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SUMMARY 

1 	INTRODUCTION 

Sunland Pty Ltd, (the Proponent) proposes to establish a recreational and 
residential estate on land to the south of the existing Murray Lakes Canal 
Estate. The development comprises a golf complex, hotel and other 
recreational facilities fully integrated with a residential subdivision, extensive 
public open spaces and habitat reserves. 
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2 	NEED FOR THE DEVELOPMENT 

The development offers a number of benefits to the local and regional 
communities. These include: 

	

2.1 	Residential Growth 

Urban growth within the Shire of Murray and Town of Mandurah is higher 

than the state average. The availability of fully serviced allotments is limited, 
although a number of developments are underway. The Murray Lakes Golf 

Complex and Residential Estate will supply approximately 400 large blocks. 

	

2.2 	Tourism and Recreation 

The Peel Region is a popular tourist destination with most activity centred 

around Mandurah. Available facilities become overtaxed during peak 

holiday periods. The need for recreational developments at other locations 

has been recognized by both the Proponent and the Peel Inlet Management 

Authority (PIMA). The proposed development will provide such a facility. 

	

2.4 	Employment 

The development will provide employment for 60 people for 18 months 

during the construction period. When established the Golf Complex will 
employ an estimated 65 full time staff, or their part time equivalents. 

	

2.5 	Conservation 

The preservation and re-establishment of native vegetation and fauna is a 
central part of the planned development. 



3 	 ASSESSMENT OF ALTERNATIVES 

The Proponent acquired the project site for the purposes of undertaking 

some form of residential cum recreational development. Accordingly, the 

consideration of alternatives has related to the actual nature and extent of 

development rather than the form of land use involved. The proposed 

development concept was selected taking cognisance of conditions prevailing 
throughout the project site. 

In terms of alternative forms of land use, the most realistic option would be 

continuation of the existing stock grazing activity. This would not be 

desirable, however, because of the resultant contribution to nutrient loading 
of the Peel Inlet-Harvey Estuary System. 
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4 	DESCRIPTION OF THE DEVELOPMENT 

	

4.1 	General 

The development consists of integrated residential and recreational 
components. 

	

4.2 	The Golf Complex 

The Golf Complex is an integrated facility consisting of golf course, club and 

hotel facilities, and extensive reserves. These combine to form a recreational 

facility which satisfies the leisure demands of both local residents and visitors 
while conserving and restoring areas of native vegetation. 

	

4.3 	The Residential Estate 

Approximately 80 ha of the site is dedicated to a residential subdivision, and 
about four hundred allotments ranging in size from 1 000 m2  to 8 000 m2  are 
proposed. All lots will be sited beyond the floodway and elevated above the 
one in 100 year flood level. 

	

4.4 	Tourism Facilities 

The golf course, reserve areas and the club and hotel facilities complement 

the facilities of the Murray Lakes Estate and together will constitute a 
significant tourist attraction. 

4.5 	Associated Works 

4.5.1 	Public Water Supply 

This will be supplied from the South and North Dandalup reservoirs and by 
the Ravenswood Borefield. 
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4.5.2 	Irrigation Water Supply 

Irrigation water will be supplied from lakes within the Golf Complex. These 

will receive stormwater and surface runoff from the estate and be supplied 
from an on-site bore. 

4.5.3 	Roads and Access 

Approximately 13.5 km of sealed roadways will be constructed. 

4.5.4 	Public Utilities 

Electricity, telephone and deep sewerage services are all available. 

4.5.5 	Stormwater Discharge 

Stormwater and surface water will drain into lakes. These will act as a source 
of water and nutrients for irrigation. 

	

4.5.6 	Solid Waste Disposal 

Solid refuse will be deposited at the Murray Shire waste site north of 

Pinjarra. Responsibility for collection will rest with the Murray Shire 
Council. 

	

4.5.7 	Site Works 

All residential blocks are to be elevated to 3.0 m AHD. The flood level is 

2.4 m AHD and so, with 0.25 m elevation of house foundations, the freeboard 
will be 0.85 m. 



4.6 	Development Construction 

4.6.1 	The Golf Complex 

The golf course contours are to be established during the initial stage of 

construction. Rubble roadways will be constructed to facilitate earthworks. 
A site office will be established along with shelters and toilet facilities. The 

workforce will be locally recruited and so no residential facilities will be 
provided. 

4.6.2 	Residential Subdivision and Infrastructure 

Sealed roads and services will be provided prior to residential block 
establishment. 	Development of the residential estate will proceed 
concurrently with the establishment of the golf complex and associated 
facilities. 
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5 	 THE EXISTING ENVIRONMENT 

5.1 	Physical Environment 

5.1.1 	Regional Description 

5.1.1.1 	Geomorphology and Soils 

Landforms of the Peel Region comprise four main elements - 

The coastal zone including the Spearwood and 
Quindalup dune systems. 

The Coastal Plain including the Bassendean Dune, 

Pinjarra Plain and Ridge Hill Shelf Systems. 

The Darling Scarp and Plateau. 

The Peel-Harvey Estuary. 

5.1.1.2 	Climate 

The climate is 'mediterranean' with hot, dry summers and cool, wet winters. 

Annual rainfall averages 884 mm at Madurah, and increases inland towards 
the Darling Scarp. 

5.1.1.3 	Hydrology 

The region is dominated by three rivers; the Murray, Harvey and Serpentine. 

The region is also characterised by lakes and wetland areas. Groundwater is 

generally shallow and unconfined with a predominantly westward flow. 

5.1.1.4 	Land Use 

Land use in the region comprises predominantly agricultural activities with a 
rapid expansion of urban areas between Mandurah and Pinjarra. 
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5.1.2 	The Development Site 

5.1.2.1 	Soil Description 

Three distinct soil formations have been identified on the site - 

Reworked Bassendean Sands. 

Guildford Formation. 

Bassendean Sand Overlying Guildford Formation. 

The distribution of soil types at the site was investigated by the excavation of 
test pits to depths of 1.5 to 2.5 m. 

5.1.2.2 	Hydrology 

The site is low lying and generally flat with some areas subject to periodic 

inundation by rainfall endpondment. An extensive network of drains exists 

over the property, some constricted and others as remnants of old Murray 
River watercourses. 

Piezometers were established in 16 of the 54 soil test pits to investigate 
depths to the water table and for collection of groundwater samples which 

were analysed for parameters relevent to the study. 

5.1.2.3 	Existing Land Use 

The site is currently grazed by beef cattle and sheep, with 240 ha of the total 

area of 308 ha having been cleared of native vegetation. 
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5.2 	Biological Environment 

	

5.2.1 	Regional 

5.2.1.1 	Vegetation 

The region can be divided into two botanical sub-districts, the Drummond 
Subdistrict and the Dale Subdistrict. The development site falls within the 

Drummond Subdistrict which covers the Murray and Mandurah municipal 
districts and can be further divided into five vegetative associations - 

Rockingham: Foredure and stable dune formations. 

Spearwood System: Predominantly Eucalypt 
woodlands. 

Bassendean System: Banksia woodlands, merging with 
Jarrah-Marrj woodlands in the south. 

Pinjarra Plain System: Stands of Melaleuca, Eucalypt or 
Banksja low woodlands. Pure or mixed. 

Ridge Hill Shelf System: Jarrah - Marri forest with 
diverse understorey species. 

	

5.2.1.2 	Fauna 

A computer listing of mammals, reptiles, birds and amphibians recorded in 

the region was checked against rare and endangered species lists. No rare 

and endangered species are likely to occur on the development site. 

	

5.2.1.3 	Reserves 

Several reserves exist within the region, although only two have been 

surveyed by the Department of Conservation and Land Management. 
(Mealup Point, 2738 and McLarty, 24739). 

ri 
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5.2.2 	The Development Site 

5.2.2.1 	Vegetation 

Woodlands dominated by Eucalyptus rudis, Melaleuca species, or mixed 
stands, exist in the northeast and west of the site, and along waterways. 

Wetland species such as sedge and reeds dominate the water margins and dry 
channels. Much of the vegetation is degraded by grazing, and erosion around 
watercourses is evident. 

5.2.2.2 	Fauna 

Although no fauna survey has been undertaken, remaining native bushland 
and waterways on the site would provide a suitable habitat for a variety of 
native fauna species. 

5.3 	Sociological Environment 

5.3.1 	Population Characteristics 

5.3.1.1 	Regional Demography 

The total population of the Peel Region, according to 1986 census estimates, 

was 29672 of which almost 65% was centred in Mandurah. The Mandurah 
area has a higher population of people in the 55+ age bracket relative to the 
rest of Western Australia, reflecting Mandurah's popularity as a retirement 
destination. 

5.3.1.2 	Employment 

Major employers of Mandurah residents are services industries associated 

with urban and tourist developments and the agricultural, timber and mining 

industries in surrounding areas. Unemployment within the region is high, 
particularly in the 15-19 year age group. 
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5.3.2 	Housing 

Of 14381 dwellings within the Peel Region 83% are owner occupied. A high 
demand for new housing construction and both public and private rental 
accommodation exists in the Town of Mandurah and the Shire of Murray. 

	

5.3.3 	Tourism 

Mandurah is one of the State's major tourist and holiday destinations. This 
status has been reinforced in recent years by the development of several 

substantial holiday accommodation projects. Tourism is expected to continue 

a rapid increase prompting the release of the South-West Tourism 

Development Plan which has identified a need for a greater number of 
tourism orientated projects in the area. 

	

5.3.4 	Existing Services 

The area is well serviced with both primary and secondary education 
facilities, medical facilities and government services. 

5.3.5 	Ethnography and Archaeology 

Although three sites of aboriginal significance have been recorded near the 
site, no sites of either archaeological or ethnographic importance have been 

recorded within the area of the proposed development. The need for 

compliance with the requirements of the Aboriginal Heritage Act, 1972 - 
1980, is recognized. 

5.4 	Nutrient Status of the Peel Inlet-Harvey Estuary System. 

5.4.1 	General 

Nutrient flow into the Peel Inlet-Harvey Estuary System, particularly 

phosphorus, has produced a number of problems which have resulted in a 

series of recommendations regarding land uses and development 
requirements within the catchment. 
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5.4.2 	Historical Background 

Algal blooms occurring in response to eutrophication of the Peel Inlet-

Harvey Estuary System were first noted in 1960. General recognition that 

agricultural practices were causing eutrophication occurred in the late 1970s 

and strategies to modify agricultural practice were formulated in the early 
1980s. 

	

5.4.3 	Nature of the Nutrient Problem 

Many soils of the Peel-Harvey catchment have low phosphorus retention 

capacities. Consequently nutrients applied to soils as fertiliser or as animal 

wastes are subjected to extensive leaching and movement to the Estuary via 

drainage channels or groundwater flow. High nutrient concentrations in the 

estuary have contributed towards seasonal algal blooms. 

5.4.4 Nutrient Management Strategies 

Various strategies have been recommended for the management of nutrient 

levels in the estuary. These strategies aim to reduce nutrient inputs, increase 

the flushing of nutrients from the estuary and manage the deleterious results 
of high nutrient levels. 

The Murray Lakes project includes measures to manage nutrient sources 

within the development, minimising the risk of any additional loading of the 
estuary. 
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6 	ASSESSMENT OF ENVIRONMENTAL IMPACTS 

6.1 	General 

Development of the Murray Lakes Golf Course and Residential Estate can 

be expected to have a beneficial effect on nutrient flows to the Peel Inlet-

Harvey Estuary System and on the biological and sociological environments. 

62 	Nutrient Impacts 

6.2.1 	Regional Land Management Strategies 

The regional land management strategy most pertinent to this study is 
directed at the reduction of nutrient inputs to the estuary. 

6.2.2 	Nutrient Inputs of Existing Land Use 

Sixty tonnes of superphosphate (equivalent to S t of elemental phosphorus) is 

applied annually to the proposed development site under its current land use. 

6.2.3 	Potential Nutrient Inputs of the Development 

Fertiliser use on the golf course, reserves and within residential areas will 

comprise the major sources of nutrients from the development. 

Assuming that the entire residential area is occupied by lawns and gardens, 

and that fertilisers are applied according to the recommendations of CSBP 

Fertilisers, 2 680 kg of elemental phosphorus will be applied to residential 

areas in the first year of development followed by annual applications of 
1200 kg/yr. 

Applying the same assumptions to public reserve areas indicates that these 

areas will require 600 kg of elemental phosphorus in the year of 

establishment followed by annual applications of 267 kg. 

According to recommendations of CSBP the golf complex will require 

2 000 kg during the first year. Subsequent annual applications will decrease 
after three years to 1200 kg/yr. 
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The maximum phosphorus inputs that would accrue in the first year of 
development would therefore be 5.3 t, an increase of 0.3 t over current land 
use. Subsequent annual applications would be 2.7 t or 54% of the current 
input. 

A more realistic estimate of phosphorus loadings with less area receiving 

fertiliser, lower rates applied to some areas and use of low phosphorus 

fertilisers indicates that immediate reduction in phosphorus inputs will occur 
with savings of about 70% after establishment. 

6.2.4 	Impact of the Development on Regional Nutrient Loads 

The proposed plan of the development will minimise phosphorus leaching 

through the concentration of development in areas of Guildford and 

Bassendean sand over Guildford formations. The soils of these formations 
have relatively high phosphorus retention indices. 

6.3 	Biological Impacts 

It is not anticipated that there will be any net loss of either habitat or fauna 
during development. 

6.4 	Sociological Impacts 

6.4.1 	Economic Benefits 

Economic benefits would accrue from the development both directly by the 

provision of jobs, and indirectly from the increased tourism that would occur 

following completion. Initial construction works, home building and post 
construction operation would all involve the employment of local people. 

U 
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6.4.2 	Tourism and Recreation 

The development will help attract more visitors to the region. The location 
of the development will help draw the focus of tourist activity away from the 

township of Mandurah and foster the development of tourist facilities at 
other regional centres within the region. 

	

6.4.3 	Landscape Aesthetics 

The current aesthetics of the area will not be significantly altered by 

development due to the retention of much of the present vegetation and 
establishment of vegetation in many fringe areas. 

	

6.4.4 	Services 

Little pressure is expected to be placed on either schools and welfare 
services, or on public utilities by the development. 

	

6.4.5 	Traffic, Roads and Access 

Some congestion of access roads to the site is anticipated following 

development. This may be alleviated by speed restrictions and the provision 
of turning lanes. 
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7 	 ENVIRONMENTAL MANAGEMENT 

7.1 	General Management Philosophy 

The Proponent recognizes the need for sound environmental management 

during both the construction and operation of the proposed development. 

7.2 	Nutrient Management 

7.2.1 	Soil and Drainage Management During Construction 

Appropriate measures will be taken to restrict dust production and enhance 
drainage within the site. 

7.2.2 	Management of Nutrient Loadings to the Development 

The Proponent will endeavour to restrict overall applications of phosphorus 

to the site and to reduce losses of phosphorus from the site. A number of 

strategies that have been adopted to achieve this are outlined in the summary 
of management commitments. 

Overall the nutrient management strategy could achieve total phosphorus 

loads to the site of as low as 1 t/yr representing an overall reduction of 80% 
over current inputs. 

7.3 	Drainage Design and Surface Water Quality Management 

7.3.1 	Drainage Design 

The site will be contoured in such a way as to result in the collection of 

stormwater within the site and restrict losses to the Murray River and Peel 
Inlet-Harvey Estuary System. 
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7.3.2 	Maintenance of Lake Water Quality 

A number of criteria exist for the design of wetland lakes and other 
stormwater retention systems. These include criteria of surface area, depth, 
vegetation and flow rate. These design criteria are met for the lakes within 
the development. 

7.4 	Nuisance Insects 

The design of lakes is such that they are unlikely to provide an increased 

breeding area for mosquitoes. The need for a management plan will be 
investigated and such a plan will be developed if required. 



8 	 SUMMARY OF MANAGEMENT COMMITMENTS 

The Proponent undertakes to investigate or carry out a number of 

management programmes to ensure that the development will proceed and 

be maintained in an efficient and environmentally responsible manner. 
These are summarised below. 

8.1 	Nutrients 

The development will be fully sewered and connected to 

existing WAWA facilities. 

The golf course will be contoured and designed so that 

all surface runoff, superficial leachate, and stormwater 

will be collected in surface lakes in the golf course 

complex. 

In constructing the golf course tees and putting greens, 

soils amendment to enhance phosphorus retention will 

be undertaken as necessary. 

Water from lakes will be used to irrigate the golf course 

fairways and greens. In so doing leached nutrients will 

be recycled within the complex. 

Grass cuttings and weed biomass that may be harvested 

from the lakes will be mulched and composted on site 
for use within the complex. 

The use of low phosphate fertilizers will be encouraged 

in residential areas, and undertaken by the 
management. 

Slow release phosphate fertilizers will be used wherever 
practicable. 
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Planting of native (low phosphorous requiring) plants 

will be encouraged in residential areas. Methods for 

achieving this will be investigated but include using 
native species in display homes. 

Native (indigenous) trees, shrubs and ground covers will 

be used throughout reserves and the golf course. 

Nutrient levels in soils will be monitored. Initially this 

will be done in order to determine, accurately, nutrient 

requirements of the soil and later to determine the 
irrigation nutrient requirements. 

Nutrient levels in the lakes will be monitored so as to 

determine fertilizer requirements of the adjacent 

irrigated areas and to assess the quality of the lake 
water. 

A bore water supply will support the lake system and 

may be used to dilute nutrient levels provided by the 
lake water, should it be required. 

Soil and water nutrient loadings will be logged by the 

management authority and available to the EPA upon 
request. 

8.2 	Land Management and Conservation 

Existing vegetation will be maintained wherever 

possible. This includes 30 ha of native vegetation 

immediately west of the development site. 

Large areas (32.7 ha) of land will be planted with native 

indigenous plants to create terrestrial and wetland 
'habitat reserves'. 

Landscaping and fencing around the complex perimeter 

will protect habitat reserves from intrusion. 
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Vegetation will be established on finished earthworks, 

in association with waterways and lakes, and around the 

perimeter of the complex as soon as is feasible. 

Native fauna will be attracted to these habitat reserves 

and, if necessary, mammals will be introduced into the 

area. Such would be done in conjunction with the 

relevant wildlife authorities and would comply with any 

requirements of those authorities. 

All native fauna and flora within the complex will be 
protected. 

Habitat Reserves will be managed so as to reduce fire 

hazard and the intrusion of weeds and litter. 

Residents will be advised of the need for adequate 

control of household pets, particularly dogs. 

Residential allotments will be located outside of the 

existing floodway and elevated above the level of the 

100 yr flood event. Total elevation of land will be 3.0 m. 

8.3 	Solid Waste Removal 

Solid waste produced during the construction period will 

be collected in industrial waste bins and removed by a 

commercial contractor. 

On establishment solid waste will be removed by the 

Shire of Murray. This is to be funded by rate revenue. 

Regular site inspections by the Proponent will ensure 

that site hygiene is of high standard. 
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8.4 	Traffic and Access 

Adequate access will be provided to both Residential 
Estate and Club-Hotel Complex. 

In consultation with the Shire of Murray suitable speed 

limitation and signposting will be established along 

South Yunderup Road, adjacent to the site. 

	

8.5 	Nuisance Insects 

The need for a mosquito management programme, 

based on non-polluting, biological control methods will 

be investigated and if required, such a programme will 
be developed. 

	

8.6 	Construction Phase Impacts 

The Proponent will liaise as necessary with the relevant 

authorities during the construction phase regarding 

management of air and noise emissions during this 
phase of the project. 
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1 	 INTRODUCTION 

1.1' 	General 

Sunland Pty Ltd (the Proponent) proposes to develop a golf course, club and 

residential estate on land adjacent to, and immediately south of, the Murray 

Lakes Canal Estate (Figure 1). 

The development site covers an area of 270.4 hectares within the Shire of 

Murray on a portion of land denoted as Location 17. At present, the land is 

used for grazing. In addition to the development site, the property contains 

40 ha of land which is not being developed. This area contains 30 ha of 

native vegetation which will be retained intact. 

The township of Mandurah lies 10 km to the northwest and Pinjarra 7 km to 

the southeast. These towns can be reached via the South Yunderup Road 

and Pinjarra Road (Figure 1). The proposed Perth - Bunbury Highway route 

passes along the eastern boundary of the site and this will provide ready 

access to the major centres of Perth (95 km north) and Bunbury (80 km 
south). 

The development consists of an 18 hole international standard golf course 

(which will be extended later to a 27 hole course), golf club and hotel 

complex, residential development, and extensive public open spaces and 

Habitat Reserves. 

Proposed facilities will complement the Murray Lakes Canal Estate, 

immediately to the north. 

I 
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1.2 	Development Concepts 

There are three central components to the development concept, being - 

recreation; 

residential subdivision; 

conservation. 

Recreation 

The recreational component is based primarily on the golf course complex 

which occupies almost half of the total site area. In addition to the golf 

course, club facilities will include sauna and tennis courts. A bridle path 

surrounds the estate serving both for recreation and as a buffer between the 

residential estate and roadways. 

Residential 

The residential component of the development is based on a concept of large 

allotments (1 000 - 8 000 m2) that are integrated with recreational facilities 

(ie golf course and public reserves). To maintain an impression of open 

space within residential areas, allotments will, be sited away from existing 

roadways and housing developments. Many of the allotments will abut the 

golf course. 

Conservation 

The golf course layout also enables the establishment of large areas of 

vegetation ('Habitat Reserves') often in association with the lake areas. 

These will be planted with native species which are representative of the 

region. Wherever possible, remnant vegetation already existing on the site 

will be preserved, and 30 ha of woodland in the western sector of the 

property has been excluded from the development and, consequently, will be 

retained intact. These areas will attract wildlife, particularly birds, and 

support a diverse fauna when established. Native fauna already on the 

property will be protected and, if necessary, additional mammal species will 

be introduced into the complex at a later date. Over 70 ha of native 

vegetation reserves will be either retained or established on the property. 
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In this way, a golf course which will both be aesthetically appealing and have 

a distinctly 'natural character' will be established. This feature sets the golf 
course, and indeed the entire complex, apart from other facilities in the 
region. 

Conservation extends beyond the confines of the proposed development in 

the nutrient management scheme. As will be shown, this scheme aims to not 

only reduce nutrient inputs to the site but to recapture nutrients leached from 

the soil and to recycle them. This feature again sets the development apart 
from others. 

Integration with Murray Lakes Canal Estate 

As mentioned in Section 1.1, the proposed development will complement the 

Murray Lakes Canal Estate which lies immediately to the north. It is 

relevant, therefore, to briefly, outline the existing facilities. These are - 

Murray Lakes Wate,ways 

This 'marina' development consists of 315 blocks, 111 of 

which are sited on islands. All allotments are provided 

with either sandy beach or deep water frontage, the 

latter with dock facilities. A school site, sports ground 

and shopping site is also provided within the area. 

Murray Lakes Farms 

Thirty seven 'hobby farms' of sizes ranging from 1 to 

3.1 ha are provided. 

River Resort 

Both time-share units and private allotments are 

provided. The former consists of 30 villas, of a high 

standard, and have been assigned an international 

exchange rating by the 'Australian Resort Timesharing 

Exchange'. A central Club House, swimming pooi, 

paddling pool, two synthetic grass tennis courts and a 

three rink bowling green are also provided. 

I 
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Murray Lakes Villas 

This consists of 52 blocks centred on a 4 ha lake. 
Swimming pooi, putting green, tennis courts and boat 

lock up facilities are provided for the residents. 

River Resort Restaurant 

This building incorporates the original 'Young 

Residence' and includes a ground floor bistro and take-

away coffee lounge, as well as a formal 'a la carte' 

restaurant on the first floor. 

The existing Murray Lakes Canal Estate therefore provides a wide range of 

residential options and integrated recreational facilities. The proposed 

Murray Lakes Golf Complex and Residential Estate will extend this range 

further and provide additional recreational facilities. The Complex will 

service not only the residents of the Estates but the wider community within 
the region. 

1.3 	Purpose and Structure of the 
Notice of Intent (NO!) 

This proposal will be assessed under the provisions of the Environmental 

Protection Act, 1986. This legislation establishes the procedures by which the 

Environmental Protection Authority (EPA) considers the nature and 

environmental implications of developments within the State. Projects may 

be either referred to the EPA by a government department, a private body or 

individual, or called in by the EPA for assessment. 
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Once referred, the EPA determines the level of Environmental Impact 

Assessment to be undertaken. Three levels of formal documentation are 
provided for under the Environmental Protection Act. These are - 

Environmental Review and Management Programme 
(ERMP): 	these are the most detailed form of 

documentation, and are required for major projects 

where significant environmental concerns are identified, 

and public interest is great. These documents are made 

available for public review. 

Public Environmental Report (PER): a less substantial 

document required to address less complex issues and 

public concern. These documents are made available 
for public review. 

Notice Of Intent (NOI): the least detailed document 

which is called for where projects involve fairly simple 

issues. These documents are not made available for 
public review. 

The EPA may also decide that formal assessment of a project is not required 
because significant environmental impacts will not occur. 

In the case of the Murray Lakes Golf Complex and Residential Estate, the 

EPA has determined that a Notice of Intent (NO!) is required. 

A set of guidelines for the document was issued by the EPA, and are included 
as Section 10. 

This document is produced in accordance with the EPA guidelines and with 

regard to the concerns and guidelines of other government agencies. These 

have been cited wherever appropriate. 

Other legislation has been consulted and considered in the preparation of the 

Development Plan and the Notice of Intent. These include - 

Aboriginal Heritage Act, 1972 - 1980 
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Agriculture and Related Resources Act, 1976 - 1981 

Bush Fires Act, 1954 - 1981 

Conservation and Land Management Act, 1984 

Country Areas Water Supply Act, 1947 - 1979 

Metropolitan Water Authority Act, 1982 

Rights In Water and Irrigation Act, 1914 

Soil and Land Conservation Act, 1945 - 1982 

State Planning Commission Act, 1985 

Town Planning and Development Act, 1928 

Water Authority Act, 1984 

Waterways Conservation Act, 1976 

Wildlife Conservation Act, 1950 - 1980. 
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2 	NEED FOR THE DEVELOPMENT 

2.1 	General 

The proposed Murray Lakes Golf Complex and Residential Estate offers a 

number of benefits to both the local and regional communities, in economic, 

social and environmental terms. These can be considered under four 
headings - 

Residential Growth 

Tourism and Recreation 

Employment 

Conservation 

These benefits are described below and considered in detail in 
Sections 5 and 6. 

2.2 	Residential Growth 

Urban growth within the Shire of Murray and the Town of Mandurah is 

higher than the state average. Mandurah is the most rapidly expanding 

growth centre in terms of both population and housing approvals (Feilman 

Planning Consultants, 1987). 

Although a number of developments already underway will help satisfy the 

need for residential allotments in the region, the availability of large, fully 

serviced allotments is limited. The Murray Lakes Golf Complex and 

Residential Estate will supply approximately 400 large blocks, ranging from 

1 000 square metres to 8 000 square metres in area. 

I 
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These will be elevated, close to recreation facilities and services, and situated 

in an area surrounded by substantial reserves and open space. As such, they 

will provide residential opportunities not satisfied by current developments. 

2.3 	Tourism and Recreation 

The Town of Mandurah constitutes one of the state's most popular tourist 

destinations, both for day trips and extended holidays (WA Tourism 

Commission 1986). This is due to - 

- 	The proximity of the Indian Ocean and beaches. 

The proximity of Perth and the ease of transit between 

Perth and Mandurah. 

The recreational activities associated with the Peel-
Harvey Estuary, which include fishing and boating 

activities. 

The Peel Inlet Management Authority (PIMA) has recognised this 

popularity, and the fact that existing facilities become overcrowded during 

peak holiday period. PIMA consequently recommended the expansion of 

facilities along the foreshore of the Peel Inlet. Such expansion, together with 

the additional facilities along the Murray River, will alleviate future 

congestion. 

The Proponent recognises that this can also be achieved by the development 

of leisure activities not associated with the Peel-Harvey Estuary. The Golf 

Club and associated facilities will cater for those who require non water-

based pursuits. 
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Besides catering to the golfing and club needs of tourists and residents, the 

development will provide for aesthetic, or passive, recreational activities. 

This will be primarily through the ample reserves and public open spaces 

provided, and by the nurturing of native fauna within the complex. The 

wetlands and wooded areas, created and retained, will complement those 

existing outside of the complex. This will contribute to the diversity and 

viability of species, particularly birds, in the region. 

2.4 	Employment 

The Murray Lakes Golf Complex and Residential Estate will have beneficial 

impact on employment within both the Mundurah and Murray Shire. At 

present, these areas have an unemployment rate of 13.1%, above the state 

average of 8%. 

The construction of the golf course and residential lots is expected to require 

approximately 23 000 labour days distributed over a period of 18 months. As 

such, it will employ approximately 60 people for this period. This workforce 

will be employed through a local construction firm, the preferred contractor 

being Waroona Contracting, based in Pinjarra, Waroona and Yarloop. 

The construction of the golf club and housing development will also 

contribute to local employment. All buildings erected by the Proponent will 

utilize local tradespeople. At the present time, it is anticipated that three 

quarters of the blocks available will be sold with house on site. 

The demand for services and consumables during the construction period, 

and subsequent to establishment of residential and recreational areas, will 

have a 'multiplier effect' throughout the community. The Proponent intends 
to service the needs of the complex using local produce and service 

companies wherever possible. 

The golf course and club will require staff for the maintenance of golf greens, 

reserves, and club grounds, as well a full catering and service staff. Present 

estimates are that these needs will be equivalent to the full time employment 

of 65 people 
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2.5 	Conservation 

The development site lies within the Peel Region of the Swan Coastal Plain 

and within the catchment area of the Peel Inlet - Harvey Estuary System. 

The coastal plain has been extensively cleared and little of its natural 

vegetation remains. Much of the remaining native vegetation is degraded by 

grazing, erosion, or the predations of feral animals such as rabbits. 

As a consequence of this clearing and subsequent agricultural practices, high 

levels of nutrients have been leached into the Peel-Harvey Estuary System 

resulting in eutrophication of the Estuary. This has produced blooms of 

algae, associated odours and fish kills which have adversely affected tourism 

as well as having a deleterious effect on the ecology of the waterway. 

The development will result in a significant reduction in the contribution of 

the subject land to nutrient input to the Peel-Harvey Estuary System. In 

addition, the project will result in the re-establishment of native flora and 

fauna in the region. The vegetation and wetlands established will not only 

provide habitat for native birds and other fauna but will provide valuable 

feeding area for, and hence support, birdlife in other regional reserves. 
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3 	 ASSESSMENT OF ALTERNATIVES 

The development site is currently used for the grazing of beef cattle and 

sheep. Continuation of this grazing activity is the principal alternative to 

development as proposed. 

The implications of not proceeding with the development can be summarised 

as follows - 

The loss of opportunity to provide a needed tourist and 

recreational facility. 

The loss of an opportunity to draw the focus of tourist 

and recreational activity away from the overtaxed 

Mandurah region and to direct it inland. 

The loss of opportunity to provide land based 

recreational alternatives within the region. 

Failure to realise permanent employment for 65 or 

more persons and temporary (construction) employment 

for an additional 60. 

Existing nutrients inputs to the Peel-Harvey Estuary 

System from this site will continue unabated. 

Loss of the opportunity to develop a comprehensive 

programme for the reduction and recycling of nutrient 

load within the site. 

Failure to provide residential allotments of this size and 

character within the region. 
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Other residential development concepts can be devised but their diversity 

and success is limited by - 

The requirements to site residential allotments in the 

south of the site, above the line 100 yr flood level, and 

The need to constructively use lands lying within the 

floodway. 

Although alternative residential block sizes and arrangements can be 

designed, their extent and distribution could not be significantly different. 

The proposed design allows for the efficient, profitable and socially beneficial 

use of the site while protecting and enhancing the environment. 

0 



AUSTRALIAN GROUNDWATER CONSULTANTS P7, 7 	 13 

4 	DESCRIPTION OF THE DEVELOPMENT 

4.1 	General 

The development can be divided into two main integrated components, 

namely - 

The Golf Complex, and 

The Residential Estate. 

These are described in detail below, as are the associated works and 

procedures to be adopted during construction. The tourism facilities that are 

to be provided are mainly associated with the golf course, but are 

nevertheless outlined in additional detail. A plan of the development is 

provided on Figure 2. 

4.2 	The Golf Complex 

The Golf Complex is an integrated facility consisting of golf course, club and 

hotel facilities, and extensive reserves. These combine to form a recreational 

facility which satisfies the leisure demands of both local residents and visitors 

while conserving, and indeed restoring, areas of native vegetation. Each 

component of the complex is described below: 
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Golf Course 

The proposed gold course is of a championship standard and covers an area 
of 145.3 ha. In all, 27 fairways will be built, 18 initially and the remainder 
during future developments. There is, in addition, a practice, or putting, 
green. Fairways and greens will constitute 45 ha of the course, the remainder 
being taken up by the 'rough'. Fairways and greens will be maintained to the 
highest standards and the rough will be vegetated and landscaped so as to 
provide an aesthetic and functional backdrop. Water hazards are provided 

by lakes already existing within the site. Other lake areas will be 
incorporated into the habitat reserves. The golf course will be both watered 
and fertilized via an underground irrigation system. 

Golf Club - Hotel 

The Golf Club - Hotel is situated on a 3.5 ha site in the centre of the golf 
course. As such, it is the only building within the flood zone and will 
consequently be elevated, by earthworks, to a suitable level (see Section 4.3). 
This elevation will provide patrons with views across the golf course to 

residential areas, reserves and lakes. The hotel will have approximately 
125 rooms and associated bar and restaurant facilities. In addition, tennis 
courts, swimming pool, gymnasium and sauna will be constructed for the use 
of club patrons and hotel guests. The Golf Club will include a 'pro-shop' and 

all support facilities that are required (eg golf buggies). 

Habitat Reserves 

Habitat Reserves totalling 32.7 ha are a central feature of the complex. 

These are located in the western section of the subject land (Figure 2) and 

will consist of native, indigenous trees and shrubs, planted in close association 
with existing lakes, waterways and wetland vegetation. Although not fenced, 
these areas will be protected by the fence around the perimeter of the 

development and by the expanse of fairways which surround them. The 
perimeter fence will be of sufficient quality and specification to prevent the 

intrusion of feral predators. 
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Telephone Seivices 

Telecom has indicated that services can be provided from the Yunderup 

Exchange. 

All Telecom cables within the development will be underground and laid 

utilizing the SEC underground power line earthworks. 

Sewerage 

All residential blocks and facilities will be serviced by a deep sewerage 

system. This will be connected, via a pumping station, to the existing 

treatment plant at South Yunderup. 

This facility is currently operating below capacity and can readily 

accommodate the waste volumes expected from the proposed development. 

The treatment plant is planned to be upgraded in 1998 in order to satisfy the 

predicted residential growth in the region. The Western Australia Water 

Authority has indicated that this upgrading could be brought forward should 

regional development outpace expectations. 

4.5.5 	Stormwater Discharge 

Landscaping within the golf complex will be such that stormwater will be 

collected in the lake system within the site. Urban runoff will enter these via 

concrete culverts and drainage pipes. 

The existing flood channels provide a natural overflow system should 

precipitation levels be high. This is not expected to be a common occurrence. 

Box or pipe culverts will be provided wherever roadways cross contoured flow 

ways or existing waterways. Regular culverts will in any case be constructed 

beneath roads which transect the floodway. Open drainage channels will be 

constructed along road lengths. 
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The function of the lakes or retention ponds, outlined in Section 7.3, will be 

to operate as a system of compensation-recharge basins during storm events. 

The size and position of the lakes is more than adequate to meet the design 
criteria adopted by metropolitan local authorities. 

	

4.5.6 	Solid Waste Disposal 

The Peel Inlet Management Authority (PIMA) has indicated that solid waste 

should be not disposed of within 2 km of the Peel-Harvey Estuary 
(Waterways Commission 1982). 

The Shire of Murray currently operates a disposal site north of Pinjarra and it 

is expected that the refuse from the site will be deposited there. 

Responsibility for collection and disposal will rest with the Murray Shire and 

be funded from rated revenue. This scheme currently operates for the 
Murray Lakes Canal Estate. 

	

4.5.7 	Site Works 

Site levels have been adopted which will ensure that all residences and 
commercial sites are above the 100 year flood level. 

Although recognising that flood levels may increase as a result of the 

Greenhouse Effect, there is uncertainty about the extent of any increase. At 

this time, the only realistic option is, therefore, to adopt the published flood 

level standards and, as indicated, the Murray Lakes project embodies these 
standards. 

The flood level at the project site is 2.4 m AHD (Australian Height Datum). 

All residential lots are to be elevated to 3.0 m AHD, and an additional 

0.25 m elevation of house foundation is required. The total freeboard above 

flood level will, therefore, be 0.85 m. This represents a substantial buffer 
against any possible increase in flood level. 

All materials required for the elevated earthworks will be provided from 

within the site, and it is not anticipated that any importation of filling 
materials will be required. 
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Drainage and site contours will be such that both surface water and 

superficial groundwater will drain towards existing flood channels and lakes. 

4.6 	Development Construction 

The construction period will occur in two phases. The first phase will involve 

the contouring of the site and the second the construction of residential and 

club facilities. These will of course overlap, with the golf course being 

established over an extensive period while residential areas are being 

established and serviced. 

4.6.1 	The Golf Complex 

The golf course contours will be defined during this initial phase of 

construction. Soil excavated during this process will be transported to the 

residential sites where it will be reworked and compacted. Temporary rubble 

roadways will be constructed wherever necessary to enable earthworks to 

continue during periods of wet weather. 

A site office and shelter will also be established in the initial stages of 

construction, the former to be used as a security and management office. 

This site is already serviced with sewerage, water and power, and no 

additional inputs are required. Additional dry (chemical) toilet units will be 

brought onto the site if necessary during the construction period. Since the 

workforce will be locally derived, no residential facilities are required. 

Excavated topsoil will be deposited at a location in the southeast of the site 

during the initial stages. It will be stored here until contouring is completed 

within sections, and will then be spread over excavated and raised surfaces. 
The storage sites are located away from the South Yunderup Road so as to 

minimise dust nuisance. If necessary, topsoil will be watered to reduce losses. 

There will be no import or export of fill material from the site. 
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4.6.2 	Residential Estate 

When ground contours have been established and stabilized, service trenches 
will be excavated by the State Energy Commission. Power and telephone 

cables will then be established (see Section 4.5.4). Roadways will be 

constructed and allotments surveyed and pegged. Construction of bitumen 
roads will precede residential construction wherever possible. It is proposed 

that all sites will be fully serviced prior to construction of residences. 

Establishment of golf course fairways, greens, reserves and gardens will 
proceed throughout the residential development phase. It is intended that 
the course will be operable by the time allotments and residences are due for 

sale. 

All waste produced during the construction phase will be placed in suitable 
industrial bins and these will be emptied by a contractor. The Proponent 
undertakes to inspect the site regularly to ensure that suitable waste 

management procedures are being enforced. 
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5 	 THE EXISTING ENVIRONMENT 

5.1 	Physical Environment 

5.1.1 	Regional Description 

5.1.1.1 	Geomorphology and Soils 

The landforms of the Peel Region comprise four main elements (see SPC, 
1988a; Town Planning Department, 1985) - 

The Coastal Zone 

The Coastal Plain 

The Darling Scarp and Plateau 

The Peel-Harvey Estuary 

These are briefly outlined below. 

The Coastal Zone 

The coastline of the Peel Region extends for approximately 75 km and 
encompasses a diversity of landforms. The underlying formation for much of 

this is the 'Spearwood Dune System', a series of 4-5 limestone ridges running 

parallel with the coast. These ridges have been eroded to form rocky cliffs 

and platforms often inundated by recent sands to form small beaches within 
wave cut coves. 
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The more recent sands of the 'Quindalup Dunes' form a belt along the sea 

margins. These white carbonate and quartz sands are stable and vegetated, 

although the density of plant growth is low due to the low soil nutrient status. 

They are, however, susceptible to wind erosion, as are the low dunes north of 

Mandurah, particularly where vegetation has been disturbed. Much of the 

coastline is exposed to high energy waves and storm activity and, 

consequently, is prone to erosion. The exception to this is the area between 

Mandurah and Falcon. South westerly swells produce a northward 

movement of sand along the shoreline, although the Peel Inlet training walls 

have interrupted this and produced erosion of the North Mandurah 
shoreline. 

Closely associated with the Peel-Harvey Estuary are the 'Yoongarillup Plains' 

consisting of yellow-brown sand (Yoongarillup Association) or black-dark 

brown loam (Vasse Association) overlying a limestone platform. 

The Coastal Plain 

The Swan Coastal Plain extends eastward from the ocean to the Darling 

Scarp and consists of several provinces, each running parallel to the coast. 

The Bassendean Sand Ridges comprise a well drained system of grey sand 

dunes overlying clays. These are poorly drained and subject to water logging 
between ridges. 

The Pinjarra Plain lies further to the east rising from 12 m to 45 m AHD. 
This gently undulating plain of clays and sand has variable drainage. In the 

west, the Serpentine River Soil Association has limited drainage and, as a 

result, salt levels become elevated. The brown barns of the Swan Soil 

Association of the Murray and South Dandalup Rivers, by contrast, are well 
drained and fertile. 

Along the foot of the Darling Scarp is the Ridge Hill Shelf, a system of 

alluvial fans rising to a maximum elevation of 75 m. 

I 
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The Darling Scarp and Plateau 

The Darling Scarp and Darling Plateau are comprised of granite, of up to 

3 000 million years of age, overlain by a mantle of laterite, gravels and sands. 

The eastern plateau consists of mesas which lack the cemented gravels 

characteristic of the western, higher rainfall areas. 

The scarp is most evident between Muchea and Dandalup, a distance of over 

200 km in which the formation rises up to 430 m. 

The Peel-Harvey Estuary 

The Peel-Harvey Estuary is in many ways the dominant feature of the region 

since it receives discharge from the Murray, Serpentine and Harvey Rivers. 

The Peel Inlet is a large shallow body of water, with depths rarely exceeding 

2.5 m, and a surface area of 70 km2. For much of its area (37%), the inlet 

waters lie over a subtidal shelf with depths of less than 0.5 m (Hodgkin and 

Birch, 1986). 

To the south lies the Harvey Estuary, an elongated body of water lying 

approximately on a north-south axis. The surface area of this body is about 

60 km2  and depths are similar to those of the Peel Inlet. The shallow 

marginal shelf underlies some 14% of the total Harvey Estuary area. 

5.1.1.2 	Climate 

The Peel Region has a temperate 'Mediterranean' climate, indicating distinct 

seasonal patterns, with dry warm summers and mild wet winters. Most 

variation within the region is dictated by the proximity to the coast and by the 

Darling Ranges. The former has a moderating effect on the extremes of 

temperature while the proximity to the western slopes of the Darling Ranges 

indicates a wetter climate. The general features of the region are outlined 

below. 
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Rainfall 

The southerly movement of high pressure systems produces predominantly 

easterly winds which result, in turn, in hot dry conditions between September 

and March. Consequently, summer rainfall is light and sparse, although 

downpours do sometimes occur due to the southern progression of decaying 

tropical cyclones. Cyclone Alby, for example, produced some flooding in the 

region in 1978. 

The winter months are dominated by westerlies and these onshore winds 

provide over 80% of the total annual rainfall. As indicated above, rainfall 

generally increases towards the Darling Scarp and then decreases eastward. 

Annual rainfall at Mandurah is 884 mm with 92% of this falling between 

April and October. Summer rainfall is 71 mm. The wettest month is June 

(195 mm) with an average of 18 'wet' days, while July (176 mm) averages 20 

'wet' days. At Mandurah, the driest month is January with 8 mm, averaged 

since recording commenced in 1889. 

Temperature 

January and February are the hottest months with the February average, at 
Mandurah, being 23.4°C. The mean maximum for this month is 29.0°C and 

the mean minimum 17.9°C. 

Inland temperatures are more extreme and, on average, 10 days per year 

exceed the temperature of 37.8°C or 100°F (SPC, 1988a). 

Winter temperatures are mild with an average (at Mandurah) of 13.5°C. 

Mean maximum and mean minimum winter temperatures are 17.5°C and 

9.4°C, respectively. 

5.1.1.3 	Hydrology 

The Peel Region has substantial water resources and these exist as rivers, 

wetlands and coastal lakes, and groundwater. They have received substantial 

attention in recent years due to the increasing usage of the resources and the 

high nutrient inputs to the catchment. 
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Rivers 

The Peel Region contains three river systems, the Murray, Harvey and the 

Serpentine, and each of these discharges into the Peel-Harvey Estuary. The 

Harvey River partially discharges directly to the Indian Ocean via a diversion 

drain at Myalup in the Shire of Harvey. The Serpentine is usually regarded 

as part of the Murray system and enters a series of shallow lakes before 

entering the Estuary. The flood plains of these rivers are now substantially 

developed and drainage altered via a series of drainage channels. 

Coastal and Wetlands 

The coastal lakes of the Peel Region form three distinct groups, or bands, 

running parallel with the coastline. The northern-most is Lake Clifton and to 

the west of this lies the Martin Tank Chain. This group consists of several 

small lakes. The southern-most lake is Lake Preston. All lakes are shallow, 

with depths of generally less than 2 m, which, combined with their relatively 

large area, results in a high summer salinity and marked seasonal fluctuation 

in water levels. The bottom sediments consist of fine muds with a high 

organic content and these are readily suspended in the water column when 

disturbed. Consequently, turbidity within the lakes is high. 

Large swamp-wetland areas, both permanent and seasonal, also exist in the 

Region and these, together with the lakes, constitute an important habitat. A 

large portion of the area is included within the Yalgorup National Park. 

Groundwater 

Most groundwater in the Region is found in a shallow unconfined aquifer and 

constitutes a 'divertible resource' of about 50 M kL (WAWRC, 1987). This 

aquifer is fed from rainfall and by surface streams with some input from 

underlying aquifers. The predominant flow is westward, discharging into 

lakes, the sea or the Peel-Harvey Estuary. The salinity of the groundwater 

varies from less than 500 mg/L close to the Darling Scarp to 3 000 mg/L 

close to the coast. 
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Deeper aquifers are the Leederville Formation and the Cockleshell Gully 

Formation. The Leederville Formation underlies the superficial aquifer and 

is recharged mainly by leakage from this. The aquifer discharges offshore. 

Salinities range from 500 mg/L near the Darling Scarp to 3 000 mg/L near 

the coast, although salinities are generally in the vicinity of 1 000 mg/L. This 

increase in salinity towards the west is attributable to salt water intrusion 

from the sea and the Peel-Harvey Estuary. 

The Cockleshell Gully Formation is a deep and expansive aquifer of variable 

depth. The flow is again generally westward but faulting has resulted in 

variable local flow directions. Recharge is via small areas along the Darling 

Scarp around Pinjarra. Salinities are generally high (over 3 000 mg/L), 

although localised freshwater occurs north and east of Pinjarra. 

5.1.1.4 	Land Use 

Agriculture has historically been the main component of the regional 

economy, and still employs over 11% of the workforce, according to 1981 

census figures (TPD, 1985). The type of agriculture varies and exhibits a 

distinct zonation from the Darling Plateau to the coast. 

Little farming occurs on the forested plateau, although some grazing occurs 

on the cleared foothills and valleys. These areas are also used for orchards 

and Granny Smith apples are grown in the foothills of the Murray Shire. The 

foothills north of Pinjarra have more recently become favoured sites for 

horse studs. 

In the Peel Region, both dryland and irrigated pastures on the alluvial plain 

east of Pinjarra are used for grazing of sheep and beef and dairy cattle. To 

the south of the Region, irrigated areas become common and are 

predominantly dedicated to dairying. 

The fertile flood plains of the Murray and South Dandalup Rivers are 

dominated by mixed grazing. Westward, pastures become poorer and give 

way to mixed farmland of grazing, lucerne production and some market 

gardens where groundwater for irrigation is available. Coastal dune systems 
are unsuitable for agricultural activity due to the poor quality of the pasture 

and the risk of erosion. 
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Increasing urban development has occurred between Mandurah and Pinjarra, 
although this has replaced only a small area of farming land. 

Extractive industries include those based on limestone, clay, sand and gravel, 
and there is some prospect of gold in the North Dandalup River (SWDA,, 
1988). Bauxite is mined east of Pinjarra and Alcoa operates a refinery in the 

vicinity. 

5.1.2 	The Development Site 

5.1.2.1 	Soil Description 

The proposed site for the Murray Lakes Golf Complex and Residential 

Estate comprises soils formed from riverine and marine sediments dated as 
Holocene or early Pleistocene (Geological Survey of Western Australia, 
1980). Soils from three distinct landform classifications have been identified 

at this site. These are described in Table 1. 
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TABLE 1 

LANDFORM CLASSIFICATIONS IDENTIFIED AT 

THE PROPOSED SITE 

Landfornl Unit 	Code 	Characteristics 

Reworked 	 Qhg/b 	Lagoonal and estuarine deposits of 

Bassendean Sand 	
coarse quartz sand pushed up into 

low parallel ridges. 

Guildford Formation 	Qpa 	Alluvial and marine sediments 

forming mottled brown, yellow, 
grey and, less commonly, green 

sandy clay. 

Bassendean Sand 	
Qpd/Qpa A 0.5 - 2 m thick layer of fine to 

Overlying Guildford 	
medium grained quartz sand with 

Formation 	
subdunal topography. Transitional 
and intricate boundary with the 

Guildford Formation. 

(Source : Geological Survey of Western Australia, 1980.) 

I 
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In December 1988, 54 soil test pits were excavated at the site, to depths of 

1.5 - 2.5 m, in order to investigate the shallow soil conditions. The pit 

locations were chosen so as to coincide with the areas at the site which are to 
be developed as golf course lakes, fairways and greens and residential lots. 

The locations of the test pits are shown on Figure 3. 

Soil profiles described from the test pits correspond with the description of 

Landforms identified at the site by the Western Australian Department of 

Mines. Typical soil profiles are given in Table 2. 

I 
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TABLE 2 

TYPICAL SOIL PROFILES AT THE SITE 

ML1 

o - 400 	 Grey clayey sand topsoil. 

400 - 550 	Light brown, ferruginised coarse sand. 

550 - 1 200 	Orange/brown clayey sand. 

1 200-2 500 	Grey/green gleyed sandy clay with orange iron oxide 

streaks and mottles, wet. 

Landform Classification: Guildford Formation 

ML14 

0 - 100 	 Dark grey sandy topsoil. 

100 - 950 	Light brown, ferruginised coarse sand. 

950 - 1 900 	orange/brown clayey sand. 

1 900 -2300 	Grey/green gleyed clayey sand with occasional orange 

iron oxide mottles. 

Landform. Classification: Bassendean Sand overlying Guildford Formation. 

ML46 

0- 100 	 Dark grey coarse sand topsoil. 

100 - 400 	Light grey coarse sand. 

400 - 1 800 	Light brown ferruginised coarse sand. 

Hole collapsing. 

Landform Classification: Reworked Bassendean Sand. 

1 1 
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A full description of soil profiles encountered in test pits is given in 

Appendix I. 

The location of boundaries of the landform classes at the proposed 

development site are shown on Figure 3. 

Soil samples were taken from the range of soil types encountered in the test 
pits and analysed for Single Point Phorphorus Retention Indices (Table 3). 
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TABLE 3 

SINGLE POINT PHORPHORUS RETENTION INDICES (PRI) 

Sample Site Soil Description PR! 

ML5 orange/brown sandy clay with 920.0 
profihc iron oxide mottles, 
some hardened. 

ML7 Dark grey clayey sand topsoil. 51.0 

Orange/brown clayey sand. 26.0 

Gleyed clayey sand with iron oxide 11.0 
mottles. 

ML17 Light grey coarse sand. 4.7 

Light brown, ferruginised course sand. 50.0 

ML35 Dark grey clayey sand with profile 25.0 
orange/brown mottles and streaks. 

Gleyed sandy clay with occasional 160.0 
iron oxide mottles. 

ML39 Dark brown loamy sand topsoil. 500.0 

Light grey coarse sand with orange 32.0 
iron oxide mottles. 

ML44 Light grey coarse sand. 3.7 

Grey sandy clay with prolific orange 21.0 
iron oxide mottles. 

Gleyed clayey sand. 440 

ML46 Dark grey coarse sand topsoil. 0.7 

Light brown ferruginised, coarse sand. 4.7 

ML47 Light grey coarse sand with occasional 4.3 
orange mottles. 

Light orange coarse sand. 11.0 

ML48 Light grey coarse sand. 24.0 

Pale orange/brown coarse sand with 12.0 
dark orange mottles. 
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Phosphorus Retention Index (PRI) is the ratio of P sorbed to P equilibrium 
when soil is equilibrated with a solution of 10 ppm P in 0.02 M KCI at 
22 deg C and a soil solution ratio of 1:20 (Chemistiy Centre of WA; B Jeffries 

pers comm). 

5.1.2.2 	Hydrology 

The site for the proposed development is low lying and generally flat. Some 
areas are subject to periodic inundation by rainfall enpondment, as suggested 

by the predominance of 'wet' plant species. 

In the areas of the site comprising Reworked Bassendean Sands, the 
relatively high soil permeabilities result in rapid infiltration of rainfall. The 
limited surface runoff from the dunes flows into the interdunal swales where 

ponding occurs. Swale vegetation is indicative of periodic inundation. 

In the areas of clayey surface or sub-surface soils, in the east and south of the 
site, the flat landscape and low soil permeabilities inhibit surface runoff and 

infiltration of rainfall. Bare ground, or dominance of pasture species by 

barley grass in depressed areas of the landscape, indicates that these areas 

are also prone to periodic inundation by water. 

An extensive network of drains has been constructed over the property to 
reduce problems of flooding in the swales of the Bassendean dune system and 

the clay flats of the Guildford Formation. In the Reworked Bassendean Sand 
Formation, spoon drains, of approximately 0.3 m depth, run from the 
interdunal swales either north or south into two major drainage channels 
which appear to be remnants of old Murray River courses. In the areas of 
Guildford Formation, shallow surface drains of 0.15 - 0.3 m in depth have 
been constructed to drain areas prone to surface water ponding. These 
drains run east-west and feed larger drains of 0.5 - 1.0 m depth, which direct 

water flow northwards into the major drains described above. 



TABLE 4 

WATER QUALITY PARAMETERS OF GROUND AND 
SURFACE WATER SAMPLES 

Sample Site TDS EC VFP NO3  NH4  Total N 

ML3 30 500 67.0 <0.05 35.8 <0.05 9.21 
ML11 39 000 68.5 <0.05 6.6 <0.05 3.17 
ML16 11 500 21.0 0.06 1.8 1.55 2.92 
ML21 1 480 2.7 <0.05 1.1 0.70 1.92 
ML23 9 550 14.9 0.06 37.1 9.3 18.7 
ML28 660 0.945 <0.05 141 1.4 35.4 
ML32 270 0.42 0.14 <0.05 0.43 2.80 
ML34 520 0.81 0.50 * 0.09 * 

ML36 4 900 8.0 <0.05 0.25 6.30 8.46 
ML39 555 0.87 0.18 <0.05 0.08 3.08 
ML40 255 0.35 0.32 <0.05 3.20 5.04 
ML42 1 600 2.9 <0.05 1.9 0.15 1.70 

ML47 615 0.97 <0.05 56.7 0.70 14.9 

ML5O 160 0.245 0.06 27.4 0.13 8.58 
ML52 7480 10.9 <0.05 0.7 <0.05 1.57 
ML54 345 0.535 0.08 <0.05 3.75 5.6 
DRAIN 1 3 430 5.75 <0.05 <0.05 0.25 3.64 
DRAIN 2 6 140 9.60 <0.05 0.87 0.49 2.02 

TDS 	= Total dissolved solids (mg/L) 
EC 	= Electrical Conductivity (jiS/cm) 
FTP 	= Filtered Total Phosphorus (mg/L) 

NO3 	= Nitrate Nitrogen (mg/L) 
NH4 	= Ammonium Nitrogen (mg/L) 
Total N 	= Total Nitrogen (mg/L) 

* 	Unfilterable solids prevented analysis. 

36 



AUSTRALIAN GROUNDVJATER CONSULTANTS PTY 
	

37 

5.1.2.3 	Existing Land Use 

The development site has been cleared and used for a variety of agricultural 

purposes since 1842. Originally used for grazing, it had, by 1910, been 

established as a mixed farming enterprise with pigs, cattle, sheep, poultry, 

crops and oats, clover and vegetables, as well as apiaries. The present use 

centres on the grazing of beef cattle and sheep. 

Approximately 230 ha of the 270.4 ha within the development site are 

cleared, the remainder being occupied by remnant native vegetation and 

flood channels. An additional 40 ha in the west, which will not be developed, 

consists of 10 ha of cleared grazing land and 30 ha of native vegetation. 

5.2 	Biological Environment 

5.2.1 	Regional Description 

5.2.1.1 	Vegetation 

The region can be divided into two botanical sub-districts. The first, the 

'Drummond Subdistrict', comprises the Swan Coastal Plain while the second, 

the 'Dale Subdistrict', encompasses the eastern and western slopes of the 

scarp and the laterite plateau of the Darling Range (Beard, 1979 a & b). 

Each Botanical Subdistrict has been further divided into units, called 

'vegetation systems', within each of which a single typical pattern of 

vegetation occurs. Since the development does not extend to the Dale 

Subdistrict, the vegetation of this botanical system is not identified in the 

report. 

The Drummond Subdistrict encompasses the Mandurah and Murray Region 

and can be divided into five vegetation systems. These are described below. 



Rockingham System 

This system is developed on the Quindalup Dunes and includes Rottnest, 

Carnac and Garden Islands, and the coastal vegetation from Fremantle to 

Cape Leeuwin. 

The structure of vegetation communities on both Rottnest and Garden 

Islands has been altered by fire, with the most widespread plants being 

Callitris, Acacia and Melaleuca species. On the mainland, the vegetation of 

the Rockingham system comprises colonisers of the foredunes through to 

mature plant communities on the stabilized dunes. 

The first perennial colonisers of the foredunes are the Spinifex grasses with 

Tetragonia decumbens, Scirpus nodosus and Carpobrotus aequilaterus common 

in the hollows behind the foredunes. A low, dense thicket of Acacia 

lasiocarpa and Melaleuca acerosa is characteristic of the windward slopes of 

the stable dunes. 

Spearwood System 

The Spearwood System is the vegetation of the Spearwood Dunes with the 

principal component of the vegetation being Eucalypt woodland. Numerous 

lakes of fresh and saline water occur in a chain along the eastern boundary of 

the Spearwood System and are characterised by sedge swamp formations 

bordered by wooded communities of Melaleuca or Banksia. 

The Eucalypt woodland can be divided into two communities, the Eucalyptus 

gomphocephala, Tuart association and the E gomphocephala-Eucalyuptus 

niaiginata Tuart-Jarrah association. The E gomphocephala association 

consists of open stands of Tuart trees with a lower layer of small trees, under 

10 m, comprising Agonis flexuosa, Banksia at tenuata, Banksia menziesii and 
Casuarinafraserana. Also present are the grass tree Xanthorrhoea preissii and 
the cycad Macroza,nia riedlei. Shrubs below 3 m include Acacia cyanop/zylla, 

Anthecercis littorea, Diyandra sessilis, Hakea prostrata, Melaleuca. huegelii, 

Acacia puichella, D,yandra nivea, and Hibbertia hypercoides. 
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In the mixed stands with E maiginata, plants tolerant of acid sands become 

emphasized, for example, B attenuata B menziesii and C fraserana, Banksia 

grandis and Petrophile species. 

The introduced bulirush Typha orientalis has become common in lakes on the 

coastal plain and areas subject to inundation. A fringing woodland of 

Melaleuca preissiana, Melaleuca rhaphiop/zylla and Eucalyptus rudis is 

characteristic of such wetlands. 

Bassendean System 

This system extends from Cockleshell Gully to Busselton and consists of a 
mosaic of vegetation controlled by drainage patterns. Banksia low woodland 

is the dominant component in the northern section and consists of 

B attenuata, B iicifolia, B menziesii, in association with C fraserana and 

Nuytsiafloribunda. An understorey of scierophyll shrubs occupies the highest 

sandy areas and Jarrah trees can be found scattered throughout the 

community. 

On moister but well-drained sites, within the central and southern sections, 

the Banksia low woodland is less widespread and merges into Jarrah-Marri 

woodland with a Banksia-Casuarina understorey. A large proportion of the 

Bassendean System is occupied by freshwater swamps. Vegetation of these 

littoral communities is dominated by the paperbark M rhaphiophylla, usually 

with a belt of sedges extending to the water. Species such as B littoralis, 

Melaleucaparvzflora and E rudis occupy ground above the high water mark. 

Pinjarra Plain System 

This system occurs in a continuous band between the Darling Scarp and the 

Bassendean Dune System. It contains the best soils of the coastal plain for 

pasture development and irrigation. Very little of the original vegetation 

remains but isolated stands of the trees E rudis, E calophylla, E marginata 

may be found on the plain. The principal elements are Banksia low 

woodland on well-drained light sandy soil, E marginata-E calophylla 

woodland on wetter soil overlying clay or ironstone, M rhap/ziophylla and 

Mpreissiana low woodlands in peat-swampy soil, and Casuarina obesa low 

woodland in the saline swampy patches. 



Ridge Hill Shelf System 

The Ridge Hill Shelf System covers a small narrow band along the foot of the 

Darling Scarp and was originally dominated by Jarrah-Marri forest with an 

understorey layer of B grandis, Cfra.serana, Xanthorrhoea species and a 

ground cover of Mesomelaena tetragona; A puichella, Daviesia rhombifolia, 

Grevillea wilsonii and Diyandra nivea. The clayey subsoils have a general 

cover of Marri forest with Paperbark (Mpreissiana) and Agonis linearifolia in 

swampy patches. 

5.2.1.2 	Fauna 

A computer survey of mammals, reptiles, amphibians and fish recorded in the 

Mandurah region was supplied by the Museum of Western Australia. Species 

recorded in the area were checked against rare and. endangered species lists 

supplied by the Department of Conservation and Land Management 

(CALM). The computer survey indicated that there are 23 species of 

mammals, 58 species of reptiles and 87 species of fish. No amphibians have 

been recorded by the museum in this area. 

Two rare and endangered species have been recorded in the region. They 

are the Western Native Cat, Dasyurus geoffroii and the Numbat, Myrmecobius 

fasciatus. It is unlikely that these mammals would be found on the 

development site, as they are highly mobile, mainly nocturnal creatures 

preferring a closed forest environment. 

The Australian Sea-lion, Neophoca cinerea, is listed as in need of special 

protection and has been recorded at Mandurah. Its sighting has no 

implications on the development area. 

40 

5.2.1.3 	Reserves 

The project site is not affected by any System 6 Recommendation. 
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There are several Reserves in the region of the development, the closest 

being less than a kilometre from the southwest corner of the site boundary. 

To date, no flora or fauna studies have been undertaken in the area, although 

CALM has carried out a survey in two of its Reserves, namely 2738 (Mealup 

Point) and 24739 (McLarty). These are located approximately 15 km to the 

southwest, on the shores of the Harvey Estuary. 

Plant species noted in these Reserves include Acacia, Banksia, Davesia, 

Dryandra, Eucalypts, Hakea, Lepidosperma and Xanthorroea. Fauna found 

at the Mealup Point and McLarty Reserves includes various snakes, frogs, the 

long-necked tortoise, and the Western Grey Kangaroo. Eighteen different 

species of bird were noted and Appendix II lists these. As these species are 

common to the area, it is reasonable to infer that they may be found in the 

remaining bushland areas on the development site and will colonise suitable 

habitats after establishment of the Golf Resort Complex. 

5.2.2 	The Development Site 

5.2.2.1 	Vegetation 

The 320 ha property includes 80 ha of remnant native vegetation, of which 

50 ha lies within the development site boundaries (280 ha). The remainder 

of the site is cleared, open grazing land, covered by a mixture of native and 

introduced grasses. These include dandelions, barley grass, clovers, Lolium 

perenne, and Stipa species. 

Reeds and rushes, such as Leptocuarpus canus and Semaphore sedge, are 

commonly found in sandy areas, in poorly drained depressions, or along the 

edge of watercourses on the property. 

The northwestern corner of the site, adjoining South Yunderup Road, has an 

area of tall open woodland dominated by Eucalyptus rudis, commonly called 

Flooded Gum. These have an average height of around 10 m. The stand has 

an associated understorey of tall shrubs such as Melaleuca preissiana, Hakea 

varia and Hakea prostrala. 	The groundcover consists of Blackboys 

(Xanthorhoea preisii), Drosera gigantea and Jacksonia species. 
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Further south, the Eucalypts become less dominant, giving way to a dense 

closed Melaleuca woodland often in close association with waterways. The 

Melaleuca is closely associated with Kunzea ericifolia and Hakea species. 

The parasitic Devil's Twine, or Dodder, is commonly found growing over 

many of the plants in the Melaleuca woodland. Away from the watercourses, 
the Melaleuca woodland merges with Eucalypts, and the understorey of these 

mixed stands consists mainly of herbaceous species including Hibbertia 

stellaris, Helipterum cotula and Patersonia occidentalis. 

The fringes of waterways, both dry and permanent, can be identified by the 

presence of the introduced South African plant Watsonia bulbillifera. 

Along the western boundary of the property, Melaleuca is again dominant, 

with E rudis common along the fringes of the Melaleuca woodlands. The 

dense understorey is a mixture of Hakea, Kunzea and Melaleuca species. A 

stock watering dam is located in the southeast corner of this area. 

In the south, across the watercourse, a mixed, closed woodland of Eucalyptus 

and Melaleuca forms a dense stand of approximately 20 ha. The area 

contains a large variety of shrubs, including Xanthorrhoea pressii, Astartea 

faseicularis, Verticordia densijiora, Oxylobium linearifolium and Jacksonia 

species. 

These woodlands and the Melaleuca woodlands to the northwest are not 

included in the development site and will remain as reserve areas. 

5.2.2.2 	Fauna 

Most species of fauna on the property are restricted to waterways and areas 

of remaining native bushland. These are a suitable habitat for amphibians 

and reptiles including the long necked tortoise. Many species of birds, 

including migratory species, use the waterways for feeding and as breeding 

areas. It is expected that the development of the property will attract more 

birds because of the expansion and aeration of the waterways. Appendix II 

lists bird species identified in the Mandurah area and likely to visit the 

project site. This list is based on advice from the Royal Australian 

Ornithological Union. 
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Native scrub should also provide habitats for numerous small mammal 

species, although surveys to identify any present were not undertaken. A 
small population of Western Grey Kangaroos also ranges over this and 

adjacent properties. 

The presence of rabbits on the site is evident from numerous scratchings and 

scats located over the cleared, sandy pasture areas. Destruction of the 

rabbits' habitat is considered environmentally beneficial due to it being an 

introduced species and contributing to substantial environmental 

degradation. 

5.3 	Sociological Environment 

The 'Peel Region' encompasses the Town of Mandurah, and the Shires of 

Murray, Boddington and Waroona, and the information below refers mainly 

to these local authorities. There has, however, been little uniformity of 

development and so comparisons between major settled areas have been 

made where appropriate. The characteristics of the Town of Mandurah, 

(particularly the actual township) and the Shire of Murray (Pinjarra in 

particular) are, however, of principal relevance to the development. 

5.3.1 	Population Characteristics 

The population characteristics of importance to the proposed development 

are - 

Population numbers and growth, since these indicate the 

demands for housing and recreational facilities. 

Population age profile, since this will indicate the areas 

of growth and indicate the section of the population 

most likely to require additional facilities. 

Employment, since the proposed development will have 

a marked impact on this, both during construction and 

when established. 
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Employment, since the proposed development will have 

a marked impact on this, both during construction and 

when established. 

Each of these characteristics is detailed below. 

5.3.1.1 	Regional Demography 

The total population of the Peel Region, according to 1986 census estimates, 

was 29 672, of which almost 65% was centred in Mandurah. Since this date, 

the proportion of the regional population living in Mandurah is likely to have 

increased, due to the rapid growth of that centre relative to the remainder of 
the region. Indeed, Mandurah is the most rapidly growing centre in Western 

Australia, and 90% of the Region's population growth in the period 1981-

1986 has occurred there. 

Murray Shire has grown by a relatively modest rate from 6 580 in 1981 to 

6 980 in 1986; one sixth of the growth rate of Mandurah. 

Waroona has sustained no growth in the 1981-1986 period, although the 

Boddington Shire has recently experienced some growth, from 749 people in 

1981 to 911 in 1986, due to the development of gold mining. 



TABLE 5 

POPULATION AND GROWTh IN 

MANDURAH AND MURRAY 

(Figures in parentheses indicates percentage growth during preceding live 
year period.) Source: ABS, SPC. 

	

Estimated Resident Population 
	

Projections (Medium) 

1976 	1981 	1986 
	

1991 	 1996 	2001 

Mandurah 	 8 910 	13 525 
	

19 196 	27 400 	37 900 4 

8 800 

(51.8%) (41.9%) 
	

(42.7%) 	(38.3%) (28.7%) 

	

Murray 5310 6580 6980 
	

7600 	9600 10600 

(23.9%) (6.1%) 
	

(8.9%) (26.3%) (10.4%) 

The number of elderly people (55+) in the Peel Region has increased by 

2 102 between 1981 and 1986, although this does not apparently indicate an 

increased proportion of elderly in the Region (SPC, 1988b). The State 

Planning Commission, however, attributes this increase to both an aging of 

the existing population and an 'in-migration' of retirees attracted by the 

region's mild climate and recreational facilities. 

The Mandurah area has a higher population of people in the 55+ age 
bracket, relative to the rest of the state and region. The Shire of Murray has 

also been a popular retirement destination, particularly the areas around 

Yunderup and the Serpentine and Murray Rivers. 
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5.3.1.2 	Employment 

Being a popular recreational area as well as regional centre, the services 

sector is one of the major employers in Mandurah. The primary sector, 

including cattle farming, timber milling and bauxite mining is, however, the 

major employer in the Murray Shire as well as providing employment for 

many Mandurah residents (SPC, 1988b). 

Only 58% of Mandurah's workforce is employed within the municipal district. 

Many of the remainder work within the Murray Shire and in the township of 

Pinjarra. In all, some 9 400 people within the Peel Region were employed 

and over half of these were living in Mandurah. 

Unemployment within the region is high, at 13.1% of the workforce 

compared with 8% for the state. The unemployment rate in the township of 

Mandurah was even higher, at 15.1% although this may be seasonal. 

Unemployment in the 15-19 year age group is of particular concern with 27% 

unemployed for Mandurah (SPC, 1988b). 

5.3.2 	Housing 

The 1986 Census results reported the number of dwellings within the Peel 

Region to be 14 381, over 70% of these being in the Town of Mandurah. 

Mandurah appears to be the preferred address within the region even though 

employment may be located outside of the town. 

During 1987-1988, 603 new houses were commenced in the Town of 

Mandurah. This was more than any other non-metropolitan statistical area in 

Western Australia (ABS 8741.5). This figure also comprised 78% of all new 

building in the Peel Region. Mandurah is seen to have the advantage of 

amenities, such as beaches and fishing, as well as major releases of elevated 

and waterfront land. The other regional centres of Kwinana and Pinjarra are 

perceived as less desirable and, in fact, Pinjarra has little suitable land for 

release (SPC, 1988c). 
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Most homes are owner-occupied with only 17% being rental properties. 

Rentals are reportedly cheaper than corresponding properties in the Perth 

area but this is probably variable, with short-term rents on some properties 

rising during the tourist season. 	Homeswest provides low rental 
accommodation and has constructed 465 residences within the Peel Region 

to December 1987. There remains a high demand for public housing within 

the region and waiting lists span three years in Pinjarra (Housing Steering 

Committee, Shire of Murray 27/4/88, cited in SPC, 1988b). 

5.3.3 	Tourism 

Oveiview 

Mandurah is one of the state's major tourist and holiday destinations and is, 

in fact, the third most popular destination in Western Australia (WATC, 

1986). Studies have shown that in 1985/6 over 1.6 million people made day 

trips to the Mandurah/Pinjarra areas from Perth making this area the most 
popular tourist destination. 

Growth has continued in recent years and substantial holiday accommodation 

projects have been established. These include - 

Murray River Resort 

The Atrium 

Silver Sands Holiday Village 

The Lakes 

The Reef Hotel. 

Such growth is expected to be maintained with the provision of additional 

facilities such as the Mandurah/Murray Airstrip (see Feilman Planning 

Consultants, 1987). 

2 
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The South-West Tourism Development Plan (TDP) itemised the facilities 

and attractions in the regions, and recorded approximately 60 sporting clubs 

in Mandurah and 30 in the Murray Shire. As Mandurah is a coastal town, 
encompassing the Peel Inlet, water-based activities are the main attractions. 

Other man-made attractions include various recreational facilities (such as 

the Amusement Park and Aquatic Centre), a winery and historical sites. The 

Murray Shire has a number of tourist attractions of historical interest in 
addition to the water-based activities on the Murray River and Peel Inlet. 

The more isolated Shires of Boddington and Waroona are less well serviced 

and it is likely that tourism will consequently remain centred on Mandurah 
and Murray. 

Future Developments 

The demand for both passive and active recreational activities in the 
Mandurah region is increasing, firstly due to an overall increase in leisure 

time available to the workforce and, secondly, the rapid growth in tourism 
and population in the region. 

A survey to assess host/visitor interaction was part of the South-West TDP. 

The results reported indicated that local residents in Mandurah believe that 

accommodation and catering facilities in the Town are adequate but could be 

expanded. Facilities such as attractions, parking and information centres 

required major increases. Murray residents saw the need for major increases 
in accommodation, catering and information services in their Shire. 

The proposed construction of the Dawesville Channel and dredging at the 

mouth of the Peel Inlet will allow year round access to the ocean which will 

be a boost to tourism in Mandurah. The Dawesville Channel will also boost 

tourism by virtue of its effect in reducing the frequency of blooms of the blue-
green algae Nodularia. 

A number of future developments for the 'Murray Tourist Zone' have been 

identified and listed in the South-West TDP. Those for the Mandurah area 
include - 

An Ocean Marina 

I 



Marine Park, Oceanarium and Maritime Museum 

'Fisherman's Wharf style retail, restaurant and 
entertainment complex 

Resort Hotels 

Beachfront Resort. 

The TDP also listed a number of projects that are under study and a range of 

opportunities for development, both within Mandurah and regional centres 
such as Pinjarra. 

The broadening of the tourist focus is clearly anticipated with the listing of a 

number of proposals to facilitate transport between major centres. These 
include - 

Development of Oceanway linking Fremantle, 

Mandurah, Bunbury and Geographe Bay 

Bridle track between Mandurah and Bunbury 

Upgrading the Mandurah-Pinjarra Road 

Investigating the airport needs of Pinjarra. 

5.3.4 	Existing Services 

Schools 

There are 13 primary schools presently operating in the Peel Region, 10 of 

which are public schools. Of these, four are within Mandurah. Three private 

primary schools currently exist, one in each of Mandurah, Pinjarra and 
Waroona. 
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Four high schools, all public, operate, although only those at Mandurah and 

Pinjarra extend to senior level. The district high schools in Waroona and 
Boddington extend only to year ten level. 

A new state high school is currently being built at Coodanup and will open in 

1989. Land has been acquired for two new primary schools and a Catholic 

secondary school. The Anglican Schools Commission has also made an 
application to open a school in Mandurah in 1991. 

Health 

The largest hospital in the Peel Region is the Murray District Flospital in 

Pinjarra. This facility contains 82 beds of which 66 are currently staffed. A 

small district hospital also operates at Boddington with 19 beds, 11 currently 
staffed. 

A planned new district hospital in Mandurah will provide only limited 

services and, initially, 30 beds. Fifteen of these will be staffed and six will be 

reserved for geriatric care. Although limited in services, this hospital will 

alleviate pressure on the Murray District Hospital, particularly during the 
holiday season. 

The Community Health Centre at Pinjarra provides community and child 

health facilities, and the school health nurses also operate from this facility. 

The Pinjarra centre services Waroona and Boddington. A Community 
Health Centre at Mandurah services that area. 

Government Seivices 

Mandurah operates as the regional centre for a number of government 

Departments including the Commonwealth Employment Service (CES), 

Department of Social Security (DSS), the Department of Community 
Services (DCS), and Homeswest. 

I 
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5.3.5 	Ethnography and Archaeology 

Tribal Distribution of the South West 

The 'Pinjarra' (or Pinjarrah) tribe inhabited the coastal region of the south 

west from Leschenault Inlet to a point north of Peel Inlet. Their range seems 

to have extended inland to the present location of Pinjarra township and 

certainly encompassed the lower reaches of the Murray River. The actual 

name of this tribe is, in fact, not known since it had ceased to exist by the 

time serious records were compiled. Most of the information available is 

from sources within the 'Kaneang' tribe to the southeast (Tindale, 1974). 

The Development Site 

The Department of Aboriginal Sites of the Western Australia Museum has 

indicated that no site of either archeaological or ethnographic significance 

occurs within the development site (N Green, pers comm). 

Three sites have, however, been recorded in the area around the site, these 
being - 

S02341. Ravenswood Camp 

(Ethnographic/Mythological) 

S02266. Peel Inlet (Ethnographic/Mythological) 

S00257. Yunderup South (Archaeological) 

In view of the long history of agricultural use of the development site and the 

extensive alteration of waterway and drainage patterns, it is most unlikely 

that any significant sites that may have once existed would survive. 

Nevertheless, the proponent recognises the need to comply with the 

requirements of the Aboriginal Heritage Act, 1972-1980, and provides a 

commitment to do so. 

2 
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5.4 	Nutrient Status of the Peel Inlet - Harvey Estuary System 

5.4.1 	General 

As already outlined, the Peel Inlet - Harvey Estuary system is the dominant 

feature of the Peel Region. This body of water covers a combined area of 
over 130 km2  and is fed by three Rivers: the Murray, Serpentine and Harvey. 
Nutrient flow into the system, particularly of phosphorus, has produced a 

number of problems which have resulted in a series of recommendations 

regarding land uses and development requirements within the catchment. 

5.4.2 	Historical Background 

The nutrient inputs to the agricultural lands of the Peel-Harvey Catchment 

have been the focus of much attention since they were identified as the 

principal cause of the eutrophication occurring in the Peel-Harvey system. 

This source was identified as a result of investigations into the causes of algal 

blooms in the estuarine system (DCE, 1980). 

The first indications of the problem occurred in 1960 when fish nets were 
reportedly clogged by the filamentous red alga Monosporous aust rails. 

Evidence of offshore buildup of green algaes, or 'weed', in 1965 and 1967 has 
also been reported (DCE, 1985), although the shoreline deposition of these 
was only recorded in 1969. 

In 1974, shoreline cleanup of rotting weed deposits was initiated, and in 1976 

the Environmental Protection Authority (EPA) initiated an investigation into 

the causes of the problem. These studies, carried out by the Estuarine and 

Marine Advisory Committee (EMAC), showed that the algal blooms were 

due to the high nutrient levels within the estuarine system and, as mentioned 

above, also identified agricultural fertilizers as the major source of nutrient 
inputs. 

0 
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5.4.3 	Nature of the Nutrient Problem 

The soils of the Peel Region are deficient in phosphorus and other nutrients 

which consequently need to be added, in the form of fertilizer, if high 
agricultural production is to be maintained. Many soils are poor at retaining 
these nutrients resulting in the leaching of nutrient ions from soil and into the 
Peel-Harvey Estuary via drainage channels or groundwater flow. 

Intensive agricultural practices such as dairies also have high nutrient 
outputs, in the form of animal waste, and where waste management is of a 
low standard, high levels of nutrients can be released. 

The high nutrient inputs into the estuary, coupled with the large surface area, 
shallow depths and seasonally high incident light result in blooms of green 

algae and the blue-green Nodularia. These are exacerbated by the limited 
ocean exchange and seasonal river inflow, features which favour high 
productivity (Hodgkin et al, 1980; 1985). The green algae or 'weeds' mainly 

affect Peel Inlet whereas the less saline Harvey Estuary is affected by the 

Nodularia blooms. 

	

5.4.4 	Nutrient Management Strategies 

A wide range of options for managing the nutrient related problems in the 

Peel-Harvey Estuary has been investigated (Humphries and Croft, 1983). 
Subsequently, the favoured options were submitted for assessment by the 
Environmental Protection Authority (EPA) in the Stage 1 Environmental 
Review and Management Programme (ERMP) for the Estuary (Peel-Harvey 

Study Group, 1985). Following its assessment of the Stage 1 ERMP, the EPA 
made recommendations on the initiatives needed to refine management 
strategies for the Estuary (DCE, 1985). The Stage 2 ERMP for the Peel Inlet 
and Harvey Estuary Management Strategy (Kinhill Engineers, 1988) was 
produced as a result of the EPA's 1985 recommendations, and the proposals 

it contains have been assessed by the Authority (EPA, 1988a). 
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The management strategies recommended by the EPA have two basic 
components - 

reducing nutrient inputs to the Estuary; and 

increasing the flushing of nutrients from the Estuary. 

The former will require more effective management of catchment land uses 

that involve either the application of nutrients or the generation of nutrients. 

The latter will require construction of the Dawesville Channel, a waterway 

that will connect the Harvey Estuary to the Indian Ocean. 
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6 	ASSESSMENT OF ENVIRONMENTAL IMPACTS 

6.1 	General 

A number of environmental impacts can result from developments such as 

the proposed Murray Lakes Golf Complex and Residential Estate. These are 

considered below under the following headings - 

Nutrient Impacts 

Biological Impacts 

Sociological Impacts. 

6.2 	Nutrient Impacts 

6.2.1 	Regional Land Management Strategies 

Catchment management is an essential part of the overall strategy for 

addressing the problems evident in the Peel-Harvey Estuary. In general, 

catchment management should be premised on matching land use and 

development activities to the capacity of the environment to absorb or accept 

the consequent impacts without unacceptable degradation (EPA, 1988b). 

More specifically, however, a principal objective of catchment management 

as it applies to the Peel-Harvey estuarine system is to reduce the amount of 

nutrients entering the system from its catchment area. 

The proposed development incorporates measures to manage nutrients and 

would result in lower phosphorus (the most critical nutrient) application rates 

than the current agricultural use. The proposal can, therefore, be seen to be 

consistent with the above-mentioned objective for catchment management. 

0 
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6.2.2 	Nutrient Inputs from Existing Land Use 

Application rates for phosphorus on farming areas within the Swan Coastal 

Plain have been estimated as 18 kg/ha/yr, expressed as elemental 
phosphorus (Yeates et al, 1985). Studies have indicated that the deep grey 
sands, which occupy 30% of the coastal catchment, are the major contributor 

to phosphorus loads of the Estuaiy. These soils lose phosphorus at a rate six 
times greater than that of heavier soils (EPA, 1988a). 

The development site has an area of 270.4 ha and, therefore, could be 
expected to require a total of about 5 000 kg (5 t) of phosphorus per year. At 
the present time, 60 t of superphosphate is applied to the property each year, 

in two of 30 t applications. Assuming that superphosphate has a phosphorus 

content of 8.3%, the application rate represents a phosphorus input of 
4 980 kg/ha/yr, or approximately 5 t, indicating that the present use conforms 
with the regional average. 

	

6.2.3 	Potential Nutrient Inputs from the Development 

The sources of nutrients from the development are likely to be - 

Fertilizer use on the golf course 

Fertilizer use on recreational parks 

Fertilizer use within residential and golf club areas. 

In addition, small amounts of fertilizer may be used in order to establish 

native vegetation within the complex. 

Residential Areas 

The residential development area encompasses about 80 ha and includes 

approximately 400 residential blocks ranging in size from 1 000 m2  to 
8 000 m2. 
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If it is assumed that 50% of the entire residential area is occupied by lawns 

and gardens that require irrigation and fertilization, this represents a total 

cultivated area of approximately 40 ha. In fact, this is a high estimate and 

ignores the substantial amount of residential area which is occupied by the 

dwellings, roads, pavements and pathways, native trees, shrubs and 

groundcovers, and other areas which do not require fertilization. 

The recommended treatment (CSBP and Farmers Pty Ltd, pers comm) prior 

to lawn establishment is a single application of 'Super Copper, Zinc, 

Molybdenum' (Super Cu, Zn, Mo). This mixture contains 8.3% phosphorus 

and the recommended application of 300 kg/ha therefore represents 

24.9 kg/ha of elemental phosphorus. This, in turn, is a total application to 

the residential area of approximately 1 000 kg (1.0 t) of elemental 

phosphorus. 

After this, the application of Horticultural Special Mix (3.5%P) at 

1200 kg/ha, in four applications of 300 kg/ha, is recommended. This 

represents a further 1 680 kg of phosphorus in this first year 

(ie 1 200x40x3.5%). 

Subsequent to this establishment phase, phosphorus and other nutrients are 

greatly reduced. Assuming maintenance application rates of 50 g/m2/year 

superphosphate apply over the entire 40 ha, the expected phosphorus load 

would be 1200 kg/year (ie 500 kg x 40 ha x 6% high phosphate fertilizer). 

However, a more realistic estimate of phosphorus load from maintenance 

applications would be about a third of this since 'Turf' fertilizers are generally 

only 2% phosphorus. 

The phosphorus levels in the first year also assume that uniform treatment is 

applied by the developer, prior to residential purchase. In fact, treatments 

will vary according to allotment, and mulching and the use of compost will 

reduce both required application rates and nutrient leaching. 
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Public Reserves 

A total of 8.9 ha has been allotted to public open space reserves, some of 

which will be occupied by structures, shrubs, or native grasses which will not 

require fertilization. Assuming that the entire area is covered by lawns and 

that no mulching or other management practices are implemented and that 

soil treatments are the same as for residential lots and for golf greens, a total 

phosphorus input of 595 kg (0.6 tonnes approximately) would be made in the 

first year. 

ie 	8.9 ha x 300 kg x 8.3% 
	= 	221.61 

plus 	8.9x 1 200x3.5% 
	

= 	373.80 

595.41 kg (0.6 t P approx) 

Subsequent to establishment, an application rate of 50 gm 

superphosphate/m2/yr or 500 kg/ha/yr is used to estimate the total annual 

use of 4450 kg superphosphate. This represents a total of 267 kg P based on 

standard 6% P mix or 89 kg P using 'Turf' mix (2% P) 

Golf Course 

The initial 18 hole golf course will cover 30 ha of a total area of 145 ha. Of 

the remainder, 15 ha will eventually be used to develop a further 9 holes and 

100 ha will comprise areas of lakes and native vegetation. 

The expected phosphorus loadings to the 18 hole golf course have been 

estimated using fertilizer recommendations provided by CSBP and Farmers 

Pty Ltd. These recommendations are as follows - 

300 kg/ha of 'Super Cu, Zn, Mo' fertilizer (8.3%P) prior 

to seeding. 

Four subsequent applications of a fertilizer containing 

2% to 3.5% P at 300 kg/ha during the year following 

seeding. 
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Annual maintenance dressings of 2400 kg/ha of 2% 

phosphorus fertilizer for greens (3 ha) and 1200 kg ha 

of 2% phosphorus fertiliser for fairways (27 ha) from 

year two onwards. 

Expected phosphorus loadings are therefore approximately 2 000 kg in the 

first year and 800 kg in subsequent years for the 18 hole course. 

Construction of the additional 9 holes will occur after the initial 18 holes is 

fully established. In the year of establishment, the 9 hole extension will 
require a phosphorus loading of 1 000 kg, on top of the 800 kg maintenance 

dressing for the 18 holes. In years subsequent to the establishment of the 

entire 27 holes, the required maintenance drilling will be 1200 kg of 

phosphorus per year. 

These figures are probably over-estimated. Experience elsewhere, in similar 

soils, suggests that in the first establishment year, between 25 and 30 kg of 

phosphorus per hectare was required, reducing to 15-20 kg between 2 and 

3 years, and 3 kg P/ha after that (T Straughan, "The Vines", pers comm). 

This represents a yearly phosphorus load of 900 kg during establishment of 

the 18 hole course and 400 kg P for the maintenance of the 27 hole course. 

Maximum Phosphorus Inputs 

Maximum phosphorus inputs for each component of the development are 
shown in Table 6. 



TABLE 6 

ESTIMATED MAXIMUM PHOSPHORUS INPUTS INTO 

DEVELOPMENT SITE 

DURING AND AFTER ESTABLISHMENT 

Figures are in tonnes of elemental phosphorus per year. All figures are 

rounded upwards to nearest 0.1 tonne. 

Year Golf Course Residential Public Reserves Total 

1 2.0 2.7 0.6 5.3 

2 18a 1.2 0.3 3.3 

>2 1.2a 1.2 0.3 2.7 

a = assuming Stage 2 of golf course is commenced in year 2. 

If maximum recommended rates of application were used, and all areas were 

established simultaneously, the development would require a phosphorus 

input of 5.3 t for the establishment phase of the project but thereafter a 

substantial reduction of phosphorus would be achieved. Once established, 
the maximum estimated requirements are only 2.7 t or 54% of the current 
application rate of 5 t. 

The estimated maximum requirement in the first year is unlikely to occur 

since calculation of 5.3 t of P assumes that the establishment of the golf 

course and residential areas are simultaneous. If allowance is made for a 

modest six month lag between these, then the first year requirements become 

4 t and the second year 3.5 t of elemental phosphorus, an immediate 

reduction over existing inputs. 
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6.2.4 	Impact of the Development on Nutrient Load to the Region 

As outlined in the previous Section, even the worst case scenario results in a 
significant reduction in phosphorus inputs to the site. Particularly with an 

active nutrient management programme as is intended, even further 
reductions in phosphorus loadings could be expected. 

The contribution from phosphate fertilisers applied to the development to 

groundwater phosphate loadings is dependent upon the phosphate retention 

capacity of the soils. As outlined in Section 5.1.2.1, the phosphate retention 

capacity of soils varies considerably across the site. With the Guildford and 
Bassendean Sand over Guildford Formations, the high iron oxide content of 

subsurface soils contributes to relatively high Phosphate Retention Indices in 

the range 100-900, hence phosphate leaching would be limited in these areas. 

The Reworked Bassendean Sand Formation has low iron oxide contents in 

subsurface soils and, consequently, low capacity to restrict phosphate 
leaching. 

The proposed plan of the development will minimise phosphate leaching 

through the concentration of development in areas of Guildford and 

Bassendean Sand over Guildford Formations. In the regions of Bassendean 

Sand, large areas are to be revegetated with native species thus reducing both 

fertiliser applications and leaching losses in these areas. 

6.3 	Biological Impacts 

Development will involve clearing a large portion of the 50 ha of remaining 

native vegetation within the development site. Some will be retained, namely 

areas close to the boundary of the site vegetation in close proximity to the 

watercourses and pockets within the golf course. Most of the vegetation that 

will be lost is not in pristine condition and has been severely degraded by 
grazing stock. 
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It is not anticipated that there will be any net loss of habitat as a result of the 
development as areas disturbed will be offset by the new Habitat Reserves. 
Fauna displaced during development will be able to move to these Habitat 

Reserves or to the preserved 33 ha bushland area in the southwest of the 
property. This area of native bush, outside of the development area, will not 

be affected in any way by the development and is to be a reserve area. The 
bush to be cleared is typical of the area and similar associations can be found 
over the property, and in close proximity within the surrounding district. 

The conservation value of the waterways on the property is low since they are 
heavily eutrophied, modified drainage channels. It is considered that the 
lakes and waterways retained will be of benefit to native flora and fauna as 
they will no longer be grazed and will be aerated, and not subject to 

continued high nutrient and other inputs from associated farm activities. 

Waterways will be protected from human and other intrusions, and will be 
vegetated along much of their margin. 

6.4 	Sociological Impacts 

The development involves the establishment of approximately 400 residences 
which will result in a local population increase of between 800 and 1200 

people. If the incoming population reflects the age and lifestyles exhibited by 
the residents of the Murray Lake Canal Estate, then the lower estimate is the 
more likely. 

Some additional tourists will, however, be drawn to the facilities provided by 
the complex. 

It is pertinent then to examine both the benefits that may be derived from the 
development and to identify any social costs. 

6.4.1 	Economic Benefits 

Economic benefits would accrue from the development, both directly by the 
provision of jobs and indirectly from the increased tourism that would occur 
following completion. 
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The construction phase of the development will employ approximately 60 

people for a period of 18 months. There will be a local benefit since the 

preferred contractor is based in Pinjarra, Waroona and Yarloop. 

In addition, employment will flow through local home building and supply 

contractors. It is anticipated that 75% of all blocks will be sold with house-

on-site and these will be constructed by local firms. Construction activity on 

the majority of the remaining blocks is also expected to utilize local 
tradespeople. 

The demand for consumables and services during the construction period is 

likely to have benefit in Mandurah and Pinjarra since these are the most 
accessible population centres. 

The established complex will require the services of 65 full time workers or 

their part-time equivalents. These will include service staff to the hotel and 
golf course as well as ground staff for the maintenance of the golf course, 
buildings and facilities. 

Of particular benefit will be the need for junior service staff and part time 

workers for the hotel and golf club. These positions will attract the young as 

well as older female residents of the region, and provide much needed 

employment for this section of the community. 

A flowon or 'multiplier effect" will be evident for both permanent and 

temporary employment from the operation of the complex, as well as from 

the construction phase. For construction, this is generally considered to be of 
between 3 and 5. That is, for every person employed in the construction of a 
building there are between 3 and 5 persons employed in the production of 

materials and related services (A Hams, Housing Industry Association, SA, 

pers comm). Other flowon benefits are due to the increased demand for 
services and goods resulting from increased employment. 

Since the development will be providing employment within a region of high 

unemployment, and since most positions required are non-skilled or semi-
skilled, there are no adverse impacts on employment expected. 
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6.4.2 	Tourism and Recreation 

The siting of the development midway between Mandurah and Pinjarra will 

help draw the focus of tourist activity away from the township of Mandurah. 

This focus on Mandurah has been recognised as a problem and strategies 

have been suggested for its solution (SPC, 1988c). The location of this 

development will foster the establishment of new facilities and attractions at 

Pinjarra and other regional centres. 

It is not possible to predict the extent to which the facility will attract visitors 

to the region, as opposed to attracting them from within the region, although 

it clearly will add to the attraction of the time-share resort. 

	

6.4.3 	Landscape Aesthetics 

The site is currently hidden from view from the South Yunderup Road by the 

dense woodlands which grow along roadside drains. This vegetation will not 

be substantially modified by the proposed development and so the aesthetics 

of the area will not be significantly altered. 

Where the complex can be viewed, as in the eastern approaches of the 

roadway, and at entrances, the view will be one of expansive golf greens, 

fairways and fringing vegetation. The residential development, although 

elevated, will be partially obscured by native vegetation. 

The golf course and residential estate will dominate a 2.5 km long section of 

the proposed Perth - Bunbury Highway. Fringing vegetation will be 

established so as to obscure the view of the estate and, more importantly, to 

obscure the view from the estate of the highway. A bridle path will run 

through this vegetated fringe which, with a width of 20 m, will constitute a 

substantial screen, buffer and reserve area. 

	

6.4.4 	Services 

The experience with Murray Lakes Canal Estate suggests that little pressure 

will be placed on either schools or welfare services as a result of the 

development. 
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As previously stated, adequate supplies of water, power, sewerage and 

telephone services are also available. 

	

6.4.5 	Traffic, Roads and Access 

Access to the site is proposed at three sites. The westernmost, opposite 

Camarri Way, and the easternmost, opposite Murray River Drive, lead to the 

residential estate, while the third provides access to the golf club and hotel 

complex. All intersect with South Yunderup Road. 

At the present time, this section of road receives traffic from two roadways 

leading from Murray Lakes Canal Estate and carries through traffic between 

estates to the west and the major town centres of Mandurah and Pinjarra. 

Both of the Canal Estate roads are in the western sector of the development 

site. South Yunderup Road winds in this area and, with the dense fringing 

vegetation, visibility is at places restricted. 

During special functions or during a weekend, the access roads to the site, 

particularly to the golf club, may become congested. In view of the above, 

speed restrictions for this section of South Yunderup Road may need 

revision. Turning lanes may also need to be provided. 

	

6.4.6 	Construction Phase Impacts 

During the construction phase, the movement of vehicles and machinery to 

and from the project site, and developmental activities on the site could 

produce impacts (eg from noise and dust emissions) within the surrounding 

environment. 

The project site is reasonably separated from existing settled areas and, 

accordingly, significant impacts from noise and/or dust emanating from on-

site activities would not be anticipated. The possible need to manage such 

emissions is, however, recognised. 



AUSTRALIAN GROUNDWATER CONSULTANTS PTY LTD. 

Access to the project site will be via South Yunderup Road, an established 
distributor route. Again, significant impacts associated with vehicle and 
machinery movements along this route during the construction phase would 
not be expected, although the possible need for management of such impacts 
is recognised. 

[1 
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7 	 ENVIRONMENTAL MANAGEMENT 

7.1 	General Management Philosophy 

The Proponent recognises the need for sound environmental management 

during both the construction and the operation of the proposed Murray 

Lakes Golf Complex and Residential Estate. The Proponent has therefore 

set out a series of guidelines that will - 

Minimise inconvenience to local residents during the 

construction of the development. 

Ensure the quality and integrity of all construction and 

facilities. 

Minimise the disruption of native species and habitats, 

both during and after the construction phase. 

Reduce the nutrient losses from the site and in so doing 

protect the wider environment, principally the Peel 

Inlet - Harvey Estuary. 

Reduce the need to introduce nutrients (fertilizers) into 

the site, by collecting and recycling those lost from the 

soils of the site. 

Re-establish native vegetation within the site. 

Minimize any adverse effect on the local population, by 

appropriate operation guidelines and development 

design. 

I 
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7.2 	Nutrient Management 

7.2.1 	Soil and Drainage Management During Construction 

All vehicles moving within the site will be restricted to temporary roadways 

during construction and these will be dampened to reduce dust. Raised 

earthworks will also be dampened to prevent dust production and to facilitate 

revegetation. 

Vegetation (turf) will be established on newly contoured earthworks in order 

to stabilise them. Steps to limit erosion of embankments and siltation of 

lakes and drainage channels will be taken. 

Contouring of the golf course will be commenced in the initial phase of 

construction and this will enhance drainage within the site. It is anticipated 

that construction will begin in the dry season so as to facilitate this. Should 

additional drainage be required, then temporary open drains will be 

constructed. These will lead to the existing flood channel and lakes, and will 

include silt and sediment traps as necessary. 

7.2.2 	Management of Nutrient Loadings to the Development 

As previously discussed (Sections 5 and 6), the primary source of difficulties 

within the Peel-Harvey Estuary is the level of phosphorus in water from the 

surrounding catchment. The nutrient management strategy for the Murray 

Lakes Golf Club and Residential Estate therefore concentrates on phosphate 

usage and aims to - 

minimize the overall phosphate requirements within the 

site, and to 

reduce the losses of phosphate from the site. 

In order to achieve these aims a number of strategies have been adopted and 

will be implemented. These are discussed hereunder. 
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Residential Areas 

The proponent will endeavour to restrict private use of phosphates by the - 

Minimization of the area dedicated to lawns. 

Encouragement of the planting of indigenous plants and 

groundcovers. 

Control of the amount of phosphate applied to lawns or 

plant beds. 

This will be achieved by - 

Using indigenous, native plants in display homes and in 
homes landscaped prior to sale. As previously stated, 

the proponent intends to develop approximately 75% of 

allotments prior to sale. 	This provides ample 

opportunity for the proponent to establish this practice. 

Providing lot or home purchasers with an incentive to 

buy and plant native species. This can be done using 

discounting of prices at participating nurseries or else by 

supplying free plants to lot purchasers. The Proponent 

will investigate the viability of these and other schemes. 

Educating the residents in the benefits associated with 

the use of native plant species. These include savings in 

water, fertilizer, mulching and care, as well as the 

attraction that they have for native fauna, particularly 

birds. 

Encouraging the sale of low phosphate fertilizers from 

nurseries and stores near the development. 

Prohibiting the use of private bores. By removing a 

source of cheap water the development of lawns and 

lush gardens will be discouraged. 
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Provision of compost and mulching materials, produced 

from golf course clippings and harvesting of lake weeds. 

It is anticipated that such strategies could reduce the area of lawns by up to 

25%, particularly in view of the amount of open space provided by the golf 

course itself. 

The extent of use of low phosphate fertilizers by residents is difficult to 

predict but, with a suitable education programme and the ready availability 

of these products, a usage of up to 75% is considered achievable. 

If 50% resident participation is reached, then a saving of 400 kg of 

phosphorus per annum will be made over the entire residential area. 

With the reduction of lawn area and the lowering of fertilizer needs by 

mulching and composting, this saving could be increased further. 

Golf Course 

The golf course will be contoured in such a way as to divert surface and 

subsurface water into retention ponds (lakes) for subsequent use in the 

irrigation of golf fairways and greens. An underground irrigation system is to 

be installed to do this. In so doing nutrients leached from the soil will be 

recycled within the complex, rather than lost, and eventually reach the Peel-

Harvey Estuary (Figure 4). By using the nutrient enriched water, the need 

for fertilizers on the golf course is greatly reduced. Additionally, during 

construction of those parts of the golf course with a high nutrient 

requirement (ie the tees and putting greens), soils amendment to enhance 

phosphorus retention will be undertaken as necessary. 

Initially, fertilizer will be required to establish the golf course and to 

periodically supplement that obtained from the lake water. It is proposed to 

monitor soil phosphate levels during the establishment phase and to use 

fertilizer according to soil requirements. 	Some phosphate saving is 

anticipated due to this, but a quantitative estimate of such a saving on the 

predicted 2.0 t/yr requirement cannot be made with accuracy. 
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After the golf course has been established, phosphate levels within the lake 

water will also be monitored regularly. Bore water will be used to top up the 

lakes when the water level is low and to dilute water when phosphate levels 

are elevated. It is intended that irrigation will take place in response to both 

soil dessication and soil phosphate depletion. 

Blooms of aquatic plants may occur when lake nutrient levels become 

elevated, although this can be largely controlled by diluting the lake waters 

with bore water. Harvesting of such weeds is also a management option. 

Collected plant mass could then be removed for off-site disposal. 

Alternatively, the harvested matter could be used, along with grass cuttings, 

as mulching material or composted for use within the complex. 

Eventually the lake water will supply the major proportion of the phosphate 

requirements for the golf course. Since the nutrient application frequency 

will be increased and individual applications decreased, relative to current 

practices, the extent of leaching will be further reduced. 

Reserve Areas 

Extension of the irrigation system to the public reserves is not envisaged at 

present. The use of low phosphate and slow release fertilizers will result in 

some reduction in the maintenance levels of phosphorus required. Mulching 

and the use of compost will further reduce this as will the use of native trees 

and groundcovers. 

Soil testing will also be routinely carried out and fertilizer application 

adjusted accordingly. A reduction of phosphate usage of between 25 and 

50% is expected (ie 75 to 150 kg P/yr). 

Expected Phosphorus Savings 

Conservative estimates have indicated the following saving can be made - 

A 50% participation rate among the residents to use 

only low phosphate fertilizers will result in a net saving 

of 400 kg P/yr on the estimated 1.2 t/yr. 
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An eventual reduction of 75% in phosphorus 

application to the golf course is anticipated, resulting in 

an additional saving of 600 kg P/yr for the 18 hole golf 

course and an additional 300 kg P/yr for the 27 hole 

course; a total of 900 kg/yr. 

A reduction of 25 - 50% in fertilizer use on reserves and 

the use of low phosphate fertilizer would save between 

75 and 250 kg P/yr. 

A total phosphorus load to the development area of 1.6 t/yr would, therefore, 
appear readily achievable. This figure represents a reduction in phosphorus 

loading of about 70% compared with the present application rate. 

7.3 	Drainage Design and Surface Water Quality Management 

7.3.1 	Drainage Design 

The site will be contoured such that all surface and surficial groundwater will 

collect in existing waterways and lakes. Stormwater from the residential 

areas will also enter these via a series of culverts. Drains along roadways will 

also feed into the existing drainage system. 

This will result in the collection of stormwater within the site and restrict 

losses to the Murray River and Peel Inlet-Harvey Estuary system. 

Since the lakes are situated in the flood zone, their elevations are 

considerably lower than that of adjacent residential areas. This, coupled with 

their large surface area relative to their catchment area, suggests that they 

can hold a considerable volume of stormwater and they do, in fact, exceed the 

design criteria for the 72 hr, one in 100 year storm event. 
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7.3.2 	Maintenance of Lake Water Quality 

The lakes within the flood zone will receive water from the golf course, by 

infiltration and surface runoff, as well as stormwater from the residential lots 

and open space. These waters will contain a number of substances and 

accordingly, its quality needs to be considered, since it will be used for 

irrigation purposes and as a wildlife habitat. 

A number of factors need to be considered in this regard. These are 

discussed below - 

Turbidity and Suspended Solids 

Increased suspended solids and turbidity can - 

reduce light penetration and prevent growth of 

subsurface plants; 

cause harm to fish or invertebrates by abrasive actions 

and/or clogging of gill membranes; 

reduce visibility. 

Deposition of solids may - 

constitute substantial siltation and cause smothering; 

be a transport mechanism for toxicants. 

Nutrients 

The collection of nutrients is a primary function of the lake system but may 

have impacts on their viability as habitat because - 

blooms of algae or other nuisance plants may occur with 

resultant odour or fish kills; 
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oxygen depletion, at night, may occur due to the levels 

of plant respiration. 

Dissolved Oxygen 

Adequate oxygen levels are necessary for the maintenance of aquatic fauna. 

Eutrophication may deplete these levels, particularly at night. 

Toxicants 

Toxic substances such as heavy metals, hydrocarbons (oils) and pesticide 

residues may enter the ponds via stormwater. The initial rains each year 

often carry large levels of these, particularly oils, from urban areas. They 

may have an acute or chronic effect on species which live in or depend on the 

lake systems. 

The value of enpondments in the quality control of stormwater discharges has 

been discussed by a number of authors (see Goyen et al, 1985; Woodward, 

1986; Weeks and Crockett, 1983; NSW State Pollution Control Commission, 

1987). 

Since many pollutants, particularly those from urban runoff, are associated 

with suspended particulate matter, sedimentation in ponds is a cost-effective 

means of controlling stormwater quality. The reduced velocity of runoff on 

entering the lakes will cause the settling of these particulates and associated 

compounds, and the retention of water in the lakes allows the breakdown of 

organic matter, the elimination of pathogenic bacteria, and biological uptake 

of nutrients. 

The literature suggests that wetland lakes and ponds, with associated reeds 

and other vegetation, are particularly effective systems and may operate 

either 'in-stream' or 'out-of-stream'. If such systems are located in-stream, 

however, the width to length ratio should be greater than 2:1 and either flow 

restrictions (or other energy dissipation systems) need to be incorporated at 

inlets and outlets so that flow does not 'short circuit' the lakes (ie pass 

directly through without being detained). Operating depths of between 2.5 

and 3 m are usual and pool area should be at least 1% of the catchment area. 
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Studies in the United States (US EPA, 1983) have suggested that removals of 

up to 54% of suspended solids, 30% of Chemical Oxygen Demand (COD), 
15% of organic nitrogen, 60% of nitrates, 64% of total phosphorus and high 

rate of removal for trace metals can be achieved. The SPCC of New South 

Wales found a similar figure for long term retention within enpondments, 

these being 65% for total phosphorus and 50% reduction in Biological 
Oxygen Demand (BOD), COD, organic (kjeldahl) nitrogen, nitrates, soluble 

phosphorus, and the metals copper and zinc. In addition, 25% reductions in 

downstream algal blooms were reported. 

Wetland vegetation, such as reed beds, are effective in reducing levels of 

suspended solids, nutrients and increasing dissolved oxygen. 	The 
effectiveness of these areas is increased if they are shallow ( < 1 m), thus 

allowing adequate light penetration and facilitating the exchange of gases 

between atmosphere and water body. Overseas studies suggest that, with 

harvesting of reeds and other vegetation, ponds can reclaim 50 kg P/ha of 

lake per year and 500 kg N/ha of pond per year. Studies at Lake 

Ginninderra (ACT) suggest that 65 kg P/ha of lake/yr can be achieved even 

without harvesting, probably by sedimentation (Lawrence, 1984). 

By combining the design criteria for wetland lakes and other stormwater 

retention systems, a series of optimum criteria can be drawn up. These are - 

The surface area of the lakes should be at least 1% of 

the total catchment rea. 

Open water depths should be between 2.5 - 3 m. 

Wetland vegetation should be varied and in a variety of 

substrate zones. 

Surface water should initially enter an open water body 

which would allow initial sedimentation. 

Any flow through should be slowed so as to maximize 

the retention time of water within the system. 

These design criteria are met by the development. 

m 
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7.4 	Nuisance Insects 

Wherever permanent water bodies are established or preserved, and 

particularly where open wetland vegetation exists close to residential or 

recreation facilities, the possibility of a nuisance level of insects should be 

considered. These insects are principally mosquitoes (Culucidae) and midges 

(Chironomidae). 

The nature of the lakes' design is not likely to provide an increased breeding 

area for mosquitoes in view of their size, water circulation and presence of 

introduced larval predators (fish). A management programme, based on 

Bacillus tizuringiensis, and supported by insecticides, is being investigated. A 

number of features to reduce the attraction of mosquitoes to residential, club 

and hotel facilities will also be investigated. 

	

7.5 	Construction Phase Impacts 

Whilst not anticipated to be a problem, the Proponent recognises the possible 

need to manage impacts such as noise and dust emissions emanating from the 

project site and associated vehicle and machinery movements during the 

construction phase. 

Air and noise emissions will be controlled within statutory limits. 

Additionally, the Proponent will liaise with the relevant authorities 

(particularly the Shire of Murray and the Pollution Control Division of the 

Environmental Protection Authority) as necessary during the construction 

phase on such matters as - 

the hours of operation (particularly on weekends and 

public holidays); 

the timing of any particularly noisy procedures; and 

the routes to be used by service and construction 

vehicles and machines. 

ri 
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8 	SUMMARY OF MANAGEMENT COMMITMENTS 

The Proponent undertakes to investigate or carry out a number of 

management programmes to ensure that the development will proceed and 

be maintained in an efficient and environmentally responsible manner. 

These are summarised below. 

8.1 	Nutrients 

The development will be fully sewered and connected to 

existing WA Water Authority facilities. 

The golf course will be contoured and designed so that 

all surface runoff, superficial leachate, and stormwater 

will be collected in surface lakes in the golf course 

complex. 

In constructing the golf course tees and putting greens, 

soils amendment to enhance phosphorus retention will 

be undertaken as necessary. 

Water from lakes will be used to irrigate the golf course 

fairways and greens. In so doing, leached nutrients will 

be recycled within the complex. 

Grass cuttings and weed biomass that may be harvested 

from the lakes will be mulched and composted on-site 

for use within the complex. 

The use of low phosphate fertilizers will be encouraged 

in residential areas, and undertaken by the 

management. 

Slow release phosphate fertilizers will be used wherever 

practicable. 



Planting of native (low phosphorus requiring) plants will 

be encouraged in residential areas. Methods for 

achieving this will be investigated but include using 

native species in display homes. 

Native (indigenous) trees, shrubs and groundcovers will 

be used throughout reserves and the golf course. 

Nutrient levels in soils will be monitored. Initially, this 
will be done in order to determine, accurately, nutrient 

requirements of the soil and later to determine the 

irrigation nutrient requirements. 

Nutrient levels in the lakes will be monitored so as to 

determine fertilizer requirements of the adjacent 

irrigated areas and to assess the quality of the lake 

water. 

A bore water supply will support the lake system and 

may be used to dilute nutrient levels in the lake water, 

should it be required. 

Soil and water nutrient loadings will be logged by the 
management authority and available to the EPA upon 

request. 

8.2 	Land Management and Conservation 

Existing vegetation will be maintained wherever 

possible. This includes 30 ha of native vegetation 

immediately west of the development site. 

Large areas (32.7 ha) of land will be planted with native 

indigenous plants to create terrestrial and wetland 

'habitat reserves'. 



Landscaping and fencing around the complex perimeter 

will protect habitat reserves from intrusion. 

Vegetation will be established on finished earthworks, 

in association with waterways and lakes, and around the 

perimeter of the complex as soon as is feasible. 

Native fauna will be attracted to these habitat reserves 

and, if necessary, mammals will be introduced into the 

area. Such would be done in conjunction with the 

relevant wildlife authorities and would comply with any 

requirements of those authorities. 

All native fauna and flora within the complex will be 

protected. 

Habitat Reserves will be managed so as to reduce fire 

hazard and the intrusion of weeds and litter. 

Residents will be advised of the need for adequate 

control of household pets, particularly dogs. 

Residential allotments will be located outside of the 

existing floodway and elevated above the level of the 

100 year flood event. Total elevation of land will be 

3 m. 

8.3 	Solid Waste Removal 

Solid waste produced during the construction period will 

be collected in industrial waste bins and removed by a 

commercial contractor. 

On establishment, solid waste will be removed by the 

Shire of Murray. This is to be funded by rate revenue. 
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Regular site inspections by the Proponent will ensure 

that site hygiene is of high standard. 

	

8.4 	Traffic and Access 

Adequate access will be provided to both Residential 

Estate and Club-Hotel Complex. 

In consultation with the Shire of Murray, suitable speed 

limitation and signposting will be established along 

South Yunderup Road, adjacent to the site. 

	

8.5 	Nuisance Insects 

The need for a mosquito management progamnie, based 

on non-polluting, biological control methods will be 

investigated and, if required, such a programme will be 

developed. 

	

8.6 	Construction Phase Impacts 

The Proponent will liaise as necessary with the relevant 

authorities during the construction phase regarding 

management of air and noise emissions during this 

phase of the project. 
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10 	GUIDELINES FOR THE NOTICE OF INTENT 

The following guidelines were issued by the Environmental Protection 

Authority (EPA) on 7 November 1988. 

The guidelines identify issues that should be addressed within the Notice of 

Intent (NOl). They are not intended to be exhaustive and the proponent may 

consider that other issues should also be included in the document. 

SUMMARY 

This section should contain a clear and concise summary of the document. 

(1) 	INTRODUCTION 

Background and objective of the proposal 

Identification of the proponent 

Location and timing of the proposal. 

NEED FOR THE PROPOSAL 

This section is concerned with the justification for the project and projected 

costs (in the broad sense) and benefits at local and regional levels. 

DESCRIPTION OF PROPOSAL 

A description of the important elements of the proposal including both 

construction and operation. 

DESCRIPTION OF THE ENVIRONMENT 

A description of the existing environment, including the physical, biological, 

social elements and existing land use should be given. 
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REGIONAL CONTEXT 

This section should set the subject site and proposal in a regional context, 

with particular reference to the Peel-Harvey Estuary. Discussion of the 

EPA's Assessment Report for the Peel Inlet and Harvey Estuary 

Management Strategy Stage 2 should also be included. 

ENVIRONMENTAL IMPACTS 

This section should discuss the overall effect on the environment and the 

region, both in the short and long term. 

Predicted environmental impacts to be addressed include - 

Biological Impacts. 

Export of nutrients from the proposed development and 

the impact on the Peel-Harvey Estuary system. 

Impacts on historical, archaeological and ethnographic 

sites. 

Impacts during construction. 

Impacts during operation. 

Impacts on drainage and tidal flow from and through 

the site. 

ENVIRONMENTAL MANAGEMENT 

Appropriate management techniques for minimisation or amelioration of 

adverse impacts are to be discussed. The objectives, scope and details of the 

management programme should be described. Assignment of responsibility 

for environmental management should be stated and commitments for 

implementation given. 

. 
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Monitoring proposals should be described, as well as how the environmental 
management programme will be adapted in response to monitoring results. 
Procedures for reporting results of monitoring should also be discussed. 

SUMMARY OF COMMITMENTS OF PROPONENT 

CONCLUSIONS 
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APPENDIX I 

MURRAY LAKES GOLF COURSE ESTATE 

SOIL PROFILE DESCRIPTIONS 



MURRAY LAKES GOLF COURSE ESTATE 
SOIL PROFILE DESCRIPTIONS 

ML1 
o - 400 	 Grey clayey sand topsoil. 
400 - 550 	 Light brown, ferruginised coarse sand. 
550 - 1 200 	 Orange/brown clayey sand. 
1 200 - 2500 	Grey/green gleyed sandy clay with orange iron oxide streaks and 

mottles, wet. 

ML2 
0 - 400 Grey clayey sand topsoil. 
400 - 1 100 Gleyed sandy clay with orange iron oxide streaking. 
11 000 - 2 500 Grey/green, gleyed clay with occasional iron oxide mottles. 

ML3 (Piezometer) 
0 - 150 Dark grey clayey sand topsoil. 
150 - 650 Light grey clayey sand. 
650 - 1 100 Orange ferruginised sand with dark orange iron oxide mottles. 
1 100 - 2 600 Gleyed sandy clay with orange iron oxide streaks and mottles. 
Water Table 820 mm below ground surface. 

0 - 100 Dark grey sandy topsoil. 
100 - 950 Light brown, ferruginised coarse sand 
950- 1 900 Orange/brown clayey sand. 
1 900 - 2 300 Grey/green gleyed clayey sand with occasional orange iron oxide 

mottles. 

ML5 
0 - 200 	 Dark grey sandy topsoil. 
200 - 1 200 	 Orange/brown sandy clay with prolific iron oxide mottles, some 

hardened. 
1 200 - 1 700 	Light brown ferruginised clayey sand. 
1 700 - 2300 	Gleyed green/grey clayey sand. 
Water Table 	Approximately 1 300 mm. 

ML6 
0 - 300 	 Light grey clayey sand. 
300 - 1 200 	 Orange sandy clay with red/brown iron oxide mottles and streaks. 
1 200 - 1 900 	Light brown clayey sand with gleyed patches and red/orange mottles. 

Hole collapsing. 

ML7 
0 - 200 Dark grey clayey sand topsoil. 
200-600 Grey clayey sand. 
600 - 1 300 Orange/brown clayey sand. 
1 300 - 1 900 Gleyed clayey sand with iron oxide mottles. 
1 900 - 2 000 Gleyed clayey sand with occasional iron oxide mottles. 
Water Table Approximately 1200 mm. 
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ML8 
- ioo 	 Dark grey clayey sand topsoil. 

100 - 450 	 Grey.brown lightly ferruginised coarse sand. 

450 - 1 600 	 Light brown clayey sand, numerous orange iron oxide mottles. 

1 600 - 1 800 	Gleyed clayey sand with orange iron oxide mottles and streaks. 

Hole collapsing. 

ML9 
0 - ioo 	 Dark grey clayey sand topsoil. 

100 - 500 	 Light grey coarse sand. 

500 - 1 600 	 Light grey gleyed clayey sand with prolific orange iron oxide mottles 

and streaks. 
Hole collapsing. 

ML1O 
- iso 	 Grey sandy topsoil. 

150 - 800 	 Light brown ferruginised coarse sand. 

800 - 1 800 	 Orange clayey sand with soft brown mottles. 

1 800 - 2 200 	Grey/green gleyed clayey sand with orange/red mottles. 

Water Table 	Approximately 1 400 mm. 

ML11 (Piezometer) 
0 - iso 	 Dark grey clayey sand. 

150 - 400 	 Light grey coarse sand. 

400 - 1 200 	 Gleyed clayey sand with numerous iron oxide mottles. 

1 200 - 2 100 	Gleyed sandy clay with isolated mottles. 

2 100 - 2 600 	Gleyed clay. 

Water Table 	960 mm below ground surface. 

ML12 
0 - 100 Dark grey clayey sand. 

100 - soo Loose grey/brown lightly ferruginised coarse sand. 

500 - 900 Clayey sand with occasional mottles. 

900 - 2 200 Orange sandy clay with prolific mottles. 

2200 - 2 500 Gleyed sandy clay. 

Water Table Approximately 1 100 mm. 

ML13 
- 80 	 Dark grey sandy topsoil. 

80 - 600 	 Light grey/brown ferruginised coarse sand. 

600 - 1 300 	 Dark red/brown clayey sand interspersed with patches of light brown 

clayey sand. 
1 300 - 1 900 	 Pale brown clayey sand with occasional orange mottles. 

Hole collapsing. 

ML14 
0 - 80 	 Dark grey sandy topsoil. 

80 - 750 	 Light grey coarse sand. 

750 - i 200 	 Orange clayey sand. 

1 200 - 1 900 	 Gleyed clayey sand with orange iron oxide mottles. 
Hole collapsing. 
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ML1S 
0- ioo Dark grey sandy topsoil. 

100 - 300 Light grey coarse sand. 

300 - 600 Grey/brown lightly ferruginised coarse sand. 

600 - 1 400 Mottled clayey sand. 
with occasional orange, iron oxide mottles and 1 400 - 2 200 Gleyed sandy clay 

streaks. 

ML16 (Piezometer) 
0 - 100 	 Dark grey sandy topsoil. 
100 - 300 	 Light grey coarse sand. 
300 - 900 	 Light brown clayey sand with isolated orange iron oxide mottles. 

900 - 2 000 	 Gleyed sandy clay with prolific orange iron oxide mottles. 

2 000 - 2 400 	Gleyed sandy clay with isolated mottles. 

Water Table 	1 210 mm below ground surface. 

ML17 
0 - 80 	 Dark grey sandy topsoil. 
90 - 200 	 Light grey coarse sand. 
200 - 1 400 	 Light brown ferruginised coarse sand. 

1 400 - 1 700 	Gleyed clayey sand with occasional orange iron oxide mottles. 
Hole collapsing. 

ML18 
0 - 150 	 Dark grey sandy topsoil. 

150 - 1 400 	 Light brown ferruginised coarse sand with occasional orange iron 

oxide mottles. 
1 400 - 1 600 	Grey gleyed sand. 

Hole collapsing. 

ML19 
0 - 100 	 Dark grey sandy topsoil. 
100 - 800 	 Light brown clayey sand with orange iron oxide mottles. 

800 - 1 800 	 Gleyed clayey sand with prolific orange iron oxide mottles and 
streaks. 

1 800 - 2 400 	Gleyed sandy clay with isolated mottles. 

Water Table 	Approximately 900 mm. 

ML2O 
0 - 80 	 Dark grey sandy topsoil. 
80 - 900 	 Light grey coarse sand with isolated orange mottles. 

900 - 2 000 	 Gleyed clayey sand with prolific mottling. 

2 000 - 2 500 	Gleyed sandy clay with isolated orange iron oxide streaks and 
mottles, decreasing with depth. 

Water Table 	Approximately 1 100 mm. 

ML21 (Piezometer) 
0 - 100 	 Dark grey sandy topsoil. 

100 - 250 	 Light grey coarse sand. 
250 - 600 	 White clayey sand with prolific orange iron oxide mottles. 

600 - 1 900 	 Grey gleycd sandy clay with orange mottles. 

1 900 - 2 100 	Gleyed grey sand clay. 
Water Table 	990 mm below ground surface. 

71 
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ML22 
o - 80 	 Dark grey sandy topsoil. 
80 - 500 	 Orange/brown ferruginised coarse sand. 

500 - 1 000 	 White sand with orange iron oxide mottles and streaks. 

1 000 - 1 600 	Gleyed clayey. 
1 600 - 2 100 	Gleyed sandy clay with isolated orange and red/brown iron oxide 

mottles. 
Water Table 	Approximately 1 000 mm. 

ML23 (Piezometer) 
0 - 100 	 Dark grey/black sandy topsoil. 
100 - 900 	 Light grey sand with occasional orange/brown iron oxide mottles. 

900 - 1 400 	 Grey/green gleyed clayey sand. 

1 400 - 1 500 	Gleyed sandy clay with occasional orange mottles. 
Hole collapsing. 

Water Table 	710 mm below ground surface. 

ML24 
0 - 100 	 Grey sandy topsoil. 
100 - 400 	 Light grey sand. 
400 - 1 600 	 Brown ferruginised sand with orange iron oxide mottles, some 

hardened. 
1 600 - 1 900 	Gleyed clayey sand with occasional orange mottles. 

ML25 
0 - 200 	 Grey sandy topsoil. 
200 - 1 000 	 Light brown ferruginised coarse sand. 

1 000 - 2000 	Grey/green gleyed sand with prolific orange iron oxide mottles. 
Hole collapsing. 

ML26 
0-80 	 Dark grey sandy topsoil. 
80 - 450 	 Dark grey sand. 
450 - 1700 	 Light grey coarse sand with prolific orange iron oxide mottles and 

streaks. 
1 700 - 1800 	Gleyed fire sand. 

Hole collapsing. 

ML27 
0 - 80 	 Dark grey sandy topsoil. 
80 - 600 	 Coarse grey sand. 
600 - 1900 	 White coarse sand with numerous orange iron oxide mottles and 

streaks. 
1 900 - 2 100 	Grey gleyed sand. 

Hole collapsing. 

ML28 (Piezometer) 
0 - 100 	 Dark grey/black clayey sand topsoil. 

100- 200 	 Dark brown clayey sand. 
200 - 1 600 	 Grey/white coarse sand with prolific orange iron oxide mottles. 

Hole collapsing. 
Water Table 	800 mm below ground surface. 
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ML 29 
o - 100 	 Dark grey sandy topsoil. 
100 - 300 	 White coarse sand. 
300 - 1 100 	 Light brown ferruginised coarse sand. 
1 100- 1 600 	Grey gleyed clayey sand with orange mottles. 

Hole collapsing. 

ML3O 
0- 100 Dark grey sandy topsoil. 
100 - 800 Light grey coarse sand. 
800 - 1 400 Light brown ferruginised sand. 
1 400- 1 900 Gleyed grey sandy clay with orange iron oxide mottles. 
1 900 - 2 100 Gleyed grey sandy clay. 

ML31 
0 - 100 Dark grey sandy topsoil. 
100 - 900 Coarse white sand. 
900 - 1 700 Light grey sandy clay with prolific orange iron oxide mottles. 
1 700 - 1 800 Grey gleyed sandy clay with orange and dark brown iron oxide 

streaks and mottles. 
1 800 - 1900 Grey gleyed sandy clay. 
Water Table Approximately 1 600 mm. 

ML32 (Piezometer) 
0-100 	 Dark grey sandy topsoil. 
100 - 400 	 Light grey coarse sand. 
400 - 600 	 Orange/brown ferruginised coarse sand. 
600 -1 300 	 Coarse white sand with prolific orange/brown iron oxide mottles. 
1 300 - 1 600 	Light grey sand with occasional orange mottles. 

Hole collapsing. 
Water Table 	740 mm below ground surface. 

ML33 
0 - 150 Dark grey sandy topsoil. 
150 - 500 Light grey coarse sand. 
500 - 1 100 Light orange/brown ferruginous coarse sand. 
1 100 - 2 100 Light grey, slightly clayey sand with occasional orange iron oxide 

mottles and streaks. 
Hole collapsing. 

Water Table Approximately 1 100 mm. 

ML34 (Piezomcter) 
0 - 200 Dark grey sandy topsoil. 
200 - 600 Light grey coarse sand. 
600 - 1 200 Light grey clayey sand with prolific orange/brown iron oxide mottles. 
1 200 - 1 800 Gleyed clayey sand with occasional orange mottles and streaks. 
1 800 - 1 900 Gleyed clayey sand. 

Hole collapsing. 
Water Table 940 mm below ground surface. 
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ML3S 
o - 100 	 Dark grey clayey sand topsoil. 
100 - 400 	 Light grey clayey sand. 
400 - 1 100 	 Dark grey clayey sand with prolific orange/brown mottles and 

streaks. 
1 100 - 1 700 	Gleyed sandy clay with occasional orange iron oxide mottles. 
1 700 - 2 600 	Gleyed sandy clay. 
Water Table 	Approximately 1 100 mm. 

ML36 (Piezometer) 
0 - 100 Dark grey coarse sand topsoil. 
100 - 700 Light grey coarse sand. 
700 - 1 400 Coarse, lightly ferruginised orange sand. 
1 400 - 1 500 Light grey coarse sand. 

Hole collapsing. 
Water Table 1 300 mm below ground surface. 

ML37 
0 - 400 	 Brown loamy sand topsoil. 
400 - 800 	 Coarse grey sand with prolific orange. iron oxide mottles. 
800 - 1 600 	 Coarse, ferruginised orange sand with red/brown mottles. 
1 600 - 2 000 	Grey sandy clay with occasional orange iron oxide mottles. 

Hole collapsing. 

ML38 
0 - 80 	 Dark grey coarse sand topsoil. 
80 - 110 	 Pale grey sand with isolated light brown mottles. 
1 100 - 1 600 	Orange/brown ferruginised sand. 
1 600 - 1 900 	Light grey clayey sand with occasional orange/brown iron oxide 

mottles and streaks. 
Water Table 	Approximately 1 500 mm. 

ML39 (Piezometer) 
0 - 500 	 Dark brown loamy sand topsoil. 
500 - 800 	 Light grey coarse sand with orange iron oxide mottles. 
800 - 1 500 	 Orange coarse sand with red/brown mottles. 
1 500 - 2000 	Gleyed sandy clay with isolated orange and red mottles. 

Hole collapsing. 
Water. Table 	920 mm below ground surface. 

MLAO (Piezometer) 
0 - 100 	 Dark grey sandy topsoil. 
100 - 750 	 Grey/white coarse sand. 
750 - 1 600 	 Light brown ferruginised sand with prolific orange iron oxide 

mottles. 
Hole collapsing. 

Water Table 	1 090 mm below ground surface. 

ML41 
0 - 100 	 Dark grey sandy topsoil. 
100 - 700 	 Light grey coarse sand. 
700 - 1 800 	 Light grey coarse sand with prolific orange iron oxide mottles. 
1 800 - 1 900 	Light brown sandy clay with orange/brown mottles. 

Hole collapsing. 



ML42 (Piezometer) 
o - 200 Dark brown loamy sand topsoil. 
200 - 600 Coarse grey sand. 
600 - 1 000 Grey clayey sand with orange mottles. 
1 000 - 1 300 Bright orange/brown sandy clay. 
1 300 - 1 800 Gleyed sand clay with isolated orange mottles. 
1 800 - 2 100 Gleyed sandy clay. 
Water Table 1 000 mm below ground surface. 

ML43 
0 - 100 mm 	 Dark grey loamy sand. 
100 - 900 	 Light grey clayey sand with orange iron oxide mottles. 
900- 1 100 	 Orange/brown clayey sand. 
1 100- 2500 	Gleyed grey sandy clay. 

ML44 
0 - 100 	 Dark grey sandy topsoil. 
100 - 800 	 Light grey coarse sand. 
900. 1 800 	 Grey sandy clay with prolific orange iron oxide mottles. 
1 800 - 2 000 	Gleyed clayey sand. 

ML45 
0 - 200 	 Dark grey sandy topsoil. 
200 - 700 	 Light grey coarse sand. 
700 - 2 000 	 Light brown ferruginised coarse sand. 

Hole collapsing. 

ML46 
0 - 100 	 Dark grey coarse sand topsoil. 
100 - 400 	 Light grey coarse sand. 
400 - 1 800 	 Light brown ferruginised coarse sand. 

Hole collapsing. 

ML47 (Piezometer) 
0- 150 	 Dark grey coarse sand topsoil. 
150 - 900 	 Light grey coarse sand with occasional orange mottles. 
900 - 2 000 	 Coarse light orange sand. 

Hole collapsing. 
Water Table 	1 080 mm below ground surface. 

ML48 
0 - 150 	 Dark grey sandy topsoil. 
150 - 650 	 Light grey coarse sand. 
650 - 1 700 	 Pale orange/brown coarse sand with dark orange mottles. 

Hole collapsing. 

ML49 
0- 500 	 Dark brown loamy sand topsoil. 
500 - 1 500 	 Light grey clayey sand with isolated orange mottles. 
1 500 - 2 000 	Pale grey gteyed clay with isolated orange and red mottles. 

Hole collapsing. 
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MLSO (Piezometer) 
- 100 	 Dark grey sandy topsoil. 

100 - 700 	 Light grey coarse sand. 
700 - 2 000 	 Light brown ferruginised sand with isolated orange mottles. 

Hole collapsing. 
Water Table 	1 740 mm below ground surface. 

ML5I 
- 100 Dark grey sandy topsoil. 

100 - 900 Pale grey coarse sand. 
900 - 1 300 Light brown/orange clayey sand. 
1 300 - 2 300 Gleyed grey clay. 
Water Table Approximately 1200 mm. 

ML52 (Piezometer) 
0 - 700 	 Dark brown loamy sand topsoil. 
700 - 1 000 	 Grey clayey sand. 
1 000 - 1 700 	Grey sandy clay with prolific orange iron oxide mottles. 
1 700 - 2500 	Gleyed grey clay. 
Water Table 	1 330 mm below ground level. 

ML53 
0 - 100 	 Dark grey coarse sandy topsoil. 
100 - 300 	 Light grey coarse sand. 
300 - 1 100 	 Light brown ferruginised coarse sand. 
1 100 - 1 500 	Grey sandy clay with prolific orange iron oxide mottles. 
1 500 - 1 800 	Gleyed grey clay with isolated orange mottles. 

I-bk collapsing. 
Water Tables 	Approximately 1200 mm. 

ML 54 (Piezometer) 
0 - 200 	 Dark grey, coarse sandy topsoil. 
200 - 1 500 	 Pale grey coarse sand. 
1 500 - 2 000 	Gleyed, grey clayey sand. 

Hole collapsing. 
Water Table 	at 1 300 mm below ground surface. 
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SPECIES LISTS 



BIRDS OF THE MANDURAH AREA 

(RAOU SITINGS 1984) 

Australian Pelican 

Banded Stilt 

Bar-tailed Godwit 

Black Faced Cuckoo-shrike 
Black Swan 

Black Winged Stilt 

Caspian Tern 

Common Sandpiper 

Crested Tern 

Curlew Sandpiper 
Darter 

Eastern Curlew 

Fairy Tern 

Great Cormorant 

Great Egret 

Great Knot 

Greenshank 

Grey Butcherbird 

Grey Plover 
Grey Teal 

Gull-billed Tern 

Inland Thornbill 

Kookaburra 

Large Sand Plover 

Little Black Cormorant 

Little Egret 

Little Grass Bird 

Little Pied Cormorant 

Magpie Lark 

Marsh Tern 

Pacific Black Duck 

Peregrine Falcon 
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Pied Cormorant 
Pied Oystercatcher 
Raven 
Red Capped Plover 
Red Wattlebird 
Red-capped Parrot 
Red-necked Avocet 
Red-necked Stint 
Richard's Pipit 
Sharp-tailed Sandpiper 
Shelduck 
Silver Gull 
Silver-eye 
Singing Honey Eater 
Tree Martin 

Welcome Swallow 
Western Magpie 

Western Warbler 
Whistling Kite 
White Faced Heron 
White-fronted Chat 
Willie Wagtail 
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BIRD SPECIES FOUND ON RESERVES 2738 
(MEALUP POINT) AND 24739 (MCLARTY) 

(From Department of Conservation and Land Management Lists) 

Black Duck 
Mountain Duck 

Black Swan 

White-faced Heron 

Pied Cormorant 

Pelican 

Night Heron 

Swamp Harrier 

Grey Fantail 

Willie Wagtail 

White - backed Magpie 

Australian Raven (Crow) 

Silver eye 

Noddies 

New Holland Honeyeaters 

Blue Wren 

Bronze Cuckoo 

Thornbill  

Anas supercilosa 

Tadorna tadornoides 

Cygnus atratus 

Ardea novaehollandiae 

Pizalacrocorax varius 

Pelecanus conspicillatus 

Nydt/zcorax caldonicus 

Circus aeruginosus 

Rhipidura fuliginosa 

Rhipidura leucophys 

Gymnorhina tibicen 

Corvus coronoides 

Zosterops lateralis 

Anous minutus 

P/zylidonyris novaehollandiae 

Malurus splendens 

C/uysococcyx lucidis 

A canthi.za  chiysorrhoe 



VEGETATION OF MEALUP POINT & McLARTY RESERVES 

(CALM) 

Acacia puichella 

Acacia rostellifera 

Acacia saligna 

Adenanthos barbigerus 

Agonis flexuosa 

Allocasuarina fraseriana 

Anthocercis littorea 

Avena fatua 
Banksia attenuata 

Banksia grandis 

Banksia littoralis 

Briza maxima 

Briza minor 

Burchardia umbellata 

Calothamnus sanguineus 

Calytrix sp 

Carpobrotus sp 

Cassytha sp 
Cheilanthes astrotenuifolia 

Conostylis spp 

Clematis pubescens 

Davesia horrida 
Davesia longifolia 

Davesia decurrens 

Davesia pressii 

Dianella sp 

Drosera sp 

Dryandra nivea 

Eucalyptus calophila 

Eucalyptus gomphocephala 

Eucalyptus marginata 

Eucalyptus rudis 

Gahnia trifida 

Haemodorum paniculatum 

iv 
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Hakea lissocarpha 

Hakea ruscifolia 

Hakea trifurcata 

Hakea stenocarpa 

Helichrysum bracteatum 

Helipterim cotula 

Helipterim sp 
Hovea pungens 

Hibbertia acerosa 
Hibbertia hypericoiodes 

Jacksonia furcellata 

Jacksonia sternbergiana 

Kennedia prostrata 

Lepidosperma angustatum 

Lepidosperma tenue 

Leucopogon sp 

Lobelia tenuior 

Macrozamia reidlei 

Melaleuca cuticularis 

Melaleuca rhaphiophylla 

Mesomelaena tetragona 

Nutysia florabunda 

Patersonia occidentialis 

Petrophile spp 

Pimelea sp 

Sollya hetrophylla 

Stirlingia latifolia 

Templetonia retusa 

Themeda australis 

Trymalium grandifolium 

Viminaria juncea 

Waitzia citrina 

Watsonia bulbillifera 

Xanthorrhoea preissii 

Xanthorrhoea gradilis 
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PLANT SPECIES LIST FOR DEVELOPMENT SITE 

Astartea faseicularis 

Centaurium erythraea 
Drosera gigantea 

Eucalyptus rudis 
Hakea prostrata 

Hakea varia 
Halosarcia lepidosperma 

Helipterum cotula 
Hibbertia stellaris 
Hypochaeris glabra 

Jacksonia sp 
Juncus pallidus 
Kunzea ericifolia 
Lolium perenne 
Lotus suavolens 

Melaleuca laterita 
Melaleuca preissiana 

Melaleuca uncinata 
Melaleuca viminea 
Oxylobium linearifolium 

Parentuncellia viscosa 
Patersonia occidentalis 

Pericalymma ellipticum 

Stipa sp 
Verticordia densiflora 

Viminaria juncea 
Watsonia bublillifera 
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