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Invitation 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal. 

This Public Environmental Review (PER) covers a proposal by Whitecrest Enterprises Pty Ltd to develop a limestone mine, quicklime plant 
and shiploading facility near Exmouth, WA. In accordance with the Environmental Protection Act, the PER describes this proposal and its 
likely effects on the environment. The PER is available for public review for a period of 8 weeks from Monday, 9 October 1995 and closing 
on Monday, 4 December 1995. 

Comments from government agencies and the public will assist the EPA to prepare an assessment report in which it will make 
recommendations to the government. 

Why Write a Submission? 

A submission is a way to provide information, express your opinion and put forward your suggested course of action, including any 
alternative approach. It is useful if you indicate any suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be treated as public documents, unless provided and received 
in confidence subject to the requirements of the Freedom of Information Act, and may be quoted in full or in part in each report. 

Why Not Join a Group? 

If you prefer not to write your own comments, it may be worthwhile joining a group interested in making a submission on similar issues. Joint 
submissions may help to reduce the workload for an individual or group, as well as increase the pool of ideas and information. If you form a 
small group (up to 10 people) please indicate all the names of the participants. If your group is larger, please indicate how many people your 
submission represents. 

Developing a Submission 

You may agree or disagree with, or comment on, the general issues discussed in the PER or the specific proposals. It helps if you give 
reasons for your conclusions, supported by relevant data. You may make an important contribution by suggesting ways to make the 
proposal more environmentally acceptable. 

When making comments on specific proposals in the PER: 

clearly state your point of view; 
indicate the source of your information or argument if this is applicable; and 
suggest recommendations, safeguards or alternatives. 

Points to Keep in Mind 

By keeping the following points in mind, you will make it easier for your submission to be analysed. 

Attempt to list points so that the issues raised are clear. A summary of your submission is helpful. Refer each point to the appropriate 
sections, chapter or recommendation in the PER. If you discuss sections of the PER, keep them distinct and separate, so there is no 
confusion as to which section you are considering. 

Attach any factual information you wish to provide and give details of the source. Make sure your information is correct. 

Remember to include: 

your name; 
your address; and 
the date; and 
whether you want your submission to be confidential. 

The closing date for submission is Monday, 4 December 1995. 

Submissions should be addressed to: 

Environmental Protection Authority 
"Westralia Square" 
141 St George's Terrace 
PERTH WA 6000 

Attention: Mr Ian Harvey 
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1.0 	Executive Summary 

1.1 	The Proposal 

Whitecrest Enterprises Pty Ltd (Whitecrest) proposes to construct and operate a 
metallurgical limestone mine and quicklime production facility near Exmouth in 
Western Australia in joint venture with Swan Portland Cement Ltd (Swan). 

The project provides for a mining operation initially producing 200,000 tonnes per 
annum (tpa) of crushed limestone suitable for shipment to a quicklime plant 
proposed for development by Swan in Kwinana. The Exmouth operation will be 
designed to increase limestone production to 1,000,000 tpa as demand requires 
and includes future construction of a quicklime plant with production capacity of 
200,000 tpa. The existing Point Murat port will be used to load lump limestone and 
quicklime for shipping to markets. Provision has been made for product storage 
facilities to be located adjacent to the Point Murat jetty. 

Swan is currently planning the closure of its lime and cement production plant in 
Burswood near Perth and has recently announced its commitment to develop new 
facilities at Kwinana. Lump limestone obtained from Whitecrest's mining tenement 
near Exmouth is the preferred source of limestone feedstock for the Kwinana 
quicklime plant. The only alternative sources of high grade, hard rock limestone are 
overseas and would have to be imported. 

Construction of the project is scheduled to commence in March 1996 with 
commissioning of the limestone operation by September 1996 so that sufficient 
feedstock may be delivered to Kwinana for commissioning of Swan's quicklime 
plant in January 1997. The quicklime plant at Exmouth is expected to be 
commissioned in 1999 by which time the Kwinana plant will be well established and 
its full production committed. 

1.2 	Need for the Project 

Testing undertaken by Whitecrest and Swan shows that the Exmouth limestone 
produces a quicklime that is superior in quality (greater than 92% available CaO) 
compared to currently available quicklime sources in WA. The project will offer both 
cost and process advantages to quicklime consumers whilst also consolidating a 
major alternative supplier in the Western Australian market. 

Initial limestone production by Whitecrest will be driven by the domestic demand for 
quicklime. Present consumption of quicklime exceeds 800,000 tonnes per annum 
with continued growth expected in most areas of application. 

There is, however, a growing demand for metallurgical grade limestone throughout 
Australia and South East Asia. This demand is currently met primarily by imports 
(Australiabeing a major importer of high grade, hard rock limestone from Japan). 
The quality and whiteness of the Exmouth limestone makes it a suitable feedstock 
for the production of a range of high value products such as ground calcium 
carbonate and white cement. 

The project thereby offers substantial economic and environmental benefits to the 
nation, State and local community. These benefits include industrial investment of 
up to $40 million, increased employment opportunities and industry diversification 
in Exmouth, cost benefits to domestic consumers of quicklime, potential 
replacement of imported metallurgical limestone, potential for export generation, 
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decentralisation of industry and utilisation of alternative, non-marine sources of 
calcium carbonate feedstock. 

	

1.3 	Key Features of the Project 

The proposed mining area is within the Temporary Reserve for Limestone 
TR5980H held by the WA Minister for Mines. Whitecrest holds Exploration Licence 
E08/593, covering an estimated resource of 250 million tonnes of metallurgical 
grade limestone. Whitecrest has applied for a mining lease over the full extent of 
the licence area. 

The mining tenement lies outside of the Cape Range National Park and the 
proposed extension to the park. The mining operation has been designed to meet 
the stringent conditions placed on grant of the tenement by the Department of 
Minerals & Energy and the Water Authority of WA (WAWA). The tenement is set 
back sufficiently within the range to ensure that the operation will not be visible, but 
is still accessible, from Murat Road. The mine area will be progressively developed 
and rehabilitated during operations so as to provide ongoing re-establishment of 
landform, topsoil and local indigenous flora and fauna. 

The limestone and quicklime will be trucked from the mine, 8 km south-west of 
Exmouth, to the existing Point Murat deepwater jetty, some 16 km north of the 
town. The port facilities at Point Murat will be modified to load up to 40,000 DV\IT 
ships at up to 1,000 tonnes per hour. The jetty is jointly owned by the Royal 
Australian Navy and the US Navy with operation of the facility privately contracted. 
The jetty is presently used for the receival of fuel oil supplies to the Naval 
Communications Station and for the loadout of supplies for offshore oil and gas 
exploration activities. 

Recent gas discoveries in the region will provide sufficient reserves to service a 
long term fuel supply to the quicklime plant. The nominated gas supplier will be 
responsible for delivering gas to the plant site and will obtain separate approval for 
the construction of necessary production and supply facilities. 

The project has been designed to minimise the impact on the local environment 
and community whilst retaining engineering and financial feasibility. Whitecrest is 
working with the Shire of Exmouth to ensure that the project layout and operations 
are compatible with the region's existing major industries (ie tourism, defence and 
commercial fishing). 

	

1.4 	Evaluation of Alternatives 

A range of alternatives were considered in respect of technology; site selection; 
layout; infrastructure; transport and port operations. 

Vertical shaft, gas-fired kilns are the preferred calcination technology for both the 
Kwinana and Exmouth quicklime plants. These kilns require lump, hard rock 
limestone feedstock, preferably of high calcium carbonate content, which will not 
decrepitate (break up) during the heating process. A comprehensive survey of 
possible limestone sources undertaken by Swan identified only three competitive 
feedstock alternatives - Japan, the United Arab Emirates and Exmouth. 
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Whitecrest strategically selected a mining tenement area and mine site so as to 
ensure resource security and economic viability whilst minimising possible 
environmental impacts. The tenement area selected is outside of the Cape Range 
National Park, its proposed extension and the primary gorge and cave areas of the 
range. 

The only alternative sites suitable for limestone production that are also outside of 
the National Park and the proposed park extension are around 60 km south of the 
Point Murat jetty. The cost of road transport from these areas to Point Murat is 
prohibitive. Development of a new deepwater port site in Exmouth Gulf was 
concluded unviable at the proposed scale of operation. 

Various alternatives were examined in respect of siting of the initial mining area 
within the tenement, location of the quicklime plant and selection of haul routes. 
Two alternative product storage areas adjacent to the Point Murat jetty were 
assessed with a 5 ha site north of the jetty selected as the preferred location. The 
existing port facilities at Point Murat are suitable for the berthing of bulk ore ships. 
Mobile shiploading equipment and fixed conveyor systems on the jetty will be 
provided by Whitecrest. 

1.5 	Potential Environmental Impacts and Their Management 

1.5.1 Landform 

The resource to be mined comprises crystalline Trealla and Tulki Limestones. 
Mining will be restricted to relief above 50 m AHD with a maximum face height of 
around 50 m. The area envisaged to be mined over the first 20 years of production 
is approximately 0.7 km2  (ie around 15% of the tenement area). No significant 
caves or sinkholes have been recorded or are expected to occur within the mining 
area. 

1.5.2 Surface Water Hydrology 

There are no permanent surface waterbodies in the vicinity of the mining area, 
quicklime plant, transport route or the Point Murat jetty. Infiltration of surface rainfall 
is rapid with creeks only flowing immediately after heavy rainfall. 

The catchment of the mining area is small (3 km2) and only a minor contributor on a 
regional scale to surface water flows. The catchment areas of the four adjacent 
watercourses total 98 km2. The area to be mined over the first 20 years of 
production covers less than 1% of the area of the Exmouth Water Reserve. 

Mine development will provide for the safe, uninterrupted passage of surface flows 
through and from the mine site with maintenance of existing drainage paths 
wherever possible. All plant and storage areas will be constructed on elevated 
foundations with bunds provided to divert flood flows. There will be no retention of 
flood water on-site. 

1.5.3 Groundwater Hydrology 

The regional near-surface groundwater occurs as an unconfined aquifer within a 
non-homogeneous karstic system. Recharge of the aquifer will not be affected by 
the project. The area to be mined over the first 20 years of production covers 
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approximately 0.5% of the total regional catchment contributing to the aquifer 
fronting Exmouth Gulf. 

The project has been designed to ensure that the potential for groundwater 
contamination is minimised so that a reliable, safe and high quality water resource 
is maintained. WAWA recommended stringent conditions on grant of the mining 
tenement and these have generally been incorporated in the project design. 
Whitecrest will actively monitor groundwater quality immediately downstream of the 
project throughout operations on the tenement. 

1.5.4 Exmouth Town Water Supply 

Water requirements for the mining, processing and transport operations are 
estimated not to exceed 55 m3/day. This represents less than 20% of the 
sustainable groundwater yield over a 1 km north-south section of the borefield. The 
water will be sourced from WAWA. This demand does not present any long term 
risk to the Exmouth Town Water Supply. 

1.5.5 Flora and Vegetation 

The project area supports a number of species that are endemic to the Cape 
Range peninsula. 

Local loss of flora and vegetation resulting from the mining operation will be 
addressed by a comprehensive rehabilitation plan aimed at the progressive re-
establishment of landform, topsoil and local flora species. 

Endemic species that are common or scattered over the project area will form the 
focus of the rehabilitation plan and would ultimately be expected to return to the 
mining area. Endemic species occurring in only isolated locations adjacent to the 
haul route will be given special consideration in the design and layout of the access 
road. 

1.5.6 Fauna 

None of the species recorded on the project area, or the fauna community as a 
whole, are of regional significance. No rare, endangered or threatened species 
were identified. 

1.5.7 Subterranean Fauna 

The Cape Range peninsula contains a diverse range of subterranean, obligate 
fauna comprising aquatic (stygo)fauna and terrestrial (troglobitic) fauna. However, 
no aquatic or terrestrial cave fauna have been recorded within the project tenement 
area. 

There is minimal risk of direct or indirect impact on the coastal plain aquatic 
habitats, and the associated fauna, downstream of the project. The project does 
not require mining below the groundwater table and the procedures put in place to 
maintain the quality of the Exmouth Town Water Supply groundwater aquifer will 
ensure protection of any stygofauna residing in these waters. 
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Previous drilling around the mining tenement indicates that there are no perched 
water tables within, adjacent to or upstream of the project area which could 
possibly support aquatic cave fauna within the range itself. The nearest recorded 
perched water table is some 10 km to the south-west of the tenement in an area of 
exposed Mandu Limestone. This geological formation is well below the mining 
elevation proposed for the project. 

There are no significant caves or sinkholes known on the tenement. Blind caves 
and fissure systems may exist and could possibly support troglobitic fauna. Any 
such systems within the proposed mining area will be directly impacted by the 
project, however, the mining area is small relative to the range of similar habitat 
available over the peninsula. The mine area covers only around 0.25% of the 
northern province of the Cape Range. Potential for significant impact on troglobitic 
fauna existing upstream or downstream of the area to be mined is considered to be 
minor. 

1.5.8 	Port Activities 

The Point Murat jetty lies within the Ningaloo Marine Park, however, the jetty and 
surrounding waters are declared as a Prohibited Area under the Defence (Special 
Undertakings) Act 1952. 

Spillage of limestone and quicklime during shiploading operations will be controlled 
by design of the conveying and loading systems. Any impacts from spillage would 
be temporary and localised. 

Activities at the Point Murat jetty will be encompassed by the Royal Australian 
Navy's existing oil spill contingency plan. The proponent will develop its own plan to 
cover operations outside of the Prohibited Area. The proponent will actively 
endeavour to promote compliance of shipping to the voluntary guidelines for ballast 
water and sediment discharge from overseas vessels entering Australian waters. 

1.5.9 Noise, Dust and Atmospheric Emissions 

All mining, processing and transport operations will be designed to comply with the 
requirements of the Noise Abatement (Neighbourhood Annoyance) Act 1979. 

Dust and atmospheric emissions will be managed in accordance with the 
Environmental Management Plan and the requirements of the relevant authorities. 

1.5.10 By-products and Wastes 

The project will not produce any solid or liquid process wastes other than limestone 
by-product and lime dust. The crushed limestone by-product will be stockpiled on-
site for future sale and use in the mine rehabilitation programme. Lime dust will be 
collected in bag filters, transported off-site and disposed of in accordance with the 
requirements of the Shire of Exmouth and DOME. Wastewater from plant 
washdown activities and sanitary wastes will be collected and transported off-site 
for disposal. 
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1.6 	Potential Social Impacts and Their Management 

1.6.1 Economic Impacts 

The project will have a significant impact on the local economy with capital 
investment of up to $40 million. The ultimate turnover for the project will be 
approximately $12 million per annum for the limestone operation and $8 million per 
annum for the quicklime operation (excluding shipping activities). 

Direct local employment generated by the project will ultimately be up to 40 people 
with additional indirect employment opportunities in the provision of services and 
infrastructure support. The operational workforce will be based in Exmouth with 
local residents and subcontractors employed wherever possible. 

Existing town infrastructure will be sufficient to support the workforcè with 
additional housing to be constructed if necessary. Up to 150 construction personnel 
will be required at various stages of project development. Additional temporary 
accommodation for this short term workforce may be required during the tourism 
and fishing seasons. 

1.6.2 Land Use 

There is no existing land use within the proposed mining area. Land use adjacent 
to the mine haul road includes the WAWA's proposed borefield extension and 
Western Power's 33 kV power transmission line to Learmonth. The proponent's 
management commitments will ensure that these facilities are not adversely 
impacted. 

The transport operation to Point Murat can be managed to minimise any potential 
impacts on current or proposed land use along the transport corridor. The 
operations proposed at the Point Murat jetty are consistent with existing and 
possible future land use at the port. 

1.6.3 Visual Impacts 

The mining tenement has been carefully located behind the foothills of the range so 
that the mining operations will not be visible from the town or Murat Road. The lime 
plant will be located on the mine floor, also concealed from public view. The haul 
road will run in a creek valley from the mine to the coastal plain so that the haul 
trucks are not visible until they cross the plain towards Murat Road. 

1.6.4 Transportation Impacts 

Conventional road haulage trucks will be used to transport limestone and quicklime 
to Point Murat. The 26 km haul route is on sealed, open road with good visibility. 
The principal area of possible traffic conflict is the 1.8 km of road through Exmouth. 
This issue is the main concern of the local residents and has been addressed at 
length. 

The proposed trucking operation (commencing with two trucks and ultimately 
increasing to four loaded truck movements per hour) is manageable without 
excessive impact on the community. The proponent will consult with the Shire of 
Exmouth, Main Roads Western Australia and the Royal Australian Navy to ensure 
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that specific procedures are put in place to ensure traffic safety. Potential noise, 
dust and spillages associated with the transport operation will be controlled and 
managed appropriately. 

1.6.5 Aboriginal Heritage 

An intensive archaeological survey of the mining area, transport corridor and port 
storage area has been undertaken. 

A number of isolated artefact scatters were identified in the vicinity of the mining 
tenement and transport corridor but none in areas to be directly impacted by the 
project. The finds were adjudged to have a low level of significance, demonstrating 
opportunistic usage of the area. 

Artefactlmidden material was located within the coastal dunes at two sites south 
and north of the Point Murat jetty. The two sites north of the jetty were accorded a 
lower level of significance and neither site was located within the area to be 
impacted by development of the port storage facility. 

Although no known archaeological material will be disturbed, there exists the 
potential for material to be uncovered during construction. Accordingly, the 
proponent will apply for permission to disturb possible sites under Section 18 of the 
Aboriginal Heritage Act (1972-1980). 

No ethnographic sites were located within the proposed mine area, transport 
corridor or port storage areas. 

1.6.6 Community Consultation 

A wide range of State, Federal and local government agencies, private companies, 
business operators and individuals were contacted during preparation of the PER. 

Three articles describing the project have been published in the local newspaper 
and an interview on ABC Radio was aired in September 1995. The proponent held 
regular briefings with the Shire of Exmouth, met with representatives of the 
Gascoyne Development Commission and gave evidence to the Parliamentary 
Select Committee on the Cape Range National Park and Ningaloo Marine Park. 
Discussions have been held with many members of the local community. 

The community consultation programme will continue throughout the public review 
period for the PER. 

1.7 	Proponent Commitments 

Various commitments have been developed by Whitecrest to reduce the potential 
impact of the project. These cover the preconstruction, construction and 
operational phases of the project and will be implemented to the satisfaction of the 
relevant authorities. These are detailed in Section 8.0 of the PER and are believed 
to address any concerns raised in the consultation process to date. 
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2.0 	Introduction 

2.1 	Key Features of the Proposal 

Whitecrest Enterprises Pty Ltd proposes to construct and operate a metallurgical 
limestone mine and quicklime production facility near Exmouth in Western 
Australia. Figure 2.1 shows the location of the proposed project. 

The project provides for a mining operation initially producing 200,000 tonnes per 
annum (tpa) of crushed limestone suitable for shipment to quicklime production 
facilities in Kwinana. The operation will be designed to increase limestone 
production to 1,000,000 tpa as demand requires and includes future construction of 
a quicklime plant at Exmouth with production capacity of 200,000 tpa. This plant 
will be located on Whitecrest's mining tenement. The existing Point Murat jetty will 
be used to load limestone and quicklime for shipping to markets. Provision has 
been made for product storage facilities to be located adjacent to the jetty. 

The location and layout of the project offers a range of unique logistical advantages 
that make the project viable in the available markets. These include: 

a large, high quality limestone resource within a tenement located in the 
Temporary Reserve for Limestone TR5980H held by the WA Minister for 
Mines; 

a tenement specifically selected to be outside of any existing or proposed 
National Parks or Reserves; 

reasonable proximity to an existing deepwater jetty; 

reasonable proximity to recent discoveries of significant reserves of natural 
gas suitable for limestone calcination; 

readily available infrastructure and support from the nearby towns of 
Exmouth and Learmonth; 

central location with respect to markets in south-west WA, eastern and 
northern Australia, and South East Asia; and 

strong support from the Shire of Exmouth. 

2.2 	The Proponent 

The proponent is Whitecrest Enterprises Pty Ltd (Whitecrest), a private company 
registered in Western Australia. Whitecrest has entered into an agreement with 
Swan Portland Cement Ltd (Swan) to develop and operate the limestone project in 
joint venture. Under this agreement, Swan has the exclusive right to develop and 
operate the lime calcination plant on Whitecrest's mining tenement. 

\reports\E3787\text1.per 	 Halpern Glick Maunsell 	8 



11V45 	 114•00 	 11415 	 11430 

MUIRON ISLANDS 

N 

- 2145 

NORTH WEST 

CAPE 

/ 	 PT. MURAT 
JETTY 

/ 	
7 

/ NAVAL / 

/ 	
COMM. sm. .1 

MTATHOL/. 

EXMOUTH 

)r1II1. 

	

0 	 10 	 20km 

SCALE 1:500,000 

	

11415 
	

114 '3 

21'45 

0 

0 

RIVOU ISLANDS 
cp 	a 

2200' 

NIHOALCO 
MARINE 
PARK 

/ MT LEFROY 
 

& 
,Ju1an 	j 

-2215 

/ 

I 
- 2230 I 

/ 
Port Hedlond I 

Karrotha 

WESTERN 	I 

AUSTRALIA 

PERTH 

LOCATION MAP 

113*45' 	 11400 

15 —I 

I0•-1 



	

2.3 	Background to the Proposal 

Swan is an unlisted public company jointly owned by Adelaide Brighton Limited, 
CSR and Pioneer International. Swan has been engaged in the manufacture of 
lime, cement and associated products at its Burswood plant site in Perth since 
1927, and currently produces 250,000 to 300,000 tpa of these products for the 
Western Australian market. 

Swan is currently planning the closure of its Burswood plant with the full co-
operation of the WA State Government. As part of this process, Swan will have to 
relocate its lime and cement operations and has recently announced its 
commitment to develop a cement clinker grinding plant and a quicklime plant at 
Kwinana. 

The Kwinana quicklime plant has been designed on the basis of a 300 tonne per 
day gas-fired vertical shaft kiln, fed with lump metallurgical grade limestone. The 
preferred source of limestone is from Whitecrest's tenement near Exmouth. Several 
alternative sources of limestone exist but these must all be imported (eg from 
Japan and the United Arab Emirates). 

The quicklime plant proposed at Exmouth is planned for completion in 1999 by 
which time Swan's Kwinana plant will be well established and its full production 
committed. The additional production capacity of 200,000 tpa from Exmouth will 
provide security of supply to Swan's consumers in the south-west of WA and also 
allow Swan to access wider markets in eastern and northern Australia and South 
East Asia. 

	

2.4 	The Tenements 

Whitecrest is the holder of Exploration Licence E08/593 and has applied for Mining 
Lease M08/145 which covers the full extent of the exploration licence area. The 
total tenement area is 6.44 km2  of which approximately 1.44 km2  overlaps an 
existing Mining Lease M0816 held by Alcoa of Australia Ltd. Mining Lease M08/145 
is expected to be granted for a term of 21 years, renewable for a further 21 years. 
Whitecrest has also applied for Miscellaneous Licence M08/5 encompassing the 
proposed haul route from the mine to Murat Road. The location of the project 
tenements is shown in Figure 2.2. 

	

2,5 	Project Timing 

Subject to meeting all necessary approval requirements, construction of the project 
is scheduled to commence in March 1996, with commissioning of the limestone 
mine, transport and port facilities by September 1996 so that sufficient limestone 
may be delivered to Kwinana ready for commissioning of Swan's quicklime plant in 
January 1997. Construction of the lime calcination plant at Exmouth is expected to 
commence in 1998 with commissioning in 1999. 
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2.6 	Legislative Requirements and the Approval Process 

This Public Environmental Review (PER) has been prepared in accordance with 
the guidelines provided by the Department of Environmental Protection (refer 
Appendix 1). The document will be released for public review for a period of eight 
weeks. During this period government agencies, private organisations and the 
public are invited to make submissions to the Department of Environmental 
Protection (DEP). The Environmental Protection Authority (EPA) will evaluate the 
PER, the submissions received and the proponent's response to those 
submissions, and make recommendations to the Minister for the Environment on 
the acceptability of the proposal and the conditions which should apply if the 
development is to proceed. The public and the proponent may appeal the EPA 
Report and Recommendations to the Minister. Only after the Minister has set the 
environmental conditions for the project may other authorities give approvals and 
allow construction to commence. 

The development and operation of the project will be subject to a variety of local, 
State and Commonwealth legislation, including the: 

Environmental Protection Act 1986 (amended 1994); 
Mines Regulation Act 1946; 
Mining Act 1978; 
Conseriation and Land Management Act 1984; 
Aboriginal Heritage Act 1972-1980; 
Water Authority Act 1984; 
Wildlife Conservation Act 1950; 
Local Government Act 1960; 
Occupational Health, Safety and Welfare Act 1984; 
Noise Abatement (Neighbourhood Annoyance) Act 1979; 
Environmental Protection (Impact of Proposals) Act 1974; and 
Defence (Special Undertakings) Act 1952. 

2.7 	Purpose and Structure of the PER 

The purpose of this PER is to describe the proposed limestone mining and 
quicklime production operations relative to the existing environment in sufficient 
detail to allow the potential impacts of the project to be identified and assessed, 
and to detail proposals for the mitigation and management of those impacts. 
Descriptions of the physical, biological and social environments are restricted to a 
level of detail required to allow the potential impacts to be assessed. 

Section 3.0 of this PER provides the justification for the project whilst Section 4.0 
evaluates the alternatives considered in arriving at the preferred concept as 
detailed in Section 5.0. Sections 6.0 and 7.0 respectively detail the potential 
environmental and social impacts of the project and the proposed means by which 
such impacts will be managed. Section 8.0 provides a list of the proponent's 
environmental management commitments. 

Specialist consultant reports covering flora, vegetation and Aboriginal heritage 
have been provided to the DEP with the essential information of relevance to the 
proposal summarised in the PER. 
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3.0 	Justification for the Project 

3.1 	Need for Metallurgical Limestone and Quicklime 

Limestone is required in large quantities for the manufacture of quicklime and 
cement; in the iron and steel industry; in the chemical, glass and paper industries 
and in environmental applications such as flue gas desulphurisation. Many of these 
industries demand a high quality product which requires high grade limestone. 

The Exmouth limestone resource is unique in Western Australia, being of very high 
grade (typically greater than 97% CaCO3), hard, white in colour (on Whitecrest's 
tenement), and accessible for efficient mining and transport. The traditional calcium 
carbonate feedstock used in Western Australia has been sourced either from soft, 
tow grade terrestrial deposits near the point of processing (eg the Wanneroo 
limestones) or from offshore limesand beds (eg Cockburn Sound sands). Neither of 
these sources provide a high grade product suitable for many metallurgical 
applications and both would require expensive beneficiation to produce quicklime 
of an equivalent quality to the Exmouth product. 

To date, the remoteness of the Exmouth limestone resource and the lack of a 
suitable port facility have prevented its development. Investigations over the last 
30 years have focused on potential markets in the Pilbara which did not eventuate. 
However, a number of opportunities have recently emerged to develop the 
resource to supply the growing quicklime industry and the prospective steel 
industry in WA and the existing steel markets in eastern Australia. Opportunities 
also exist for export to the rapidly expanding industrial markets in South East Asia. 

3.1.1 Limestone Supply for Quicklime Production 

Initial limestone production by Whitecrest will be driven by the demand for 
quicklime in the south-west of Western Australia. This market is around 
800,000 tpa with continued growth in most areas of application. The quicklime is 
used for a range of neutralisation, coagulation and recovery processes with uses 
including, but not limited to, the following: 

Metallurgical 

Alumina industry: Quicklime is used extensively in the alumina industry to 
recover caustic soda, the primary agent used in the processing of bauxite 
to produce alumina. Quicklime is also used as a filter aid and impurity 
precipitator, and for treatment of solid waste. The alumina industry 
constitutes about 60% of the current quicklime market in WA. 

Gold processing: Since the introduction of the carbon-in-pulp process in 
the gold industry, quicklime has become an essential means to control the 
pH of the crushed ore slurry, thereby enabling the leaching of gold using 
sodium cyanide. The gold industry uses about 25% of the quicklime 
currently sold in WA. 

Mineral sands processing: Quicklime is used for pH control, sulphate water 
treatment and removal of contaminants. The mineral sands industry is 
considered a major growth area for quicklime consumption, with many of 
the end uses for the mineral sands also incorporating lime as an additive 
(eg pigments, paints). 

e\reports\E37871ext1 per 	 Halpern Glick Maunsell 	11 



Iron and steel industry: Quicklime (or limestone) is traditionally used to 
remove impurities from molten metal. Consumption in modern steel plants 
varies considerably with plant technology. 

Other industries: Quicklime is used as a neutralising agent in the 
processing of uranium, copper and various other metal extraction 
applications. 

Building 

Construction: Quicklime is used for the production of slaked lime (hydrated 
form) which is used extensively in the construction industry as a 
component of mortar. Quicklime is also used extensively in the 
manufacture of lightweight building blocks (eg Thermalite bricks) and to 
make sand lime bricks. 

Glass and ceramics: Quicklime is used in the manufacture of glass and 
other refractory products such as ceramics. 

Agricultural 

Fertilisers: Quicklime is used in the manufacture of fertilisers, primarily to 
assist in the free-flowing characteristics of mixed fertilisers, to reduce bag 
rotting, and as a nutrient. 

Soil improvement: Lime is added directly to pastures for soil stabilisation 
and for neutralising soil acidity. 

Environmental 

Water treatment: Quicklime is used to soften water and also to improve 
coagulation, a process which removes suspended solids from water. 

Wastewater treatment: Government and industry use quicklime to adjust 
pH, remove phosphorus and precipitate heavy metals during the treatment 
of domestic and industrial wastewater. 

Air pollution: Lime products are applied by some industries to scrub 
noxious emissions (containing sulphur dioxide, fluorides or hydrochloric 
acid) from waste gas streams. 

Testing undertaken to date shows that the Exmouth limestone produces a 
quicklime that is at least equivalent, and in most cases superior, to the quicklime 
sources currently available in WA for many of the applications listed above. 

The long term demand for quicklime in WA is expected to increase in the alumina, 
gold and mineral sands processing industries, as well as in the environmental 
sector. A number of currently proposed developments in WA would also see 
growing demand for quicklime in the steel industry. 

Swan has committed to develop a new quicklime plant at Kwinana to meet this 
growing demand and to provide replacement production capacity after the closure 
of its Burswood operations. Whitecrest will initially supply Swan's Kwinana plant 
with 200,000 tpa of metallurgical grade, lump feed limestone. 

Whitecrest and Swan have also identified significant quicklime demand in northern 
and eastern Australia and South East Asia, particularly in the alumina, gold and 
steel industries. Large users exist in PNG, Indonesia and Irian Jaya. Development 
of the quicklime plant at Exmouth will meet part of this demand together with any 
future shortfall in premium grade product in the south-west of WA. 
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3.1.2 Limestone Supply for Other Industries 

Market investigations also indicate strong demand for metallurgical limestone both 
in Australia and South East Asia. This demand will be generated by new projects 
coming onstream as well as the Exmouth limestone replacing imported limestone. 
For example, Exmouth stone is the nominated feedstock for at least one of the 
major steel plant proposals in WA and negotiations are proceeding with a major 
industry consumer to replace current imports of metallurgical grade limestone from 
Japan with product from Exmouth. 

In addition, the quality and whiteness of the Exmouth limestone makes it an ideal 
feedstock for the production of high value products such as ground calcium 
carbonate and white cement. Both domestic and export markets exist for these 
products and further testing for potential users is being undertaken. There is also 
growing demand for high grade limestone in various environmental applications (eg 
flue gas desulphurisation, water treatment). 

3.2 	Benefits of the Project 

3.2.1 The Nation, State and Local Community 

The project offers substantial economic and environmental benefits to the nation, 
State and local community. 

Economic Benefits 

industrial investment of up to $40 million with a large part being spent in 
Western Australia, thereby providing an economic stimulus to the 
engineering and transport sector; 

generation of direct employment for up to 150 people during the various 
phases of construction, 10 people for the limestone mining and transport 
operation, 20 people for the quicklime plant operation and 6 people for the 
port storage and shiploading operations; 

creation of an increased demand for local goods and services which will 
provide an economic stimulus through investment in local businesses in 
Exmouth and resulting in substantial indirect employment opportunities; 

provision of a possible catalyst for additional secondary industries to 
become established in the region; 

establishment of a competitive Australian metallurgical limestone source 
and increased availability of a better quality quicklime which will reduce the 
demand for imported limestone and increase users' operating efficiencies; 

benefits associated with the establishment of a large scale alternative 
supplier of quicklime in a local market currently dominated by one supplier; 

cost reductions to current and potential industries in the north-west that 
may utilise limestone or quicklime in their processes through reduced 
transport costs and competitive pricing; 

increased value added to supplies of Western Australian limestone and 
natural gas through the manufacture of quicklime; 
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potential for the replacement of imports of metallurgical grade limestone 
into Australia (imports currently exceed 1.2 million tpa); and 

potential for export of both limestone and quicklime to South East Asia. 

The direct and indirect benefits of the project to the Shire of Exmouth will be 
substantial. The Shire is currently dependent on three major industries - tourism, 
defence and fishing. The continuing contraction of the Naval Communications 
Station at Exmouth will place increasing economic pressure on the region. The 
Shire is keen to expand and diversify the industrial base at Exmouth so that a wider 
variety of businesses and employment opportunities are available to the local 
residents and so there is also less impact from the seasonal nature of the tourism 
and fishing industries. The Shire, and many within the local community, recognise 
the benefits of the project and have been highly supportive of the proposal. 

Environmental Benefits 

utilisation of land-based limestone resources resulting in less 
environmental impact than impacts associated with extraction of limesand 
resources from environmentally sensitive marine areas; 

reduction in transport flow and congestion in the Perth metropolitan area 
through the development of decentralised industry in the northern part of 
the State; and 

provision of high grade limestone and quicklime, thereby improving its 
general availability for use in environmental management. 

3.2.2 The Proponent 

The benefits of the project to Whitecrest and Swan include: 

supply of a high grade feedstock to Swan's new Kwinana quicklime plant, 
ensuring a financially stable and profitable operation; 

supply of feedstock for Swan's other building products, including hydrated 
lime and cement clinker; 

improving Swan's share of the current and future market for quicklime and 
associated products in WA; 

introducing Swan to export and domestic markets for both limestone and 
quicklime which are not viable within the context of the company's existing 
operations; 

opportunities for both companies to investigate proposals for high value 
added limestone products; and 

development of a large resource with consequent potential for attractive 
financial returns to both companies. 
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4.0 	Evaluation of Alternatives 

4.1 	Lime and Limestone Based Products 

There is only a limited number of viable alternatives to lime or limestone based 
products that are suitable for the applications presented in Section 3.1. Caustic 
soda, alternative carbonates (eg magnesia) and other base alkali groups can be 
used, however, these must all be imported at significantly higher cost than the cost 
of lime or limestone products produced at Exmouth. 

4.2 	Lime Calcination Technology 

The production of quicklime (calcium oxide) is achieved by the calcining (heating) 
of limestone, limesand or other materials that are rich in calcium carbonate. 

A number of different types of calcining units are available, including: 

vertical shaft kilns, where lump limestone feedstock is passed vertically 
down through a fixed shaft kiln; 

rotary kilns, where the feedstock is progressed by rotation of the kiln; 

fluid bed calciners, where the feedstock is suspended during the calcining 
process by means of an upward flow of air; and 

flash calciners, where the feedstock is agitated and heated by high velocity 
air, with very rapid calcination occurring. 

The quicklime plants to be constructed by Swan at Kwinana and Exmouth will 
incorporate vertical shaft, gas-fired kilns. Vertical kiln technology has been selected 
as these kilns are specifically designed to handle lump feed material, are cheaper 
to construct and as efficient (in respect of total energy consumption) as the 
alternative rotating, fluid bed or flash calcining kilns. 

The fluid bed and flash calcining technologies have been developed to handle fine 
limesand feedstock generally where access to lump feedstock is not available. The 
technology is sophisticated and expensive. Further, most limesands in WA are 
relatively poor quality and require pre-treatment of the feedstock to remove excess 
silica. This is both a costly and difficult process and also results in a by-product 
disposal issue not encountered when high grade limestone is calcined in a vertical 
shaft kiln. 

4.3 	Source of Limestone Feedstock 

Vertical shaft kilns require lump feed limestone and cannot accept fine grade 
limestone or limesands. The quality of the limestone feed is governed by the 
application, however, it must have specific physical and chemical properties to be 
suitable for calcination. The limestone should ideally be of high calcium carbonate 
content with low percentages of silica and iron and it must not decrepitate (break 
up) during the heating process. 
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Swan has carried out a comprehensive survey of possible limestone sources for its 
new Kwinana plant, both in Australia and around the world, based upon specific 
product quality and cost criteria. Only three competitive sources were identified as 
suitable for the scale of operation proposed by Swan; these being Japan, United 
Arab Emirates and Exmouth. All three sources are characterised as being large, 
high grade deposits located in reasonable proximity to existing deepwater ports. 

Exmouth is Swan's preferred source of limestone due to potential concerns with 
importation (eg currency risk, security of supply) and the company's strong 
preference to source feedstock from within Australia. There were no other 
competitive sources of limestone identified in Australia due to the cost of land 
transport and infrastructure, shipping and port requirements, and the lack of a high 
grade stone suitable for calcining in a vertical shaft kiln. Testing of the Exmouth 
limestone has shown that the resource has excellent calcination properties. 

4.4 	Tenement Location 

The extensive, high grade limestone deposits near Exmouth havebeen 
documented for many years and first described in detail by Condon et al. (1955). 
The strategic value of the resource was recognised in 1963 with the establishment 
of a Temporary Reserve for Limestone TR5980H over a large part of Cape Range 
by the WA Minister for Mines. 

The resource held within the Temporary Reserve is generally of metallurgical 
quality and characterised by low levels of impurities (although with some variation 
over the range). The resource is extensive, containing in excess of several billion 
tonnes of limestone, however, most of the Temporary Reserve is now subject to a 
proposed extension of the Cape Range National Park and thereby unlikely to be 
available for development (refer Figure 2.2). 

Within this context, Whitecrest selected the location of the mining tenement with 
great care so as to ensure economic viability whilst minimising possible 
environmental impacts. Strict criteria were used by Whitecrest to select the 
tenement. These required the tenement to be located: 

within the Temporary Reserve for Limestone TR5980H; 

outside of the Cape Range National Park; 

outside of the proposed extension of the Cape Range National Park; 

outside of the primary cave and gorge areas of the range; 

within areas of exposure of Tulki and Trealla Limestones; 

within 10 km of prospective deepwater port sites or within 25 km of existing 
port facilities; 

set back sufficiently within the range to ensure that operations would not 
be visible from the coastal plain; 

not more than 5 km from access to existing public roads; and 

at least 5 km from the town of Exmouth. 

This selection process was rigorous. The tenement held by Whitecrest covers the 
only area available within the Temporary Reserve that satisfies the above criteria. 
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Whilst some of these criteria could possibly be relaxed to allow assessment of 
other areas, Whitecrest believes that it is essential that mining operations be 
located outside of the Cape Range National Park and its proposed extension. The 
only alternative areas are then in the very southern part of Cape Range or within 
Rough Range. 

Neither of these areas have been subject to the level of detailed geological 
investigation as undertaken in the vicinity of the Whitecrest tenement. There is no 
certainty in respect of the suitability of the limestone for the applications described 
in Section 3.1 nor has detailed environmental assessment of these areas been 
undertaken. Most importantly, however, the southern part of Cape Range and 
Rough Range are around 60 km from the existing Point Murat jetty and up to 30 km 
from possible deepwater port sites in Exmouth Gulf. Studies undertaken by 
Whitecrest have shown that development of a new deepwater port site is only 
viable if limestone production exceeds one million tonnes per year. Such a port 
facility would probably be prohibitively expensive in the southern part of Exmouth 
Gulf where extensive dredging would be required. The cost of road transport from 
the southern part of Cape Range or from Rough Range to the Point Murat jetty 
would be prohibitive at the proposed scale of operation. Production at the tonnages 
proposed by Whitecrest is only viable if existing port facilities can be utilised and 
combined with modest truck haul distances (ie less than 30 km). 

Whitecrest's geological investigations show that the quality of stone over Cape 
Range is generally of a consistently high grade with slightly higher concentrations 
of silica to the north and iron to the south. For some of the key applications 
described in Section 3.1, the presence of elevated iron concentrations, even if 
small, is significant as it discolours the stone and thereby precludes its use in many 
value-added products such as white cement and ground carbonates. Previous 
drilling of the northern part of Cape Range has identified a dolomitic zone running 
along the eastern flank of the range north of Shothole Canyon. This zone 
comprises layers of dolomite interfingered with high grade limestone. The zone is 
quite narrow but does extend into the area proposed for mining within Whitecrest's 
tenement. Generally, the dolomitic layers are at some depth, with the upper 30 m 
of the profile comprising primarily high grade limestone, with the layers limited to 
the eastern edge of the tenement. Even so, the nature of the layering is such that 
the resource can be selectively mined if necessary. Geological data over Rough 
Range is very limited. 

4.5 	Scale of Operation 

The scale of the operation has been set by immediate market requirements 
together with forecast demand by 2001. 

The mining operation has been designed for startup at 200,000 tpa with production 
increasing to 1,000,000 tpa by 2001 after the quicklime plant comes onstream. The 
production of quicklime is limited by the installed plant capacity of 200,000 tpa. Any 
increase in quicklime production would require construction of major new plant and 
would be referred to the DEP for prior approval. 

Operation below the proposed production capacity would prevent Whitecrest from 
capitalising on the available market and would affect the viability of the project. 
Increases in the scale of limestone production is possible in the future but is 
dependent on market conditions. The mining tenement contains an estimated 
resource of 250 million tonnes of metallurgical grade limestone (Wyatt and Clarke, 
1991) and is therefore capable of supporting mining operations for many decades 
(even if production rises above 1,000,000 tpa). 
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4.6 	Mine and Haul Route Planning 

4.6.1 Mine 

The initial area of mining within the tenement has been carefully selected with 
regard to mining operations, resource quality, proximity to the port and access from 
the coastal plain. Three alternative areas were studied (refer Figure 4.1), namely: 

Option A: 	located midway along the eastern boundary of the tenement, 
Option B: 	located near the northern boundary of the tenement, and 
Option C : 	located near the southern boundary of the tenement. 

These three options have characteristics in common in that they are all accessible 
from the coastal plain and concealed from public view behind the foothills facing 
Exmouth Gulf. Option B has the advantage of being most accessible, closer to the 
port and subject to more detailed geological sampling. Previous studies by 
Martinick & Associates (1992), together with the more recent work undertaken by 
the proponent, demonstrated that environmental characteristics were generally 
consistent over the extent of the tenement. Consequently, Option B was selected 
as the preferred initial mining area. 

4.6.2 Haul Route 

Two alternative access routes were assessed for truck haulage from the mine to 
the port via Murat Road. The preferred option is haulage down a creek valley 
leading from the nominated mining area and onto the coastal plain. The alternative 
is to construct a steep grade track out of the quarry and then run down a ridge out 
of the foothills of the range and onto the coastal plain. 

The creek valley route is preferred as it will not be visible from the coastal plain, is 
easier to construct and provides less steep grades both into and out of the mine. 
The nominated creek, now named Stoney Creek, is well suited to haul road 
construction with only six minor crossings. Most of the route can be sited on the 
shoulder of the creek neither inhibiting creek flow nor requiring cuttings into the 
valley walls. The haul road can be constructed in a similar fashion to the adjacent 
Shothole Canyon access road with creek crossings built from natural creek bed 
material. These crossings will be allowed to wash out under flood so that normal 
flows are not restricted. 

The preferred haul route also lies along a similar route nominated by the 
Department of Transport (DOT) for access to the quarry site proposed for sourcing 
of armour rock and core for the Exmouth Boat Harbour. Whitecrest is negotiating 
with the Department of Transport and the Department of Environmental Protection 
in an effort to ensure a common access route and, if possible, relocation of the 
DOT quarry site to Whitecrest's mining area. This would minimise impacts on the 
local environment given that there is no significant difference between the two sites 
as they are located adjacent to the same creek and are separated by only 1 km 
(refer Figure 4.1). 

4.7 	Lime Plant Planning 

The quicklime plant will be established on the mine floor so that the plant will be 
largely concealed from view from the coastal plain. The plant and the mining 
operation will share infrastructure and services including the proposed haul road. 
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Possible alternative locations for the quicklime plant include the coastal plain 
adjacent to the haul road and adjacent to the Point Murat jetty. Both ofthese 
alternatives would be more disruptive to the visual landscape and would also result 
in increased transport and handling costs. The alternative sites would both require 
similar environmental management practices as proposed at the preferred plant 
location at the mine site. 

The quicklime will be produced, transported, stored and shipped as a lump product 
as discharged direct from the calcination kiln. Handling and storage of lump lime is 
considerably simpler and cheaper than handling and storage of milled lime. Lump 
lime can be trucked and conveyed by conventional plant provided the product is 
covered and protected from any moisture contact. Dust control requirements for 
both lump and milled lime are identical. 

4.8 	Power, Water and Gas 

4.8.1 Power 

Western Power operates a 33 kV powerline between Exmouth and Learmonth. 
This is located only 3.5 km to the east of the mine site. Whitecrest proposes to 
connect a spur from this line to the mine along an alignment adjacent to the haul 
road. Whitecrest will negotiate shared usage of this spur line with WAWA which is 
currently proposing to connect further water bores some 1 km to the east of the 
mine site to the Exmouth Town Water Supply system. 

The only alternative source of power for the mine is for Whitecrest to install its own 
generating equipment on-site. Initially, this option would only be undertaken if 
reasonable commercial terms for supply of power cannot be agreed with Western 
Power. Ultimately, however, power for both the mine and the lime plant will be 
generated on-site by gas turbine generators. 

4.8.2 Water 

Water supplies may be sourced either from WAWA or from a private bore located 
on Whitecrest's tenement. 

WAWA is currently in the process of securing approval to connect six bores south 
of Mowbowra Creek to the Exmouth Town Water Supply. Whitecrest will negotiate 
with WAWA for water to be provided either from existing production bores, from 
those bores to be connected alongside the proposed haul road or from a new bore 
drilled on Whitecrest's tenement. 

The need for careful monitoring and management of groundwater quality means 
that water supply is best sourced from WAWA as this agency is responsible for the 
other bores in the area. Whitecrest would only establish its own bore if reasonable 
commercial terms for the supply of water cannot be agreed with WAWA. 
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4.8.3 Gas 

Recent discoveries of gas in the region can provide sufficient reserves to service a 
long term energy and power supply to the quicklime plant. Gas is considerably 
cheaper, cleaner and more convenient than oil as a heating and power source and 
also provides little risk of soil or water contamination. Whitecrest is negotiating with 
a number of prospective gas suppliers. 

4.9 	Transport to the Port 

The only viable option for the transport of limestone and quicklime to the port is by 
road. Direct conveyor transport can only be considered as an alternative where the 
port is immediately adjacent to the point of production and annual tonnages exceed 
one million tonnes. 

Use of double and triple trailer road haul trucks is proposed for the cartage of 
limestone and lime subject to approval from the Department of Main Roads 
Western Australia (MRWA). A maximum of four loaded truck movements per hour 
is proposed with trucking restricted to the hours of 6am to 9pm daily. Use of 
smaller trucks would require an increase in the frequency of trucking movements. 

Existing public and restricted access (Commonwealth Department of Defence) 
roads will be used except where the 4 km haul route is to be constructed from the 
mining tenement to Murat Road. The construction of a dedicated private haul road 
from the mine all the way to the Point Murat jetty is neither financially viable, 
necessary or possible owing to restrictions on available land. 

Construction of a bypass haul road around the town of Exmouth is not considered 
necessary or beneficial. Murat Road, the main road through Exmouth, is effectively 
a bypass with primarily commercial and light industrial businesses fronting the 
road. Most residences, with the exception of short term accommodation facilities 
(two caravan parks and two motel/hotels), are located to the west of Murat Road. A 
bypass haul road is likely to have greater impact on these residents than use of the 
existing Murat Road. Modification and regular maintenance of Murat Road will 
ensure traffic safety through the town. 

4.10 Port Operations 

A low cost, deepwater port facility is essential to the viability of the project. Possible 
sites suitable for development of a new port facility in Exmouth Gulf are located 
near the mouth of Mowbowra Creek, some 8 km south of Exmouth and at Badjir, 
some 3 km north of the Kailis Fish Processing Factory. The existing Point Murat 
jetty lies at the north-western tip of the Cape some 16 km north of Exmouth. 

The nearshore bathymetry at Mowbowra Creek would require a full length 
trestleway to the berth and location of the ore stockpile and quicklime storage 
facilities alongside the coastline. The Badjir port site is suitable for development of 
a combined causeway/trestleway port facility with the ore stockpiles and quicklime 
storage facilities located on a reclaimed offshore island. Development of a new port 
at either of Mowbowra Creek or Badjir is not considered economically feasible at 
the proposed scale of operation. The only viable port option is the existing Point 
Murat jetty. 

Shipping to markets will be via conventional bulk cargo carriers of up to 
40,000 Dead Weight Tonnage (DWT) capacity for both limestone and quicklime. 
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4.11 Port Storage Facilities 

Financial constraints require that all port storage and handling facilities be located 
as close as possible to the loadout jetty at Point Murat. 

Alternative sites to the south and north of the existing storage area at the jetty were 
evaluated on the basis of accessibility, cost and environmental impact. The 
preferred site was to the immediate south of the jetty, however, advice from 
McDonald Hales & Associates (refer Section 7.8) indicates that development on 
the north side of the jetty is less likely to encounter possible Aboriginal heritage 
constraints. Accordingly, the port storage area has been located on the north side 
of the Point Murat jetty between the existing coastal access road and the RAN oil 
storage tanks (Figure 4.2). 

Limestone will be stored in open stockpiles. Covered storage is not necessary nor 
economically viable. Quicklime will be stored in a sealed shed. Both products will 
be transferred over the jetty by a common conveyor system. The conveyor will be 
enclosed to contain any dust generated by the transfer of quicklime. 

4.12 The "No-project" Alternative 

If the project does not proceed, the economic and environmental benefits to the 
nation, State, local community and the proponent (as presented in Section 3.2) will 
not be realised. The opportunity for alternative and higher quality quicklime and 
limestone supplies for the applications discussed in Section 3.1 will also be lost 
with consumers then dependent on either inferior products or increased imports of 
metallurgical limestone or limestone based products. 
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5.0 	The Proposal 

5.1 	Project Scope 

The project will comprise: 

production of 200,000 tpa of lump limestone (40 mm to 80 mm dimension 
product) to supply Swan's Kwinana lime plant; 

production of 200,000 tpa of quicklime (requiring supply of 400,000 tpa of 
limestone feed); 

production of additional limestone products as demand dictates; 

transport of both limestone and quicklime to storage areas to be 
constructed adjacent to the Point Murat jetty; and 

reclaim and shipment of limestone and quicklime in ships of up to 
40,000 DWT capacity. 

Critical components of the project, particularly the limestone mining operation and 
the port storage facilities, have been designed to allow for future expansion of 
capacity with minimum disruption to operations. Total limestone production up to 
1.0 million tpa is planned by the year 2001. 

5.2 	Limestone Mining 

5.2.1 Resource 

Exploration Licence E081593 is located approximately 8 km south-south-west of the 
town of Exmouth (see Figures 2.1 and 2.2). It is approximately 5 km2  in net area 
and encompasses a resource conservatively estimated at 250 million tonnes of 
metallurgical limestone. Whitecrest has applied for Mining Lease M08/1 45 over the 
full extent of the tenement. 

The limestones which are exposed both within and adjacent to E081593 are part of 
the Cape Range Group (Condon et al. 1955). In ascending order they comprise the 
basal Mandu (Calcarenite) Limestone, the Tulki Limestone and the Trealla 
Limestone. The Mandu Limestone is not a metallurgical grade limestone and does 
not outcrop within E08/593. 

Tulki Limestone 

The Tulki Limestone, which is restricted to the Cape Range area, is a 
coarse grained, fossiliferous, massive rock reddish to yellowish in colour. 
The red colouration has been attributed to red soil particles derived by 
subaerial erosion (Hocking et al. 1987). On the eastern flank of the Cape 
Range the Tulki Limestone can be divided into two unnamed members. 
The lower, some 30 m thick, comprising a red nodular basal unit and an 
overlying thinly crossbedded limestone, overlain along a sharp contact by 
65 m of thin and thick bedded massive recrystallised limestone. 
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Trealla Limestone 

The uppermost Tulki Limestone and lowermost Trealla Limestone are 
difficult to distinguish because they have very similar appearances and 
fossil faunas. Hocking et al. (1987) placed the boundary at the base of 
thinly bedded limestones which directly overlie the massive recrystallised 
Tulki Limestone. 

The Trealla Limestone is a relatively pure, shelly, white to cream massive 
rock which has lower and upper unnamed units. The lower discontinuous 
unit is similar to the upper Tulki and contains finely banded dolomitic algae 
mats which are surficially silicified and ferruginised (Wyatt & Clarke, 1991). 
The upper unit is coarse grained and contains corals and shell fragments. 

The limestone exposure over the tenement is presented in Figure 5.1. The 
topographical exposure over the tenement ranges from around 50 m (AHD) in the 
deeper creekbeds to 120 m (AHD) on the highest ridges in the north-west part of 
the tenement. 

5.2.2 Mining Schedule 

Table 5.1 presents the mining schedule envisaged over the first six years of 
operation based on initial and expected future demand for limestone and quicklime. 
This table does not include possible production of armour rock and core material 
for the Exmouth Boat Harbour. 

Table 5.1 
Proposed Mining Schedule 

Year Direct Limestone Total Limestone 
Limestone Sales Production for Production (tpa) 

(tpa) Quicklime Plant 
at Exmouth (tpa)  

1996 50,000 50,000 
1997 200,000 200,000 
1998 300,000 300,000 
1999 400,000 400,000 800,000 
2000 500,000 400,000 900,000 
2001 600,000 400,000 1,000,000 

On the basis of a total annual production rate of 1.0 million tonnes of specification 
graded limestone and an average quarry depth of 25 m, a net area of 
approximately 2.5 ha will be mined each year. Figure 5.2 illustrates the extent of 
mining envisaged after 5, 10 and 20 years of production, allowing an additional 
20% net area for selective mining, access, stockpiling etc. The gross area to be 
mined is therefore expected to total less than 0.7 km2  over the 21 year life of the 
mining lease with this area to be enlarged as demand dictates. Figure 6.1 presents 
an east-west section of the range after 20 years of production. 
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5.2.3 Mine Establishment and Layout 

The surface of the tenement is dissected by numerous watercourses with the 
development of steep walled ravines up to 40 m deep. Jointing is widely spaced 
and rock faces are virtually unweathered. Overburden is minor, apart from some 
rubble strew occurring on the plateau areas and within creek beds. 

The area proposed for commencement of mining within the tenement is shown in 
Plate 1. The mining area has been selected with regard to resource quality, 
efficiency of mining operations, access from the coastal plain and proximity to the 
port. It has distinct advantages in that it has a relatively small local catchment 
(approximately 3 km2), and will thereby be less prone to flooding, and contains a 
number of readily accessible steep valley faces. 

Whilst mine development could provide up to 100 m of rock above the water table, 
the upper 30 m of section is considered to be most suitable for mining. Mining will 
commence at the base of Stoney Creek (around 50 m AHD) behind the foothills of 
the range and proceed into the adjacent hilt slopes in a series of 10 m benches. 
Although there is evidence of surface silicification and dolomitic layering at depth, 
these areas are not extensive and will be handled through selective mining 
techniques. There are no known major caves or sinkholes within the tenement 
area. 

The quarrying, crushing and screening plant will be designed for a production 
capacity of 1.0 million tpa of crushed limestone feedstock. Fine limestone by-
product (i.e. -40 mm limestone) will either be retained on-site or sold. The mine will 
initially be established on the basis of an operation producing 200,000 tonnes of 
crushed and screened limestone feedstock for Swan's Kwinana quicklime plant. 
The initial layout of the mining plant is presented in Figure 5.3. 

5.2.4 Mine Operations 

Exploration Licence E081593 is outside the existing Cape Range National Park and 
the proposed extension as recommended by the Department of Conservation and 
Land Management (CALM) in 1987 (refer Figure 2.2). However, the tenement does 
lie within the Exmouth Water Reserve and is therefore subject to specific conditions 
on mining as specified in the terms of approval of the tenement (refer Appendix 2). 
These conditions have been incorporated into the layout and design of the mining 
operation as detailed below. Further conditions will be applied upon grant of the 
mining lease. Draft requirements of WAWA are also included in Appendix 2 but are 
subject to review of this PER. 

The mine area will be progressively cleared and stripped of overburden, worked 
and then rehabilitated. Where practicable, the area excavated will be kept to a 
minimum. 

The mine will be established progressively with 10 m benches each having a face 
length of around 200 m. The ore removed during initial mine development will be 
used in the construction of the process plant area and haul road (and possibly the 
construction of the Exmouth Boat Harbour). 

The mine will be operated on a single shift. The ore will be crushed, screened and 
stockpiled on site and then either trucked to the port or transferred to the lime 
calcination plant. A flow sheet for the mining operation is presented in Figure 5.4 
with the various activities described below. 
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Drilling and Blasting 

Drilling will be undertaken with a crawler-mounted hydraulic or air-driven drill rig. 
ANFO (ammonium nitrate/fuel oil) type explosives will be used for blasting. These 
will be premixed so as to avoid site preparation. Explosives will be transferred and 
stored in accordance with Department of Minerals and Energy (DOME) regulations. 

The drilling pattern provides for 100 mm diameter holes drilled to a depth of 
10.6 m. The nett effect of this pattern applied on a 3 m x 3 m grid is a 10 m quarry 
bench. 

Quarry Transport 

A mobile crushing, screening and stockpiling system will be used in the mine. Ore 
will be transferred to the primary crusher by a front end loader (Caterpillar 980 or 
equivalent). The mobile plant will be relocated as necessary to minimise transport 
operations within the mine. 

Crushing 

A two-stage crushing plant will be located adjacent to the mining activities and 
sharing a common point of discharge to the trucking and quicklime plant limestone 
stockpile. 

The primary crusher will comprise a jaw crusher with a maximum crushing capacity 
in the order of 500 tonnes/hour. This crusher will accept a large stone size, thus 
preventing the need for secondary quarry blasting or drop balling. A secondary 
crusher will operate in series with the primary crusher to process oversize stone. 

Screening 

A screening plant will separate the crushed ore into its ±40 mm coarse and fine ore 
categories to satisfy the feed requirements of the lime kilns. The -40 mm material 
will be stockpiled at the mine. Some of this material will be used in the quarry 
rehabilitation process. The proponent is also negotiating with potential users of 
high grade fine limestone so that some of this by-product may be sold off-site. 

Stockpiling and Loadout 

The crushing/screening plant will feed two radial stackers, one being for 
+40/-80 mm lump feed product, the other being for -40 mm limestone. The road 
trucks will be loaded direct by front end loader but with a 100 tonne surge and 
loadout bin to be provided adjacent to the lump product stockpile to feed the trucks 
as production increases. 

5.2.5 Mine Management Plan 

A strict mine management programme will be implemented to ensure mine 
development and operations comply with DOME regulations and the commitments 
undertaken by the proponent herein. This management plan will encompass 
measures to control dust, noise and the discharge of wastes; procedures to 
prevent any degradation of the underlying groundwater aquifer; procedures for the 
transport, handling and storage of potential contaminants and hazardous 
substances; and requirements for public safety and fire control. The mine 
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management plan will also detail rehabilitation and decommissioning procedures. 
Section 8.0 of this PER summarises the proponent's commitments in respect of all 
of the above issues. 

5.3 	Lime Calcination Plant 

5.3.1 Plant Establishment and Layout 

The quicklime plant will be designed for a production capacity of 200,000 tpa. 
Vertical shaft kiln technology has been selected as these kilns are cheaper to 
construct, reliable, energy efficient and ideally suited to hardrock limestone 
feedstock. 

Two 300 tonne/day kilns will be constructed. Each kiln will require 200,000 tpa of 
lump limestone feed. 

The quicklime plant and associated facilities will be established on a 2 ha site 
within the mine area so that the plant will be largely concealed from view from the 
coastal plain (maximum elevation of the plant being 40 m above the mine floor). A 
flowsheet for the calcination process is presented in Figure 5.5. 

The plant site will accommodate: 

crushed limestone receival station and stockpile; 
25 tonne surge bin/feed screening station; 
weigh hopper and lift skip structures (2 off); 
vertical shaft kiln (2 off); 
lime receival conveyor; 
on-site storage and loadout bin; 
dust emission collection and treatment system; 
loadout weighbridge; 
compressor house; 
switchroom; 
office and control room; and 
workshop and amenities. 

The office/workshop area will have the following facilities: 

general office; 
laboratory; 
control room (for remote operation of production plant); 
workshop (incorporating fitting, mechanical, electrical and instrumentation 
sections); 
safety/emergency room; 
amenities room; and 
office and workshop ablutions. 

Modern vertical shaft kilns can be supplied in capacities of up to 1,200 tonnes per 
day (400,000 tpa) and have good fuel efficiencies in the range 3.4-3.8 GJ/tonne 
product. The product quality is good with variability similar to that achieved with 
rotary kilns. 

Two kiln systems are currently being evaluated, both are shaft kilns in which the 
limestone is gravity fed through the kiln with heating by direct combustion of natural 
gas. As detailed below, the two systems use different methods to ensure an even 
heat distribution through the limestone charge. 
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Maerz or Cimprogetti Twin Shaft Kilns 

These systems consist of two vertical shafts with a crossover duct for hot 
gas midway down the shafts. The shafts operate alternately in 
approximately 12 minute cycles. Limestone is fed into the individual shafts 
via double dump gates to prevent gas/dust leakage. Firing is carried out by 
a series of firing lances located within the limestone charge to provide even 
heat distribution. The hot gases from the shaft being fired are transferred 
via the crossover duct to the other shaft, where they are used to preheat 
the limestone. Exhaust gases are passed through a bag filter before being 
vented to atmosphere. 

The Fercalx Vertical Lime Kiln 

The Fercalx system consists of a single shaft kiln. Limestone feed is via a 
double dump gate system. Heating is carried out by two levels of oil-cooled 
burner beams. Each beam, which is T shaped, contains a series of burner 
lances with the burners protected from the limestone charge by the top 
section of the T beam. The burner beams are located approximately 
midway down the shaft with process air being drawn from the bottom of the 
shaft, cooling the quicklime produced. Hot gases from the calcining zone 
are used to preheat the limestone in the top portion of the shaft. 

The plant will take 12 months to construct and require a construction workforce of 
up to 150 personnel. All construction materials and practice will conform with 
relevant Australian and international standards. 

5.3.2 Plant Operations 

With the exception of maintenance shutdowns, the plant is designed to operate on 
a 24 hour continuous production basis. 

Plant operation and maintenance will be based on established and proven 
practices adopted by Australian and overseas quicklime operations using similar 
facilities. The designated operator, Swan Portland Cement, with its parent 
company, Adelaide Brighton Cement, is one of Australia's most experienced lime 
producers. 

The operational strategy is as follows: 

Limestone feedstock will be stockpiled adjacent to the lime plant at 
1,200 tonnes per day. 

The feedstock will be reclaimed from the stockpile at 25 tph/kiln and fed 
into a 50 tonne screening station/surge bin. The screen system is used to 
screen out any broken or undersize feed as the kilns are susceptible to 
blockage by fine material. Any reject material will be stockpiled. 

Screened limestone is fed to separate weigh hoppers where the correct 
weight of feed to each kiln is measured. The stone is then transported to 
the top of each kiln by skips fed from each weigh hopper. The skips tip the 
material into a feed distribution system which directs the stone into each 
kiln. 

Quicklime is discharged from each kiln at a controlled rate. The material is 
in a lump form with some fine material and has a temperature of less than 
100°C. 
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The lump lime is transported from each kiln by a common conventional 
conveyor system to a 1,000 tonne storage and truck loading bin. The bin 
will be located over the weighbndge. The system will be dedusted to allow 
dust and spillage free loading. 

A separate loadout bin will be provided to store off-specification product 
which may be produced during kiln startup or upset conditions. This off-
specification product will either by recycled within the system or disposed 
of off-site. 

The plant will be controlled using a combination of programmable logic 
controllers (PLC5) and a Citect supervisory system as used at Adelaide 
Brighton Cement's plant at Birkenhead in SA. The kiln system is a stable, 
slow response system that requires minimal attention during normal 
operations. 

Dust, and any other wastes or discharges, including gaseous emissions, will be 
managed in accordance with the requirements of DOME, the Environmental 
Protection Act (1986) and the commitments of the proponent presented herein 
(refer Chapters 6 and 8). 

	

5.4 	Transport to Port 

Conventional double and triple trailer road haulage trucks (up to 60 tonne payload) 
will be used to transport limestone and quicklime from the mine to the Point Murat 
jetty, subject to the approval of MRWA. The location of the haul route is shown in 
Figure 4.1. No more than four trucks will be used at any time. In normal 
circumstances, trucking will be limited to the hours between 6am and 9pm daily. 

Initially, when total production is 200,000 tpa of limestone, only two trucks will be 
required. These will operate 10 hours/day, 5 days/week. This will result in no more 
than two loaded truck movements per hour (ie one loaded truck every 30 minutes) 
with a total of 14 truck loads per day, assuming triple trailer trucks are used. 

When lump quicklime production commences in 1999, an additional two trucks will 
be required. These will operate 7 days/week, and result in an additional 10 triple 
trailer truck loads per day. 

As limestone production increases, the daily trucking requirement will increase, 
however, the limestone and quicklime trucking operations will be co-ordinated to 
ensure a IQ1 of no more than four loaded truck movements per hour at any time 
(ie one every 15 minutes). 

Dust and waterproof coverage of the load will be provided during transport of 
quicklime. Limestone transport is not expected to generate any dust and therefore 
will not need to be covered (refer Sections 6.10 and 7.6). 

	

5.5 	Port Storage Facilities 

The limestone and quicklime will be stored adjacent to the Point Murat jetty (see 
Plate 2). A total of 5 ha is provided for storage and associated access 
requirements. 
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The storage area is located on the north side of Murat Road between the Point 
Murat jetty and the RAN oil storage tanks. The site is located wholly on 
Commonwealth land and inland of the existing coastal access road and the primary 
dune system (refer Figure 5.6). 

The layout of the stockpile area has been designed so that there will be no impact 
on the current users of the jetty (ie RAN, WAPET). The existing 0.5 ha storage 
area at the jetty will not be affected. 

The limestone will be stored in open stockpiles no higher than 20 m in elevation. 
Incoming road trucks will initially dump directly into the stockpile area and 
ultimately into receival hoppers which will feed a radial stacker. The stacker will be 
fitted with water sprays to control dust, although the nature of the lump limestone is 
such that there will be little dust generated except during dumping, reclaim and 
shiploading operations. Dust control procedures are detailed in Section 6.10. 

The quicklime will be stored in a sealed shed located adjacent to the limestone 
stockpile. The shed will be of 45,000 tonne capacity, measuring 20 m high. 
Incoming haulage trucks will dump the lime direct into the shed via a drive-over 
hopper and tripper conveyor within the shed. The lime will be handled within the 
shed by front end loader. 

5.6 	Port Operations 

The limestone and quicklime reclaim and conveying system is designed for 
shiploading at an average rate of 1,000 tph. The facility will comprise a common 
reclaim system adjacent to the limestone stockpile and lime storage shed with 
mobile conveyors feeding a fixed conveyor to be constructed on the existing jetty. 

Only minor modifications to the facilities at Point Murat will be required. The 
conveyor will be supported above the existing cantilevered pipe rack on the 
northern side of the jetty. The fenders will be upgraded to handle the more frequent 
movement of larger ships and two open moorings will be installed adjacent to the 
jetty to provide additional mooring capacity at the berth. 

Limestone will be reclaimed by front end loader feeding a central reclaim hopper. 
Quicklime will be reclaimed within the storage shed via internal conveyors and 
hoppers. The shed will be fully enclosed and dedusted. 

The quicklime will be conveyed and loaded by conventional conveying systems as 
installed for the transfer of the limestone product. The system, however, will be 
enclosed for quicklime transport and fitted with appropriate dust collection 
equipment. 

The limestone and quicklime will be shipped in bulk cargo ships of up to 
40,000 DWT capacity. These ships will be chartered as convenient to take 
advantage of backloading opportunities to Kwinana and other market destinations. 

A mobile shiploader will be positioned on the head of the jetty to transfer product 
to ships. This loader will be removed from the jetty after loading operations are 
complete. The ship will be moved along the berth ("warped") during loading using 
the ship's gear. 

The reclaim system, conveyors and shiploader will all be controlled by the 
shiploader operator. Automatic controls will stop the conveyors in the event of 
emergencies or product spillage. 
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An oil spill contingency plan and ballast water management plan will be formulated 
in accordance with the requirements of DOT and DEP (refer Section 6.9). 

5.7 	Infrastructure Requirements 

5.7.1 Limestone Mining and Transport Operations 

Power Supply 

A 500 kW power supply will be required at the mine site. 

Whitecrest proposes to connect a 3.5 km spur line from Western Power's existing 
33 kV power line running between Exmouth and Learmonth. This spur line will run 
along the haul route alignment to the mine site. A gas turbine power plant will 
probably be established on-site once the quicklime plant is commissioned. 

Water Supply 

Water requirements for the mining and transport operation will average 55 m3/day 
(20,025 m3/year). This water will be used primarily for dust suppression. 

If the current WAWA proposal to extend the Exmouth Town Water Supply borefield 
to the south proceeds, Whitecrest proposes to source its water requirements from 
the WAWA's extended distribution system. If the extension does not proceed by 
early 1996, Whitecrest will negotiate with WAWA to commission one of the 
proposed bores as an interim dedicated source for the mining operation. 

Fuel and Lubricants 

Mobile plant operating at the mine will consume up to 375,000 litres of fuel per year 
(ie approximately 1,250 L/day). This plant will be permanently stationed at the mine 
site and must therefore be re-fuelled on-site. A 10,000 litre elevated fuel storage 
tank will be located at the mine with appropriate lining and bunding provided to 
prevent any possible leakage of contaminants to the underlying groundwater. 

Minor and regular servicing of mining equipment will also be undertaken at the 
mine. Major servicing and overhauls will be undertaken off-site. Oils, lubricants and 
the like will be stored within appropriately lined and bunded storage areas. 

The limestone haul trucks will be re-fuelled and serviced off-site. Fuel consumption 
will be of the order of 600,000 litres/year. This will be sourced from existing 
commercial operators and stored in a re-fuelling and servicing compound to be 
established in the Exmouth light industrial area. 

Explosives 

ANFO explosives will be used for mine blasting. Approximately 0.17 kg of explosive 
will be required per tonne of limestone produced. The ANFO will be pre-mixed off-
site and stored on-site in package form. 
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5.7.2 Quicklime Production and Transport Operations 

Gas 

Natural gas will be used as the heating source in the quicklime plant. Average 
usage will be about 760,000 GJlyear (ie 3.8 GJ/tonne of lime produced). Use of the 
alternative fuel oil is not proposed due to cost and the risk of contamination. 

Whitecrest is negotiating with a number of prospective gas suppliers in the region 
with sufficient reserves to meet the plant's gas requirements for twenty years. The 
nominated supplier will construct a pipeline to the lime plant to deliver gas as 
required. The location of this pipeline will be confirmed once the gas supplier has 
been nominated. The supplier will be responsible for securing approval for any 
gasfield development works (as necessary) and construction of associated 
infrastructure (including gas turbine power plant). Construction of the quicklime 
plant would not commence until the nominated supplier had secured approval to 
proceed from the Minister for the Environment. 

Power Supply 

A 600 kW power supply will be required to operate the lime plant. This power may 
be sourced from Western Power (refer above Section 5.7.1) or gas could be used 
to generate power on-site for the quicklime plant. Two 1 MW gas turbines would 
provide sufficient capacity to power both the mine and lime plant. 

Water Supply 

No process water is required to operate the quicklime plant other than for minor 
washdown and maintenance purposes. 

Fuel and Lubricants 

No fuel, other than natural gas, is required to operate the quicklime plant. The plant 
requires regular servicing and maintenance but no substantial storage of oils or 
lubricants is required on-site. No storage of fuel is required. 

The quicklime haul trucks will be re-fuelled and serviced off-site. Fuel consumption 
will be of the order of 250,000 litres/year. This will be sourced from existing 
commercial operators and stored in the re-fuelling and servicing compound to be 
established in the Exmouth light industrial area. 

5.7.3 Port Storage and Operations 

Power Supply 

A 250 kW power supply will be required at the Point Murat storage and shiploading 
facility. Whitecrest proposes to source this power from the existing RAN power 
supply near the jetty. 
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Water Supply 

Water will be required for dust suppression during dumping, reclaim and 
shiploading of limestone. No water will be required for the quicklime operation. 

Total water requirements are estimated at 10 m3/day during operations at the port. 
This water will be sourced from the existing water supply at the jetty (ie either the 
RAN or WAPET supply). 

Fuel and Lubricants 

Mobile plant operating at Point Murat will consume up to 50,000 litres of fuel per 
year. This plant will be re-fuelled on-site with a 5,000 litre storage tank provided 
adjacent to the stockpile area. This storage tank will be appropriately lined and 
bunded to prevent any possible leakage of contaminants to the underlying 
groundwater. 

Minor servicing of mobile plant will be undertaken on-site with appropriate storage 
of necessary oils and lubricants. Major servicing and overhaul will be undertaken 
off-site. 

5.7.4 Workforce Requirements 

The construction and operational workforce for both the limestone and quicklime 
operations will be based in Exmouth. 

Existing housing, services and infrastructure in Exmouth are expected to be 
sufficient to support the proposed operational workforce. Some temporary 
accommodation and facilities may be required to house the construction workforce 
when it peaks during development of the quicklime plant. 

5.8 	Emissions, By-products and Wastes 

5.8.1 Dust and Noise 

The only atmospheric emissions associated with the limestone mining, transport 
and port handling operations will be dust and noise. 

Dust will be managed by water suppression in accordance with the regulations of 
the Department of Minerals and Energy and the Department of Occupational 
Health, Safety & Welfare. All mining, processing and transport operations will be 
designed and operated to comply with the requirements of the Noise Abatement 
(NeighbourhoodAnnoyance) Act 1979. Proposed management procedures in 
respect of dust and noise associated with the operation are described in 
Section 6.10. 

5.8.2 Atmospheric Emissions from the Calcination Plant 

The quicklime plant will generate atmospheric emissions both in the limestone 
calcination process and in the combustion of the natural gas. 
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Exhaust gases from the kilns, conveyors and storage facilities will be passed 
through bag filters and then vented through the two exhaust stacks. The maximum 
flow rate of the stacks is expected to be approximately 42,200 m3/hour/stack (at 
standard temperature and pressure conditions). 

The primary constituents of the stack emissions will be residual dust from the dust 
control systems on the kilns and the dust collectors on the conveyors and loadout 
bin; and combustion by-products. 

The maximum rate of suspended particulate emissions from the bag filters will be 
100 mg/rn3  (at 0°C and 1 atmosphere). The composition of other emissions is listed 
in Table 5.2. The use of natural gas as the calcination heat source will ensure that 
sulphur dioxide emissions are negligible. The kiln burners will operate at a 
relatively low temperature, resulting in low NO3  emissions. Carbon dioxide 
emissions will be generated from the limestone calcination (approximately 80%) 
and from the gas combustion (approximately 20%). Potential impacts in respect of 
atmospheric emissions from the quicklime plant are described in Section 6.11. 

Table 5.2 
Composition and Rate of Primary Atmospheric Emissions 

Constituent Emission Rate/Stack 
(m3/hour) 

Concentration 
(mg/rn3 ) 

Carbon Dioxide 6,830 
Water vapour 2,608 n.a. 
Nitrogen 27,905 n.a.* 
Oxygen 4,777 
Nitrogen oxides (as NO) 15 <500 
Sulphur dioxide <1 <4 

* n. a. not applicable 

5.8.2 Solid By-products and Wastes 

The limestone mining and handling operation will not produce any solid wastes 
except for by-product limestone generated from the crushing operation. 

The requirement for lump limestone feed for the vertical shaft calcination kilns 
means that -40 mm limestone cannot be utilised in the quicklime plants to be 
located either at Kwinana or Exmouth. It is estimated that up to 35% of mined 
limestone will be -40 mm by-product. 

Whilst this limestone by-product will be of high quality, no markets have been 
confirmed as yet but potential purchasers, both domestic and export, have been 
identified. The -40 mm limestone will therefore be stockpiled on-site and used 
where possible to establish project infrastructure (ie plant, haul route and stockpile 
foundations) and regional infrastructure (ie road base, concrete production, etc). 
Excess material will be used in the progressive rehabilitation of the mine including 
the re-establishment of watercourses modified during mining activities (refer 
Sections 6.1 and 6.12). 

The quicklime calcination and handling operations will not produce any solid 
process wastes. Lime dust collected in the dust control bag filters will be 
transported off-site and disposed of in landfill in accordance with the requirements 
of the Shire of Exmouth (refer Section 6.12). 
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5.8.3 Wastewater and Liquid Wastes 

The mining, calcination, transport and port operations will not produce any liquid 
process wastes. Wastewater arising from truck and plant washdown activities will 
be contained within designated bunded areas. Wastewater from ablutions and 
sanitary sources at the mine site, together with any drainage from washdown 
activities, will be collected and transported off-site for disposal/treatment. Section 
6.11 describes the proposed management procedures. 

5.9 	Construction Programme and Workforce 

Assuming all project approvals are in place, the limestone mining, transport, 
storage and shiploading facilities will be constructed in a six month period 
scheduled for commencement in March 1996. The lime plant is planned for 
construction over a period of twelve months with commissioning expected in 1999. 

5.9.1 	Limestone Mining, Storage and Shiploading Facilities 

Establishment of the mine and haul road would require a peak workforce of ten 
construction personnel. Construction of the storage and shiploading facilities at 
Point Murat would require a workforce of twenty personnel. It is envisaged that 
normal construction hours would be worked (ie 7am to 6pm, Monday to Friday and 
possibly Saturday) although extended hours may be necessary to ensure 
commencement of limestone shipments by September 1996. 

5.9.2 Quicklime Production, Storage and Shiploading Facilities 

The construction of the quicklime calcination plant would require a peak workforce 
of up to 150 personnel, with an average workforce of 75 over the twelve-month 
construction programme. Upgrade of the storage and shiploading facilities at Point 
Murat would require a workforce of twenty personnel. Again, it is envisaged that 
normal construction hours would be worked. 

5.10 Operational Workforce 

5.10.1 Limestone Mining and Transport Operations 

It is expected that a workforce of approximately ten personnel will be required in 
Exmouth for the limestone mining and transport operation. It is envisaged that 
operations will be limited to a single shift. 

5.10.2 Lime Production and Transport 

The operation of the quicklime plant will require a total workforce of up to twenty 
personnel. The plant will operate on a continuous shift basis (except for periodic 
short term shutdowns for maintenance). 
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5.10.3 Storage and Shiploading Operations 

The storage, handling and shiploading operations for both limestone and quicklime 
will require a total of up to six personnel to be based at Point Murat during 
operations. Shiploading will be undertaken on a continuous 24 hour basis. 
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6.0 	Potential Environmental Impacts and Their 
Management 

6.1 Introduction 

This section discusses the key environmental issues relating to development of the 
mine and quicklime calcination plant, transport of products to Point Murat and 
storage, handling and shipping operations at the port. The existing environment 
relating to each issue is described, the potential impacts identified and the 
proposed management of the potential impacts discussed. Where appropriate, 
these impacts are placed into context with the Cape Range peninsula as a whole, 
and specifically the Cape Range National Park and Ningaloo Marine Park, so that 
their regional significance can be assessed. 

6.2 Landform 

6.2.1 Existing Environment 

Topography 

North West Cape is a peninsula some 80 km in length from north to south and up 
to 21 km in width from east to west (Figure 2.1). Itis bounded on the west by the 
Indian Ocean and on the east by Exmouth Gulf. 

Cape Range is a rugged, deeply dissected limestone range running north-south 
along the peninsula and rising to a maximum height of 314 m AHD (Mt Hollister). 
The Cape Range anticline running along the centre of the peninsula dips gently to 
the east and west (30  - 8°) and to the north and south (30). 

The mining tenement lies on the eastern flank of Cape Range, some 8 km south-
south-west of the town of Exmouth. The topography within the tenement is much 
less rugged and of lower relief than the central and southern parts of the range. 
The maximum elevation attained within the tenement is around 120 m AHD. The 
maximum height of the limestone ridges above the creek floors is generally less 
than 50 m. Figure 6.1 plots two east-west sections across Cape Range illustrating 
the topographic relief over the mining tenement as compared to the range as a 
whole. 

Surface drainage within the tenement exhibits a typically dendritic pattern with 
shallow erosion gullies progressively combining into larger creeks prior to 
discharge to the coastal plain east of the mine site. The transport route from the 
mine and quicklime plant to Murat Road is located in Stoney Creek, running east 
from the mine site (see Figure 4.1). 

The coastal plain is approximately 2 km wide opposite the mining tenement. The 
break of slope occurs at about 30 m AHD. Plate 4 provides a view across the 
coastal plain from the eastern foothills. The plain is characterised by a number of 
creek beds running from the foothills of the range to Exmouth Gulf. These creeks 
only flow infrequently as a result of sporadic and intense rainfall events. The larger 
creeks are incised up to 3 or 4 m into the seaward portion of the coastal plain. The 
plain otherwise is without major relief features except for a narrow fringe of low 
coastal dunes occurring along the shoreline. 
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The topography of the Point Murat area is characterised by a coastal dune system 
rising up to 10 m AHD. The dune and beach sequences at Point Murat are 
Holocene coastal deposits. The Point has been prograding in recent times, even 
since the jetty was constructed (refer Section 6.9). Active dunes are generally 
restricted to a narrow coastal belt between the high water line and existing access 
roads near the jetty. 

Geology, Geomorphology and Soils 

The geology and geomorphology of the project area determine the soils that are 
present, and, together with climate, determine the vegetation assemblages. 

The main geological formations occurring within the area are: 

Mandu Limestone which underlies the Tulki and Trealla Limestone. This 
formation is soft and erodes easily, is of low permeability, and forms the 
spectacUlar cliffs in the well known gorges in the central parts of the range 
(such as Shothole Canyon). The Mandu Limestone will not be exposed 
during mining and consequently will not be impacted by the project; 

Tulki and Trealla Limestones overlay the Mandu Limestone (Trealla 
uppermost). These formations are extremely hard and tightly jointed 
limestones with minor dolomitic, siliceous and clay lenses located at wide, 
infrequent vertical intervals. These formations are exposed in the project 
area and will be mined; 

- 	alluvium and colluvium occur as small fans where creeks emerge at the 
foot of the range. The haul road will traverse these formations; and 

- 	coastal dunes present along most of the coast. The stockpile area at 
Point Murat will be located inland of the primary dune system. 

Figure 6.1 includes geological sections across the range showing these formations. 
Fossils are common and widespread throughout the range limestones. 

The geomorphology of the project area is described by a number of terrains: 

hill and gully terrain comprising: 

summit areas of small, rounded plateaux and interfiuves 
supporting only thin soils of calcareous clayey loam; 

rocky outcrops of dissected limestone with no soil development; 

rock gullies between the rocky outcrops, generally where the 
heads of creeks have eroded hiliwards. Soils are thin or absent; 

creek beds and terraces consisting of flood-worn gravel, cobbles 
and boulders. Soils are absent at the surface but loam pockets 
may occur beneath the surface; and 

valley sides supporting thin gravelly barns over limestone. 

footsbope and outwash plain terrain comprising gently sloping interfiuves 
and shallow creeks. Loam soils are slightly thicker on the footslopes than 
in summit areas; and 

littoral terrain comprising non-mobile dunes built by onshore easterly 
winds and bongshore currents. The dunes are fairly stable in the project 
area with the only significant crest blowouts in the project area being south 
of the Point Murat jetty. 
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Caves 

Many hundreds of caves, including sinkholes, rock shelters and wells, have been 
recorded on the Cape Range peninsula between Exmouth and Coral Bay. The 
most extensive systems occur on the central plateau of the range where significant 
areas of internal drainage exist. These caves are generally deep vertical sinkholes 
through the Tulki Limestone, occasionally with extensive lateral networks 
originating near the Mandu Limestone interface. 

Detailed maps showing the location of known caves are held by the WA 
Speleological Society and were provided for viewing by DOME. These maps are 
not published or made available to the public. Cave locations mapped by an 
Exmouth based speleologist (Mr D. Brooks) were also viewed during the 
preparation of the PER. These maps showed that there are no recorded caves or 
sinkholes on the project mining tenement or on the upstream catchment of the 
tenement. The closest recorded caves are from the catchment of Shothole Canyon 
at least 5 km to the south-west of the mining tenement. The proposed mining area 
has been traversed many times during the course of recent studies. No caves were 
observed although numerous cliff face rock shelters were identified in areas of 
rocky outcrop. These were mostly less than 5 m deep. On the basis of these 
surveys, review of aerial photographs and discussions with the local speleologist, it 
is considered very unlikely that extensive cave systems occur in the project area. 

6.2.2 Impacts on Landform 

Mine Site and Plant Site 

The resource to be mined comprises the crystalline Trealla and Tulki Limestones 
having a reported maximum regional thickness of 150 m (Hocking et al. 1987). 
Within the project area the deposits have a combined thickness of about 100 m 
(Wyatt & Clarke, 1991). 

Mining will be restricted to relief above 50 m AHD. The maximum thickness of the 
formations to be mined, and consequently the maximum decline in relief, will be 
around 50 m. Figure 5.2 illustrates the extent of mining envisaged after 5, 10 and 
20 years of production. Figure 6.1 presents a cross section of the mine after 
20 years of mining as compared to the range as a whole. 

The mining tenement has been specifically selected so that the mine will not be 
visible from Murat Road or Exmouth (refer Section 7.5). The mine will be 
established behind the foothills of the range and then developed to the west, north 
and south. The lime plant will be located on the mine floor created during the first 
few years of mining operations and thereby will also be largely concealed from 
view. 

Although no cave systems have been recorded or are expected to occur within the 
mining area, shallow rock shelters and minor drainage holes at the head of local 
gullies do exist. The nature of the mining operation is such that these local features 
will be excavated and thereby directly impacted. There is no viable management 
option within the mining area. The possible consequential impacts of the removal of 
these systems on regional groundwater and subterranean cave fauna will not be 
significant (refer following Sections 6.4.2 and 6.8.2 respectively). 

A mine management plan will be developed prior to mining commencing. This will 
detail the sequence of mining, landform stabilisation and progressive rehabilitation 
of the site, including revegetation (refer Section 6.13 for further details). 
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Haul Road 

Two options were considered for location of the haul road between the mine site 
and Murat Road. These were: 

construction of the haul road for most of its length along the bed of Stoney 
Creek which flows from the mine site east to the coastal plain; and 

construction of the haul road initially along the bed of Stoney Creek prior to 
the road grading up to a plateau and exiting the range along a ridge down 
to the coastal plain. 

The preferred option is to construct the haul road along the creek bed since this 
provides the most direct route off the mine site and ensures that haul trucks are not 
visible from Murat Road until the trucks exit the creek and run onto the coastal 
plain. 

Construction of the haul road in the creek will have no significant impact upon 
landforms. The road will be constructed from natural creek bed limestone cobbles, 
gravel and loam. For most of its length the road will be built on the natural shoulder 
of the creek above the flood level. The road alignment has been selected to run 
along the inside of creek meanders so as to minimise possible flood damage and 
eliminate significant excavation or fill requirements. The alignment has also been 
selected to minimise impacts on endemic flora identified during the field surveys 
(refer Section 6.6). 

Point Murat 

The stockpile and storage area at Point Murat will encompass an area of 5 ha. It 
will be located behind the coastal access road on the north side of the main road 
approaching the Point Murat jetty. 

Site works will involve levelling of the stockpile area and construction of a 
limestone foundation. The primary dune will not be impacted by the development 
and any secondary dunes impacted during site works will be stabilised, 
rehabilitated and maintained to prevent mobilisation of dune sands. The coastline 
is accreting at the point as evidenced by the relatively wide beach and stabilisation 
of the foredune area with herb species. The proposed works at Point Murat will not 
impact on any coastal processes (refer Section 6.9). 

6.3 	Surface Water Hydrology 

6.3.1 	Existing Environment 

Rainfall 

The Exmouth area lies in a hot and semi-arid region. Annual rainfall is highly 
variable with a long term average rainfall of approximately 260 mm. Most rainfall 
occurs between January and July with the heaviest falls generally associated with 
tropical cyclones occurring in February/March (Logan et al. 1976). The mean 
monthly rainfall totals recorded at Exmouth are set out below in Table 6.1. 
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Table 6.1 
Mean Rainfall (mm) - Exmouth Townsite 1967-1 991 

Jan Feb Mar Apr May Jun 	1  Jul Aug 	I Sept Oct Nov Dec 

27 22 27 21 51 50 29 16 3 2 2 2 

Intense precipitation occurs occasionally and may last for several days with 
isolated records showing up to 400 mm rainfall recorded over 48 hours during 
extreme cyclonic events (Bowman Bishaw Gorham, 1989). Australian Rainfall and 
Runoff (1987) recommends use of a 1 in 50 year design rainfall intensity of 
90 mm/hr (1 hour duration), 18 mm/hr (12 hour duration) and 5 mm/hr (72 hour 
duration). 

Surface Flows and Drainage Features 

Rainfall over the eastern part of Cape Range drains to the east towards Exmouth 
Gulf. Infiltration of surface rainfall is rapid with all creeks dry except during and 
immediately after heavy rain. Flows generally cease in less than 24 hours. There 
are no permanent surface waterbodies in the range or on the coastal plain within 
the vicinity of the mine, quicklime plant, transport route or the Point Murat jetty. 

There are four major creeks in the vicinity of, but outside, the mining tenement: 

Shothole Canyon Creek, which rises in the centre of Cape Range, flows 
eastward approximately 5 km to the south of E08/593 and has a catchment 
area of approximately 63 km2; 

Mowbowra Creek, which rises some 2 km to the west of E08/593, flows 
along the northern boundary of the tenement, and has a catchment area of 
approximately 9.5 km2; and 

and two unnamed creeks, which rise some 3 km west of E08/593, and flow 
eastward approximately 2.5 km north of the tenement and have a 
combined catchment area of approximately 25.5 km2. 

The creeks arising within the tenement, including Stoney Creek, are all minor with 
small local catchments. Figure 6.2 plots the catchments of the four major creeks 
listed above (total area of 98 km) relative to the 3 km2  Stoney Creek catchment 
draining into the proposed mining area. Clearly, the mine catchment area is only a 
minor contributor on a regional scale to surface water flows (and recharge of the 
Exmouth Town Water Supply aquifer - refer Section 6.4). 

The peak flow in Stoney Creek is conservatively estimated not to exceed 200 m3/s 
with a maximum depth less than 2 m. This would be a very extreme event but 
compares with flood debris observed up to 2 m above the bed of the larger 
Mowbowra Creek (WAWA, 1995). Stoney Creek did not flow during the recent 
passage of Cyclone Bobby when a total of 81 mm of rainfall was recorded at 
Learmonth on 25/26 February 1995. 

Murat Road is constructed with concrete floodways at most of the larger creek 
crossings. There is no obvious major flood damage to these constructions within 
the project area. No floodway is provided where Stoney Creek crosses Murat Road 
as the occasional flows in this creek are not large enough to warrant a proper 
crossing. 
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There are no surface water drainage features in the vicinity of the Point Murat jetty. 
Rainfall infiltrates directly into the dune sand deposits at Point Murat. The RAN salt 
water borefield is located approximately 1 km south of the Point Murat jetty. Salt 
marsh areas subject to occasional inundation are located some 1.5 km to the 
south-west of the proposed storage area, within the VLF tower area. 

6.3.2 Impacts on Surface Water Hydrology 

Mine Site and Plant Site 

The area to be mined over the first 20 years of production (estimated to total 
0.7 km) covers less than 1% of the Exmouth Water Reserve. Even so, the mining 
operation will be designed so as to maintain existing drainage paths through the 
mining area wherever possible and thereby not interfere with the natural drainage 
of the reserve. 

Mining will commence at an elevation of approximately 50 m AHD and proceed 
westwards at a grade of 1 in 100. No excavation below the deepest existing creek 
bed level is proposed (ie 50 m AHD). Mine development will provide for the safe, 
uninterrupted passage of overland flows through and from the mine site. Surface 
flows will be diverted around the immediate mining site by bunds constructed from 
off-specification limestone by-product. The net surface throughflow in Stoney Creek 
will not be reduced. There will be no retention or interruption of surface flows on the 
tenement or along the haul route with the exception of silt traps provided to prevent 
runoff of fine limestone material from the immediate mining area. 

All fuels, oils, lubricants, explosives, etc. will be stored within elevated, bunded and 
sealed storage compounds (refer Section 6.4.2). The elevation of these areas will 
be set so as to allow safe passage of extreme flood events around the bunded 
area. Similarly, the quicklime plant will be constructed on an elevated foundation 
above the mine floor to allow safe passage of surface water flows around the plant 
and down Stoney Creek. 

Haul Road 

Six crossings will be required along the haul route in Stoney Creek. Natural stone 
floodways will be constructed at these locations (similar to those used in the 
adjacent Shothole Canyon access road) rather than concrete floodways with 
culverts. These natural floodways will minimise the impact on the creek's natural 
flow, limit possible erosion and reduce the cost of potential damage to the road. 
The floodways will be regraded from natural creek gravels after any significant flow 
in the creek. 

Point Murat 

Apart from minor drainage works associated with foundations, there will be no 
impacts on surface water hydrology in the vicinity of the storage facilities to be 
constructed at Point Murat. 
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6.4 	Groundwater Hydrology 

6.4.1 Existing Environment 

Hydrogeological data in the vicinity of the project area are available mainly from the 
coastal plain between Exmouth and Learmonth from bo-res drilled by WAWA for the 
Exmouth Town Water Supply, as well as from bores drilled for mineral and 
petroleum exploration, bores installed on defence facilities, and from pastoral wells. 
The groundwater resources in the area have been described by Forth (1972), Allen 
(in Hocking et al. 1987), Martin (1990) and Allen (1993). 

Regional Groundwater 

The regional near-surface groundwater occurs as an unconfined aquifer within a 
non-homogeneous karstic system formed by the Mandu Limestone in the centre of 
the range, the Tulki Limestone on the flanks of the range and coastal sediments 
and/or Tulki Limestone on the coastal plain. This freshwater aquifer overlies saline 
water with a maximum freshwater elevation believed to be approximately 10 m 
AHD in the centre of the range (Allen, 1993), although this elevation has not been 
confirmed by drilling. The aquifer narrows to a shallow freshwater lens on the 
coastal plain where the freshwater/saline water interface is dependent upon 
recharge and extraction rates. 

Martin (1990) presented a groundwater "model" of the eastern flank of Cape Range 
based upon bores drilled by WAWA. This shows that the depth of the freshwater 
layer beneath the coastal plain increases rapidly some 4 to 5 km inland of Exmouth 
Gulf (Figure 6.3). This feature is believed to correspond to where the lower limit of 
significant karst and solution features in the Tulki Limestone intersects the saline 
water interface. The depth of the freshwater aquifer west of this zone (le from the 
flanks of Cape Range towards the centre of the range) increases rapidly with the 
base of the aquifer not intersected by drilling to over 100 m below datum 
approximately 6 km inland of Exmouth Gulf (WAWA Bores 3/89 and 5/89). 

The project mining tenement, lying between 4 and 6 km inland of the Gulf, is likely 
to be located near the boundary of this feature. WAWA Bore 9/89 drilled 
approximately 3.5 km inland of the Gulf (0.5 km east of the tenement) intersected 
hard, continuous limestone over the full extent of the log (from 88.7 m AHD to 
below the groundwater table) except for some minor cavities recorded at around 
24-40 m AHD (these cavities being of the order of 0.2 m to 0.6 m in depth). The 
elevation of the groundwater table at this location was approximately 1.0 m AHD 
with the depth of fresh water overlying saline water being around 15 m. Geological 
drilling and sampling over the project tenement indicates that the limestone to be 
mined is very hard and tightly jointed. The results presented above indicate that 
karstic features in the Tulki Limestone exposed over the mining tenement lie some 
distance above the groundwater table. 

Recharge 

The unconfined Cape Range aquifer is recharged by infiltration, primarily after 
heavy rainfall events. Recharge occurs by direct surface infiltration through 
permeable beds, through bedding plane joints, from direct runoff into areas of 
plateau drainage and cave openings along the central crest of the range, and by 
infiltration along drainage lines. 
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Regional recharge is dominated by infiltration in the central part of the range, 
particularly into areas of plateau and upper creek bed drainage. Recharge on the 
flanks of the range in the vicinity of the area covered by the project mining 
tenement is minor on a regional scale (as evidenced by the relative catchment 
areas shown in Figure 6.2). 

Observations by local speleologists confirm that substantial rainfall infiltration 
occurs through sinkholes on the central range plateau. These sinkholes often 
descend vertically to the Manduflulki Limestone interface with horizontal passages 
extending along this interface (Humphreys 1993). These passages are subject to 
flooding for many months after significant rainfall events (pers. comm. D. Brooks, 
1995). The four documented "perched" water tables in the range are believed to lie 
along this interface, resulting from very slow draining surface infiltration. These 
features are restricted to the central plateau area some 10 km to 20 km to the 
south-west of the project mining tenement. 

Forth (1972) estimated the recharge rate for the area west of the WAWA borefield 
to be 25 mm/year or approximately 10% of average rainfall. This estimate has been 
supported by subsequent monitoring (WAWA, 1995). Although recharge varies 
from year to year with the regional rainfall, this recharge characteristic would apply 
equally to the area west of the project mining tenement. 

Groundwater Flow 

The general flow of groundwater along the eastern flank of Cape Range is to the 
east. Forth (1972) estimated the hydraulic gradient in the vicinity of WAWA 
borefield to be approximately 1 .7x1 0, gradually increasing to about 3.2x1 O near 
the central part of the range. The flatter gradient near the coast has been attributed 
to the karst features in the Tulki Limestone penetrating the water table in the 
vicinity of the coastal plain (Martin, 1990). That is, the increased gradient towards 
the centre of the range coincides with where the Tulki/Tvlandu Limestone interface 
rises above the coastal plain groundwater elevation (refer Figure 6.2). 

Groundwater Quality 

Groundwater quality is generally good but very hard (high in calcium) and with 
elevated salinity levels. Salinities are generally less than 1,000 mg/L TDS within 
the majority of the range. The groundwater salinities are higher on the coastal plain 
where the saline water interface is close to the groundwater surface elevation. 

Salinities recorded in WAWA southernmost bores range from 600 to 1,000 
mg/L TDS. Salinities recorded in the northernmost bores range from 700 to 
1,600 mg/L TDS. These salinities generally exceed WAWA's target of 
800 mg/L TDS for the Exmouth Town Water Supply. 

The Exmouth Town Water Supply is chlorinated and fluoridated prior to reticulation. 

6.4.2 Impacts on Groundwater Hydrology 

Resource 

Recharge of the regional groundwater aquifer will not be affected by the proposed 
development. The mining operation will impact only part of a small local catchment. 
Even after 20 years production, the mined area will total only around 0.5% of the 
total regional catchment contributing to the recharge of the aquifer fronting 
Exmouth Gulf. 
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Infiltration over this local catchment and the mining area will not change markedly 
from that already occurring. Stoney Creek will still carry surface water off the mine 
site and onto the coastal plain where additional infiltration will occur. Mining 
operations will not intercept the groundwater table thereby eliminating the potential 
for direct impacts on recharge of the aquifer or flow through the aquifer. 

Quality 

A critical consideration in the design of the project is to ensure that the potential for 
degradation of groundwater is minimised, particularly in the vicinity of the Exmouth 
Town Water Supply. Primarily this is driven by the requirements of WAWA to 
maintain a reliable, safe and high quality water resource to supply the future needs 
of Exmouth. This requires that the existing groundwater elevation be maintained, 
current salinities not be exceeded by excessive consumption or raising of the 
saline water interface, and contamination from mining, transport or processing 
operations be prevented. Indirectly, these requirements also eliminate the potential 
risk of groundwater contamination on aquatic (stygo)fauna (refer Section 6.8) as 
protection of groundwater quality from a supply point of view will also ensure that 
any stygofauna existing in the vicinity or downstream of the project will not be 
impacted. 

Potential sources of contamination from the mining, processing and transport 
operations include: 

- 	fuels and lubricants used or stored on-site; 
- 	effluent (sanitary waste and washdown); 
- 	explosives; 
- 	quicklime stored on-site or trucked off-site; and 
- 	any solid or liquid wastes generated on-site. 

Although not required by legislation, Whitecrest has endeavoured to design the 
project on the basis of the aquifer being classified as a Priority 1 groundwater 
resource whereby the objective is no degradation of water quality 
(Recommendations of the Select Committee on Metropolitan Development and 
Groundwater Supplies, 1994). 

Priority 1 groundwater resources typically encompass predominantly Crown land 
with some rural use, forestry and extractive industries. Mining activities are 
acceptable subject to limitations on the storage of fuels and chemicals and strict 
guidelines for rehabilitation. These limitations prohibit the establishment of: 

in-ground fuel storage tanks; 
automotive business premises; or 
elevated storage tanks within a welihead protection zone. 

In accordance with the above, the proponent has incorporated the following 
features into the proposed operations: 

- 	no mining will be undertaken within 50 m of the groundwater table; 

- 	no in-ground fuel storage tanks will be established on the mining tenement; 

- 	elevated fuel storage tanks established on the tenement will not be located 
within 400 m of any existing bore; 

- 	elevated storage tank areas will be appropriately lined and bunded in 
accordance with DOME regulations to ensure containment of fuels; 

- 	on-site storage of fuels and lubricants will be limited to that required to 
operate and service mining plant and equipment (10,000 litres); 
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haul trucks will be re-fuelled and serviced off-site; 

oils, lubricants and explosives will be stored within lined and bunded 
compounds; 

ammônium nitrate/fuel oil (ANFO) type explosives will be pre-mixed off-site 
and stored in accordance with DOME requirements; 

- 	spills from any mining plant or haul trucks will be cleaned up, treated with 
appropriate absorbent products and removed off-site immediately; 

- 	sanitary waste and washdown effluent will be collected, transferred off-site 
and treated or disposed of in accordance with DOME regulations; and 

- 	any solid or liquid wastes generated on-site will be collected, transferred 
off-site and treated or disposed of in accordance with DOME regulations. 

Whilst industrial activities are generally regarded as unacceptable within a Priority 
1 groundwater resource area, the proposed quicklime operation is considered to be 
acceptable due to the very low risk of groundwater contamination. The process 
only requires heating of limestone and does not generate any waste or by-product 
contaminants. Quicklime is only a water quality contaminant in respect of its 
potential to modify the pH of any receiving waters. 

The nature of quicklime is such that it must be protected from contact with water 
and is therefore stored in sealed bins and transported under protective covers. Any 
spillage of quicklime during routine production, storage or transport will be cleaned 
up immediately and disposed of off-site. In any event, spillage of quicklime can only 
impact groundwater quality if it is carried through to the aquifer by infiltration of 
surface water flows from the plant site or haul route. The nature of these flows is 
such that any lime spillages not previously cleaned up will be quickly neutralised 
with no consequence in respect of groundwater quality. 

The only risk would be associated with a catastrophic failure of the on-site lime 
storage bin containing up to 1,000 tonnes of quicklime. The location of this bin has 
been designed to allow safe, uninterrupted passage of extreme flood events. The 
risk of catastrophic failure is considered to be extremely low, however, the rapid 
hydration under such conditions would also neutralise the lime before infiltration to 
the underlying groundwater. 

Some concerns have been expressed that fine limestone material washed off the 
mine area or precipitated carbonates resulting from dilution of quicklime spillages 
may contribute to "silting" of the karst features downstream of the mine area and 
thereby reduce recharge of the coastal plain aquifer. Silt traps incorporated within 
the mine plan together with the management procedures outlined above for the 
immediate clean up of quicklime spillages will ensure such "silting cannot occur. In 
any event, the contribution of Stoney Creek to recharge of the coastal plain aquifer 
as a whole is not significant. 

The above provisions will ensure that there is minimal risk of contamination of the 
groundwater resource downstream of the project tenement. The provisions also 
satisfy the conditions placed on mining upon grant of the tenement in 1992 (refer 
Appendix B). These conditions were required by WAWA on the basis of protection 
of both groundwater quality and borefleld equipment. All facilities will be designed 
in accordance with the relevant Australian Standards to withstand extreme events 
such as cyclones or flooding. The elevation of all storage areas, and bunding 
thereof, shall be designed to accommodate the I in 100 year flood event. 

A groundwater monitoring bore will be located immediately downstream of the mine 
site and monitored in accordance with the requirements of WAWA to identify any 
possible contamination of groundwater. 
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6.5 	Groundwater Extraction for Water Supply 

6.5.1 	Existing Situation 

The Exmouth Town Water Supply is drawn from the unconfined aquifer underlying 
the eastern flank of Cape Range. Annual consumption of water is in the order of 
760,000 m3  per year with peak consumption in the order of 4,000 m3/day. The 
predicted demand by the year 2004 is 986,000 m3  per year with a peak daily 
demand of 5,090 m3  (WAWA, 1995). 

Groundwater is currently sourced from the borefield immediately to the west and 
south of Exmouth. There are 42 low-yielding bores drawing water from the thin 
fresh and slightly brackish lens of water overlying saline water. The bore extraction 
rate is relatively low (around 100 m3/daylbore) and is carefully monitored to prevent 
intrusion of the underlying saline water into the productive water supply. 

The existing borefield is operating near full capacity and consequently the Exmouth 
Town Water Supply has been the subject of a number of studies over recent years 
with the intention of identifying strategies for resource expansion and infrastructure 
upgrades. The preferred solution is a southward extension of the existing borefield. 
This extension is currently the subject of a Consultative Environmental Review 
(WAWA, 1995). Recent drilling to the west of the existing borefield has, however, 
identified possibly more extensive and better quality groundwater where the saline 
water interface rapidly increases in depth. Recent pump testing by WAWA was not 
conclusive with variable bore yields produced by the reduced transmissivity of the 
limestones west of the existing borefield. 

Forth (1972) estimated the transmissivity of the aquifer to the west of the borefield 
to be about 2,720 m2/day representing a throughflow to the east of around 
460 m3/day(or 168,000 m'/year) per km of length of the borefield (north-south). 
WAWA considers that an extraction rate of the order of 100,000 m'/year per km is 
sustainable (WAWA, 1995). 

6.5.2 Impacts on Groundwater Supply 

Available Resource 

The water table within the project area is at an elevation of approximately 
1.0 m AHD. Under the terms of grant of the exploration licence, mining operations 
are prohibited within 3 m of the water table, however, it is proposed that mining 
operations excavate no lower than approximately 50 m AHD. Direct impact on the 
water table cannot occur. 

Water requirements for the mining, processing and transport operations are 
estimated not to exceed 55 m3/day. This will be used primarily for dust 
suppression. This requirement represents approximately 20% of the sustainable 
groundwater yield over a 1 km north-south section of the borefield adjacent to the 
mining tenement. This demand can be met by a single bore and does not present 
any long term risk to the Exmouth Town Water Supply. 

The preferred supply option, subject to establishing an acceptable commercial 
arrangement with WAWA, would be to purchase from the existing Exmouth Town 
Water Supply or from the extension of this supply as currently proposed. 
Installation of a private bore within the project tenement area is not preferred but, if 
required, appropriate monitoring of groundwater drawdown would be undertaken. 
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Borefield Infrastructure 

The nearest operational bores are 2 km from the proposed mining area. Specific 
conditions for mining set upon grant of the exploration licence in 1992 prohibit 
mining within 800 m of any existing bore. This restriction was partly to protect the 
bores from damage by blasting. Recent advice from WAWA (pers. comm. C. Ryan, 
1995) indicates that the older stainless steel bore screens which are susceptible to 
damage are progressively being replaced with PVC screens. These PVC screens 
are not expected to be susceptible to damage from blasting. Accordingly, the draft 
conditions on grant of the mining lease require only a 400 m buffer between mining 
activities and operational bores. 

All future proposed bores are at least 500 m from the mining area with the 
exception of Bore No. 58 which lies near the eastern boundary of the mining 
tenement (WAWA, 1995). The proponent believes that this bore may be developed 
without impact from the mining operations and, if developed by WAWA, could be 
used to supply the project's water requirements. 

Point Murat 

It is not expected that dust suppression will be required on the limestone stockpiles 
at Point Murat (refer Section 6.10). Water required for dust suppression during 
shiploading will be drawn from the Royal Australian Navy's borefield. This is 
operated independently of the Exmouth Town Water Supply and has sufficient 
available capacity. 

6.6 	Flora and Vegetation 

The project area falls within the Carnarvon Botanical District (Beard, 1980). 
Kieghery and Gibson (1993) have documented the flora of the Cape Range 
Peninsula, recording 630 vascular plant taxa "dominated by widespread desertic 
elements, both of a temperate and tropical nature, reflecting the geographic 
position of the peninsula and the general composition of the flora of the Botanical 
District". Of the 630 taxa, they cite 12 as being endemic to the peninsula and a 
further 6 as largely restricted to the peninsula. They also note the presence of 
groups of species in the flora of the peninsula, including a group that extends from 
Shark Bay to the North West Cape and 50 species of southern temperate affinities 
that are at the northern end of their range on the peninsula. 

Since the work of Kieghery and Gibson (1993), 9 taxa have been added to the 
CALM priority list which are also endemic to Cape Range, bringing the total 
number of endemic taxa of flowering plants on the peninsula to 21. This highlights 
that little of the range has been surveyed and accordingly the survey of the project 
area was expected to be productive. 

6.6.1 Methods 

In recognition of the diversity of the flora and vegetation of Cape Range, and the 
general lack of systematic survey data for the area, an intensive 3 day flora and 
vegetation survey was carried out in the project area during July 1995 by a 
specialist in the flora of north-western Australia. The following description of the 
flora and vegetation of the initial mining area and haul road corridor is summarised 
from this work (Trudgen 1995). 
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A series of sites were chosen on the basis of inspection of colour aerial 
photographs and during transects through the mining area and along the proposed 
haul road corridor. At each site a description of the vegetation was made, the 
habitat and soil were noted and a list of the flora species present compiled. The 
descriptions of the vegetation were made using a modification of the vegetation 
classification of Specht as given by Aplin (1979). It is modified in that rather than 
just the upper layer of the vegetation being used, each of the layers present is 
described. Plant species were identified in the field, and where there was any 
doubt of the species' identity, specimens were collected and subsequently 
identified at the Western Australian Herbarium using keys and by comparison to 
previously named specimens. Similar methodology, incorporating transects and 
plotless sampling was employed by Halpern Glick Maunsell to survey the coastal 
dune habitat at Point Murat to document the flora species and general vegetation 
assemblages present at the port site. Plates 3 through 8 illustrate the range of 
habitats encompassed within the project area. 

Sampling Adequacy 

The majority of the plant communities present have been described. The smaller 
number of species recorded for the initial mine area than for the proposed haul 
route largely reflects the more intense sampling of the creekline in the latter area 
compared to that habitat in the mine area. Given the relatively small size of the 
survey area, the overall total of 153 native species probably represents between 70 
and 80% of the flora of the mine and haul route area. It is likely that some species 
were not available for collection because of the time of year, but the season was 
generally good. Detailed flora searches and vegetation descriptions were not 
undertaken over the whole tenement, however, from observations made in the field 
and from aerial photographs, the flora and vegetation appears to be similar to the 
initial 1 km2  mining area. Thirty-three flora species were recorded from the Point 
Murat area. This lesser species richness in comparison to the mine area reflects 
the smaller survey area, the relative lack of habitat diversity, and the less intense 
sampling effort. It still probably represents about 70% of the flora of the immediate 
area. 

6.6.2 Flora 

Initial Mining Area and Haul Route Corridor 

One hundred and fifty-six vascular plant species were recorded over the initial 
mining and haul route area. Of these, 1 was a native fern, 3 were weeds and the 
remainder were native flowering plants. One hundred and thirty-six native flowering 
plants were recorded for the haul route corridor and 87 for the initial mining area. 
The native fern, Chellanthes austrotenuifolia?, was recorded in both areas. The 3 
weed species were *Sonchus  oleraceus,  *Cenchrus  ciliaris and *Malvasfrum  

americanum. A complete list of the flora recorded is given in Appendix C. 

Species of Particular Interest 

Several species that are either recognised endemics or rare species, or were 
identified as such during the current study, were collected. These are described 
below. 
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Tinospora sp. Cape Range 

This species was not known prior to the current study. It is of particular note as: 

only the second species of the genus recorded for the State; 
an endemic of the Cape Range and its foothills; and 
a relictual species that has presumably survived from when the Cape 
Range had a more tropical climate. 

Tinospora sp. Cape Range was seen at several locations in a variety of habitats 
from creeklines to the crests of ridges. It was identified on the coastal plain, 
adjacent to the haul route, and in the initial mining area. It is somewhat surprising, 
given its size and range of habitat tolerance, that this species has remained 
uncollected until now. This may indicate that it has a very localised distribution, or 
that it generally flowers when little collecting has been done. Only 1 or 2 plants 
were seen at any single location, indicating that the species is not common. 

Tephrosia sp. Cape Range 

This species was not known prior to the current survey. It was seen at 2 sites in the 
haul road corridor. Two plants were seen on the coastal plain near Murat Road on 
the north side of Stoney Creek (about 100 m from the road and 50 m from the 
creek) and a single plant was seen in the foothills of the range, about 40 m north of 
the creek, some 2 km from Murat Road. On current knowledge it is endemic to the 
eastern foothills of the Cape Range and may be fairly rare as well as restricted in 
distribution. The genus Tephrosia is fairly common in the eremaean part of the 
state so this species does not have the same phyto-geographic interest as 
Tinospora sp. Cape Range, although it is still of interest as an endemic to Cape 
Range. 

Eriachne sp. North West Cape 

One plant of this distinctive species was seen on the coastal plain adjacent to the 
haul route corridor (about 100 m from Murat Road and 50 m north of Stoney Creek) 
and 2 plants were seen outside the study area (south of the haul route corridor). 
While it has not been recognised as a distinct taxon, this species has been 
previously collected, with one other collection in the WA Herbarium (from 60 km 
south of Exmouth). It appears to be endemic to the Cape Range peninsula. 

Acacia coriacea ssp. "Cape Range form" 

This taxon has been placed with Acacia coriacea (which has three other 
subspecies) but has not been given a name because it has not been sufficiently 
well studied to properly define it (pers. comm. B.R. Maslin 1995). It appears to 
represent a distinct taxon as it has different bark and/or differences in form from the 
other subspecies. It is apparently restricted to the Cape Range peninsula and was 
quite common in the study area. 

Senna artemisiodes ssp. oligophylla "Cape Range form" 

Species limits within Senna are poorly resolved and are generally considered to be 
very broad. Senna artemisiodes ssp. oligophylla is widely considered to be a 
distinct species. Within this species, there is significant variation and whilst the 
species from Cape Range is referred to here as Senna artemisiodes ssp. 
oligophylla "Cape Range form", it is probably a distinct subspecies endemic to the 
Range (or at least the peninsula). 
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Hameria kempeana ssp. rhadinophylla (MS) 

This taxon was recorded in the proposed haul route corridor (where it was seen 
twice). A specimen was collected from a bank of a low patch of "floodplain' in 
Stoney Creek, 2 km from Murat Road. The second location was on a similar area 
of "floodplain" about 2.5 kilometres from Murat Road. Initial study of the specimen 
collected indicated that the taxon it represented was undescribed. During this study 
it was realised that 3 older (unnamed) specimens in the collections at the WA 
Herbarium represented the same taxon. It was subsequently confirmed that 
Harneria kempeana ssp. rhadinophylla was an undescribed species. On current 
knowledge, H. kempeana ssp. rhadinophylla is restricted to the Cape Range and is 
an uncommon and possibly rare species. 

Mukia sp. Cape Range 

This taxon has been collected previously but has been included under the name 
Mukia maderaspatana. As this name is currently used, it includes at least 4 distinct 
species in the Pilbara region. It appears to be restricted to the Cape Range 
peninsula and occurred sporadically in the study area, where it was not common 
but was seen at a number of locations. 

Acacia alexandri 

This wattle species is restricted to the Cape Range, Rough Range and northern 
part of the Giralia Range areas (Keighery and Gibson, 1993) and is a CALM priority 
three species. Priority three (poorly known) species are "Taxa which are known 
from several populations, at least some of which are not believed to be under 
immediate threat (i.e. not currently endangered). Such taxa are under 
consideration for declaration as 'rare flora' but are in need of further survey." 
(Atkins, 1992). Acacia alexandri was recorded at 5 sites during the field survey. 
The populations were generally localised but the species was not uncommon in the 
study area. 

Brachychiton obtusilobus 

This kurrajong species is restricted to the Cape (Keighery and Gibson, 1993) and is 
a small tree. It was recorded at 6 sites during the field survey, usually with 1 or 2 
plants at a site. Due to its size, it is very noticeable in the field and the plants 
recorded in the sites were not the only ones seen. While such estimates are 
difficult to make, the population of Brachychiton obtusilobus in the initial mining 
area and haul road corridor would probably be about 50 to 100 plants. 
Brachychiton obtusilobus is a priority four species, which are taxa considered to 
have been adequately surveyed and which whilst being rare (in Australia), are not 
currently threatened by any identifiable factors." (Atkins, 1992). Martinick and 
Associates (1992) reported that Brachychiton obtusilobus was represented in most 
creeks visited over the mining tenement. The proponent has also observed the 
species over the north-eastern flank of the range. 

Eucalyptus sp. "00" of Brooker and Kleinig (= Eucalyptus ultima" 
Johnson and Hill 

This mallee species is endemic to the Cape Range (Keighery and Gibson 1993) 
and was seen at 3 locations in the proposed mine area, each of which was on an 
upper, southerly facing slope. Each of the populations seen was small and the 
species was quite uncommon in the study area. 

je\reports\e3787\text6.per 	 Halpern Glick Maunsell 50 



200000mE 

2 vc 	 _ 
ec% Haul  Route  

un 
'U 

co 
Mine Estabhshment 5Ha 	0) 

to 
co 
0 
w 

7 564 500mN 

o ioo 200 	 500 	 1000m 
I 	 I 

Scale 1:12,000 

REFERENCE 

F71
Crests and mid to upper slopes 
Open shrubland to open heath dominated by Melaleuca cardiophylla, with some Acacia arida and 
Eucalyptus sp. "00" mallee, over areas of Brachysema macrocarpum, Acacia gregori low open 
shrubland, over Triodia pungens hummock grassland. 

Crests 
Acacia coriacea ssp. "Cape Range form" low shrubland over Triodia wiseana hummock grassland. 

I 	J 	Lower slopes above open gullies, small valleys and creeklines 

L 	J 	Eucalyptus hamersleyana low open mallee woodland! M. cardiophylla high shrubland over Acacia 
coriacea, Acacia tetragonophy/la, Cassia glutinosa glutinosa open shrubland over T. pungens 
hummock grassland to mid-dense hummock grassland. 

Small creeklines in gullies between middle to upper small spurs 
Low open mallee woodland dominated by E. xerothermica, with some E. hamersleyana, over A. 
tetragonophylla, Acacia pyrifolia, Dodonaea viscosa high open shrubland over T. pungens 
hummock grassland 

Larger creeklines in open gullies and small valleys 
(in the initial mine area) 
Low open mallee woodland of E. xerothermica, E. hamersleyana over A. tetragonophylla, D. 
viscosa, Grey//lea ca/c/cola high open shrubland over T. pungens hummock grassland 
(in the haul road area) 
Low open mallee woodland of E. xerothermica, E. hamersleyana over A. arida D. viscosa, Acacia 
rostellifera, A. tetragonophy//a high shrubland, over varying low open shrubland of Hibbertia spicata 
spicata, Corchorus crozophorifolius, over T. pungens, Eriachne mucronata, Cymbopogon 
ambiguus open grassland 

Alluvium banks next to channel 
E. hamersleyana low open mallee woodland over open high shrubland dominated by A. arida, A. 
bivenosa, Senna glut inosa pruinosa, over T. pungens hummock grassland, with areas of 
Era groslis dielsii, Swainsona leeana annual herbland. 

Gentle slopes adjacent creek 
E. hamersleyana low open mallee woodland over A. bivenosa, M. cardiophylla open shrubland 
over T. basedowii hummock grassland. 

Poorly defined flowline adjacent road 
E. hamersleyana?, E. xerothermica open woodland over A. coriacea ssp. "Cape Range form", A. 
tetragonophylla, A. pyrifolia (smooth slender form) high shrubland over A. bivenosa, Indigo fera 
monophylla low shrubland, over T. pungens hummock grassland. 

VEGETATION ASSOCIATIONS OF THE STUDY AREA 

Figure 6.4 



Eremophila forrestii ssp. capensis (MS) 

This subspecies is endemic to the Cape Range, with the specimens known (10) all 
being from the northern end of the range. It should probably have a similar status 
to Brachychiton obtusiolbus ( ie priority 4). It was found at several locations in the 
initial mining area and along the haul road corridor. 

Point Murat Coastal Dune Area 

The flora of the coastal sand dunes of the Point Murat area exhibited a species 
composition typical of coastal areas in the region. Thirty-three vascular plant 
species were collected from the coastal dunes, with the comparatively low species 
number reflecting the smaller sampling area, and the lower diversity of 
Iandformlhabitat types relative to the mine area and haul route. Flora species 
recorded are given in Appendix D. 

6.6.3 Vegetation Associations 

Initial Mining Area and Haul Route Corridor 

The vegetation of the initial mining area is quite varied, reflecting the range of 
habitats present. The upper slopes generally have Mela!euca cardiophylla 
shrublands over Triodia pungens, on some crests the Triodia pungens is replaced 
by Triodia wiseana. While the lower slopes can have similar vegetation to the 
upper slopes, they more commonly have Eucalyptus xerothermica, Eucalyptus 
hamersleyana? low woodlands over an open shrub layer and a Triodia pungens 
layer. The vegetation of the creeklines varies considerably with the slope and size 
of the creek, with the depth of soil present appearing to be an important factor in 
the density of the vegetation developed. The vegetation of the rocky areas and 
cliffs is also quite variable, with a variety of shrubs being present as well as 
grasses and trees, including the fig Ficus platypoda. 

The vegetation of the haul route corridor was also quite diverse, reflecting the 
range of different habitats present along the creekline and on the lower parts of the 
adjacent spurlines. Variation ranged from quite dense cover of Eucalyptus species 
to open shrublands over the cobble bed of the creek to areas with scattered 
bushes over hummock grassland. 

This variation in vegetation units within the mining area and transport corridor is 
described below in the context of the range of habitats sampled, and illustrated in 
Figure 6.4. 

Most crests and mid to upper slopes 
Open shrubland to open heath dominated by Mela!euca cardiophylla, with 
some Acacia arida over Triodia pungens hummock grassland. Occasional 
stands of Eucalyptus sp. "00" and some areas of Brachysema 
macrocarpum, Acacia gregori low open shrubland over Triodia pungens 
hummock grassland. 

Some crests 
Acacia coriacea ssp. "Cape Range form" low shrubland over Triodia 
wiseana hummock grassland. 

Lower slopes above open gullies, small valleys and creeklines 
Eucalyptus hamersleyana? low open mallee woodland/ Melaleuca 
cardiophylla high shrubland over Acacia coriacea, Acacia tetragonophylla, 
Cassia glutinosa glutinosa open shrubland over Triodia pungens hummock 
grassland to mid-dense hummock grassland. 

je\reports\e3787\text6.per 	 Halpern Glick Maunsell 51 



Small creeklines in gullies between middle to upper small spurs 
Low open mallee woodland dominated by Eucalyptus xerothermica, with 
some E. hamersleyana? over Acacia tetragonophylla, A. pyrifolia, 
Dodonaea viscosa high open shrubland over Triodia pungens hummock 
grassland 

Larger creeklines in open gullies and small valleys 

(in the initial mining area) 
Low open mallee woodland of Eucalyptus xerothermica, E. hamersleyana? 
over Acacia tetragonophylla, Dolonaea viscosa, Gre villea calcicola high 
open shrubland over Triodia pungens hummock grassland 

(in the haul route corridor) 
Low open mallee woodland of Eucalyptus xerothermica, E. hamersleyana 
over A. arida D. viscosa, Acacia rostellifera, A. tetragonophylla high 
shrubland, over varying low open shrubland of Hibbertia spicata ssp. 
spicata, Corchorus crozophorifolius, over Triodia pungens, Eriachne 
mucronata, Cymbopogon ambiguus open grassland. 

Alluvium banks next to creek channels 
Eucalyptus hamersleyana? low open mallee woodland over open high 
shrubland dominated by Acacia arida, A. bivenosa, Senna glutinosa ssp. 
pruinosa, over Triodia pungens hummock grassland, with areas of 
Era grostis dielsii Swainsona leeana annual herbland. 

Gentle slopes adjacent to creeks 
E. hamersleyana low open mallee woodland over A. bivenosa, Melaleuca 
cardiophylla open shrubland over Triodia basedowll hummock grassland. 

Poorly defined flowlines adjacent to haul route 
Eucalyptus hamersleyana?, E. xerothermica open woodland over Acacia 
coriacea ssp. "Cape Range form", A. tetragonophylla, A. pyrifolia (smooth 
slender form) high shrubland over A. bivenosa, Indigo fera monophylla low 
shrubland, over Triodia pungens hummock grassland. 

Point Murat Coastal Dune Area 

The vegetation associations of the Point Murat area typically consisted of a 
moderate to wide beach herbfleld of Spinifex longifolius and Scaevola crassifolia in 
front of a moderate height foredune, with a high, open shrub layer dominated by 
Acacia coriacea with occasional A. bivenosa, over a low dune shrub and herbfield 
of ipomoea brasiliensis, Rhagodia baccata, Threlkeldia diffusa, Eulalia aurea and 
Whitleochloa airoides. There were also occasional Solanum lasiophyllum, 
Threlkeldia diffusa and Ptilotus extaltus plants, and some infestations of Kapok 
bush (Aerva javanica) adjacent to roads. 

6.6.4 Conservation Significance 

Flora 

The study area obviously has conservation value for the populations of the plant 
species found on it. However, except for the species endemic to the Cape Range 
peninsula (see Section 6.6.2), the overall conservation value for flora of the study 
area is ranked as low to moderate given the small size of the area, the extensive 
distribution of many of the flora species found in it and the limited degree of 
disturbance of much of their ranges. 
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The flora conservation value for the species endemic to the Cape Range 
peninsula, including the priority species recorded, is higher than for those species 
which are much more widely distributed. For example, Brachychiton obtusiobus is 
restricted to the Cape Range, is considered by CALM to be rare (but is a priority 
species not Declared Rare Flora) and while obvious due to its size, has a quite low 
population level. Any significant loss of its habitat would have an impact on its 
conservation status but it would take more than the current project to move its 
status to one of being threatened (Trudgen, 1995). The value for those species 
which are more poorly known than species such as Brachychiton obtusiobus is 
harder to assess. However, it seems likely on current information that Tinospora 
sp. Cape Range, a fairly large species with a similar population level in the study 
area to that of Brachychiton obtusiobus, is probably more restricted in its 
distribution than that species and hence more vulnerable. 

The degree of significance varies for each species from moderate to high 
depending on the population levels and distribution characteristics of the individual 
species. Species not known prior to the current study were recorded within or 
adjacent to the transport corridor with Tinaspora sp. Cape Range also recorded in 
the initial mining area. \Iiable management options exist to protect those plants 
found along the haul road corridor. Of the other endemic flora species recorded 
from the study area, most are either known to occur or are likely to occur in the 
adjacent Cape Range National Park, or the proposed extension of the park, and 
will be therefore conserved in large areas of protected habitat. Even after 20 years 
production, the proposed mining area will total less than 0.1% of the area protected 
by the existing and proposed National Park. 

The Point Murat area does not have any special conservation significance for flora 
species. All of the species occurring there are widely distributed in similar sand 
dune habitats along the Pilbara coast. The vegetation type is also well represented 
throughout the region and in the local area with the proposed storage areas 
covering less than 1% of the coastal dune habitat around Point Murat. 

Vegetation 

The study of the vegetation of the Cape Range peninsula by Kieghery and Gibson 
(1993) has shown that "floristic classification of the vegetation of the limestone 
surfaces of the Cape Range area clearly indicates a much finer scale of patterning 
(in the vegetation) than can be seen from the available vegetation or land system 
maps". Kieghery and Gibson's study also showed that the vegetation of the 
different ranges on the peninsula (ie Cape Range, Rough Range and Giralia 
Range) also differed substantially. 

Assessment of the conservation value of the vegetation of the study area must 
then be made against a background where the vegetation of the Cape Range is 
different from that of the surrounding areas. Furthermore, the vegetation survey 
carried out for the current survey showed significant variation apparently not 
sampled by Kieghery and Gibson (who had only nine plots in the Cape Range). 
The most important example of this is the presence on the eastern slopes of the 
range of areas where the dominant hummock grass is Triodia basedowil rather 
than Triodia pungens or Triodia wiseana. 

It is reasonable to say that the vegetation of the Cape Range as a whole has high 
conservation value and that the particular values vary from place to place in the 
range. A large part of the range is currently protected in the Cape Range National 
Park (approximately 500 km2) with an extension of similar area currently proposed. 
Whilst the initial mining area, the overall tenement and the haul route corridor 
represent a small proportion of Cape Range, their value is not insignificant, as they 
contribute to the whole. In summary: 
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the initial mine area is quite small and, while it has conservation value for 
vegetation, this is not high due to its small size. The small size of this area 
is to some degree offset by the diversity of vegetation present, although 
this is not exceptional for its place in the landscape; 

- 	the overall mine area is of moderate size (5 km) and has conservation 
value for vegetation that is considered moderate to high due to its size; 

the haul route corridor is relatively small and follows one of a number of 
creeklines in the immediate area that flow eastward from the range. While 
it has conservation value due to the variety of vegetation types present, 
this value is well replicated along the range and is not high; and 

the stockpile area at Point Murat represents a comparatively small area of 
a coastal dune habitat and vegetation type that is relatively common and 
well conserved locally, and occurs widely throughout the Pilbara region. Its 
conservation value is low. 

6.6.5 Impacts on Flora and Vegetation 

There are a number of potential impacts on flora and vegetation that will or may 
arise from the proposed project. 

Clearing of Native Vegetation and Direct Loss of Flora 

The loss of native vegetation is likely to be the major environmental impact on the 
flora within the mining area. Vegetation along the length of the haul route is likely to 
be impacted to a lesser degree, since the haul road has been designed to result in 
minor disturbance to existing drainage patterns and landforms. 

Local loss of flora and vegetation resulting from the mining operation will be 
addressed by a comprehensive rehabilitation plan aimed at the ongoing re-
establishment of landform, topsoil and local indigenous flora species as the mining 
operation progresses (see Section 6.13). This will ultimately result in the restoration 
of vegetation communities comprised of local native species. 

Impacts on Endemic or Rare Flora Species 

As a result of the current study, the following taxa can be added to the list of flora 
species endemic to the Cape Range peninsula: Tinospora sp. Cape Range, 
Tephrosia sp. Cape Range, Eriachne sp. North West Cape, Acacia coriacea ssp. 
"Cape Range form", Senna artemisiodes ssp. oligophylla "Cape Range form", 
Hameria kempeana ssp. rhadinophylla and Mukia sp. Cape Range. With more 
widespread collecting, this number is considered likely to increase further. The 
following management strategies are proposed in respect of the endemic or rare 
flora identified within the project area. 

Species common or scattered over the study area 

Tinospora sp. Cape Range, Acacia coriacea, Senna artemisiodes 
oligophylla, Mukia sp., Eucalyptus sp. "00", Acacia alexandri, Brachychiton 
obtusiobus and Eremophila forrestii ssp. capensis (MS) were all observed 
at scattered locations throughout the study area in a range of habitats. Of 
these, Tinospora sp. Cape Range is considered to be the most significant, 
as it is possibly the most restricted in its distribution, but was still observed 
on the coastal plain, in the foothills of the range, adjacent to the haul route 
and on the initial mining area. Impact from clearing and ongoing mining 
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operations on this group of species will be unavoidable in the context of the 
mine. These species will be included in the rehabilitation plan for the 
operation and would ultimately be expected to return to the area and 
establish self-sustaining populations. Clearing outside of the immediate 
mining area will be minimised. 

Species occurring in only isolated locations over the study area• 

Tephrosia sp., Eriachne sp. Cape Range, and Hameria kempeana 
rhadinophylla were only observed in isolated locations within the study 
area (either on the coastal plain or along the haul route corridor). The haul 
road will be designed to avoid or minimise disturbance of these plants with 
special consideration given to the formulation of construction procedures 
within the Environmental Management Pan. 

Operational Impacts on Fringing Vegetation 

The major ongoing impacts on vegetation that will not be cleared relate to the 
effects of dust deposition from adjacent mining and trucking operations. The soils 
of the area are not especially prone to dust generation and standard dust 
suppression methods, including the regular use of a water cart to wet roads and 
point sources, will be employed. The primary drainage line will be disturbed as little 
as possible during construction of the haul road to minimise the accumulation of silt 
along the creek. 

6.7 Fauna 

6.7.1 Introduction 

Cape Range has been identified as an area that has the potential to support relict 
populations of rare fauna species, but has not been the subject of any systematic 
survey effort for vertebrate fauna (Kendrick, 1993; Baynes and Jones, 1993). All 
species known from the range to date have arisen from opportunistic collections 
and other observations. In recognition of the scarcity of existing data, a detailed 
fauna survey was carried out to determine the terrestrial vertebrate fauna species 
resident in the project area. An assessment was made of their conservation 
significance on a local and regional scale, and in the context of the Cape Range 
National Park. 

6.7.2 Methods 

An intensive 7 day fauna survey was conducted of the areas to be disturbed by the 
proposed mine and associated transport corridor. 

Survey methodology included both a trapping regime and opportunistic collection of 
vertebrate species records. The trapping programme consisted of 5 grids of 20 
medium sized Elliot box traps, baited with universal bait (rolled oats, peanut butter 
and sardines). The five grid locations were selected as representative of the array 
of habitats present in the study area (refer Plates 3 to 8), while also taking into 
account the major areas of impact. Traps were laid out in a 4x5 grid, with each trap 
spaced approximately 10 m apart, except in areas where the nature of the habitat 
type sampled dictated that a 2x1 0 line array was more suitable (such as in 
drainage lines). Pit traps were not installed within the mining tenement area due to 
the extreme hardness of the limestone substrate, but 2 lines of 10 pit traps were 
put in place in the coastal dune habitat at Point Murat. These consisted of single 
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PVC pits with an accompanying 10 m flywire drift fence spaced approximately 20 m 
apart. Two of the Elliot grids were operated for 6 nights and the remainder for 5, 
and the grid of pit traps for 4 nights, yielding a total survey effort of 620 trap nights. 

All fauna trapping activities were carried out under the authority of CALM Reg. 17 
Licence to take fauna for scientific purposes Number SF001584. 

Other survey techniques included: 

- 	walking transects to census bird species; 
- 	searching of appropriate microhabitats to detect reptile, frog and small 

mammal species; 
- 	opportunistic vertebrate sightings; 
- 	investigation of burrows and nests; 
- 	identification of road kills; and 
- 	recording and identification of secondary signs such as tracks, remains 

and scats. 

An effort was made to apportion survey effort equally amongst habitat types to 
ensure representative sampling. No spotlighting was undertaken in the study area 
due to the hazardous nature of the terrain and poor condition of the access tracks. 
The taxonomy used in this study is based on Strahan 1983 (Mammals), Simpson 
and Day 1984 (Birds), and Storr, et al., 1981-1 990 (Reptiles). 

6.7.3 Terrestrial Fauna Communities 

The fauna of the study area is predominantly typical of the and and semi-arid north 
west and interior, but also has a southern Bassian component and a number of 
pancontinental species (Kendrick, 1993). Several of the vertebrate species known 
to occur in the area are at the northern and southern limits of their ranges. 

The current survey recordea total of 7 species of mammal (3 native and 5 
introduced), 14 reptile species and 37 species of birds. 

Mammals 

Capture rate of small mammals during the survey was relatively poor, with only 2 
capture events from 540 Elliot trap nights. A single native mammal species, the 
Fat-tailed Antechinus Psuedantechinus macdonneliensis, was recorded from the 
trapping programme, with the other species captured being the European Black 
Rat Rattus rattus (Table 6.2). Other species records arose from opportunistic 
sightings and secondary evidence of the species presence. The most abundant 
mammal species recorded in the study area was the feral goat. 
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Table 6.2: 	Mammal species recorded from habitats within the study area (D=Drainage 
line, R=Rocky cliff/hill, SScree slope breakaway, H=Hilltop, 
PPlain/Sandplain, X indicates recorded only from secondary signs). 

Habitat 

R  IA. Lii L_... _Q Family Species Common name 
Macropodidae Macropus robustus 

Macropusrufus 
Euro 
Red Kangaroo 

2 - X - X - 5 - 3 
2 

Dasyuridae Psuedantechinus macdonnellensis Fat-tailed Antechinus - - 1 - 
Muridae Rattus rattus Black Rat 1 - - 
Introduced Fauna Oryctolagus cuniculus 

Capra hircus 
Fe/is catus 

Rabbit 
Goat 
Cat -  - 6 - 12 

X 

1 
11 	Total Species: 1 2 3 2 4 

Possible reasons for the poor mammal capture rate include seasonal timing of the 
survey, the array of habitats present, or a generally low abundance of mammals in 
the project area. The only mammal species of any particular note recorded during 
the survey was the Dasyurid P. macdonellensis. This carnivorous marsupial is 
relatively widespread and common throughout the Pilbara, and is known from 
other parts of Cape Range (Woolley, 1983; Baynes and Jones, 1993). 

Reptiles 

14 species of reptile were recorded during the survey, with all reptile families being 
fairly equally represented except the Agamidae (dragons) (Table 6.3). This result 
was somewhat unusual as the Cape Range area is noted for its dragon fauna 
(CTRC, 1974), but was most likely due to the relatively low temperatures 
experienced during the survey (an average daily maximum of approximately 23°C), 
resulting in depressed levels of reptile activity. This was also reflected by the low 
abundances recorded in general for reptiles. 

Table 6.3: 	Reptile species recorded from habitats within the study area (D=Drainage 
line, R=Rocky cliff/hill, S=Scree slope breakaway, H=Hilltop, 
P=Plain/Sandplain, NNumerous). 

Habitat 

D 	R 	S IH 	P Family Species Common name 
Varanidae Varanus acanthurus Spiny-tailed Monitor I 

Varanus tristis tristis Black-headed Monitor 1 1 1 
Varanus gouldii Gould's Monitor  

Geckonidae Heteronofia binoei Binoe's Gecko 1 2 1 1 
Gehyra variegata Tree Dtella 1 2 1 1 
Gehyra punctata Spotted Dtella  

Scincidae Lerista lineopunctulata N 
Morethia ruficauda exquisita 1 2 
Morethia /ineocellata  - - - - 3 

Pygopidae Lialis burton/s Burton's Legless Lizard I 
De/ma nasuta  - - - 1 - 

Agamidae Ctenophorus isolepis Military Dragon - - - - N 

Elapidae Pseudonaja nuchalis Gwardar 1 
Pseudechisaustralis Mulga Snake - - - 1 - 

II 	 Total Species: 4 4 5 5 5 
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The only recorded Agamid, Ctenophorus isolepis, occurred in the Point Murat sand 
dune habitat, where it was relatively abundant. The occurrence of Lerista 
Iineopunctulata at Point Murat is noteworthy, as the species' distribution is confined 
to a narrow strip of the west coast, with the Cape Range individuals representing 
an isolated population (Storr, et. al. 1981). L. lineopunctulata was, however, locally 
common and abundant in the area's coastal dunes. The skink Morethia lineocellata 
has a similar pattern of distribution and was also abundant at Point Murat. 

The remaining reptile species recorded have either north-western distributions, or 
are widespread throughout Australia (Wilson and Knowles, 1988). None are 
regarded as being rare or otherwise of particular note. 

Birds 

Thirty seven species of birds were recorded during the survey, about half (19 
species) of which were passerines (perching birds), with the remainder non-
passerines (Table 6.4). 

Birds of prey such as the Wedge-tailed Eagle Aquila audax, the Australian Kestrel 
Falco cenchroides and Pied Butcherbird Cracticus nigrogularis, tended to favour 
the hilltop and plains habitats (Table 6.3). This was a function of the open nature of 
these areas, making them more suitable to aerial foraging. Insectivorous and 
granivorous species such as the Port Lincoln Parrot Barnardius zonarius, White-
plumed Honeyeaters Lichenostomus penicillatus, and the Galah Cacatua 
roseicapilla, tended to comprise a greater proportion of the avian fauna in the 
remaining habitat types where foliage was typically denser (Table 6.4). 

The majority of the avifauna recorded for the area are widely distributed throughout 
the and and semi-arid parts of Australia, with some, such as the Grey Shrike-
thrush Colluricincla harmonica rutiventris, representing races specific to Western 
Australia and the north-west (Schodde and Tidemannn, 1990; Kendrick, 1993). 
However, none of the bird species documented from the project area are regarded 
as rare or are geographically restricted to Cape Range. 
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Table 6.4: 	Bird species recorded from habitats within the study area (DDrainage line, 
RRocky cliff/hill, S=Scree slope breakaway, H=Hilltop, PPlain/Sandplain, 
* indicates recorded only from the coastal dune habitat at Point Murat). 

D 	R 

Habitat 

S 	H 	P Family Species Common name 
Dromaiidae Dromaius novaeho//andiae Emu - - - - 1 
Pelecanidae Pelecanus conspicillatus Australian Pelican * - - - - 
Pandionidae Pandion haliaetus Osprey * - - - 2 

Accipitridae E/anus notatus 
Ha/iaeetus /eucogaster 
Aqui/a audax 
Hieraaetus morphnoides 

Black-shouldered Kite * 
White-bellied Sea Eagle * 
Wedge-tailed Eagle 
Little Eagle - - - 

1 
1 

1 
2 
3 
1 

Falconidae Falco berigora 
Fa/co cenchroides 

Brown Falcon 
Australian Kestrel - - 1 

1 
1 5 

Laridae Larus novaeho/landiae 
Sterna bergii 

Silver Gull * 
Crested Tern * - - - - 19 

12 
Columbidae Geophaps lophotes Crested Pigeon - 2 - 4 11 
Psittacidae Cacatua roseicapil/a 

Cacatua pastinator 
Neophema e/egans 
Barnardius zonarius 

Galah 
Little Corella 
Elegant Parrot 
Port Lincoln Parrot 

6 
3 
2 

12 - 

2 

- 

2 
2 
2 
3 

6 

4 
Cuclidae Chrysococcyx basa/is Horsefields Bronze Cuckoo - - - 1 - 
Podargidae Podargus strigoides Tawny Frog mouth 3 - - - - 
Ala udidae Anthus novaeseelandiae Richard's Pipit - - - - 4 

Campephagidae Coracina novaeho//andiae Black-faced Cuckoo-shrike - - - 1 2 

Muscicapidae Collurcincla harmonica Grey Shrike-th rush 3 3 2 - - 
Orthonychidae Oreoica guttura/is Crested Bellbird - 5 6 10 - 
Sylviidae Cinclorhamphus mathe wsi Rufous Songlark * - - - - 3 

Ma!uridae Malurus lamberti Variegated Fairy-wren 7 - - 6 12 

Melphagidae Acanthagenys rufogularis 
Lichmera indistincta 
Lichenostomus virescens 
Lichenostomus penici/latus 
Lichenostomus keart/andi 

Spiny-cheeked Honeyeater 
Brown Honeyeater 
Singing Honeyeater 
White-plumed Honeyeater 
Grey-headed Honeyeater 

1 
4 
9 
8 
2 

4 
3 

11 

2 
2 
3 

2 
6 
2 

Ephthianuridae Ephthianura trico/or Crimson Chat * - - - - 9 

Zosrteropidae Zosterops latera/is Silvereye * - - - - 8 
Fringillidae Taeniopygia guttata 

Emblema pictum 
Zebra Finch 
Painted Firetail Finch 

4 
6 - - - 

11 
4 

Ptilorhyncidae Chiamydera maculata Spotted Bowerbird 1 1 3 - - 
Cracticidae Cracticus nigrogularis Pied Butcherbird 1 - 1 - 3 

Corvidae Corvus orru 
Cor vus coronoides 

Torresian Crow 
Australian Raven 

2 
5 

1' 	 Total species: 18 5 8 HdA 
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6.7.4 	Habitat Utilisation 

A general assessment of habitat utilisation by the fauna resident in the project area 
was carried out by consideration of the total number of vertebrate species 
recorded in each habitat type during the survey (Figure 6.5). Note that the plain 
habitat category includes species records from the coastal plain area at Point 
Murat as well as those from the plain immediately adjacent the mining tenement. 

Figure 6.5: Percentage habitat utilisation by vertebrate fauna over the 
study area (all areas of impact and mining tenement alone). 

All areas 
	

Mining Tenement Only 

Fauna habitat utilisation was relatively evenly apportioned amongst the habitats 
present in the mining tenement area, with the exception of the rocky cliff areas in 
which relatively few species were recorded. Wider consideration of all habitats, 
indicated that the coastal plain area supported the greatest number of fauna 
species, followed by the hilltop and drainage line habitats. 

6.7.5 Conservation Significance 

A review of the findings of the current survey indicates that none of the species 
recorded, or the fauna community as a whole, are of regional scale significance. 
None of the species recorded appear on the WA Government's schedule listings of 
rare and endangered fauna, or are otherwise regarded as being threatened 
species. Whilst the fauna communities appear to be of moderate species diversity 
with respect to birds and reptiles, this is of a scale comparable to the Cape Range 
National Park. Even with the patchy state of existing information on the fauna of 
Cape Range, all the species recorded during the survey were already known from 
the Park, where they are currently well conserved in extensive areas of high quality 
habitat. 

6.7.6 Impacts on Terrestrial Fauna 

There are a number of potential impacts on fauna that may arise from the 
proposed operations. 

Habitat Loss and Modification 

The loss of habitat is likely to be the major fauna related impact of the project. 
Fauna habitat occurring along the length of the haul route is likely to be modified to 
a lesser degree, with the haul road designed to minimise disturbance to existing 
drainage patterns and landforms. 
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Local loss of fauna habitat resulting from the mining operation will be addressed by 
ongoing rehabilitation of landforms using local indigenous flora species as the 
operation progresses (Section 6.13). This strategy will result in the ultimate 
regeneration of native vegetation communities, providing a habitat resource for 
eventual fauna recolonisation from undisturbed surrounding areas. 

Direct Impacts 

It is likely that there will be some local loss of fauna due to direct mortality arising 
from frequent vehicle movement, machinery operation and blasting activity. Mobile 
fauna such as birds and larger mammals are likely to move away from and avoid 
the project area after initial clearing activities commence, so this impact is 
considered to be relatively minor. Efforts will be made to minimise ongoing direct 
loss, and the construction and operational workforce will be advised of their 
obligations accordingly. Vehicle speeds will be limited on the haul road and 
firearms will not be permitted in the project area. 

Feral Fauna 

There is unlikely to be any significant additional introduction or spread of feral 
fauna arising from the proposed development. The construction and operational 
workforce will not be permitted to bring pets into the project area. 

6.8 	Subterranean Fauna 

6.8.1 	Existing Environment 

The Cape Range peninsula contains a diverse range of subterranean, obligate 
fauna within two major geographic regions (Adams & Humphreys, 1993), namely: 

the coastal plain containing aquatic subterranean fauna; and 

the humid cave systems of Cape Range, containing terrestrial 
subterranean fauna. 

Three species of aquatic cave fauna have also been identified in four isolated 
caves on the range containing permanent water. 

To date, over 50 species of aquatic and terrestrial cave fauna have been collected 
from the peninsula. The significance of the subterranean fauna has been 
documented in various studies (Adams and Humphreys, 1993; Harvey et al., 1993; 
Humphreys, 1993; Knott, 1993; Water Authority, 1995) and rests with the number 
of species present, their endemicity and their zoogeographic origins. 

There is evidence that the aquatic subterranean fauna of the coastal plain is 
separated between the eastern and western sides of Cape Range and that three 
geographic provinces (north, central and south) separate the terrestrial cave fauna 
on the range, divided by deep gorges extending into the non-cavernous Mandu 
Limestone (Humphreys, 1995). 
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Aquatic Cave Fauna 

Obligatory inhabitants of underground water, stygofauna, are found primarily under 
the coastal plain (bar the three species found in caves on the range). Humphreys 
(1995) lists a total of 12 taxa recorded in these habitats. 

Two species of fish (Ophisternon candidum and Mllyeringa veritas) and two atyid 
shrimps (Sygiocaris stylifera and S. lancifera) have been included in Schedule One 
of the Wildlife Conse,vation Act 1950. Recordings of these fauna on the peninsula 
have been restricted to the groundwater of the coastal plain. 

The Coastal Plain Aquatic Habitat 

The stygofauna of the coastal plain are known to exist at least as far south as the 
Kailis fish processing plant near Learmonth on the eastern coast of the peninsula, 
to Billy Well in the centre of the range, and to Yardie Creek on the west coast (see 
Figure 6.6). Whilst species composition on the east and west coasts is different, 
the 12 taxa listed by Humphreys (1995) are all considered likely to be present in 
the coastal plain south of Exmouth encompassed by the existing WAWA borefield 
and the proposed extension. These fauna are capable of lateral migration (at least 
within the extent of the coastal aquifer south of Exmouth) due to the porosity of the 
formations underlying the coastal plain. 

Despite repeated trapping and hand netting, no stygofauna have been found to the 
west of the estimated intersection between the coastal plain groundwater and the 
lower limit of karst development in the Tulki Limestone (ie some 4-5 km inland of 
Exmouth Gulf, refer Section 6.3, Figure 6.3). The mining tenement lies near this 
transition zone some 4-6 km inland of the Gulf, with the proposed mining area at 
least 1 km west of the proposed borefield. Accordingly, it is considered unlikely that 
any coastal stygofauna populations underlie the mine area. 

The Cape Range Aquatic Habitat 

Three stygofauna species have been recorded on the range within four isolated 
cave systems containing permanent standing water. 

Standing waters in these caves have been recorded at elevations ranging from 
190 m AHD to 245 m AHD (Humphreys, 1993). These elevated water tables have 
been described as perched by Poole & Humphreys (1992) and probably reflect the 
very slowly draining geological discontinuity between the Tulki and Mandu 
Limestones existing at these elevations in the centre of the range (refer Figure 6.2). 
The presence of amphipods in these waters indicates a degree of permanence of 
the waterbodies. 

The four systems known to contain standing water all occur in the central part of 
the range, the closest being some 10 km to the south-west of the mining tenement 
in what has been classified as the "northern province" of the range by Adams & 
Humphreys (1993). The recorded amphipod populations show considerable 
genetic divergence between the four sites but are cogeneric with species recorded 
on the coastal plain (Humphreys, 1995). 

No perched groundwater has been identified in the vicinity of the mining tenement 
in spite of considerable drilling undertaken by both WAWA and mineral exploration 
companies. The geological exposure over the tenement, even in the deepest 
creeks, comprises Tulki and Trealla Limestones. The Mandu Limestone interface 
lies well below the deepest excavation proposed, probably below the groundwater 
table (refer Figures 6.1 and 6.3). 
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Terrestrial Cave Fauna 

Obligatory terrestrial cave fauna, troglobites, are found extensively in Cape Range 
proper. The fauna is considered to be a relic and isolated from similar taxa by the 
onset of arid conditions in the late Miocene or early Pliocene (Humphreys, 1995). 

Two species of troglobites have been included in Schedule One of the Wildlife 
Conservation Act 1950. These are a micro-whip scorpion (Schizomus Vinci now 
Draculoides vinel) and a cockroach (Nocticola flabella). At least 30 other species of 
troglobitic fauna exist in the range. 

The troglobitic fauna are generally found in humid, air-filled caverns, with relative 
humidity greater than 90% (Humphreys, 1995). The fauna is dependent upon the 
occasional influx of water to maintain humidity and to introduce food resources, 
with the fauna being mainly supported by photosynthetically derived detritus being 
washed into the cave. 

The troglobitic fauna is entirely composed of endemic taxa. Whilst they are found 
extensively over the range, they appear to occur in a number of discrete zones, 
being more highly speciated in the north and less isolated to the south 
(Humphreys, 1995). 

The fauna do not only occur in caves but also inhabit interstitial and fissure habitats 
(Humphreys, 1993). These deep fissure habitats are thought to sustain low 
populations of the cave animals when lack of water or food depletes the caves of 
their fauna. These small populations re-occupy the cave proper when they are next 
flooded and re-energised with organic detritus (Humphreys, 1991 a). Genetic 
evidence suggests that many apparently separate caves must be linked by fissure 
habitats, especially in the southern part of the range (Humphreys, 1993). The ability 
of the fauna to migrate both vertically and, to some extent, laterally within the karst 
system permits the fauna to survive extinction caused by flooding or drought. It 
appears to be the essence of the resilience of terrestrial cave fauna. 

Conservation Significance 

The subterranean fauna of Cape Range peninsula exhibits high species diversity 
and endemism. The significance of the fauna is enhanced (Humphreys, 1995): 

because its composition reflects local eustatic events, climate change and 
past connections with other parts of the world; 

by a unique combination of subterranean communities; and 

by the inclusion of many higher order taxa. 

In general, troglobitic fauna in karst limestone environments have a number of 
biogeographic characteristics that make them especially vulnerable. Typically, they 
have a limited geographic range, occur in small populations and many species 
exhibit enhanced sensitivity to minor changes in their physio-chemical 
environment. Table 6.5, reproduced from Humphreys (1993), shows that industrial 
development and quarrying is a significantly less likely cause of impact on cave 
fauna as compared to other activities. 
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Table 6.5 
Causes of Cave Species becoming Vulnerable, Rare or Endangered 
(Reproduced from Humphreys, 1993 and based on Rowland & Reddell 1981 
and Culver, 1986) 

Factor No. Species Impacted1  

Industrial development and quarrying 2 
Overuse or pollution of water 12 
Flooding 1 
Direct human disturbance 9 
Overcollecting 32 

comprising arachnids (7 species), crustaceans (4), insects (1), fish (5), 
amphibians (2) and mammals (5) 

2 	all overcollecting was of aquatic vertebrates. 

The troglobitic fauna of Cape Range are, in large part, recently identified. Surveys 
have been limited in extent and generally confined to the readily accessible bores 
and wells of the coastal plain, and the deep caves of the central plateau of the 
range (refer Figure 6.6). 

On a regional scale, the fauna is considered to be of high conservation 
significance. Assessment of significance on a local scale depends upon the extent 
and diversity of the fauna within the local area to possibly be impacted as well as 
the degree to which the local characteristics are likely to be replicated on a regional 
scale. Given the relatively small area of the proposed mining operations relative to 
both Cape Range and the northern province of the peninsula, and that no 
subterranean fauna have been recorded within the project area, a lower 
conservation significance is justified in the context of the proposed project. 

6.8.2 	Potential Impacts on Subterranean Fauna 

Aquatic Cave Fauna 

The aquatic subterranean fauna of Cape Range are fundamentally dependent on 
the quality and quantity of the groundwater resource for their survival. 

Potential impacts on these fauna, both within the coastal plain and range habitats, 
can therefore be addressed in respect of: 

changes to hydraulic recharge of groundwater; 
over-use of available groundwater; and 
changes to groundwater quality. 

The Coastal Plain Aquatic Habitats 

There will be no direct impact on the groundwater resource underlying the coastal 
plain adjacent to the tenement since the mining operation will not intersect the 
groundwater table and no extraction of groundwater will be required other than that 
sourced from WAWA. 

Section 6.4 demonstrates that the project will have little impact on the hydraulic 
recharge of the regional groundwater underlying the coastal plain downstream of 
the proposed mining area. 
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Section 6.5 demonstrates that the water requirements for the project are relatively 
small both in respect of the regional recharge rate for the aquifer and the current 
and proposed demand of the Exmouth Town Water Supply. WAWA is responsible 
for operation of the Exmouth Town Water Supply and carefully monitors drawdown, 
salinities and water quality. 

Section 6.4 describes the measures proposed by the proponent to ensure that the 
mining, calcination and transport operations will not contaminate or degrade 
groundwater quality downstream of the project. This is an essential requirement in 
respect of the long term viability of both the Exmouth Town Water Supply and the 
potential from indirect impact on aquatic subterranean fauna. The project has been 
designed on the basis that the downstream groundwater is a Priority 1 resource to 
ensure contamination does not occur. 

In summary, there is considered to be minimal risk of direct or indirect impact on 
the coastal plain aquatic habitats, or the associated fauna, downstream of the 
project. The conditions requiredby WAWA upon grant of the mining tenement will 
ensure that the level and quality of the downstream groundwater resource is 
maintained, thereby also protecting the coastal plain aquatic fauna. 

The Cape Range Aquatic Habitats 

Previous drilling work on and around the tenement indicates that there are no 
elevated or perched water tables within, adjacent to or upstream of the project 
area. As a consequence, no direct impact on aquatic cave fauna within the range 
will result from mining activities. 

The four recorded occurrences of perched water tables within Cape Range are 
believed to occur near the interface of the Mandu and Tulki Limestones on the 
central plateau of the range where the dense Mandu Limestone provides an 
opportunity for "elevated" water tables to exist. The Mandu Limestone underlying 
the tenement area will not be mined. 

Terrestrial Cave Fauna 

Potential for impact on the troglobitic fauna of Cape Range can be assessed on the 
basis of both direct loss of habitat and change to freshwater or organic inputs on 
which such habitats depend for their survival. 

No troglobitic fauna have been recorded within, or adjacent to, the project area. 
There are no significant caves or sinkholes known on the tenement or on the 
upstream catchment of the tenement. Nonetheless, it is possible that the area may 
contain small blind caves (ie caves with no obvious connection to the surface) and 
fissure systems where terrestrial cave fauna could occur. The extent to which these 
systems exist is unknown and possibly the only means to quantify their occurrence 
would be through an extensive drilling programme, an exercise that in itself may 
impact on the integrity of any habitats present. Humphreys (1995) notes that 
terrestrial fauna do occur within, and downstream of, the WAWA borefield area to 
the north of the project area, although the locations of these recordings have not 
been published. 

Mining will generally progress up gradient to the west, north and south of Stoney 
Creek, some 1 km west of the proposed WAWA borefield. Any subterranean 
systems present within the immediate mine area (and above the mine floor at 50 m 
AHD) will be excavated and therefore direct mortality will result for any terrestrial 
cave fauna that may exist within these systems. There is no practical opportunity to 
eliminate or reduce such potential impact except to note that the proposed mining 
area is small in respect of both Cape Range and the northern province of the 
range. The area to be mined over the first 20 years of production is estimated to 
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total 0.7 km2. This represents less than 0.1% of the total area of the Cape Range 
peninsula and approximately 0.5% of the area of the "northern province", being that 
part of Cape Range north of Shothole Canyon. Any cave systems existing below 
the floor of the mine will still receive freshwater through infiltration and are not 
expected to be impacted by mining. 

Indirect impact on terrestrial cave fauna existing either upstream or downstream of 
the mining area can only occur if surface water flows or drainage paths are 
modified to the extent that cave systems are either isolated from occasional 
flooding or exposed to the air whereby either the humidity of the system or the 
supply of organic material is reduced. 

The project has been designed so that surface water flows and landforms 
downstream of the mine are not altered. Primary existing drainage lines through 
the mining area will be maintained as far as practicable. Short term retention 
basins downstream of the immediate mine area will prevent runoff of silt 
downstream. As a result, any cave systems downstream of the mine will be 
unaffected by the proposed operations with no impact on troglobitic fauna. 

Cave systems upstream of the mining area will only be affected if the mine 
excavation exposes underground karst features linked to upstream caves such that 
the humidity of the upstream system is reduced. Again, the small mining area, 
together with existing upstream creek valleys and gorges already providing deep 
vertical exposure to such karst systems, limits the extent of possible upstream 
impacts. 

In summary, potential impacts on terrestrial cave fauna are not considered to be 
significant on either a local or regional scale. The area to be directly impacted is 
small relative to the range of habitat available. Potential indirect impacts are difficult 
to quantify but would be localised by the nature of the topography in the area. 

6.9 	Marine Environment 

6.9.1 	Existing Operations 

The Point Murat jetty was developed by the US Navy for servicing of the Naval 
Communications Station. The facility was returned to the RAN in 1993 and is 
currently operated under contract by Australian Defence Industries. 

The jetty is used to receive fuel oil supplies for the Naval Communications Stations 
and for the loadout of supplies for offshore oil and gas exploration. Fuel oil supplies 
are received two or three times each year with approximately 12 million litres 
delivered each shipment. WAPET currently uses the facility on a weekly basis. The 
jetty is also used by local dive operators. 

The Point Murat jetty is located at the north-east tip of the Cape. It lies midway 
between the northernmost extent of Ningaloo Reef (fronting the Indian Ocean) and 
Bundegi Reef (fronting Exmouth Gulf), providing unobstructed shipping access to 
the jetty. The jetty is approximately 340 m long with a berth depth of around 12 m 
(see Plate 2). Although the jetty is privately operated, all proposed activities will be 
designed and carried out in accordance with Department of Transport regulations. 
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The jetty lies within the Ningaloo Marine Park which was established in 1987 and is 
managed by CALM in accordance with the Ningaloo Marine Park Management 
Plan 1989-1999 (CALM, 1989). The Marine Park covers an area of about 
430,000 ha including 260 km of coastline between Amherst Point on the west coast 
south of the Cape Range peninsula to south of Bundegi Reef in Exmouth Gulf. 

The Marine Park encompasses both State and Commonwealth waters with the 
area encompassing the Point Murat jetty and surrounding waters declared as a 
Prohibited Area under the Defence (Special Undertakings) Act 1952. This 
Prohibited Area is managed by the RAN, with procedures established for the 
offloading of petroleum and other products at the jetty. The RAN has prepared an 
oil spill contingency plan for operations at Point Murat which is approved by the 
State Committee for Combating Marine Oil Pollution. This plan is implemented 
within the framework of the Park Management Plan administered by CALM. 

6.9.2 	Existing Environment 

Tides 

Tides at Point Murat are semi-diurnal with a mean range of 0.4 m during neap tides 
and 1.7 m during spring tides. 

Tidal currents in Exmouth Gulf vary substantially throughout the Gulf. Tidal currents 
flow northwards along the western shore (ie towards Point Murat) during an ebbing 
tide and southwards during a flooding tide. Spring tidal currents of between 0.5 and 
1.0 m/s have been recorded in shallow areas of the Gulf (Bowman Bishaw 
Gorham, 1989) and peak ebb currents at Point Murat are estimated at up to 
2.5 m/s (which effectively maintains the berth depth). 

Waves 

The wave climate at Point Murat is governed by refracted swell from the Indian 
Ocean and locally generated seas. 

Seas generated in the Gulf are of moderate to short wave length, generally 20-
60 m, and 0.5 - 1.5 m in height (Bowman Bishaw Gorham, 1989). Refracted swell 
entering the Gulf from the Indian Ocean are generally of greater wave length but 
occur less frequently. 

The most significant waves impacting upon the Point Murat jetty are generated 
during cyclonic conditions. Steedman (1986) predicted that swell of up to 5 m 
height and 10-12 second period can propagate into the Gulf under such conditions. 
The Point Murat jetty has been designed to withstand cyclonic wave conditions and 
has survived numerous cyclones since construction in 1967. 

Coastal Stability 

Review of aerial photographs and topographic maps produced since construction 
of the Point Murat jetty show that the point is dynamic but in a relatively stable 
equilibrium. 

Refracted swell from the Indian Ocean generates a south-westerly transport 
towards the point which is balanced by the northerly transport along the western 
shore of the Gulf generated by ebbing tides and southerly sea breezes. 
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Whilst the shoreline is relatively stable, the coastal dune system is prograding with 
gradual stabilisation of small beach foredunes. This prograding system is limited by 
the rapid increase in water depth just off the point. 

Marine Habitats 

Nine marine habitats have been described in Exmouth Gulf (Bowman Bishaw 
Gorham, 1989; Le Provost Semeniuk and Chalmer, 1986). 

Only two of these habitats, beaches and sandy sea floor, exist in the vicinity of the 
Point Murat jetty and can therefore be impacted by the project. Neither of these 
habitats are unique or significant. The jetty, however, is used by local dive 
operators (when no shipping operations are being undertaken) to view the 
abundant fish life attracted to the marine growth on the jetty structure. 

Ningaloo Reef and Bundegi Reef 

The Ningaloo Reef is a fringing barrier coral reef enclosing a shallow lagoon on the 
western side of Cape Range peninsula. The nearest point of the reef is some 5 km 
west of the Point Murat jetty near North West Cape. The reef is noted for its 
species rich community, as an important recreational resource and as a primary 
attraction for the tourism industry. The Ningaloo Marine Park was established to 
protect the high conservation values of the reef system and to enhance 
recreational use of the resource compatible with conservation of the environment. 
Bundegi Reef lies 2.5 km to the south of the Point Murat jetty within Exmouth Gulf 
but is encompassed by the Marine Park. 

6.9.3 	Potential Marine Impacts 

The project requires shipment of limestone and quicklime in bulk cargo carriers of 
up to 40,000 DWT capacity. Initial production of 200,000 tpa of limestone will 
require approximately eight shipments per year (ie once per 6 weeks). Ultimate 
production will require approximately 26 shipments per year (ie once per 2 weeks). 

Spillage of Limestone or Quicklime 

Spillage of limestone or quicklime during shiploading operations will be controlled 
by design of the conveying and loading systems. The system will be automated so 
as to shut down immediately any spillage is detected. The loading system for 
quicklime will be fully enclosed. 

Occasional minor limestone spillage is possible but this will have negligible 
environmental impact. The limestone is inert, unprocessed, country rock and will 
settle immediately to the sea floor. The sea floor at Point Murat is bare and sandy. 

If quicklime spillage occurs, it will rapidly form calcium hydroxide. The extent of 
impact would be related to the volume of quicklime released and the rate of 
dispersion but impacts would be temporary and localised. The berth area at Point 
Murat is subject to strong tidal currents which would rapidly dilute and disperse the 
quicklime. 
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Spillage as a result of ship-grounding could potentially occur but would be confined 
in extent. The limestone product would be confined to the point of grounding and 
result only in covering of the local sea floor. The quicklime product would react with 
seawater within the confines of the ship and eventually settle as a slaked lime by-
product at the point of grounding or disperse as a dilute solution. Environmental 
impact as a result of product spillage would therefore be minor. 

Hydrocarbon Spills 

Ships will not be fuelled at Point Murat. The potential for hydrocarbon release is 
therefore confined to either ballasting activities or to a ship grounding. 

The RAN currently operates an oil spill contingency plan covering waters adjacent 
to Point Murat. This plan includes any external users of the jetty. The plan centres 
on prevention of oil reaching reef areas and the use of absorbent material to 
remove excess oil. Ships required for the shipment of limestone and quicklime 
would come under this contingency plan should hydrocarbon release occur whilst 
the Point Murat facilities are in use. 

Ships associated with the project will carry Prevention and Indemnity Insurance to 
cover costs associated with any cleanup and/or salvaging operations in the event 
of hydrocarbon release occurring outside waters under the control of the RAN. The 
proponent will develop its own oil spill contingency plan, to the satisfaction of the 
Department of Environmental Protection, to manage such events. 

Ballast Water 

Ballast water carried on ships from overseas locations and discharged into 
Australian ports has been shown to contain a range of non-indigenous marine 
organisms. Under suitable conditions, these organisms can become established in 
the receiving port and, in some cases, pose a threat to the natural environment, 
human health, fishing, tourism and aquaculture industries. The Australian 
Quarantine and Inspection Service has introduced a set of voluntary guidelines 
aimed at minimising the risk of these introductions. 

The proponent will actively endeavour to promote compliance to these voluntary 
guidelines by all ships associated with the project through a programme of 
education and co-operation with ship owners. 

6.10 Dust and Noise 

6.10.1 Dust 

Dust generated during quarrying and transport operations will be managed by 
water suppression with regular dampening of the mine floor and haul route in 
accordance with the requirements of DOME and the Department of Occupational 
Health Safety & Welfare (DOHSW). It is estimated that water requirements for dust 
suppression will be up to 55 m3/day. Freshwater will be used for all dust 
suppression activities. 

Management of dust emissions from the lime calcination plant is discussed below 
in Section 6.11. Dust generated by vehicle movements within the lime plant site will 
be controlled by regular water dampening. 
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The limestone is not expected to generate any dust during transport to Point Murat. 
Should unacceptable dust levels occur, loads will either be covered or moistened to 
eliminate dust. The quicklime will be protected during transport by the provision of 
dustproof and waterproof covers on the haul trucks. These covers will prevent dust 
emissions during trucking and protect the lump quicklime from ambient hydration. 
Any spillage of limestone or quicklime during transport will be cleaned up 
immediately in accordance with the requirements of DOME and the Shire of 
Exmouth. 

The RAN has advised that dust accumulation on transmission tower insulators 
adjacent to the Point Murat jetty will not be permitted. The proponent has 
undertaken to take whatever action is necessary to ensure such accumulation does 
not occur. Notwithstanding this commitment, dust associated with the storage, 
handling and shiploading of limestone at Point Murat is generally expected to be 
limited to the time of shiploading (ie approximately 30 hours duration, at no more 
than two-weekly intervals). 

The nature of the lump limestone is such that little dust will be generated whilst in 
stockpile. Dust generated during shiploading will be controlled by mist sprays on 
the conveying/loading equipment. These sprays will be sufficient to suppress dust 
but not such that free water will be discharged off the jetty. Water requirements are 
estimated at 10 m3/day. Freshwater will be sourced from the RAN borefield. 

6.10.2 	Noise 

The mine site is located approximately 8 km from the town of Exmouth. The mine 
floor is approximately 40 m below the hills and ridges located between the mine 
and the town. Noise from the mining operation, apart from blasting, will not be 
heard in the town. Blasting will be carried out in daylight hours only with no more 
than a single daily blast sequence. Blasting will occur less frequently as the mine 
develops. 

The Department of Environmental Protection has recently released Draft 6 of the 
proposed Environmental Protection (Noise) Regulations. Until such time as these 
new regulations come into force, all mining, processing and transport operations 
will be undertaken in accordance with the Noise Abatement (Neighbourhood 
Annoyance) Act 1979. Under the Act, noise levels at the closest residences in 
Exmouth should not exceed 30 dB(A) at night and 40 dB(A) during the day, 
Monday to Friday inclusive. These noise levels allow a 5 dB(A) penalty for tonal 
noise emissions. 

Noise associated with the trucking operation is discussed in Section 7.6. In 
summary, noise levels are not expected to be any more significant than currently 
experienced during the operation of trucks through the town. For example, WAPET 
currently operates triple trailer haul trucks through Exmouth when transporting 
equipment and supplies to the Point Murat jetty. These operations have not caused 
inconvenience to the town or local residents. 

Advice from Main Roads Western Australia (pers. comm. M. Limb 1995) indicates 
that obtrusive truck noise is normally associated with either rapid acceleration, 
stopping or hauling on steep grades. The nature of Murat Road through Exmouth is 
such that none of these operations will be required. 

No residences are located near the port facilities and public access to the area is 
prohibited. Accordingly, noise emissions from the port storage and handling 
operations are not expected to be of concern but will still comply with the Noise 
Abatement (Neighbourhood Annoyance) Act. 
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6.11 Atmospheric Emissions from the Calcination Plant 

The quicklime process produces waste gas in which the primary calcination 
constituent is dust and carbon dioxide. The composition of the combustion by-
products are detailed in Section 5.8. As with all combustion processes, nitric oxide 
and nitrogen dioxide are produced, although use of natural gas reduces the 
emission of these by-products as compared to use of alternative fuels. Other 
products of combustion are water vapour, which may cause a visible plume of 
steam as it condenses, carbon dioxide and sulphur dioxide. All emissions from the 
calcination plant will be passed through bag filters and then vented through the two 
exhaust stacks. The maximum flow rate of the stacks is expected to be 
approximately 42,200 m3/hour/stack. 

6.11.1 Dust 

Bag filters installed on the exhaust stream from the kilns and on all transfer and 
storage systems will ensure that the maximum level of dust emissions does not 
exceed 100 mg/rn3  (at 0°C and 1 Atmosphere). This is 40% of national guidelines 
for the control of emissions of particulate air pollutants from new stationary sources 
(Australian Environment Council and National Health and Medical Research 
Council, 1985). The plant will be designed to minimise dust emissions and actual 
levels are expected to be significantly less than 100 mg/rn3. Dust emissions will not 
be visible under normal operating conditions. 

The loadout bin at the plant site and the storage shed at Point Murat will be fully 
enclosed and fitted with dust ventilation systems. All operators working in the 
vicinity or within these facilities will be provided with protective clothing, goggles 
and respiratory equipment in accordance with the requirements of DOME and 
DOSHW. Mobile plant operating within the storage shed will be fully sealed and 
airconditioned. Conveyors transporting lime within the plant site and at Point Murat 
will be enclosed and equipped with dust extraction systems at belt transfer 
locations. The use of low drop-height feed conveyors will be used wherever 
possible. 

The procedures described above should ensure that dust generated during 
operations will not increase ambient levels of suspended particulates outside the 
plant area beyond the limits recommended by the EPA (1992). 

All dust collected in ventilation and exhaust system bag filters will be taken off-site 
and disposed of in accordance with the requirements of the Shire of Exmouth. 

6.11.2 Other Atmospheric Emissions 

The other major atmospheric emissions will primarily comprise nitrogen oxides 
(NOj, sulphur dioxide, carbon dioxide and water vapour. 

The concentration of nitrogen oxides in the emission from the lime plant will be less 
than 500 mg/rn3. This is within national guidelines for the control of emission of 
oxides of nitrogen (Australian Environment Council/National Health and Medical 
Research Council, 1985). The use of natural gas as the calcination heat source will 
ensure that sulphur dioxide emissions are very low (less than 4 mg/rn3). 
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Carbon dioxide emissions from the plant will total around 200,00 tpa, less than 
0.7% of the carbon dioxide emitted from Western Australia (SECWA, 1990) and 
less than 0.15% of the current national production of carbon dioxide from fossil fuel 
combustion. Approximately 80% of the carbon dioxide is generated in the 
calcination process, where there is no opportunity to minimise CO2  generation. The 
remaining CO2  emissions originate from the combustion of natural gas. Use of 
natural gas generates less carbon dioxide as compared to alternative fuel sources. 

The emission of water vapour will result in the occasional formation of a visible 
vapour plume under certain meteorological conditions. 

6.12 Management of By-products and Wastes 

6.12.1 Solid By-products and Wastes 

The limestone operation will not produce any solid wastes, however, by-product 
-40 mm limestone will be generated from the crushing operation. It is estimated 
that up to 35% of mined limestone will be -40 mm stone. 

Pending definition of possible markets for use of this high quality by-product, this 
limestone will be stockpiled on-site and used where possible to establish project 
infrastructure (ie plant, haul route and stockpile foundations) and regional 
infrastructure (ie road base, concrete production, etc). Excess material will be used 
in the progressive rehabilitation of the mine including the re-establishment of 
watercourses and habitats modified during mining activities. 

The quicklime operation does not produce any solid wastes except for lime dust 
collected in the dust control bag filters on the kilns, conveying systems and storage 
bins. This dust will be transported off-site and disposed of in landfill in accordance 
with the requirements of the Shire of Exmouth. 

6.12.2 Liquid Wastes and Wastewater 

The mining, quicklime calcination, transport and port operations will not produce 
any process liquid wastes. Wastewater arising from truck and plant washdown 
activities will be contained within designated sealed and bunded areas. 
Wastewater from ablution and sanitary sources, together with any drainage from 
washdown activities, will be collected and transported off-site for disposal. 

Oil traps and impermeable bunding will be used to contain any spills or leakage of 
fuels, oils, lubricants or other chemicals stored either at the mine site or at Point 
Murat. Spillages, trap sludges, spent containers, waste lubricants and the like will 
be recycled or disposed of in accordance with the requirements of the Shire of 
Exmouth and WAWA. 
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6.13 Rehabilitation and Decommissioning 

6.13.1 Objectives 

The major objectives of the rehabilitation programme will be to: 

restore the environmental value of any disturbed areas which are not 
required to remain cleared for operational purposes so that they 
complement adjacent undisturbed areas. This will be achieved by 
establishing a cover of vegetation that is as representative of the 
indigenous vegetation as practicable; and 

ensure public safety through meeting the requirements of DOME. 

Progressive rehabilitation will be an integral part of site works and a major 
component of the development of the mine from its earliest stages. It is envisaged 
that no more than 5 ha of the mining area will be in operation at any time with 
rehabilitation of mined areas proceeding on an ongoing basis so as to reduce 
topsoil and seed deterioration in stockpile. 

6.13.2 	General Principles of Rehabilitation 

In general terms, the following principles will apply to rehabilitation activities: 

- 	a "minimum disturbance" policy will be followed in all stages of 
construction and operation; 

- 	in areas to be disturbed, vegetation clearing will be followed by stripping 
and stockpiling of topsoil and root material; 

as a component of rehabilitation, firstly topsoil and then vegetation debris 
will be respread over the ground surface. Where soil compaction has 
occurred, such as on access tracks and stockpile areas, the ground will 
be ripped after topsoil placement and before vegetation debris is 
replaced; 

- 	limited blasting of the mine floor will be considered to enhance moisture 
penetration into the subsoil after mining; and 

- 	where seeding is deemed necessary, seed of local native species will be 
used. 

The following sections detail the various components of the proposed rehabilitation 
programme. 

Vegetation Clearing 

Every opportunity will be taken to utilise the vegetative material in areas to be 
cleared as a source of seed for propagation and brush for mulch. The vegetation 
removed will be stockpiled in heaps for future re-use. 
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TopsoiliSubsoil Stripping and Storage 

Retention of topsoil is critical to successful revegetation. The topsoil is of major 
value for its nutrient content, water holding capacity, structural properties and the 
seed and vegetative material it contains. 

Topsoil freshness is a factor of both age (storage) and handling methods. The 
following safeguards will be followed during topsoil handling to ensure its value is 
preserved: 

- 	topsoil depth varies over the mine site but, where available, topsoil will be 
removed to a depth of approximately 150 mm; 

- 	where possible, the topsoil will be stripped in two layers, the first 
containing the majority of seed material, the second containing underlying 
topsoil. These materials will be stockpiled separately; 

- 	stockpiling of topsoil will be established on cleared ground where further 
disturbance is unlikely; and 

- 	stockpile heights will be low to reduce microbial and seed deterioration. 

Subsoil stockpiles will be kept separate from topsoil stockpiles. However, since 
subsoil does not have the same structural, nutrient or microbial qualities as topsoil, 
stockpiles will be larger. 

Landform Modification 

The mining operation will proceed westwards from an elevation of approximately 
50 m AHD at a grade of around 1:100. The faces of the excavated area will 
comprise a series of benches of around 10 m height. 

The landform within the mining area will be substantially changed from that 
presently existing. However, limestone by-product from the mining operation (le - 
40 mm material) will be available for battering of faces, reinstatement of drainage 
lines and provision of permeable subsoil layering. 

At the completion of mining operations, the final mining face will be re-shaped, as 
far as practical, to follow the existing landforms. 

Ripping and Blasting 

Deep ripping will be undertaken prior to revegetation of compacted access tracks 
and stockpile areas. Ripping will follow respreading of the subsoil and topsoil to 
relieve compaction for improved root penetration, infiltration and erosion control 
and to provide a key between topsoil, subsoil and the underlying compacted layers. 

Consideration will be given to limited blasting of the mine floor prior to revegetation 
so as to enhance moisture penetration into the subsoil and thereby allow re-
establishment of larger trees. 

je\reports\e3787\text6-8.per 	 Halpern G lick Mau nsell 74 



Soil Return and Mulching 

Topsoil will be spread to the maximum depth possible with the material available. 

Where vegetation has been saved, light brush may be incorporated into the topsoil 
layer as it is spread to assist as a binder and a source of organic matter and seed. 
Alternatively, vegetation will be scattered over the surface following completion of 
topsoiling. 

Vegetation Establishment 

The preferred method of vegetation establishment is to use the natural seed bank 
present in the topsoil. Careful management of topsoil stockpiles should ensure 
seed viability in storage, however, it is recognised that some supplementary 
seeding and watering may be required. Based on the results of monitoring, if 
required, local seed will be collected and germinated to supplement the vegetation 
that will regenerate naturally on the site. The species mix will be determined by the 
species composition of the vegetation naturally occurring in the area. 

Monitoring 

Rehabilitation areas will be monitored for any necessary follow-up work required to 
protect and sustain the developing vegetation. Monitoring will continue until such 
time as the vegetation is shown to be established and self sustaining. 

Visual inspections of areas under rehabilitation will be conducted and should 
significant erosion be identified, remedial action will be taken. This may include: 

erosion gullies being repaired by filling with soil and regrading; 
seeding and planting of repaired areas; and 
modifying slopes to reduce the potential for scour. 

The success of revegetation will be monitored annually. Permanent monitoring 
plots will be established on landforms undergoing revegetation and these will be 
monitored for: 

- 	plant density; 
- 	species diversity; 
- 	plant growth (height, percentage cover); 
- 	plant deaths; 
- 	regeneration; 
- 	insect attack and disease; and 
- 	weed infestation. 

A photographic record of each plot will also be maintained. 

6.13.3 Mine Management Plan 

Prior to construction activities commencing, a detailed Mine Management Plan will 
be developed and submitted to the DEP for approval. This will fully detail the mine 
operational procedures, the rehabilitation programme and the procedures proposed 
for decommissioning of the operation. 
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7.0 	Potential Social Impacts and Their 
Management 

7.1 Introduction 

This section discusses the key social issues relating to development of the mine 
and lime production plant, transport of product to the port and storage, handling 
and shipping operations at the port. The potential impacts are identified and the 
proposed management of these impacts discussed. 

7.2 	Regional Setting 

The town of Exmouth was gazetted in 1963 as a support town for the Naval 
Communications Station established by the US Navy. The town is located on the 
north-eastern side of North West Cape, 1,270 km north of Perth and 374 km from 
Carnarvon. The Minilya-Exmouth (Murat) Road links Exmouth with the North West 
Coastal Highway. The nearby town of Learmonth supports a small population 
serving the local fishing industry, the Learmonth airport, the RAAF Base and 
associated defence facilities. 

Exmouth is an unusual town in that it was established for a single purpose - 
operation of the Naval Communications Station. As a consequence, the town's 
population has been very stable with a high proportion of residents in permanent 
employment (generally up to around 60% of the total population being in the 
workforce, with over half employed at the Communications Station up until the late 
1980s). 

The withdrawal of the US Navy in 1993 has seen a rapid decrease in employment 
at the Communications Station but the region has endeavoured to generate other 
commercial opportunities with some success. This project is viewed as an 
opportunity to further strengthen and diversify the industry base of Exmouth. 

7.2.1 Population 

The population of Exmouth has been relatively stable for some 20 years with the 
estimated resident population (ERP) rising from 2,230 in 1976 to 2,592 in 1989 
(DPUD, 1992). The current population is estimated at 2,500 (pers. comm. 
K. Graham, Shire of Exmouth, 1995). 

The Exmouth population has a number of unusual characteristics (DPUD, 1992): 

the largest population age group is between 20 and 44 years (principally 
reflecting the type of employment available in the defence, fishing and 
public service sectors); 

a relatively small proportion of people in the 15-19 year and the 5-14 year 
age groups (because of a lack of youth employment opportunities and 
limited educational facilities); and 

a very small number of residents of Aboriginal descent (only 19 persons at 
the 1991 census). This reflects the modern origins of Exmouth. 
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The composition of the population has changed in recent years with the withdrawal 
of the US Navy from the Naval Communications Station in 1993. Although the US 
component of the population made an important social contribution to the 
community, the direct economic contribution was not as significant. 

The short term population of Exmouth fluctuates significantly in response to the 
seasonal nature of the tourist and fishing industries. For example, the 1986 census 
figures taken during school holidays showed an 80% short term increase in the 
town's population (ie 1,938 visitors). This variability in population requires a large 
variety of short term accommodation facilities and also requires flexibility and 
excess capacity in basic infrastructure. 

Population projections for the Shire of Exmouth indicate a resident population of 
approximately 3,000-3,100 by the year 2001 (DPUD, 1992). This represents an 
anticipated growth rate of 1 .8% per annum. The Shire of Exmouth has indicated 
that a total population of around 5,000 would have significant benefits for the town 
in respect of infrastructure development and maintenance. Such growth in 
population can only be supported by development of a range of new industries in 
the region. 

7.2.2 Industry and Employment 

The major employment sectors in Exmouth are the defence, public administration, 
tourism and commercial fishing industries. The 1991 Australian Bureau of Statistics 
(ABS) census showed a total of 1,522 persons in the labour force with 139 persons 
unemployed. 

Employment by industry has shifted significantly over the last decade. Table 7.1 
presents proportional employment data recorded in the 1986 and 1991 censuses 
respectively. This table shows that public administration and defence is the largest 
employment sector with the next most significant being community services, 
agriculture/fishing and wholesale and retail trade. 

Table 7.1 
Proportional Employment by Industry 
(Source: ABS 1991, DPUD 1992) 

1986 Census 1991 Census 

Agriculture, Forestry, Fishing 5.5% 10.6% 
Mining 0.1% 0.8% 
Manufacturing 4.2% 2.8% 
Electricity, Gas, Water 1 .9% 1 .8% 
Construction 3.6% 3.7% 
Wholesale and Retail Trade 7.4% 9.7% 
Transport and Storage 2.5% 3.5% 
Communications 1.3% 2.3% 
Finance, Property and Business Services 2.2% 2.8% 
Public Administration and Defence 55.7% 31 .1% 
Community Services 7.9% 11.2% 
Recreation, Personal and Other Services 6.7% 8.9% 
Not stated/not classifiable 1 .0% 10.8 % 

Total 1 	100% 100% 
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Although current figures are not available, the defence sector is a less dominant, 
but still significant, employer since the withdrawal of the US Navy in 1993. The 
tourism industry has generated a larger and broader base of employment since 
1991 through a range of service sectors. 

Defence 

The two major defence installations in the region are the Naval Communications 
Station located north of Exmouth and the RAAF base at Lea rmonth, located south 
of Exmouth. 

The Naval Communications Station still contributes significantly to the local 
economy even though its operations have been scaled back since 1993. Personnel 
levels at the Station in 1991 included 400 US Navy personnel, 50 RAN personnel 
and 166 Australian civilians (DPUD, 1992). Current employment at the Station •  
totals around 200, comprising approximately 30 RAN personnel and 169 contract 
personnel working with Australian Defence Industries. 

Tourism 

Exmouth serves as the centre for tourism in the North West Cape region, providing 
a base for the diverse tourist activities possible in the area. The climatic conditions, 
especially the mild winter months of April through to October, make Exmouth a 
popular destination. Tourism is having an increasing role in the economic vitality of 
Exmouth, and is considered a major source of future growth potential. 

The major recreational and tourist attractions of the area are: 

Cape Range National Park - the park encompasses approximately 
50,000 ha and extends over a distance of 52 km along the western side of 
the peninsula, from south of Yardie Creek to Tantabiddi Creek. The park 
includes a large portion of the spectacular Cape Range and fronts the 
Ningaloo Marine Park on the western side of the Cape. 

Ningaloo Marine Park - the park extends for 260 km along the coast from 
Bundegi Reef (north of Exmouth), around the North West Cape and south 
to Amherst Point. The park was proclaimed in 1987 and is managed by 
CALM for conservation and recreation. The Ningaloo Reef boasts some 
460 species of fish and 180 species of coral. The reef's significant 
recreational attribute is its proximity to the coast (only 50 m in some 
places). 

Fishing - charter boats operate out of Exmouth for all forms of recreational 
fishing. Beach and small boat fishing is also very popular. More fishing 
records are held in Exmouth than in any other Australian location. 

Tourist numbers to the region have increased significantly over the last decade. 
Visitor numbers recorded by the Exmouth Tourist Bureau have increased from 
90,195 in 1990 to 111,177 in 1993. A survey of tourists undertaken by Dowling 
(1992) indicated that the main attractions of Exmouth were the pleasant climate, 
the gorges, the beaches and the fishing. The focus on Ningaloo Reef has 
increased since this survey was undertaken (eg whale shark tours, night diving, 
etc). 
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Commercial Fishing 

The commercial fishing industry has been long established at Exmouth and makes 
an important contribution to the local economy. 

The prawn fishing industry has developed into the second largest operation in the 
State since its inception in 1963. A fleet of up to 20 prawn trawlers operates in 
Exmouth Gulf, annually exporting up to 1,500 tonnes of prawns (Martinick & 
Associates, 1992). The industry uses Learmonth as its processing and servicing 
base and employs some 120 people. 

The fishery is at maximum capacity. A limited number of boats operate trap and/or 
line fishing from Exmouth although the Department of Fisheries has made this a 
restricted entry fishery. Beach seine fishing is also undertaken in the Gulf and three 
pearling leases are established. 

7.2.3 Community Values 

The Exmouth community is dynamic with a strong interest in future development 
proposals which may impact on employment opportunities but also the intrinsic 
environmental and lifestyle attractions of the region. 

Various workshops, seminars and studies have been undertaken in recent years to 
ensure that future developments proceed in a manner compatible with the regional 
environment. These forums indicate that regional development is supported on the 
basis of appropriate environmental management but that development on the east 
coast of the range (ie fronting Exmouth Gulf), near existing infrastructure, is 
preferred. There is a low level of local support for more parks and reserves in the 
region except for protection of specific features (eg Yardie Creek). Extension of the 
Cape Range National Park to the north has little local support (DPUD, 1992). 

7.3 	Economic Impacts of the Project 

Defence, public administration, tourism and commercial fishing are the major 
contributors to the Exmouth economy with the prospect of increased economic 
benefit arising from the expanding oil and gas industry and from locally based 
industrial, educational and resource developments (including this project). 

At its ultimate production capacity, the limestone/quicklime project will be one of 
Exmouths significant employers. Up to 40 people will be directly employed with 
substantial indirect local employment generated with service providers, including 
WAWA, Western Power, local fuel suppliers and maintenance facilities, retailers 
etc. 

The project will have a direct economic impact on the town through payment of 
rates and taxes, purchase of supplies, contracting of servicing support and 
contributions towards the maintenance of Murat Road and other infrastructure. 
Project construction will also have a significant short term economic impact on the 
town with up to 150 construction personnel required at various stages of 
development. The RAN will also benefit from the fees and charges payable for use 
of the Point Murat jetty and associated storage areas. 

The operational workforce will be based in Exmouth. Existing town infrastructure 
will be sufficient to support the workforce with expansions developed as necessary 
for housing. The existing Learmonth airport and road access to Exmouth are 
excellent. The school, hospital and shops are of a high standard and many sporting 

je\reports\e3787\text7.per 	 Halpern G lick Maunsell 79 



facilities are available. Existing supplies of fuel, electricity and water can be readily 
supplemented as necessary to meet the project's need. Gas required for the lime 
calcination plant will be obtained directly from the operators of production projects 
in the region: 

The ultimate turnover will be approximately $12 million per annum for the 
limestone operation and $8 million per annum for the quicklime operation 
(excluding shipping activities). The majority of the operating expenditure will be 
committed locally. 

7.4 	Impacts on Future Land Use and Infrastructure 

Management of potential impacts on existing and future land use and infrastructure 
have been described below within the three principal areas of activity. 

7.4.1 Mining Area and Haul Route 

The mine site and haul route to Murat Road lie on vacant Crown Land now 
encompassed by the mining tenements held (or applied for) by the proponent. The 
area is overlain by the Temporary Reserve for Limestone TR5980H and the 
Exmouth Water Reserve. 

The mine area is not utilised except for mineral exploration by the proponent. 

Land use existing or proposed along, or adjacent to, the haul route corridor includes: 

- 	a number of water bores installed by WAWA and proposed for future 
connection to the Exmouth Town Water Supply; 

- 	Western Power's 33 kV powerline to Learmonth; 

- 	Shire of Exmouth landfill refuse site; and 

- 	the proposed rock quarry for the Exmouth Boat Harbour. 

The mine design and management commitments outlined in Section 6.4 will protect 
the underlying groundwater from possible contamination. Borefield equipment and 
infrastructure will be protected by provision of appropriate signage and buffers from 
mining and trucking activities. The proponent will adhere to the conditions placed 
on grant of the tenement (refer Appendix 2). 

Dust control measures outlined in Section 6.9 will ensure that dust does not collect 
on Western Power's transmission line insulators. If necessary, those insulators 
immediately adjacent to the haul road will be occasionally cleaned with water 
sprays. 

No impacts are envisaged upon the operation of the Exmouth landfill site or the 
rehabilitation of the boat harbour rock quarry. 

7.4.2 Transport Corridor to Point Murat 

The transport corridor runs for 22 km along Murat Road from approximately 8 km 
south of Exmouth (near the Mowbowra Creek floodway) through to the Point Murat 
jetty. 
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The principal existing land uses along this corridor include: 

the town of Exmouth (including the racecourse, light industrial area, short 
term accommodation facilities, recreation facilities, commercial premises 
and some residences at the northern end of the town); 

the Naval Communications Station; and 

the VLF communications towers near Point Murat. 

Proposed future land use along the transport corridor includes development of the 
Exmouth Boat Harbour, associated long term expansions of the Exmouth townsite 
to the south of the light industrial area, and possible development of additional 
infrastructure along Murat Road in the existing town (such as a high school, tourist 
facilities, etc). 

The potential impacts of the proposed transportation activities on existing land 
users are discussed in Section 7.6. These impacts are primarily related to traffic 
safety, noise and dust and can be effectively managed within the existing layout of 
the town and Murat Road. 

Management of the trucking activities within the context of possible future land use 
cannot be addressed at this stage as the structure and timing of future 
development south of Exmouth are still indeterminate. The trucking activities will 
not impact on the Exmouth Boat Harbour as currently proposed and can be 
managed to alleviate any potential impacts on future infrastructure developed along 
Murat Road within the existing townsite. 

The major advantage of road transport is its flexibility. Accordingly, the 
transportation activities can be modified in the future to take account of any major 
new developments should they proceed. Similarly, such developments can be 
planned to accommodate the trucking requirements of this, and other, projects 
currently operating or proposed in the area. It is important to note that regular truck 
movements already pass through Exmouth to accommodate the needs of the town 
and the oil and gas industry currently utilising the Point Murat jetty. 

No impacts are envisaged upon the Naval Communications Station or the VLF 
towers. The proponent recognises the particular concerns of the RAN in respect of 
possible dust accumulation on insulators mounted on the VLF towers. This issue is 
addressed in Section 6.10. 

7.4.3 	Port Activities 

Land use at Point Murat currently includes: 

unloading and storage of fuel oil supplies for the RAN; 
loading/unloading of supplies for oil and gas exploration; and 
recreational use including fishing, diving and swimming. 

Future land use proposed at Point Murat is currently being reviewed by the RAN 
but will primarily be restricted to industrial use. The RAN has called for Expressions 
of Interest from private industry to purchase and/or operate the jetty for both its 
current uses and possible future uses. This would include the loading of limestone 
and quicklime for this project but could also see expanded use by the oil and gas 
industry. 

The RAN, the Shire of Exmouth and CALM are negotiating the handover of a large 
tract of coastal frontage (from North West Cape around to Bundegi Reef) from RAN 
control to joint Shire/CALM management. This proposal has yet to be finalised but, 
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in any event, the RAN proposes to close off the Point Murat area from public 
access. 

The port storage and handling activities associated with the limestone/quicklime 
operation will not impact on any current or proposed land use at Point Murat. The 
facilities have been located entirely within the area to be retained by the RAN and 
will thereby be subject to restricted public access. The proposed storage area is 
not subject to either existing or future use or conservation. 

	

7.5 	Visual Impacts 

Potential alteration of the visual landscape from the coastal plain towards the flanks 
of Cape Range as a result of the project is a significant concern of the local 
community and has been raised as a fundamental issue by the Shire of Exmouth, 
the Gascoyne Development Commission and the Select Committee on Cape 
Range National Park and Ningaloo Marine Park. 

The mining tenement, and the quarrying activities within the tenement, have been 
carefully located behind the foothills of the range so that the operation will not be 
visible from the town or Murat Road. The quicklime calcination plant to be located 
on the mine floor will also be concealed from view. Figure 7.1 plots sight line 
sections looking towards the mining area from Murat Road and Exmouth and 
demonstrates that the operations will be concealed from view. 

The haul road is to be located on the floor of Stoney Creek from the mine site 
through to the coastal plain. This road, and the trucks operating on it, will not be 
visible from Murat Road except where the trucks cross the coastal plain. The visual 
impact of the haul trucks operating on Murat Road will not be significant. 

Potential visual impacts at Point Murat will not be significant. The port storage 
facilities located adjacent to the Point Murat jetty will occupy an area of up to 5 ha 
with the stockpile/storage shed being approximately 20 m high. These facilities will 
alter the visual landscape at Point Murat, however, this area is already a semi-
industrial landscape with the facilities located adjacent to the RAN's oil storage 
tanks, VLF (very low frequency) transmission towers, power station and the jetty. 

	

7.6 	Transportation Impacts 

Conventional road haulage trucks will be used to transport limestone and quicklime 
from the mine site to the Point Murat jetty. No more than four trucks will operate at 
any time. 

The haul trucks will enter Murat Road at a point just south of the Mowbowra Creek 
floodway and then travel to the Point Murat jetty on existing sealed roads. For the 
most part Murat Road is a public road except near the Point Murat jetty and the 
VLF communication towers where the road is owned by the Commonwealth. 

The bulk of the route is on open road with good visibility. The principal area of 
possible traffic conflict will be the 1.8 km of road through Exmouth, where it is 
fronted by light industrial and commercial premises and short term accommodation 
facilities. There is also the potential for conflict, albeit smaller, with existing traffic 
on the open road either side of Exmouth. 

je\reports\e3787\text7.per 	 Halpern Glick Maunsell 82 



ELEVATION 

(mAHD) 

150 

Extent of mining afte 
20 years production 

C 

LOOKING SW FROM EXMOUTH 

ELEVATION 

(mAHD) 

100- 	 of 

Extent of mining afte 
20 years production 

LOOKING W FROM MURAT ROAD 

SCALES 	 SIGHT ELEVATIONS 
Vertical 1:5000 	 LOOKING TOWARDS THE MINING AREA 
Horizontal 1:50000 

VerticalexaggerationlO:l 	 Figure 7.1 



Given due consideration of the current usage of Murat Road and the large 
percentage of tourist traffic, the proposed trucking frequency is considered 
manageable without excessive impact on the Exmouth community (both local and 
visitor). The proponent will adopt a range of measures to minimise potential 
impacts of the operation. These are summarised below. 

Safety 

The most significant potential impact associated with the trucking operation will be 
related to safety, both of other road users and pedestrians. The alignment of Murat 
Road, however, is advantageous in that there are only a limited number of areas of 
potential conflict. These are located at: 

- 	point of entry onto Murat Road from the mine; 
- 	principal intersections in Exmouth; 
- 	entry to the Naval Communications Station; and 
- 	Milyering turn-off, some 10 km north of Exmouth. 

The proponent will consult with the Shire of Exmouth, MRWA and the RAN to 
ensure that procedures are put in place to ensure traffic safety. Such procedures 
would be expected to include: 

- 	construction of acceleration and deceleration lanes where the mine haul 
road joins Murat Road; 

- 	appropriate signage advising the public that the mine haul road is a private 
road subject to use by heavy vehicles and that regular trucking movements 
can be expected; 

- 	ensuring trucks adhere to all road rules, including observation of all speed 
restrictions; 

- 	ensuring trucks maintain regular separation distances to ensure that other 
road users are not inconvenienced; 

- 	widening of Murat Road at key intersections in Exmouth, installing turning 
lanes at these intersections, installing islands and signage as necessary to 
improve traffic and pedestrian safety, etc; 

- 	ensuring regular maintenance of Murat Road; and 

- 	appropriate signage at both the Naval Communications Station and the 
Milyering turn-off advising the public of the presence of heavy vehicles. 

Noise 

Murat Road effectively by-passes most of the commercial and residential sections 
of Exmouth. The road is flat and has no intersections requiring trucks to stop. The 
speed limit is 60 km/hr. The nature of the road is such that trucks will pass through 
with a steady dece leration/a ccele ration profile with limited need for gear changing. 
Noise from the operation is therefore not expected to be any more significant than 
that generated by existing traffic movements on Murat Road (pers. comm. M. Limb, 
MRWA 1995). Regular, but less frequent, heavy haulage truck movements already 
pass along Murat Road to service the town and existing users of the Point Murat 
jetty. No noise problems have been encountered despite initial concerns expressed 
by sections of the local community. 
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Dust and Spillage 

Covering of trucks to prevent dust emissions is not proposed for the limestone 
operation since the stone will be transported in lump form with no fines and 
negligible dust. If unacceptable dust levels do occur, options such as covering of 
the load or increasing the moisture content of the load will be implemented in 
consultation with the Shire of Exmouth and the RAN. 

The quicklime will be protected with dust and waterproof covers during all trucking 
operations. This will prevent any dust emissions. 

Any spillage of limestone or quicklime will be the responsibility of the proponent to 
clean up. Procedures will be put in place for the immediate removal of such 
spillage. In the case of lump lime, where contact with skin or eyes is harmful, 
special safety procedures will be established to ensure any spillages are contained 

- - 	and cleaned without risk to the public or operators. 

7.7 	Occupational Health 

The health of the workforce could potentially be impacted by a number of sources. 
Dust and noise emissions will be controlled and managed in accordance with 
DOME and DOHSW regulations (refer Section 6.10). 

The VLF transmission towers could possibly pose an electromagnetic radiation risk 
to personnel based at Point Murat, however, the storage and shiploading area is 
considered to be sufficiently distant from the towers so as not to be affected. Naval 
Communications Station staff have worked at the facility for many years without 
any ill effects. In any case, operations at Point Murat will mainly be limited to the 
time of shiploading. 

7.8 	Heritage Considerations 

7.8.1 	Aboriginal Heritage 

Archaeological Survey 

An intensive archaeological survey of the mining area, transport corridor and port 
storage area at Point Murat was undertaken by McDonald Hales & Associates 
(1995). The survey consisted of systematic foot traverses over all landform types. 
The results of the survey are summarised below. 

Mining Area and Haul Route 

The mining area was arbitrarily divided into three zones; ridge tops, valley floors 
and rocky gullies. The survey inspected each unit enabling an assessment of site 
patterning through the area with approximately 40% of the mining area subject to 
detailed investigation. Detailed survey was also undertaken along the course of 
Stoney Creek since development of the haul route in the creek will inevitably cause 
disturbance. The creek was also a particular survey target as the presence of 
overhangs and rock shelters were considered as likely sources of archaeological 
material. 
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The following archaeological material was located within, or adjacent to, the 
proposed mining area and haul route: 

two small scatters (containing 4 and 6 artefacts respectively) on flat ridge 
tops; 

one isolated artefact located on a ridge top; and 

two rock shelters, each containing an isolated artefact, located in side 
gullies alongside Stoney Creek. An additional seven shelters inspected 
along the haul route did not yield any evidence of past Aboriginal use. 

The finds identified within the mining area were all located near the boundaries of 
the tenement such that it is unlikely that they would be disturbed by mining 
activities (Figure 7.2). Similarly, the material located adjacent to the haul route is 
sited well above the creek bed level and therefore will not be disturbed during 
construction or trucking operations. 

In any event, the two small artefact scatters and the isolated artefact located within 
the mining area were adjudged to have a low level of significance and 
consequently no further investigation is considered necessary. The scatters 
demonstrate opportunistic usage of the area and it is likely that finds of a similar 
nature will be found throughout the near coastal portion of Cape Range. No case 
for their permanent preservation can be sustained (McDonald Hales & Associates, 
1995). However, prior to any development proceeding, permission to disturb these 
sites will be sought under Section 18 of the Aboriginal Heritage Act (1972-1980). 

As demonstrated by excavations undertaken on the western margin of Cape 
Range, rock shelters have the potential to support further investigation. In this 
case, however, the complete absence of any stronger indications of Aboriginal 
occupation suggest that test-pitting of these particular shelters may well be 
fruitless. As a consequence, a case for the permanent preservation of these sites is 
difficult to support (McDonald Hales & Associates, 1995). Given the extremely 
limited nature of these finds, and the fact they are outside the proposed 
development corridor, an application to disturb these sites under Section 18 of the 
Aboriginal Heritage Act (1972-1980) is not necessary. 

Members of the Aboriginal community involved in the survey did not express any 
particular concerns over any of the archaeological material located within the 
proposed mining envelope or haul route corridor. They were of the opinion that the 
area would have been used for hunting forays and other short term visits rather 
than long term camping. Whilst the Aboriginal consultants expressed a general 
desire for the archaeological sites to be preserved, if this was not practicable within 
the current development proposal, they were not particularly concerned (McDonald 
Hales & Associates, 1995). 

Point Murat Storage Area 

As the proposed port storage area had not been confirmed at the time of the 
archaeological survey, two near coastal areas were examined, one to the south 
and the other to the north of the Point Murat jetty access road. In each case an 
area of approximately 1,000 m x 500 m was subject to systematic foot traverse. A 
high degree of coverage was achieved, estimated to be 50% of the total area. 
Particular emphasis was placed on examination of the coastal dunes due to the 
potential for skeletal material to occur. 

Artefactual/midden material was located within the coastal dunes both south and 
north of the Point Murat jetty (see Figure 7.2): 
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two clusters (containing 6 and 1,000 artefacts respectively) were located 
south of the jetty adjacent to the proposed southern storage area option; 
and 

two clusters (containing 4 and 6 artefacts respectively) were located along 
the coastline north of the jetty but some distance from the proposed 
northern storage area option. 

The Point Murat south sites, particularly the larger site, were accorded a high 
degree of archaeological significance owing to the quantity and diversity of cultural 
material they encompassed. The material appears to represent more long term 
occupation of the area and also provides both direct and indirect evidence for 
environmental change. Sites along the beachfront to the north of Point Murat are 
much less dense in terms of both lithic and marine gastropod components and are 
accorded a lower level of significance as a result. 

Since development of a storage area at Point Murat is an essential component of 
the project, the northern storage option is preferred on the basis of the 
archaeological finds detailed above. This option has been located to avoid 
disturbance of the archaeological sites identified in this survey (refer Figure 5.6) 
and to minimise the potential for future impact by avoiding the primary dune system 
which is most prospective for skeletal remains. 

Whilst no archaeological/midden material was located within the boundaries of the 
northern option it is highly probable that midden material associated with MN#2 
may exist beneath the present ground surface. As a consequence, the proponent 
will apply for permission to disturb this site under Section 18 of the Aboriginal 
Heritage Act (1 972-1 980). Since there exists the potential for additional 
archaeological material to be uncovered during construction, the proponent will 
undertake to fully brief construction crews as to their responsibilities under the 
Aboriginal Heritage Act (1972-1980) prior to commencement of site works. 

Ethnographic Survey 

Ethno-historical Background 

The project area falls within the area traditionally associated with the Jinigudira 
socio-dialectical group. However, demographic shifts and historic circumstances 
have led to the extinguishment of this group. European colonisation meant that 
many of the Jinigudira people moved, either voluntarily or under duress, to 
population centres such as Carnarvon or Onslow. Today no one identifies as 
Jinigudira. The Thalandji socio-dialectical group from the Onslow area, the 
Bafjungu socio-dialectical group from the Minilya area and the Mandi socio-
dialectical group from the Carnarvon area seem to be the dominant groups in 
cultural matters. Custodianship of Jinigudira traditions seems to have fallen under 
the jurisdiction of Baf/ungu, Mandi and/or Thalandji elders. In contemporary 
ethnographic terms the cultural traditions of Jinigudira, Baungu, Mandi and 
Thalandji seem to have been amalgamated under the generic banner of Yamatji. 

The contemporary Aboriginal populations of Carnarvon and Onslow know the 
people who once occupied the Exmouth area as "the Emu mob" and consider them 
to be a separate and distinct people (Wright et al 1993). The exact fate of the 
Jinigudira is not known. The Aboriginal population of the Exmouth area was 
severely affected by diseases such as influenza. These epidemics were due to 
contact with European mariners and had lethal consequences for coastal 
Aboriginal people. It is possible then that disease caused the extinction of the 
Jinigudira. 
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Aboriginal Spokespersons 

Contact was made with the Heritage and Culture Branch of the Aboriginal Affairs 
Department (AAD) in an attempt to ascertain the identity of the appropriate 
Aboriginal spokespersons for the Exmouth/North West Cape region. 
McDonald Hales & Associates were directed to the Port Hedland office of AAD for 
further information. Staff at the Port Hedland office recommended that the 
Thalandji Aboriginal Corporation be contacted with regard to providing the identity 
of Aboriginal people with knowledge of the area. 

Mr Brian Hayes of the Thalandji Aboriginal Corporation stated that North West 
Cape was not part of the territory of Thalandji and declined the offer of being 
involved in the survey. He was unable to provide the names of any individuals 
living in Onslow who would, in his opinion, possess knowledge of the Exmouth 
area. However, he did recommend contact with the Carnarvon Aboriginal Resource 
Organisation (CARO). Mr Hayes was also able to provide the names of two 
individuals from Carnarvon with knowledge of the North West Cape. 

These Aboriginal spokespersons were located in June 1995 and arrangements 
were made to interview both on-site. These spokespersons were both 
recommended by Thalandji and CARO. 

Results of the Ethnographic Survey 

No ethnographic sites were located by the Aboriginal spokespersons within either 
the proposed mining envelope, the transport corridor or the port storage areas 
during the survey. 

Whilst the Aboriginal consultants expressed some general concerns regarding the 
archaeological material identified during the survey, they were not of the opinion 
that the finds constituted any impediment to the proposed development. 

7.8.2 European Heritage 

No sites of European significance will be impacted by development of the project. 

7.9 	Community Consultation 

7.9.1 Groups, Agencies and Individuals Contacted 

During the preparation of this document, and during earlier studies associated with 
the project, the following groups and agencies were contacted: 

- 	Aboriginal Affairs Department; 
- 	Australian Defence Industries; 
- 	Carnarvon Aboriginal Resource Organisation; 
- 	Department of Conservation and Land Management (Perth, Exmouth 

and Karratha); 
- 	Department of Environmental Protection; 
- 	Department of Minerals and Energy; 
- 	Department of Planning and Urban Development; 
- 	Department of Resources Development; 
- 	Department of Transport; 
- 	Gascoyne Development Commission; 
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- 	Main Roads Western Australia (Carnarvon, Perth); 
- 	Royal Australian Navy; 
- 	Shire of Exmouth; 
- 	WAPET; 
- 	Water Authority of Western Australia (Perth, Exmouth and Geraldton); 
- 	Western Australian Museum. 

Various individuals were also contacted including: 

- 	two Aboriginal informants; 
- 	a local speleologist with detailed knowledge of the Cape Range cave and 

subterranean fauna systems; 
- 	the editor of the Exmouth Expression, and 
- 	various local business proprietors including quarry operators, service 

station operators, accommodation operators, dive operators, etc. 

Articles describing the project have been published in the local newspaper, the 
Exmouth Expression, in April 1992, July 1995 and September 1995. The proponent 
has also briefed the Parliamentary Select Committee on the Cape Range National 
Park and Ningaloo Marine Park. 

An interview with ABC Radio was aired on 12 September 1995. Regular briefings 
have been conducted with the Chief Executive Officer of the Shire of Exmouth. 

A community information programme was initiated in September 1995 and will 
continue throughout the review period for the PER. This programme will co-
ordinate communication with the Shire of Exmouth, the local business community 
and residents, State Government departments and special interest groups. 

7.9.2 Main Issues Raised 

Meetings and discussions with the above groups, agencies and individuals resulted 
in the identification of a number of key issues considered to be most significant in 
respect of potential social or environmental impact. These issues are listed below 
together with the relevant section of the PER where the issue is addressed. 

Traffic 

The most significant concern within the local community is related to traffic and the 
management of truck haulage through Exmouth to the Point Murat jetty. The 
principal issues related to safety, noise, dust and road maintenance. These issues 
are addressed in Section 7.6. 

Visibility 

The local community, the Shire of Exmouth, the Gascoyne Development 
Commission and the Parliamentary Select Committee all stressed that the mining 
operation must not be visible from either Murat Road or the town. This issue is 
discussed in Section 7.5. 

Groundwater Supply 

The proposed mining area is located within the Exmouth Water Reserve. 
Protection of the underlying groundwater aquifer is of paramount importance to 
WAWA and discussed in Sections 6.4 and 6.5. 
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Subterranean Fauna 

The subterranean fauna of Cape Range is of high conservation significance. The 
Department of Environmental Protection and the Department of Conservation and 
Land Management requested that special emphasis be placed on assessing the 
potential impacts on this fauna. This issue is discussed in Sections 6.3, 6.4 and 
6.8. 

Flora 

The Department of Conservation and Land Management requested that the flora 
survey be conducted by a specialist in the flora of Cape Range. The results of this 
survey are described in Section 6.6. 

Dust and Spillage 

The Royal Australian Navy advised that dust accumulation on the VLF tower 
insulators will not be permitted. The local community and the Shire of Exmouth 
expressed concern about possible dust and spillages associated with the trucking 
operation through the town. These issues are addressed in Sections 6.10 and 7.6. 
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8.0 	Proponent's Commitments 

This section presents a summary of commitments made by the proponent in the 
preceding sections of this PER so as to reduce the potential impacts of the project. 
Each commitment is numbered to assist with referencing during the review and 
assessment process. 

	

8.1 	Pre-construction Phase 

An Environmental Management Plan (EMP) will be prepared and 
submitted to the DEP. This will be implemented during the construction 

	

- - 	and operational phases of the project. Issues addressed will include 
monitoring, reporting and progressive rehabilitation. 

A Mine Management Plan (MMP) will be prepared and submitted to the 
DEP and DOME. Issues addressed will include site preparation, materials 
management, surface water management and details of the likely 
sequence of mining in forthcoming years. 

An Oil Spill Contingency Plan will be prepared and submitted to the DEP 
and CALM. This will complement the existing RAN plan in place for current 
operations at the Point Murat jetty. 

The proponent will liaise with the Shire of Exmouth, Main Roads Western 
Australia and the Royal Australian Navy in respect of use and maintenance 
of Murat Road; and construction, operation and maintenance of product 
storage and shiploading facilities at the Point Murat jetty. 

The proponent will be an equal opportunity employer. Preference will be 
given to local labour and subcontractors whenever they are competitive 
with alternative service providers. Where practicable, the proponent will 
participate in training programmes co-ordinated by the Department of 
Employment, Education and Training (DEED to train local operators. of 
mining, processing, transport and shiploading equipment. 

	

8.2 	Construction Phase 

The proponent will employ a part time project officer during construction to 
assist the workforce assimilate with the local community. This officer will be 
responsible for liaison with the Shire of Exmouth, DEP, CALM, WAWA and 
the WA Museum so as to ensure project construction complies with the 
proponent's commitments in respect of water resources, flora, fauna and 
Aboriginal heritage. 

The mine and quicklime plant will be designed so that they will not be 
visible from Murat Road or the Town of Exmouth. 

Construction activities will be confined within specified limits as defined in 
the EMP. All construction vehicle movements outside of the construction 
areas will be restricted, where practicable, to designated roads and tracks. 
No new access tracks will be constructed where existing and suitable 
access is available. 
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Clearing activities will be minimised and confined to areas designated in 
the EMP. Vegetation shall only be removed if it is essential for construction 
purposes or the safe operation of the mine or infrastructure. 

Should any archaeological sites be identified during construction activities, 
the proponent recognises its obligations under the Aboriginal Heritage Act 
1972-1990 to cease activities that may impact on the site and to initiate 
discussions with the Aboriginal Affairs Department on an appropriate 
course of action. All contractors will be instructed in respect of their 
obligations under the Act. 

Firearms and pets will not be permitted in the project area. Burning will not 
be permitted in the project area. 

Appropriate dust control measures, such as water suppression, will be 
implemented during construction. 

All waste materials generated during construction activities will be 
disposed of in a manner satisfactory to the Shire of Exmouth and DOME 
and in accordance with the EPA. 

8.3 	Operational Phase 

The conditions imposed upon grant of the mining tenement in respect of 
the Exmouth Water Reserve will be followed. Groundwater quality 
downstream of the mine site will be monitored in accordance with the EMP 
and corrective action taken if unacceptable impacts are identified. 

Should rare or endangered species of flora or fauna be located during 
mining activities, discussions will be held with CALM in respect of 
appropriate management procedures. 

Appropriate dust control measures, such as the spraying of exposed 
surfaces with water, will be implemented during mining and transport 
operations in accordance with the MMP. 

All mining, processing and shiploading activities will be designed and 
operated in accordance with the Noise Abatement (Neighbourhood 
Annoyance) Act 1979, and the requirements of DOME, DEP and DOSHW. 
The proponent recognises its obligations under the noise provisions of the 
Environmental Protection Act 1986 to ensure that noise levels comply with 
these requirements. 

All areas not required for future mining will be progressively rehabilitated in 
accordance with the MMP. 

Any spillage of limestone or quicklime during production, storage or 
transport will be cleaned immediately, made safe and disposed of off-site 
in accordance with the requirements of the Shire of Exmouth and DOME. 
Quicklime will be protected with dust and waterproof covers during all 
trucking operations. 

Solid and liquid wastes generated during operation and maintenance 
activities will be disposed of off-site in accordance with the requirements of 
the EMP. 
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The prOponent will consult with the Shire of Exmouth and MRWA to ensure 
that procedures are put in place to ensure traffic safety. Such procedures 
will include: 

construction of acceleration and deceleration lanes where the mine 
haul road meets Murat Road; 

appropriate signage advising the public that the mine haul road is 
a private road subject to use by heavy vehicles and that regular 
trucking movements can be expected; 

- 	ensuring trucks adhere to all road rules, including observation of all 
speed restrictions. Drivers will be instructed not to unnecessarily 
slow or accelerate through the town unless in case of emergency; 

- 	ensuring trucks maintain regular separation distances to ensure 
that other road users are not inconvenienced; 

widening of Murat Road at key intersections, installing turning 
lanes at these intersections, installing islands and signage as 
necessary to improve traffic and pedestrian safety, ensuring 
regular maintenance of the road, and 

- 	appropriate signage at both the Naval Communications Station 
and the Milyering turn-off advising the public of the presence of 
heavy vehicles. 

The proponent will consult with the Shire of Exmouth and RAN concerning 
impacts of the extra traffic on the maintenance requirements of Murat 
Road. 
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10.0 	Abbreviations 

AAD Aboriginal Affairs Department 
ABS Australian Bureau of Statistics 
AHD Australian Height Datum 
CaCO3  Calcium carbonate 
CALM Department of Conservation & Land Management 
CARO Carnarvon Aboriginal Resource Organisation 
dB(A) decibels (A weighting) 
DEP Department of Environmental Protection 
DOHSW Department of Occupational Health Safety & Welfare 
DOT Department of Transport 
DOME Department of Minerals & Energy 
DPUD Department of Planning & Urban Development 
DWT Dead Weight Tonnage 
EPA Environmental Protection Authority 
ERP Estimated Resident Population 
g gram 
GJ gigajoule 
ha hectare 
hr hour 
kg kilogram 
km kilometre 

litre 
m metre 
m3  cubic metre 
mm millimetre 
MW megawatt 
MRWA Main Roads Western Australia 
PER Public Environmental Review 
PLC Programmable Logic Controller 
PNG Papua New Guinea 
RAAF Royal Australian Air Force 
RAN Royal Australian Navy 
Swan Swan Portland Cement Ltd 
t tonne 
TDS Total dissolved salts 
tpa tonnes per annum 
tph tonnes per hour 
US United States 
VLF very low frequency 
WAPET West Australian Petroleum Ltd 
WAWA Water Authority of WA 
Whitecrest Whitecrest Enterprises Pty Ltd 
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Plate I 
Area Proposed for Commencement of Mining 

Plate 2 
The Point Murat Jetty Facility 
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Plate 3 
Coastal Habitat at Point Mu rat 
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Plate 4 
View Across the Coastal Plain towards the Mining Area from Murat Road 



..•\S•• r.. 

t 

p 	

p 	- 4k 

&. S  

Plate 5 
Drainage Line Habitat Along the Proposed Haul Route 
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Plate 6 
Hilltop Habitat in the Mining Tenement 
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Plate 7 
Scree Slope Habitat in the Mining Tenement 

Plate 8 
Rocky Cliff Habitat in the Mining Tenement 
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Department of Environmental Protection 

Halpern Glick Maunsell Pty Ltd 
1 Ord Street 
WEST PERTH WA 6872 

L 

ATI'ENTION: MR I McCARDLE 

Your Ref 

Our Ref 	1/90/4 1 
j 	Enquiries 	Ian Harvey 

Dear Sir 

LIMESTONE MINE, LIME PRODUCTION PLANT AND PORT NEAR. 
EXMOUTH (715) 

Further to our earlier discussions regarding the above proposal, please find enclosed the 
final guidelines for preparation of the proponent's document. 

Should you need any further information please contact Ian Harvey on 222 7083 in the first 
instance. 

Yours faithfully 

,- RADSippe 
DIRECFOR 

' 	EVALUATION DIVISION 

29 June 1995 

enc 

(715)Limestone Mine 280695 IHA 

Westralia Square, 141 St George's Terrace, Perth, Western AustralIa 6000 Telephone (09) 222 7000 Facsimile (09) 322 1598 



PROPOSED LIMESTONE MINE AND QUICKLIME PLANT (CAPE RANGE) 
AND USE OF EXISTING PORT FACILITY (POINT MURAT), NEAR 

EXMOUTH 

PUBLIC ENVIRONMENTAL REVIEW 
GUIDELINES 

Overview 

All environmental reviews have the objective of protecting the environment, and environmental 
impact assessment is deliberately a public process in order to obtain broad ranging advice. The 
review requires the proponent to describe the proposal, receiving environment, potential 
environmental impacts and the management of the issues arising from the environmental 
impacts, so that the environment is protected to an acceptable level. 

Throughout the assessment process it is the objective of the Department of Environmental 
Protection (DEP) to assist the proponent to improve the proposal such that the environment is 
protected in the best manner possible. The DEP would co-ordinate relevant government 
agencies and the public in providing advice about environmental matters during the assessment 
of the Public Environmental Review (PER) for this proposal. 

Guidelines for the preparation of a PER document for this proposal were originally prepared in 
1992 in response to a proposal forwarded to the Environmental Protection Authority (EPA) by 
Whitecrest Enterprises Pty Ltd to develop a limestone mine, quicklime plant and a port facility 
south of Exmouth. One of the factors leading to renewed interest in the project is the potential 
to utilise the existing Point Murat port facility, instead of constructing a new port facility as 
originally intended. The land at Point Murat is currently owned by the Commonwealth 
Department of Defence and the marine waters around Point Murat are within the Ningaloo 
Marine Park. In view of the 3 year time delay since issuing of the original Guidelines and the 
changes to the proposal, these amended Guidelines have been prepared. The amended 
Guidelines reflect the EPA's expectations of a PER document and supercede the original 
guidelines issued in April 1992. 

Contents of the PER 

The contents reflect the purpose of the PER, which is to: 
communicate clearly with the public (including government agencies), so that EPA can 
obtain informed public comment to assist in providing advice to government; 
describe the proposal adequately, so that the Minister for the Environment can consider 
approval of a well-defmed project; and 
provide the basis of the proponent's environmental management programme, which shows 
that the environmental issues resulting from the proposal can be acceptably managed. 

The language used in the body of the PER should be kept simple and concise, considering the 
audience includes non-technical people, and any extensive, technical detail should either be 
referenced or appended to the PER. Remember that the PER would form the legal basis of the 
Minister for the Environment's approval of the proposal and, hence, should include a 
description of all the main and ancillary components of the proposal, including options if 
necessary. 

The environmental management programme for the proposal should be developed in 
conjunction with the engineering and economic programmes of the proposal. Hence, the PER 
should be designed to be immediately useful at the start of the proposal, and the DEP 
recommends that the basis of an environmental management and audit programme be developed 
as a concluding part of the PER. 

The fundamental contents of the PER should include: 
introduction of the proponent, the project and location; 



the legal framework, decision making authorities and involved agencies, including 
Commonwealth; 
description of the components of the proposal and identification of the potential impacts; 
description of the receiving environment which may be impacted; 
discussion of the key issues, including an assessment of the significance as related to 
objectives or standards which may apply; 
discussion of the management of the issues, including commitments to appropriate action; 
and 
a summary of the environmental management programme, including the key commitments, 
monitoring work and the auditing of the programme. 

For this proposal, the environmental review would focus on protecting the natural and social 
values of Cape Range and Exmouth Gulf (Ningaloo Marine Park), particularly as perceived by 
the nearby community in Exmouth. 

Key issues 

The key issues can be determined from a consideration, called scoping, of the potential impacts 
from the various components of the proposal on a receiving environment, including people. 
The PER should focus on the key issues for the proposal, and it is recommended that these be 
agreed in consultation with the DEP and relevant public and government agencies. A 
description of the project component and the receiving environment should be directly included 
with, or referenced to, the discussion of the issue. The technical basis for measuring the impact 
and any objectives or standards for assessing and managing the issue should be provided. 

For this proposal, the key issues at this stage include: 

existing environment: the natural, recreational and commercial systems which 
characterise the area and which are potentially at risk from, or likely to be impacted by this 
proposal; 

direct minesite impacts: noise, dust, visual and landscape aspects, blasting and 
wastewater discharges from staff amenities. Management of stored chemicals, coolants, 
lubricants and fuels in the Water Reserve, including contingencies for emergencies. 
Changes in lateral hydrological conductivity and throughput. Cave systems and associated 
fauna, and the stygofauna in the coastal groundwater, all of which could be affected by 
mining operations; mine planning, rehabilitation and post-mining land use should be 
identified; 

quicklime plant: energy supply requirements (gas pipeline etc), stack emissions including 
CO2. Routine containment of quicklime, as well as during exceptional conditions in relation 
to ground water contamination. The potential effect of quicklime spillages (including on the 
porosity of the aquifer and on the aquatic fauna). The characterisation and disposal of any 
waste products and their permanent containment; 

indirect impacts resulting from minesite activities: What are the water 
requirements of the proposal? Where would the water come from and go to and what would 
be the effect on the water balance? 
What is the water recharge system and what would be the impact of the proposal on the 
quality of the recharge water within the water reserve? 
Do the water requirements affect the water supply to Exmouth? 
There is a need to address both upstream and downstream effects of the mine, namely the 
effects on the perched water tables upstream from the minesite and the mine's consequent 
impact on the cave fauna and on the protected fauna of the coastal plain. Effects of changes 
in the salinity and the level of the freshwater/saline water interface and the immediate and 
long term effects of the coning upwards of saline waters. Transport and potential spillages, 
especially of hydrocarbons within the Water Reserve, should be addressed; 



impacts from the haul road: change to existing drainage patterns, dust and traffic 
control at public road crossings, visual impact of the road and its truck traffic. The impacts 
of dust abatement using saline water particularly on adjacent vegetation and groundwaters; 
the effects of changes in the location and rates of erosion on siltation and the subterranean 
aquatic and marine fauna; 

direct impacts at the Point Murat port facility : including limestone stockpiles, 
lime storage, contingencies for accidental spillage of substances especially hydrocarbons, 
noise, dust and visual aspects, waste management and public access; modifications, 
upgrading and maintenance of jetty and associated infrastructure, impacts on marine 
environment; public safety (especially to users of the Bundegi Reef area); 

impacts on the Ningaloo Marine Park: shipping frequency, size and associated risks 
including ballast water discharge and anti fouling substances; contingencies should 
accidental spillage occur during loading, unloading or in transit; impact on marine 
environment and conservation values; implications for management of the marine park; 

evaluation of alternatives and possible further developments: address the 
possible operational alternatives such as minesite location (are limestone resources available 
elsewhere outside the mining tenement?), haul road, port facilities, water and energy supply; 

social implications: source, size and impact of the construction and operations workforce 
on the local economy, particularly the effect on local business viability. To what extent 
would local labour skills be used? Likely contributions to the overall long term social 
sustainability of Exmouth and on future tourism and recreation? What demands would be 
placed on existing social services and infrastructure, including housing? 

land use issues: Aboriginal and European cultural, archaeological and heritage issues. 
Any conflicts with existing users of the areas? What are the likely impacts of mining activity 
on contiguous natural areas within Cape Range and the conservation value of the national 
park and its proposed expansion? 

Further key issues may be raised during the preparation of the PER, and on-going consultation 
with the DEP and relevant agencies is recommended. Minor issues which can be readily 
managed as part of normal operations for similar projects may be briefly described. 
Information used to reach conclusions should be properly referenced, including personal 
communications. Assessments of the significance of an impact should be soundly based rather 
than unsubstantiated opinions, and the assessment should lead to a discussion of the 
management of the issue. 

Public consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the PER. It should describe the activities undertaken, 
the dates, the groups/individuals involved and the objectives of the activities. Cross reference 
should be made with the description of environmental management of the issues which should 
clearly indicate how community concerns have been addressed. Those concerns which are 
dealt with outside the EPA process can be noted and referenced. 

Environmental management commitments 

The method of implementation of the proposal and all commitments made by the proponent in 
the PER would become legally enforceable under the environmental conditions of the Minister 
for the Environment's approval. Specific commitments to protect the environment, typically 
related to the. key issues, should be separately listed, numbered and take the form of: who 
would do the work; what the work is; when the work would be carried out; and what agencies 
would be involved. These key commitments show that the proponent is committed to 
actionable and auditable management of the environmental issues. 
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EXPLORATION LICENCE No 	
08/593 

SECOND SCHEDULE 

PART 2 	 SCHEDULE OF CONDITIONS 

Compliance with the provisions of the Aboriginal Heritage Act, 1972 to ensure 
that no action is taken which would interfere with or damage any Aboriginal 
site. 

All surface holes drilled for the purpose of exploration are to be capped, 
filled or otherwise made safe after completion. 

All costeans and other disturbances to the surface of the land made as a 
result of exploration, including drill pads, grid lines and access tracks, 
being backfilled and rehabilitated to the satisfaction of the District Mining 
Engineer. Backfilling and rehabilitation being required no later than 6 
months after excavation unless otherwise approved in writing by the District 
Mining Engineer. 

All waste materials, rubbish, plastic sample bags, abandoned equipment and 
temporary buildings being removed from the mining tenement prior to or at the 
termination of exploration programme. 

Unless the written approval of the District Mining Engineer, Department of 
Mines, is first obtained, the use of scrapers, graders, bulldozers, backhoes 
or other mechanised equipment for surface disturbance or the excavation of 
costeans is prohibited. Following approval, all topsoil being removed ahead 
of mining operations and separately stockpiled for replacement after 
backfilling and/or completion of operations. 

No interference with Geodetic Survey Station AL8A and mining within 15 metres 
thereof being confined to below a depth of 15 metres from the natural surface. 

Consent to mine on Water Supply Reserve 34055 and the Exmouth Water Reserve 
granted by the Hon. Minister subject to:- 

No mining being carried out within 800 metres of any bore or well located on 
the Exmouth Water Reserve without the written permission of the Water 
Authority. 

No mining being carried out within 400 metres of any proposed bore or well in 
the Exmouth Water Reserve without the written permission of the Water 
Authority. 

Mining being limited to no less than 3 metres above the groundwater table of 
the Exmouth Water Reserve without the written permission of the Water 
Authority. 

No mining being undertaken that will pollute the water in any bore or well, or 
interfere with the natural drainage of the Exmouth Water Reserve. 

No mining being carried out that will adversely affect groundwater or surface 
water quality or quantity. 

The rights of ingress or egress from any mining operation being at all times 
preserved to officers authorised by the Water Authority for inspection 
purposes. 

The provisions of the Rights in Water and Irrigation Act 1914 as amended. 

The rights of access upon the tenement by officers authorised by the Water 
Authority being at all times preserved for the purpose of water resources 
investigations as provided for in the Water Authority Act 1984 as amended. 



YOUR REP 

OUR REP 
3TS:yl

11'EvENsON 
ENQUIRIES K.GRIFFIN 

DIREC? TEL (099) 234950 

óWater 
A VT HOW I TV 

DIRECTOR GENERAL 
DEPARTMENT OF MINERALS AND ENERGY 
MINERAL HOUSE 
100 PLAIN ST1EET 
PERTH WA 6004 

1tIDWEST REGION 

Widar Ahnzty or 
Westen Auitrsfla 

lit Floop 
SOlO Building 
46 Cathedril Ave.. 
Gerldton 6530 
Weitern Aultraija 

P.O. Box 43 
Ger&Ithon W.A. 6530 

T.1 (099) 23 4988 
Fax: (099) 23 4966 

AflENTION: MR. STEVENSON 

Dear Sir, 

RE: .. APPLICATION FOR MINING TENEMENT M1 081145. EXiLOUTII WATER RESERVE 
AND WATER SUPPLY RESERVE 34055 

I refer to your memo of 16th August 1995 regarding the above application 
and advise that this Authority has no objectIon to granting of the 
mining lease ML 08/145 provided the following conditions are imposed. 

No mining/exploration shall be carried out within 400 metres of any 
bore, or well or associated equipment located on. Exmouth Water 
Reserve and Water Supply Reserve 34055, without the written 
permission of the Water Authority. 

No mining being carried out within 400 metres of any proposed bore 
or well in the water reserves without the written permission of the 
Water Authority.  

No activity shall be carried out that will adversely affect ground 
water or surface water quality or quantity. 

,No activity shall be undertaken that will pollute the water' in any 
bore or well or, interfere with the natural drainage of the 
Reserves.  

The rights of access upon any tenement by officers authorised by 
the Water Authority being at all times preserved for the purpose of ' 
water resources investigations as approved for in the Water 
Authority Act 1984 as amended. 	' 

6.. . 	The right of ingress and egress from any water main, tank, bore, 
well or water shaft is to be preserved at all times to employees of 
the Water Authority. Any Authority access tracks required for 
servicing water supply fci1ities must be 'maintained in a traflicable 
condition at all times.  



7. 	Access to the pipeline by the Water Authority for operation and 
maintenance purposes is not to be restricted in any Way. 

S. 	No activity associated with the licence is to be carried out within a 
strip 50 metres wide on either aide of any pipeline and nor is 
material to be removed from nor deposited upon such an area. 

No activity is to be carried out within the areas covered by the 
licence that will detrimentally affect the operation and 
maintenance of the Authority's water supply facilities. This aspect 
of the operation  Will be subject to the direction of the Authority's 
Regional Operations Manager or Agent to ensure that access to the 
facilities by Authority employees is not restricted in any way. 

Blasting practice is to be such that ground vibrations do not have 
a detrimental effect on the Authority's botes and ancillary wodcs. 

No poisonous, noxious or polluting matter is to be stored on 
the Reserves. 

Where the licence/lease area encroaches upon the Authority's water 
supply main, no exploration activity is to be carried out within the  
strip of land 50 metres wide on either side of the pipeline unless 
confined to a depth of not less that 10 metres from the natural 
surface. 

Access is to be preserved to such strips for maintenance purpose 
and no material of any kind is to be deposited therein. 

Exploratory alin3line drilling from the surface will be permitted on 
the Reserves, but only at sites and in directions as agreed to by 
the Authority's Operations Manager or Agent. Sites and directIons 
are to be such that they pose no thxeat of damage to the water 
supply facilities or interfere with access thereto. All drill hnles 
are to be backfllled with drill cuttings. 

15. 	Damage to any tank, reservoir, pump station, depot, building, 
pipelines cir any other improvements caused by mining/exploration 
activities are to be made good immediately by the mineral claim 
holder and the Water Authority indemnified against losses. 

16. 	The claim holder suspending any mining/exploration operation 
which, in the opinion of the Mining Engineer - District Inspector of 
Mines, is likely to endanger any of the existing or planned 
improvements on the Water Reserve. 

17.. 	. The lessee has ascertain the location of all water jnajng on the 
Reserves and shall not traverse these water mains except at 
djgeJ suitable Crossings. 

- 



IS. 	Any application made for mining/exploration purposes in respect of 
ground comprised within this licence must be accompanied by a plan 
of proposed mining operations and the measures taken to safeguard 
the environmmt and ensuje that mining operations will not be 
detrimental to existing or proposed water supplies. 

All exploration costeinsfexcavatjons are to be back6fled Co the 
satisfactiou of the Regional Operations Manager of Agent. 

The provisions of the rights in Water and Inigation Act, 
Section 18 1914 as amended shall apply in  all respects.' Pumping of 
underground water supplies is prohibited without the necessary 
approval of the Minister for Water Resources. 

The Water Aithority reserves the right to alter time conditions subject to 
the 	submiss ion of the Public Envfronmentaj Review (PER) for the 
eatablishme.t of a mining operali on. 

Yours Faithfully, 

- 
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Aristida 	nit idula 0 
*Ce,icIl ,.11s 	ciliaris 0 
Clirysopogon fallax 0 
Cynthopogon 	ainbignus 0 	x 
Cyinbopogon 	obtectus? 0 
Dichanfhium 	sericeuni ssp. Ii uniilius 0 
Digitaria brown ii 0 
Digitaria cfenantha 0 x 
Enneapogon 	caeriilescens var. occiden tale 
Enneapogon 	oblongus 0 
Erngrostis dielsii 0 
Eragrosfis 	eriopoda 
Eragros (is falcafa 
Eriachne 	niucronata 0 
Eriachne sp. North West Cape 0 
Eulalia aurea 	0 0 
Iseilein,na xxxx 0 
Paspalidinin 	cle,nentii 0 	x 
Paspalidiiini 	Inbiilatuin 0 	x 
Paspalidiuni 	constrict uni 0 
Pa,iicu,n 	decoiiiposituin 
Sc (aria 	dielsii 0 
Spin ifex 	longifolitis 
Sporobolus 	virgin icus r 
Stipa 	cicgaiitissiiiza 
Tlieineda 	australis 0 
Triodia 	basedowii? 0 

x 

0 	x 

APPENDIX ONE: Flora recorded for the study area 
To enable comparison to the flora of a different North West Cape environment, 
the species list for the current study area has been given with that for a similar 
sized area on the coast (including sand dunes and salt flats) at Coral Bay 
(indicated by a 

The flora recorded for the mine area (indicated by a x) and the proposed haul 
route (indicated by a 0 ) are given separately in the list. 

PTERIDOPHYTA (Ferns) 
ADIANTACEAE 
Clzeilan flies oust rotenuifolin? 	0 	x 

FLOWERING PLANTS (Angiospermae) 
MONOCOTYLEDONS 

POTAMOGETONACEAE 
Rup pin ? (On salt pan) rc 

POACEAE 
Aristida holatlicra var. Izointliera 



Triodia pungens 	0 	x 
Triodia zviseeana 	0 	x 
WI: iteochloa airoides 
Poaceae sp. (sterile) 	 x 

DASYPOGONACEAE 
Acantliocarpos preissii 
Acaittliocarpos verticillatus 	0 

PHORMJACEAE 
Dianella revolut a var. divaricata 

ANTHERICACEAE 
Corynotheca flexuosissiina 
Corynotlieca pungens 	x 
Murchisonia volubilis 	0 	x 

COLCHJCACEAE 
Wurbea odorata 	0 	x 

DICOTYLEDONS 
URTICACEAE 
Parietaria debilis 	 x 

MORACEAE 
Ficus platypoda var. minor? 	 x 

PROTEACEAE 
Grevillea calcicola 	0 	x 
Grevillea stenobofryn 	 x 

SANTALACEAE 
Exocarpos apliyllus 	0 	x 
Exocarpos spar feizs 	0 	x 
San f am in lan ceolaf u in 	0 
San falti,,: spicatum 

LORANTHACEAE 
Ainyeina fit zgera!dii 	 x 
Amyenza preissii 	0 

CHENOPODIACEAE 
A triplex isafidea 
At riplex vesicaria ssp. incompta 
At riplex vesicaria ssp. variabilis 
Chenopodiu in inela nocarpu in 	0 	x 
Encliylaena foinentosa 	0 
Halosarcia ssp. cordafa 
Halosarcia ssp. tennis 



Halosarcia Iznlocnenzo ides ssp. nov. 
Halosarcia indica ssp. 
leiostaclzya forina "be ii tha in ii" 
Halosarcia indica ssp. aff. bidens 
Halosarcia peltafa 
Halosarcia sp. nov. aff. pruinosar 
H. p terygiospernia ssp. p ferygiosperina 
Rlingodin preissii ssp. obovata 
Rlingodia ereninen? 	 0 
Salsoin knli 
Scierolacun uniflora 
T/zrelkeldia diffitsa x 

AMARANTHACEAE 
A main itt/i us in it cli cliii 	0 
Heinicliron diandra 
Pt ilotus cieinentii 	0 
Ptilofus exaltatus x 	0 
Ptiiofiis obovafus x 	0 	x 
Ptilofiis villosiflortis 

NYCTAGINACEAE 
Bocrizavia burbidgeaun? 	0 

	
x 

Coin nlicnrplls australis o 	0 

G YROSTEMONACEAE 
Gyros femon ramulosus 

AIZOACEAE 
Carpobrofzis sp. "septentiozzalis" 

	n. 
PORTULACACEAE 
Cain izdrinia polyandra 
Port ulaca sp. 

LAURACEAE 
Cassy f/ia azirea var. a urea 

MENISPERMACEAE 
Tinos porn sp. Cape Range 	0 

CAPPARACEAE 
Capparis lasian f/ia 	0 	x 
Cap paris ,nifchellii 	0 
Cappa us spinosa var. ii u in in itla na 
Cicoine viscosa 	0 	x 

BRASSICACEAE 
Lepidiuin rot zinduin 

El 

04 	x 



CRASSULACEAE 
Crassula colorata 	0 	x 

PITTOSPORACEAE 
Pittosporum p/zylliraeoides var p/i ylliracoides 	0 	x 

S URIANACEAE 
Sfyiobasiuin spatliulat nut 	 0 

MIMOSACEAE 
Acacia alexandri 	0 	x 
Acacia arida 	0 	x 
Acacia bivenosa 	0 	x 
Acacia coriacea ssp. coriacea 
Acacia coriacea ssp. "Cape range form". 	0 	x 

This taxon is poorly known but, is distinct in the field. 
Acacia grcgorii 	0 	0 	x 
Acacia pyrifolia (slender, smooth barked form) 	0 	x 

Acacia rosteilifera 	 0 
Acacia ryaniana 
Acacia scierospernia 
Acacia spa fliulifolia 
Acacia synclironicia 	 0 
Acacia fetragonop/tylla o 	0 	x 

(At Coral Bay there was the broad phyllode form restrictedto NW Cape and 
nearby areas, at the current study site there was the finer phylode form.) 

CAESALPINIACEAE 
Senna arteniisioides ssp aff. helnzsii 
Senna arte;nisioides ssp. oligophylla o 	0 	x 

The form (Cape Range form) at the Cape Range differs in having larger, 
more oblong, leaflets. 

Senna artenzisioides 
ssp. oligopliylla X /iel,nsii 

Senna gititinosa ssp. cha felaininna 	0 
Senna glittinosa ssp. gin tinosa 	0 	x 
Scuna glutitiosa ssp. pruinosa 	0 

PAPILIONACEAE 
Brachyseina inacrocarpuin 	 0 	x 
Eryflirina vespertilio 	0 	x 
Glycine canesceus 	0 	x 
Indigofera cf. brevidens 
Indigofera coltif en 	0 
Indigofera linifolin 	0 
Indigofera nionophylia 	0 	x 
Isotropis afro purpuren 	0 
Lot its aiistraiis (forma!) 



Rlzynclzosia cf. inzninza m 	0 
Swainsona calicola rc 
Swainsona formosa 0 
Swainsona 	Iceana 	0 
Teplirosea 	rosen var. clementii 0 
Teplirosin sp. Cape Range 0 

ZYGOPHYLLACEAE 
Tribulus 	liirsuta 	0 
Zygopiiyll hut 	fm 	t icui los tutu 

GERANIACEAE 
Erodiu,n 	cygnomuni ssp. cygnoru Hi 	 0 	x 

STACKHOUSIACEAE 
Stackhousia 	iuiterinedia 0 

POLYGALACEAE 
Polygala isingii? 	 x 

EUPHORBIACEAE 
Andrachne 	decnisnei 	0 
Euipliorbia 	boophthona? 	o x 
Euphorb in 	dmu in ,nondii ssp. d rut iuuuuto uzd ii 
Euphorbia coglilanii (? at Coral Bay) 0 
Eupliorbin sp. (section Chamaescyce) 0 	x 
Phyllauitlius 	lacunellus 	0 x 
Pit yllanthus 	inaderaspatensis 0 	x 

SAPINDACEAE 
Alectryon 	oleifolius ssp. oleifolius 0 	x 
Diplopeltis 	inferinedia var. incana 
Diplopeltis 	eriocarpa 	0 X. 

Dodonnea 	viscosa 	0 	x 

TILIACEAE 
Corcisomus 	elacito p/torus x 
Co rcizorus 	crozophorifolius 0 	x 
Triunifctta 	cieu,ientii 0 

MALVACEAE 
Abutilouz cf. exoneuni 	0 0 
Abutilon fraseri 	0 
Abutilon 	oxycarpuin 0 
Abut lion sp. (sterile) 0 
Gossypiuni 	robinsonii 0 
Hibiscus coat esii? 	0 
Hibiscus goldsworfhii x 
Hibiscus sfurfii var. ? 0 



Lawrencia dens ifiora 
LaZL'rencia viridi-grisea 
*IVIalvas  fru in a inerican ii in 	0 	x 
Sida cle,nenfii? 	0 
Sida cf.fibulifera 	0 
Sida cf. calyxhyinenia 	rt 

STERCULIACEAE 
Brachychifon obtusilobus 	0 	x 
Meihanin sp. 	 0 
Waif heria indica 	0 

DILLENIACEAE 
Hibberfia spicata ssp. spicata 	0 	x 

FRANKENIACEAE 
Frankeizia cinerea r 
Frankenia pauciflora var. pauciflora rx 

VIOLACEAE 
1-lybanthus auranfiacus 	0 	x 

THYMELEACEAE 
Pi,nelea inicrocephala o 	0 	x 

MYRTACEAE 
Eucalyptus Iiainersleyana? 	 0 	x 
Eucalyptus xerofliermica 	0 	x 
Eucalyptus sp. "00" of Brooker and Kleinig 	x 
Mclaleuca cardiophylla 	0 	x •  
Pileantlius li,nacis 
Tlzryptoinene baeckeacea 

APIACEAE 
Daucus glochidiafus 	 0 	x 

PRIMULACEAE 
Sa,nolus sp. Shark Bay (M.E.T. 7410) 

PLUMBAGINACEAE 
Muelleroli,non salicorniaceuni r 

OLEACEAE 
Jasininuni didynzunz var. lineare 	 0 	x 

ASCLEPIADACEAE 
Cynacli in in flo rib U izdii in? 	 0 
Cynanchiuin sp? 	 x 
Sarcosfeinnia vi,ninale ssp. australe rx 



CONVOLVULACEAE 
Convolvziliis eriibescens 	0 	x 
Evoiviilus alsinoides var.? 	 0 
Ipoinoea costata 	0 	x 
Polyineria anibigna 	 0 	x 
Porana co,nniixta 	0 	x 

BORAGINACEAE 
Heiiofropiuin crispafilin rx 	0 
Heliotropizi ni strigositin 
Triclzodesnza zeylaniczt,n o 	0 	x 
(Perennial coastal / sand dune form at Coral Bay, annual form at current study 

area, these are probably different species or subspecies.) 

VERBENACEAE 
Cleroclendron lanceolatum ? 	0 

4 

SOLANACEAE 
Nicofiana occidentalis ssp. occidentalis 	 x 
Solan 111,1 cleis toga ,n 11111 

Solanum divers ifloruin 	0 
Solanuin iasiopliylluin x 	0 	x 

SCROPHULARIACEAE 
Steinodia sp. 	 x 

ACANTHACEAE 
Dicladanfizera forrestii 	0 
Dipteracantizus ausfralasicus ssp. australasicus M 	0 
Dip f era can f/ills ausfralasiczis ssp. corynothecus 	0 	x 
Harneria keinpeana ssp. rhadinophylla 	 0 

MYOPORACEAE 
Ereinophila glabra ssp. 

Dirk Hartog (M. Manning 6/9/64) 
Ereniophila ion gifolia 	0 
Ereinophila sp. (suborbicular, felty leaves) 	0 	x 
LVI yopo ru in mo ii ta nu in 

RUBIACEAE 
Can f/i in in at tell uatu in 	0 	x 
Can fhiu,n latifoliuni 	 x 
Oldenlandia croi.ichiana 	0 	x 

CUCURBITACEAE 
Mu/cia sp. Cape Range 	0 	x 

GOODENIACEAE 



Dainpiera incana var. incana 
Goodenia inicroptera 
Goodenia tenuiloba 0 	0 	x 
Leschenau!fia subcynzosa rx 	0 	x 
Scaevola cunninghainii 
Scaevola puicheila 0 
Scaevola spicigera 
Scaevola spines ceiis 0 	0 
Scaevola toinentosa 

ASTERACEAE 
Angiantlius acrohyalinus 
A. 11gm 11 thus cii i ii inghain ii 
*Bideuls 	bipinnata 	0 x 
Brachycoine 	latisquainea 
Flaveria australasica 0 
Guephosis 	tenuissiina 
Launea 	sarmentosa 
Olearia axillaris var. obovafa 
Olearia 	dainpieri ssp. dainpieri, 0 	x 
Olearia sp. (sterile) x 
Podolepis 	canes cens 
Podolepis 	inicrocephala 
Pterocau!on 	spacelafi.i iii x 
Senecio 	lautus var. dissectifolius ? 
Senecio 	,,zagnificus 0 x 
Sigesbeckia 	inicrocephiala 0 x 
*SO1IC IIIIS 	oleraceus 0 x 
Strep foglossa 	decurrens 0 
Streptoglossa 	liatroides 
Vittadinia arida 	0 x 



Appendix D 

Flora Recorded From the Point Murat Area 

Halpern Glick Maunsell 



FLORA SPECIES RECORDED FROM THE POINT MURAT COASTAL DUNES AREA 

Aizoaceae 
Carpobrotus sp. 

Amaranthaceae 
*AeIva  javanica 
Ptiotus exta/tus 

Asteraceae 
Olearia ax/ia ris 

Chenopodaceae 
A trip/ex vesicaria 
Rhagodia baccata 
Sa/so/a ka/i 
Thre/keldia diffusa 

Convulvaceae 
Ipomaea brasiiana 

Dasypogonaceae 
Acanfhocarpus preissll 

Frankeniaceae 
Frankenia paucif/ora 

Goodeniaceae 
Dampiera ?incana 
Scaevo/a crassifo/ia 
Scaevo/a spinescens 

Liliaceae 
Caesia /aterifolia 

Malvaceae 
Lawrencia incana 

Mimosacaceae 
Acacia bivenosa 
Acacia coriacea 

Myrtaceae 
Me/aleuca cardiophy//a 

Papillionaceae 
Indigo fera monophy/la 

Pooaceae 
*Cenchrus  c/hans 
Era grostis die/si! 
Era grostis setifo/ia 
Eriachne gardener! 
Eu/a/ia fu/va 
Spinifex /ongifollus 
Sporobo/us virginicus 
Whit/ochea aeroides 

Solanaceae 
Solanum /asiophy/Ium 

Zygophyllaceae 
Zygophy//um sp. 




