landscaped sumps. 

Irrigation Installation - Strategic coordination of specific tasks is 
critical to the success of the program. An important part of the 
coordination will be attention to reducing the exposure of disturbed 
areas by providing irrigation as soon as possible. Typically, an 
irrigation system is installed after most of the finish shaping and small 
drainage is complete. However, in soil conditions such as those at 
Eglinton, irrigation main lines will be installed immediately following 
the rough shaping. This will provide a construction water source that 
will be applied to the sandy soils in effort to take advantage of any 
available cohesion during periods of high wind. 

An early task to complete will be the construction of the permanent 
and/or temporary water sources including installation of the pumping 
system and a lake/reservoir. This may be done concurrently with 
installation of the irrigation main line. This main line shall be located 
in areas where the least excavation will be required to complete 
shaping of the golf hole. It shall be installed deep enough that 
equipment can work over the top of it without damage to the pipe. 
Once the main line is installed, final shaping can take place with 
lateral lines and distribution heads being installed immediately 
thereafter. Efforts will be concentrated on adjacent holes at any one 
time ensuring that irrigation is in place and operating before moving 
to th extent construction area. Mobile water sources such as water 
wagons and trucks will be used during the rough excavation process 
for wind erosion control before main lines are installed. The 
construction process may also incorporate use of temporary, above 
ground irrigation lines and distribution heads to supplement the 
mobile sources. 

Distinct areas of irrigation 
Shaping and Construction 
To immediately follow mass earthwork/major drainage. 

Temporary solid state irrigation for rehabilitation of disturbed 
native areas: 
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EGLINTON GOLF RESORT PROJECT AGREEMENT 

THIS AGREEMENT is made the 	 day of 	 1990. 

BETWEEN: 

THE HONOURABLE KAY HALLAHAN M.L.A. of 2nd Floor, Block "C" 
189 Royal Street, East Perth, Western Australia the 
Minister of the Crown to whom for the time being the 
administration of Crown land and planning is committed of 
the first part; 

CITY OF WANNEROO of Shenton Avenue, Joondalup, Western 
Australia of the second part; and 

OCEAN DUNES PTY LTD a company incorporated in Western 
Australia and having its registered office at Level 22, 
108 St George's Terrace, Perth of the third part. 

WHEREAS: 

The Company, being the registered proprietor of the lands 
described in Schedule 1 to this Agreement located in the 
District of Eglinton north of the town site of Quinns Rock 
in the City of Wanneroo desires to establish a 
recreational boat harbour, golf course, hotel, residential 
and resort development on those lands, generally in 
accordance with the Structure Plan, to be known as the 
"Eglinton Golf Resort". 

The Company has carried out extensive investigations into 
the feasibility of the Project and it has prepared: 

the Planning Report which has been delivered to the 
DPUD and the City; 

the PER and certain supplementary reports relating 
thereto which has been delivered to the EPA. 

D. 	The Minister for Planning and the City have agreed to 
assist the Project upon and subject to the terms of this 
Agreement. 

NOW THEREFORE IT IS MUTUALLY AGREED as follows: 

1. 	INTERPRETATION 

1.1 	In this Agreement subject to the context: 

"advise", "apply", "approve", "consent", "certify", 
"direct", "notify", "request", or "require", means advise, 
apply, approve, consent, certify, direct, notify, request, 
or require in writing as the case may be and any inflexion 
or derivation of any of those words has a corresponding 
meaning; 



2. 

"Agreement" means this Agreement whether in its original 
form, or as from time to time added to varied or amended; 

"Breakwater" means the breakwater shown on the Zoning 
Plan, and includes a reference to the Breakwater as 
finally constructed and surveyed; 

"City" means the City of Wanneroo; 

"Company" means Ocean Dunes Pty Ltd and includes its 
successors and assigns; 

"Crown" means the Crown in right of the State of Western 
Australia; 

"Development Area" means the land and water areas within 
the area edged red on the Property Exchange Plan; 

"DPUD" means the Department of Planning and Urban 
Development; 

"EPA" means the Environmental Protection Authority; 

"Fisherman's Wharf" means the wharf marked as "Fisherman's 
Wharf" on the Structure Plan and includes a reference to 
that wharf as finally constructed and surveyed; 

"Foreshore Reserves" means those areas marked as 
"Foreshore Reserves" on the Structure Plan and include a 
reference to those foreshore reserves as finally surveyed; 

"Harbour" means the harbour to be constructed by the 
Company generally in accordance with the Structure Plan 
and includes a reference to that harbour as finally 
constructed and surveyed but does not include the jetties 
shown on the Structure Plan; 

"Eglinton Island" means the island marked as "Eglinton 
Island" on the Structure Plan and includes a reference to 
that island as finally constructed and surveyed; 

"local authority" means any council or municipality that 
is a city, town or shire constituted under the Local 
Government Act, 1960; 

"Marina Promenade" means the promenade around the marina 
marked as "Marina Promenade" on the Structure Plan and 
includes references to that marina promenade as finally 
constructed and surveyed; 

"Metropolitan Region Scheme" means the town planning 
scheme for the Perth metropolitan region or any part 
thereof including the provisions therein for regulating 
and controlling the use of the land the subject of the 
Scheme and the purposes for which the land may be used; 
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Minister for Planning" means The Honourable Kay Hallahan 
N.L.A. as the Minister of the Crown to whom for the time 
being the administration of Crown lands within Western 
Australia is committed, and to whom the Department of 
Urban Planning and Urban Development as Minister for 
Planning is committed and includes her successor or 
successors in the administration of those Acts or any of 
them; 

"Parties" means the Minister for Planning, the City or the 
Company, and "Party" is a reference to any of them; 

'PER means the Public Environmental Report with respect 
to the Project delivered by the Company to the EPA and 
referred to in Recital B; 

"Planning Report means the Application for Rezoning and 
Planning Approval;  

"Project" means the project for the Eglinton Golf Resort 
referred to in the recitals to this Agreement, as from 
time to time developed in accordance with the Structure 
Plan and the Planning Report; 

"Property Exchange Plan" means the plan so described 
attached to this Agreement and marked "Annexure A",; 

"Sand By-Passing Method" means the sand by-passing method 
to be constructed in relation to the Project after 
completion of the Project; 

State" means the Government of the State of Western 
Australia; 

"Statutory Requirements" means all necessary approvals, 
permits or licences from the State, any government 
department, authority or instrumentality or the City of 
all necessary planning, zoning and use permits and 
approvals and all necessary engineering drawings, 
earthworks and structures for the purposes of the Project; 

"Structure Plan" means the plan so described attached to 
this Agreement and marked "Annexure B" as amended by 
agreement between the Company, the City and DPUD from time 
to time; 

"Systems 6 Dunes" in relation to dunes within the 
Development Area means those dunes described in the system 
6 report prepared by the EPA and described as "M2 - 
Coastal Strip from Two Rocks to Burns Beach"; 

"Town Planning Scheme" means the City of Wanneroo's Town 
Planning Scheme No. 1; 
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"Water Authority means the Water Authority of Western 
Australia, a body corporate created by the Water Authority 
Act 1984; 

1.2 	In this Agreement: 

power given under any clause other than clause 14 
to extend any period or date shall be without 
prejudice to the power of the Minister under clause 
14; 

references to any party shall include that party's 
successors and permitted assigns; 

the plural includes the singular and vice versa and 
any gender includes every other gender; 

clause headings shall not affect the interpretation 
or construction of this Agreement; and 

reference to an Act includes the amendments to that 
Act for the time being in force and also any Act 
passed in substitution therefore or in lieu thereof 
and the subordinate legislation for the time being 
in force under such Act and references to clause 
refer to clauses in this Agreement. 

2. 	THE COMPANY'S OBLIGATIONS 

Subject to the due completion r  provision or satisfaction 
of the Statutory Requirements by the relevant authorities, 
the Company agrees with the City and the Minister for 
Planning that the Company in accordance with the Structure 
Plan will: 

(a) 	progressively carry out the Project in accordance 
with the Structure Plan and the Planning Report, 
and in accordance with a time frame to be agreed 
between the City and the Company, and in 
particular: 

(i) construct and maintain the Breakwater, 
Eglinton Island and Fisherman's Wharf; 

construct and maintain the Harbour and 
associated coastline stabilisatjon works 
(including groynes and beaches) and the Sand 
By-Passing Method in such stages as may be 
agreed with the State and the City; 
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establish, manage and maintain for the term 
of this Agreement the areas adjoining the 
Harbour including the Foreshore Reserves and 
other public areas within the Development 
Area; 

construct any car parking areas in 
accordance with plans and specifications 
approved under the Town Planning Scheme as 
may be appropriate for the relevant 
facilities as shown on the Structure Plan, 
and construct parking bays for cars with 
trailers in the area marked as "Trailer 
Park" on the Structure Plan; 

undertake all earthworks stabilisation and 
revegetation necessary to the Project; 

provide all roads and construct all entry 
statements to such roads required to service 
the Project including the construction of 
single carriage ways for the road marked as 
"Narmion Avenue" and "Eglinton Avenue" on 
the Zoning Plan; 

provide all water supplies and local 
drainage services within the Development 
Area, and construct a water supply and 
upgrade as may be necessary during the term 
of this Agreement; 

provide a vacuum sewerage system as required 
within the Development Area an upgrade that 
system as may be necessary during the term 
of this Agreement; and 

manage the dunal system areas including the 
Systems 6 Dunes in consultation with the 
EPA, 

carry out all construction works for the Project in 
a competent manner and employ competent staff and 
consultants in relation to the carrying out of the 
Project; 

irrigate, landscape and maintain at all future 
times all areas within the Development Area 
including, but not limited to, road verges, road 
entry statements, foreshore reserves, beaches, car 
parks, public or otherwise, the Breakwater and all 
public areas. 

provide and maintain within the Development Area 
all lampposts, benches, bus stops, signs, traffic 
lights, rubbish bins, and other street furniture 
that may be required; 
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allow the public managed access to the Marina 
Promenade Foreshore Reserve and to the Breakwater; 

design and construct in accordance with the 
requirements of the Water Authority such temporary 
or permanent water and sewerage treatment plant or 
plants as may be required from time to time by the 
Water Authority and transfer such plant or plants 
and such land as may be necessary for the operation 
of the plant, or plants to the Water Authority on 
completion of that plant. 	The Water Authority 
agrees that any land not required for permanent 
treatment plants will be transferred back to the 
Company free of cost to the Company when no longer 
needed; 

transfer to the City for community purposes in fee 
simple and free of cost to the City the public car 
park and launching ramp to be constructed (whilst 
retaining the obligation to maintain the same) on 
the condition that the City covenants not to charge 
any fee for access by the public to those 
facilities and agrees to the temporary closure of 
those facilities at the reasonable request of the 
Company; 

provide underground power supplies in the 
Development Area; 

furnish to the Minister of Planning evidence of: 

(1) 	the availability of finance necessary for 
the completion of the Project; and 

(ii) 	the readiness of the Company to embark on 
the Project. 

subject to the right of the Company to challenge 
any such recommendations or to modify the Project 
in response to such recommendations, to accept and 
agree to carry out the reasonable recommendations 
of the EPA with respect to the PER and the 
management of dune stabilisation, monitoring of 
coastal processes and monitoring of ground water. 

provide all additional information in relation to 
the Planning Report that the DPUD or the City may 
reasonably require, and in relation to the PER, 
that the State, the EPA or the City may reasonably 
require. 
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3. 	THE CITY'S OBLIGATIONS 

	

3.1 	The City agrees with the Company that it will as soon as 
practicable after the date of this Agreement: 

initiate any amendments necessary to the 
Metropolitan Region Scheme in accordance with the 
Planning Report as soon as practicable; 

use its reasonable endeavours to ensure that, 
subject to the requirements of the relevant 
legislation, all applications for all necessary 
permits and licences and approvals are considered 
by the City as soon as and as expeditiously as is 
reasonably possible and the City shall put into 
effect its decision in respect of any such 
application as soon as and as expeditiously as is 
reasonably possible; 

(C) 	adopt all obligations and responsibility for the 
maintenance of the public launch ramp and public 
car parking bays contained in the Development Area 
within 12 months of completion of construction of 
the same and further agrees that it will not charge 
the public for access to those facilities; 

adopt all obligations and responsibility for the 
maintenance of all public roads and public spaces 
within 12 months of completion of construction of 
the same; 

resolve to amend the Town Planning Scheme or any 
other requirement or policy of the City so that: 

the Development Area is zoned in accordance 
with the zonings shown in the Planning 
Report; and 

the uses specified in the Planning Report 
for the Special Zone (Restricted Use) are 
included in the Scheme as uses which may be 
permitted within a Special Zone (Restricted 
Use) together with such other uses as may be 
agreed from time to time between the Cit 
and the Company, 

all irrigation, landscaping and maintenance 
of public areas normally undertaken by the 
City may be performed by the Compan 
including, but not limited to irrigations, 
landscaping and maintenance of road verges, 
road entry statements, foreshore reserves, 
car parks and all public areas; 



all lampposts, benches, bus stops, signs, 
traffic lights, rubbish bins and other 
street furniture that is required within the 
Development Area may be provided by the 
Company in consultation with the City; 

where the environment dictates a different 
solution to the normal specifications and 
requirements of the City, roads may be 
constructed with variations to the City's 
normal specifications in relation to verge 
grades, kerbing, road grades, pavement types 
and crossfalls, and drainage; 

where the environment dictates a different 
solution to the normal specifications and 
requirements of the City, building 
construction within the Development Area, 
and the grades of the land on which such 
buildings are constructed, may be 
constructed with variations to the City's 
normal specifications; 

in preference to normal City policy "Policy 
No DC 2.6 Residential Road Planning" of the 
DPUD may be utilised within the Development 
Area; 

a vacuum sewerage system to service lots 
within the Development Area may be installed 
by the Company; 

the Company is only required to construct 
single carriageways for Marmion Avenue and 
Eglinton Avenue; 

drainage pipes and plant installed within 
the Development Area may have their egress 
point to the open sea; 

traffic lights and speed zoning within the 
Development Area will be controlled by the 
Company; 

the Company may close, upon one months 
written notice to the City, any of the 
public roads or public car parks within the 
Development Area for the period of time as 
specified in such notice for the purpose of 
holding a golf tournament or any other 
special event; and 

(f) 	give all necessary notice and advertisements and 
subject to reconsideration after any submissions 
have been received, apply for all necessary 
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consents so that the amendment to the Town Planning 
Scheme will become effective; 

(g) 	request the DPUD to amend the Metropolitan Region 
Scheme so that the Development Area will be zoned 
in accordance with the zonings shown on the 
Planning Report. 

	

3.2 	The City further agrees with the Company that it will 
permit, pursuant to the Town Planning Scheme, the uses of 
the coloured areas shown in the Zoning Plan generally in 
accordance with the uses and densities shown in the 
Structure Plan and the zonings shown in the Zoning Plan, 
subject to the design of each development associated with 
each use and density being to the satisfaction of the 
City. 

	

3.3 	The City further agrees with the Company that it will 
support the progressive development of the Project, and 
provide all such assistance as it is reasonably able to 
provide to ensure full compliance with the Statutory 
Requirements as soon as practicable, including support for 
the necessary subdivisions of land within the Development 
Area, and initiation of rezonings as from time to time 
requested by the Company in accordance with the Structure 
Plan and the Planning Report. 

	

4. 	THE MINISTER FOR PLANNING'S OBLIGATIONS 

	

4.1 	The Minister for Planning agrees with the Company that she 
will; 

use her best endeavours to ensure that the EPA 
considers the PER as soon as, and as expeditiously 
as it reasonably can, and issues its 
recommendations with respect to it as soon as it 
reasonably can; 

use her best endeavours to ensure that the DPtJD 
considers the rezoning of the Development Area in 
accordance with the Planning Report as soon as and 
as expeditiously as it reasonably can, and puts 
into effect any decision in relation to that 
rezoning as soon as it reasonably can; and 

assist the progressive development of the Project 
by endeavouring to ensure that the departments, 
authorities and instrumentalities of the State 
provide all such assistance as, subject to all 
relevant legislation, it is or they are reasonably 
able to provide to facilitate the Project; 

exercise her discretion in respect of any State 
policy on the height of buildings constructed on 
the coastline to permit the construction of the 
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lighthouse on Fisherman's Wharf, and the 
construction of the three storey hotel within the 
Development Area; 

co-ordinate the activities of all departments, 
authorities and instrumentalities of the State 
concerned with the Project and endeavour to ensure 
the prompt consideration of, and subject thereto, 
the prompt grant by all such relevant departments, 
authorities and instrumentalities of all necessary 
approvals, licences and permits to enable the 
Company to develop the Project in accordance with 
the Structure Plan and Planning Report; 

permit the Company and its employees, agents and 
contractors to enter Crown land included within the 
Development Area for the purpose of developing and 
constructing the Project, and carrying out works on 
such Crown land in accordance with the Structure 
Plan and Planning Report; 

arrange for the Water Authority to take over on 
completion and thereafter duly operate (subject to 
the rights of the Company to upgrade the same in 
the future if necessary) the temporary or permanent 
sewerage treatment plant or plants to be 
constructed by the Company under clause 2(h) and/or 
the water supply headworks to be provided in 
accordance with clause 2(h) subject to all 
components conforming to the standards required by 
the Water Authority; 

as the Company will be constructing the temporary 
or permanent water supply and sewerage headworks 
detailed in clause 2, arrange for the Water 
Authority not to charge a headworks fee for any 
development constructed by the Company to the west 
of Narmion Avenue. 

5. 	EXCHANGE OF LAND 

As soon as practicable after the completion of the 
construction of the Harbour, and for the purposes of the 
Project and the better use of the areas concerned: 

the Company will transfer in fee simple to the 
Crown the areas coloured magenta on the Property 
Exchange Plan as finally surveyed,and in exchange; 

the Crown will transfer in fee simple to the 
Company the areas coloured blue on the Property 
Exchange Plan as finally surveyed. 
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THE HARBOUR 

6.1 	The Company agrees that it will at all times be solely 
responsible for the maintenance of the Breakwater, the 
depth of the Harbour and the Harbour entrance, monitoring 
of the sediment in the Harbour entrance, and the 
implementation of the Sand By-Pass System. 

THE GOLF COURSE AND ASSOCIATED WORKS 

The City, the Minister for Planning and the Company 
acknowledge and agree that the Company may need to 
commence construction of the golf course shown on the 
Structure Plan, and associated works including buildings, 
structures, roads and bore holes on areas outside the 
Development Area, prior to finalisation of some of the 
matters contained in this Agreement. 	The Parties agree 
that in that event each Party will use its best endeavours 
to ensure that the EPA and DPUD considers as soon as 
practicable any licenses, applications or permits required 
for any such construction and that any amendments that may 
be required to the Metropolitan Regional Scheme or the 
Town Planning Scheme are considered as soon as possible 
and that all necessary approvals, licenses and permits to 
enable the Company to commence such construction are 
granted as soon as practicable. 

GRANT OF WATER LICENCE 

Insofar as each is able to so do, the City and the 
Minister for Planning shall ensure that the Water 
Authority grants to the Company all necessary approvals, 
permits or licences to enable the Company to draw water 
from borefields located on lands owned by the Company for 
the purposes of the Project and, in particular, for the 
purpose of irrigating the golf course. 

RESUMPTION 

Subject to the performance by the Company of its 
respective obligations under this Agreement, the City 
shall not initiate any action to resume, and the Minister 
for Planning shall ensure that the State shall not: 

resume or suffer or permit to be resumed by any 
State department, authority or instrumentality or 
by any local or other authority of the State, 
including the City, any land or any interest 
therein within the Development Area for the time 
being belonging to the Company; 

create or grant or permit or suffer to be created 
or granted by any instrumentality or authority of 
the State as aforesaid any right of way or easement 
of any nature of any kind whatsoever over or in 
respect of any such land, 
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without the State or the City (as the case may require) 
giving written notice to the Company of its proposal to 
resume and after the giving of that notice allowing the 
Company 60 days prior to the State or the City proceeding 
with that proposal in the normal manner, to allow the 
Company to make representations to the State or the City 
with regard thereto and the State shall use reasonable 
endeavours to avoid undue interference with the carrying 
out of the project by the Company. 

DURATION 

This Agreement shall continue in force for the term of 20 
years, commencing on the date of this Agreement. 

ASSIGNMENT 

11.1 	Subject to the provisions of this clause, the Company may 
at any time with the consent of the Minister for Planning 
assign mortgage charge sublet or dispose of to any company 
or person the whole or any part of the rights of the 
Company under this Agreement and of the obligations of the 
Company under this Agreement subject in the case of an 
assignment subletting or disposition, to the assignee 
sublessee or disponee (as the case may be) executing in 
favour of the Minister for Planning and the City a deed of 
covenant in a form to be approved by the Minister for 
Planning and the City to comply with observe and perform 
the provisions of this Agreement on the part of the 
Company to be complied with observed or performed in 
relation to the matter or matters the subject of such 
assignment subletting or disposition. 

11.2 Notwithstanding anything contained in or anything done 
under or pursuant to clause 11.1, the Company shall at all 
times during the currency of this Agreement be and remain 
liable for the due and punctual performance and observance 
of all the covenants and agreements on its part contained 
in this Agreement but the Minister for Planning and the 
City may agree to release the Company from such liability 
where the Parties considers such release will not be 
contrary to the interests of the Parties. 

VARIATION 

The Parties may from time to time by agreement in writing 
add to, substitute for, cancel or vary all or any of the 
provisions of this Agreement. 

FORCE MAJEURE 

This Agreement shall be deemed to be made subject to any 
delays in the performance of the obligations of the any 
Party under this Agreement and to the temporary suspension 
of continuing obligations under this Agreement that may be 
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caused by or arise from circumstances beyond the power or 
control of the Party responsible for the performance of 
those obligations including, without limiting the 
generality of the foregoing, delays or any such temporary 
suspension caused by or arising from act of God, any 
action of any government or any governmental department, 
authority or instrumentality, earthquakes, floods, storms, 
tempest, washaways, fire (unless caused by the actual 
fault of the Party responsible for such performance) act 
of war, act of public enemies, riots, industrial disputes, 
shortages of labour or essential materials, reasonable 
failure to secure contractors, delays of contractors or 
other factors that could not reasonably have been 
foreseen, but the Party whose performance of obligations 
is affected by any of the said causes shall promptly give 
notice to the other Parties of the event or events and 
shall use its best endeavours to minimise the effects of 
such causes as soon as possible after the occurrence. 

	

14. 	POWER TO EXTEND PERIODS 

Notwithstanding any provision of this Agreement the 
Minister for Planning may at the request of the Company 
from time to time extend or further extend any period or 
vary or further vary any date referred to in this 
Agreement for such period or to such later date as the 
Minister for Planning thinks fit whether or not the period 
to be extended has expired or the date to be varied has 
passed. 

	

15. 	EFFECT OF TERMINATION 

On the cessation or termination of this Areement: 

except as otherwise agreed by the Minister for 
Planning the rights of the Company in or under this 
Agreement shall thereupon cease and terminate but 
without prejudice to the liability of any of the 
Parties in respect of any antecedent breach or 
default under this Agreement or under any such 
lease, licence, easement, grant or other title or 
right or in respect of any indemnity given under 
this Agreement; 

save as provided in this clause, and as otherwise 
provided in this Agreement, no Party shall have any 
claim against any other Party with respect to any 
matter or thing in or arising out of this 
Agreement. 

	

16. 	ENVIRONMENTAL PROTECTION 

Nothing in this Agreement shall be construed to exempt the 
Company from compliance with any requirement in connection 
with the protection of the environment arising out of or 
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incidental to its activities hereunder that may be made by 
the State or by any State department, authority or 
instrumentality or any local or other authority or 
statutory body of the State pursuant to any Act from time 
to time in force. 

ARBITRPTION 

	

17.1 	Subject to clause 17.4 any dispute or difference between 
the Parties arising out of or in connection with this 
Agreement, the construction'of this Agreement or as to the 
rights duties or liabilities of any Party under this 
Agreement or as to any matter to be agreed upon between 
the Parties or under this Agreement shall, in default of 
agreement between the Parties and in the absence of any 
provision or discretionary power in this Agreement to the 
contrary, be referred to the arbitration of arbitrators, 
one to be appointed by each Party to the dispute, the 
arbitrators to appoint their umpire before proceeding in 
the reference and any such arbitration shall be conducted 
in accordance with the provisions of the Arbitration Act, 
1895. 

17.2 Except as otherwise provided in this Agreement, the 
provisions of this clause shall not apply to any dispute 
involving the State where the State the Minister or any 
other Minister of the State is by this Agreement given a 
discretionary power. 

	

17.3 	The arbitrators or umpire (as the case may be) of any 
submission to arbitration under this clause are hereby 
empowered upon the application of any of the Parties to 
grant in the name of the Minister any interim extension of 
any period or variation of any date referred to herein 
which having regard to the circumstances may reasonably be 
required in order to preserve the rights of that Party or 
of the Parties hereunder and an award may in the name of 
the Minister grant any further extension or variation for 
that purpose. 

	

17.4 	Where in respect of any matter that might otherwise be 
referred to arbitration under this clause the Company has 
a right of appeal under the Town Planning and Development 
Act, 1928, the matter shall be determined in accordance 
with that Act and the provisions of clause 17.1, shall not 
apply to that extent. 

NOTICES 

	

18.1 	Any notice to be given under this Agreement shall be given 
in writing and delivered personally or sent by prepaid 
post, telegram or telex addressed as follows: 
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The Minister for Planning 

The Minister for Planning 
189 Royal Street 
East Perth 
Attention: Minister for Planning 

The City 

The City of Wanneroo 
Shenton Avenue 
Joondalup WA 6027 
Attention: Town Clerk 

The Company 

The Managing Director 
Ocean Dunes Pty Ltd 
22nd Floor 
108 St George's Terrace 
Perth WA 6000 

	

18.2 	Any notice so delivered or mailed or sent by telegram, 
telex or facsimile shall be deemed to be duly given and 
received at the actual time of delivery, or in the case of 
posting on the second day following postage, or in the 
case of a telegram, telex, or facsimile on the day after 
they are respectively despatched. 

	

18.3 	Any Party may change its address for receipt of notices at 
any time by giving notice to the other Parties in the 
manner provided in this clause. 

	

18.4 	Any nutice may be signed on behalf of the Party giving it 
by any duly authorised representative, including its 
solicitors. 

	

19. 	APPLICABLE LAW 

This Agreement shall be interpreted according to the law 
for the time being in force in the State of Western 
Australia. 

SCHEDULE 1 

Land Details - Ocean Dunes Pty Ltd 

All the land comprised and described in Certificate of Title 
Volume 1285 Folio 912 and Certificate of Title Volume 1285 Folio 
913. 
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IN WITNESS whereof the Parties hereto have executed this 
Agreement the day and year first hereinbefore written. 

SIGNED by the HONOURP4BLE 
MINISTER FOR PLANNING, KAY 
HALLAHAN in the presence of: 

Witness: 

Address: 

Occupation: 

THE COMMON SEAL of the CITY 
OF WANNEROO was hereunto 
affixed in the presence of: 

THE COMMON SEAL of OCEAN 
DUNES PTY LTD was hereunto 
affixed by authority of the 
Board of Directors in the ) 
presence of: 

Director 

Directory/Secretary 
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STRUCTURE PLAN 
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