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EXECUTIVE SUMMARY 

This report sets out the results of an extensive review of the environmental effects of a major 
new mining development in the Pilbara. The scope of the report was determined by guidelines 
set out by the Environmental Protection Authority (EPA). 

The proponent, Hamersley Iron Pty. Limited (Hamersley), intends to develop a 175 million 
tonne NO iron ore mine at Marandoo, with construction beginning in 1992 with a view to ore 
shipment commencing in 1994. To serve both Marandoo and future mines in the Central 
Pilbara, a new 115km heavy railway will be built to join the Tom Price—Dampier railway at 
Rosella Siding, 250km from Dampier. 

Marandoo and the Central Pilbara railway are essential to maintain Hamersleys position in 
the vitally important export market against fierce international competition. The Marandoo 
ore on present market values is worth $4.5 billion, to be mined from an area of about 4km by 
2km. 

If these new mines do not begin, and if Hamersley continues to export about 50Mt annually, 
earning about $1.5 billion, the ore from Mount Tom Price would be exhausted in about a 
decade. That would cause Hamersley operations to cease, and the townships of Tom Price, 
Paraburdoo and Dampier would effectively close, putting 3,1(0 direct employees and some 
12,000 others out of work. 

This can be avoided because Marandoo can provide about 12Mt per annum of high quality iron 
ore to be blended into Hamersley's annual shipments. The new railway will be the gateway 
to ore reserves of the Central Pilbara, an estimated 4,000Mt. 

The Marandoo project involves: 

capital expenditure of $500 million, over $370 million to be spent in Western Australia; 

operational workforce of 350, largely drawn from the present population of Tom Price; 

construction workforce up to about 800, in a two-year period, to be sited at Marandoo and 
two small camps, which will be removed and rehabilitated when construction is 
complete; 

indirect (multiplier) employment of over 3,000. 
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To be viable, the project must rely on Hamersleys present infrastructure, which has a 
replacement cost of $6.5 billion. Minimising new construction also minimises overall 
environmental impacts. 

Environmental studies, begun at Marandoo in 1974, provide an extensive flora, fauna and 
meteorological data base. Studies on Aboriginal heritage began at the same time. A 
Geographic Information System (GIS) is being tested for potential application to future mines 
in the Central Pilbara. 

Very extensive underground aquifers, which have supplied potable water to the Marandoo 
camp since 1974, will provide 5,000m3  per day with negligible environmental impact. 

Dust from mining operations and roads will be mitigated with methods proved over the past 
25 years. Clearance of vegetation will be kept to the minimum, and extensive revegetation 
and rehabilitation are planned, which will further limit dust. 

The environmental research for the Project Area has now recorded: 

vertebrate fauna comprising 118 bird species, 30 native mammals and nine introduced 
species, and 86 species of lizards, snakes, frogs and tortoises; 

the sighting of four gazetted rare species of fauna, the Peregrine Falcon, Pilbara Olive 
Python, Grey Honeycater and the Pebble-mound Mouse, all found elsewhere; 

burrows thought to have been dug by the Bilby, another gazetted rare species; 

an additional 196 species of flora and vegetation, which brings the total to 462; 

no rare flora, but six species on the Reserve Flora List occur or may occur. 

The area is rated intermediate in species richness for the Pilbara, and regional comparisons 
are tabulated. There will be nil or minimal regional impact on fauna, and the impacts on flora 
will be minimal or mitigated. 

A Statement of Mutual Understanding between Hamersley and the Department of 
Conservation and Land Management (CALM) provides for wide consultation and management 
on issues of joint interest. These include fire management, fauna protection, Pebble-mound 
Mouse research and end-use planning of the mine site. 

The Tenement and a 1km-wide corridor were excised from the Karijini National Park (prior to 
November 1991, the Hamersley Range National Park) in January 1991. The principal 
interests of visitors to the Park are the scenic features of the northern gorges. These gorges are 
more than 30km from the Marandoo site, and will be unaffected by the project. 

The project is shown to be compatible with values of the Park determined by the Committee 
of the National Academy of Sciences (1962), the Reserves Advisory Committee (1969), the 
Conservation Through Reserves Committee (1974), the EPA (1975), the Australian Heritage 
Commission listing in the Register of the National Estate (1978) and the Draft Management 
Plan of CALM (1989). 

Quotations both from Aboriginal people and a European consultant are given to convey a Sense 
of Place of the Park. The history of the boundaries, of Government policies on mining in 
National Parks, and other values also show that the impact of the project is minimal or 
acceptable. 
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Extensive community consultation included 26 workshop/public meetings, principally in the 
Pilbara and two lengthy meetings hosted by the Karijini Aboriginal Corporation at Onslow in 
August 1991. These made it possible to incorporate public comments within the Environmental 
Review and Management Programme in a proactive manner, for all sections of the community 
except conservation groups with head offices in Perth. 

The majority of the community consulted supported the project, and voiced concern at its 
delay. 

No Aboriginal people have lived in the Project Area for at least 45 years, although some 
individuals have worked on local stations in recent times. Several groups express traditional 
affiliation with the land, broadly that in the Karijini National Park. Aboriginal heritage 
in the area has been studied since 1974, when elders from Hamersley Station, Wittenoom, 
Peedamulla, Onslow and Roebourne were consulted. An occupation site in the mining area was 
excavated for study, and in 1977 a consent was given by the Trustees of the Western Australian 
Museum to enable mining to proceed. The difficulties and responsibilities of determining who 
speaks for country are outlined, together with recent events. Hamersley has appointed an 
Aboriginal Liaison Officer at Onslow and various job training programmes are discussed. 

The Minister for Mines and the developer of the project gave notice to the Trustees under 
Section 18 of the Aboriginal Heritage Act 1972-1980 to use the Project Area for development of 
the mine and associated infrastructure. The Minister for Aboriginal Affairs gave her 
conditional consent on 3 February 1992. On 7 February 1992 the Aboriginal Heritage 
(Marandoo) Act 1992 became operative. On that date, the Aboriginal Heritage Act 1972-1980 
ceased to apply to the land required for the project. On 14 February 1992 the Federal Minister 
for Aboriginal Affairs avoided further delay to the project by deciding not to make an 
emergency declaration under Section 9 of the Aboriginal and Torres Strait Islander Heritage 
Protection Act 1984. 

Many engineering and planning options have been investigated, and the findings of the 
present study are that any environmental impacts are minimal or acceptable. 
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PART ONE 

The Marandoo Scenario 





Chapter One 

INTRODUCTION TO THE PROJECT 

1.1 	PILBARA BACKGROUND 

This Environmental Review and Management Programme (ERMP) applies to a proposal by 
Hamersley Iron Pty. Limited (Hamersley) to establish an iron ore mine at Marandoo in the 
Pilbara (Figure 1.1), with associated infrastructure, including a railway to iron ore deposits in 
the Central Pilbara 

Marandoo is part of the second phase of the Pilbara iron ore export industry, which currently 
earns about $3 billion annually in export revenue for Australia. The project is designed to 
maintain the total Hamersley ore production and sales while reducing the output of the 
Mount Tom Price mine. This change in the balance of ore production will provide a greatly 
extended life for Mount Tom Price whose high quality ore plays a pivotal role in maintaining 
the competitiveness of Hamersley operations. Without the development of Marandoo and 
new iron ore mines to the east in the Central Pilbara, the Hamersley ore production system 
would be forced to close. This would result in the loss of jobs for some 3,000 Hamersley 
employees and many more thousands of Western Australians who provide Hamersley with 
goods and services. 

The Marandoo project involves a $5(X) million capital investment and it is fundamental to the 
long-term position of Hamersley. It will bring numerous benefits to the people of Western 
Australia, by bringing on stream a mine which will produce 12 million tonnes per annum 
(Mt/a) from a resource of high-grade iron ore with a gross market value at current prices 
exceeding $4.5 billion. 

The Marandoo Project Area shown in Figure 1.2 includes the key components of the Marandoo 
mining tenement and the railway and road corridors. It is shown with the neighbouring 
portions of the Karijini National Park (the Park)2  and the town of Tom Price. The Marandoo 
iron ore deposit is contained within a Temporary Reserve (TR 5623-H) located approximately 
35km to the east-north-east of Tom Price. 

Throughout this report, the term Central Pilbara is used to refer to the area broadly between the Karijini 
National Park (the Park) and Newman, and thus includes such iron-ore deposits as at Ciles, Rhodes Ridge and 
Yandicoogina. 

2 The National Park was formerly referred to as the Ilamerslcy Range National Park. Gazettal to change the 
name to Karijini National Park was made on 22 November 1991. 
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Because Marandoo and the new railway are such a vital stepping stone towards the second 
generation of the Pilbara iron ore industry, it is desirable for this particular ERMP to deal 
first more broadly with the Pilbara. 

The Location Map (Figure 1.1) and the Regional Map (Figure 1.3) put the Project Area 
(Figure 1.2) into the context of the Pilbara region. 

The 500,000km2  area of the Pilbara in the north-west of Western Australia had a very small 
human population until the iron ore industry began in the 1960s. In an area twice the size of 
Victoria, it had only about 3,000 European and perhaps 2,000 Aboriginal inhabitants. 

For several thousand years previously, the area sustained in the order of 1,000 Aboriginal 
people in about a dozen tribal/language nomadic groups. There was dynamic competition for 
thinly spread or sporadic life-giving resources of food and water in the generally and area 
(Tindale 1974). An Aboriginal informant in 1975 called the land travelling through" country 
(Palmer 1975). Rare oases like Milistream or a few other permanent waters were especially 
important. Fire-stick farming was used for many purposes, including driving of bigger game 
and killing of smaller animals. Tindale and others agree there were considerable population 
dynamics pre-contact with Europeans. Contrary to popular belief tribal territories are, or 
were, relatively flexible" (Berndt and Berndt 1988, p.  33). 

In the 1860s pastoral development began in the Pilbara, encouraged by the vast expanses 
reported by explorers. Much early pastoral work such as droving, fencing and shepherding 
was carried out by Aboriginal people. The formerly nomadic Aboriginal people tended to 
group near and in small and large European settlements. European miners also gathered at 
various gold strikes, such as at Pilbarra Creek, for a short time, and settled at other locations 
like Marble Bar and Port Hedland. 

The European pastoral settlements were on 100,000-200,000ha properties, chiefly running 
sheep but with uncertain pastoral methods often unsuitable for the sparsely vegetated 
country, subject to erratic rainfall. 

Inexperienced pastoral management, including overstocking, combined with fluctuations both 
in the weather and the wool price, led to collapse of the sheep industry. A typical example 
was Woodstock station, which carried a peak of 15,000 sheep in the 1920s and 1930s'  
depression years, but only 2,500 by 1945 when it was foreclosed. It also had a plague of euros, 
more adaptable to the altered vegetation, which were poisoned in 1962-1963 as improved 
research knowledge and experience were applied to attempt recovery. 

Yet in 1960, after a century of pastoral development there were still only about 500 people 
residing in about 77 pastoral properties scattered around the Pilbara. There were ghost towns 
like old Onslow and Cossack, abandoned because of unfavourable natural forces, and there 
were only the few towns of Marble Bar, Port Hedland, Roebourne, Point Samson, Onslow and 
Wittenoom, with Wittenoom fading because of the closure of the blue asbestos mine. There 
were many abandoned pastoral properties, including the Mount Bruce Station around 
Marandoo, settled in 1891 but always a marginal property which was finally abandoned in 
1946. 

Sporadic mining settlements occurred in the Pilbara when the alluvial gold resources were 
discovered in the 1890s, but they were short-lived. 

It was only after 1960, when the Commonwealth Government removed its 30-year embargo on 
exporting iron ore, that the Pilbara population grew substantially. The combination of large 
natural resources and vast capital investment made possible the viable new iron ore export 
industry and, associated with it, the new generation of miner settlers who made the Pilbara 
their home instead of their camp. 

The Marandoo Scenario - 5 



This first phase of the Pilbara industry quickly established itself in the international iron 
ore market when it met a market demand between 1966 and 1970 as the annual output of 
Japanese steel-making nearly doubled, from 48Mt to 93Mt. By 1975, Australias Pilbara was 
supplying 48% of the Japanese need for iron ore, versus none in 1960. 

In the decade to 1975, about $1,800 million was invested in mines, railways, ports, power 
supplies and new towns in the Pilbara. Hamersley alone spent $80() million, including 
$500 million on industrial and social infrastructure. Hamersley built the new towns of Tom 
Price, Dampier and Paraburdoo, and collaborated in building the new regional town 
of Karratha. 

The 1960s and early 1970s saw other iron ore developments established in the Pilbara. New 
towns were built and existing towns enlarged. The port of Cape Lambert (Port Walcott) 
services Pannawonica via a 168km railway. Port Hedland services Shay Gap via a 186km 
railway, and Mount Newman by a 426km line, while Hamersleys 288km Dampier—Mount 
Tom Price line was extended almost 100km further to Paraburdoo in 1971. 

The Pilbara population expanded tenfold to about 40,000. 

However, by the 1970s the increasing capital costs of new infrastructure, combined with the 
failure of product prices to keep pace with rising costs, placed heavy demands on the 
profitability of developing new orebodies in the Pilbara. The Pilbara iron ore expansion was 
severely limited by the economic impact of the Organisation of Petroleum Exporting Countries 
(OPEC) oil embargo, and as a consequence the Pilbaras first and rapid expansion phase was 
principally the period 1960-1973. 

Furthermore, in the late 1970s and the 1980s the export market growth slowed as 
international competitors, principally in Brazil and India, restricted further expansion by 
Australia. Nevertheless the Pilbara iron ore industry consolidated with reliable supplies of 
high quality ore, and most of the townships prospered. 

Because of the ports, towns and other permanent infrastructure introduced or augmented by the 
iron ore industry, a salt industry was established at Dampier and Port Hedland, and a 
regional tourism industry is sustained from each winter season to the next. In parallel, the 
pastoral industry has also been revitalised with greater knowledge of sustainable stock 
levels and practices, and with greater emphasis on cattle instead of sheep. 

The recently completed Overview for the Pilbara 21 Study (Graham and Buchanan 1991) 
identified the economic imperative to systematically develop the Central Pilbara iron ore 
deposits and appropriate infrastructure to sustain the Pilbara iron ore industry well into the 
next century. This study parallels Hamersley's development plans and will provide a 
regional perspective within which this proposal can be seen to play an important part. 
Release of the draft report of the study is expected early in 1992. 

The Marandoo project itself depends upon a great deal of existing infrastructure in the town of 
Tom Price, the port of Dampier, and 250km of railway from Dampier to Rosella Siding. New 
environmental impacts are thereby minimised. 

Marandoo will also require its own new construction and infrastructure, and this ERMP 
documents how the environmental impact of such new work will be both minimised and 
responsibly managed. 

But at the same time the Marandoo project will make practicable the construction of 
additional railway infrastructure to enable future mines to be developed in the Central 
Pilbara. Marandoo will provide the gateway for Hamersley into the Central Pilbara where 
substantial quality ores exist to underpin export in the next century. 
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Marandoo and the new railway developments thus represent a major, environmentally-
responsible part of the second phase of the Pilbara iron ore industry. The project is proposed 
by Hamersley, a major contributor to the first phase. 

	

1.2 	THE PROPONENT 

The proponent for the Marandoo project is Hamersley, a wholly owned subsidiary of CRA 
Limited (CRA). The proponent has been involved in the Pilbara iron ore industry since the 
early 1960s and has since become one of the world's largest iron ore producers. In 1990, 
Hamersley produced about 44Mt of iron ore and is currently producing at about 50Mt/a. 
Hamersley exports iron ore to Japan (43% of Hamersley's exports), Western Europe, the 
People's Republic of China, Taiwan and the Republic of Korea. 

Hamersley operations, all of which are located in Western Australia, include: 

open-cut iron ore mines at Mount Tom Price, Paraburdoo and Channar; 

Brockman No. 2 Detritals open-cut mine currently under construction; 

crushing, screening, blending, stockpiling and train-loading facilities at Mount Torn Price 
and Paraburdoo, and crushing facilities at Channar; 

low-grade ore concentrator at Mount Tom Price; 

the world's largest private railway complex linking Paraburdoo and Mount Torn Price 
with Dampier—a distance of 380km; 

20km conveyor between Channar and Paraburdoo; 

train unloading, ore stockpiling, blending and ship-loading facilities at Parker Point 
and East Intercourse Island; 

towns of Dampier, Tom Price and Paraburdoo, and substantial residential 
accommodation in Karratha; 

administrative and technical services support based in Perth, Paraburdoo, Mount Tom 
Price and Dampier. 

Hamersley directly employs about 3,100 people. Its industry creates another 12,000 jobs 
through the multiplier effect. The Marandoo project will provide continuing employment and 
create about 4,000 new jobs during the two-year construction period. Other benefits, multiplier 
effects and social impacts are discussed together with environmental impacts in Part Three. 

	

1.3 	MARANDOO BACKGROUND 

This project has two main interrelated components—the mine and processing plant at 
Marandoo (Figure 1.4), and the railway from Rosella Siding to Homestead Junction, with a 
spur ioop near the mid-point at Marandoo (Figure 1.2). An aerial photograph (Plate 1) 
provides additional perspective to Figure 1.4. 

Marandoo itself involves the construction and operation of an open-cut mine, plant and 
associated infrastructure to export 175Mt of iron ore from the Pilbara over a nominal 15-year 
period, planned to begin in 1994. The Initial Mining Area (IMA), about 4km by 2km, of the 
Marandoo orebody is contained within the 48km2  Temporary Reserve TR 5623-H, 
approximately 35km east-north-east from Tom Price. 
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The new additional railway from Rosella Siding will service the Marandoo mine and future 
iron ore mines of the Central Pilbara in which Hamersley has an interest. These include 
deposits at Giles to the south and Yandicoogina to the north (Figure 1.5). 

In 1990 steps were taken to bring to fruition two decades of exploratory studies of the 
Marandoo project, which began after the discovery of the deposit in 1967. 

The Iron Ore (Wittenoom) Agreement Act, 1972 was passed by State Parliament in 1972 and 
assented to on 16 June 1972. It aimed at facilitating resource development of several iron ore 
tenements including Marandoo, TR 5623-H. In July 1972 a Joint Venture was formed between 
Texasguif Inc of USA, Hancock Prospecting Pty Ltd and Wright Prospecting Pty Ltd. 
Subsequently Texasgulf Australia (TgA) was appointed as Manager of the Joint Venture. 

During the following three years, TgA carried out extensive geological and metallurgical 
investigations of the Marandoo reserve. Numerous engineering studies were also executed and 
locations on the Pilbara coast were examined with a view to establishing a deepwater port. 

In 1977 Brown & Root/Fluor made a full-scale feasibility study of development of Marandoo 
linked to Dixon Island. 

A Notice of Intent for the development was lodged, and a Draft Environmental Review and 
Management Programme (ERMP) was developed for both State and Federal environmental 
authorities based on the following broad development: 

new township for operations workforce 12km from Marandoo (population 1,500) 

284km railroad to Dixon Island 

dredging of 10km shipping channel 

enlargement of Wickham. 

TgA decided not to proceed with that ERMP as market developments began to raise questions 
about the viability of the project as a self-contained enterprise with its own township and its 
own railway to the sea. The cost of such individual infrastructure could not be supported. 

By 1979 the Marandoo project was suspended, pending market developments. The interests of 
the Joint Venturers were subsequently acquired by CRA subsidiary A M & S Mining Limited 
and Hamersley, with the latter taking up management of the project. Existing data were 
reviewed and a further programme of field geological and metallurgical testing has been 
instigated in order to confirm ore reserves and ore quality, and to be able to develop mine 
production plans. 

In 1984, it was concluded that the deposit could be economically viable only by fully 
integrating it into the Hamersley production operations and infrastructure. This still applies. 

On 23 March 1991 Hamersley submitted a development proposal to the Environmental 
Protection Authority (EPA) for the project. On 12 April 1991 the EPA advised that the level 
of assessment was to be an ERMP, and on 30 May 1991 the EPA issued the environmental 
guidelines for its preparation (Appendix 1). 

This environmental assessment is an important part of the Marandoo development. But it was 
driven, in the first place, by the project itself becoming economically viable. 

The infrastructure and other development planning for Marandoo itself have been designed to 
sustain such viability. The railway to future mines in the Central Pilbara is a key component 
of that planning and is essential for sustainable development of Hamersleys operations. 

The Marandoo Scenario - 10 



Construction camp 

1\ - 
- 

\\ 	\\ 	•\ 

\' 

'S 	

N 
5- 	--5--.-. 	

5- 

'It 	lit" 

	

__._.5__s '_._.•___ \.- 	
5S . 

\ \\ \ 
----5 S --'--__''  

/ 

— __-_-___1 _-- 
\\ 

Head 

Primary crushei 

tank I Overburden 	
/ 

Plant 
area 

Mine site borrow 
area 

INITIAL MINING 
AREA 

Centre Area 

West Area 

Overburden 
	 Ridge Area 

Overburden 

N 
0 	 500m 

1.4 	Mine area plan 





- 	

- ** 	
- 	 -w 

: ':i-;:-:.::- •'. ': 	
. 	

S 

A 	- 

- 	 - 	

c 

-. . 	
-*_ 

-'-•• 	 - 	 : 
-. 	

'4 

+ - 	 - 	-f 	
. 	 -. / - - 	 --.:' 

	

4 	
4 

9 	
-1 	

- - 	 - 
- 	 --- 	 . 	 -- 	 . 	 - 	 - 	 . 

	

- 	 .- 	- 

	

1P 	 - 

P 	 ' 

 

; Y~ T 	 .
-s' 	

/ 	
'- 1. 

 

	

1* 	 - 

- 	 -- : 

- 

. 	 •1- 	 '_',(_4 	 '- 

	

- 	
- 	 -,- 	.- 

-' 	

f. 	— 	 'i 

' 	 F 	— 	 — 	 - 	 . 

	

£ 7 	 ' 	
.; 	9- 

-r It- . 	.-•. 	 .-,.• 	•-. - 	 - 	 -.-.--. 	 -S_ Or 	 - 	 . 	- 

- 	 '- 
4

1. 
	

4 
- 	 ¶ 

	

y 	 - 
' 

•4 	' 	 • 	 -   -. 
	

-  . 	 - 

~ 7 ~~l 	~ '.\ 	
- 	

S 

-.----"-. 	 .. 	
- 	 2: 	.- 	 • 	-•--, 	 .--...• 	 - 	 .. 	444; - 

.Lt 	 .. 	 -' 	. 	 - 
vl. 

 

-~ 	" . 	~ 	

. + ~,.~ 	

 	I 	 .~.; 	. 	: 	~&- , - ~ " . 	.'' 	 . 
- % 

	* 	. 7% . , 
	 I 

- 	
$ I. 	 __ - 	

; : 

	

I 	 - 	
)• 	

/ 
, 	-: 	

P.-, 

"- 	 : 

\ 	
, 	

~ 	

, 	
~ 	, 	

., ~ 	
~ , ~ Z-~, -.. 'i-.'.~ . 	- 	

. - )'~ 	~ 	
". 	 , 	 I 

': A 	 N 

 

"," 	K 	
'.1 

	I ~-.. 	... ~,~-~I- ~, ~L-, 	. 	 - 	~ 	.. 	N~:. 	, 	.,~,~,, 	- 	~-:.,- , 	 I 	 ~,~-I~ 	
.v 	
- 	

w 	
. 

	

~-.;!,-,',~-~.,,~-~.,.,,-,-.'*~,.,r.,-~ 	1, 	 I 	+ 	 : 	. 	- 	- 	 . 	

. 

 

	

.4y. 	.. 	. -. 
I 	 ,. 	 , 

., 	 - 	

-F. 	

4 	
.4 

. 	
'-, -' 	-.9 - i_*, 	 9 	 '-• 	 L 	 '- 

	

- 	- 	- 	 r,-- - - 	 - 	 ;:.- 	 - 	 - 	 - - 	- 	 - 	 .- 	 - - 1 1  

	

- 	-- 	 - 	 • 	
- 	 .9. 	 .- 	'-a. 

- 	 L. 	.. 	 - / 	-I 	 - 	 r 	
.1 

-. 

W11 

	

,'- 	

- '! -" 	 2. 

r 	 - 
- 	

- 	 v 	
..L9 

	

-v--: 	 -- 	 - • 	 -- 	 --V 	
- 	 .- 	- 	- 

- 

-.- 

 

~ 	, 	 	 I 	.. 	~ . ~ 	- 	1. 	 & 	. I . 1~ :: 	~ ',~ 	 I 	I 	 ,~,~ 	 . 	 -1 
 

4!kIJ 	 ( 

1 	S 2. 	 :;— 	
rI---'- 

	

)I 	

4 

•jr 	 •••••;'.— 	 - 	• 
I 

	

1 ' ' 	 1 -•.q 
I. 	

I, 

11 

	

9-- 	

- 	 _' 	

- - 	

'2 

	

- 	 -- 	 - 	:- 	

- 	 -~ - : 	

- 	 -. 	 - 	- 

	

-S - ' 

	 -, - 	 .4- 	
.5 

	

' 	
. 	.'- 	 ... 	 .5 

	

.5-4 	 - 	 .-.,4.pi 

.45 	

t 

$ 	 -' 	 ''Im4tw9. 	. 	 •/5 

4 	 2 

	

F 	

- 	 4.. 	 - 

	

. 	 41 
 

	

- 	 4, 

	

i/-S 	* li 	 9 	
t_ 	

9. 

- p 
- 	 - 	 .- ' 

	: 	

- 	

4.- 	 C 	 -. 

A. 

4. 	 - 	 5. 	

t. 	 _5 

	

r 3mwi 	
4, .4 
	'2 

-: -  
	

- , 	 . 	 -- 	 '' -- 	•• - 	 - 	

-- 	

.: 	

•- -- :- - 	 --- 	-- 

	

V 	 - 	
5-.. 

-. 

 

	

.1, 	 .o'--, 	 I 	 - . 	 I 	. 	~ 	 O., *': - 	 - I V.- 
I 

-11 

 - 	 .51/ 	
- F. 	

" 	 - 

	

-. 	- 	• .2 	 - 	 - 	 •- 

	

/ 	

2 	 5- 	 -f 	
_•& 	

.5-'.. 	 .2 
ll 

S 	 - 5- 	 1 	 - 	
I, 

- 4
. el~ , 	

( 	 - 

* 	 - \ ' -X 	 - 	 V. 	 , . 





'OMESTEAD 

SILVERGRASS 

NAMMULDI - ,-/-- - 
N 

BROCKMAN NO.2 

BEASLEY RIVER 

M 

CHANNAR 

PARABURDOO 

MT WHALEBACK 

ion S 

VEST ANGELA 

9 	
10km 

FIGURE 1.5 Indicative railway routes for future 
mine sites 





1.4 	MARANDOO IN REGIONAL AND HISTORICAL CONTEXT 

The economic viability of Marandoo relies upon existing Hamersley infrastructure such as: 

the townships at Tom Price and Dampier 

250km of existing railway—Rosella Siding to Dampier 

existing port facilities at Dampier. 

The pivotal importance of Marandoo to the new generation of Pilbara iron ore production is 
then twofold: 

Its quality ore provides an alternative source which replaces part of the Mount Tom 
Price ore component in the Hamersley blend of iron ore. This will enable the valuable 
high-grade ore at Mount Tom Price to be extracted at a lower rate per annum whilst 
maintaining the quality of the export ore. This will extend the life of both the Mount 
Tom Price mine and the town of Tom Price. 

The extension of the Marandoo railway to Homestead Junction provides a firm stepping 
stone, the Central Pilbara railway, to future mines of the Central Pilbara. 

The bottom line for Hamersley is that the extended life for Mount Tom Price should enable 
present overseas customers to continue to treat Hamersley ores as preferred products well into 
the next century. 

Long-term mining plans are discussed more fully in Section 2.4 after consideration of the 
Pilbara iron-ore resources. The various options for mine development are given, which 
indicate why Marandoo was selected as the next Hamersley deposit to be developed. 

The Rosella Siding to Homestead Junction railway will provide a transport link for future 
mine development in areas east of the Park in the Central Pilbara (see Figure 1 .5) as well as 
servicing Marandoo. Integration of the detailed design of the complete railway corridor 
requirements will make possible a co-ordinated and regional planning approach (see also 
Section 2.5). 

Such integration of Central Pilbara plans at this stage will not only make economic savings 
possible for the Joint Venturers but will permit formal planning by the Park managers, and 
forward planning of future conservation research, to be made in a more coherent and 
integrated manner. This will maximise environmental protection and minimise later 
disturbances to the management, planning and environment of the Park. 

Associated with this systematic planning is the current review of boundaries of the Park so as 
to increase the area reserved to take in such key features as Mount Meharry, the highest 
mountain in Western Australia, which is presently 1km outside the Park. Such issues are 
discussed in Chapter 6. 

The design aspects of the new railway are in accordance with the considerable experience 
Hamersley has acquired in successful and efficient operation of some 400km of heavy rail 
systems in the Pilbara over the past quarter century. 

Current work on the Brockman railway spur to Rosella Siding is the first such heavy rail 
project by Hamersley in 20 years, since Paraburdoo. There are clear logistic advantages in 
constructing the railway from Rosella Siding to Homestead Junction as a single project and 
this important objective is being assessed in the preparation of the detailed construction 
schedule. Hamersicy's future mines are in the Central Pilbara, and Hamersley must be 
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positioned to withstand existing international competition, such as from Brazil, and emerging 
competition, such as from South Africa. 

The historical development of this project has now taken almost two decades of extensive 
engineering and economic feasibility studies. A wide variety of infrastructure and 
construction options has been examined, and there is a very extensive array of previous and 
current engineering, geological, Aboriginal heritage, economic and environmental 
investigations and reports. These studies have analysed many options of developments, on 
both macro and micro scales. 

The proposal described in this ERMP represents the best available proposal based on present 
knowledge and design alternatives. While detailed engineering design is necessarily 
dynamic to respond as more knowledge becomes available, the present design status is 
sufficient to achieve responsible environmental design and management of impact, and it 
meets both with current laws and Government3  policies. 

1.5 	GOVERNMENT LAWS AND POLICIES 

1.5.1 General 

Effective industrial developments in relatively remote and inhospitable country, such as the 
Pilbara, involve co-operative actions between industry and Government. While many 
elements are clearly governed by relevant laws, enacted by Parliament, the Government 
policies of the day are also important considerations to be factored into commercial decisions 
by private enterprise. 

1.5.2 	Legislative Background 

The principal immediate legislation under which this ERMP is prepared is the 
Environmental Protection Act 1986. 

Hamersley will comply with all relevant laws and regulations, which include the following: 

Aboriginal Heritage Act 1972-1980 

Aboriginal Heritage (Marandoo) Act 1992 

Conservation and Land Management Act 1984 

Environmental Protection Act 1986 

Iron Ore (Wittenoom) Agreement Act, 1972 

Land Act 1933 

Mines Regulation Act 1946 

Mining Act 1978 

Occupational Health, Safety and Welfare Act 1984 

Parks and Reserves Act, 1895-1978 

Throughout this document, Government refers to the State Government of Western Australia. 
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Reserves and Land Revestment Act (No.2) 1990 

Reserves and Land Revestment Act 1991 

Rights in Water and Irrigation Act 1914 

Water Authority Act 1984 

Wildlife Conservation Act, 1950-1979. 

The Iron Ore (Wittenoom) Agreement Act, 1972 sets out the rights and obligations of the State 
Government and the Joint Venturers with regard to the development and operation of the 
mine. 

This ERMP is submitted in accordance with the Environmental Protection Act 1986. Mining 
proposals must be submitted to the Minister for State Development and will incorporate this 
ERMP. 

During the course of development of the Marandoo project, the direct ministerial 
responsibility has rested with the Minister for State Development, Hon. Ian Taylor. 
Government liaison has been principally with the Department of State Development, which 
has acted as a co-ordinating agency for dealing with State instrumentalities. 

With regard to Federal legislative areas, State-Federal Ministerial and Departmental 
Agreements were signed in 1977 which still apply. These broadly accept that for 
developments of mutual interest to both Governments, the normal due processes of 
environmental assessment are those of the Western Australian Government and its EPA. 

Draft guidelines of this environmental assessment were reviewed informally at a Federal 
level. This ERMP will be processed formally at a State level by the EPA, but will meet any 
Federal requirements in the same process. 

1.5.3 	Government Policies 

Both State and Federal Governments desire further developments to foster employment. 
Marandoo is one of the few major developments sufficiently advanced in Australia as to be 
still seeking Government approvals. Such approvals are awaiting environmental assessment 
by Government. 

Of critical importance for Marandoo is the necessity for the environment to be protected and 
for Hamersley to have security of tenure and rights to mine. 

The issues can be analysed under components of: 

legal rights to the minerals 

the environmental protection due processes 

Government policies on mining and National Parks. 

The primary legal rights to mine are embodied within the Iron Ore (Wit tenoom) Agreement 
Act, 1972 and the Mining Act 1978. 

The environmental protection processes are basically those being followed by this ERMP. The 
scope of this ERMP is set by the environmental guidelines prepared administratively by the 
EPA (Appendix 1). One of the key issues cited is the cultural impact on Aboriginal people 
with traditional affiliation with the land. 
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The Aboriginal Heritage Act 1972-1980 requires that in the event of knowledge of an 
Aboriginal site within the meaning of the Act being likely to be disturbed, there should be 
notification to the Trustees of the Western Australian Museum or a police officer. In 1977, 
after anthropological research in conjunction with informants consent was given to enable 
mining to occur. 

The advancement of the project was arrested by uncertainties arising from the Aboriginal 
Heritage Act 1972-1980. In 1991 the Minister for Mines and the developer of the project gave 
notice to the Trustees under Section 18 of the Act, to use the Project Area for development of 
the mine and associated infrastructure. The Minister for Aboriginal Affairs gave her 
conditional consent on 3 February 1992. On 7 February 1992 the Aboriginal Heritage 
(Marandoo) Act 1992 became operative. On that date the Aboriginal Heritage Act 1972-1980 
ceased to apply to the land required for the project. 

Until January 1991, the Marandoo Tenement was part of the Park. State Government policies 
towards mining and National Parks have therefore been important for development of 
Marandoo. 

The development of these policies also provides insight into the issue of natural and social 
values of the Park, which was set as a major issue in the environmental guidelines. 

In November 1990, the State Government released a policy paper entitled Resolution of 
Conflict—A Clear Policy for National Parks (see Chapter 6). This policy included a 
provision for rationalisation of the boundaries of the Park and other areas. 

In December 1990 both Houses of Parliament passed the Reserves and Land Revestment Act 
(No.2)1990. The Tenement and corridor were excised from the Park on 11 January 1991. In the 
Reserves and Land Revestment Act 1991, Parliament approved the excision from the Park of 
an area for the construction camp, and the addition to the Park of an area around the site 
named Band jima Pool, while some further minor rationalising excisions and adjustments were 
made in connection with the Roy Hill-Wittenoom Road and Juna Downs pastoral property. 
Refinement of survey areas and other rationalisation of Park boundaries in December 1991 
reduced the area excised in relation to Marandoo to less than 2% of the total Park area. The 
details of excised areas are shown in Figure 1.6. 

The concept of "replacement land" is raised in the EPA's environmental guidelines. While 
discussed in Chapter 6, this is more properly addressed within the context of the mining 
proposals which Hamersley is required to submit. The mining proposal is the vehicle 
whereby Hamersley is provided with land for the actual development of the mine and 
associated infrastructure. 

A consequence of the separation of mining and nature areas was expected by the Government to 
be 'greater security for leaseholders and of conservation areas" (Resolution of Conflict 
November 1990). This assisted Hamersley's planning of the project. Furthermore, the 
development of this ERMP for the excised areas is assisting the Department of Conservation 
and Land Management (CALM) in the related but separate development of a Management 
Plan for the actual Park. 

Indeed, Hamersley and CALM have agreed a Statement of Mutual Understanding (the 
Understanding) to address issues of environmental impact arising from the project 
(Appendix 2). 
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1.6 	SCOPE, PURPOSE AND STRUCTURE OF THIS ERMP 

The scope of this ERMP is limited to environmental matters that will be affected by the 
construction and operation of the various components of the project. These include the 
following: 

the construction, maintenance and operation of the railway and service road between 
Rosella Siding, on the Hamersley main line, through Marandoo to Homestead Junction 
near Juna Downs station; 

the construction, maintenance and operation of the main access road between Marandoo 
and the new Tom Price North road; 

the construction, maintenance and operation of the powerline between Tom Price and 
Marandoo; 

the establishment and operation of the Marandoo mine; 

the construction, maintenance and operation of the mine site ore handling facilities such 
as crushing, screening and loading facilities and associated infrastructure, including 
water and power supply, workshop and offices; 

the accommodation of the workforces during both the construction and operational 
phases. 

The ERMP considers the appropriate physical, biological and social environments in the 
affected areas. 

The ERMP does not specifically consider the environmental impacts of the following: 

possible future mining below the watertable which would require mine dewatering 

possible future mining in the Central Pilbara. 

Should any of these be proposed at some future time, they will be the subject of referral to the 
EPA for separate environmental assessment. 

However, this ERMP sets out the baseline environmental credentials and plans against which 
such later proposals should be assessed. 

The purpose of the ERMP is to: 

provide a detailed description of the project, with emphasis on any associated potential 
environmental impacts and the resources to be implemented to manage and monitor these 
impacts; 

provide the basis for individuals, interested parties and government agencies to examine 
the details of the project in order to make more informed submissions to the EPA; 

enable the EPA to assess the project adequately and make recommendations on its 
environmental acceptability; 

facilitate environmental approval for the project from the Minister for the Environment. 
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The ERMP has been structured into four distinct, but interrelated parts. In broad terms: 

Part One (Chapter 1) outlines the scenario in which the project is set, presenting the past 
background and the future perspective; 

Part Two (Chapters 2, 3 and 4) provides a detailed description of the proposal, including 
the mineral resources, mining and construction; 

Part Three (Chapters 5 to 13) describes the existing environment and identifies and 
discusses potential impacts of the project on the environment. In particular, it analyses 
the natural and social values of the Park because they are a focus of the EPA guidelines; 

Part Four (Chapters 14, 15 and 16) sets out the proposed measures by which potential 
environmental impacts will be managed, mitigated and monitored. It provides a 
summary of the proponent's environmental commitments, and makes concluding 
comments. 

Because the Marandoo project is so important historically in the development of the Pilbara 
(Section 1.1), some historical narrative is included to assist interested parties, students and 
researchers, see it in perspective. 

Technical information for this ERMP comes from Hamersley and the work of its consultants, 
including AGC WoodwardClyde, Enviroscan, Ninox Wildlife Consulting, E M Mattiske & 
Associates, and Brian J O'Brien and Associates. The consultant team is detailed in 
Appendix 3. 

The ERMP is a public document written in a manner understandable to the informed lay 
person. Where appropriate, reference has been made to technical reports commissioned 
during the preparation of the ERMP, and cited in the references. 
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Chapter Two 

THE MINERAL RESOURCES 

A brief overview of the geology of the Pilbara region and Marandoo is presented here to 
provide a useful background to Marandoo and to indicate its role in maintaining Hamersleys 
export of high quality iron ore. The overview also provides data on other iron ore resources 
elsewhere in the Pilbara. 

Such mineral resources are site specific. If they are to be developed, this fundamental truth 
has to be factored into any environmental assessment. The flexibility that might attach to 
the location of a manufacturing industry, for example, does not apply to iron ore resources. 
While the Marandoo biological environment is of interest, this proposal and ERMP would not 
exist without the mineral resources of Marandoo in TR 5623-H. 

More detailed and technical descriptions of the geology of the Pilbara region and the 
Marandoo orebody are provided in Harmsworth et a! (1990). 

2.1 	REGIONAL GEOLOGY 

The geology of the Pilbara region in Western Australia is dominated by the Hamersley 
Province (Figure 2.1) which covers an area of about 100,000km2. It lies between latitudes 
21°18'S and 2324S, and longitudes 116°06'E and 120130E. 

The Hamersley Province is the depositional basin of the Lower Proterozoic Sediments, which 
lie above older granite and greenstone basement rocks composed of granites, grani tic gneisses 
and greenstones (altered basic igneous rocks). 

This Group of sediments is a sequence of supracrustal rocks that has three components: 

the Fortescue Group 

the Hamersley Group 

the Turee Creek Group. 

The Fortescue Group is the oldest component, resting unconformably upon the granite and 
greenstone basement. The Fortescue Group comprises an interlayered sequence of sedimentary 
and basaltic rocks which have been intruded by dolerite sills and dykes. 
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The Hamersley Group lies conformably over the Fortescue Group. The Hamersley Group is a 
sequence of sedimentary rocks including iron formations, interbedded with minor felsic 
volcanic rocks and intruded by dolerite dykes and sills. 

The Turce Creek Group is the youngest component of this Group of sediments. It is a sequence 
which consists of interbedded mud stone, siltstone, sandstone, conglomerate and carbonate. 

Of these three Groups, the Hamersley Group is the most relevant to this proposal. Generally 
about 2.5km thick, it contains the Brockman Iron Formation (about 6(X)m thick) and the Marra 
Mamba Iron Formation (about 230m), which together provide most of the known major iron ore 
deposits in the Pilbara (Figures 1.3 and 2.2). 

The iron ore deposits at Mount Tom Price, Mount Whaleback and Paraburdoo are derived from 
the Brockman Iron Formation. The Marandoo iron ore deposit is derived from the older Marra 
Mamba Iron Formation. 

The stratigraphic divisions and major lithologies of the Hamersley Group are shown in 
Figure 2.3. The existing sample pit is also shown in Figure 2.3 to illustrate the scale of the 
stratigraphy. As indicated, the Marra Mamba Iron Formation forms the basal unit of the 
Hamersley Group and is overlain by a number of formations, including the Brockman Iron 
Formation. 

Separating the Brockman Iron Formation and the Marra Mamba Iron Formation are the 
formations composed of shale (Mount McRae Shale), chert, shale and banded -i ron-forma tion-
chert units (Mount Sylvia Formation) and dolomite (Wittenoom Dolomite). These shale and 
dolomite formations that lie beneath the Brockman Iron Formation are more easily erodible 
than the Marra Mamba Iron Formation; consequently, a Brockman outcrop facing a Marra 
Mamba outcrop across a valley floor is quite common in the Pilbara. The effect can be clearly 
visualised from the outcrop map of Figure 2.2. 

In the context of Pilbara landscapes, the hard and thicker Brockman outcrops are responsible 
for the more pronounced scenic features such as Mount Bruce, while the thinner Marra Mamba 
outcrops form lower ridges. The effect is shown in Figure 2.4, which depicts an illustrative 
cross-section of the Marandoo valley. While Mount Bruce stands prominently more than 500m 
above the valley floor, which is about 720m above sea level, the Marandoo ridge rises only 
about 80m. 

2.2 	SUPERGENE ENRICHMENT OF BANDED IRON FORMATIONS 

One of the features of Pilbara landscapes is that both the Brockman Iron Formation and the 
Marra Mamba Iron Formation contain distinct bands, commonly known as "Banded Iron 
Formations" (BIFs). These BIFs are sedimentary rocks composed of iron and silica minerals in 
characteristic bands. 

Most BIFs in the Pilbara have little commercial value because their iron content is about 30%. 
It is only when the content has been enriched by the natural process of supergene enrichment to 
over 60% that the iron ore4  may be of commercial value, provided its impurities are low and 
the deposit meets other metallurgical criteria. 

In the iron-ore industry in Australia, the term 'ore' is applied only to enriched deposits, with over 60% iron 
content, not to the more common BIFs which have not been enriched, and whose iron content is about 30% 
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"Supergene" simply means "originating from above, and the term is applied to a process 
caused by the flow of ground waters (surface waters) under suitable conditions and for a period 
of millions of years. It involves the dissolving and removal of various impurities of BIF such 
as quartz, carbonates and silicates, giving an effective replacement of non-iron-rich minerals 
with iron-rich minerals. 

Further details of the supergene enrichment process of the ores in the Hamersley Province, 
the mineralogical changes and mineralisation process involved in the conversions of BIF to 
iron ore are provided in Harmsworth et al (1990). 

This natural enrichment process has resulted in portions of some BIFs, including the upper 
section of the Marra Mamba Formation at Marandoo, becoming iron ore deposits of potential 
commercial value. However, much of the Marra Mamba BIF has not been enriched because it 
has not been exposed to conditions suitable for the enrichment process to occur. Figure 2.4 
shows the limited down-dip extension of enrichment of the Marandoo Marra Mamba BIF. 

2.3 	CHEMICAL COMPOSITION OF PILBARA IRON ORES 

The importance of Marandoo ore has to be assessed in the context of other Pilbara ores 

The distribution of iron ore deposits and Hamersley mines in Western Australia is indicated 
in Figure 2.2. As a result of the formation processes of BIF, its selective enrichment and 
subsequent history, there are significant differences from one orebody to another. 

The iron (Fe) and phosphorus (P) composition of the principal sources of commercial iron ore 
mined in Western Australia from supergene hematite—goethite ores is given in Table 2.1 
(Harmsworth et al 1990). 

TABLE 2.1 Indicative Composition of Pilbara Iron Ores 

Deposit Description Composition (%) 

Fe 	P 

Mt Whaleback Brockman 64.1 0.053 
Mt Tom Price Brockman 64.4 0.053 
Paraburdoo Brockman 63.7 0.077 
Kooclaideri High Phosphorus Brockman 62.1 0.122 
Brockman No.4 High Phosphorus Brockman 62.5 0.136 
Orebody 29 Typical Marra Mamba 61.9 0.072 
Mining Area C Marra Mamba 61.6 0.060 
West Angela Marra Mamba 60.7 0.065 
Mt Goldsworthy Archacan 64.2 0.047 
Channar Brockman 63.0 0.088 
Marandoo Marra Mamba 62.2 0.052 

Source: Jlarmsworth et at (1990) 

Typically, the supergene enrichment ores contain 60% to 64% iron (Fe), 0.05% to 0.15% 
phosphorus (P), 2% to 5% silicon dioxide (Si02), 1.5% to 2.5% aluminium oxide (A1203) and 
1% to 6% loss on ignition (LOl). The high phosphorus content of much of the ore in the 
Hamersley Province incurs additional costs in the steel-making process. This is at present a 
serious barrier to its marketing. The high quality in this regard of the low phosphorus ore at 
Marandoo is apparent from Table 2.1. 
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Thus the relatively rich commercial deposits of high-quality iron ore are scattered at large 
distances throughout the Pilbara. The processes of supergene enrichment and the varied local 
histories produce some local variations in the ore characteristics at each site. The highly 
competitive market requires reliable, long-term supplies of iron ore with chemical and 
physical characteristics maintained at a very high level of quality assurance. Such quality 
ore is achieved and maintained by sophisticated processes of ore blending, both of products 
from one mine and of products from two or more mines (Section 2.6). 

In the Context of sustainable development and efficient use of natural resources, the practice of 
ore blending is very important. Combination of such ores requires long-range planning to 
optimise the viable development of mines at different locations, in order to maintain 
continuously the production of a consistent high-quality blended ore. 

The choice of Marandoo for the next mine to be developed by Hamersley was made within the 
context of long-term mining plans, which examined broad strategic options. 

2.4 	LONG-TERM MINING PLANS 

Hamersleys long-term mining plans are based upon a continuing programme of commercially 
sustainable development. They comprise three basic development objectives: 

to develop the Marandoo resource to sustain and support existing operations at Mount 
Tom Price and Parahurdoo/Channar; 

to develop new resources in the Central Pilbara to increase and/or sustain production 
rates, dependent upon market demand and industry economics; and 

to continually assess ore resource types new to the market-place, alone or in combinations 
to sustain Hamersley and the Western Australian iron ore industry at an economically 
viable production rate well into the 21st century. 
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The first stage of Pilbara iron ore mines mainly developed Low Phosphorus (less than 0.08%) 
Brockman ore, renowned world-wide for its high yield of high quality lump product and fines 
of consistent quality and good sintering characteristics. 

As these resources are depleted, attention will focus on one or more of: 

High Phosphorus (more than 0.1%) Brockman ore 

detrital (scree lump) ore 

Marra Mamba ore 

Pisolite (limonite) ore. 

There are considerable quantities of these four types in the Pilbara, and Hamerslcy has 
directly, indirectly, in part or in whole title to substantial reserves of each ore type as 
indicated in Table 2.2. As shown below, however, Hamerslcys long-range plans concentrate 
on the last two ores. 

TABLE 2.2 Comparison of Potential Hamersley Mining Resources in the Western and 
Central Pilbara 

Deposit GOR* Type Description 

Western Pilbara 

Nammuldi 210 Marra Mamba Steep dipping, soft Marra Mamba. 	High stripping 
ratio/low recovery. 	Majority below watertable, 
diverse resource, seven orebodies over 14km. 

Silvergrass 90 Marra Mamba Steep dipping, 	soft 	Marra 	Mamba 	similar 	to 
Nammuldi. Small deposit—not viable alone. 

Homestead 165 Marra Mamba Somewhat flatter than Nammuldi and Silvergrass. 
Contains 	some 	harder 	material-2/3 	below 
watertable. 

Beasley River 400 Pisolite Much smaller, lower grade and higher impurities 
generally than Yandicoogina. Scattered deposits with 
high stripping ratio. 

Central Pilbara 

Yandicoogina 	3,0(X) 	Pisolite 

Ciles & 	 230 	Brockman 
Associated areas 

Bakers South 	I 
Bakers North 
Arrowhead 	i 	over 	Marra Mamba 

Arrowhead 	1,000 

Various 

*COR:  Ceological Ore Resources (in million ton nes) 

Flat easy to mine deposit, low stripping ratio, approx. 
60% below watertable. Very large resource. 

Excellent quality Low Phosphorus Brockman ore 
lump producer; similar to Mt Tom Price. 

Typical Marra Mamba deposits steep, high stripping 
ratio, majority below watertable. All located 
between Rhodes Ridge and Ciles; in close proximity 
to each other; same area of regional development. 
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Which ore type will be developed depends not only upon which ores attract long-term market 
support but upon the developer having the ability and flexibility to incorporate two or more 
such deposits into a sustainable production complex (see Section 2.6). 

Reserves of High Phosphorus Brockman are most unlikely to be favoured by steel mills until 
all other sources of lower phosphorus material are depleted—well into the 21st century. 

Whilst deposits of detritals have been delineated throughout the Pilbara, many of them 
have proven to be not amenable to upgrading to market quality ore and/or are too scattered, 
too deep or too far below the watertable to be economically recovered at this time. 

Of the large number of detrital deposits investigated by Hamersley in recent years, only two 
deposits (Southern Plains at Mount Tom Price and Brockman No. 2) have been proved 
economic. Other smaller deposits in close proximity to the Mount Tom Price operation and 
adjacent to the railway further to the north are of interest and are being further investigated. 

Starting substantially in 1991, preliminary drilling in the Fortescue Valley has identified 
some areas of interest. However, the better intersections are extremely narrow, very deep and 
almost completely below the watertable. Considerably more exploration and evaluation 
work is required before any decision can be made as to their economic viability. 

It is considered that detrital accumulations will not provide the basis for any major 
sustainable project, and that detrital ores at best will be minor adjuncts to well established 
core operations based upon substantial orebodies of about 200Mt or more, similar to those 
already mined or planned to be mined. 

Consequently, because High Phosphorus Brockman ore cannot be considered a potential ore 
resource in the next two or more decades, and detritals will be essentially adjunct operations, 
Hamersley has concentrated its future long-term development strategy on large Marra Mamba 
and Pisolite ore reserves. It should be noted, however, that because of the importance of the 
ore type, smaller Low Phosphorus Brockman deposits will always have a place in regional 
development programmes if they can be found. 

Resources of Marra Mamba and Pisolite ore to the west of the Hamersley railway (the West 
Pilbara) are inadequate for use as the core of Hamersleys future business. At best they will 
augment production from other major areas, making use of the low capacity railway spur being 
developed to Brockman No. 2 Detrital Deposit—itself a prime example of an augmentation 
type operation. 

Consequently, the key to Hamersley's future in the 21st century is the quality and quantity of 
the iron ore resources of the Central Pilbara. 

A comparison of the resources of the two areas, shown in Table 2.2, demonstrates this fact. 

Most of the Central Pilbara resources referred to lie at least 60km east of the Park. There are 
however nine Temporary Reserves (TRs) covered by the Iron Ore (Wittenoom) Agreement Act, 
1972 still within the Park (Figure 2.5). Because Marandoo has been the centre of attention 
and focus of exploration of the so-called "Wittenoom TRs" since the early 1970s, the 
information on the other tenements is not nearly as well established. They are known in the 
main to contain Medium to High Phosphorus Brockman ore with some prospects for detrital 
lump product. More work is required to establish reliable tonnage estimates. These areas 
have not been excised from the Park and are not part of this proposal. 

They will continue to be explored and managed under the terms and conditions of the Iron Ore 
(Wittenoom) Agreement Act, 1972. 
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In this context, it should be noted that a Ministerial Council is examining all Agreement Acts 
which relate to iron ore tenements within the Park. This analysis is being made in the 
context of State Government policy, and therefore discussion of such tenements is outside the 
scope of this ERMP (see also Section 6.3). 

It is evident from the above discussion and Table 2.2 that sufficient ore for the establishment 
of core operations can come only from the Yandicoogina area (3,000M0 or the Rhodes Ridge 
area (nominal 1,000M0 individually and/or collectively. 

At this stage Yandicoogina is attractive because it is a large deposit and is a relatively 
simple mining operation. However, it is not a source of lump and requires considerable market 
development to assure acceptance of large tonnages. 

The large tonnages of Marra Mamba ore in three major deposits plus the Low Phosphorus 
Brockman ore at the Giles complex make the Rhodes—Giles area very attractive. Marra 
Mamba is becoming an accepted part of the Australian iron ore supply, and its position will be 
enhanced with the introduction of Marandoo ore to the Hamersley blend. Access to the Low 
Phosphorus Brockman ore (high lump yield) at Cues is an important benefit. 

Either development would ultimately be augmented and possibly replaced by the Medium 
and High Phosphorus Brockman ore at Rhodes Ridge when, by default or as a result of 
technological advances, this ore is acceptable to the steel industries of the world. 

Further details of Hamersleys longer term resources plans are both commercially and 
market-place sensitive at this stage. However, details will be made available when specific 
projects are put forward. 

The discussion in this Section has covered future plans beyond Marandoo, in part to provide 
background to both the railway component of this proposal and Marandoo. These two 
components are now discussed in turn as to broad options considered. 

2.5 	THE NEED FOR THE RAIL CORRIDOR 

Ore from Hamerslcy mines must be blended before shipment (see Section 2.6). This makes it 
essential to link all mines with the port of Dampier. 

The favoured rail route to the Central Pilbara is through the eastern corridor from Marandoo 
with a route from Homestead Junction branching either east-north-east to the Yandicoogina 
area or south-east to the Rhodes Ridge area (Figure 1.5). Long-term planning has not yet 
decided which option will be developed first. Ultimately there is a high probability that 
both will be required. 

The flexibility offered by this corridor route far outstrips that of any other alternative route 
and provides the opportunity to go to either or both areas depending on market demands. 

With no foreseeable demand for High Phosphorus ore and with little immediate prospect for 
large detrital based operations in the Fortescue Valley, a northern access along the Fortescue 
River holds little if any attraction. Although offering rail grades generally in favour of the 
load, it requires 100km longer railway to Yandicoogina and 70km more to Cites than via the 
corridor. Furthermore, it derives no benefit from the 57km of railway from Rosella Siding to 
Marandoo. 

In terms of cost, the need for flood control measures along the length of the Fortescue River and 
particularly opposite the openings of the major gorges issuing from the northern escarpment 
makes this route financially unattractive and potentially unreliable. 
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The added cost of linking the Central Pilbara deposits to Dampier via a Fortescue River route 
would be well in excess of $10() million. 

Southern routes linking the Central Pilbara to the Paraburdoo—Tom Price railway traverse 
topography that is not suited to heavy haul railways. They would also impinge on the 
southern half of the Park. Such routes are not feasible for a main line railway. 

Preliminary route assessments strongly favoured the direct and shortest route via Marandoo 
and Juna Downs, on the balance of engineering, environment and cost considerations. As a 
result, further evaluations proceeded without detailed ground surveys to define a 1km-wide 
rail corridor from Marandoo to Homestead Junction and indicative routes from Homestead 
Junction to Central Pilbara deposits at Yandicoogina, Rhodes Ridge area and Giles 
(Figure 1.5). This work has provided a sufficient understanding of the routes for this ERMP 
and for Hamersley's future resource planning. 

The most favoured option, and in current circumstances the only feasible option, for the 
Marandoo and Central Pilbara mines is clearly the corridor excised from the Park in 1991. 

The argument for rail access through the Park was submitted to CALM by CRA in 1988. A 
transport corridor was subsequently included in the Hamersley Range National Park Draft 
Management Plan of 1989. 

2.6 ORE BLENDING-MARANDOO AND OTHER HAMERSLEY 
MINES 

Quality control must be maintained over exported ores by means of ore blending, both from a 
single mine and from several mines. Marandoo is a keystone of Hamersley planning, and links 
the first and second phases of the industry. The broad strategic reasons for development of 
Marandoo were given in Section 2.4, and more details are given below. 

In preparing long-term mining plans incorporating the introduction of Marandoo, Hamersley 
follows established guidelines, developed and refined over 25 years of operations: 

The shipped product must remain consistently high quality year by year. This is 
achieved by blending and by varying the quantity of ore from each mining area within 
each mine. 

For each mining area within each operating mine, a mining sequence is defined which 
takes into account the geology, chemistry and ore type characteristics together with 
such constraints as stripping ratio, bench height, access roads and haul distance. Both 
long-term and short-term (operationally dynamic) planning are used. 

The blending ratio of ore from each mine (ie Mount Tom Price High Grade and Low Grade 
concentrator feed, Paraburdoo [including Channar], Brockman No. 2 and Marandoo) is 
strictly maintained. 

Ship-by-ship variability of ore quality is minimised by a proven quality control system, 
involving blast hole sampling, selective mining, product sampling and analysis and 
controlled stockpile blending at mine and port. 

The mine planning and scheduling function is a dynamic aspect of the Hamersley operation 
and minor changes are constantly being made to the orebody data bases to reflect the best 
information available at any time. Further in-fill drilling and other mineral exploration 
work is still required at Marandoo (Section 3.1) as a normal component of orebody 
development. 
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The system of selective mining is the foundation upon which extraction schedules and product 
quality projections are based. The initial mining plan for Marandoo is discussed in Sections 
3.2, 3.3 and 3.4. 

Each defined mining area is subjected to a final pit design which includes access roads, and 
stable and economic slope angles. The basic chemistry of the orebody—including key 
chemical components of Fe, Si02, A1203 and P—is then depicted in three dimensions as cross-
sections and zone plans within the boundaries of the final pit outline. 

Quality control aims at a uniform and constant blend, taking account of the chemical and 
physical characteristics. Plant products are sampled automatically prior to stockpiling. 

Blending at mines is augmented by travelling the product stackers continuously along the 
length of the blending stockpile, so that ore is layered in inverted Vs or chevrons. Blending 
uniformity is enhanced when a stockpile is reclaimed, as the bucket-wheel reclaimer 
traverses a complete cross-section taking a slice which comprises every layer of material. It 
then advances and makes another complete cut and so on, to complete the homogenising of the 
ore along both length and depth of the stockpile. 

As each product stockpile is laid down, the average chemistry is assessed. This information 
is immediately available to the Pit Supervisors/Grade Controllers so that changes in shovel 
locations can be planned and target chemistry achieved. 

The final blending occurs at Dampier, based on a detailed understanding of the contents of 
mine stockpiles. Close communications between port and mines is essential to achieve target 
shipping grades. 

The relative contributions from each mine are planned by means of a Five-Year Plan for each 
mine, developed as described above. 

The high level of quality control now being achieved by Hamersley in its ore production line 
provides the technical capability to accommodate different but complementary ore types in 
the blend without seriously degrading quality or variability of shipped ore, and provides 
products with minimal variations from ship to ship. 

With the high-grade, lump-generating Mount Tom Price reserves depleting, so that at current 
production rates a potential life of only about 10 years remains, it is of vital importance for 
Hamersley to introduce new ore sources to its blend to enable Mount Tom Price mine to reduce 
production and thus extend its life as the basic component of the overall Hamersley ore blend. 

Marandoo is the best choice available to Hamersley of a complementary ore type, in a 
deposit of economic size (cf Table 2.2). Its chemical characteristics provide an ore quality 
which complements ore from Paraburdoo, Channar and Mount Tom Price. It does not produce 
as much high quality lump ore as Mount Tom Price but its physical and chemical 
characteristics are such that it can be blended to make an acceptable lump product with ore 
characteristics close to those indicated by Hamersley to its customers for the current product 
blend. Present estimates suggest that the proportion of Marandoo ore in Hamersley blended 
ore will be in the range 20% to 25%. It is intended to maintain the blending ratio of Marandoo 
in any year as constant as possible whatever the actual production will be in that year. 

The outlook for Hamersley ore production, incorporating Marandoo, is summarised in notional 
form in the three scenarios of Figure 2.6, showing the annual throughput (Mt/a) from each 
Hamersley mine. These could be thought to be "options, but in fact it is apparent that the 
third scenario is essential. 
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Figure 2.6 shows that without new mines, if Hamersley maintains its present level of export, 
the high quality ore at Mount Tom Price would be exhausted in about a decade. The quality of 
ore from Paraburdoo and Channar does not meet contract requirements sufficiently to be 
saleable in its own right. Consequently, exhaustion of Mount Tom Price would result in the 
closure of Hamersley operations. 

The Marandoo mine will enable some extension of the life of Mount Tom Price. However, long-
term sustainable development of the industry requires the future development of the Central 
Pilbara mines, made feasible for Hamersley by the new railway link of this project. The 
socio-economic importance of these scenarios is discussed in more detail in Chapter 13, where 
alternatives and options are treated. 

Marandoo is required on line before 1995 and another new mine or mines are required before 
the end of the decade to maintain deliveries at forecast rates, ie to avoid loss of market share 
through inability to supply. 

The nominal capacity of Hamersley operations is 46Mt/a. However the production rate at 
any time is set by demand and can fluctuate considerably. Hamersley is currently producing 
about 50Mt/a. There is no firm plan at this time to undertake major modifications through 
significant capital investment in existing mines. However ongoing work at each operating 
site will, over time, result in increased capacity to ship ore. 

The production planned for Marandoo is nominally 12Mt/a as part of the 50Mt/a Hamersley 
output. This production rate will be reviewed in the current engineering studies together with 
the optimum design capacity for each component of the Marandoo operation. Engineering 
feasibility studies for a variety of throughputs have been made, and the present plan for 
12Mt/a is a suitable representative figure. There will be no significant change in the 
environmental impact if the throughput increased by expansion of facilities and additions to 
the mining fleet or by greater operating efficiencies. At throughputs approaching 20Mt/a, 
consideration would need to be given to a major expansion of processing and mining plant and, 
if that occurred, any significant new environmental impacts would need re-assessment. 

The Marra Mamba ore from Marandoo thus forms an integral part of long-term planning for 
the Hamersley operations. 

The requirement that Hamersley must export standardised products dictates that those 
products be shipped from the same port, Dampier, so that blending can be effected at the port 
as required. Any alternative would be completely impractical. The commercial reality is 
that the customers receive iron ore of the necessary consistent high quality. 

Thus external constraints are imposed on the Marandoo project. It is only when integrated 
with the existing Hamersley infrastructure such as the township at Tom Price and the heavy 
railway from Rosella Siding to Dampier, with the product blended with other Hamersley 
ores at Dampier port facilities, that the Marandoo iron ore deposit can be planned as a viable 
project. 
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Chapter Three 

THE MINE 

3.1 	THE MARANDOO OREBODY AND TESTWORK 

The Marandoo iron ore deposit is located within a 48km2  Temporary Reserve, referred to as 
TR 5623-H, shown in Figures 1.2 and 3.1. The iron ore is contained in the Marra Mamba Iron 
Formation, which lies at the base of the Hamersley Group of sediments. The Marra Mamba 
outcrop running north-west to south-east is shown (light brown) in Figure 3.1, and can be seen 
in a regional context in Figure 2.2. The Marandoo orebody represents the enriched section of 
the top subdivision member of the Formation. Details of the geology of Marandoo have been 
provided in Chapter 2. 

Figure 3.1 shows the Initial Mining Area (IMA) in the context of both the Marra Mamba 
outcrop and the mineralised area. Plate 1 locates the IMA vis-a-vis the Marandoo ridge and 
valley. 

The Marandoo orebody generally has a shallow dip from south to north and plunges gently 
from west to east. There are two natural divisions within the orebody: the upper portion of 
about lOm of hard massive goethite—hematite ore lies conformably over approximately 15m 
of soft interbedded hematite and goethite ore. Both zones of ore are interspersed with a 
number of narrow bands of shale, ranging in thickness between 10cm and 75cm. Details can be 
seen in the bulk sample pit (Figure 2.3). 

The orebody is exposed on the northern slopes of the Marandoo ridge and dips beneath a layer 
of alluvial/colluvial material. The enriched ore extends about 2km down dip (Figure 2.4). At 
the base of the orebody lies non-enriched BIF. Demarcation between the orebody and the 
surface alluvium/colluvium, and between the orebody and the underlying BIF, is generally 
well defined. 

There is some physical and chemical variability in the ore, both horizontally and 
vertically. This variability places constraints on the mining operation itself, which are 
overcome by a detailed mining plan for the IMA involving mining first at three locations in 
the orebody (Section 3.3). In addition, this variability will require sophisticated blending 
techniques (Section 2.6), in order to maintain current standards of grade control for Hamersley 
products. 

The thickness of the Marandoo orebody varies between about 14m and about 40m, with an 
average thickness of about 22m. The orebody outcrops over a strike length of about 7km. The 
outline of the orebody (mineralised area) is presented in Figure 3.1. 
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The total Marandoo geological ore reserves have been estimated at 370Mt of measured ore 
(assayed at 62% Fe). The IMA, subject of this proposal, will be entirely above the watcrtable 
and contains about 1 75Mt of measured ore. Also shown in Figure 3.1 is a further area of deeper 
rnineralisation below watertable. The present mining method and treatment process are not 
designed to handle this material. Further investigation is required on this deeper zone, and 
any future development would be the subject of another proposal. 

in order to define and analyse the Marandoo orebody, a drilling and sampling programme has 
been implemented over the last two decades. 

The preliminary drilling component of this programme has included 434 percussion holes, 
totalling 23,067m, and 102 diamond drill holes, totalling 3,384m. The drilling grid over most 
of the IMA has been 150m x 150m, with wider spaced holes elsewhere. Future in-fill drilling 
of 500 percussion holes, totalling about 25,000m, is planned to obtain further information on a 
closer grid. 

The known characteristics of Marandoo ore have been largely derived from bulk sampling of 
ore from three locations: Adit MN-i, Decline MN-2 and a Bulk Sample Pit. A programme of 
test shafts and a pit sample to provide further information on Marandoo ore is currently being 
established. 
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Previous testwork on bulk ore samples covered lump characteristics and sintering properties of 
fines, while full-scale sinter trials used 30,0(X)t of natural fines. The results of this testwork 
indicate that fine ore is acceptable for blast furnace steel-making when blended with other 
ores. 

All available samples of Marandoo ores have been subjected to chemical analysis. 

The average assay of the Marandoo ore in the IMA is presented in Table 3.1: 

TABLE 3.1 Average Assay of Marandoo Ore from the IMA 

Iron Fe 62.2% 
Loss on ignition LOL 4.9% 
Phosphorus P 0.052% 
Silicon dioxide SiO2 3.2% 
Aluminium oxide A1203  1.9% 

Some minor occurrences of fibrous goethite, fibrous pyrolusite and crocidolite/asbestos are 
known at Marandoo. Fibrous goethite completely disintegrates into blocky grains and is 
harmless, while fibrous pyrolusite occurrences are extremely rare and the mineral also breaks 
down into grain fragments. 

Crocidolite/asbestos occurs in the vicinity of Marandoo in the BIF bedrock and very 
occasionally in scree. However no crocidolite or other asbestos fibre has been identified in the 
ore zone of either the Mount Newman Member or the MacLeod Member (see Figure 2.3). It 
occurs only below the ore zone between the two lowest shale bands (NS2 and NSI) of the 
Mount Newman Member and between two shale bands (MS10 and MS9) of the MacLeod 
Member. In one drill hole out of the 536 holes drilled on the Marandoo deposit, crocidolite 
was intersected 2m below the base of the ore. All other crocidolite intersections occurred 6-8m 
below the ore. Occurrences are generally well defined and very easily identified. Being at 
such distances below the ore they will not be encountered in the mine. Section 4.10.3 contains a 
more detailed discussion of this topic. 

Manganese oxides (principally pyrolusite and cryptomelanc) are irregularly distributed 
throughout the orebody, particularly in the Mount Newman and West Angela members. 

3.2 	MINE PREPARATION 

Mine preparation will involve establishing access roads suitable for use by heavy 
earthmoving machinery, including off-highway trucks. Bulldozers will be used to initially 
clear the access roads. Standard road-forming machinery (drills, front-end loaders, graders, 
trucks) will be used to construct the mine access road to an appropriate standard. Mine access 
and haul roads will be constructed and maintained to the same high standards as those 
applying at Hamersley's Mount Tom Price and Paraburdoo mines. 

In areas where it is available the topsoil surface material will be progressively removed to a 
depth of up to 150mm and stockpiled. Some of this material will be used in rehabilitation of 
areas disturbed during the construction phase. Most of the topsoil will be used in progressive 
rehabilitation work during operations. The proposed method of rehabilitation is outlined in 
Section 11.8.2. 

Figure 3.2 indicates the approximate estimated tonnages of overburden to be removed during 
mine preparation and subsequent operations. The ore and overburden will be removed by 
conventional drilling and blasting methods. Ripping and dozing may be used in some areas 
where the material is suitable for this mining approach, however further analysis and 
testing will be required to determine the extent and feasibility of this method. 
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3.3 	MINING 

Mining will be carried out in the IMA, shown in the context of the Marandoo site plan in 
Figure 1.4 and on Plate 1. 

Selection of the IMA was based on the following considerations: 

it has the largest area of accessible outcropping ore; 

access to this ore is achievable with a low stripping ratio, and hence minimum 
overburden; 

dewatering is not required as the ore to be mined is above the watertable; 

it is closest to the best area for the planned infrastructure; 

the topography of the area allows the siting of initial overburden dumps consistent with 
environmental constraints, and ensures rapid development of in-pit overburden dumping. 

The IMA will be divided into a number of mining areas based on the known geology and the 
physical and chemical properties of the ore as well as access to dumps and crusher. Mining is 
planned for a minimum of three mining areas to ensure adequate flexibility for blending and 
grade control and to provide adequate ore stocks to sustain production requirements. 
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The three mining areas proposed for initial development are shown in Figure 1.4: 

Centre Area, covering Manganese Gorge and the existing Bulk Sample Pit. This area 
incorporates the higher grade portion of the orebody and will be a major source of ore for 
the project. 

South-West Area, bounded on three sides by unmineralised footwall outcrops. This area 
forms an ideal location as a back-fill overburden site upon completion of ore extraction. 
It therefore will have mining priority, consistent with blending requirements. 

Ridge Area, located on the southern edge of the orebody, consisting of the thicker, folded 
portion of the orebody. This area will have multi-bench operation over a relatively 
narrow width covering a long strike length. Early development of this area is necessary 
as progress will be relatively slower due to the size and shape of the ore lens in the area. 

Mine design will be carried out initially by Hamersley using both in-house and commercial 
mine planning software systems. A separate software package, specifically developed for 
Hamersley, will be used to develop mine schedules. 

For each mining area, a mining sequence is being defined to formulate a logical mining 
progression through the mining area. The Marandoo mining plan will be integrated with the 
mining plans for other Hamersley mine sites, so that blending programmes will produce the 
necessary end product. Blending at each mine and between mines was discussed in Section 2.6. 

The Marandoo mining sequence is also planned to enable in-pit deposition of mine overburden 
at an early stage, so as to minimise visual impacts of large external dumps on the nearby Park. 

3.4 	MINING METHOD 

The proposed mining method will generally follow the practices developed by Hamersley 
elsewhere in its operations in the Pilbara. Conventional large open-pit mining practice will 
be used for ore and overburden mining. The mining method to be used will involve large 
diameter blast hole drilling and blasting followed by loading into off-highway haul trucks. 

The characteristics of the Marandoo orebody will require some variations to standard 
Hamersley mining practices. These orebody characteristics have been outlined in Section 3.1. 
They include the following: 

the orebody is divided into two zones, a flat zone dipping around 5 degrees with gently 
plunging footwall and hanging wall, and a folded, generally outcropping ridge zone 
with bedding dipping around 30 degrees; 

relatively thin mineralised horizons of up to 25m in the flat zone and up to 40m in the 
folded zone; 

regularity of mineralisation through the orebody, suggesting reliability of ore 
presentation; 

narrow bands of shale interspersed in the ore; 

shallow overburden covering most of the orebody including a thin layer of 
alluvial/colluvial material; 

a basement of very hard BIF rock type. 
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Selective mining of overburden and ore will be very important at Marandoo to minimise 
dilution and maximise ore recovery. To facilitate selective mining, considerable care will be 
taken in developing a blast design philosophy that minimises material movement. Mining 
cleanly to the footwall and hanging wall will be important to maximise recovery and to 
minimise overburden and refractory rocks in the ore stream. 

Mining at the underlying footwall contact will require drilling to the ore/BIF contact, then 
controlled blasting followed by clean excavation to the contact. Underlying refractory 
material will not be permitted to contaminate the ore stream. 

In areas of the orebody away from the contacts, conventional full-face horizontal benching 
will be practised. Bench heights will be selected to facilitate control of the mining operation 
and are expected to be in the range of 10-15m. 

It is presently not intended to reticulate electricity in the pits, consequently it is likely that 
diesel powered mining equipment such as hydraulic excavators and diesel powered blast hole 
rigs will be used. The length of the IMA (about 4km) favours the use of highly mobile 
equipment so that blending requirements are met. 

The crusher station and initial overburden sites are illustrated in Figures 1.4 and 3.3. The 
overburden dumping design concept is outlined in Section 3.7. A mine plan based on dumping 
most of the overburden within the pit after 4 to 5 years is being developed. It is expected that 
after mining approximately 50Mt of ore, an adequate area within the pit perimeter will be 
available to contain most of the overburden generated thereafter. Thus economically 
recoverable ore from outside the IMA will not be sterilised, and visual impacts will be 
reduced (Section 6.17). 

Because mining will generally progress from west to east, there is potential to reduce haulage 
distance by relocating the primary crusher eastward during the life of the project, together 
with an extension of the conveyor from the new primary crusher location to the existing plant. 
This option will be examined as mine planning proceeds. It will have negligible 
environmental impact, except that it will reduce water usage on haul roads. 

3.5 	ORE HANDLING 

The Marandoo plant will consist of primary, secondary and tertiary crushing and screening 
facilities. The theoretical feed rate for the plant will be approximately 2,400 tonnes per 
hour. Mining and ore handling (crushing, screening, stockpiling, transporting) will be a 
24-hour operation. 

The ore handling procedures have been developed as a result of testing of Marandoo ore 
characteristics, particularly during bulk sample tests carried out in the 1970s. 

The materials-handling characteristics of the Marra Mamba ore at Marandoo vary widely 
between upper and lower ore zones. Because these bands of ore vary in hardness and because, 
at times, ore from only one of these sources will be in process, the crushing and screening 
facilities are designed for maximum operational flexibility. An 'in plant stockpiling 
facility provides a capacity to mix the upper and lower ore zones, so as to reduce the envelope 
of ore characteristics on the feed to the key screening and tertiary crushing sections of the 
plant. Space is also being allocated for separate stockpiling of some hard ore which can be 
used to scour build-up off the screen surfaces during periods of sticky feed conditions. 

The following description addresses the plant design concepts which have been developed 
into a preliminary layout (Figure 3.3). The details of this layout will be modified to 
incorporate the results of materials testing and the latest developments in technology. 
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As shown in the plant perspective (Figure 3.3), ore trucks from the mine will discharge ore 
into a crusher surge hopper. A feeder will control the flow of ore, and level out surges which 
result from irregular arrival of ore trucks from the mine. 

The secondary crushing section will have provision for scalping the ore prior to secondary 
crushing. The scalping screens underfiow will discharge on to a conveyor while oversize will 
be directed to the secondary crusher. Products from the secondary crushing stage will be 
conveyed either directly to the screen plant or to a surge stockpile. Surge ore will be stacked 
in the stockpile and reclaimed and conveyed to the screen plant. 

The capacity of the secondary crushing circuit will be matched with the capacity of the 
primary crushing circuit, with provision made for operational flexibility to accommodate 
varying ore characteristics. Under normal operating conditions the surge capacity of the 
secondary crushed ore stockpile will give the plant a reserve running time and provide a 
buffer between the mine and plant. 

In keeping with current Hamersley practice, tertiary crushing will be carried out at the mine 
site rather than the port. Studies have shown that better quality control is achieved at lower 
cost in this way. 

In the screening plant, the +30mm oversized ore will be returned by conveyor to the tertiary 
crushing plant. Tertiary crushed ore will then be conveyed back to the screen plant, with 
lump 00 +6mm) and fines (-6 +0mm) then stacked in separate stockpiles. 

A single bucket-wheel reclaimer will be used to recover the ore from the product stockpiles for 
loading on to rail wagons via the train load-out station. 

Plant buildings will be constructed of steel and may be partially closed by steel sheeting, and 
will have dust collection and disposal systems (Section 4.10.2). Ore plant and equipment will 
be protective coated and designed for relevant site conditions. 

Water sprays and dust collector systems will be installed at strategic locations throughout 
the plant to minimise dust emissions. 

The location, design and colour of surface facilities will be chosen as far as practicable in 
sympathy with the landscapes. 

3.6 	STOCKPILES 

Each lump and fines product will be conveyed to its respective stockpile and stacked. Each 
stacker will have travelling, slewing and luffing capabilities, and dust suppression sprays. 

Fully automatic sampling plants will be provided for sampling lump and fines products, with 
the plants located on the product stockpile feed conveyors. 

The product stockpiles at the mine site for each of the lump and fines products will be 
designed to meet blending requirements and to provide an adequate surge capacity between 
the mine and the rail/port system. 

Typically, each of the product stockpiles will be subdivided into subsections, with a blended 
section being reclaimed for loading into the trains, a section being established with products 
from the screening plant, and the other areas reserved to provide surge capacity. 

Sufficient area is available within the Tenement for future increases in the capacity of the 
stockpiles if required. 
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Stockpiles at Dampier will integrate the Marandoo ore with that from other mine sites to 
maintain quality control of the shipped ore (Section 2.6) 

	

3.7 	OVERBURDEN SITES 

The proportion of overburden to ore (the stripping ratio) for the IMA will, on average, be 
about 0.9:1.0 by weight. However, in the early years of mining other than the first year, the 
stripping ratio will be less than 0.9:1.0 because the areas to be mined have little or no 
overburden. 

Figure 3.2 illustrates the preliminary schedule of ore and overburden movements expected for 
a 12Mt/a operation over 15 years. 

Management of overburden from the Marandoo mine is important. Although the stripping 
ratio is quite favourable, the small size of the mining lease and the topographic limitations 
on locations of overburden sites make in-pit dumping an important feature of the Marandoo 
operation. Surface material will be stored adjacent to haul roads as far as practicable. 

Lack of suitable storage areas act as a constraint on the placement of overburden in the open 
area to the north (down dip) of the orebody final pit limit. 

Consequently, in-pit areas will be made available for overburden dumping as early as 
possible in the mining sequence. The topography permits early deposition of overburden in 
the shallow gullies outside the IMA, to the south and west. Capacity exists for 4 to 5 years of 
dumping in these areas, by which time in-pit dumping will be practised. 

The planned in-pit storage of overburden provides definite advantages in terms of the 
proximity of the mine area to the Park and the general considerations of landscape 
aesthetics. Furthermore, with this particular orebody, in-pit storage has obvious advantages 
in terms of haul distances and end-of-mine rehabilitation. In the shallow gullies and in-pit 
storage, care will be taken to minimise the visual impacts, for example, by varying the 
height of dumps. 

	

3.8 	END USE—OPTIONS AND GUIDELINES 

The economic and social imperatives of the Marandoo project are clearly to mine and sell 
reliable grades of Marandoo ore. However, these actions will be taken in an environmentally 
responsible manner, and will achieve significant net benefits (see also Section 13.10). 

Therefore it is appropriate to conclude this discussion of the mine with a description of the 
development plans as they relate to the "End Use' of the Marandoo site when the ore has 
been extracted. 

As a result of the development of a Hamcrsley policy of end use for the Marandoo Tenement 
(Section 6.17), an objective can be given for the end use. As far as practicable, landlorms and 
vegetation will be restored to a condition suitable for inclusion in the Park if the Government 
chooses. The railway system will continue for some time after Marandoo mine closure, and its 
end use would be negotiated at the time of decommissioning. 

Accordingly the components of end-use planning must include elements of technological and 
natural limitations as well as elements of what Park amenity is desired, if appropriate. End-
use planning should take account, perhaps, of changes in social views in a few decades. 
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The technological limitations are those posed by the need to mine the ore resource efficiently, 
economically, safely, and not to sterilise other potential ore resources. The natural 
limitations include the existing topography and other natural environmental constraints. 
Particularly important is the hydrological limitation posed by the aquifer underlying the 
ore. 

Further constraints are posed by externalities such as extremes of climate and the need to 
make provision for drainage of rainwaters, particularly those associated with heavy storms. 

The final topography must be dictated by the mining plan, but to the extent practicable, the 
end appearance may tend to echo some of the natural terrain and gorges. One factor that 
appears to be important in the social values of the Park, for example, is the element of 
surprise as one encounters a gorge suddenly in the plateau land. 

A wide range of options exists for the final landform within the mine pit. For example on the 
north-facing high benches, a series of scree slopes interrupted by 10-15m scarps can readily be 
achieved. This is a treatment commonly adopted by Nature elsewhere in the valley. 

The lower benches and pit floor appear to be amenable to several landscape approaches 
aimed at achieving a "valley floor" profile suitable for revegetation with species typical of 
the area. 

At the start and end of mining the IMA, the overall appearance of the mine site will be as 
sketched in Figures 3.4 and 3.5. Mining of the IMA will cease at the interface with the 
watertable some 40m below the valley floor. With in-pit filling of much of the overburden, 
the final contours of the site can be dynamically controlled. The thinness of the ore, at most 
40m, which is only gently dipping, will mean that at the end of mining rock faces will be 
relatively shallow. There will be some opportunity to shape the back wall and side walls 
both to make safe and to minimise visual intrusion consistent with the policies outlined in 
Section 6.17, for example, by varying the height of dumps. 

However, before the technically feasible options can be identified a great deal of work must 
be done to develop a detailed understanding of the hydrogeology of groundwater aquifers 
exposed at the pit floor. 

A detailed study of groundwater is being undertaken by AGC Woodward-Clyde to determine 
the characteristics and the extent of the existing aquifer. This will enable further 
consideration of such matters as disposal of runoff, drainage times for ponded rainwater, 
effect of occasional flooding on vegetation, design of pit floor cover etc. 

At the same time detailed geological and engineering studies are being undertaken by 
Hamersley, which will provide the basic information required for the Marandoo Mine Plan. 

When the hydrogeology and mining studies are complete in late 1992, a study of end-use 
concepts will be made in consultation with CALM. The results of this study will be used to 
design overburden dumping specifications and schedules within the Mine Plan to achieve the 
agreed outcome at the end of operations. Regulation of these matters will be properly the 
responsibility of the Mines Department, but Hamerslcy will also liaise with CALM as part 
of the "good neighbour" policy for this project. Various policy issues will require discussion in 
due course (see Section 6.17 and Appendix 2). 

As part of the Park management plan, consideration could be given to providing safe tourist 
viewing of the mine operations. In planning the final landforms and vegetation communities 
etc consideration will be given to the partial use of the area for recreation and conservation 
purposes. 

Further discussion of end use is given in Chapter 6 in the context of natural and social values of 
the Park. 
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Chapter Four 

THE RAILWAY AND OTHER 
INFRASTRUCTURE 

4.1 	CONSTRUCTION 

New capital investment in the Marandoo development will total approximately 
$500 million over a construction period of about two years. An indicative schedule for the 
design, construction and commissioning of the various aspects of the project is shown in Figure 
4.1. This work cannot commence until appropriate approvals and further site investigations 
are completed. On the assumption that Hamersley is fully enabled by February 1992 to have 
complete site access for these investigations, to facilitate all preliminary engineering work, 
the indicative schedule in Figure 4.1 could begin in late 1992. The project is critically required 
to produce ore and to come on line by late 1994. 

The Marandoo project will require the following new facilities to be constructed: 

a mine and plant at Marandoo with a capacity of nominally 12Mt/a of lump 00 +6 mm) 
and fines (-6 +0mm) products. The design life is approximately 15 years, and the plant 
was described in Chapter 3; 

a railway line about 115km long, leaving the Hamersley main line at Rosella Siding and 
passing through Marandoo to Homestead Junction near Juna Downs station ('the 
corridor); 

a service road (unsealed) alongside the railway line from Rosella Siding to Homestead 
Junction; 

a sealed access road of about 23km between Marandoo and the new main road linking 
Paraburdoo with Wittenoom (Tom Price North road); 

a 220kV powerline of about 45km between Tom Price and Marandoo; 

emergency night landing facilities at an unsealed airstrip at Marandoo; 

support infrastructure at Marandoo for mining and plant operations. 
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in addition to the actual mine-site ore handling facilities (Chapter 3), the major support 
infrastructure elements to be constructed at Marandoo include: 

offices 

laboratory 

warehouse and compound 

workshop 

fuel facilities 

washdown facilities 

gatehouse 

water supply system 

sewerage system 

electrical substations. 

The conceptual locations of these facilities are shown in Figure 3.3. The details may be 
changed in further design, but such changes will not alter significantly any environmental 
impact. 
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In addition to these facilities, temporary construction camps will be established which will 
be removed at the completion of the construction phase. 

These construction camps will be located at: 

Marandoo—for the road construction crew and the mine site and plant facilities 
construction crew; 

Vicinity of Rosella Siding and Juna Downs—for the railway construction crew; 

Tom Frice—Marandoo—the transmission line construction crew may use mobile 
accommodation. 

The main Marandoo construction camp will be able to accommodate approximately 
700 persons in single quarters. In addition, there will be a need to provide accompanied 
accommodation for key people, and it is anticipated this will require about a 50-bay caravan 
park and 20 transportable homes. 

The Marandoo construction camp will incorporate those features which gained favourable 
comment and good worker acceptance on the recent Channar project. It will be located to 
provide a pleasant outlook from the transportable type accommodation units. Messing for the 
construction workforce will be provided from a central mess. Other services will include a wet 
mess, recreation facilities (Chapter 13), temporary diesel power station, and water supply. 
The camp will be located in the south-west corner of the mine area (see Figure 1.4 and 
Plate 1). It will have minimum environmental impact in this location, and will be removed 
when it is no longer required. 

The two rail construction camps will each accommodate workforces of up to 100 persons. The 
railway construction camp at Rosella Siding will be located at the existing '242 campsite' 
which was used for the Brockman railway construction. The Juna Downs construction camp 
will be located outside the Park near Juna Downs station. Each camp will have central 
messing facilities and temporary diesel power generators and water supply. 

The transmission line construction crew will be accommodated in the main camp or in small 
mobile accommodation units. These will be located along the powerline route, but well 
outside the boundary of the Park. This camp will accommodate up to 50 workers. 

Potable water will be provided for each camp from bores approved by the Water Authority of 
Western Australia (Water Authority), and developed in accordance with the requirements of 
the relevant statutory authorities. Construction water for the railway and road will be 
supplied from bores located outside the Park at approximately 5km intervals on either side of 
the alignment. The location and number will be known only after the field drilling 
construction works are completed, and the resultant flows are tested. 

Sewage and refuse from each camp will be treated and disposed of in a manner appropriate 
for the size of camp as approved by the public health authorities. Previous experience has 
shown that facultative lagoons are the most efficient method of treating and dispersing 
sewage from large construction camps. 

At the start of construction the existing Marandoo camp will be extended and used as a base 
for initial construction labour for the new construction camp. After the initial period the 
facilities will be modified for general construction purposes. Surplus facilities will be 
removed either during or at the completion of construction works, and the site will be 
rehabilitated (Section 11.8.2). 

The construction workforce will be required to undertake an induction programme at the 
commencement of employment which will address matters relevant to the project, their 
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employment and the environment. This will include occupational health and safety matters, 
security, camp rules and regulations, Aboriginal heritage issues, environmental protection and 
rules for use of the Park. 

Environmental effects will be a mixture of short-term impacts, such as those involved with 
temporary construction, and longer-term effects, largely those inevitably associated with the 
operations of a large iron ore project. These longer-term effects are largely confined to 
portions of the mineral tenement and portions of the transport corridor. They are further 
minimised by extensive use of existing Hamersley infrastructure. 

	

4.2 	INTEGRATION INTO EXISTING INFRASTRUCTURE 

As indicated in Section 1.4, the economic viability of the Marandoo project depends on use of 
existing Hamersley infrastructure and integration with Hamersley production planning. 

The following components of the existing infrastructure will support the Marandoo project: 

townships of Dampier, Karratha and Tom Price 

unloading, blending and stockpiling facilities at Dampier 

shipping and port loading facilities at Dampier 

power station at Dampier 

220kV transmission lines between Dampier and Tom Price 

the 250km section of railway between Dampier and Rosella Siding 

associated service roads, signalling network and control systems 

planning and quality control systems and expertise at Mount Tom Price and Dampier 

the general Hamersley administrative support based in Perth. 

While the value of the social infrastructure of the towns is not quantified, the material 
infrastructure has a replacement value in 1991 of approximately $6 billion. 

Furthermore, Hamersley's considerable experience over the past quarter century has resulted 
in commonality of engineering designs and management approaches. These standardised 
procedures, adjusted as appropriate for the particular requirements of Marandoo and the 
Marandoo ore, will be applied to the project. 

	

4.3 	RAILWAY 

The proposed railway for Marandoo and future Central Pilbara mines to the east extends from 
the Hamersley main line at Rosella Siding, 250km from Dampier, to Homestead Junction near 
Juna Downs station, about 14 km beyond the eastern boundary of the Park. This railway will 
link the Marandoo mine to the existing Hamersley railway network and the port (see Figures 
1.1, 1.5 and 4.2). The railway from Rosella Siding to Homestead Junction is approximately 
115km long, with a short spur line at 55km to the Marandoo load-out loop. 
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The new railway will follow an approximate south-easterly alignment from Rosella Siding, 
passing through the western end of the excised corridor, the Marandoo Tenement and the 
eastern part of the excised corridor to Homestead Junction. 

From the existing Dampier-Tom Price railway at Rosella Siding, the route crosses low-lying 
flood plains and major tributaries to Barnet Creek and passes south of Red Hill 10km from 
Rosella Siding. Drainage design in this type of country is discussed as Example 1 in 
Section 8.6.3. 

The route will cross the Nanutarra-Wittenoom Road about 12km from Rosella Siding. Turning 
south at about 30km, the route will cross the pipeline and power transmission line to Tom 
Price at about 33km before turning south-east and then east to follow valleys of main 
tributaries of the southern branch of the Fortescue River. From about 42km the route will run 
generally eastward entering the excised corridor at the Park boundary some 4km from 
Marandoo. 

Near Marandoo, a railway loop will be provided west of the mine and plant areas. 

Beyond Marandoo, the corridor generally follows a south-easterly direction, crossing the 
headwaters of the northern branch of the Turee Creek system. Drainage design for crossing 
large creeks is discussed as Example 2 in Section 8.6.3. The line will extend about 14km beyond 
the eastern boundary of the Park in an easterly direction to Homestead Junction through the 
Juna Downs pastoral lease. 

Homestead Junction is the most easterly point for which a clear rail alignment can be 
established at this stage. Beyond that point the rail alignment will depend on the outcome 
of preliminary studies of alternative mine sites in the Central Pilbara (Section 2.4). 

In determining the railway alignment, space is provided for a possible additional track and 
for the inclusion of passing sidings at appropriate locations along the track. 

Operations for the transportation of ore will be in accordance with prevailing Hamersicy 
practice which is at present a standard 210-waggon train hauled by three locomotives. Each 
waggon carries about lOOt. 

A major environmental issue with such a railway is its effects on natural drainage. 
Consideration has been given in preliminary route planning. Waterway and drainage areas 
will be assessed in detail during the design phase of the project. Culverts will be designed 
and located to minimise disturbance of existing drainage patterns, while recognising the 
natural variations in flow patterns caused by irregular rainfall distribution in individual 
catchments. Culverts will be sized to provide for the flows determined for the predicted 
floods, as well as normal drainage and seasonal stream flows. 

Indicative sketches of drainage culverts and bridges are given in Figures 4.3 and 4.4. Several 
recent and older examples are shown in Plates 2 and 3. Plate 2 shows examples of multiple 
culverts and an open span bridge which have withstood past floods, while Plate 3 shows new 
construction on the Brockman No. 2 railway. The angle crossing shown in Plate 3 can be 
compared with the diagrammatic representation of a skew culvert in Figure 4.4. Technical 
aspects of drainage and its environmental management are discussed in Section 8.6. 

Design of culverts will include consideration of their use to facilitate the crossing of the 
railway by small creatures. 

The railway will use standard concrete sleepers—the same type used on the Hamersley main 
line between Dampier and Mount Tom Price. 
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Where economically practical the rail and road earthworks will be designed on the basis of 
the "cut to fill" method, ie material from cuts will be used in areas of fill. T-los'ever in most 
sections it will be necessary to obtain some materials from borrow pits established along the 
alignment. 

The volumes of earthworks for the rail and road system will be firmly established during the 
detailed design. Preliminary indications are that there will be in the order of 2 million m3  of 
cut to fill, and 11/2  million m3  of borrow to fill. 

Borrow pits will be chosen on the basis of the physical characteristics of the borrow 
materials being suitable for the required duty, and to minimise the haulage distance to the 
work site. 

Approximately 1/4  million m3  of suitable quarry material will be required for rail ballast and 
construction aggregates. These aggregate type materials will be extracted from suitable 
quarry sites. The location of these quarries will be determined by a review of the geology of 
the area, followed by drilling and testing of samples to establish that they have the correct 
physical and chemical characteristics. Ballast quarries will not be located in the corridor 
excised from the Park. 

It is expected that borrow and ballast material required for the road and rail system will be 
obtained from suitable areas along the road and railway alignments. Although it is not 
possible to define the quality and characteristics of the material available, over 100 
prospective or potential borrow areas have been identified within the corridor. Only a small 
selection of these areas will be required. Each borrow area will be the subject of a detailed 
management policy discussed in Section 11.8.3. Borrow areas and quarry sites will be 
established in accordance with legal requirements. 

The earthworks will be constructed to a suitable embankment batter of between 1:1 and 1:3, 
depending on geotechnical conditions. Cuttings' slopes are expected to vary from about 1:2 to 
3:1 to suit local rock stability. 

Where the railway crosses existing road alignments, crossings will be of a similar design to 
that used where the Nanutarra—Wittenoom Road crosses the present main line to Dampier. 

The railway will be designed to allow the current maximum train speed of 80km/h. The 
Central Pilbara railway will be integrated with the existing Hamersley railway system. 

Provision will be made for additional radio repeater stations, to ensure radio coverage for 
locomotive and track maintenance crews throughout the proposed route. Location of and 
access to the repeater station will be subject to normal licensing procedures. 

4.4 	ROADS 

A new access road of approximately 23km is proposed to extend between the new main road 
and the mine site (Figure 4.2). The new road will be bitumen surfaced with two lanes built to 
Western Australian Main Roads Department (MRD) or other appropriate standards. This 
road will provide the link with Tom Price via the Tom Price North road. 

Further local roads will include roads from the security gate to the administration offices, 
and these will be of appropriate standards with bitumen surfaces. The roads from the 
security gate to the airstrip, borefield and construction camp will be standard gravel roads 
with a sand seal coat of bitumen in high usage areas. 
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A service road will be built adjacent to the railway alignment. The unsealed service road 
will be subject to seasonal flooding but will be suitable for use by maintenance vehicles. This 
road will be closed to the public. 

A general feature of the road system is educational encouragement, eg by signs, for four-wheel 
drive users to stay on made roads and not make off-road detours within the Park. 

Details of the requirements for borrow material for the construction of the road system are 
provided in discussion of the railway system (Section 4.3). 

All roads will be designed to accommodate the expected high volumes of surface runoff 
following periodic high rainfall events such as those that result from the remnants of 
cyclones. Roadway design will include a combination of both floodways and appropriate 
sized culverts at strategic locations (see also Section 4.3). 

Integration of the new Hamersley roads into the public main roads network is under discussion 
with the MRD. The State Government (MRD and CALM) has carried out feasibility studies 
of various road options for a public crossing of the Park, and the favoured route Option A is 
shown in Figure 4.2 (MRD 1988, 1990). The new Hamersley roads will not prejudice the current 
MRD and CALM plans for such a public crossing of the Park. Discussions are taking place as to 
the extent to which it is practicable to minimise duplication by rationalising the two routes 
in the western sector outside the Park. 

	

4.5 	PORT AND SHIPPING 

Existing port and shipping facilities at Dampier will be used with Marandoo ore replacing 
part of the annual throughput of Mount Tom Price ore. Port facilities are undergoing continual 
upgrading to improve commercial and environmental performance. No significant changes 
will be required to handle Marandoo ore. 

	

4.6 	POWER 

The principal source of power for the Marandoo mine site will be provided from the existing 
120 megawatt (MW) steam turbine power station located at Dampier. A 220 kilovolt (kV) 
transmission line links the Dampier power station with Tom Price. 

A new 220kV powerline between Tom Price and Marandoo will be established. The route will 
broadly parallel existing tracks and roads from Tom Price to Marandoo. The powerline will 
follow a separate easement from Tom Price, then a segment for about 5km to an existing track, 
along an existing track, the main road and then broadly parallel the proposed new access 
road. The length of the transmission line will be approximately 45km. 

At the Marandoo end the 220kV line will terminate in a high-voltage substation, located 
adjacent to the plant area. This substation will contain the necessary electrical protection 
equipment and transformers to reduce the incoming 220kV to voltages suitable for reticulation 
to a number of substations located adjacent to major load centres. At these substations a 
further stage of transformers will reduce the voltage to levels suitable for the drives located 
in that area. 

The 220kV powerline to the site will be designed generally in the same manner as that for the 
existing Dampier to Tom Price powerline. 
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Disturbance associated with the powerline arises from the construction activity and 
continuing use of the access track for inspection and maintenance. Construction impacts will be 
minimised by clearing only those areas essential for the construction of foundations and pylons 
and stringing conductors. Where possible, vegetation will be rolled rather than cleared. 
Access tracks will be limited to a safe width. Strict controls will be imposed on vehicle 
movements off designated tracks. 

At completion of construction, all areas no longer required for access and maintenance will be 
rehabilitated. The access track will be closed to all but maintenance personnel. 

In the Marandoo plant area, power will be distributed by overhead lines or by cables run on 
covered cable ladders, or in cable trenches with termite protection provided where needed. 

In addition to this main 220kV powerline, an emergency standby generator may be provided 
for key service facilities. 

	

4.7 	WATER 

Potable water is required for use at the offices and ablution areas while considerable 
quantities of water are required for the mine site, principally for dust suppression. Details of 
the Marandoo water use, hydrogeology and water resources are given in Chapter 8. 

Water will be supplied from a system of bores to be established along the valley floor to the 
north of the mine and plant (Figure 4.5). The bores will be connected by a gathering pipe 
system and the water pumped to a suitably sized head tank situated on the hills south of the 
plant (Figure 4.5). Water will then be distributed to the plant and the mine, with all potable 
water being chlorinated. 

Fire-fighting water will be drawn from the reserve storage in the main tank and distributed 
via the main reticulation system. 

Present engineering design is for an annual water consumption of about 2 million m3  
(Section 8.3). This water will be used for haul road watering, moisture addition to the ore, 
and dust suppression at the mine and plant, as well as for domestic purposes. 

	

4.8 	OTHER SERVICES 

Consistent with the conventional approach taken to design at Marandoo, the provision of 
other services will follow established practice in the Pilbara. Those which are important in 
environmental assessments, such as waste management and health services, are described in 
Sections below. 

Major routine infrastructure installations to service the mining operations will include: 

a water truck standpipe close to the primary crushing station 

three lO-tonne capacity prefabricated explosives' magazines 

an 800-tonne capacity ammonium nitrate storage facility 

fuel storage and fast fuelling facility adjacent to the workshop area. 

An airstrip suitable for the Royal Flying Doctor Service and "Cessna Conquest" type aircraft 
will be provided with emergency night landing facilities. 
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Communications facilities such as telephones and mobile radios will be provided. An 
extension of the public telephone network system will link Marandoo to the network. 

While the Marandoo site will have substantial workshop capabilities for routine 
maintenance and minor repairs, major workshop tasks will be carried out in existing facilities 
at Tom Price. In such matters, as in other associated services, Tom Price capabilities will be 
improved if required to cope with any additional requirements posed by Marandoo, but such 
effects will be generally relatively minor (see Section 13.7.2). 

4.9 	WASTE MANAGEMENT 

4.9.1 General 

The disposal of wastes in the construction and operations phase of the Marandoo project will 
be designed so that: 

waste products do not pollute groundwater 

animals are not attracted to waste sites 

the risk of fire is not increased 

human health is protected. 

4.9.2 	Solid Waste Management 

Bulky non-toxic wastes will be disposed of into areas which will be covered by mine dumps. 

The small amounts of other non-toxic solid wastes generated by construction camps at the mine 
site and in the railway corridor will be disposed of by landfill. Landfill sites will be 
established for each construction camp. Care will be taken to prevent the generation of 
odours, flies and unwanted visits by animals. 

Where practicable, solid waste materials (particularly steel and aluminium) will be 
segregated at source and sold to recycling merchants. Recyclable 2(X)L drums will be returned 
to vendors. 

Care will be taken to ensure that construction camp landfills are not placed in the vicinity of 
borefields. 

During the operations phase, because the overall workforce will be smaller and will be living 
in Tom Price, the production of solid waste will be lower than during the construction phase. 
The main source of solid waste during operations will be the workshop, mine operating centre, 
warehouse and process plant facilities. Remaining solid waste will be spread at the toe of 
advancing overburden dumps, so that it will be covered as the dumps progress. 

While it is Hamcrsley policy generally not to use asbestos products, any waste asbestos 
products, such as used brake linings, cooling screens and pipes, will be transported to 
Hamersley's special asbestos products landfill at Tom Price. 

Hamersley requires tenderers to confirm that no part of their work or services contains the 
chemical PCB. 
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4.9.3 	Liquid Waste Management 

The project will generate essentially two types of liquid waste: domestic sewage and waste 
from industrial processes. 

The most satisfactory form of sewage treatment for each construction camp will be designed to 
a standard acceptable to the Health Department. Any surface pondage areas will be fenced 
to prevent access. 

Although domestic sewage production during the operations phase will be lower, there will 
still be a need to treat sewage from the workshop, mine operating centre, warehouse and 
process plant facilities. It will be treated either in septic tanks or above-ground package 
treatment systems. 

The most obvious source of liquid waste during the construction phase will be from the 
servicing of heavy earthmoving equipment. Servicing will take place at locations which 
have drainage systems associated with a collection/evaporation method. Tn-field servicing 
will be carried out in designated areas, and the waste products will be collected and returned 
to the central facility. Used oil will be collected, stored in bunded above-ground tanks and 
transported to Dampier for use as back-up fuel in the power station. At the end of the 
construction period the servicing areas and collection/evaporation ponds will be ripped and 
revegetated. 

The biggest source of liquid waste during the operations phase will be in the workshop areas. 
The workshop will produce waste oil from the draining of vehicle oil sumps and there will be 
washdown from the inside of the workshop, and from the concrete apron surrounding it. 
Vehicle sump oil will be collected by mobile oil tanks, transferred into a bunded, above-
ground waste oil tank, and transported regularly to the Dampier power station. Washdown 
from the workshop will be collected and will flow into an interceptor trap to collect solid 
material and oil. 

Separated water will be discharged into a stormwater drain or evaporation pond. The oil 
fraction collected from workshop washdown will be disposed of by transfer to Dampier or by a 
method approved by the EPA. Trials using bioremediation at Dampier have been very 
successful and equipment is being commissioned at Paraburdoo for on-site treatment of the 
washdown oil fraction. Subject to satisfactory performance at Paraburdoo, similar facilities 
may be installed at Marandoo. 

It is common practice to have a vehicle washdown facility near the workshop. The effluent 
from this facility will pass through a solids trap to collect most of the solid materials—
mainly dirt. Overflow from this trap will be diverted to either a stormwater drain or an 
evaporation pond. Solid from traps will be disposed of in the same method as domestic solid 
wastes. 

Other specialist liquid wastes with the potential to cause environmental contamination 
include solvents and other toxic chemicals. Waste solvents that have not already 
evaporated will be collected for recycling to meet Health Department requirements. Any 
small amounts of other toxic chemical wastes will be disposed of at chemical landfills off site 
approved by the Health Department. 
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4.10 HEALTH AND SAFETY MANAGEMENT 

4.10.1 General 

In designing, constructing and operating the Marandoo mine, Hamersley will adopt similar 
practice to that which has evolved over a quarter century of experience in the region. The 
Channar mine is particularly relevant to Marandoo because it is similar in size, operates 
with a commuting workforce from a common town site and shares some service facilities with 
a pre-existing mine. Channar is also the newest major mine in the Hamersley production 
operation and provides in many instances the best example of current design and operating 
practice in the Pilbara. 

Experience in handling Marra Mamba ores is available from earlier trials at Hamersley 
mines and also from the decade of mining this ore type at Newman (Orehody 29). 

Marandoo, like all Hamersley operating sites, will have Occupational Health and Safety 
personnel assigned to monitoring the work environment, providing safety and first-aid 
training, and ensuring compliance with all relevant authorities standards. Experienced 
Mount Tom Price-based Occupational Health and Safety staff will be given this 
responsibility. 

Health and safety issues that need to be taken into account in the design of the Marandoo 
mine particularly relate to the production of dust and noise and the provision of first-aid 
facilities, as described in the following Sections. 

4.10.2 Dust 

Production of dust from open-cut iron ore mining is inevitable, due to the handling of large 
volumes of materials which are often dry and brittle. Health risks associated with 
prolonged exposure to dust are being increasingly recognised. In the iron ore industry, such 
health risks relate to silica content, fibres and total inert dust. 

Dust management initiatives will be used for each potential source, including blasting, 
loading, transporting, ore processing, stockpiling and overburden sites. 

Dust from blasting operations cannot be totally eliminated, but it is seldom a major problem 
because of its short duration and infrequent occurrence. Blasting at Marandoo is expected to 
take place at or after midday by which time any low-level inversion will generally have 
dispersed. Mines regulations require clearance of all personnel from the pit and surrounds 
during blasting, and re-entry is not permitted until a safe working environment exists. 

Loading of ore on to trucks can involve local dust release. As usual, all operators at the mine 
face will be enclosed in air-conditioned cabs fitted with effective dust filters. 

Pre-wetting of broken ore has been shown to be effective against fugitive dust and will be 
adopted if significant impacts on vegetation or the working environment are likely. 

Transport of ore and other vehicle operations on pit roads will raise dust unless effective 
control measures are in place. The use of water trucks for this purpose is common practice and 
will be adopted at Marandoo. 

Ore handling through crushing, conveying and screening includes a number of operations 
which create dust. The basic dust control concept at Marandoo will be to introduce moisture to 
the ore stream at or before each potential fines generation point. The moisture addition will 
be designed and operated so as to produce a moisture level in the ore sufficient to minimise 
dust generation whilst maintaining good materials handling characteristics. 
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To achieve this aim there will be: 

a system of water sprays on the primary crusher dump hopper. These sprays will 
provide both dust suppression on the truck tip, and increase the moisture of the ore 
stream to a level which will minimise dust generation at the downstream handling 
points; 

water addition after the secondary crusher to further increase the moisture in the ore 
stream; 

water sprays on the boom of the stacker on the secondary crushed ore stockpile; 

water sprays on the boom of the product stackers to provide dust suppression on the 
product stockpiles; 

dust collectors on the primary, secondary, and tertiary crushers and screens plus the train 
loading bin. The dust collected from these collectors will be returned into the ore streams 
or mixed with water and disposed of in active overburden dumps; 

a water truck, fitted with a suitable monitor, to provide spot dust suppression on plant 
stockpiles etc as necessary. 

Plant construction will be of the semi-open type, providing adequate cross-ventilation whilst 
protecting equipment and operators from sun, wind and rain. Modern design practice ensures 
ready access for light machinery used in housekeeping and maintenance work, so as to keep 
operating areas free from ore spillage and accumulated dust. 

At present the main contributor to airborne dust in the area is vehicles using unsealed roads. 
By watering haul roads and sealing the access road and major plant roads, airborne dust will 
be reduced. The result should be a large reduction in present-day dust damage to vegetation in 
the area. 

The other major sources of airborne dust at present are the many areas of country lacking 
sufficient vegetation to prevent dust lifting off in moderate winds. There is little that can 
practicably be done about this problem, but management of the Marandoo project will place a 
high priority on minimising the area of cleared ground associated with the mining activities. 
Vegetation regrowth is planned to reduce wind-blow effects on exposed banks of fine soils, 
such as borrow pits, unwanted grid lines, etc (see Section 11.8.2). 

Dust effects from transport and ore handling between Hamersley mines and the Port of 
Dampier have not been a significant problem over the years. Continual upgrading of dust 
control equipment and methods of water application have taken place as ore shipments have 
increased, without cause for concern in transportation and in the areas downwind of the 
blending and ship-loading facilities. 

Preliminary testwork on dust acceptability limits (DAL) indicates that the mix of Marandoo 
ores requires a similar moisture level to some other Hamersley ores to prevent dust release. In 
fact, size analysis of Marandoo ore shows that the proportion of ultrafines (passing 0.063mm) 
in the Marandoo blend is similar to other Hamersley ore blends, such as Mount Tom Price. 

Further testwork is planned in this area when larger ore samples are available. However at 
this stage there does not appear to be any difficulty in controlling dust in transport, blending 
and ship-loading to the present performance levels when Marandoo ore is included in the 
product mix. Should any deficiencies be detected during routine monitoring, improvement 
measures will be undertaken to correct them. This approach is normal practice at Hamersley 
operations. 
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One of the major considerations in the design of Marandoo's administrative offices and service 
facilities has been the suppression of dust and the positioning of the buildings in relation to 
the product stockpiles. 

It is planned to provide a mobile ambient air sampler for use in monitoring air quality under 
various operating and weather conditions at the mine site. 

4.10.3 Fibrous Minerals 

Experience in the handling of Marra Mamba ore has brought with it an understanding of the 
chemical and physical composition of its dust. Measures taken to control inert dust were 
outlined above. Iron ore is known to occur in the Pilbara in geological formations which may 
also contain fibrous materials including various asbestos-type fibres such as crocidolite, 
amosite, chrysotile, anthophyllite, actinolite and tremolite. 

Exploration for Marra Mamba iron deposits by a number of mining companies has continued for 
more than 20 years. This work, combined with epidemiological research undertaken on the 
fibrous mineral content of Orebody 29 dust, has provided a detailed understanding of the 
fibres that could be associated with Marra Mamba ores. 

The Geological Survey of Western Australia has comprehensively described the occurrence of 
crocidolite and amosite asbestos in BIF rocks of the Marra Mamba Iron Formation. 
Importantly, however, no asbestos fibre types have been found in ore zones at Marandoo or in 
any of the major Marra Mamba deposits tested, including the two producing Marra Mamba 
mines—the iron-ore mine at Orebody 29 and Hamersley's 18 East pit at Paraburdoo. A 
comprehensive monitoring programme in Paraburdoos 18 East pit analyses dust for fibres on a 
regular basis. Readings have always been less than 0.001 fibres/mI, which is a factor of 100 
times less than the required health standard as specified by the Mines Regulation Act 
Regulations 1976. 

The reason Marra Mamba ore does not exhibit concentrations of asbestos fibres is that the 
same geological changes which formed the valuable iron ore have removed the asbestos. The 
process of supergene enrichment which leads to the formation of ore removes silica from the 
original asbestos minerals, converting them into oxides, mainly of iron. The predominant 
"fibrous" iron oxide so produced in Marandoo ore is a goethitic mineral known as 
griqualandite. This mineral is innocuous because of its solubility in body fluids. 

Exploration drilling has tested for the possibility of occurrence of asbestiform minerals in BIF 
zones surrounding or beneath iron ore deposits. A small number of holes have intersected 
narrow crocidolite veins in BIF beneath the Marandoo ore deposit. On average the crocidolite 
occurs at a distance of some 6-8m from the base of the ore. Given the flat bedding of the 
Marandoo ore zone in the IMA, the deposit can be mined to the base of the ore zone without 
intruding into any crocidolite-bearing BIF zones beneath the orebody. BIF is waste rock and 
will not be mined. 

A few drill holes have indicated the presence of asbestiform minerals—mainly crocidolite—
in scree/surface material, mainly derived from BIF. BIF is randomly distributed in scree 
material throughout the Pilbara. This potential source of fibres has not given rise to 
hazardous airborne fibre levels at any iron ore mine in the region, and is not considered to be a 
significant health risk. 

In order to assure the safety of its workforce, Hamersley has established a monitoring 
protocol for characterising dust during the evaluation of new orebodies. This protocol will be 
applied to the programme of drilling, shaft sinking and sampling to be undertaken over the 
entire IMA prior to commencing mining. 
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A comprehensive dust monitoring programme will be applied, based on both personal and 
positional dust sampling devices. Each drill rig and shaft together with their respective 
crews will be monitored. 

Samples will be collected covering each hole and shaft and every major lithological unit 
traversed. Dust counts will be carried out on site, and fibres identified to determine their 
mineral composition. 

Despite the fact that worker exposure to harmful fibrous minerals in dust will be extremely 
unlikely, the following procedures and standards will be observed: 

Worker exposure will always be maintained below standards prescribed in Section 8.1() 
(5) of the Mines Regulation Act Regulations 1976. 

A programme of monitoring similar to that undertaken at the Paraburdoo 18 East pit 
(which is based on accepted practice developed at Orebody 29) will be established. 

Drillers will wear personal respirators or airflow helmets if required to work in dust 
laden areas. 

Bulldozer operators and truck drivers will work in cabs fitted with effective filters 

In the unlikely event that hazardous fibres are encountered during mining operations, 
the Mines Department's 'Protocol for the Management of Asbestos Associated with 
Mining Operations" will be invoked. 

Induction procedures will inform employees about the origin and effects of fibrous 
minerals, procedures for use of personal dust samplers and correct use of respirators. 

4.10.4 Noise 

Mining and mineral handling processes are heavily dependent on mechanised equipment, all 
of which contribute to noise in the working environment. Industrial noise may also be 
apparent to people who live, work or enjoy recreation facilities nearby. 

The main sources of noise at Marandoo will be: 

drills, shovels, loaders, bulldozers, graders, ore trucks; 

blasting operations; 

mineral processing equipment—crushers, screens, convcyors, stackers, reclaimers, pumps, 
fans; 

ore trains; 

aircraft flyovers. 

Noise emissions during construction are controlled by provisions associated with the 
Occupational Health, Safety and Welfare Act 1984. 

Opera tions-rela ted noise emissions are controlled by the Mines Regulation Act Regulations 
1976. These regulations specify "action levels" for noise. The current noise level for 
compliance with these regulations is 90dB(A) over an 8-hour period. No employee in the 
process area will be required to be exposed to noise levels in excess of 90dB(A) for longer than 
8 hours. 
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All tender documents issued by Hamersley for the supply and establishment of infrastructure 
currently include noise specifications. Hamersley noise policy requires that where 
practicable noise levels in operating areas should not exceed 85dB(A). Specifications on new 
earthmoving equipment include a requirement for cab noise level not to exceed 82dB(A). 

Measures such as the installation of exhaust mufflers, protective covering and rubber lining to 
items of equipment which are likely to generate unacceptable noise levels will be adopted as 
considered necessary. 

Hamersley will also be expected to comply with the Workers Compensation and Assistance 
Amendment Regulations 1991, which require anyone working in areas considered to be 
exceeding action levels to submit to an initial audiometric baseline test. 

4.10.5 First Aid and Fire Control 

Well equipped first-aid facilities will be established at all construction camps and on the 
mine site in accordance with the requirements of the Mines Regulation Act Regulations 1976. 
These first-aid facilities will be backed up by the existing hospital and medical facilities 
located at Tom Price. In the event of emergencies, the airstrip will be available for use by the 
Royal Flying Doctor Service. 

During the construction phase, the Camp Manager and other selected personnel based at the 
construction camp will be trained in advanced first aid to the St John Ambulance standard. 
During the operations phase, appropriate Hamersley personnel will be similarly trained in 
first aid. A suitably trained person will be on site at any one time during both the construction 
phase and the operations phase. All employees will be encouraged to become familiar with 
basic first-aid procedures. 

First-aid information will be displayed on notice boards in dining and other suitable areas. A 
medical emergency procedure will also be developed and documented with advice sought from 
the Health Department and the Department of Occupational Health, Safety and Welfare. 
The procedures will indicate the responsibilities of selected personnel in the event of an 
emergency. 

In the event of fire such as in a fuel storage tank, emergency evacuation procedures would be 
invoked, and reliance would be placed on fire crews' assessment of the situation and their use 
of the Dangerous Goods procedures of the WA Fire Brigade. In practice, the greatest fire risks 
will come from fires that originate outside the plant, such as those caused by lightning strikes 
in the Park. Co-ordinated procedures for control of fires in adjacent areas outside the mine 
and plant perimeters will be developed with Park management officers of CALM. 

4.11 PRACTICAL ASPECTS OF VARIATIONS OF DESIGNS 

Marandoo is a large ($500 million) project which will be carried out by a responsible 
developer with a quarter century of proven knowledge and experience in the Pilbara. 

There are many aspects of operations which cannot yet be finalised in matters of detailed 
design. Some of the details provided in Chapters 3 and 4 may be varied as more technical 
information is available and reviewed. 

Clearly a practical and responsible balance has to be found which will provide necessary 
flexibility to Hamersley and yet allow responsible Government agencies to fulfil their 
statutory requirements. 
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The issues are clear-cut with respect to human health and safety. Rigorous standards are 
kept and performance monitored. 

In broad issues of environmental effects there need to be clear distinctions between major and 
minor changes in design and operations, as well as distinctions between major and minor 
environmental impacts and between short-term and long-term impacts. 

There also must be a practical recognition that there are limits to the amount of refined 
engineering detail design that can or should possibly be reported within an ERMP, or desired 
as having been achieved at the ERMP stage. 

For example, the new railway will be 115km in length. Consequently, while the ERMP 
presents vegetation plans for its entire length (Appendix 7), obviously it does not provide 
details of every culvert or drainage solution. Instead, in discussion of its drainage provisions, 
the ERMP presents the principles of drainage and route planning and several specific 
examples at environmentally-sensitive locations (Sections 8.6.3 and 11.6). 

Sufficient analysis has been carried out to define a corridor, which is 1km wide in the 
vicinity of the Park. In practice, the final rail route will not occupy all of this width, and 
indeed, for much of the route, sufficient engineering design has been done already to refine the 
likely route to approximately half the width, say plus or minus 200m. 

On the basis of experience, one might assume that for some 90% or 95% of the route, the 
alignment would fall within 200m of the present nominal route. One could also reasonably 
assume that for some 50-75% of the 115km, the present nominal route would be within some 
lOOm of the final preferred route. However, it is simply not possible at present to provide 
more precision, nor in fact is it desirable. 

At this stage of design the full 1km-wide corridor is still required for necessary flexibility 
when detailed engineering design is being finalised. The present confidence level of 90% or 
95% is not sufficient for any other responsible action. 

As discussed in detail in Chapters 8 and 11, Hamersley's present plans take account of the 
drainage patterns and vegetation communities along the corridor. Furthermore, irrespective 
of route adjustments the railway will still traverse similar country, have similar 
environmental effects and be finalised on the same basis as discussed in this proposal. 

The present situation is sufficiently advanced that confidence can be placed in the 
environmental protection measures in the project. In Chapters 4, 8 and 11 there are indicative 
solutions to various issues of environmental management and protection, using the combination 
of: 

principles of practice, including mitigation of impact 

proven and demonstrated experience, and 

indicative sites along the railway corridor which are discussed in more detail 

This threefold combination ensures that the results will be satisfactory, and that the 
engineering designs will in fact be optimised, taking into account all practicable measures of 
environmental protection. Any variations in design will therefore have small environmental 
effects. 

The outcome of the environmental review process should be that a proponent is allowed to 
proceed with the construction and operation of a project and the public is assured that the 
environment will be protected. During the detailed implementation of the project, the 
proponent should be free to make such changes to the design of the project as are necessary for 
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operational efficacy, provided the environmental effects are within the limits established 
by the environmental review process, without having to seek further approvals. 

Hamersley therefore proposes that as part of the approval of this ERMP it be authoriscd to 
make such changes as it deems necessary to construction or operating plans, provided the 
environmental impacts resulting from those changes do not differ substantially from those 
assessed in this FRMP. Where significant new environmental effects are expected as a result 
of any changes, approvals will be sought in accordance with the appropriate procedures. 

Hamersley suggests in Part Four many Commitments at this time which are based on 
responsible environmental management. Hamersley expects that its experience in 
environmental management and its Commitments will be acknowledged in any Conditions 
that may be set upon its environmental approvals, and that such Conditions are framed in as 
practical a way as this new mining development requires. 
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Chapter Five 

REGIONAL ENVIRONMENT 

5.1 	GENERAL 

The environment of the Marandoo Project Area is the basic subject of this ERMP. It must first 
be put into regional perspective, and then its components (for example, climate, water, flora 
and fauna) are described in turn in individual chapters. 

A considerable amount of environmental research and investigation was carried out before and 
during the preparation of this ERMP. Individual specialist researchers have written 
technical reports on the following topics: 

hydrogeology 

land units 

fauna 

flora and vegetation 

social impact. 

These reports formed the specialist technical bases for the following chapters of Part Three. 
After integration and analysis of multidisciplinary aspects, key portions were condensed or 
rewritten and put into the specific context of the ERMP. Chapters corresponding to these 
topics describe the environment of the Marandoo Project Area, the effects which the 
proposals of Part Two will have upon that environment, and the extent to which such 
environmental impacts will be minimised or mitigated. 

The EPA guidelines emphasise protection of the natural and social values of the National 
Park. The Park is judged to be the major tourist attraction of the Pilbara, and is certainly of 
more than regional importance. 

Simply because the Marandoo project will occur on land excised from the Park, the scope of 
this environmental assessment has undoubtedly been much more extensive and intensive than 
would otherwise be warranted for another Pilbara iron ore mine. Hamerslcy has accepted 
that for this particular project it should present a description of the environment and the 
environmental impact in such detail primarily because of a perceived community concern that 
the values of the Park should not be diminished by the project. 
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Accordingly this ERMP gives a detailed analysis of the natural and social values of the Park 
in Chapter 6. In the process, insight has been gained into the rather intangible 'Sense of 
Place' that individuals in the Aboriginal and European communities perceive in the Park. 
The research presents findings on the various values associated with the Park not previously 
articulated. 

Hamersley has taken these steps for this proposal to alleviate any perceived public concern 
about the Park, which persists in some quarters even though the Project Area has been excised 
from the Park by both Houses of Parliament. 

An important objective of preliminary planning for the Project has been to ensure that existing 
Park values are not diminished. As detailed planning proceeds the commitments made in this 
ERMP will be put into practice to ensure that this objective is attained. 

Hamersley is confident therefore that when it makes future proposals for further mines in the 
Central Pilbara, the contents, findings and conclusions of this Marandoo ERMP will be 
evidence of its high level of environmental responsibility. 

In this context therefore, and to assist in understanding the detailed environmental analyses 
for the Marandoo project itself, it is appropriate to briefly examine the regional (Pilbara) 
environment, and the Marandoo project in the context of development of the Pilbara. Other 
relevant information is in Chapters 1 and 2. 

5.2 	PILBARA DEVELOPMENT 

The Marandoo project and the railway to the Central Pilbara constitute the commencement of 
Hamersley's second phase of Pilbara industrial development. It is the most significant 
Australian iron ore development since the opening of the Paraburdoo and Decpdale deposits 
in the early 1970s. In the next twenty years Hamersley has the opportunity to consolidate and 
improve its position as a major ore exporter. The direct and indirect benefits now and in the 
future to Western Australia are great (Section 13.10). Hamersley needs the Marandoo project, 
including the railway to future mines in the Central Pilbara, as a key component of the 
operational strategy to achieve this success. 

Mining developers such as Hamersley plan with regard to long-term development over 
decades, yet in the first stage of the Pilbara an appearance may have been given of moving 
simply from one large mine to another. 

In fact, the successive developments: 

first of Mount Tom Price with its 250km railway from Dampier, then 

second of Paraburdoo with a new 100km railway joining the Tom Price—Dampier 
railway, then 

third the mine at Channar being linked by conveyor belt to Paraburdoo, 

all involved massive infrastructure developments to support them. With all three mines 
using the port of Dampier and the Dampier power station, the integrated planning of such 
vast infrastructures has always been essential. 

In the second quarter century of its operations Hamersley is undertaking planning of 
integrated facilities over a much longer time period than was previously required. There is 
much more to this than engineering or geology. It is now recognised that long-term planning 
for human, iron ore and environmental resources is essential in catering for present and future 
generations of iron ore mines and people in the Pilbara. 
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5.3 	PHYSICAL ENVIRONMENT OF THE REGION 

The Project Area (Figure 1.2) is the railway corridor, some 115km long, and the 48km2  of the 
mining tenement, together with existing infrastructures and service areas. The environment of 
this area is considered first in a regional context, to introduce the specialised analyses of the 
Project Area. 

The Pilbara environment is dominated by its geology, geomorphology and its climate. 

The Pilbara forms part of The Great Plateau of Western Australia which in the Project Area 
is much eroded and dissected so that it consists of residual uplands, ridges and monadnocks, 
standing above drainage basins. Indeed, Beard (1975) has subdivided the Pilbara into 
plateau and valley elements so as to provide a framework in which to describe vegetation 
patterns. The Hamersley plateau is the most extensive elevated area of land in Western 
Australia. Although the area between the Fortescue and Ashburton rivers is often referred to 
as the Hamersley Range, the range proper comprises only the northern third (Conservation 
Through Reserves Committee 1974). The northern scarp is heavily indented by recent erosion, 
producing the popular gorges. Because few of the streams draining the range flow to the 
south, the southern scarp is little eroded and for many kilometres it forms a long unbroken 
wall' more than 300m high. 

The Conservation Through Reserves Committee referred to the area immediately south of the 
Hamersley Range as the Central Valley, with the generally lower country further south. 
Mount Bruce and Marandoo lie in this valley, which is about 720m above sea level 
(Figure 2.4), and the Project Area broadly runs along it (see also Figure 2.2). 

The landscape formed by the processes of geology, geomorphology and climate has a wide 
range of scales extending from tens of kilometres down to only a few metres. 

Much of the detailed form is caused by the extensive drainage patterns with the corridor area 
being drained by two major river systems, the Fortescue River (Southern Branch), and Turce 
Creek systems. The Marandoo Tenement itself forms part of a major divide—towards its 
eastern end the groundwater outflow from the Mount Bruce Flats is south-east towards the 
Turee Creek catchment while elsewhere groundwater flow is broadly towards the South 
Fortescue River catchment (Chapter 8). 

The wide range of surface drainage patterns reflects the geology and climate of the Pilbara. 
Classified as an and climate, the mean annual rainfall is 400-500mm but annual amounts can 
range from about 150mm to about 800mm. In 1975,450mm of rain, a year's 'quota', fell in three 
days at Marandoo in Cyclone Joan (Chapter 7). 

Although the Pilbara is generally sparsely vegetated, extensive subterranean aquifers exist 
throughout the area with the occasional oasis such as at Milistream. At Marandoo, the 
Mount Bruce Flats lie about 20m above an extensive supply of potable water, whose 
hydrogeological features are strongly influenced by the karst nature of the Wittenoom 
Dolomite (Chapter 8). This underground water is not readily accessible to the bulk of the 
vegetation, so that the land is poor as pasture. The early pastoral stations established after 
the 1860s found that the country could support much lower levels of livestock than had been 
anticipated. Pastoral stations extending over 200,000ha could support only a few thousand 
sheep without risk of overstocking. 

Of course, if the vegetation had lush growth through widespread ready access to the 
aquifers, then evapotranspiration in the and climate would dissipate the aquifers. 

The Pilbara landscapes are dominated by the sedimentary formation most highly resistant to 
erosion, the Brockman BIF. The upper portion of the Marra Mamba ore is also hard SC) that 
Mount Bruce (Brockman) faces south across the valley to the Marandoo (Marra Mamba) ridge 

The Environment - 87 



(Figure 2.4). Such a pattern is common throughout the Hamersley Plateau (Figure 2.2). 
However, the smaller thickness of the Marra Mamba BIF (about 230m) means that its 
exposures are less prominent scenically than the thicker Brockman BIF (about 600m). 

Parts of the Park are acknowledged as being the outstanding tourist attraction of the Pilbara 
primarily because of their attractive landscapes. However, much of the Pilbara outside this 
Park has similar wide vistas, and the particular attraction and the most popular feature of 
the Park is undoubtedly the series of deep (lOOm) gorges cut into the northern edge of the 
Hamersley Plateau facing the Fortescue River Valley. These gorges are more than 30km from 
Marandoo. 

	

5.4 	IRON-ORE RESOURCES 

Iron ore is a major export earner and source of employment for Western Australia. Export 
revenue in 1990 was about $3 billion. The Pilbara region is the focus of this iron ore industry 
and contains vast reserves of ore. The Marandoo mine and the transport corridor opens the 
way to the development of the Central Pilbara resources which contain approximately 
4,000Mt of reserves (Section 2.4). 

	

5.5 	HUMAN AND SOCIAL ASPECTS 

The agricultural population of the entire Pilbara in 1967 was only about 500 people on a total 
of 77 pastoral stations spread over the area of about 500,000km2. 

It is the iron ore industry that is presently the largest employer, providing for the bulk of the 
Pilbara regional population. Major components include the three (Hamersley-related) towns 
of Tom Price, Paraburdoo and Dampier, and the regional centre of Karratha. Furthermore, the 
iron ore infrastructure underpins other industries (Section 1.1). 

Sustainable development of the iron-ore industry by projects such as Marandoo and the 
Central Pilbara railway make possible, and definite, continued employment and security of 
these towns well into the next century. 

This means that the new generation of miners in the Pilbara will have a sustained presence 
and sense of place that was not always possible in the past. 

A social impact study was carried out by Brian J O'Brien and Associates to analyse the 
impacts on the Pilbara communities of both the Marandoo Project and the no-development 
option. A total of 26 workshops and many other meetings and discussions were held primarily 
in the Pilbara, to allow the communities to learn about the project and to express their views 
about it. The meetings included two gatherings organised by the Karijini Aboriginal 
Corporation (KAC), on the basis that KAC purports to represent the views of Aboriginal 
people who claim traditional affiliation with the Project Area. Details of the study are 
given in Chapters 12 and 13. 

	

5.6 	ENVIRONMENTAL ASPECTS ON A REGIONAL SCALE 

While the immediate local issues for a particular project development must dominate its 
environmental assessment, regional considerations of environmental issues give perspective to 
local issues. 

The climate and weather are examples. The 25 years of experience of Hamersley design 
engineers at Mount Tom Price have provided the necessary expertise to deal with the Pilbara 
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climate and the Tom Price weather, for issues as varied as humidity and quality control, and 
culvert design to deal with stream flows and floods. 

Now such experience can be exported to Marandoo by knowing the regional comparisons 
between Marandoo and Tom Price weather. In Chapter 7 there is an analysis of the 
accumulated knowledge of Marandoo weather, where observations have been made since 
1974. Rainfall is broadly similar at Tom Price and Marandoo, but less at Paraburdoo. 

Similarly, extensive flora and fauna studies have been made at Marandoo for many years, 
intensified in 1991 as part of the studies for this ERMP. Hamersley plans are well-advanced 
to enable such specialist findings to assist in planning future research and in improving 
environmental predictive capabilities for future mines, in part by using the umbrella 
technique of 'land units". 

This Hamersley project has begun to use a land unit methodology to provide a systematic 
basis of analysing different scales of environmental features. This is outlined in Chapter 9. 
The methodology categorises the Hamersley Plateau as a Level One land unit, 
(characteristic scale of 1:1,000,000) while the two smaller components (land units) of Uplands 
and Drainage Basins are Level Two land units (features distinguishable at a scale of 
1:250,000). The Location Map (Figure 1.1) spans such scales. 

Sophisticated analysis of land environments can be based on the commonality and differences 
of their component land units, which are defined as areas of land which are seen as 
homogeneous in their characteristics, such as geology, topography, soil profile, climate, 
vegetation, etc. 

The Marandoo and corridor area have been analysed in terms of land units. 

Such knowledge may give additional insight into planning later environmental assessments 
of future mines in the Central Pilbara. Ground-truth studies will be required into the 
indefinite future, but may simply be more efficient and effective, and of greater use in the 
long-term environmental management of a region, if integrated by land units. Some current 
results are reported in Section 11.7, but as yet results are only preliminary. 

As an integral part of this planning process, an extensive and readily accessed land-unit data 
base is being established, using this project as a trial and gradually developing suitable 
software (Section 9.6). 

The flora and fauna research findings from Marandoo are the most extensive carried out in the 
Pilbara region. The data base extends back to 1974, and includes local weather records since 
that time. The detailed comparisons of many hundreds of flora species are still being made in 
specialist studies. 

Particular care has been taken to obtain both comprehensive and detailed understanding of 
the biological environment. Systematic observations by Ninox Wildlife Consulting were 
made intensively. For example, at one fauna Site 50 traps were used for ten nights. Further 
special efforts were concentrated on research into the Pebble-mound Mouse (Section 10.5.2) and 
the few other rare fauna species. 

Opportunistic fauna observations were also made by Ninox Wildlife Consulting to augment 
the systematic information, and analyses were made to place Marandoo into regional 
perspective. This is difficult to do quantitatively, because both the intensity and the long 
history of fauna observations at Marandoo are uncommon elsewhere in the Pilbara. 

Nevertheless, the conclusion can be drawn that Project Area fauna are broadly representative 
of the Pilbara region. Species lists are given in Appendix 5. 
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Similarly, the flora and vegetation analyses by E M Mattiske & Associates show that the 
Marandoo Project Area is intermediate in species richness in the Fortescue Botanical District. 
There are some vegetation communities of particular interest, such as an extensive Coolabah 
woodland nearby but outside the Project Area. Species lists are given in Appendix 6, and 
vegetation communities have been mapped along the entire railway corridor (Appendix 7). 

Detailed regional comparisons of the biological environment can be made most meaningfully 
in the two chapters on fauna and flora (Chapters 10 and 11), although they are also discussed 
in consideration of the values of the Park (Chapter 6). 
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Chapter Six 

KARIJINI NATIONAL PARK 

6.1 	RELEVANCE TO THIS ERMP 

Even though the Marandoo mine area and railway corridor are no longer part of the Park, 
having been recently excised from it, they share boundaries with it (Figure 6.1). The EPA 
emphasised the importance and relevance of the Park in the environmental guidelines for 
this ERMP: 

For this proposal, protecting the environment means that the natural and social values 
associated with Hamersley Range National Park are protected. Where they cannot be 
protected, proposals to mitigate the impacts are required (Appendix 1). 

The decision to set the level of assessment for Marandoo at ERMP rather than at a lower 
level, which would have been usual for a project of this size and nature, was heavily 
influenced by its close association with the Park. The ERMP guidelines made clear the 
importance of addressing measures to protect the natural and social values of the Park. 

Little previous study has been made of the natural and social values of the Park—indeed 
these values are yet to be defined. The Draft Management Plan (CALM 1989) and a few 
specialist surveys (eg National Parks Authority 1983) contain some incomplete material. A 
nature conservation strategy is currently being developed by CALM, but it is not yet available 
for public discussion and comment. 

In preparing this ERMP, Hamersley has been mindful of the perceived need to carry out an 
environmental and social assessment of the impact of the Marandoo mine and railway project 
on the natural and social values of the Park as neighbouring land. Therefore, Hamersley has, 
in this ERMP, defined and analysed these values and the measures for their protection 
against potential environmental impacts of the project. Where total protection is not possible 
or desirable, the ERMP proposes how any potential impacts can be mitigated. 

Several analyses and studies of the Park carried out specifically for this ERMP will be of 
interest and use in community appreciation of the Park as well as in its management by 
CALM. 
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6.2 	DEFINITIONS—NATIONAL PARKS AND VALUES 

There is a very extensive literature on the concept of National Parks generally. Although 
many definitions are discussed, the 1975 definition by the International Union for the 
Conservation of Nature and Natural Resources (IUCN) is often quoted: 

A national park is a relatively large area: 

where one or several ecosystems are not materially altered by human exploitation 
and occupation, where plant and animal species, geomorphological sites and 
habitats are of special scientific, educative and recreative interest or which contain 
a natural landscape of great beauty and 

where the highest competent authority of the country has taken steps to prevent or 
eliminate as soon as possible exploitation or occupation in the whole areas and to 
enforce effectively the respect of ecological, geomorphological or aesthetic features 
which have led to its establishment and 

where visitors are allowed to enter, under special conditions, for inspirational, 
cultural and recreative purposes. 

The analysis within this chapter will show that the Marandoo project is such that all three 
of these criteria will be as valid for the Park once the project is built, as they are at present. 

Broad definitions of 'natural values' might be: 

plant and animal species, geomorphological sites and habitats that are of special 
scientific interest; 

ecosystems that have and have not been materially altered by human exploitation and 
occupation. 

"Social values" associated with the Park include: 

natural landscapes of great beauty; 

opportunities for visitors to enter the Park for inspirational, cultural and/or recreational 
purposes; 

plant and animal species, geomorphological sites and habitats that are of educative and 
recreative interest. 

Here the emphasis must be on the Karijini National Park itself, because each park has its 
own ethos and values, or else it should not have been reserved. There is sometimes concern 
that the word "National" is applied to many parks historically, even though they are not 
truly of national status. However, there can be no doubt that portions of this Park are of 
national significance, possessing both natural and social values as discussed below. 

6.3 	GOVERNMENT POLICIES ON MINING AND NATIONAL 
PARKS 

An insight into some values can be gained from Government policies towards mining and 
National Parks which have changed during the period of relevance, say 1960 to date. Such 
policies are also important in themselves to the Marandoo project. 
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In the 1960s, there was no statutory body solely concerned with National Parks. They were 
the responsibility of the National Parks Board within the Lands Department. As part of a 
process of upgrading the professionalism of dealing with environmental issues, and to respond 
to community values, the National Parks Authority was established in 1976, responsible to 
the Minister for Conservation and the Environment. 

With the coming into operation in 1984 of the Conservation and Land Management Act 1984, 
the present-day National Parks and Nature Conservation Authority (NPNCA) was created, 
in which National Park areas are vested. Management is carried out with professional 
advice available from CALM, particularly regarding research, planning and management. 

There are many documents relevant to Government policies on National Parks. Here attention 
is focussed on the issue of mining and National Parks, and concentrated on Western Australian 
discussion over the past decade. 

In 1985 the Western Australian Government set up a committee of inquiry into Exploration and 
Mining in National Parks and Nature Reserves, under the Chairmanship of Dr John Bailey. 
The Committees report was published in December 1986, and the EPA's report on it was 
published in August 1987. Both processes had extensive public participation. In 1988 the 
Government released a policy paper entitled Mining and the Environment: Balancing the 
Scales. 

In May 1989 CALM released a Draft Management Plan for Hamersley Range National Park 
which incorporated discussion of mining. This Draft Plan showed a proposed rail easement 
"to service mines east of the Park". 

In November 1990, the State Government released a further policy paper entitled Resolution 
of Conflict—A Clear Policy for National Parks. This policy included a provision for 
rationalisation of the Park and other areas. 

The policy, inter alia, stated that the boundaries of the Park would be "rationalised because 
of conflicting land use claims", and it recognised the need to delineate the various existing 
mineral resource tenements. The policy stated that "a complete ban on mining and exploration 
[in National Parks] particularly in areas of known significant mineralisation will damage 
the State's interests". 

In particular, this policy recognised that extensive mineralisation has already been 
discovered in the Park, and that there are nine existing mining tenements in the Park which 
were included in the Iron Ore (Wittenoom) Agreement Act, 1972, as well as several areas 
covered by mining leases and exploration licences. 

The policy anticipated a review of existing tenements, and the excision of rationalised 
tenements and infrastructure corridors within the Park. It was publicly recognised that the 
alternative compensation claims on the State would be substantial. 

The review is being made by the Ministerial Council on Mining and Conservation. The 
Council is developing a strategy for all existing tenements under Agreement Acts that are in or 
near the Park, pursuant to the Government policy Resolution of Conflict (November 1990). For 
the purposes of this Marandoo ERMP, the review is outside the scope of this proposal. 

In December 1990 both Houses of Parliament passed the Reserves and Land Revesttnent Act 
(No.2) 1990. The corridor (Windell Location 121) and the Tenement (Windell Location 122) 
were excised from the Park on 11 January 1991. The details of the Park and excised areas are 
shown in Figure 1.6. Refinement of survey areas and other rationalisation of Park boundaries 
in December 1991 reduced the excised area to less than 2% of the total Park area. A number of 
boundary adjustments were made by Parliament in both 1990 and 1991, relevant to mining, 
Aboriginal heritage, a main road and a pastoral lease. 
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The Resolution of Conflict document cites amongst nine points that excisions from National 
Parks will be compensated by the inclusion of comparable areas of land. In the case of areas 
excised for Marandoo, any question of such compensating land (the replacement land of the 
EPA guidelines) is more properly addressed within the context of the mining proposals which 
Hamersley is required to make to the State under the Government Agreement Act before final 
project approval is given. 

However, a portion of land including Bandjima Pool, in the Tenement and excised with it in 
1990, is not required for the Marandoo project. The area is of cultural significance to 
Aboriginal people. It was added to the Park in December 1991. 

A consequence of the separation of mining and nature areas was expected by the Government to 
be "greater security for leaseholders and of conservation areas (Resolution of Conflict 
November 1990). The process helped enable Hamersley planning for the Tenement. 
Furthermore, the development of this ERMP for the excised areas is assisting CALM in the 
related but separate development of a Management Plan for the actual Park. 

In recent years a related policy appears to have developed regarding Aboriginal heritage 
and National Parks. This is discussed in Section 6.10 to the extent that it is relevant to this 
ERM?. 

6.4 	HISTORICAL VALUES OF THE PARK 

To understand the natural and social values of the Park one must understand how and why it 
was created, and what has happened since. The "social' values are essentially the 
community views, and the Government's actions in response to those views. The present Park 
began in a small way in 1948, when Henrietta Drake-Brockman continued to persuade 
Premiers of the need to preserve "this loveliness" of Dales Gorge, for tourists (see Figure 6.1). 
For several years, the Government continued to inquire of Australian Blue Asbestos whether 
the company had yet completed a survey of the gorge. In 1954 the company agreed to 
relinquish claims under certain conditions. 

In 1956 the Western Australian Naturalists' Club, founded in 1924, was successful in its pleas, 
and Dales Gorge Nature Reserve was proclaimed as a Class C Reserve for the purpose of 
"Flora and Fauna", with an area of about 30,000ha. 

Two Mining Tenements totalling about 6,000ha were excised in 1967, leaving the area reduced 
to about 24,000ha. The values of mineral claims were validated, as they were tacitly for 
different minerals more than a decade earlier. 

Since that time, what has now become the Park has grown to more than 600,000ha, to the 
south and west of the original reserve (Figure 6.1). 

The great jump in area and change in purpose from "Flora and Fauna" to "National Park" 
came partly as a result of recommendations by a Western Australian sub-committee of the 
National Parks Committee of the Australian Academy of Science (1962). 

The urgent thrust of the Australian Academy of Science was to set aside reserves because "it is 
clear that much of the Continent will be radically altered by pastoral and agricultural 
activities ..." (ibid. p. 1). The large size of the Park (Figure 6.2) becomes understandable in 
that context and in the accompanying comment that "it is not considered to be good pastoral 
country". There is still a large amount of vacant Crown land in the area (Figure 6.3). 

The Environment - 95 



Gostord 

Wanneroo 

Pennth 

PERTH. • Midland 

Frernantle 

Armadale 
Garden  

Island 

Rockingham 

FIGURE 6.2 Karijini National Park in scale versus Perth and Sydney areas 

Hooley 

.5 

Mulga Downs 	 Hillside 

fl 	•: 

H ' Mt Brockman 	w 	 Hamersley  

S 

Th VCL I 

L- 	N 

VCL 	
VCL 	2 	 June Downs 	

Roy Hill 

ç 	 ariana 
1--  -I 	• 	

R1 	 LPAIRK  

	

Rocklea 	

Juna Downs  

LJ 

VCL 	Turee Creek 	 VCL 

	

A$hburlon Downs 	 -- 

S 	
1 - 	fl 

1 	 Mininer 
 

	

VCL 	 Prairie Downs 	Ethel CreeK 

p 1 .-___.L 	Turee Creek
MiVernonhl 	

I L, 	 - 	Vacant Crown Land (VCL) 

N 	o/ - L. 50 km 
_-• 	 • Homestead 

FIGURE 6•3 Pastoral leases and vacant Crown land around the Park 
(current boundaries) 

SYDNEY S 

Campbelltown 

The Environment - 96 



It took seven years for action to be taken on the Academy report on Hamersley Range. It was 
only after the report of the Reserves Advisory Committee on 31 April 1969 that the Park was 
created. The heavy emphasis of the 1962 and 1969 reports was on tourism and scenic values. 
The shaded area shown in Figure 6.1 contains many scenic gorges, most of them named after 
these reports were written. 

Thus the initial values of the Park were its: 

social value for its tourism potential because of its scenery; 

and to the Academy Committee, to a lesser but still appreciable extent, its: 

natural value because of its representation of the characteristic flora associated with 
summer rainfall mulga". 

Extensive studies and interactions with the public carried out by the Conservation Through 
Reserves Committee (CTRC) of the EPA in the period 1971-1 975 provide the next data base on 
conservation-related values of the Park. 

The scenic grandeur, wildflowers and iron ore deposits of the Hamersley Range area 
place it high on the list of major tourist attractions of Australia. The iron ore deposits 
are of great economic importance to the nation and should be exploited, but because of the 
scenic and biological value of the area, the Committee believes this should be done 
without undue destruction of the natural environment. (Section 8.14 of CTRC Report to 
the EPA 1974). 

The Marandoo and corridor project is planned to preserve the values expressed by the CTRC. 

There have been concerns about mining within the Park since its formation. In The West 
Australian of 10 January 1984 a spokesman for a conservation group, in a plea for a moratorium 
against a proposed gold mine, stated: 

Mining was incompatible with the conservation and recreational purposes for which the 
Hamersley Range National Park was created. 

The EPA recommended against that gold-mining proposal basically on the same principle, but 
with a caveat. The Reserves and Land Revestment Act (No.2) 1990, which excised the Project 
Area from the Park, precludes the operation of the principle against this project. 

The most important recent documentation of the Park was the Draft Management Plan 
prepared by CALM in May 1989. It is necessarily brief and describes a few values shortly and 
in very general terms. It also acknowledges the realities of mineral claims, and states that 
the gorges in the northern portion are the principal tourism attraction in the Pilbara. 

The previous decisions by Government to excise mining tenements on occasions between 1967 
and 1990 have not detracted from the values or the popularity of the Park. 

Evidence for this value judgement is found in such views as those of Robert Raymond in 1978 in 
a popular book "Discover Australia's National Parks" in which the comment is made on page 
221: 

For sheer visual impact, and unbelievable colours and rock formations, I know of no part 
of Australia that comes even close to matching the Hamersley Range. And the national 
park is so large that visitors are not even conscious of the huge open-cut iron mines that 
are being gouged out of these ancient rocks elsewhere in the range. (For those who are 
interested, a visit to such a mine can be fascinating, and is easily arranged.) 
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6.5 	PARK BOUNDARIES 

The Park shown in Figure 6.1 is the second largest National Park in Western Australia, 
covering an area of over 600,000ha. Its scale is seen in perspective in Figure 6.2. 

An appreciation of the values of the Park can also be gained from a historical assessment of 
its boundaries. The boundaries extended over some of the scenic northern gorges, south to 
Mount Bruce and south again by an equal amount until it was no longer vacant Crown land but 
met the boundaries of Rocklea, Juna Downs and Turee Creek pastoral stations. Rocklea and 
Hamersley stations then bounded the Park to the west. The eastern boundary was primarily 
vacant Crown land but adjoined parts of Juna Downs station, which then comprised four small 
blocks. 

The boundaries of the Park have been modified from time to time, and more changes are 
proposed. In December 1990, the excisions shown in Figure 1.6 were approved by Parliament. 
Excisions had previously been made, such as in 1967 for mining tenements and in 1982 for the 
national highway from Perth to Darwin. Inclusion of the Bandjima Pool area was made in 
December 1991, when a smaller area was excised for the Marandoo construction camp. The 
large-scale boundaries of the Park remain essentially as proposed in 1962. The opportunity to 
establish a representative park was available because of the availability of vacant Crown 
land considered by the Academy of Science Committee in the following terms: 

None of the proposed area is taken up for pastoral purposes and it is not considered to be 
good pastoral country. 

The boundaries did not include Mount Meharry, the highest mountain in Western Australia. 
At the time it was thought that the highest mountain was Mount Bruce. 

The initial boundaries included what was then the Dales Gorge Nature Reserve and several 
but not all of the attractive gorges in the northern area. Included in the park were Fortescue 
Falls and the Circular Pool, Yampire Gorge, Kalamina Gorge, Joffre Falls, and Hancock Gorge 
(Figure 6.1). Not included were a significant portion of Dales Gorge, Wittenoom Gorge, or 
Hamersley Gorge. The latter was included as an outlier following an EPA recommendation in 
1976. Other EPA recommendations remain outstanding. 

Mount Meharry was reserved as a Nature Reserve in 1991 and has been recommended by the 
EPA for inclusion in the Park. 

	

6.6 	BIOLOGICAL CONSERVATION VALUES 

The conservation values of Marandoo and the Park are discussed in Chapters 10 and 11, in 
analyses of flora and fauna. Other discussions are in several reviews and in the Draft 
Management Plan and specialist publications. 

The conservation research at Marandoo since 1974 is exceptional in the Hamersley Range for 
its scope, intensity and duration. Consequently, many animal and plant species have been 
studied and recorded in the area. Research elsewhere in the Pilbara and specifically in the 
Park has been less. 

Accordingly, comparison of the natural conservation values of the Marandoo area and the 
Park cannot be made reliably by mere counts of numbers of species recorded. Indeed, any such 
record would be meaningless if it ascribed equal importance to all species. 
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Nevertheless, the Marandoo conservation research boosts the knowledge of the conservation 
values of the region. Accordingly, in Table 6.1 the numbers of species of flora and vertebrates 
are listed for the Marandoo area and the Park itself, as well as areas covered by other 
Pilbara studies. Technical discussion and references are given in Chapters 10 and 11. 

TABLE 6.1 Comparative Conservation Values' of the Park -  Numbers of Species 

Location Birds Mammals 
tiles! Re
pFlora 

amphibians 

Fortescue Botanical Dist. n.a. n.a. n.a. 1,100-1,700 
The Park 130 29 90 481' 
Marandoo Tenement 113 27 86 462 
Channar 112 19 59 288 
Abydos-Woodstock 104 25 73 n.a. 

* 	Based on unpublished data from M E Trudgen. Compilation o[an updated flora list presently underway has increased this 
total. 

Another parameter of the biological value of the Park could be the relative number of rare or 
restricted species. 

Of the 64 species [of flora] that are restricted to the Fortescue District, 10 are known to 
occur within the Park. Four species of Acacia are endemic to the Hamersley Range. No 
gazetted rare plants have been recorded for the Park (CALM 1989). 

No comprehensive survey of the flora of the Park has been published. However, a flora 
database compilation commissioned by Hamersley is underway (see Section 11.1). 

For the fauna: 

The Biological Survey of the Hamersley Range National Park was undertaken by a 
group of biologists on their own initiative and recognition of the value of National 
Parks, perceived by many people. (National Parks Authority 1983) 

Of the vertebrate fauna known to occur in HRNP, only 4 species have been gazetted rare 
and/or in need of special protection under the Wildlife Conservation Act 1950: 

Pseudomys chapmani (Pebble-mound Mouse) 
Falco peregrinus (Peregrine Falcon) 
Falco hypoleucos (Grey Falcon) 
Liasis olivaceus barroni (Pilbara Olive Python) (CALM 1989). 

The issues of relative rarity, the matter of species threatened or on priority lists but not 
called "rare", and the "value" of rare species are discussed in Chapters 10 and 11. The Park is 
"relatively free from serious infestations of exotic plants. There are, however, a few 
introductions that have become well established in specific niches." (CALM 1989). The 
presence of feral stock and increasing tourism are providing vectors for entry of weed seeds, 
particularly along roads and watercourses and around tourist facilities. Buffel grass, kapok 
bush and ruby dock (among others) are present and have potential to spread if not controlled. 

In summary, the principal biological value of the Park is its representation of a broad cross-
section of several Pilbara biological communities. It appears unlikely that any local impacts 
at Marandoo will significantly change this representation. 
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6.7 	COMMUNITY VALUES 

Social values of the Park may be deduced from the numbers, comments and preferences of 
visitors. The Draft Management Plan (CALM 1989) contains one summary of the main visitor 
activities. The principal one is given as walking. Next, and more or less equal, are 
picnicking, rockclimbing and plant observing, while about 50% list swimming and bird 
observing of equal rank. About 30% list photography. However, it seems that the survey 
may not have included coach visitors, who constitute a significant fraction of the total 
visitors. Accordingly, the proportion favouring photography may be greatly underestimated, 
and that favouring walking, for example, overestimated. 

The community survey by Jakob-Hoff for National Parks generally showed that 81% go to 
admire the scenery, 76% to picnic or barbecue, 71% go for walks and 70% just relax (Jakob-Hoff 
1986). 

In the 1970s the EPA promoted, and various State Governments accepted, the approach that 
"Parks are for people", and there was some distinction made between Nature Reserves and 
National Parks. In practice, such a distinction may be blurred, for example with the EPA also 
recommending in 1972 that the important conservation area of the Fitzgerald River Reserve 
be upgraded in reserve status from C Class to A Class and also made a National Park because 
of its scenic values. The CALM Act encompasses both kinds of reserve, and the Draft 
Management Plan for the Park is responsive to both requirements. 

In some sections of the urban conservation groups, there is now a pressure to exclude other 
people from use of National Parks, nominally because of concern about possible damage 
through overuse. There are calls for the area to be treated as a wilderness area, with the 
exclusion of tourism services. However, the Australian Conservation Foundation workshops 
on the Value of National Parks in 198() were led by Dr Mosley's comment that National Parks 
are "a reserve category which covers a much wider spectrum of objectives than wilderness 
conservation" (Australian Conservation Foundation 1980). Certainly the size of the Park 
makes possible such a wide "spectrum" (see also Section 6.14). 

As detailed in Chapter 12, the social impact study for Marandoo involved efforts to get 
conservation groups to participate in workshops where such views could be developed. 
However, the response was very slight. Consequently their current values cannot be gauged as 
yet within the ERMP due process. 

The Draft Management Plan for the Park is directed towards the heavy use of the Park by 
tourists, not their exclusion. Reconciliation of diverse community values ie "wilderness' and 
"tourism" with Government policies is properly an issue for Government, not Hamerslcy. It is 
routinely addressed by means of public consultation about Management Plans for individual 
Parks, as well as by broad policies. 

It is recognised that there is a threat to the values of the Park from excessive pressures from 
tourism, not necessarily from numbers of tourists but from the manner of tourist use. This is the 
usual problem in combining tourism and the environment, and caused the State Government to 
have produced a set of environmental guidelines for tourism development, that could usefully 
be applied to this Park (see O'Brien 1989). 

The Draft Management Plan (1989) contains surveys of visitor trends over the period 1981 
through 1987. Current information is that some 35,000 people visit the gorge area annually, 
with the peak in May through September. Statistics imply only 10% are from the Pilbara. 

Due to the size of the Park, and limitations on visitor monitoring, it seems very likely that 
the relatively frequent visits by residents of the mining communities, Tom Price, Paraburdoo 
and Newman, and to some extent from the smaller town of Wittenoom, often escape the 
statistical surveys. 
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From the social impact study for this ERMP (Chapter 12), Pilbara mining town residents are 
both frequent users and concerned for the continued well-being of the Park. A frequent comment 
(principally expressed by Tom Price residents) was that they often had to empty rubbish tins. 

Indeed, the pride and even possessiveness of these mining town residents are assurances of 
continued preservation of values of the Park once the Marandoo project begins. Peer pressure is 
more effective in such large areas than thinly-applied policing and regulatory enforcement. 

Public views on the values of the Park were obtained from 19 groups mostly in the Pilbara at a 
series of workshops conducted as part of the Social Impact analysis (Chapter 12). The results 
are given in Appendix 4. 

It is probable that Marandoo will increase the sense of Tom Price residents that the Park is 
"their" park, and thereby increase a proprietorial sense of care for it that will far outweigh 
the effects of increased numbers of users. This awareness will be promoted in the construction 
camp and will be encouraged in Tom Price, Paraburdoo and the Pilbara generally. 

The Park is recognised as the principal tourism attraction in the Pilbara. "Visitor interest is 
concentrated on the spectacular landscape of the northern escarpment with its sheer gorges 
and permanent pools" (CALM 1989, p.  2). 

Thus the principal and primary community value of the Park is tourism. Raymond ranks the 
Park as unmatched in Australia for its "sheer visual impact, and unbelievable colours and 
rock formations'. Like most visitors, Raymond concentrated his attention on the northern 
gorges—Dales Gorge, Hamersley Gorge, Wittenoom Gorge and Yampire Gorge. There can be 
no doubt that these hold the greatest social values for the wide community. Marandoo, more 
than 30km away, can have minimal impact on such values. 

While landscape values, which give rise to these social and tourism values, can be described 
to some extent in technical terms, the diversity within the Park is so large that two subjective 
evaluations of Sense of Place are more appropriate. 

6.8 	A SENSE OF PLACE 

6.8.1 Preamble 

There is an almost mystical value that can be attached to land by those with deep thoughtful 
association. 

This is best summarised as "a Sense of Place", and here two different yet similar evaluations 
are quoted. 

The Sense of Place is a highly subjective and personal notion, quite apart from cultural 
criteria. For example, painter Lloyd Rees said that his Dreamtime was 19th Century Europe. 

Here a Sense of Place is defined as a personal response of the heart and mind to this 
particular place, the Park. It is partly based on input of visual scenes, but inextricably 
blended with other physical and mental stimulants and senses, both those in the field and 
those of memory. It has factored into it a high degree of subjectivity. 

6.8.2 	Indicators from Aboriginal Traditions 

At the time of European settlement of the Hamersley district in the 1860s, the area of the 
Park was reported to be settled by the Punjima people (CALM 1989), although the concept of 
Aboriginal tribal settlements and land relations is complex (see Section 12.4). 
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No Aboriginal people had lived in the area of the Park for at least forty years until rangers 
were appointed by CALM. However, although the Punjima community is reported (CALM 
1989) to have largely settled at Onslow, some 300km from the Park, some still claim to closely 
associate with the land that is the Park. 

The following views were dictated by some of the 27 members of Karijini Aboriginal 
Corporation gathered at Onslow on 10 August 1991 (Section 12.4). Their stories were entered 
into a laptop computer, and printed out at the time for validation (A S O'Brien 1991). 

Thus the following excerpts are, in essence, an unedited recording of the Sense of Place of the 
area as perceived by some Aboriginal people who claim traditional affiliation with the land 
of the Project Area: 

You see the hills we use that for landmarks for tribes they have meaning what they are 
- we guide ourselves with the hills. Everyone of them has an Aboriginal name and the 
creeks have one - like Mount Bruce and the main creeks and springs - the creeks guide you 
through the country like an Aboriginal map. Everyone has a name that means 
something relating to landmarks - a topographical map for Aboriginal people - camping 
areas and sources of water. Like a corn pass. Prefer it not touched at all. 

Country and hills and names are important because they are part of the culture and if 
the hills aren't there any more they have nothing to pass on. 

Our culture is our church, our religion and it has been handed down from generation to 
generation and it has been followed and that same law has never been changed until the 
white man came. 

These are 1991 values of several Aboriginal people who integrate cultural aspects with 
practical values like water supply. 

6.8.3 	Indicators from Post-Settlement Traditions 

A separate study was commissioned to provide a complementary evaluation entirely from a 
European/Australian point of view. The following are unedited but selected notes, as a result 
of several days of travelling, observations and recordings of a representative range of the 
variety of landscapes in the Park. The notes are clearly personal and strongly felt, indicative 
of a close affiliation with the northern gorge country, in particular: 

Whether it is a quality of the light's clarity, the dryness of the air or the very 
strangeness of the plant and rock forms, the Park has an air of being unreal, almost 
surrealistic. 

In a manner to delight the soul, to create awe, even laughter - a Kurrajong tree that 
grows side ways and then up, when tons of rock slip onto its stem, forming a perfect right 
angled trunk! - and ecstasy over the vibrancy and chromatic range of the colours - it is a 
land of extremes, forever balancing one against the other. 

The studied nature of much of the plant growth, trees that have magnified themselves 
straight from a Bonsai instruction book, adds to the surrealistic qualify of the area. 

The daily duality of the landscape, its metallic greyness when confronting the sun and 
the vivid colours when one turns away, induces a confusion as to the real nature of the 
land. Can it ever be concisely drawn? 
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The land feels unstable. Just to stand on the Oxer promontory is to understand that a 
wrongly place footstep could mean a slide into personal oblivion. On a less obviously 
impressive level, the slither of footprints on the red and black (haematite) ground of 
the Turee creek country, the gullies and signs of sheet erosion in the floodplain areas all 
contribute a sense of unease, a land that shifts in response to its changing daily and 
seasonal climatic conditions. 

The great fractures, opening cracks, cliffs and wonderful folded rock strata, that underlie 
the more superficial instability of the harsh weathering of surface rock, give the area a 
powerful sense of the forces within the earth's crust as being a feature of the present 
time. The geological forces and processes may be hundreds of millions of years old, but 
they are not some long forgotten processes - they are very much a powerful energy now. 

There is therefore a constant awareness of power and infinite ages, both within the land 
itself and in the elements working on the land. 

A very apparent sense of otherness than man, makes this Park a last paean of 
remembrance from the very memory of time itself, in our terms it is a cathedral of the 
earth. Our role is only ever to be tolerated as mute worshippers, humble scholars and 
careful custodians - we have nothing to offer other than care and love. 

To desecrate this cathedral with metal railings, flushing toilets, generators, litter bins, 
coach parks and souvenirs will lose future generations a heritage whose value we cannot 
comprehend and we demean with mere dollar signs and physical comforters. If we 
damage it we must make good that damage to the very best of our ability, not cheaply. 

The spirit of the Park is also one of constantly shifting Tension and complex delicacy. 
Fragile and enduring, vast and minute, simple and complex, violent movements and 
stability, wet and dry, green and red, dreary and exciting, an endless parade of 
contradictions. A constant state of contrasts, palpable tensions that must be kept in vital 
balance or the land dies as happens when overburning, overgrazing and track washouts 
occur (Albany 1991). 

It would be reasonable to assume that such strongly articulated values would be more intense 
than those of the bulk of tourist visitors to the Park, but they are nevertheless useful 
indicators of the spectrum of emotions that the values of the Hamersley Range gorges can 
evoke. 

The social values of the Park cannot be other than subjective. There is no real objective scale 
on which to measure impressions of the Park's scenery or its visual changes with time. 
However, as an example of one measure, the Park is listed on the Register of the National 
Estate. 

6.9 	NATIONAL ESTATE VALUES 

The Park was placed on the Register of the National Estate as announced in the 
Commonwealth of Australia Gazette on 21 March 1978. As such it forms part of the aspect of 
Australian and international society that is broadly described by the word 'heritage. 

The Park was included in this Register, en masse with every other National Park in WA, as a 
direct result of the report by the WA EPA to State Cabinet in 1975, the first "Red Book". The 
Statement of Significance prepared by the Australian Heritage Commission (AHC) is given 
in Appendix 4. 

The Register records that the "Condition" of the Park is such that its integrity [is] altered by 
cattle grazing, iron ore mining. 
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The Register of the National Estate attached a caveat to the listing of the Park of which the 
following excerpt is relevant: 

In particular, it should be noted that Reserves recommended in the above publication 
[the first Red Book] are subject to various qualifications such as the excision of pre-
existing mineral tenements as at the date of Cabinet approval [9 February 79761; 
requirements for water conservation; and the rights of private land-owners. The Class, 
purpose and vesting of areas contained in this report are subject to alteration and are 
stated as at the date of publication. 

At the time of registration, and at the time of Cabinet approval of the EPA recommendations, 
there was of course no excision as such for a railway corridor. Nevertheless, the presumption 
of this caveat is that, in time, not merely the mining tenement but also the necessary corridor 
to service that mining tenement should be excised. 

From the AHC comment on the integrity, it may thus be concluded that the heritage values of 
the Park that caused it to be included in the Register of the National Estate in 1978, with the 
caveat, are not diminished by the Marandoo mine and the railway corridor. 

6.10 ABORIGINAL VALUES 

The artifice of National Park boundaries does not relate to Aboriginal values, but the land of 
the National Park has traditional cultural value for some Aboriginal people. 

Chapters 12 and 13 contain discussions of Aboriginal sites and the processes of consultation, as 
well as an analysis of the ethnographic studies, including those by Tindale (1974) that 
broadly link much of the land of the Park with the Punjima people. Those Chapters also 
briefly discuss the issue of identifying those Aboriginal people with traditional affiliation 
with the land. 

A close affiliation of Aboriginal people with the land is well known and apparent from the 
quotation in Section 6.8.2. Land has a symbolic and religious place in Aboriginal culture 
Our culture is our church, our religion.... 

In the past few years, there has been involvement of Aboriginal people in management of 
some National Parks, although the issue was not addressed in the 1990 Government policy 
Resolution of Conflict—A Clear Policy for National Parks. The CALM Draft Management 
Plan (1989) calls for management emphasis [of I the maintenance of the Aboriginal heritage 
[of the Park]". 

Following a submission to the Minister for the Environment by the Karijini Aboriginal 
Corporation (KAC), a new draft management plan is being prepared, "to recognise the rights 
and responsibilities of traditional Aboriginal people to land including the Park' (Park 
Notes, CALM, October 1991), 

Very extensive literature exists on the traditional cultural values which the Aboriginal 
people attach to land generally. Much less extensive site-specific information is available 
for the Park. However, ethnographic studies such as that by Palmer (1975) outlined 
traditions that apply, for example, to Mount Bruce, known as Bunaruna Munda. It was felt 
that the mountain was a bad place, because spirits of the dead went there. It was dangerous 
to enter the area or to climb the hill particularly if one did not belong there. 

Aboriginal traditions are respected and are not recounted or discussed in this ERMP, so that it 
is not practicable to discuss to any extent Aboriginal values in the Park, other than the broad 
generalisations such as quoted in Section 6.8.2. There is possibly a broad spectrum of sites, but 
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as stated by an Aboriginal informant in Palmer's (1975) study, the general area of Marandoo-
West Angela was called "travelling through" country. Information about the traditional 
culture in the Wittenoom gorge country is not known to Hamersley. 

Karijini's Vision (1991) speaks of the need for periodic return to lands of forebears for 
spiritual renewal5. The extent to which traditional knowledge of specific sites in the Pilbara 
has been retained within modem cultures is examined in a number of ethnographic studies (see 
Chapter 12) but is clearly beyond the scope of this ERMP. 

6.11 COLOUR, FORM AND OTHER VALUES 

The colour component of the Park scenery is a seriously underrated factor in the perception of 
awe and participation even by tourists passing fleetingly through. The very dynamics of the 
Park lie mainly in the changes of colour on an age-old landscape, due to changes in sun 
elevation, cloud and perspective, but they also depend on topography and height of viewing, 
season and past rainfall, pending storms and rain squalls, and many other factors, including 
whether one is alone, or in compatible company, or intruded by other humans. 

The significant factors in social values of an area of the Park include the colour, scale, form 
and texture of the scenery. 

These characteristics and values are discussed in Appendix 4, and here only one example is 
cited, to describe briefly the range of Greens: 

Greens 
They range from the dull ochre greens of the mulga, through the mid yellow greens of 
the mature eucalypts and acacia to the quite brilliant apple/yellow greens of new 
leaves and growth especially with the sun shining through in the early morning. In 
addition there are the grey greens that merge with the wonderful silvers, both almost 
white and almost blue, some just appear as a translucent dusting like a butterfly's wing 
others more solid and opaque powder like coatings. Large soft grey green bushes carry 
brilliant parrot green new growth like strange green flags. (Albany, 1991). 

6.12 MINING AND NATIONAL PARKS 

The Marandoo mine and transport corridor are not part of the Park, having been excised 
following decisions of both Houses of Parliament in December 1990. Therefore the proposal 
does not relate to development in a National Park. 

However, one can appreciate that some members of the community may still react to the 
Marandoo project as if it were mining in a National Park. Therefore, the issue is briefly 
addressed. A more complete discussion is given in the history of relevant Government policies 
(Section 6.3). 

One could argue that the Marandoo mine and railway could be regarded as compatible land 
use even if the areas had not been excised. 

Throughout this ERMP, the spelling adopted, Punjima, is that of the Karijini's Vision report (1991). Other 
spellings in the literature include Banjima, Bandjima, Pandjima, Panjima. The exception is l3andjima Pool, 
which throughout this ERMP uses the spelling of the first documented reference (Palmer 1975). 
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The International Union for the Conservation of Nature and Natural Resources (IUCN) 
defined a National Park in the following terms: 

a national park is a relatively large area .... where the highest competent authority of 
the country has taken steps to prevent or eliminate as soon as possible exploitation or 
occupation in the whole area and to enforce effectively the respect of ecological, 
geomorphological or aesthetic features which have led to its establishment. 

From the deliberations of the 1962 Academy of Science Committee, the 1969 Reserves 
Advisory Committee, the 1974 Conservation Through Reserves Committee, the 1975 
Environmental Protection Authority, the 1978 Australian Heritage Commission and the 1989 
Draft Management Plan of CALM, the features which led to the establishment of the Park 
are clear. They will not be materially affected by the Marandoo mine and the transport 
corridor. 

The issue of the alteration of a portion of the view from the top of Mount Bruce by the 
Marandoo mine was raised at some of the Social Impact workshops (Section 13.8). Whilst 
some participants expressed regret that there would no longer be 360 degree panoramic, 
"natural" views from the top of the mountain, others were of the opinion that the mine would 
add contrast and interest to the view. It is not possible to determine accurately just how many 
people climb to the top of the mountain each year but it is the minority of tourists to the Park. 
The number appears to be of order 100, versus 35,000 total, or less than 0.3%. 

Individuals view such a mine very subjectively. The effect also depends on the extent to 
which the mine intrudes visually into the total scenery; Figure 3.5 is an artist's impression of 
the mine site after rehabilitation is complete. Many individuals are interested in viewing a 
large open pit. Those from Tom Price would see it as their livelihood. Others would regard 
such a mine or indeed any human artefact as an intrusion on the natural landscape. 

The aesthetic impact of the mine and its end use are discussed in Section 6.17. As a matter of 
policy, Hamersley has decided to minimise the distance-vision of the mine by means of 
contouring of overburden and by rehabilitation of appropriate viewed faces (Section 3.8). 

Furthermore, in the detailed mining plan, consideration is being given to having the final 
appearance of the mine pit present the same kind of visual surprise offered by the northern 
gorges. It could in effect become a mini-gorge on the valley floor in place of the present 
shallow gulleys. Consideration of the end use of the site includes the possibility of exposing 
the watertable to provide added visual amenity. Such planning is discussed also in 
Sections 3.8 and 6.17 and depends on the outcome of hydrogeological research. 

6.13 COST BENEFIT ANALYSIS—CONSERVATION AND MINING 

One of the most extensive recent inquiries into the issue of mining in National Parks was 
conducted by the Industry Commission (1990). It found a clear need for balancing costs and 
benefits of alternative land uses, if the notion of sustainable development is to be pursued. 

It should again be noted that the Marandoo areas have been excised from the Park by decision 
of both Houses of Parliament, so that in law there is no such issue for this project. 

The realities of Marandoo are that an area of order 10km2  contains a $4.5 billion ore deposit, 
and that mining it and servicing future mines required a diminution of Park area by less than 
2%. 

Using Industry Commission criteria of value, the same area of 10km2  would not even sustain a 
dozen cattle, before the pastoral property was abandoned in 1946. 
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A cost-benefit analysis of Marandoo's value as a mine versus its value, lying undisturbed 
within the Park, would be absurd if expressed in dollars or community values such as 
employment or security of employment. 

The Marandoo project will yield 175Mt of high quality iron ore. It will employ up to 
350 persons during its operational phase for some 15 years, and about 800 during its 
construction phase, with a multiplier of about four times that number of dependant jobs. 

There was a previous attempt to calculate the "values of the Park in dollar terms. Arnold 
(1987) made a comparative study of a proposed alluvial gold mine development in the Park. 
His analysis was somewhat theoretical and does not appear to offer any useful assistance in 
establishing monetary worth of intangible Park values. Visitor data bases are not adequate 
at this stage, nor the number of affected visitors large. 

The present "environmental value" of Marandoo cannot be so quantified. 

Its fauna and flora values are discussed in Chapters 10 and 11, and seen to be important 
regionally but not unique. The project will not have a significant impact on such natural 
values (see also Section 6.6). 

The other "environmental value" of the park is its scenery. Marandoo and the railway will 
visually intrude into the Park, when they can be seen. Generally, the Marandoo mine site is 
not visible from Park roads although it will certainly be seen from Mount Bruce by the 
relatively few visitors who attempt the climb. To be visible from ground level, it would be 
necessary to provide a viewing area on high ground near Mount Bruce. Some viewers would 
regard the mine with interest, while others would view it with disfavour. 

The railway will be obvious where it crosses access roads outside the Park. Generally, the 
railway will be inaccessible and not visible to the public from the Park, except for a section at 
the eastern end where it will parallel the Juna Downs road (Figure 4.2). 

Consequently it appears that few visitors to the Park will view Marandoo or the railway. 
This will still be the case when the public road planned by the MRD is built. People who 
wish to see the mine will need to make a deliberate diversion to do so. In such cases, the mine 
is an attraction or at least another diversion. The vast majority of visitors still go to see the 
northern gorges, more than 30km away, as was the case when Dales Gorge Reserve was 
created a quarter century ago. They will not see Marandoo. 

Some much-travelled writers, like Raymond (1978), suggest that even the awareness of such 
mines can be neglected because the Park is so large. Others would dispute this view. 

6.14 	ZONING 

Another approach to evaluation of the Park is a system of zoning such as that developed by 
CALM in the Draft Management Plan (CALM 1989). 

The zoning plan has the following objective: 

To provide a basis for the regulation of activities within defined zones so that the 
human uses of the Park do not conflict with each other and are compatible with the 
overall conservation objectives. 
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The zoning system proposed by CALM is a resource-based approach. Under this system there 
are five categories of zoning: 

I 	Special preservation 
II Wilderness 
III Natural Environment 
IV Recreation 
V 	Park Services. 

In essence, CALM reviewed available information, including specific values of areas, the 
capacity of an area to withstand visitor pressure, and traditional patterns of visitor use and 
access. The proposed zoning plan also aims to take into account regional development other 
than tourism, for example mining. 

Further details are set out in the Draft Management Plan. The Park is so large that five 
separate Wilderness Zones were proposed. However, in the present context of values of the 
Park, no explicit preference is cited for one zone over another. 

In particular, because the cultural and biological features of the Park are widespread, the 
plan did not propose that any area be zoned as Category I, Special Preservation. Much of the 
Park, including Mount Bruce and extending through the bulk of the north-east gorge country, 
was proposed as a Recreation zone. The Marandoo area and the Project Area, together with 
the bulk of the southern area, were proposed to be Natural Environment. 

6.15 RESEARCH AND MANAGEMENT 

Hamersley management, researchers and consultants have worked with members of CALM in 
both research and management issues, including the preparation of both the 1989 and the 
present draft management plans. 

Such opportunities would not have arisen without the prospect of the Marandoo mine and 
future mines in the Central Pilbara. Furthermore, the record of government funding of such 
research is such that the expenditure by the mining companies may act as a stimulant to 
approvals by Treasury, rather than a disincentive. 

Therefore, the Marandoo project direct expenditure of more than $500,000 on environmental 
and conservation research is likely an underestimate of the total value of the consequential 
research expenditure. 

From the outset, the need to manage the adverse effects of tourists in the Park was recognised. 
In 1959 the Tableland Road Board (the predecessor of the Ashburton Shire Council) requested 
vesting of the Dales Gorge area. But it remained vested with the Fauna Protection Advisory 
Committee in Perth. 

More formal management of the Park began in the early 1970s when the first Ranger was a 
Wittenoom resident. In 1979 the Ranger was located to a new house within the Park, and was 
assisted by a mobile ranger during the tourism season, primarily June—September. Four rangers 
are now employed in the Park. 

With the proclamation of the CALM Act, the Park was vested in the National Parks and 
Nature Conservation Authority (NPNCA), with CALM assuming responsibility for its 
management. 

A Draft Management Plan for the Park was issued by the NPNCA, prepared by CALM in May 
1989 for public comment. 
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The 1989 Draft contains a very useful collation of information available at the time, and 
suggested draft prescriptions for management of many issues. It contained (Map 9) an easement 
for a railway link to service mines east of the Park. The details of that easement have been 
refined subsequently, to that shown in Figure 1.6. 

A new Draft Plan is being prepared, following a submission to the Minister for the 
Environment by the Karijini Aboriginal Corporation (CALM Park Notes, October 1991). 

It is understood that the new Draft Management Plan would allow for the establishment of a 
Park Council, and living areas for KAC members in the Park. The Park Council will comprise 
equal representation of three members from each of KAC and CALM, with a non-voting 
member from the Aboriginal Affairs Planning Authority. The council is seen to be the central 
part of "joint management. It is also seen to be the means by which KAC and CALM can 
provide joint advice to the Minister and the NPNCA on those issues which are important to 
KAC members. 

The new Draft Management Plan is scheduled for release for (two months) public comment 
early in 1992. 

The necessity for environmentally compatible land-use management policies for the 
Marandoo Project Area and the neighbouring Park resulted in the Understanding between 
CALM and Hamersley (Appendix 2). 

The Understanding provides a basis for planning the indefinite future, in two decades' time. 
It provides a framework for minimising environmental impacts of the project on the Park, 
regardless of whether they can be foreseen now. 

For example, the fire-fighting capabilities to be incorporated into Marandoo (Section 4.10.5) 
will improve the fire management in the Park. The major causes of fires will be lightning and 
man-made fires caused, for example, from cigarettes along road verges. Experience shows that 
the threat of fires is not from within the Marandoo plant and site, but from outside areas. 
Marandoo has to have the equipment and ability to counter such fires, and thus can provide a 
fire-fighting capability to assist CALM in a location where previously a capability did not 
exist. 

6.16 PUBLIC AWARENESS 

There is a further rather subtle value added to the Park by the Marandoo project. It is simply 
the increase in community awareness and understanding of the Park. One of the most 
important values of the Park, like many other National Parks, is what one could call its 
educational value. In the case of this Park, however, it is far more than just the stuff of 
school texts and curricula, although it includes them as well. It is more than just a Sense of 
Place. It is a perception by the community of the dynamics of modern life, of dependence of 
Australian society on economic development as well as on natural wilderness. It forces 
awareness and increased community perception of some of the fundamental paradoxes of 
environmental protection, such as the simple issue of whether a safety rail should be erected 
at the Jofire Falls lookout (Appendix 4). It is, in short, an appreciation of the real world. 

Because of the community participation in this ERMP, and the reporting in the media, there 
can be no doubt that the community is more informed about the Park. 

It is impracticable to translate accurately this heightened awareness into such values as 
increased tourism. But there can be little doubt that such values have increased rather than 
decreased. 
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There can also be no doubt that the increased knowledge and understanding of the Marandoo 
and Pilbara environment, gained by the public by reading and researching this report and 
related documents will increase the social value of the Park. It may also increase awareness 
of the balances that can be achieved between development and conservation. 

6.17 END-USE PLANNING OF THE MARANDOO PROJECT AREA 

The end use of the Marandoo mine site is a subject that at present cannot be finalised in 
detailed design, simply because several unknown technical factors will influence the 
components. However, certain principles can be stated here, as regards the end-values of the 
land vis-a-vis those of the Park. The more technical aspects were given in Section 3.8. 

When in the judgement of Hamersley the full mineral potential of the mining area has been 
realised, Hamersley will surrender such portions of the Mineral Lease as are no longer 
required for its ongoing operations. 

Hamersley has sufficient confidence in its assessment of the natural and social values of the 
Park, in the Understanding with CALM, and in its policies and management plans for 
Marandoo, that it considers that it may recommend to the Government of the day in a few 
decades' time, that the surrendered area become, not vacant Crown land, but Park. 

That portion of the railway corridor required for ongoing USC for its Central Pilbara 
operations is, of course, quite separate in its timing and no such relinquishment is 
foreshadowed for it. 

The railway, road and power corridors are Crown land. Those parts of the road and rail 
corridors which do not border the Park are the subject of pastoral leases under the Land Act 
1933. Part of the power corridor is within the Tom Price township area. Hamersley and 
A M & S Mining Limited have been granted miscellaneous licences under the Mining Act 1978 
over the corridors. General Purpose Leases have also been granted under the Mining Act 1978 
over the area at the western end of the Tenement required for a construction camp. 

The Government indicated at the time of creation of that part of the railway corridor which 
borders the Park that it would be reserved under subsection 5(g) of the Conservation and Land 
Management Act 1984. 

The end-use planning of the mine site has the ultimate objective of possible affiliation with 
the Park. This could provide a direction and a possible purpose to end-use planning, because 
there will be special opportunities for tourism facilities that could otherwise not be easily 
fitted, because of logistics, into the Park structures. 

A policy position which has been adopted by Hamersley is that the Marandoo mine site will 
remain in perpetuity a part of the dynamic heritage of Western Australia. The historic 
significance of the mine and its social value as an industry are important (eg see The Burra 
Charter), and they have to be weighed against other possible components of significance, 
such as natural landscape. It is by no means self-evident that the natural heritage of the site, 
rehabilitated, would be superior to the cultural, industrial heritage of the mine. 

Therefore it is by no means self-evident that the complete plant should be removed from the 
site when operations cease, provided it is made appropriately safe. Clearly this is a major 
policy decision to be made when information is available, although it will still be faced 
with the difficulty of forecasting community attitudes in two decades' time. 

A companion policy position is that the visual appearance of the mine site once operations 
are complete should not be such as to significantly detract from the social values of the Park, 
such as aesthetic enjoyment by the casual visitor of the surrounding scenery of the Hamersley 
Range. 
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Such policy positions can give guidance as to the end use of the mine area 15 years after the 
first stage operations begin, and on the assumption that there is no further mining on the 
deposit. The Statement of Mutual Understanding provides a management framework for 
deciding issues in consultation with CALM, the statutory management body for the Park. 
Hamersley is committed to consult with CALM about the end use of the mine area when the 
mine planning and hydrogeologic studies are complete. This will provide the project with 
clear guidelines from the outset so that final desired Iandforms are built into the Mine Plan 
thus minimising the work required at the end of operations. 

At this stage in preliminary planning, sufficient information is available to indicate that: 

sufficient out-of-pit dump area is available for early overburden placement below the 
ridge line and without need for the high dump faces characteristic of large mines; 

sufficient in-pit dumping capacity will be available after mining-year 5 to accommodate 
overburden from subsequent mining; 

some flexibility exists to schedule dumping to conform to a final landform plan; 

permanent ponds can be provided in the pit floor if desired. 

Continuing studies will provide information on which to plan the details of these concepts in 
consultation with CALM. 

Experience in the Pilbara and elsewhere has conclusively demonstrated that large mining 
operations are themselves a source of great interest and visual attraction for members of the 
community, particularly tourists. For example, some 8,000 or so tourists pay tour operators 
about $7 per adult to view the Mount Tom Price mine each year. At Collie the large open-cut 
coal mine is a feature of the landscape, and at Kalgoorlie the Big Pit is another visual 
experience which dwells long in the memory of tourist visitors. 

There are obvious difficulties in planning for what the community might want in twenty 
years' time. Individual mobility, leisure time, travel capabilities and social mores are just a 
few of the complicating factors. Views on the importance of industrial heritage vis-a-vis 
wilderness heritage may also change. 

However, one can identify some of the various environmental and recreational components of 
the site that need to be examined. These include: 

aesthetic and landscape factors 

industrial (mining) heritage 

the extent of water surface exposed, if any 

water quality 

passive management 

bird populations and food chains 

safety including safety of wildlife 

fringe vegetation 

ecological factors such as vector transmission of disease 

tourist use. 
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These and other aspects will be kept under review by both Park and mine managements over 
the operating life of the mine. 

6.18 CONCLUDING COMMENTS 

The heritage of the land is not a static thing, even in a wilderness state. Natural forces such 
as storm, fire and weather impose dynamic changes on the landscape and biological habitats. 
Such natural dynamic changes are also present in the Park, but they are combined with 
changes driven and caused by community values. There is a desire to view the gorges, in 
whatever manner the community judges appropriate. Roads and services have to be provided 
there. The broadacres of the Park are not a wilderness, and yet there are areas where solitude 
and isolation are possible. The size of the Park permits a wide spectrum of use and values. 

The Marandoo project will add to rather than detract from the natural and social values of 
this important National Park. The environmental values will be protected and they will 
also be enhanced in many ways through being better understood and managed, by virtue of the 
existence of this project. 

Marandoo and the railway corridor are a single entity in Hamersley forward planning. 
Combining relevant management plans of this entity with relevant aspects of the Park by 
way of the Statement of Mutual Understanding provides a secure basis for planning both 
resources. As stated by the Government of its 1990 Policy, it provides "greater security for 
leaseholders and conservation areas". 

The bottom line for the Park is that the end use of the mining tenement will in fact be planned 
such that it will not detract from the values of the Park when mining is completed. 

The bottom line for Hamersley is that it can continue to maintain its iron-ore industry in the 
Pilbara. 

The bottom line for the community is that the additional economic benefits which Marandoo 
and the future mines will bring to the Western Australian community will assist in 
maintaining a quality of life which is such that those members of the community who desire 
to spend leisure and recreation in the Park will be able to afford to do so. 
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Chapter Seven 

CLIMATE AND WEATHER 

7.1 	INTRODUCTION 

The Pilbara climate and weather are relevant to this ERMP because they affect three 
components of the project: 

the working conditions and potential performance of the workforce 

the engineering design of the project 

the local environment and its management. 

Regional weather in the Project Area can be characterised according to two significant 
seasons, separated by brief transitional periods. From May to October, a high pressure ridge 
normally lies over the southern part of Western Australia. It produces gentle to strong 
easterly winds and cloudless skies in the Pilbara. Cold fronts, moving easterly across the 
south of the State, are sometimes extensive enough to reach the Pilbara. The result is north-
westerly surface winds which back to the south-west as the front passes, followed by 
easterlies as a new high pressure cell develops in the south. Occasionally, an inflow of warm, 
moist, tropical air enters the middle levels of the atmosphere, and the lifting of this air mass 
by the cold front produces light but general rains over the area. 

A transitional period occurs in October and November as an area of low pressure develops over 
the region and a weak high pressure ridge forms off the coast. Rain is very rare in these 
conditions; winds are light and often from the west or variable. 

From December through March, a low pressure region dominates most of northern Australia. 
Winds are usually from the east or west, depending on the location of the centre of the system. 
The amount of moisture penetrating the inland areas from the sea is also determined by the 
location and intensity of the low. Provided moisture is available, thunderstorms can be a 
common occurrence. Heavy rains are also brought by tropical cyclones spawned over northern 
Australian waters. The force of their winds is moderated as they move inland, but these 
storms often bring abnormally high rainfall. 

Around April, the low pressure system weakens and moves northward. The southerly ridge of 
high pressure begins to move north and re-establish the dry easterly winds. 

The weather at Marandoo, and along the service corridors, is also influenced—to some 
extent—by local topography. 
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7.2 	METEOROLOGICAL DATA BASE 

Meteorological observations have been made in the Marandoo area since 1973. Between 1973 
and 1981 data were collected relating to rainfall, temperature, wind, evaporation, soil 
temperature and humidity. Some preliminary studies were also made of temperature 
inversions, the idea being to examine the nature and determinants of dust dispersion. 

Since 1982 systematic observations have been made of rainfall, temperature and humidity at 
the Marandoo campsite. 

7.3 TEMPERATURE 

The temperature at Marandoo in the period 1974-1990 ranged from a maximum of 47.0°C 
(January 1985) to a minimum of -0.5°C (July 1981). January had the highest monthly average 
maximum temperature of 37.5°C, reaching a monthly average of 40.9°C in 1979, and it had a 
monthly average minimum of 23.8°C (Figure 7.1). July had the lowest monthly average 
minimum temperature of 9.3°C, while having a monthly average maximum of 21.7°C. 

However, all four months, November through February, had monthly average maxima 
temperatures above 35°C, while June, July and August had monthly average minima below or 
about 11°C. 

CRA studies found the summer temperature at Marandoo somewhat milder than at other 
Pilbara centres where records were kept, and suggested the moderating effect might be due to 
the higher elevation of 730m. Certainly there can be frost on the valley floor on cool nights, 
attributed to ponding of cool air. 

Daytime humidity normally runs in the range of 20-40% relative humidity (RH)—with a 
higher range in winter, and lower in summer. Under very hot, dry conditions (November, 
December, January), 10-20% RH occurs. High humidity and temperature seldom occur 
together, making for good working conditions most of the time. 

The Marandoo mine operations will be on a continuous basis. Although the temperature 
usually peaks between 2 pm and 4 pm, near-maximum temperatures are generally reached by 
midday. Marandoo presents no unusual temperature stresses on a workforce accustomed to 
Pilbara conditions. 

	

7.4 	RAINFALL 

The most extreme variations in weather are shown in rainfall data, both from year to year 
and during a year. 

Records of rainfall have been kept at the Marandoo campsite since 1974, and average (mean) 
figures for this period are presented in Table 7.1. The mean annual rainfall for Marandoo is 
407mm. The annual rainfall has ranged from 242mm to 803mm. Most rain falls in December to 
April (80%), although significant winter falls have been recorded. The average number of 
rainfall days ranges from one in August and September to nine in February. Intra-regional 
variations in rainfall are also presented in Table 7.1. 
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TABLE 7.1 Average (mean) Rainfall Statistics for a Range of Pilbara Locations 

Jan. Feb. Mar. Apr. May Jun. Jul. 	Aug. Sep. Oct. Nov. Dec. Totals 

Marandoo (1974-1990) 

Mean rainfall (mm) 86 88 60 32 24 15 14 13 5 6 7 57 407 
Mean no. of rain days 8 9 7 4 3 3 2 1 1 2 2 5 47 

Tom Price (1972-1989) 

Mean rainfall (mm) 98 70 54 28 30 23 17 15 4 5 9 45 398 
Mean no. of rain days 8 8 6 4 4 4 3 1 1 1 3 6 49 

Hamersley Station (1912-1985) 

Mean rainfall (mm) 81 74 67 22 26 25 10 7 2 5 12 34 365 
Mean no. of rain days 5 6 4 2 2 2 1 1 0 0 1 3 27 

Paraburdoo (1971-1990) 

Mean rainfall (mm) 52 46 39 21 23 19 16 14 4 5 7 36 282 
Mean no. of rain days 6 7 4 3 3 4 3 2 1 1 2 4 40 

Wittenoom (1950-1990) 

Mean rainfall (mm) 99 90 61 21 31 27 13 9 3 3 9 37 403 
Mean no. of rain days 8 8 5 3 4 3 2 1 1 1 2 4 42 

As may be seen, Marandoo has an average rainfall similar to that of the other regional 
locations with the exception of Paraburdoo. Tom Price and Marandoo, 35km apart, are very 
similar. On average, rain falls on more days at Tom Price and Marandoo than at the other 
centres. 

Rainfall is important to engineering design from the following viewpoints: 

supply and recharge of underground aquifers 

surface drainage designs 

stream flow predictions for design of culverts and underpasses to railway and roads 

flood design 

road designs as to surface and availability in wet conditions 

safety and access 

mine operations, including ore handling and blending 

designs of holding ponds 

design of mine rehabilitation, slopes, vegetation 

dust management. 

The Marandoo rainfall data are adequate to validate or modify engineering designs already 
field tested and proven at Mount Tom Price and Paraburdoo. 
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In the recharge of underground aquifers, principal recharge occurs during heavy falls, because 
the high evaporation rates tend to negate effects of light rains. 

The most intense sustained rainfall recorded at Marandoo was in Cyclone Joan in December 
1975, when 416mm of rain were recorded in three days. During an afternoon thunderstorm, 
12mm fell in 15 minutes. Rainfall statistics must be treated with care. 

Usually there are one or two months each year without rain being recorded. However, in each 
of 1989 and 1990 there were four or five months without rain. Some environmental impacts 
such as the effects on low bird populations and species richness are discussed in Chapter 10. 
Such natural impacts help give perspective to impacts from projects such as Marandoo. 

7.5 	WIND 

Wind is an important factor in one of the most important environmental issues, namely dust 
management (Section 4.10). 

Wind direction and wind run (kilometres) were recorded simultaneously and interpreted each 
half hour at two locations in two separate periods. First, between April 1975 and June 1977 
they were recorded at the mine site (near the large sample pit) and the previously proposed 
Texasgulf town site, some 11km north-west. Second, from June 1977 to December 1981 the 
minesite recorder was relocated to a more open aspect on the valley floor on the Mount Bruce 
side of the campsite. 

Wind observations have not been made since 1982. 

Typical wind data are given in Figure 7.2 for the mine site area, for the period June 1975-May 
1976. 

The average wind velocity year-round is approximately 10km/h. There is a suggestion that 
when the wind is within 60° of the south, it is on the average several km/h slower than from 
other directions. 

The strongest wind comes from the north-west (see data from 330°) but this wind blows for less 
than 9% of the time. It generally takes the form of wind gusts and rain associated with 
summer storms. At this time of high atmospheric and surface moisture, dust problems caused 
by wind are less severe. 

The most significant wind in terms of velocity wind run and duration is from the east (90°). 
Calm conditions, with a wind speed of less than 4 km/h, prevail for about 16% of the time, 
while light variable winds occur for only a few %. 

Wind data are also important to the engineering design. Figure 1.4 indicates the site plan, 
and wind data are factored into the design. Workshops, stores and offices are placed to the 
north of stockpiles and overburden dumps. 

The detailed aspects of dust control involve both the fugitive dust from continuous 
operations—transport, loading, crushing and stockpiles—and the sporadic dust clouds from 
mine blasting. These are discussed in Section 4.10. 

Related to wind effects is the occasional inversion layer which might persist when in calm 
and stable wind conditions. Calm conditions, with winds of less than 4km/h, prevail only 4 to 
5% of the time and most commonly occur before dawn. 
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At Marandoo, where the valley has Mount Bruce as the largest vertical obstacle to wind, and 
the Marandoo ridge rises some 80 to lOOm above the valley floor to the south, localised, 
short-lived and low-level inversions can occur, particularly on cold, still mornings before 
dawn. However, these pose no operational issue. 

	

7.6 	EVAPORATION AND OTHER PARAMETERS 

A wide variety of other climate-related parameters has been measured at Marandoo. 
Humidity, evaporation, cloud cover, solar radiance, soil temperature and ambient dust levels 
were measured. 

For the purposes of this ERMP, the remaining relevant parameter is evaporation. 

During the five-year period between June 1975 and May 1980, only three months recorded 
higher rainfall rates than evaporation rates. In two of these, cyclonic rains fell. 

Daily evaporation generally peaks at about 9 to 10mm per day in November through January, 
and is a minimum of about 3 to 4 mm per day in midwinter. 

The Project Area is classified as arid. The principal environmental implications, other than 
human safety, relate to rehabilitation of vegetation and treatment of wastewaters. 

The arid conditions and high evaporation make the climate relatively inhospitable. 
Furthermore, it is impracticable to artificially supply water to rehabilitation sites, other 
than as part of the immediate operations. Consequently, management policy must be directed 
towards vegetation that will be both natural and as self-sustaining as possible, for example 
by reliance on water harvesting techniques and endemic plant species in rehabilitation 
processes (Section 11.8). 

In the treatment of wastewaters, the high evaporation impacts favourably on the project. 
Any normal runoff will quickly evaporate and evaporation ponds will work very efficiently. 

	

7.7 	UNUSUAL EVENTS 

In Pilbara operations, allowance must be made for unusual events such as bushfircs and 
cyclonic winds and rain, and associated stream flows and floods. Droughts are important, but 
obviously not as critical for mining operations as they are for pastoral activity. 

Cyclonic episodes tend to be more frequent towards the coast, but seldom affect the Marandoo 
Project Area. 

Records from Marandoo and nearby pastoral stations indicate that, on average, a cyclone 
centre may pass within, say, 50km, once per decade, which is perhaps ten times less 
frequently than at the coast. 

The major cyclonic event observed at Marandoo was Cyclone Joan in December 1975. The eye 
came within 40km of the campsite. About 41 6mm of rain fell in three days, and winds gusted 
to 60-70km/h. The immediate effect was severe flooding. The longer-lasting effect was 
flourishing wildlife and vegetation, which largely declined after about a year. 

Engineering designs for storm events will be based on the likely working life and the 
importance of the particular facility to the operation, and will thus vary from 1-in-5 to 1-in-
50 year storm events. 
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The main impact of major wind events is on safety. Engineering design based on many years of 
experience and a sound performance record in the region will provide the necessary structural 
integrity in all project facilities. 

7.8 	REGIONAL IMPLICATIONS 

The regional rainfall data shown in Table 7.1 indicate that Marandoo has an average total 
annual rainfall essentially the same as Tom Price and Wittenoom. Within the wide ranges of 
annual rainfall, Paraburdoo has a significantly lower rainfall than the other regional 
centres. 

Such regional characteristics are significant environmentally. The botanical district, for 
example, which serves to give a regional coherence to botanical descriptions, is the same (the 
Fortescue District) for all the cited observing stations except Paraburdoo, which is in the 
Ashburton Botanical District (see Chapter 11). 

Broadly, the rainfall at Marandoo is similar to that at Tom Price, some 35km away to the 
south-west. Not only the annual average total rainfall but also the pattern of rainy days per 
month is similar. 

Operationally, the similarity of rainfall at Tom Price and Marandoo means that most of the 
25 years of operational experience in engineering design, such as drainage and culvert work, 
that has built up at Mount Tom Price can be exported and applied to the Marandoo project. 

The record of weather data built up at Marandoo since 1973 is an important element in the 
broader picture of climate and weather in the Pilbara. It is particularly important for future 
developments in the Central Pilbara where official records are not available. Consequently, 
Hamersley will continue to monitor weather data at Marandoo and provide the Bureau of 
Meteorology with rainfall information for the site. 

The Environment - 120 



Chapter Eight 

WATER 

8.1 	WATER SUPPLIES AND RECHARGE 

Mining at Marandoo will require groundwater for dust suppression and for camp and plant 
supplies. There are no significant standing surface waters, and the principal water resource is 
the aquifer encountered from about 20m below the valley floor. The operational water 
requirements for the mine of some 5,000m3/d (cubic metres per day), (Sections 4.7 and 8.3) are 
well within the aquifer capacity, but require analysis in terms of localised effects. 

The mining operations within the IMA will involve only ore above the watertable, and no 
bores will be constructed with the specific objective of dewatering the orebody. 

The hydrogeology of the area has been investigated in a series of studies carried out by both 
Texasgulf Australia and CRA Services Limited. A series of exploratory and monitoring bores 
was established between 1974 and 1982. 

The aquifer system is extensive, and continues to the west at least 20km to the Southern 
Fortescue borefield, which supplies Tom Price. Although somewhat hard, the water from the 
aquifer at Marandoo is potable, with a pH average of 7.4. It has been used at the Marandoo 
campsite since 1974 (see Table 8.1). 

The aquifer can be divided into three systems: 

the Marra Mamba Formation, particularly where mineralised (enriched') 

the Wittenoom Dolomite beneath the Mount Bruce Flats and Southern Fortescue Valley 

Tertiary sedimentary materials infilling the Mount Bruce Flats and Southern Fortescue 
Valley. 

A diagrammatic cross-section of the Marandoo valley shown in Figure 2.4 indicates the 
general formations. 

The hydrogeological components of the Marandoo environment are listed in Table 8.2. Details 
of existing boreholes, groundwater levels and catchments are shown in Figure 8.1. The IMA is 
within the Mount Bruce Basin. 
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TABLE 8.1 Water Quality of the Marandoo Camp Bore (1972-1 980) 

Item 	 Unit 	 Range 	 Mean 

pH - 7,1-7.8 7.4 
Conductivity mmho/cm (single sample) 0.8 
Total Dissolved Solids ppm 500-600 523 
Sodium ppm 31-40 36 
Potassium ppm 11-14 12 
Calcium ppm 60-62 61 
Magnesium ppm 49-50 50 
Bicarbonate ppm 310-330 319 
Chloride ppm 55-96 83 
Sulphate ppm (single sample) 29 
Nitrate ppm 5.2-12 9 
Phosphate ppm (single sample) 0.1 
Iron (total) ppm not applicable <0.1 
Hardness (CaCO3) ppm 327-360 340 
Alkalinity ppm 245-270 253 
Fluoride ppm 0.6 0.6 
Total soluble salts ppm 520-652 554 
Lead ppm not applicable <0.02 
Copper ppm (single sample) 0.01 
Zinc ppm (single sample) <0.01 
Manganese ppm (single sample) <0.01 

Source: Government Chemical Laboratories and Agro Nutritional Research 

Potentiometric contours confirm the generally flat watertable and the potential for ground 
water flow into the orebody from the north and through the ore westwards to the Southern 
Fortescue Valley. The results imply that there is a groundwater divide near the eastern end 
of the Tenement, with some groundwater outflow from the Mount Bruce Flats south-eastwards 
to the Turee Creek catchment. 

There are some anomalous water levels, suggesting that within the alluvium of the Tenement 
and the Mount Bruce Flats, groundwater levels are higher than the potentiometric levels for 
the underlying ore/calcrete aquifer system(s). This indicates a potential for vertical 
drainage to replenish the deeper system. However, the data are too sparse to permit 
conclusive interpretation. 

Groundwater is normally encountered at 680 Australian Height Datum (AHD) in the mine 
area. This is about 40m below ground level in the valley north of the mine, rising to more 
than 80m on the Marandoo ridge. In the area of the Mount Bruce Flats east of Mount Bruce, 
groundwater lies about 20m below ground level. Further drilling investigations are planned to 
provide hydrogeological information and detailed understanding of the groundwater 
(Section 8.5). 

There is likely to be hydraulic connection between the orebody and the Wittenoom Dolomite 
Formation either directly or via the permeable deposits developed at the base of the valley 
fill (alluvium/colluvium and calcretes). The orebody is bounded to the south by Marra 
Mamba Formation, which is relatively impermeable in a transverse direction where it is 
unmineralised (see Figure 2.4). 
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TABLE 8.2 Marandoo Hydrogeology 

Geological 
formation 

Approximate 
thickness 

Geological 
character 

Hydrogeological 
character 

Alluvium /colluvium 50-100m Clays, silty clays, Clays—relatively 
calcareous clays impermeable 

0-50m+ Underlain by calcrete Calcrete—moderately to 
highly permeable 

<20m Canga, pisolites Canga and pisolites— 
moderately to highly 
permeable 

Mt McRae Shale plus max Shales, siltstones, Poorly permeable and may 
Mt Sylvia Formation 120m cherts restrict replenishment of the 

underlying aquifer(s) 

Wittenoom Dolomite max Dolomite, chert, Well developed (secondary) 
150m dolomitic shale permeability likely. 

Wittenoom Dolomite often 
forms a highly productive 
aquifer 

Marra Mamba ore 25m Iron ores of Highly permeable, porous 
hematite-goethite with voids and fissures. 

Some horizons shaly 

Marra Mamba BIF max Chert, jaspilite, BIF Generally very poorly 
200m permeable 

Groundwater levels have been monitored in some bores since November 1974. There was a 
suggestion of a rising trend at an average of 0.2m/a for a few years after 1975. An indicator 
pulse of a large recharge event occurred when Cyclone Joan deposited approximately 416mm 

of water in three days in December 1975. The data suggest a seven-month lag in the level 
response to rainfall. It is possible, but not certain, that this is a reflection of the time for 
water which infiltrates in the Mount Bruce Flats to reach the Marra Mamba Formation. 

A two-dimensional numerical model was developed for the aquifer. The model is capable of 
simulating complex aquifer regimes with natural replenishment, leakage, hydraulic 
boundaries and changes between confined and watertable conditions. This is discussed in 
Section 8.4.1. 

In this project the only significant ground water-rela ted environmental impacts will be those 
caused by: 

withdrawal of water for operational use in construction and mine operations (Section 8.3) 

effects of waste (Section 4.9) 

effects of construction etc on surface drainage (Section 8.6). 

All three effects are either small, or can be minimised by careful engineering design. 

A common concern in environmental matters involving use of underground water supplies is the 
effect on vegetation. This is discussed below in Section 8.4.2, together with other potential 
impacts. Further hydrogeological analysis has been commissioned. 
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8.2 	SPRINGS 

Two "springs" have been identified in the area—Mindi Spring and the site known as 
Band jima Pool. These have been inspected and their hydrogeological setting assessed. 

Mmdi Spring is a small groundwater discharge on the bank of Turee Creek, some 18km south-
east of the Marandoo camp and outside the Mount Bruce Flats catchment (Figure 8.1). The 
spring lies along the strike of the beds from the mine area, and it is inferred that the area 
within which it occurs is underlain by Wittenoom Dolomite, although at unknown depth. 

When visited by the consultant hydrogeologists in October 1991 it comprised two main pools, 
the western of which overflowed at a low rate (estimated to be less than 50m3/d) and then 
soaked into the creek bed at the base of a large Eucalypt. The spring discharge is believed to 
be more or less perennial, supporting several mature, exotic palms. This does not mean that 
the discharge is necessarily always visible and above the level of the Turee Creek alluvium. 

The spring appears to be derived from direct recharge into the shallow caicretes which 
outcrop at the edge of Turee Creek, extending to the north, and which support only sparse 
vegetation. Its elevation is only known from the published topographic map and is estimated 
to be approximately 667m AHD. 

Bandjima Pool is a waterhole in a small gorge incised into surficial laterite. It is located 
about 10km south-east of the Marandoo camp. It lies outside the Mount Bruce Flats catchment 
within a small, southerly-draining catchment across strike from the orebody. It is not shown 
on standard maps of the area and will not be identified on maps in this ERMP. The pool and 
its environs appear to have traditional cultural significance to Aboriginal people, and the 
area has been added to the Park. 

The broad valley leading to Bandjirna Pool is badly affected by cattle and donkeys, since 
animals are attracted to water in the pool. 

When visited, it comprised a single small pool shelving to the south from relatively deep 
water (estimated to be at least im) by the cliff laterite to an alluvium beach. No water 
movement could be observed. The pool has been observed in the past to have dried out 
completely. 

The pool elevation is only known from the published topographic map and is estimated to be 
approximately 705m AHD, approximately 25m higher than the watertable elevation at the 
mine site and Mount Bruce Flats, The pool is possibly an expression of the watertable within 
the laterite and underlying Jeerinah Formation, draining to the south away from Marandoo, 
but this is not certain. 

Jeerinah Formation is generally a poor aquifer, although localised fracture zones may produce 
useful quantities of water. These low permeabilities are expected to limit the extent of any 
reduced water levels resulting from groundwater abstractions at Marandoo. 

	

8.3 	GROUNDWATER SUPPLY DEVELOPMENT 

8.3.1 General 

The mine development requires a mine-site supply (mostly for dust suppression) estimated by 
Harnersley to be about 5,000m3/d on average (Table 8.3). This will require that a borefield be 
developed near the mine, in the valley north of the mine. 
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TABLE 8.3 Marandoo Daily Water Usage 

Mine haul road and dust suppression 	 2,400m3  

Moisture addition to ore 	 1,600m3  

Plant use, including landscaping 	 1,000m3  

Average daily water use 	 5,000m3  

Peak demand factor 50% 	 2,500m3  

Maximum design capacity 	 8,000m3  

8.3.2 	Welifield Location and Design 

A linear geometry is preferred for the borefield, aligned along the axis of the valley, in order 
to minimise mutual interference between the bores. This in turn will minimise the drawdown 
in water levels within the weilfield area. 

Based on previous testing (Australian Groundwater Consultants 1982), yields in the order of 
500-1,000m3/d may be obtainable from the Tertiary sediments, and larger yields of 1,000-
2,000m3/d may be obtainable from the orebody. This means that an allowance should be 
made for a borefield of five to eight working production bores, depending upon which aquifer 
is selected to provide the supply, with the set capable of supplying a peak demand of 
8,000m3/d. 

At this stage, design investigations have not been carried out. However, based upon 
experience in the Pilbara and elsewhere in aquifers with similar hydraulic properties, it is 
anticipated that bore spacing of the order of 900-1,500m would be required, similar to the 
Southern Fortescue borefield. This would give a borefield length in the approximate range 
4.5 to 7km. 

Model simulations of the effect upon the aquifer system of withdrawing the expected average 
daily water usage of 5,000m3  suggest that the impact beneath the Mount Bruce Flats is not 
particularly sensitive to the location of the borefield. However, the higher yields are 
associated with the Marra Mamba orebody, and use of this aquifer will limit the westerly 
extension of the borefield. 

A preliminary linear borefield has been located along the railway service road north of the 
mine area (Figure 4.5). 

A final design and borefield location will be dependent upon the results of site investigations 
presently underway. 

8.4 	IMPACT OF GROUNDWATER DEVELOPMENT 

8.4.1 	Groundwater Modelling 

The regional impacts of groundwater abstractions have been simulated using a two-
dimensional finite difference groundwater model originally prepared by AGC Woodward-
Clyde (Australian Groundwater Consultants 1982) and recently upgraded with a more 
detailed finite difference grid, which has nine times more cells. This allows more realistic 
simulations of changes in water level near the borefield. 
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The groundwater model has been used to simulate the regional impact of abstractions. In all, 
11 simulations were performed. These simulated drawdown at the end of a period of up to 
15 years, with an abstraction rate of 5,000m3/d as well as an abstraction rate of 8,200m3/d for 
ten years. The runs were varied with respect to the storage coefficient of the aquifer, the 
absence or inclusion of recharge at a rate of 7mm/a and, finally, with respect to the 
permeability of the Wittenoom Dolomite beneath Mount Bruce. The recharge figure of 
7mm/a was estimated for the area during earlier studies of the Southern Fortescue aquifer 
system. It is a small percentage (2%) of the average annual precipitation, and is likely to be 
variable. 

Relevant results are included in the following discussion, and full results are given in the 
report by AGC Woodward-Clyde (1992). 

8.4.2 	Vegetation 

The valley area is well vegetated with a range of and zone species. Vegetation of particular 
interest to the project development are: 

stands of Mulga, particularly along a well-defined line between the mine site and Mount 
Bruce; 

an extensive Coolabah woodland in the Mount Bruce Hats. 

Mulga stands occur around the Mount Bruce Flats, extending along a distinct line which 
follows the valley floor. This line marks the drainage along the valley, with a low gradient 
and an indistinct divide west of the mine site. The tree line marks the position of a narrow 
strip of fine-grained soils between the slopes of Mount Bruce to the north and the Marra 
Mamba ridge to the south. 

Despite the apparent dispersive nature of the soils along this narrow line of the valley floor, 
it is difficult to identify any incised stream channel, which suggests that surface flow occurs 
along the valley as occasional low velocity sheet runoff. 

The Mount Bruce flats, some 10km from the mine site, support several Coolabah woodlands, 
surrounded by Mulga, often with a sharp boundary between the vegetation types. The 
Coolabah trees appear to grow where heavier soils, with conspicuous crab-holes', are 
developed. These soils of higher clay content form a basin which may be a receiving area for 
surrounding runoff. The adjacent Mulga grow in soils with minor surface gravels, few, if any, 
crab holes and maybe with a slightly higher elevation. There is not expected to be any 
difference in groundwater elevations over the short distance between the Coolabah woodland 
and the adjacent Mulga. 

Portions of the Coolabah woodland were flooded prior to and during the fauna survey in 1991 
(see Section 10.7.5). 

The effect of abstractions beneath the Mount Bruce Hats will be controlled by the geometry 
and hydraulic properties of the aquifer system and the interrelationship between the 
individual aquifers. 

The existing single-layer model is considered to provide the best means of predicting effects of 
abstraction until more detailed hydrogeological information has been obtained. Model 
simulations suggest that abstraction from the deep aquifer from five bores yielding 5,000m3  
total at the mine site some 10km away could result in a reduction in the water level of this 
aquifer at the Mount Bruce flats of between 0 and 5m. The maximum drawdown was based on 
assumed zero recharge for ten years. At a considered recharge of 7mm the drawdown is zero. 
Thus drawdowns will be almost certainly less than 5m for the deep aquifer beneath the 
Coolabah woodland. 
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The Mount Bruce Flats hydrogeological study is designed to provide more detailed 
information about the aquifer system there (see Section 8.5). It involves the installation of 
multi-level observation bores. This should provide sufficient information to confirm the 
current predictions of drawdown. 

A similar situation exists in the valley floor north of the mine site. The watertable in the 
vicinity of the Mulga line between the mine site and Mount Bruce is about 40m below ground 
level and is not considered to be a major factor in sustaining surface revegetation. Soils are 
generally coarser than those in the Mount Bruce Flats, but sufficient fine-grained clays persist 
to ensure near-surface moisture levels adequate to sustain Mulga and occasional Eucalypts. 

The simulations suggest that the groundwater level beneath the Mulga line near the mine 
site, for an elongate borefield, could be lowered by 12-16m over a ten-year period. 

Trees not exploiting the permanent groundwater would be reliant on moisture stored within 
the unsaturated zone and recharged by periodic rainfall events. These trees would not be 
adversely affected by a reduction in groundwater level caused, for example, by abstraction of 
water proposed for the Marandoo water supply. 

The level of groundwater beneath the vegetation under discussion is normally 20-40m below 
ground level. Although not definitive, evidence suggests that it is unlikely that either 
Mulga or Coolabah trees have roots to a depth of 20m. They are therefore likely to be reliant 
on stored moisture rather than the underlying groundwater for survival over long periods 
(AGC Woodward-Clyde 1992). 

Because it seems unlikely that the small to medium-sized trees (Mulga and various 
Eucalypts) will be strongly dependent on groundwater, the abstractions are unlikely to have a 
significant effect (AGC Woodward-Clyde 1992). 

The Southern Fortescue borefield provides a useful field trial for a lowering of groundwater 
levels below an established woodland. Since commissioning in 1972, water levels, originally 
in the range 2040m below ground, have been drawn down by amounts in the range 3-25m. In 
areas which have not been heavily grazed, regeneration of Mulga has been observed. This 
Mulga has tolerated falling groundwater levels of the order of magnitude predicted for the 
immediate Marandoo borefield area. 

8.4.3 	Effects on Springs 

Based on the observed nature of the springs and their interpreted hydrogeological settings, it 
is unlikely that either would be affected by the mine development. 

Mmdi Spring is remote from mining and well beyond the predicted zone of influence of the 
groundwater abstractions. 

Bandjima Pool is closer to the mining but across strike and in a generally low permeability 
environment. 

Both springs will be monitored to develop a more complete understanding of their seasonal 
and long-term behaviour. 
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8.5 	FURTHER HYDROGEOLOGICAL INVESTIGATIONS AND 
MONITORING 

An additional hydrogeological programme has been commissioned to provide more detailed 
information for engineering design purposes: 

between the orebody and Mount Bruce Flats to investigate the geology, vertical drainage 
and nature of the aquifer; 

between the orebody and Mount Bruce to investigate geology and hydrogeology beneath 
the remnant Mulga; 

in the South Fortescue Valley west of the mine to test continuity and gradient of the 
aquifer; 

south of the Mount Bruce Flats near the Turee Creek catchment to define geology, aquifer 
type and gradient. 

Four monitor bores will be installed, two between each "spring" and the mine area. 

These latter bores will be sited with the intention of investigating the hydraulic gradient 
and groundwater quality between the mine and each spring, and will be monitored over the 
life of the mine. 

The springs will be monitored for water level and water quality on a regular basis, with 
general observations made concerning appearance and discharge. 

A record of water levels is being maintained for the eight bores located along the orebody 
aquifer. 

	

8.6 	DRAINAGE 

8.6.1 General 

Because of the great extremes in stream flow caused by sporadic cyclonic rainfall, drainage 
design of the Marandoo mine and the infrastructure is based primarily on being able to cope 
with storm events. Consistent with that aim, the broad design aim is to minimise 
environmental impacts of structures and construction processes. 

Plates 2 and 3 indicate the variety of methods which Hamersley has used in crossing 
drainage systems for recent railway construction work as well as for similar work much 
earlier in the development of the Pilbara iron-ore industry. The recent examples are from the 
line to the Brockman project, which track traverses similar terrain to the proposed Central 
Pilbara line. 

The size of culverts (see Figure 4.3) for a rail line is determined not only by the terrain but also 
by the selected design life of the facility. Because the Central Pilbara line will be a major 
component of the Hamersley system, the drainage design will be appropriate to its 
importance, and for a given location the culverts may be larger than those shown for the 
Brockman line, which was designed on a basis commensurate with the five-year life of that 
project. 

Hamersley has had considerable experience in such matters. In the 288km of railway from 
Mount Tom Price to Dampier there are 20 bridges and 442 culverts to cope with drainage and 
water crossings. Such experience will be applied to the shorter and less complex 115km of the 
new railway. 
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The principles of drainage design for the mine area and for the corridor are discussed 
separately in Sections 8.6.2 and 8.6.3. Broadly they follow an engineering design which 
facilitates drainage measures which minimise, as far as practicable, interruption to the 
natural drainage systems. 

	

8.6.2 	Mine Area 

The plant area will be safeguarded by interceptor drains in the conventional manner, which 
will return water as appropriate to the natural drainage system clear of the development 
areas. 

The IMA is located on the north side of the Marra Mamba ridge, and runoff will be significant 
particularly after major rainfall events. The colluvium which forms the lower slopes of the 
ridge is deeply incised by drainage channels conveying runoff from the upper slopes, but itself 
is reasonably permeable and is expected to have a lower runoff potential. Thus most of the 
lower intensity runoff generated from the Marra Mamba ridge areas infiltrates into the soil 
profile towards the valley floor. During more extreme rainfall events, runoff water 
accumulates along the flat valley floor and slowly drains eastward by sheetflow towards the 
Mount Bruce Flats area. 

In the event of major storms, water will collect as a relatively shallow pool in the gently 
sloping bottom benches of the open-cut mine. This water will come from runoff from the 
adjacent ridges and valleys, as well as from rain falling directly into the pit. 

A system of mobile pumps will be provided to remove this water and return it to the natural 
watercourses. Preliminary calculations show that two 550mm pumps will remove the water 
from the 72-hour rainfall associated with a 1-in-20-year event in approximately two days 
during the early and mid-life of the mine, and in seven days when the mine is fully 
developed to its eastern extreme. Storms of such intensity are generally associated with rain-
bearing depressions following cyclones, and operators and mining equipment will be 
withdrawn from the lower benches during such occurrences. 

The main area of any possible environmental impact of drainage changes is the band of Mulga 
along the valley floor between the proposed mine development area and Mount Bruce. It is 
believed that these Mulga depend upon the occasional major runoff events to provide 
infiltration to replenish their soil water storages. 

Assuming that the stormwater runoff volume from the proposed pit area is reduced by half, 
and that the pit area occupies one-third of the valley southern catchment area, then it is 
conceivable that the volume of stormwater runoff discharged to the valley is reduced by one-
sixth. Runoff volume would be lost due to increased infiltration and evaporation associated 
with the drainage diversion works. Combining both the north and south catchments, the 
volume of stormwater runoff into the valley is estimated to be reduced by less that 10%. 

Overall, the runoff volumes discharged to the valley floor downstream from the proposed 
mine development area are estimated to be only marginally reduced. It is extremely unlikely 
that these amendments will have any effect upon the Mulga. 

The Coolabah woodland on the Mount Bruce Flats receives surface water runoff from a 
relatively large catchment. Any drainage amendments in the mine development area are 
expected to have no impact on these woodlands. 

	

8.6.3 	Railway Corridor 

The major catchment areas along the railway corridor are shown in Figure 8.2. Catchments 
range in size from approximately 360km2  to 4km2. The Mount Bruce 270km2  basin does not 
represent a catchment area with an outfall as clearly defined as with the others shown. 
Hydrological details of this basin are shown in Figure 8.1. 
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Generally, culverts will be used to transfer water through embankments along the railway. 

Each watercourse crossing will be analysed to determine the flow to be transferred; the 
width, depth and gradient of the watercourse; the nature of the stream bed, surrounding 
Iandform and vegetation; and the geometric relationship between the embankment and the 
watercourse. A drainage structure will then be designed for each specific watercourse. The 
impact of the civil engineering works on the vegetation and flora and the more direct impact 
on the nearby landforms will be minimised by: 

not concentrating waterflows unnecessarily, for example, where an embankment crosses a 
wide watercourse, several culverts will be installed across the full width of the 
watercourse; 

installing culverts along the alignment of major watercourses to minimise disruption to 
the natural flow; 

reducing scour by providing sufficient large diameter culverts to avoid turbulent high 
velocity flows, and installing rock protection both upstream and downstream of the 
culverts; 

carrying out stream control works upstream and downstream to avoid flooding and 
ponding, and to redistribute any concentrated flows. 

Culvert sizes will be selected to ensure that they can be easily maintained, and gradients and 
levels of culverts will be designed to avoid silting. This will ensure that the full capacity of 
the drainage structures can be maintained during the operations phase of the project. 

Where appropriate to suit engineering requirements, open span bridges may be required in lieu 
of culverts (see Plates 2 and 3). 

Two contrasting examples of the type of drainage problems encountered along the 115km 
railway are now discussed briefly together with the engineering design solutions. A third 
example is mentioned but discussed in Chapter 11 because its major environmental issue is not 
drainage but protection of two vegetation communities. 

Example 1: Several sections of the railway will cross relatively flat flood plain areas of 
shallow cracking clays overlaying hardpan. These areas present particular problems 
regarding drainage and sources of borrow materials. 

An example of such an area is the north-western end of the service corridor where the 
railway will cross the upper reaches of the Barnet Creek system. The flood plain is up to 6km 
wide with several ill-defined watercourses crossing the area. 

The railway will cross this area on a low embankment above the flood water level with 
sufficient culverts to pass the design flood flows without unnecessarily concentrating the 
water flow. This will limit the impact on any vegetation downstream and upstream of the 
railway by minimising the downstream water shadow from the embankment and the 
backwater level upstream. 

This culvert design approach will be chosen provided that sufficient height can be 
economically achieved to accommodate the required culverts. 

In areas where vegetation is dependent on sheetflow, particular attention will be given to 
redistribution of water flows from culverts. Where sheetflow is parallel to the rail 
alignment, normal design will be adequate. Where sheetflow is at a substantial angle to the 
alignment, additional culverts together with sill drains will be required to redistribute water 
flows to match the location of downstream vegetation (see Figure 4.4). 
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Should it not prove economical to construct a sufficiently high embankment, a low-level 
bridge would be provided. This would allow water to pass under the railway for the full 
width of the watercourse and eliminate any downstream water shadow. 

Borrow pit areas on flat flood plains will only be established where there is a significant 
depth of suitable material over the hardpan so as to minimise the number and size of borrow 
areas. Where there is insufficient material in the immediate area of the embankment, fill 
material will be hauled from suitable areas either side of the flood plain. 

Example 2: The service corridor crosses several major creeks, the largest of which is the upper 
reaches of Turee Creek. 

The railway or road alignment will cross the major creeks on either a relatively high earth 
embankment or a bridge. The choice will depend on the height of the road or rail above the 
stream bed, the water flow to be accommodated and the nature of the stream bed. 

Earth embankments will be used wherever possible with large diameter culverts and 
adequate upstream and downstream scour protection. 

The culverts will be aligned with the waterfiow across the full width of the watercourse to 
minimise the disturbance of the natural flood flows. 

A bridge will be provided instead of an earth embankment where this is more economical or 
design flood flows are too big to be accommodated by culverts. 

Whether a bridge or an earth embankment with culverts is to be provided at Turee Creek will 
be determined during the engineering design phase of the project. However, the railway 
alignment will be on the north-east side of the access corridor to avoid Mmdi Spring and cross 
Turee Creek as far upstream as possible. This alignment will also avoid the 
environmentally-sensitive areas of vegetation and flora on the south-western side of the 
corridor. 

Example 3: A further example where the railway alignment has been designed to minimise 
environmental impact is approximately 15km along the corridor from Rosella Siding. The 
vegetation is Acacia woodland and poorly collected species of grass have been identified. 
This example is discussed in Section 11.6. 

Drainage management at Marandoo is also discussed in Sections 11.8.2 and 11.8.3, which deal 
with rehabilitation and its management. 

8.7 	WATER USE AND REUSE 

In the and environment of Marandoo, where daily evaporation ranges between about 4mm/d 
and lOmm/d, there is limited potential for water recycling or reuse. Where possible, water 
will be recovered and used for dust control. 

The principal sustainable water supply, the underground aquifer, is the most secure storage 
reservoir, being free from evaporation. 

Campsite hygiene and normal operating practices provide security against contamination of 
aquifer waters. The prevention and management of waste are treated in Section 4.9. 
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Chapter Nine 

LAND UNITS 

9.1 	THE LAND UNIT CONCEPT 

The Marandoo mine, important in itself, is also planned by the proponent in the context of 
total forward planning for the next few decades. The Central Pilbara railway is essential to 
enable future development of further mines (Section 2.4). 

Accordingly, a beginning has been made to have the environmental studies organised and 
developed with methodologies that will assist the Marandoo assessment to be: 

comprehensive for the Marandoo and Central Pilbara Railway project (ie this 
proposal); 

anticipatory and suitable for proposals which are not yet formulated for future mines in 
the Central Pilbara; 

potentially useful in making comparative evaluations in land-use management 
throughout the Pilbara, should that be desired. 

A suitable methodology for such purposes is the use of 'land units', based on the definition of 
Christian (1952): 

Where such parts of the land surface can be identified as having a similar genesis and 
can be described similarly in terms of the major observable inherent features, namely 
topography, soils, vegetation and climate, they can be regarded as members of the same 
land unit. 

The concept of a land unit for classification of land is one that integrates land processes and 
the interactions between the physical, biological and social spheres over time. This concept 
has been developed in Europe, America, Canada and Australia. 

In engineering design of the optimum corridor for a train route, for example, where gradients 
and linear runs are critically important, the topography, geology of cuttings and surface 
hydrogeology all have obvious genealogical links with land units as defined here. 

Indeed, the commonality of land units as a major common genealogical controller of both 
conservation and engineering parameters is at once both a benefit and a potential means of 
synthesising intrinsic conflicts in land-use priorities. On the basis that conflicts, once 
identified, can be solved, the use of land units may be even more desirable. 
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As a simple issue, the engineering appeal of a flat, old river valley as a transport corridor 
has to be matched against the realisation that, on a large scale, it may also represent some 
boundary or interface between major botanical districts, as well as being an important 
drainage feature. This is not the case at Marandoo, because the border between the Fortescuc 
and Ashburton botanical districts (Beard 1975) runs 100km south, further south than 
Paraburdoo (see Chapter 11). 

This kind of environmental methodology is becoming more common and more sophisticated (eg 
see McKenzie 1989). Biogeographic studies in Western Australia are moving away from 
simple comparisons of species lists on regional or land unit bases (the 'what and where" 
approach) towards quantitative analyses of vegetation, flora and fauna that attempt to 
explain the ecology in terms of correlations with climate and other determinant factors (the 
"how and why" approach). 

In spite of such attempted sophistication, the fundamental need for ground truth and field 
data acquisition remains, to establish the underlying data base. In this Marandoo project, 
only a beginning was made on using land unit methodologies to plan the flora and fauna 
studies. The long experience of the biological researchers in the Pilbara was still the driving 
force in making value judgements about the landscape and selection of representative 
sampling sites (Sections 10.2 and 11.4), and the land unit data were both complementary and 
supplementary. 

9.2 	SCALES OF LAND UNITS 

The methodology used five levels of land units based on scales that ranged from Pilbara 
dimensions down to those needed for botanical and fauna surveys. 

The levels of land units are as shown in Table 9.1. 

TABLE 9.1 Land-Unit Categories for the Marandoo Project Area 

Category 	 Description 

Level One 	 Major physiographic features, one unit only—the Hamersley Plateau 

Level Two 	 Features distinguishable on 1:250,000 topographical, being two groupings 

Level Three 	 Features distinguishable on 1:100,000, being eight individuals 

Level Four 	 Features distinguishable on 1:25,000, being 39 individuals 

Level Five 	 Features distinguishable on 1:10,000 

Government-sourced air photos are commonly monochrome 1:50,000 and, in the absence of 
other cover, may be suitable for some 1:100,000 and 1:25,000 mapping purposes (ie Levels 
Three and Four). Levels Four and Five were selected on the basis of commonly used air photo 
scales. 

Satellite imagery from Landsat and SPOT satellites is now regularly available. 

Although the different levels of Table 9.1 may appear confusing at first, in fact this portion 
of the methodology is simply the usual one of using a map with a scale appropriate to the 
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level of resolution required for a particular problem or issue. The three scales for the Location 
Map (Figure 1.1), the Project Area (Figure 1.2) and the Marandoo region (Figure 1.3) illustrate 
the point. 

9.3 	CLASSIFICATION AND FIELDWORK 

Initially to construct land units for the Marandoo Project Area, the landforms and associated 
soils were mapped using data from the then available 1:20,000 monochrome aerial 
photographs, the 1:250,000 geological survey series map "Mt Bruce and the 1:100,000 
topographic map Mount Bruce sheet 2552, as well as sheets 2453, 2553, 2651 and 2652. 

In September 1990, ground truthing was conducted by W McArthur and J Lorimer. Information 
gathered during this field trip led to the refinement of the system of land units previously 
derived. Colour aerial photography was obtained during November 1990 for an area covering 
Mount Bruce and the Tenement at a scale of 1:25,000. This allowed the furthcr refinement of 
the system of land units and, combined with the previous data, enabled the production of land 
unit mapping at a scale of 1:25,000. 

Land units were defined at Level Two for the entire Project Area by dividing it into the two 
land unit individuals, Uplands and Drainage Basins. By definition each land unit is 
homogeneous. The area is shown in Figure 9.1 at 1:250,000 scale. 

Then by proceeding to the next level, Level Three, at a scale of 1:100,000, there are eight 
major land unit individuals distinguished for the Project Area, only five of which are found in 
the Marandoo vicinity as shown in Figure 9.2, and in Table 9.2. 
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FIGURE 9.1 Land units details provided at 1:250,000 Level Two 
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TABLE 9.2 Land Units for the Marandoo Vicinity at Level Three (1:100,000) 

Land unit 	Description 	 Code 

Plateau elements Pro-Cambrian formations forming plateau units represented by sub- P 
units comprising: 

remnants in highlands P1  
dissected highlands P2  
residual uplands of subdued relief P3  

Bahada areas Bahada surfaces at the foot of highlands Bh 

Cuesta Cuesta, scarp and dip slope topography on dipping Cd 
Pro-Cambrian sediments 

Basin areas Basins of low relief traversed by large streams Bs 

Basin areas Basins marked by deranged drainage, absence of regular continuous Bso 
drainage channels or underground drainage 

Comparison of Figure 9.1 (Level Two) and Figure 9.2 (Level Three), and appreciation of the 
level of detail involved may be assisted by referring to Plate 1, an aerial photograph of the 
site. 

In turn, this may also assist in understanding the next stage of land unit resolution Level Four. 

The end result of this analysis is shown for the Project Area at Level Four in Figure 9.3. There 
are 39 individual land units in the Project Area at this level of discrimination, which is the 
first to identify as separate units the Marra Mamba Formations (the Pm series of units), and 
the Brockman Formation (Pb series). Table 9.3 lists only the 13 types of land units found in the 
Marandoo vicinity. 

As will be evident from comparison of Figures 9.2 and 9.3, and by comparison of Tables 9.2 
and 9.3, there may not be an immediate, simple translation from one level to the next at these 
relatively crude levels. For example, one does not produce Figure 9.3 by going to each unit of 
Figure 9.2 and simply drawing smaller land units within each envelope and calling that 
higher resolution. 

Instead, as the level of resolution increases, the level of discrimination improves. More 
details are perceived and some may be "new that could not be imagined at the "poorer" 
resolution (lower level). Other terms and concepts are made both possible and necessary. 

However, as finer resolution is available, in proceeding to Figure 9.3, from Table 9.3, it will be 
seen that some modifiers (numbers) are attached to a land unit Level Four, as in Dal, Da2, 
Da3 and the like. 

These modifiers denote further subclassifications. They enable different landlorms, soils, 
widths, ages, origins etc to be distinguished in the various manifestations of a single land unit 
type (eg Da). The broad unit Da is defined in Table 9.3. 

The alluvial unit Dal represents broad drainage zones of major streams, often with several 
braided channels and remnants of terraces. Unit Da2 on the other hand covers tributary 
valleys with drainage floors 100-200m wide usually with well-defined incised channels. 

The Environment - 740 



	

I 	 Bs 

Bs 

TBRUCEUNDS 

Bso 
	/ 

Bh 

	

MARRA 	BA RIDGE 	 - 	Bh  

BS  
/ 	 N 

N 	 Bs \\ 

	

MIBRucEBAsIN 	---------., 

Bh 

	

Bh 

I 	

Bso 

C -

P2 	
P 

LLS \PRIDER : LS 1,J 
Bh 

Bso 

Bh 

Bh 	 P2 

Bs 

N 	Cd 

BS 

 

2km 
__ P2 

P1 	Plateau or plateau remnants in highlands 

P2 	Dissected highlands 

P3 	Residual uplands 

Bh 	Bahada surfaces 

3 
Cd\/Bso ' 

Bh 

Bs 
Cd 	 P2  \\ 

/ 8s 

N 

Bs 	Basins of low relief traversed by large streams 

Bso Basins marked by deranged drainage 

Cd Cuesta 

FIGURE 9.2 Land units details provided at 1:100,000 Level Three 

9.4 	APPLICATION OF LAND UNITS TO CONSERVATION 
RESEARCH 

While geomorphology, topography and geology form the characteristics of the land units, 
the classification of individual land units with ground truthing deals with soils and 
landforms. Such work was carried out by W McArthur and J Lorimer. 

As discussed in relevant sections, the flora, vegetation and fauna surveys were guided by the 
initial land unit maps produced for Marandoo and the vicinity. A major practical difficulty 
in such biological surveys in an area like the Pilbara is selection of the size and location of 
areas to be sampled. If the United Nations Food and Agriculture Organisation (FAQ) 
recommendation of a minimum of one site per 4cm2  of map is adopted, then at a scale of 
1:25,000 or Level Four there should be four sites per km2, for vegetation surveys relating to 
crop yield. 

In the Marandoo vegetation surveys this would imply about 30 sites over the IMA. The actual 
fauna and vegetation sampling at Marandoo is described in Sections 10.2 and 11.4. The scale 
of the task can be judged from the vegetation maps made by E M Mattiske & Associates for the 
115km railway corridor, of which an example is given in Figure 11.3 and the full set in 
Appendix 7. 
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TABLE 9.3 Land Units for the Marandoo Vicinity at Level Four (1:25,000) 

Land unit 	Description Code 

Plateau 	 Units developed on members of the Marra Mamba Formation Pm 
Units developed on the Jeerinah Formation Pj 
Units developed on the Brockman Iron Formation Pb 
Surfaces on Pre-Cambrian members on unknown formation Px 
Pre-Cambrian outcrops on unknown formation Pc 
Dolerite sills and dykes on any member Pd 

Alluvial 	 Units generally developed on depositional materials, mostly Da 
Quaternary in age, usually of unconsolidated sediments in very 
low relief 

Colluvial Units usually adjacent to ridges and consisting of dctrital Dc 
material from the ridges. 	Often relic scree slopes have lower 
margins truncated and dissected by contemporary streams 

Hardpan Units in which the actual hardpan layer shows lamination and Dhp 
the cement is silica (not calcium carbonate). Varies in thickness 
up to several metres 

Erosion Units are generally flat landscapes, bounded by minor scarps E 
(Embayment) with shallow stream dissection. May merge into a cuesta/dip 
Plain slope topography 

Valley Units are both the flanks and floor of valleys and cover a range V 
from first order stream dissections in the ridges to fourth or fifth 
order valleys which pass through the ridges 

Scarp Units described as Low, below lOm in height and High, above S 
lOm in height 

Karst features Units developed in the area of Mt Bruce are mostly on calcareous K 
members of the Tertiary Oakover Formation. Karst features such 
as sink holes and collapsed caverns occur 

Non-standard Dolerite sill units within the Jeerinah Formation Pdj 
Geological Names 

Outcrop and sub-outcrop of Pre-Cambrian rocks of unknown age Pc 

Fundamentally, however, while these surveys were planned to give adequate coverage of the 
land unit individuals defined at Level Four, in practice normal surveys of this kind by 
experienced professionals take broad factors of topography, soil exposure and drainage into 
account routinely. In the Marandoo studies, there was also a mixture of intensive systematic 
sampling and inventory sampling. 

The advantage of the land unit analysis having been carried out is that this gave an 
independent, geologically driven, matrix within which biological sampling programmes 
could be developed. 
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9.5 	APPLICATION OF LAND UNITS TO REGIONAL ISSUES 

The Marandoo environmental studies are primarily designed to record the 'what and where" 
of the local environment. While Hamersley is interested in environmental research, its 
fundamental responsibility is to mine and sell high-quality iron ore, and to do so with full 
and adequate responsibility to the human and natural environments. 

However, the policy of Hamersley is not simply to produce lists of species and where they can 
be found. There is the added responsibility of managing and protecting the local environment, 
and to do this adequately Hamersley has to understand to an appropriate extent the "why 
and how" of existing flora and fauna, so as to minimise environmental impacts and manage 
them. The following Chapters 10 and 11 analyse the fauna and flora for the Project Area, and 
show how environmental impacts will be minimised or mitigated. 

9.6 	INFORMATION SYSTEM 

Hamersley has decided to establish an integrated information system to enable capture in a 
common format of the wide range of environmental information being assembled on its present 
and future project areas. 

This information comes from a variety of sources, including: 

consultants' studies 

technical literature 

national mapping 

satellite imagery 

aerial photography. 

The captured data can be processed by computer, stored on disk and managed by comparison, 
merging and modelling processes to, among other things: 

define land units in terms of their geologic and geomorphic characteristics; 

examine the characteristics of land units in terms of their soils, vegetation and habitat 
attributes; 

plan fieldwork based on predictions of land unit characteristics in new areas. 

To implement this systematic approach to data acquisition and management it is necessary to 
assess the normalisation of the format of data emerging from fieldwork. A potential side 
benefit would be that it facilitates comparison of work done by different people in different 
places at different times, thereby greatly enhancing the comparative value of field data. 

Hamersley has established a computerised data base for its Environmental Information 
System and is progressively entering data relevant to Marandoo and other Hamersley 
operations. Geographic Information System (GIS) software is being tested and developed to 
provide the spatial analysis capability essential for the merging and modelling functions 
required. 

The process will take several years to develop and test. It is a further investment made 
towards forward planning of future mines in the Central Pilbara. Some early results are 
discussed in Section 11.7. 
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9.7 	CONCLUDING COMMENT 

The land unit analysis described in this chapter is not a critical or necessary issue for 
environmental assessment of the Marandoo and corridor proposal. Development of the 
information system is well advanced but it is not yet at the stage of providing all of the data 
required to give land unit analysis the overall accuracy of result necessary for incorporation in 
an ERMP such as this. 

However, results are available and they provide a means of interrelating the physical and 
biological environments. Indicative results are shown in Table 11.3, after the fauna and flora 
assessments of Chapters 10 and 11. 

A land unit approach was adopted for assessing the powerline corridor vegetation 
communities and habitats (Sections 10.1 and 11.2). 

The results to date are promising and give a good indication of the future value of the land 
unit work. Hamersley will continue to develop this work and its environmental predictive 
capabilities. 
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Chapter Ten 

FAUNA 

10.1 	GENERAL 

The fauna studies commissioned for this ERMP were able to draw upon a considerable body of 
other field observations extending back to 1975 in the mining Tenement, as well as previous 
studies in the general area (National Parks Authority 1983). This research, together with 
continuing studies, will provide a sound basis for future environmental assessments in the 
region, and will assist in studies of the Park. 

Previous work was reviewed and the current studies were carried out by Ninox Wildlife 
Consulting. A total of 147 personnel days was spent in the Project Area (Figure 1.2) in 
September 1990 and June, August and October 1991. 

The locations of fauna sampling sites are shown in Figure 10.1 for both the Tenement and the 
railway corridor. 

The most intensive sampling regime took place in the 48km2  mining Tenement, with eight 
systematic sampling sites chosen, which are representative of the area. Two additional 
nearby sites were selected in the Park within a Coolabah/Mulga woodland identified as a 
biogeographical entity. 

A total of 34 personnel days was spent assessing fauna in the railway corridor. Site selection 
in the corridor took account of the fact that most habitats along it were represented and had 
been sampled in the Tenement, and those that were not present at Marandoo—riverinc 
communities and associated silty flats—were given special attention. 

Details of the rationale of site selection within the Tenement are given by Ninox Wildlife 
Consulting (1991a). CALM officers participated in discussions on the selection of these 
sample sites. 

A reconnaissance survey of the powerline corridor was made in 1991 by the Curtin University 
Mulga Research Centre. The methodology used was based on sampling of predefined land 
units for vegetation and fauna habitat. Particular attention was given to the likelihood of 
rare fauna occurring in this corridor. No rare fauna habitats were predicted and none were 
found during the reconnaissance. 

Combining data from the Texasgulf fauna studies (1975 to 1981) and the results of the 1990-
1991 surveys shows that 180 species of native vertebrates have been recorded in the Marandoo 
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Tenement and immediately adjacent areas. A total of 119 native species was recorded between 
1975 and 1981, with a further 61 native species (mainly birds) added in the most recent 
sampling periods. These data have been separated into vertebrate groups and are graphed in 
Figure 10.2. In addition to the above mining company studies, a further 46 native vertebrates 
have been recorded in the Tenement by other field workers. These are not shown in the 
historical plot of Figure 10.2, but are, of course, included in comparisons of regional richness of 
species numbers (see Section 10.8). 

10.2 SAMPLING AND DATA ACQUISITION 

In such an extensive area, often in field conditions that are very difficult, and with fauna 
populations that are generally sparse because of the and and rocky environment and the 
previous two years of drier conditions (Section 7.4), particular care was taken to maximise the 
reliability and the regional relevance of observations, sampling and analyses. 

A detailed review of the historic data was made in April/May 1990 and a site reconnaissance 
was made in September 1990. Design of the field methodology and selection of sampling sites 
were carried out in conjunction with the land unit analysis (Chapter 9), the flora and 
vegetation research (Chapter 11) and the Curtin University Mulga Research Centre. The 
existing body of some 3,400 Texasgulf fauna observations over the period October 1975 to 
January 1981 provided a primary data source and assisted in planning, particularly in the 
area of the mining Tenement. 

Information from three types of sampling was used in the following descending order of 
reliability: systematic sampling, inventory sampling and casual sampling. 

Systematic sampling refers to data methodically gathered over a fixed time period in a 
discrete vegetation type, using equal sampling effort. The resulting information allows 
statistical analyses to be carried out and facilitates comparisons of sample sites both within 
and between study areas and during different seasons. At Marandoo, 10 systematic sampling 
sites (MF1—MFI0) within or near the Tenement were operated in June 1991 for the periods 
shown in Table 10.1. Because pit traps could not be dug in the rocky ground, intensive sampling 
at one site (MF4) involved 50 traps for each of 10 nights. A fauna sampling grid is shown in 
Figure 10.3 and each location is given in Figure 10.4, together with the companion vegetation 
plot locations (Section 11.2). Combination of land unit information with each companion pair 
is given in Table 11.3. 

TABLE 10.1 Fauna: Systematic Sampling Efforts Marandoo, June 1991 

Systematic site 

Birds 
1-hour Counts (No.) 

Mammals/amphibians/reptiles 

Pit trap (nights) 

Medium Elliott trap (nights) 

Large Elliott trap (nights) 

Hand foraging (hours) 

Head torching (hours) 

MFI MF2 MF3 MF4 MF5 MF6 MF7 MF8 MF9 MF10 

10 	10 	10 	10 	10 	10 	10 	10 	10 	10 

100 100 100 - 100 100 100 100 100 100 

80 80 80 500 80 80 80 80 80 80 

20 20 20 20 20 20 20 20 20 20 

4 4 4 4 4 4 4 4 4 4 

1 1 1 1 1 1 1 1 1 1 
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inventory sampling includes all opportunistically gathered, non-systematic data generally 
collected beyond fixed sampling sites during a major survey, or when systematic sampling is 
not warranted in an area because of a pre-existing high level of local knowledge. Most of the 
corridor work was in this category, using sampling guidelines followed by the MRD for 
assessing road corridors, verges, road alignments and re-alignments. Within the Tenement or 
immediately adjacent to it a further 22 opportunistic sampling sites were established. 

Casual sampling is information such as species lists with little or no habitat annotation, or, 
for example, brief notes on the vertebrate fauna of an area after a transitory visit. Where 
published field notes were available, these data were used to augment species lists. 

Intensive hand foraging for reptiles and small mammals was undertaken during both 
systematic and inventory sampling, with the former being on an "equal effort" basis. Foraging 
techniques included identification of active animals, raking abandoned ant nests and deep 
leaf litter, raking bulldozer spoil heaps along existing tracks, turning over rocks and logs, 
stripping bark from dead trees, investigating burrow systems and recording tracks or scats. 
During inventory sampling an appraisal of vertebrate micro-habitat quality and critical 
resources was conducted, in order to facilitate preparation of a list of unrecorded species. This 
included an assessment of the number of tree hollows, the frequency of logs on the ground, leaf 
litter depth and distribution, the capacity of the soil to support burrows and the density of 
flowering shrubs. 

Systematic vertebrate sampling grids used are shown in Figure 10.3. Details about trapping 
are given by Ninox Wildlife Consulting (1991a). In addition to such trapping and hand 
foraging techniques, mist netting, head torching and spotlighting were used to increase 
sampling effectiveness. 

As a result of a series of dry years (see rainfall data in Section 7.4), bird populations at 
Marandoo were observed to be extremely low in 1990 and 1991. Therefore a fixed time period 
was used rather than operating with a fixed area, line-transect style of sampling. One hour of 
intensive bird observation was spent at each site, each morning, for ten days. During the 
observation period the observers remained within the characteristic vegetation type for 
which that site was representative. The main objective was to cover as much ground as 
possible and to actively take the sampling to the birds themselves rather than passively 
encounter them on transects of limited area. Observers were rotated between sites, and 
sampling times for each site were progressively staggered between 6.30 am and 12 noon to 
minimise variations in observer bias, weather and peak activity periods. This technique was 
efficient, attuned to local conditions and aligned closely with the methodology currently 
being used by CALM Wildlife Research on its Mulga plots at Marandoo and elsewhere in the 
Pilbara. 

The daily accumulation of species from Day 1 to Day 10 of the systematic sampling period 
was asymptotic, indicating that the study area has been well-sampled over the survey 
period (Southwood 1978). While not every potential species from each site has been recorded, 
all locations have been thoroughly sampled for that particular season. It is unlikely that 
the broad patterns of habitat usage detected, particularly those of resident fauna, would 
change markedly given a larger series of seasonal surveys. The eventual number of species per 
habitat would certainly rise, albeit slowly (since a point of diminishing returns for effort has 
been reached) but the relationship between communities would remain fairly constant. 
Accessory data on the various habitats of the Tenement, gathered during the Texasguif survey 
(1975-1981), and inventory records from the present survey (1990-1991) tend to confirm this. 

However, in the case of birds in the Tenement, there was some doubt about the completeness of 
the 10-day sampling period, due to an influx of several species of nomadic birds that was 
observed in the final days of sampling. Therefore, to check on this sampling efficiency, 
specifically of birds and reptiles, a one-day survey of all systematic sites was undertaken two 
months later. 
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On 20 August 1991 each of the 10 major sites was subjected to the daily bird sampling regime. 
Opportunistic reptile sampling was also undertaken. No further species were added to three 
sites, one species was added to three sites and two species were added to four sites (MFI, MF3, 
MF6 and MF10). For a winter survey, therefore, systematic sampling appears to have been 
effective in sampling resident species. 

An important objective of the field work was to gain a comprehensive understanding of the 
fauna and their habitats. Relationships with land units, soil and vegetation types were 
researched to improve predictive capabilities and understanding of the ecological processes. 
Details are given by Ninox Wildlife Consulting (1991a). 

Furthermore, specific searches were made for any rare and/or poorly known fauna, while an 
assessment was made broadly of the Marandoo findings in a regional context. Apart from the 
fundamental scientific research, the practical purpose was to assess the potential 
environmental effect of the Marandoo project, review management to ameliorate impacts 
where possible, and integrate fauna re-colonisation with vegetation rehabilitation plans. A 
special study was made, under licence from CALM, of the Pebble-mound Mouse (Pseudomys 
chapmani) (Section 10.5.2). The Curtin University Mulga Research Centre made a search for 
such rare fauna in the power corridor, but found neither such fauna nor relevant habitats. 

All objectives of the study were met, and the results are summarised in Figure 10.5. The 10 
representative sites chosen for systematic sampling (MF1-MF10) are discussed in Section 10.7, 
and, together with the fauna, flora and vegetation data from this project, represent a 
valuable addition to integrated environmental research for the Pilbara. An analytical 
correlation of fauna and other environmental components such as land units is in progress. 
Because such analytical studies are primarily intended for predictive use for other, future 
projects in the region (Chapter 9), their incomplete status does not detract from this ERMP. 
The preliminary analysis has already correlated each of the ten systematic fauna sampling 
sites with a vegetation community and a land unit at Level Three (see Table 11.3). 

To facilitate later studies, the 10 systematic sampling sites were chosen outside the JMA as 
representative sites for the Tenement (Figure 10.4). These will provide sites for ongoing 
monitoring. 

10.3 NATIVE FAUNA 

10.3.1 Zoogeography 

The Project Area is situated within the Eyrean sub-region, which includes all of the 
Australian arid zone and consequently the Pilbara. Its vertebrate fauna are well-adapted to 
the prevailing harsh conditions. The large majority of its bird species have wide ranging 
distributions. Many are nomads and none is endemic to the Pilbara. Mammals, reptiles and 
amphibians, being less mobile, have a substantially higher incidence of endemism. However, 
no endemic species are known to be restricted to the Project Area. 

In comparison with those in other remote areas such as the Kimberley, the mammals, 
amphibians and reptiles of the Pilbara are relatively poorly known. Work on these groups 
has been haphazard and the available data consist mainly of opportunistically collected 
species lists for particular locations: Robinson (1939), Burbidge (1971), Storr and Hanlon 
(1980), Storr and Harold (1984), National Parks Authority (1983 and undated). As a result of 
proposed or current development projects, there is also a series of reports describing the 
vertebrate fauna of localised sites: BHP (1979), BHP-Utah (1987), Howe et al (1991), Ninox 
Wildlife Consulting (1985, 1986, 1991b), Walker et al (1986). The content of these reports 
varies from annotated species lists (inventory or casual sampling) to detailed analyses of 
vertebrates and their habitats (systematic sampling). 
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Despite this range of reports, the distribution of many mammal and reptile species is not well 
known. Four mammals and 20 reptiles are believed to be endemic to the Pilbara but are 
represented by only a few records from specific localities. It may well be that several species, 
currently considered to be endemic to the Pilbara, could be found to be much more widespread 
when distribution patterns in the north-west of the State are explored more fully. 

For example, the Channar mining project surveys (Ninox Wildlife Consulting 1985, 1986), 
extended the known range of several reptile species. They also confirmed the presence of the 
Long-tailed Dunnart Sminthopsis longicaudata, recorded only once previously in the Pilbara, 
in 1940. During the Channar surveys, this species was listed under Schedule I of the Wildlife 
Conservation Act, 1950-1979 as "likely to become extinct, or is rare". Since that time it has 
been deleted from the list, on the basis that further survey work has found it to be relatively 
common in a range of rocky habitats. Similarly, the Abydos—Woodstock Reserve surveys 
(Howe et al 1991) have extended the range of a native mouse Pseudomys delicatulus, from the 
Kimberley into the Pilbara. 

Research at Marandoo has made valuable additions to the Pilbara data base, but much 
remains to be done to put the information into a time and regional context. 

10.3.2 Birds 

As discussed earlier, bird populations were low throughout the Project Area in 1990 and 1991, 
presumed to be a consequence of the series of dry years. Systematic and inventory sampling in 
the Marandoo Tenement and immediate environs was conducted between September 1990 and 
August 1991. 

Seventy-five bird species were recorded in the Tenement, many of these in small numbers. 
Only a single representative was observed in the case of 17 species and only a sign of a further 
species. Many of the species invariably occur in ones and twos, while others may represent 
the first wave of nomads following rain, or the tail end of seasonal migrants. The majority of 
bird species have wide-ranging distributions and many nomadic species, such as budgerigars, 
may occasionally be present in high numbers. A series of very dry years preceded the current 
surveys and, together with naturally low populations of some species in arid areas, the few 
numbers recorded may not be unusual. 

The historical observations at Marandoo extending back to 1975 were therefore particularly 
valuable. Together with the corridor observations in 1990-91, they brought the total number 
of species up to 118, of which 86 were observed in the Tenement and immediately adjacent 
areas by Ninox Wildlife Consulting and TgA. Ninox Wildlife Consulting were the first to 
record 29 of these species (see Figure 10.2) 

The Texasgulf study was essentially devoted to compilation of an inventory for 
representative areas of the Tenement that were projected to be subject to future disturbance. In 
contrast, the systematic and inventory sampling by Ninox Wildlife Consulting related 
recordings to discrete habitat types, representative of the Project Area as a whole. 

The complete species lists for the Marandoo Tenement and the railway corridor are given by 
Ninox Wildlife Consulting (1991a) together with comparison between the recent 
observations, those of Texasgulf and other data sources. They are summarised in Appendix 5. 

10.3.3 Mammals 

Seventeen species of native mammals and four introduced species were captured or observed in 
the Marandoo Tenement and immediate environs in the 1990-91 period. Despite 113 personnel 
days and 2,320 trap-nights (see Table 10.1), the number of individuals was low, once again 
probably reflecting the preceding poor seasons and the low numerical returns for effort 
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generally experienced in the inland Pilbara as a whole. However, the results of the long-term 
studies by Texasgulf and other studies assist in giving a clearer picture of the potential 
biological productivity of the Tenement. 

A total of 30 species of native mammals has now been observed in the Project Area, of which 
21 were observed in the Tenement and immediately adjacent areas by Ninox Wildlife 
Consulting and TgA. Ninox Wildlife Consulting were the first to record ten of these species 
(see Figure 10.2). A further nine introduced species (Section 10.4) are also present, although 
only six of these were observed in the 1990-91 study. 

The complete species lists for the Marandoo Tenement and the railway corridor together with 
comparison between the recent observations, those of Texasgulf and other data sources are 
given by Ninox Wildlife Consulting (1991a) and summarised in Appendix 5. 

10.3.4 Amphibians and Reptiles 

The herpetofauna (tortoises, frogs, lizards and snakes) of the Park are particularly rich 
(CALM 1989). Much of the work on which that assessment was made was reported in a 
National Parks Authority publication (1983) that drew on the herpetofauna records of 
Texasgulf for Marandoo, in the shortage of others. Whilst the numbers of frogs and reptiles 
were low in the most recent survey, comparison with the historical data of Texasgulf 
indicates that this was a seasonal and event-related occurrence. 

During the 1990-1991 field work within the Tenement and immediate environs, 53 species 
were recorded, so that in combination with Texasgulf and other data sources, the total number 
of species recorded is 86, of which 51 had been recorded for the first time by TgA, 22 by Ninox 
Wildlife Consulting and 13 by others. An unidentified monitor was found in the corridors, so 
that the total species count of amphibians and reptiles in the Project Area is 87. Of the 53 
species observed in 1990-1991 in the Marandoo Tenement and environs, only a single specimen 
was recorded in 24 instances. This is understandable because of the naturally low number of 
larger predators, the cool conditions during the 1990-1991 survey which severely restricted 
reptile activity, and once again the preceding series of poor seasons in the inland Pilbara. 

The complete species lists for the Marandoo Tenement and the railway corridor (ie the Project 
Area), together with comparison between the recent observations, those of Texasgulf and 
other data sources, are given by Ninox Wildlife Consulting (1991a) and summarised in 
Appendix 5. 

10.3.5 Ants 

As indicator species, and because they can be collected with relative ease in large numbers, 
ants are important in relation to soils, seeds and vegetation. They lend themselves to 
statistical treatment for sampling design and analysis of data. There are, however, 
disadvantages in that the taxonomy of ants is not as well established, in a universal sense, as 
that of the fauna groups commonly used for environmental assessment surveys. Majer 
provided a report on ants of the Park and West Angela (National Parks Authority 1983). 

Ant sampling plots were installed by Ninox Wildlife Consulting at selected fauna sampling 
sites in accordance with a sampling methodology specified by the Curtin University Mulga 
Research Centre. Seven plots were analysed. Between ten and fifteen species were observed 
in four plots. Analysis is at an early stage. 
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10.4 INTRODUCED OR FERAL SPECIES 

Nine introduced species of fauna have been recorded in total for the Project Area. Certain 
areas show a fairly high level of disturbance by two species, namely, cattle Bos taurus and 
donkeys Equus asinus. The fence constructed by CALM across the major stock route through the 
Park appears, however, to have reduced the number of cattle so that donkeys represent the 
major problem. 

Horses Equus caballus are uncommon because of the poor availability of water. The house 
mouse Mus musculus occurs in the Tenement in low-lying areas where vegetation cover is 
greater. The level to which they compete with native rodents is unknown. 

The remaining species; cat Felis catus; dog Canis familiaris; fox Vulpes vulpes; rabbit 
Oryctolagus cuniculus and camel Camelus dromedarius, have been recorded only occasionally 
and are of little significance. 

10.5 RARE AND NOTEWORTHY SPECIES AND PROJECT IMPACTS 

10.5.1 General 

It is essential to note that the word rare', while often attracting community interest, has to 
be used with careful attention to scientific definition and context. 

All Western Australian native fauna are protected under the Wildlife Conservation Act, 
1950-1979. Rare animals fall into two categories defined as Schedules I and 2 in a declaration 
published in the Government Gazette pursuant to this Act. Schedule 1 species are described as 
"fauna that is likely to become extinct or is rare". Among other criteria, these can either 
represent animals that have not been seen in Western Australia for many years (eg Night 
Parrot Geopsittacus occidentalis), others that are believed to be rare because specific searches 
have failed to find them (eg Shark Bay Mouse Pseudomys praeconis), species whose 
distribution has contracted markedly since European settlement (eg Numbat Myrmecobius 
fasciatus), animals with a very limited distribution (eg Lancelin Island Skink Ctenotus 
lancelini) and fauna about which relatively little is known but that are presumed to be under 
threat (eg Pebble-mound Mouse Pseudomys chapmani). 

Schedule 2 species are described as "in need of special protection" and include among other 
categories, uncommon birds with a cosmopolitan distribution (eg Peregrine Falcon Falco 
peregrinus), species whose habitat is under threat (eg Baudin's Black Cockatoo 
Calyptorhynchus baudinii) and previously exploited reptiles (eg Saltwater Crocodile 
Crocodylus porosus). 

The concept of individual species rarity is dynamic and strongly influenced by the level of 
survey work in a region and by an increased understanding of distribution patterns. Listing of 
species, in many cases, tends to act as a temporary safeguard until a more complete 
understanding of population size, distribution and biology is obtained. 

Collation of available information shows that four species listed in the Western Australian 
Government Gazette of 16 November 1990 have been sighted in the Project Area (Table 10.2). 
Burrows thought to have been dug by the Bilby, which is also a listed species, have been 
recorded. One further rare species is believed to occur based on its known range. Three of the 
species are birds found in a wide area. The three resident rare species all have distributions 
throughout the Pilbara. Details are given in Ninox Wildlife Consulting (1991a), and 
summarised in Table 10.2. 
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TABLE 10.2 Significant Species of the Project Area and Vicinity 

Rare and Typeof 
noteworthy ption 

Records Distribution Likely impact Comments 

species 

Gazetted Rare 
Peregrine Falcon Schedule 2 1978 Texasgulf Cosmopolitan Minimal Widely 
Faico peregrinus 1991 Ninox (Blakers et al 1984) distributed 

Grey l-loneyeater Schedule 1 1991 Start Acacia woodlands Minimal Difficult to 
onopphila whitei (pers comm) in Pilbara and observe because 

(north side of Mt desert inhabits 
Bruce Flats) inaccessible areas 

(Blakers et al 
1984) 

Bilby Schedule 1 1991 Ninox Riverine country Minimal Possibly nomadic 
Ma.c rot is lagotis (Corridor) and low calcrete provided rail (Johnstone 1989) 

Burrows, hills easement Dramatic decline 
no sightings avoids habitat in abundance 

as far as since settlement 
possible (Southgate 1990) 

Pebble-mound Schedule 1 1975-81 Texasgulf Pilbara and Some loss Field study 
Mouse 1991 Ninox goldfields. locally, no commenced 1991 
Pseudomys Skeletal soils in overall effect by I lanicrstcy/ 
chapmani hummock on the speck's Ninox 

grassland 

Pilbara Olive Schedule 2 1975-81 Texasgulf Rocky. Drainage Some from Mining will not 
Python 1991 Ninox systems near accidental or affect as there are 
Morel Ia olivacea permanent water road kills no pools in the 
barroni impact area 

Grey Falcon Schedule I No records Mainly near Nil Extremely rare, 
Falco hypoleucos woodlands such as highly mobile 

along creek lines and widely 
distributed 

Protected 
Fork-tailed Swift JAMI3A/ 1975-81 Texasgulf Asia—migrant to Nil Rarely lands and 
Apus pocificus CAM BA Australia its occurrence is 

Treaties related to storm 
events 

Rainbow Bee-eater JAMBA! 1975-81 Texasgulf Breeds in south- Nil 
Merops ornatus CAMBA 1991 Ninox west WA—in 

Treaties Pilbara September 
to February. 
Migrates to Asia 

Ghost Bat IUCN Tenement (mine Throughout Pilbara Loss of mine Occur in area 
Mac rodernia gigas endangered adit) September adit. only as a 

1990 transitory nomad 
in caves 

Noteworthy 
Gillens Pygmy Wildlife 1991 Ninox Great Sandy Desert Minimal or nil A slight chance 
Monitor Conservation and South of loss by local 
Varanus gilleni Act 1950-7979 Australia destruction of 

habitat 

Little Red Flying Wildlife 1991 Ninox Kimberley and Nil First record from 
Fox Conservation coastal Pilbara Central Pilbara 
Pteropus scapulatus Act 7950-7979 
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In addition, two other important fauna categories reported here are those associated with 
international agreements, and noteworthy species that represent significant range extensions. 
Information on these species is also summarised in Table 10.2. 

Two species were observed that are protected by the Japan/Australia (JAMBA) and 
China/Australia (CAMBA) Treaties for the Protection of Migratory Birds and Birds in 
Danger of Extinction and their Environment (Table 10.2). Another species listed as 
endangered by the International Union for Conservation of Nature and Natural Resources 
(IUCN) has also been recorded. 

Two further species recorded during the recent Marandoo fauna surveys represent extensions of 
known range and are included as "noteworthy" out of interest. 

10.5.2 The Pebble-mound Mouse 

One species that has become of popular interest, for example in the Social Impact workshops 
in the Pilbara, is the Pebble-mound Mouse, so it is discussed here in more detail. For other 
species, details are given by Ninox Wildlife Consulting (1991a). 

The Pebble-mound Mouse, Pseudomys chapmani, was recorded during Texasguif sampling and 
the current study. This small rodent is endemic to the Pilbara region, where it has been 
trapped infrequently. Its implied presence has been recorded by numerous field workers 
through the occurrence of its highly visible mounds of pebbles which may or may not indicate 
extant populations. However, it is known to be resident in hummock grassland with emergent 
shrubs on skeletal soils containing an abundance of pebbles. It is mainly found on plateaux, 
spurs and lower slopes of ridges. 

TABLE 10.3 Pebble-mound Mouse Capture Data 

Capture Mound Mound Mound 	Mound Mound 

date one two three 	 four five 

25/6/91 - 
Mouse A Mouse B Mouse C 

Mouse I) 

26/6/91 - - 
Mouse B Mouse C 

Mouse I) 

Mouse F 

27/6/91 - - - 
Mouse C 

Mouse I) 

Mouse I. 

28/6/91 - - 
Mouse F Mouse B Mouse C 

Mouse I) 

Female capture. Male capture. - 	No capture. 
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Since special interest in this species had been expressed by Hamersley and CALM, a trapping 
field trial specific to this native mouse was made in June 1991 in a Tenement location where 
mounds were common. 

A strip of country about 1km long by 200m wide (20ha) was searched and at least 15 mounds 
found. Five presumably active sites were chosen and traps set and monitored for four nights. 
Details are given by Ninox Wildlife Consulting (1991a). 

A total of fifteen captures was made with only six individual animals (three females and 
three males) involved. Two were captured every night but in one mound none was captured. 
The details are given in Table 10.3. Research is continuing. 

The impact of the project will cause some loss of habitat locally, but there will be no overall 
effect on the species. 

10.5.3 Impacts 

The environmental impacts of the project on the other species in Table 10.2 are negligible 
regionally. Details are discussed by Ninox Wildlife Consulting (1991a) and are summarised 
here (see also Section 10.9). 

The Peregrine Falcon has a cosmopolitan distribution, and is highly mobile, it occurs on all 
continents except Antarctica, although Australia appears to be one of its strongholds (Blakers 
et al 1984). 

The Grey Honeyeater will not be affected because the degree of clearing associated with the 
project is minimal in comparison with the area of available habitat throughout the Pilbara 
and desert regions. 

No specimens of Bilby were sighted in the Project Area, but burrows thought to have been dug 
by them were found at two locations. An extensive and rapid decline in Bilby population 
occurred throughout Australia between the 1800s and 1935. Populations are now restricted to 
the northern half of the continent, including the Hamersley Range and Fortescue River areas. 
The species appears nomadic, moving from burrow to burrow. In the project design, 
consideration is being given to having the rail easement avoid, as far as possible, any 
habitats where there are any recorded signs of these animals. 

The Pilbara Olive Python will not be impacted by the physical process of mining but may be 
affected by increased visitor use of habitats and by road deaths. 

The Grey Falcon has a high mobility and wide distribution. Its occurrence within the Project 
Area would be a rare event and any impact of the project would be minimal. 

10.6 CHANGES IN POPULATIONS WITH TIME 

A fauna population depends on its habitat, particularly vegetation, soil and moisture or 
water. Dynamic changes are both periodic (ie seasonal) and stochastic as with droughts and 
cycloriic rains. They can also be accidental (eg bushfires) or deliberate (eg burning by the 
Aboriginal people). 

There is also the important practical issue of deducing changes with time from a series of 
necessarily limited field studies. Nevertheless, indications of significant fluctuations in 
population from month to month, season to season and year to year are clearly shown from 
near-continuous pitfall records of the marsupial Ningaui timealeyi drawn from the Texasgulf 
data base for Marandoo between 1977 and 1979 (Ninox Wildlife Consulting 1991a). 
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The changes can also be permanent or transitory, and changes in vegetation communities, for 
example, can be very complex. Both the fauna of itself and the habitat of itself, can change 
with time. There can also be significant changes in the immediate environment due to 
development actions such as grid lines from early exploration. Owing to these dynamic 
changes with time, it is impossible to say reliably whether the 1990-1991 fauna scenario is 
changed or unchanged since those of the 1970s or 1980s. 

Weather factors, overstocking by pastoralists, and other management factors have caused 
significant past alterations to the local environment. Grid lines and stock damage represent a 
long-term, although not necessarily permanent, loss of habitat and can create a substantial 
barrier to the movements of small terrestrial vertebrates (Barnett et al 1978). Fire has 
devastated Mulga woodlands on the Bahada land units in the Project Area. Repeat burns 
have substantially eliminated much of this woodland and its associated biota. There is now a 
Spinifex-dominated sub-climax community which is being perpetuated by fire. 

While some localised erosion and Mulga death are immediately apparent, many grid lines 
and much of the Spinifex grassland on deeper soils show substantial regeneration. In spring 
1991, the land was temporarily in reasonably good condition following rain, but the influence 
of a number of previous dry years was apparent. 

Although 36 vertebrates recorded by Texasgulf were not observed in the 1990-1991 study, 
their presumed absence cannot realistically be attributed to habitat changes, although this, 
compounded by the effect of a series of dry years, may have had some impact on individual 
species abundance. 

Most of the absent birds (11 species) are nomads, seasonal visitors or rarely seen species; three 
of the four absent mammals are bats, a difficult group to sample adequately. The large 
number of unrecorded Texasgulf reptiles (21 species) is a result of the single season sampling in 
1990-1991; the Texasgulf reptile list is much more comprehensive, being the outcome of 
intensive pit trapping over several years under a wide range of seasonal conditions. 

Bushfires since the Texasgulf surveys appear to have advantaged several species that avoid 
the more densely vegetated Mulga woodlands. Typical among bird species recorded in 1990-
1991, but not by Texasgulf, are the Little Button-quail Turnix velox, the Hooded Robin 
Melanodryas cucullata, the Banded Whiteface Aphetocephala nigricincta, Richard's Pipit 
Anthus novaeseelandiae and the Australian Magpie Gymnorhina tibicen. Other species that 
rely on the Mulga woodlands may have been disadvantaged. 

The Ring-tailed Dragon Ctenophorus caudicinctus caudicinctus, a species typifying more open 
habitats, has also been favoured. During the long-term Texasgulf study from 1975 to 1981, 
only 17 were captured. By comparison, in the 1990-1991 surveys a total of 23 individuals was 
recorded. Although the numbers are small, when account is taken of the sampling period and 
the poor recent seasons, again the indication is that it was advantaged. 

In the rehabilitation planning and considerations of the end use of the Marandoo mine site 
(Sections 3.8 and 6.17) particular attention has to be given to the fact that many of the fauna 
observations to date are only snapshots in time. This makes understanding of habitats 
particularly important but it must be recognised that the habitats themselves can change 
with time, as discussed, through natural and other causes. 
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10.7 FAUNA AND HABITATS 

10.7.1 General 

Broadly, the approach to sampling in the recent fauna studies (1990-1991) was to fulfil the 
ERMP guidelines, to determine whether any rare or significant species were present, to define 
key areas and to establish sampling sites for use in future monitoring of the effects of the 
project and the success of eventual rehabilitation. 

Specifically, comparison between habitats was made in order to assess their local 
significance to fauna, to place them in a regional context, to define locations of particular 
concerns and to assess the potential for impact by the development. 

Habitats were compared in terms of species richness and abundance of individuals. The 
results that are numerically comparable are those from the 10 systematic sampling sites 
(Figure 10.5). Such comparisons must be limited to some extent by the fragility of the data, 
which is a direct consequence of the sparseness of the fauna population and the relatively 
infrequent recording of many species. However, subject to that restriction, and assuming that 
systematic sampling was effective in sampling resident species, some broad conclusions can be 
drawn. These are discussed in full detail by Ninox Wildlife Consulting (1991a), and 
summarised below. 

10.7.2 Birds 

For birds, the richest site sampled within the Tenement was the structurally complex 
drainage valley, Site MF2 (Figure 10.4), consisting of deep silty loam with a woodland of 
Eucalyptus patellaris and Acacia aneura over dense mixed shrubs and grasses. The dense 
Mulga Acacia aneura and Coolabah Eucalyptus coolabah woodland in the adjacent National 
Park (Site MFIO) followed closely in bird species richness. 

Equal third and fourth were the Coolabah woodland within the National Park (Site MF9) 
and the Eucalyptus gamophylla Mallee shrubland (Site MF8) at the eastern limits of the 
Tenement. All these habitats had structurally complex vegetation strata or tall trees, two 
components that advantage birds in terms of food, shelter and nesting sites. 

The gradual reduction of species richness over the remainder of the ten sites reflects the 
structural simplicity of their vegetation. However, any conclusions about bird habitats from 
these June 1991 data must note the relatively low bird population at the time (see also Section 
10.3.2). 

For the Project Area as a whole, the conclusion is drawn that the lower levels of the 
landscape have a greater species richness than the higher levels. This feature is accentuated 
in those portions of the railway corridor with riverine fringing communities. 

Larger watercourses in the south-east support a narrow band of River Gums Eucalyptus 
camaldulensis and Coolabah Eucalyptus coolabah, which in turn backs on to a dense belt of 
Mulga Acacia aneura woodland. Both these communities were rich in bird species, especially 
when they occurred in conjunction with pools of water. 

10.7.3 Mammals 

Returns on systematic mammal sampling were low with only four species separating the 
richest and poorest sites, possibly because of the season, but more likely as a result of the 
series of dry years preceding the survey. Comprehensive mammal sampling requires long-
term studies (Walker et al 1986 and Ninox Wildlife Consulting 1991a). 
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Good numerical results for small mammals generally require extensive trapping over several 
seasons, as was carried Out by Texasguif between 1975 and 1981. Several species not recorded 
by Ninox Wildlife Consulting in 1991 were recorded by Texasgulf, primarily because their 
sampling coincided with the various seasonal and annual peaks of abundance for a variety of 
species. 

A total of 26 native mammals is known to occur in the Tenement. Site MF8, the Eucalyptus 
gamophylla Malice shrubland was the most productive habitat of the ten studied in and near 
the Tenement, almost certainly because it was situated between rocky upland and loamy 
lowland country, and supported faunal elements of both. The results from the remaining sites 
were too sparse to make any definitive conclusions on their relationships based on species 
richness. 

The presence of loamy soils is also likely to encourage a greater range of burrowing 
vertebrates. The Mulga woodland varies in vertebrate species richness depending on the 
density of trees and the presence or absence of a well developed Spinifex understorey. Where 
the ground slowly rises to the foothills, with an increasingly rocky substrate, diminishing 
vegetation cover is associated with a decrease overall in vertebrate species richness. 

Outside the Tenement, the general increase in fauna richness in the riverine and lowland 
areas as noted in Section 10.7.2 for birds, similarly prevailed for mammals and reptiles (see 
below). The total of native mammals recorded in the Project Area is 30, but of these four were 
recorded only in the Ninox Wildlife Consulting study, while 12 others noted previously were 
not recorded by Ninox Wildlife Consulting. Eight of the latter species were bats, a group 
difficult to sample during the 1991 survey because of numerous pools of water available to 
them after heavy rains. 

10.7.4 Amphibians and Reptiles 

The two Spinifex-dominated habitats on loamy flats, Sites MF3 and MF6, had the highest 
species richness of the Tenement sites. Areas such as these provide dense shelter at ground 
level and burrowable soils which advantage many reptiles. Site MF10, the Mulga/Coolabah 
community in the Park was next in species richness with a higher proportion of tree and litter 
dwelling species than all other habitats. Species richness in the remaining habitats 
gradually decreases with a series of four sites being the lowest, being rocky, exposed habitats 
(Sites MF5, MF4 and MF7) and the periodically inundated Coolabah woodland (Site MF9). 

10.7.5 Discussion 

The specialist report (Ninox Wildlife Consulting 1991a) provides a habitat clustering 
analysis of the ten systematic sampling sites, using similarities and dissimilarities in species 
richness and also taking account of the relative number of individuals at each site. Here only 
general conclusions are drawn. 

The Ninox Wildlife Consulting study identified various "key locations for fauna, both 
within the Project Area and in the nearby Coolabah' woodland and surrounding Mulga 
woodland. However, the Tenement, the corridor and the adjacent Park are essentially a 
continuum, with many species of vertebrate in common. Different habitat areas, with 
different soils and vegetation, and proximity to water have different species richness as well 
as differences in the populations or numbers of individuals. 

The Coolabah woodland in the Park, Site MF9, is intermediate in species richness between 
water-gain and water runoff habitats, despite it being the best example of the former. 
Mammal, amphibian and reptile results were poor at this site. Its low species richness may 
be a product of its structurally uniform understorey or, more likely, attributable to the 
flooding that took place at this site prior to and during the survey. 
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Analysis of relationships between sites within the Project Area will be developed further as 
regional studies are progressed. 

The information now available will enable the engineering design and construction plans to 
allow, where practicable, for conservation of representative key locations. 

10.8 REGIONAL ANALYSIS 

Three other study locations in the Pilbara where long to medium-term fauna sampling has 
been carried out have been used to gain some insight into the relative conservation status of 
the Marandoo Tenement. These are the Abydos—Woodstock Reserve (Howe et al 1991), the 
Channar Mining Area (Ninox Wildlife Consulting 1985, 1986) and the Park (CALM 1989). 

Because survey intensity in all of these areas differs markedly, direct comparisons based on 
similar effort cannot be made. However, in all cases a point of diminishing numerical return 
for further survey effort appears to have been reached. 

Thus Ninox Wildlife Consulting considers that the greater portion of the fauna of each area 
has been recorded, so that broadly based comparisons are possible. The species richness of the 
four areas, the Marandoo Tenement, the Abydos—Woodstock Reserve, the Channar Mining 
Area and the Park are shown in Figure 10.6 separately for birds, native mammals and 
frogs/reptiles, together with the location totals. 

Birds 

Native mammals 

Frogs/reptiles 

Location totals 	.. 	. 	.... 

o 20 40 60 80 100 120 140 160 180 200 220 240 260 

Number of individual vertebrate species recorded 

Marandoo Tenement 	 Abydos - Woodstock 

-• 	Channar Mining Area 	 Karijini National Park 

FIGURE 10.6 Regional comparison of fauna richness 

Vertebrate species richness can be used as an indicator of environmental condition but 
comparisons cannot be applied too rigorously, because clearly there are factors such as the 
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relative areas to be considered. There are also sampling-type limitations to the precision 
with which comparisons of the four sets of data can be meaningful. 

The figure shows that the Tenement aligns well in bird species richness with the three other 
areas that have been sampled intensively, although none reaches the productivity of the 
National Park because of its large area and wide variety of habitats, including extensive 
areas of permanent water. The presence of many researchers visiting the Park and a resident 
ranger who recorded in all seasons has also contributed to the Parks extensive list of species. 
However, Marandoo was intensively studied in 1991, while the latest Park data used here 
were reported in 1989. 

The individual native mammal, amphibian and reptile species richness of the Marandoo 
Tenement compares favourably with all other locations, including the Park. This is not 
unexpected since a large proportion of the list of these species for the Park was derived from 
Texasgulf data (CALM 1989). Combining all terrestrial vertebrate groups shows that the 
Tenement is second only in its species richness to the Park. It also compares well with the 
Channar Mining Area and the Abyd os—Wood stock Reserve. Ninox Wildlife Consulting 
(1991a) concludes that the Park exceeds all other areas because of the great diversity of 
habitats over its large area, and its relatively undisturbed environment. 

10.9 IMPACT ASSESSMENT AND MANAGEMENT 

There are no Pilbara endemic species known to be restricted to the Project Area. The fauna 
studies have delineated the aspects where environmental sensitivity of design and 
construction must be emphasised above the usual level. Management responses are given in the 
Commitments (Part Four). However, even without these commitments, it is already apparent 
that there will be negligible regional impact on the few rare and protected species. 

Mounds of the Pebble-mound Mouse Pseudomys chapmani extend in relatively large numbers 
throughout the Project Area where stony ridges and scree slopes are found. Within the 
Tenement, some locations within the IMA will be destroyed but numerous mounds occur outside 
the area and these will not be subject to disturbance. In the transport corridor, locations where 
concentrations of the mounds of this species can be expected can be factored in and avoided 
where practicable. The effect on the species will be strictly local with no regional 
implications. The further research on this species is discussed in Section 10.5.2. 

Burrows thought to have been dug by a Bilby are located in the railway corridor south-east of 
Marandoo. They occur on creek banks well clear of likely rail alignments. All current and 
future fauna surveys target Bilby habitats. 

Of the other five gazetted rare species, three are wide-ranging birds and the localised 
impact of Marandoo will be minimal (Table 10.2 and Section 10.5.3). The other two resident 
species are distributed throughout the Pilbara. 

The localised impact on fauna generally in the vicinity of the development is discussed by 
Ninox Wildlife Consulting (1991a). While there is an inevitable primary impact caused in 
the immediate vicinity of the mine, Ninox Wildlife Consulting points out that the 
potentially more extensive, secondary impact from borrow pits, the railway etc, can be 
minimised by careful planning. Many safeguards of vegetation are standard procedures, as 
discussed in Chapters 11 and 14. 

The management of rehabilitation and drainage contribute to the maintenance of a healthy 
fauna population by reducing secondary effects on vegetation. 

Broadly, the Marandoo mine and the railway will have negligible impact on the regional 
fauna. 
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Chapter Eleven 

FLORA AND VEGETATION 

11.1 	GENERAL 

Flora collecting on the Marandoo Tenement was first conducted during September 1974, by 
staff of the Western Australian Herbarium (Trudgen 1975). That work produced an initial 
species list which has been updated several times. Detailed collecting subsequent to the 1974 
work was undertaken by A Weston, M E Trudgen, K Atkins, B Maslin and C Dawe (Trudgen 
1978; Weston 1977). 

By 1982, a total of 306 recognised species was recorded; 248 were identified to species level 
and 51 to generic level. At the time, this represented approximately one third of the number 
of the known flora of the Fortescue Botanical District. As will be discussed in this Chapter, 
subsequent work commissioned by Hamersley has extended the number of species to 462. The 
species list is given in Appendix 6. 

From a review of this historical data in 1990, it was recognised that there was a need to 
update the flora and vegetation studies of the Marandoo Tenement and extend the 
information to cover the access corridors. Also, it was considered that such information, when 
available, must be assessed in a regional context. 

Although a considerable amount of collecting has been undertaken in the region of the Park, 
particularly by M E Trudgen, as yet there is no comprehensive published reference on the 
flora. 

After consultation with CALM, arrangements were made for M E Trudgen to compile a data 
base and prepare a reference collection from specimens collected by himself and other 
botanists in the Park and nearby areas (eg the Channar Mining Area and Tom Price). This 
project is ongoing, but a data base of some 1,500 species has been established to date and has 
been available for use in the current surveys. 

This current report incorporates more recent collecting by E M Mattiske and M E Trudgen, and 
summarises all species recorded and positively identified by 15 November 1991. 

In previous assessments of the Tenement, Trudgen (1975), Texasgulf Australia Ltd (1977) and 
CRA Services Limited reviewed the conservation status of the species, but others primarily 
prepared only species lists. It is important to recognise that the status of the Western 
Australian flora is continually under review as new botanical work adds to the knowledge. 
Therefore any review of the conservation status of the flora is dependent on the data 
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available at the time of the assessment and the review. Decisions that may affect the flora 
must be based on the best current knowledge, provided studies are both competent and 
comprehensive. 

11.2 DATA ACQUISITION 

Botanical data collected previously were largely intended for compilation of species lists and 
construction of large-scale vegetation maps of the Tenement. Therefore after an initial 
review of available data, the current project concentrated on fulfilling the objectives of the 
ERMP requirements of recording the vascular flora and defining and mapping the vegetation. 

A broad-scale reconnaissance of the vascular plant species was carried out during several 
short visits in late 1990 and 1991. The major field work was undertaken in the months of May, 
June and August 1991. 

The vegetation of the Marandoo Project Area (Figure 1.2) and nearby environments was 
assessed by the use of field reconnaissance, interpretation of aerial photographs, plot 
measurements and ground traverses. To map the vegetation it was necessary to combine some 
communities and at times generalise in the interpretation of those communities. 

Although initial discussions with other technical members influenced the choice of some 
sampling sites, the main determining factor was the plant communities in the field and their 
representation in the Project Area. In addition, some sampling was carried Out in the nearby 
and adjacent Park, both for comparative reasons and for reviewing the flora and vegetation in 
the Park that may be potentially indirectly affected by the Marandoo development. 

Selective opportunistic collecting was undertaken during the reconnaissance trips and during 
the detailed studies in 1991. The additional botanical studies undertaken in August 1991 
resulted from a series of rainfall events in May and June 1991. During this later trip, 
emphasis was placed on collecting the ephemeral species that established after the non-
seasonal extended rain. 

Specific time was also allocated to searching for rare, threatened and geographically 
restricted species. 

The sampling intensity varied in the different areas. In the Tenement, the sampling was a 
combination of several field techniques: 

A total of 103 detailed vegetation plots was established (normal dimensions 30m x 30m), 
which were subdivided into four sub-plots or quadrats (each ISm x 15m in dimension). In 
each sub-plot, the height and percentage foliage cover of each plant species were 
recorded. In several linear communities (eg cliff faces and creek lines), the plots were 
realigned into 60m x 15m plots. Detailed data on the landforms, topographical position, 
soils, litter and site conditions were included in the information collected at each plot. 
Vegetation data were recorded on field sheets, which, after plant identifications had 
been completed, were coded in preparation for data analysis. The vegetation plots were 
concentrated in the Marandoo Tenement and nearby areas of the Park (Figure 11.1). 

Opportunistic collecting was undertaken in the plant communities near the respective 
vegetation plots in the Tenement. 

Each fauna sampling site (Section 10.2) was selected in representative plant communities to be 
adjacent (circa 20m) to the vegetation plot of relevance (see Figure 10.4). 

Detailed regular recordings were made on a series of transects within the Project Area. 
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Opportunistic collecting was undertaken along the railway corridor. This was done on foot 
due to a lack of tracks in many places and the influence of heavy rainfall events during the 
main survey. The corridor vegetation is also described separately in Section 11.6. 

The powerline corridor was surveyed using land unit analysis to identify expected vegetation 
types, habitat and sample sites. These interpretations were tested by ground reconnaissance 
and found to be valid. 

11.3 	SOILS 

The soil profile at each vegetation plot was assessed by digging a hole with a minimum 
depth of 30cm. In some areas, the soils were very shallow and this depth was not attainable. 
Other attributes recorded included: 

terrain description (eg backslope, gully, watercourse) 

aspect 

litter (% cover, type and depth) 

soil properties: 

- 	large scale structures 	(homogeneous, layered root, burrowed) 
- 	texture 	 (ratio of gravel:sand:silt, with the ratio summing to 10) 
- 	gravel 	 (rounded, sub-angular, angular) 
- 	fabric 	 (mudstone, mudsupport, packstone to grainstone) 
- 	visual organic 	(content in soil; low, medium and high) 
- 	soil depth 	 (cm). 

Observations on the parent rock, types of gravel and size of gravel were also recorded for the 
detailed vegetation plots. 

Soil profiles in the uplands of the Initial Mining Area (IMA) are poorly developed. Soil is 
very thin or non-existent along the ridge where large areas of outcrop are found. The soil 
profile to the north is of a uniform loamy texture. Near the centre of the valley, a soil depth 
of over 4m may be found, and the soil takes on a finer texture. However, differences in soil 
types are observed on the valley floor at locations where, for example, Mulga and Coolabah 
occur (see Section 8.4.2). 

Erosion occurs to a slight degree along formed stream beds that originate on the ridge and 
disappear as they fan out on the flat valley floor. During periods of intense rain, fine 
particles are carried from the slopes, often leaving a layer of pebbles on the surface. 

Soils along the railway route generally reflect the geology of the area. Coarse, gravelly soils 
predominate on the river valleys and outwash plains, while smectite clay soils (gilgai) are 
sometimes found on flat plains adjacent to basalt or dolerite outcrops. 

While the variety of soil types is extensive, the covering is generally thin in the upland 
areas. The and climate, the land form and the soil are such that the population density of 
all the biological components of the local environment is generally low, and the vegetation 
generally sparse. For example, it is estimated that there are only some 10 to 20 trees per 
hectare along the Marandoo ridge. Such factors are important elements that contribute to the 
difficulty of botanical and fauna surveys. 
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11.4 PLANT COMMUNITIES (VEGETATION) 

In his major work surveying the vegetation of the Pilbara area, Beard (1975) commented that 
the pioneers of botanical work in Western Australia "instinctively felt" a regionalisation to 
exist, "although they could only express it in small scale sketch maps being without such 
modern aides as aerial photography and good travel facilities. Such regionalisation is now 
shown by detailed mapping to be a reality and to be capable of precise definition. 

The Marandoo Project Area occurs in the Fortescue Botanical District within the Eremaean 
Botanical Province (Beard 1980) (Figure 11.2). Recent botanical studies in the Pilbara region 
by Atkins (1985) and E M Mattiske & Associates (1986) have supported the early predictions 
of Beard (1975) on the significance of climate, geology, landforms, hydrology and soils in 
determining the distribution of plant species and communities in the region. The Ashhurton 
Botanical District boundary is about 100km to the south of the Project Area. 

In earlier habitat classifications, CRA Services Limited identified and mapped six plant 
communities for the Marandoo area, describing them in terms like "a Tree Steppe with 
scattered Eucalypts and Triodia ground covering", based on the Beard-Webb system (Beard 
and Webb 1974). The study also classified six broad habitat types in terms like "Rock 
outcrops and small cliff faces". 

As discussed in Chapter 9, preliminary analysis of the Marandoo Project Area used the land-
unit approach to classify the landscape for subsequent regional surveys. At this stage the 
technique has not been sufficiently developed at Marandoo and subjected to thorough ground-
truth testing. Consequently, land units were used at Marandoo as a useful tool rather than as 
the primary basis for planning field work. 

The ERMP therefore was based on the collection of comprehensive information on particular 
species. Consequently, the flora and vegetation methodology of sampling was not driven 
primarily by use of the land unit technique. Further unification of data for later regional 
studies will take account of the land unit classifications. To assist in this direction, as well as 
to assist in the immediate data analysis in this flora and vegetation study, information 
about landform and soil data was recorded for each plot in the Marandoo lease area (see also 
Section 11.7). 

The vegetation in the area must be perceived in the context of the range of plant communities, 
their distribution and representation. In recognition of the size of the Project Area, the level 
of plant community definition and mapping was related to the sampling regime and the 
reliability of sampling, and 11 vegetation maps were produced at a scale of 1:10,000. An 
indicative sample is shown in Figure 11.3, and the complete set is given in Appendix 7. 

The vegetation data were sorted and analysed. The 103 detailed vegetation plots were 
divided into 11 different groups according to the dominant species or selection of species. One 
particular group (Group 4) in which 16 vegetation plots were analysed was dominated by 
Acacia aneura and a range of other species of Acacia and Eucalyptus. For example, the 
communities range from the mixed woodlands of Eucalyptus coolabah and Acacia aneura to 
the mixed woodlands of Eucalyptus patellaris—Acacia aneura. The merging of these quite 
distinct communities appears to relate to the dependence of the communities on a few 
dominant species. If the data had been collected in a more favourable growth period, the 
significance of these few dominants would probably have diminished and the separation 
would have been easier. 

A total of 37 plant communities and mapping units was defined and mapped for the Project 
Area. To assist in the interpretation, these 37 mapping units were linked with underlying 
landform and soil groupings (eg Broad Drainage Areas, Volcanics). The latter enabled a 
systems approach to be adopted in the delineation of the plant communities. 

The Environment - 173 



MARAN)OO 

Ix 

Iron ore deposit 

Port 

Town 

Railway 

Conveyor 

 

/ n d i a n 0 c e a n 

 

PORT HEDLAND 

DAMPIER 
BOTANICAL DISTRICT 

CANN 
Goldsworthy BOTAN.. 

J/ 7L) 	 Mining Area DISTRICT 

/ 

CAPE LAMBERT 
DAMRER --1 

/ 

  

    

Paraburdoo 
Mining Area 

 

Mi 

ASHBURTON 
BOTANICAL DISTRICT 

KEARTLAI 
BOTANICAL 
DISTRICT 

CARNARVON 
BOTANICAL 
DISTRICT 

050 km 

FI1JRE 11.2 Botanical districts (based on Beard, 1980) 

 



An indicative area plot is shown in Figure 11.3, together with the IMA. More complete 
information is in the specialist report by E M Mattiske and Associates (1991), and in 
discussion of vegetation mapping of the railway corridor (Section 11.6), and in Appendix 7. 

The majority of the plant communities defined for the Marandoo Project Area extend into the 
Park. 

However, the fact that several communities are widespread throughout the Pilbara does not 
necessarily remove their regional significance. Several communities in the Project Area are 
regarded as significant in a regional perspective and it is planned to minimise or mitigate the 
impact of the project upon them. Such communities include woodlands of Eucalyptus coolabah 
and Eucalyptus coolabah-Acacia aneura, selected communities on the volcanics in the north-
west railway corridor, selected gullies such as Manganese Gorge, the Mulga (Acacia aneura) 
drainage line to the north of the proposed IMA and selected watercourses. 

The vegetation surveys have mapped these communities. As detailed engineering design 
proceeds, there will be consultation with experienced botanists (see Section 11.6). 

In a local and regional sense, the woodlands of Eucalyptus coolabah and Eucalyptus coolabah 
-Acacia aneura on the basin area to the east of Mount Bruce are very significant (see also 
Figure 8.1). The extensive stands on these Mount Bruce Flats are not unique but are the only 
known examples in an undamaged state. Some of the species associated with this community 
(in the broader sense of the woodlands of Coolabah and Mulga) were restricted to these areas 
in the Mount Bruce Basin. The Coolabah area was found to be poor in fauna other than birds, 
an effect that may be a result of its uniform understorey or, more likely, attributable to the 
flooding in the site prior to and during the fauna survey (see Section 10.7.5). 

The proposed development is unlikely to directly impact on this vegetation community. 
However, there could be potential indirect impacts should there be significant changes in the 
water regime, which influences the woodlands. The conclusion from the hydrogeological 
studies to date is that any such drawdown caused by this project is likely to be much less than 
5m on the Mount Bruce Flats. Since the level of groundwater beneath the flats is 
approximately 20m below ground, it is judged by the hydrogeological consultants that it is 
unlikely that the (water) abstractions will have any effect on the woodland (see Section 
8.4.2, and AGC 1992). 

Environmental impacts on vegetation are discussed in Section 11.8. 

11.5 	FLORA 

11.5.1 General 

An additional 196 species, previously unrecorded at Marandoo, were recorded during the 
reconnaissance studies in 1990 and the field survey work in 1991. With some revalidation of 
earlier lists, this brings the total to 68 families and 462 vascular species recorded in the 
Project Area (see Appendix 6). 

The large increase in the number of species (196) reflects the opportunistic initial collecting 
phase, which restricted the data gathering to largely a species inventory level for the 
localised Marandoo Tenement. Later studies recognised the need to undertake botanical 
studies over a larger area, over a relatively longer period and under a series of seasonal 
conditions. 
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LEGEND FOR FIGURE 11.3 

Mapping Plant community description 
code 

Broad drainage areas and basins 

1 a 	Woodland of Acacia aneura 

lb 	Open Herbfield of mixed Poaceae spp. 

1 c 	Hummock Grassland of Plectrachne me!villei 

Major flow-lines and creeks 

2a 	Woodland of Acacia aneura - Acacia pruinocarpa 

2b 	Woodland of Eucalyptus patellaris Acacia aneura 

2c 	Woodland of Eucalyptus patellaris Acacia aneura Acacia citrinoviridis 

2e 	Woodland of Eucalyptus coolabah 

Minor creeks 

3a 	Low Shrubland of mixed Acacia species 

Flats 

4a Woodland of Acacia aneura - Acacia pruinocarpa 

4b Low Shrubland of Acacia farnesiana - Acacia victoriae 

L _ 4c Open Herbfield of mixed Poaceae spp 	with occasional Acacia aneura 

4d Low Woodland of Acacia xiphophylla 

L 4e Hummock Grassland of Triodia wiseana 	Triodia pungens 

Ridges, erosional spurs, Banded Iron Formation 

Hummock Grassland of Triodia brizoides - Triodia wiseana with emergent Acacia spp. and 5a 	Eucalyptus leucophloia 

5b Hummock Grassland of Triodia wiseana with occasional Triodia brizoides and Triodia basedowii 
with emergent Acacia spp. and Eucalyptus leucophloia 

29 5c Hummock Grassland of Triodia basedowii with occasional Triodia wiseana with emergent 
Acacia spp. and Eucalyptus leucophloia 

5d Hummock Grassland of Triodia basedowii with occasional Triodia wiseana with emergent 
Eucalyptus gamophy/la and Acacia spp. 

e Mixed communities from Woodlands of Acacia aneura to Open Herbfields of Eriachne mucronata 
on breakway cliffs and scree slopes 

5f Low Woodland to Woodland of Acacia aneura on rocky ledges and cliffs 

5g 	Hummock Grassland of Triodia wiseana to Low Woodland of Eucalyptus gamophylla 

5h 	Hummock Grassland of Triodia wiseana with emergent shrubs of mixed Acacia spp. 

Low foothills and escarpment 

Elm 	6a 	Hummock Grassland of mixed Triodia spp 
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The numbers of species found in the species-rich areas (eg watercourses) vary substantially 
from year to year. Sampling of all seasonal conditions and coverage of all a survey area are 
generally restricted by the time allocated for survey work and difficulties in site access. 
Consequently, experience from other surveys suggests that only about 70% of the vascular 
flora species were recorded during the 1991 surveys. Nevertheless, the results can be judged to 
be practicably comprehensive. 

The dominant families present in the Project Area are: 

Poaceae Grass - 54 species 
Mimosaceae Wattle -32 species 
Malvaceac Hibiscus - 23 species 
Papilionaceae Pea - 23 species 
Asteraceae Daisy - 23 species 
Amaranthaceae Mulla Mulla - 21 species 
Caesalpiniaceae Cassia - 14 species 
Goodeniaceae Fan flower - 16 species 
Chenopodiaceae Saltbush - 18 species 
Myrtaceae Eucalypt - 16 species 
Myoporaceae Native Fuschia - 14 species. 

The totals given in the above list are restricted to formally-named identified species. A full 
list of species by family and an explanation of species not yet formally named are given in the 
specialist report (E M Mattiske and Associates 1991). 

This combination of species is relatively representative of the Fortescue Botanical District. 

No effort was made to identify the lower taxonomic groups (stoneworts, lichens, fungi, 
liverworts, mosses). However, a significant variety of these life forms was observed, with all 
unusual number of fruiting bodies of fungi being seen due to the recent rainfall events. 

A total of 12 introduced species was identified in the Project Area during the survey. These 
are specifically marked in the species list in Appendix 6. 

11.5.2 Regional Significance 

The Eremaean nature of the flora of the Project Area is shown by the predominance of the 
families such as Malvaceae, Caesalpiniaceae, Chenopodiaceae, Mimosaceae, 
Amaranthaceae, Poaceae and Myoporaceae. 

The genera Acacia (Mimosaceae), Cassia (Caesalpiniaceae) and Triodia (Poaceae) dominate 
the vegetation. Although Eucalyptus species are often visually prominent as emergents in the 
hummock grasslands, it is usually only in the creeks and river beds that they become 
dominant. The difference of the Pilbara from other botanical districts relates largely to the 
dominance of different families, genera and species in the floristic composition of the native 
vegetation in the Pilbara Region. 

From aerial colour photographs, estimates were made of the range of density of trees and 
substantial shrubs, in items per hectare. The number varied from 10 to 20 trees per hectare 
along the Marandoo ridge, to about 200 on Mulga drainage lines, and 50 to 100 in the Coolabah 
woodlands. 

The 462 native flowering plant species found in the Marandoo Project Area represent 
approximately a third of the total known flora of the Fortescue Botanical District 
(M E Trudgen, pers comm and see Table 11.1). This indicates the wide distribution of most 
plant species found in the Eremaean areas. It also reflects the variety of habitats sampled, 
and the fact that the Hamersley Ranges, with their higher rainfall, are probably somewhat 
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richer than some other parts of the Fortescue Botanical District. The assessment is that the 
area is intermediate in species richness for the Fortescue Botanical District, rather than 
meaning that the Project Area is particularly rich in vascular plant species. 

Many of the species found in the Marandoo Project Area have very wide distributions, but 
within the Project Area may occur in only a few areas of appropriate habitat. For example, 
the stands of Acacia farnesiana-Acacia victoriae only occur in a few restricted silty, 
seasonally moist soils, and the species Astrotricha ham ptonii and Ficus platypoda only occur 
on shallow iron formation rocky ledges, with the former also preferring shady sites. 

Another method of judging the diversity of the flora in a given area is to compare the number 
of species with similar surveys in the Pilbara region or Fortescue Botanical District 
(Table 11.1). The quantitative significance of this comparison is restricted by the differences 
in botanical studies, the differences in the times of the studies (for example the inclusion of 
ephemerals in some studies, but not in others) and the differences in the range of habitats. 
The numbers are indicative but not significant in an absolute sense, and while the size of the 
area for each study is given in Table 11.1 for information, the species richness should 
obviously not be pro-rated to a number per square kilometre. 

This problem of inconsistent data bases has been addressed by Hamersley with CALM to 
ensure that future field survey methods and data analysis standards provide consistent and 
comparable results. 

TABLE 11.1 Comparison of Botanical Studies in the Fortescue District 

Location Source No. of vascular 
Area (km2  

species 

Fortescue Botanical District (Unpub. data— 1,100-1,700 ca 200,000 
METrudgen) 

Karijini National Park (Unpub. data— over 481* ca 5,000 
M E Trudgen) 

Channar Survey Area (E M Mattiske & 288 120 
Associates 1986) 

Burrup Peninsula Study Area (Blackwcll et al 1978) 265 91 

Barrow Island 	 (Serventy & Marshall 	174 	 219 
1964a, 1964b) 

Dolphin Island 	 (Burbidge and Prince 	136 	 32 
1972) 

Brockman 2 Detritals 	 (E M Mattiske & 	 123 	 ca 12 
Associates 1989) 

Marandoo Project Area 	Current study 	 462 	 ca 200 

* Compilations of an updated flora list being undertaken by M E Trudgen. 

In extracting species richness data from the detailed plot data collected on the 103 vegetation 
plots (MV1 to MV103) in the Marandoo Lease Area, it was possible to extract some 
comparative figures on similar plant communities defined in the Channar survey area by 
EM Mattiske & Associates (1986). The results are shown in Table 11.2. 
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The results presented in Table 11.2 reflect the higher range of species in the woodlands on the 
flats, gullies and drainage lines. The higher range of species in itself provides a conservation 
value to these areas. in essence the trends observed on other projects by E M Mattiske & 
Associates in the Pilbara (eg Channar survey 1986, Brockman No. 2 1989) are supported in the 
results from the vegetation plots on the Marandoo Tenement. 

It should also be noted that, broadly speaking, a similar increased richness prevails for 
vertebrate fauna (Chapter 10). The concept of conservation values is discussed more widely in 
Chapter 6. 

TABLE 11.2 Comparison of Species Richness Data for Selected Plant Communities in 
the Marandoo Project Area and the Channar Survey Area 

Total number of 
Comment 

Plant community types 	 species 

Channar Marandoo 

Tall shrubland of Acacia cit rrnoviridis 	 39 	 37 	Drainage 
lines 

Woodland of Eucalyptus patellaris 	 Not present 	28 	Drainage 
lines 

Mixed communities on rock ledges 	 22 	 23 

Open shrubland of Acacia victoriae-Acaciafarnesiana 	 Not present 	19 	Hats 

Mixed hummock grassland of Triodia wiseana 	 25-28 	 18 

Tall shrubland of Acacia aneura on rock ledges 	 17 	 18 

Woodlands of Eucalyptus coolabah-Acacia aneura on flats 	16 	 18 	Rats 

Low woodlands of mixed Malice species eg Eucalyptus socialis Not present 	17 

Hummock grassland of Plectrachne melvillei 	 Not present 	15 	Rats 

Tall shrubland of Acacia rhodophloia-Acacia aneura 	 16 	 14 

Tall open shrubland of Acacia xiphophylla 	 15 	 13 

Hummock grassland of Triodia base4owii 	 Not present 	12 

11.5.3 Rare Species 

The status of the Western Australian flora is continually under review as knowledge is still in 
an exploratory stage, with many areas poorly collected. CALM regularly revises the 
Declared (Gazetted) Rare Flora List of species, which under current legislation requirements 
cannot be taken or damaged without Ministerial approval, and the Priority Flora List 
(formerly known as the Reserve Flora List). The Priority Flora List (CALM 1990) includes 
species that are being monitored by CALM for possible additions to the Rare Flora List. 
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Both lists for the Pilbara Region are relatively limited, as the amount of information 
available on many species in the Pilbara Region is small. In a significant number of cases, it is 
not possible to assign names to species, as the taxonomic status of the species involved has 
still to be defined and clarified. 

In 1984 van Leeuwen (1984) recognised 65 species restricted to the Fortescue Botanical District. 
Examples include Acacia hamersleyensis, Acacia exilis, Acacia daweana and Acacia effusa. 
In addition, a species of Thryptomene was found at Channar (E M Mattiske & Associates 
1986). Of these endemic species, 28 occur within conservation reserves in the Pilbara and 10 of 
these have been recorded in the Park. In addition, some plant species occur as relicts or 
geographical outliers, for example, species of Clerodendron, Brachychiton and Rottboel!ia 
formosa. Further study is required on most species in the Pilbara in order to determine their 
conservation status. 

No declared rare flora species were recorded in the Marandoo Project Area during the 1990 
and 1991 surveys. 

A judgement has to be made as to whether this is a consequence of the incompleteness of the 
list of rare species, which in part reflects the lack of botanical information for the Fortescue 
Botanical District. 

11.5.4 Priority Flora List Species 

There are six species on the Priority Flora List that occur or may occur within the Marandoo 
Project Area, namely: 

Acacia daweana and Acacia effusa 

Both of these Priority 2 species6  have been recorded in the Marandoo vicinity previously. 
Concern was expressed in two social impact workshop groups (see Section 13.8.1) that these 
shrubs could be endangered by the project. However, they were not recorded on the Tenement 
in the survey work undertaken in 1991, despite extensive searching. Populations of both 
species occur north of the Marandoo Tenement, in the Park. 

Olearia mucronata and Olearia fluvialis 

Potentially these two Priority 2 species may occur on the Marandoo Project Area, but they 
were not recorded during the 1991 survey work. Olearia rnucronafa occurs on similar plant 
communities and geological areas near Tom Price, in Hamersley Gorge and near the Turner 
Syncline. Olearia fluvialis is poorly collected and is thought to be geographically restricted. 

Eremophila magnifica 

This Priority 3 species7  was recorded on the ridges of the Marra Mamba Iron Formation on the 
Marandoo Lease Area. In particular, the subspecies Eremophila magnifica ssp. velutina has 
only been recorded from two confirmed locations according to R Chinnock (one location on the 
ridge on the Marra Mamba Iron Formation at Marandoo and one location west south-west of 
the Marandoo airstrip). 

6 	Priority 2—Poorly Known Taxa: Taxa which are known from one or a few (generally loss than five) populations, 
at least some of which are believed to be under immediate threat (i.e. not currently endangered). Such taxa are 
under consideration for declaration as rare flora, but are in urgent need of further study. 

Priority 3—Poorly Known Taxa: 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. 
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Brachychiton acuminatus 

This Priority 5 species8  was recorded in the locality known as Manganese Gorge and in the 
power corridor. It is known to occur in the Park and elsewhere in the Pilbara. 

Where the mine will remove a priority flora list species community, Hamersley will consult 
with CALM on appropriate action. 

In summary, the present studies have resulted in no Declared Rare Flora species being found in 
the Project Area. Two Priority 2 species (ie poorly known taxa) that had been previously 
recorded in the vicinity were not found in 1991, despite extensive searching. Two other 
Priority 2 species that occur on similar plant community and geological areas nearby are 
potentially present in the Project Area but have not been found there. One Priority 3 species 
and one Priority 5 species were recorded in the IMA and their local members will be destroyed 
by the project. The significance of these Priorities is given in the footnotes. 

11.5.5 Geographically Restricted Species—Discussion 

Many species not formally identified as Rare or Priority List species but referred to by 
botanists as geographically restricted, habitat restricted and poorly known species occur in 
the Project Area. Hamersley consultants have expressed the opinion that some of these are 
potentially threatened and should be considered by CALM for inclusion on the Priority Flora 
List. 

Accordingly, the technical report of the botanical team (E M Mattiske and Associates 1991) is 
being supplied to CALM for its review and consideration. 

It would be a paradox for flora management if the very recording of a species now on the 
Priority Flora List caused arguments to be presented for it to be then placed on the list of 
Declared Rare Flora, so that its classification was made more rigorous. Such a paradox would 
not exist if the species was thought to be extinct. Its rediscovery in the second case would then 
justify its listing. 

In an area like the Hamersley Ranges, where botanical surveys have been relatively limited, 
where the dynamics of botanical population changes with season and erratic rainfall are 
very variable, and where there are often logistics difficulties as well as manpower 
limitations in carrying out extensive surveys, there is another real paradox of environmental 
management encountered by developers. 

The very intensity and concentration of effort supported by the developer, such as Hamersley, 
mean that much new botanical information is provided that was not previously or otherwise 
available. In turn, this gives the appearance that a developers project area is rich 
botanically. More time in the field, more often, in more seasons and for more years, obviously 
will tend to increase the numbers of species identified. And this is what has happened at 
Marandoo. By 1982, as a result of botanical studies commissioned by Texasgulf and CRA, 
there were 306 recognised flora species known at Marandoo. Now, largely as a result of 
further work commissioned by Hamersley, the number is 462. 

In some Pilbara fauna studies, as discussed in Chapter 10, the research has found that a 
particular species is not as rare as had been thought and it has been removed from the list of 
endangered species. This may also hold true with some Pilbara flora, as it does in the South-
West, but this remains to be checked. 

8 	Priority 5—Rare Taxa: Taxa which are considered to have been adequately surveyed and which whilst being 
rare (in Australia), are not currently threatened by any identifiable factors. These taxa require monitoring every 
5-10 years. 
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The results of the extensive botanical studies in the Marandoo Project Area need to be put into 
perspective regionally and in respect of the Park. However, this is difficult because no 
comparably intense or extensive botanical survey has yet been made in the Park. Hamersley 
has commissioned further surveys in the region, which will assist in providing a wider 
perspective to assist in knowledge of the Park. 

The whole concept of protecting rare, threatened and geographically restricted species is 
very complex, not only from a management and legislative position, but even in the 
fundamental science. Recent international attention is being given to flaws in the traditional 
approach of analysing species dynamics on the assumption of an island" population. While 
useful, the science is fundamentally flawed because a land-based species may have 
neighbouring land to which to retreat or adjust. 

Even more fundamental is the scientific questioning of the "values" of protecting rare species, 
depending on where they are on their evolutionary development. Erwin (1991) suggests that 
there may be less value in, and hence perhaps less effort should be given to, preserving species 
that are well on the natural path to extinction than to preserving those at a less developed 
stage. 

Such issues are beyond the scope of this ERMP. The Marandoo botanical analyses have 
resulted in the delineation of a range of species that are potentially threatened, 
geographically restricted or poorly known, as well as the many more species commonly found 
in the region. There are no declared rare species. The botanical information has been supplied 
in full to CALM to assist in the management of geographically restricted, habitat restricted 
or poorly known species. 

11.6 CORRIDOR MAPPING AND MITIGATION OF IMPACTS 

In the light of these results, some of these species and their locations require consideration 
during the detailed construction phase. In the majority of cases, the populations can be 
avoided where practicable during the detailed design stage. Alternatively, those that 
cannot be avoided can be addressed and the environmental impacts minimised. 

The vegetation along the railway corridor was mapped by F M Mattiske & Associates as 
discussed below, while that of the powerline corridor was surveyed by the Curtin University 
Mulga Research Centre. One indicative map for a portion of the Tenement is shown in 
Figure 11.3, while 11 full vegetation plots are shown in Appendix 7. The legend to Figure 11.3 
relates only to communities found near the IMA, and a complete legend in Appendix 7 details 
the complete vegetation plots for the Project Area. 

The considerable amount of vegetation surveying along the railway corridor was carried out 
by E M Mattiske & Associates. Basically, the vegetation mapping at 1:10,(XX) can be seen as 
an expansion of the earlier work by Dr John Beard (1975), who mapped the vegetation at a 
scale of 1:1,000,000. By mapping the vegetation at a scale of 1:10,000, it was possible to 
account for the majority of the local variations in plant communities that were observed 
within the Marandoo Project Area. For example, it was possible, at this scale, to define the 
small pockets of mixed Mallee species and the pockets of Acacia farnesiana—Acacia victoriae 
on the southern sections of the Marandoo Tenement. 

The vegetation maps for the Railway Corridor were based upon foot and vehicle traverses of 
the proposed corridors, colour aerial photographs and topographic mapping. Colour aerial 
photographs at 1:25,000 were supplied by Enviroscan, and topographic maps at 1:10,000 were 
supplied by Hamersley. 
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In Figure 11.4, even though detailed design has not occurred, there is an indicative example of 
complementary plarning of engineering design and environmental management using the 
vegetation mapping illustrated in Figure 11.3 and collected in Appendix 7. 

Where the railway or road alignment passes through hilly country with well defined 
watercourses, culverts will be used for drainage. Where economically feasible, the 
embankment will be in cut and fill sections along the lower slopes of the hills aligned across 
the drainage pattern. This will minimise the cost of the embankment by reducing the extent 
of drainage works, and reducing the need for borrow areas. 

One such area is the volcanic hill approximately 15km along the corridor from Rosella 
Siding, which supports Acacia woodland (Acacia aneura) and a poorly collected species of 
grass (Rottboellia formosa). The grass was only located in the protected rock crevices on this 
hill under Mulga. It has been collected previously only six times—four times in the 
Kimberleys and twice in the Pilbara. In this area the alignment will be routed along the 
lower slopes on the north side of the hill (Figure 11.4). This alignment will avoid the large 
rock cuts that would be required if the alignment was higher up the hill, and avoid the high 
fills that would be required to traverse the valley to the north of the hill. Further, the 
alignment will be selected so as not to run along the watercourses, as to do so would increase 
the impact on the water flow regime and vegetation, and increase the cost of flood control 
works. 

The engineered alignment in this area will thus avoid the more environmentally sensitive 
areas on the higher ground and of the major drainage corridors. As is evident from Figure 11.4, 
it will cross only the northern tip of the extensive Acacia woodland (community code 7c). 

The final engineered alignment will be reviewed by Hamersley's environmental consultants. 

It is useful to note that the identification of vegetation from colour aerial photos, and the 
engineering design of a railway route inevitably share common interests. For example, certain 
vegetation communities (in Appendix 7, communities Ia, lb, ic, ld, 2a, 2b, 2c, 2d and 2e) occur 
in areas of broad drainage or along major flow-lines and creeks. Such areas are therefore 
subject to frequent seasonal or to cyclonic inundation, with implications for engineering design. 

11.7 INTERRELATIONS BETWEEN PLANT COMMUNITIES AND 
OTHER ENVIRONMENTAL PARAMETERS 

As discussed in Chapter 9, a beginning has been made on using Land Unit methodologies to 
interrelate flora and fauna studies with geomorphology and other factors of the physical 
environment in the Project Area. 

There are ten locations on or near the Tenement on which systematic fauna sampling was 
made by Ninox Wildlife Consulting (Chapter 10). These are labelled MF1 through M1710. 

The vegetation community that most closely described each sampling site was identified by E 
M Mattiske & Associates (1991) by one of the 37 codes (Section 11.4 and Legend to Appendix 
7), such as 5b and so on. 

The land unit in which each fauna site was located was described at Level Three (Chapter 9). 

The results are shown in Table 11.3 for the locations shown in Figure 10.4, many of which are 
covered by Plate 1. The associations listed need to be viewed with care because the scale size 
of each discipline is different here. 
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Note: 
For vegetation communities legend refer to 
legend in Appendix 7 
Nominal railway route selected to have 
minimum impact on sensitive vegetation 
community 7c whilst recognising topographic 
and design constraints 
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TABLE 11.3 Description of the Vertebrate Fauna Sampling Sites in Terms of Land 
Units and Plant Community Types 

Fauna Plant Descnption of plant community types 
Land unit 

site community (Level 3) 

MFI Sb 	 Hummock grassland: P2 - Plateau 
Triodia wiseana—Triodia brizoides with 
emergent Acacia and Eucalyptus spp. 

M172 2b 	 Woodland: Bh-Bahada 
Eucalyptus pat ellaris-Acacia aneura 

MF3 ic 	 HummockGrassland: Bso — Basin 
Plectrachne melvillei with emergent Areas 
Acacia and Eucalyptus spp. underground 

drainage 

M174 5f 	 Woodland: P3 -Platcau 
Acacia aneura 

MF5 4d Lowwoodland: Bs — Basin 
Acacia xiphophylla 

MF6 ic Hummock grassland: Bso - Basin 
Plectrachne melvillei with emergent Areas 
Acacia and Eucalyptus spp. 

MF7 5d Hummock grassland: Bh - Bahada 
Triodia basedowii with emergent 
Eucalyptus gamophylla 

MF8 Sd Hummock grassland: Bh-Bahada 
Triodia wiseana with emergent 
Eucalyptus gamophylla and Acacia spp. 

MF9 *Not mapped Woodland: Bso - Basin 
Eucalyptus coolabah 

MF10 *Not mapped Woodland: Bso - Basin 
Eucalyptus coolabah—Acacia aneura 

*Vertebrate  sampling sites MF9 and MEW occur outside the Marandoo Project Area and were not mapped by E M Mattiske & 
Associates (1991). However, permanent sites (MV95 and MV96) were established at these locations, providing detailed flora, 
vegetation and site information. 

Notes: Land Units are based on Larimer (1991). 
Plant community types are based on EM Mattiske & Associates (1991). 
Vertebrate fauna sampling sites are those of Ninox Wildlife Consulting 0 991a). 

The plant communities have been mapped to a scale of 1:10,000. This is at present too 
detailed a scale (too high a level) for ready use in the land unit classification schemes. As 
shown in Appendix C of F M Mattiske & Associates (1991), each Level Three land unit can 
have up to ten or so different classifications of plant communities, depending on the fine scale 
detail of geology, landform, soils and other characteristics. Only one plant community code is 
allocated to the Level Three land unit in Table 11.3 to describe the fauna sampling site—it 
should not be interpreted as the plant community that totally describes the (larger-scale) 
Level Three land unit. It is simply one of the plant communities associated with that land 
unit at that level. 
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Information such as in Table 11.3, when adequately developed in a comprehensive manner, 
could assist in predicting the fauna and flora communities expected to be found in various 
landforms such as broad drainage areas and basins. Such information in turn may be useful in 
providing information to design engineers at an appropriate time. Its potential application to 
regional studies such as might apply to future mine sites in the Central Pilbara has been 
mentioned in Chapter 9. However, these studies are still in a preliminary stage. 

Historically, many of the plant communities in the region have been influenced by factors 
such as grazing and burning. The effects have been mainly restricted to selected components of 
the respective plant communities. For example, grazing by introduced animals has largely 
led to the selective removal or reduction of some palatable understorey species along the main 
drainage lines. 

11.8 IMPACT ASSESSMENT, REHABILITATION AND 
MANAGEMENT 

11.8.1 Impact Assessment 

As more botanical studies are undertaken in the area, new species will be recorded and the 
conservation status of many species will be clarified. The data presented above reflect the 
general conservation value of the Hamersley Range Region. 

A range of issues is significant for the management of native flora and vegetation in the area. 
Foremost amongst the issues at Marandoo are the proximity of the Park and the need to 
maintain the values in the Park (Chapter 6). The direct and indirect impacts on these values 
are being addressed jointly with CALM (Part Four). In many cases such as fire control, weed 
management and revegetation, the management issues will require joint arrangements with 
nearby land managers. 

In view of the extent of pastoral land on the western section of the railway corridor, some of 
the conservation issues become less significant. However, the issues of weed control and fire 
control are still high on the agenda, particularly as the degree of activity in the area will 
increase markedly during the construction and development phase of the proposed project. 

It is therefore planned that an educational and environmental induction course will be 
instigated prior to the construction phase to address the broad issues of conservation of flora 
and fauna. 

In the Project Area there are no declared rare flora species. The area is judged to be 
intermediate in species richness for the Fortescue Botanical District. 

In those cases where flora species or vegetation communities have been identified that might 
potentially be considered for higher ranking categorisation of conservation priority, 
mitigating plans are available to minimise or avoid the environmental impact. In this 
context, the discussion of short-term and long-term impacts, and of substantial and non-
substantial impacts on the actual environment, is clearly relevant (Section 4.11). 

Any impacts or potential impacts of the project directly on vegetation have been discussed in 
sections where the vegetation was described. 

In Sections 8.4.2 and 11.4 it was shown that the project would have no direct impact on the 
Coolabah woodland. Any indirect effect, such as resulting from drawdown of the groundwater 
level by Marandoo bores, is judged to be unlikely. However, further hydrogeological work is 
required for the project and it will also pursue this issue. 
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Potential impacts on vegetation along the corridor are discussed in Section 11.6, and 
indicative examples of mitigation of impact are discussed. 

In many instances, however, the impacts of the project on vegetation and habitat will be only 
temporary, because of rehabilitation. 

11.8.2 Rehabilitation 

It is appropriate to complete the discussion of the existing vegetation with comments on the 
proposed rehabilitation to mitigate any disturbances to it. 

As a general policy, Hamersley intends to rehabilitate disturbed areas wherever practicable 
to minimise the environmental impacts and to ensure that the site is returned to a stable 
condition that: 

does not interfere significantly with the natural drainage 

has a vegetative cover suitable for the landform that exists 

is compatible with the surrounding landscape 

must also be self-sustaining. 

Rehabilitation therefore describes the whole process of returning a disturbed area, where 
practicable, to a state in harmony with the local landscape (Australian Revegetation 
Corporation Limited 1991). Revegetation that involves re-establishment of flora is only one 
element of the rehabilitation process. 

Rehabilitation programmes have been implemented by Hamersley for a considerable time at 
Mount Tom Price, Paraburdoo and Channar. New rehabilitation techniques are selectively 
implemented and there is close adherence to environmental standards set by the Department 
of Mines. The rehabilitation programme adopted for Channar proved to be highly successful 
in the achievement of approved pre-determined results. 

Thus Hamersley has formulated a number of rehabilitation principles that have a proven 
track record in the iron ore industry. They will be applied in the Marandoo project. 

Key elements in the rehabilitation programme include: 

planning 

operations 

landform preparation 

revegetation 

monitoring. 

Components taken into account include the special consideration required for Spinifex, which 
is one of the most dominant plants in the Pilbara. Spinifex seed is light and easily 
transported by wind. This enhances natural regeneration but makes it difficult to harvest. For 
this and other reasons, Spinifex has often proved difficult to regenerate quickly by direct 
seeding. Therefore, the project will re-spread surface soil material (where available) and 
Spinifex litter, and incorporate areas of Spinifex into the design of a disturbance to facilitate 
natural re-colonisation. 
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Topsoil is a valuable and often scarce resource in the Pilbara. 	It contains important 
components of regeneration such as plant nutrients, seed reserves at varying stages of 
dormancy and soil micro-organisms such as mycorrhizal fungi. These micro-organisms form 
symbiotic associations with many Australian native plant species and some have the ability 
to increase the nutrient uptake (especially phosphorus) of plants and improve soil structure 
and stability. Topsoil will be used where available and practicable, as described in 
Section 11.8.3. 

Landform and the texture and structure of the soil and local rainfall patterns are taken into 
account in making rehabilitation provisions against the risk of erosion and in increasing the 
prospects for successful revegetation. For example, in the Pilbara the predominant soils are 
coarse and stony, more resistant to erosion, and they can support vegetation on greater slopes. 

The indigenous vegetation of the inland Pilbara is well adapted to low annual rainfall that 
includes occasional high-intensity rainfall events. However, these characteristics make the 
re-establishment of vegetation difficult. Consequently, water harvesting techniques, 
including the creation of small ground surface niches or micro-catchments, are used to retain 
moisture over a sufficient period to enhance revegetation. Micro-catchments, also provide 
some shelter from the wind and sun, thus also reducing evaporation. 

Micro-catchments occur naturally close to rocks, litter and existing vegetation. Micro-
catchments may also be created by ripping the land to produce an uneven surface, by breaking 
up compacted soil, by incorporating coarse aggregate or overburden or by respreading litter 
material. Such irregularities also trap wind-borne seed. 

Different plant species have specific preferences for landform types, so that appropriate 
species selection is important. The species lists developed for the sites prior to disturbance 
will be consulted if the landforms and soils will be similar to the original conditions. If not, 
and the characteristics of the site have changed, then species will be selected from nearby 
locations with similar characteristics, on the advice of experienced botanists. 

11.8.3 Management of Rehabilitation 

The principles expressed above and the experience gained in rehabilitation elsewhere in the 
Pilbara will be applied throughout the Marandoo project. 

Each borrow area will be designed in accordance with the following general principles: 

Borrow areas will be sited within the corridor wherever possible. 

Borrow areas will generally avoid heavily wooded areas. 

Borrow areas will only be opened up where an adequate depth of suitable material is 
available. 

Borrow areas will generally be small and at regular intervals to minimise haul 
distances. 

There will be no borrow areas within the Park. 

Borrow areas will be self-draining wherever possible. 

Where appropriate, islands of natural vegetation will be left in borrow areas. 

Materials cleared to form borrow areas will be stockpiled and respread along the 
contours during rehabilitation, basically in accordance with techniques successfully 
employed on the Channar and Brockman projects. 
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Such factors will be taken into account where practicable in the selection and management of 
borrow pits, including the management of litter and the topsoil. Each borrow pit will be 
elongated in shape to facilitate good plant recolonisation through the close proximity of 
remnant seed sources. Litter and topsoil, where available, will be removed from disturbed 
areas and left in windrows ready for respreading, as soon as practicable. After removal of all 
necessary borrow material, the area will then be ripped so that landform preparation can 
occur. Revegetation will occur through reserves of seed occurring in the topsoil litter and 
remnant vegetation. 

Any additional seed required will be derived from local sources as far as practicable. Where 
local seed is not available, Hamersley will consult with CALM prior to determining 
alternative options. 

In general, borrow pits will be active for a short period only and will be rehabilitated when 
no longer required. 

The design of the construction camps and the construction industrial area will also take into 
account and plan for rehabilitation. Techniques will include leaving areas of remnant 
vegetation, minimising clearing of laydown areas and deep ripping of compacted areas. These 
techniques were adopted successfully in the rehabilitation of the construction camp and other 
construction disturbances at the Channar mine. 

It is also planned to treat or rehabilitate those remaining exploration lines that will not be 
used for any other purpose. 

Rehabilitation of the overburden areas will be undertaken progressively when sections of the 
final landform are established. 

Overburden areas will be located in selected valley floors within the Marandoo Tenement. 
Construction will aim to ensure that runoff from the surface area of the site will reconnect 
with natural drainage channels without causing erosion. Sediment traps will be provided at 
the base of the overburden sites to prevent fine material entering the natural drainage 
channels, and will have sufficient capacity to accommodate heavy rainfall events. The 
surface of the overburden dump will be treated to form micro-catchments, to allow infiltration 
of water and to facilitate trapping of wind-blown seeds. 

Litter and topsoil, where available, will be applied over the top surface of such sites to 
facilitate natural revegetation. Seeding will also be undertaken. Appropriate seeds of 
native plant species will be selected for the landform and soil type, based on the known 
habitat preferences of plant species. Seed may be pre-mixed and, depending on the results of 
trial test work, be incorporated with fertiliser. Seed broadcasting will be by machine or by 
hand. 

The rehabilitation of the mine pit is dependent upon the approved end use of the pit 
discussed in Sections 3.8 and 6.17. Rehabilitation of the mine pit will utilise backfill of the 
overburden (Section 3.7). 

Monitoring will determine the success of rehabilitation and whether pre-determined 
objectives have been achieved. 

The environmental and practical management of such issues is also addressed in Part Four 
together with commitments made by Hamersley that will improve the environmental 
protection of the area generally. 
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Chapter Twelve 

SOCIAL ENVIRONMENT AND 
PUBLIC PARTICIPATION 

12.1 	GENERAL 

One of the major purposes of an ERMP is to provide an opportunity for community 
participation in the planning and decision-making surrounding possible environmental 
impacts of a major development. 

This chapter describes the public participation and consultation activities undertaken during 
the preparation of this ERMP. These activities were primarily carried Out on behalf of 
Hamersley by Brian J O'Brien and Associates and are described in detail in a specialist report 
(A S O'Brien 1991). Hamersley was also necessarily active in community consultation in those 
many necessary aspects of the total project which are quite separate from the ERMP processes. 

Marandoo and the Central Pilbara railway are important not only in themselves as major 
projects but also as stepping stones towards the second phase of the iron-ore industry in the 
Pilbara (Sections 1.4 and 2.4). Therefore, to communicate clearly with the public who may 
not be familiar with the remote Pilbara, it is necessary to describe the present-day and future 
social environment, principally that of the Pilbara, on which the project will impact. In turn, 
the present-day social environment, and the benefits that Marandoo will bring to it, can only 
be appreciated if there is first a brief description of the history of Aboriginal heritage and 
European settlement in the region. 

Separate consideration of Aboriginal and non-Aboriginal issues in this chapter is solely a 
consequence of present custom and the EPA guidelines. 

12.2 ABORIGINAL HERITAGE 

12.2.1 Relevance to the Project 

The EPA guidelines list as one of the dozen or so key issues: 

cultural impact on Aboriginal people with traditional affiliation to the land. 

Tindale (1974) suggested that the traditional affiliates in the Project Area at the time of the 
first European settlement would have been the Punjima people (see Figure 12.1). However, it 
is not appropriate for this ERMP to attempt to differentiate between say, Punjima and 
Innawonga people (see also Section 12.2.2). 
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Some impacts of this proposal, such as economic benefits and employment opportunities, can 
be regarded as intrinsically not necessarily different for any group within the broad 
community. 

The relevant elements of Aboriginal heritage that need to be considered in this ERMP and 
this chapter are primarily related to the cultural impact of the project on present-day 
Aboriginal people with traditional affiliation to the land (Appendix 1). 

These elements are made quite complex to analyse, because the previous historical effects of 
European settlement on the Aboriginal communities were substantial, as discussed extensively 
by many authors (Berndt and Berndt 1988). Hence the word traditional requires great care. 
The Aboriginal Heritage Act 1972-1980 is concerned with the protection of Aboriginal sites 
and objects. 

12.2.2 Aboriginal History in the Project Area and the Pilbara 

The close symbiosis the Aboriginal people are traditionally regarded to have with the land, 
together with Government policies and the Aboriginal Heritage Act 1972-1980, make it 
desirable for those who can speak for the Project Area to be found, so that sites and other 
relevant components considered by them to be traditionally significant can be identified 
against a map. Alternatively, as occurred near Marandoo in 1975 at the site known as 
Bandjima Pool, an anthropologist can happen upon an artificial stone arrangement for which 
no informants can supply any knowledge (Palmer 1975). 

In the Project Area, where contact disrupted traditional Aboriginal activities over a century 
ago, it is not a simple matter to identify those who can speak for country, if any. 

Prior to contact, it is considered (Tindale 1974) that the Tenement area was mainly regarded 
as the area occupied by the Punjima tribe (Figure 12.1). However, the population dynamics 
and mobilities of groups in the land under times of climate stress, plus the complexities of 
associations of land with tribal and dialect groups, make Tindales maps to this effect highly 
simplistic and perhaps unreliable (Kee et al 1985; Tonkinson 1990; Dench 1990; Berndt and 
Berndt 1988). 

Tindale himself suggested difficulties in attributing affiliations of one tribal group to an 
area, for example, in describing the Punjima: 

Location: Upper plateau of the Hamersley Range south of the Fortescue River; east to 
Weediwolli Creek, near Marillana; south to near Rocklea, on the upper branches of 
Turee Creek east to the Kunderong Range. 

In later years under pressure from the Kurama, they moved eastwards to Yandicoogina 
and the Ophthalmia Range forcing the Niahali eastward. They also shifted south to 
Turee and Prairie Downs driving out the Mandara tribe, now virtually extinct. 

The early substantive contacts between the Aboriginal people and European settlers in the 
Pilbara occurred with the pastoral industry beginning in the 1860s. The Mount Bruce area 
became a pastoral station around 1891. 

Subsequent contact with pastoral properties, and the development of groupings around such 
properties, was again the cause of further complexities of associations. The Punjima may 
have gone to Mount Bruce station, or Juna Downs, Newman, Hamersley, Rocklea and the town 
of Wittenoom (Palmer 1975). For some years after contact, Aboriginal people on pastoral 
stations such as Hamersley and Rocklea returned to the bush for three months each summer, 
but Palmer (1975) reports that this pattern of behaviour appeared to have stopped by 1920 to 
1930. Others suggest it may have continued at Rocklea. 
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Much early pastoral work such as droving, shepherd ing and fence building was carried out by 
Aboriginal people on the pastoral stations, and many families dwelt on them. Reduction of 
the sheep industry in the Pilbara in the 1950s and 1960s and social wage movements lessened 
their involvement in both European-run leases and those allocated to Aboriginal people. The 
inland population of Aboriginal people fell with the declining pastoral industry and as a 
variety of social issues caused the Aboriginal populations largely to leave the stations and 
settle in coastal towns. CALM (1989) reports that the Punjima resettled at Onslow. 

Thus the population dynamics of previous nomadic, tribal groups were affected by new 
groupings into 'station mobs" and then "town mobs," as they tended to group near and in small 
and large European settlements in what Stanner called a "vertigo in living' (Stanner 1968). 

Available (1986) ABS data for the Pilbara list country of origin for residents, with 73.9% of 
the 1986 Census being born in Australia, versus 72.8% for the whole State. The proportion of 
Aboriginal people in the Pilbara was about four times larger than in the State (2.6%), with 
an Aboriginal population of 4,065 and a Torres Strait population of 212, out of a total 
population of 40,984. 

The Aboriginal population of the entire Pilbara was estimated to be 1,866 in 1966, 2,326 in 
1971 and 4,277 by 1986. It is accepted that: 

any study of the Aboriginal population of Australia is impeded by the lack of current 
[1975] statistics, the absence until very recently of adequate census data, and the lack of 
(strict) comparability of census data that is available. (Borne 1975). 

In 1975 Kingsley Palmer, an officer with the Western Australian Museum, researched the 
Marandoo area and found there were very few Aboriginal informants at any of the pastoral 
properties. Mount Bruce station, which included the Marandoo site, had been abandoned in 
1946. He concluded that about 40 years beforehand (ie 1930s) there was a large Aboriginal 
population at Rocklea station, but that at some time around 1955-1960 those people moved to 
Onslow. However, other reports are that some may not have moved until the 1970s. 

Palmer consulted with Aboriginal informants at Hamersley Station, Wittenoom, 
Peedamulla, Onslow and Roebourne. He found that while some remembered Rocklea, 
Hamersley and Mulga Downs stations, none appeared to have been born at Mount Bruce 
station or to have had fathers or grandfathers familiar with the place. These locations vis-
a-vis the Project Area are to be compared with Tindale's map (Figure 12.1), itself an 
oversimplification. 

The Karijini Aboriginal Corporation (KAC) conducted its own ethnographic survey and a 
report was prepared (Green and Rumley 1991) but much of its contents have not been made 
public. 

12.3 EUROPEAN SETTLEMENT 

12.3.1 Early History 

In the environmental assessment of a project, it is often important to study whether there is 
any alternative or competitive use of the Project Area. Furthermore, in determining social 
impact, it is important to outline the fabric of the society on which impact will be made. 

European settlement of the Pilbara began effectively in the 1860s with the start of the 
pastoral industry. 

In 1861 F T Gregory's expedition inland from Nickol Bay led to exploration of areas including 
the Hamersley Range, and favourable reports for pastoral development. From 1863 decades of 

The Environment - 196 



pastoral settlement in the Pilbara began, with the Padbury and then the Withnell 
expeditions, initially concentrating on sheep. The first lots of the new town of Roebourne were 
sold in 1866, and the port of Cossack declared in 1872 to service Roebourne. 

Roebourne was founded in 1867, with a race meeting a month later, and a school six years after 
that. The port of Cossack developed, which today is valued principally for its heritage. This 
period of European settlement was driven by the pastoral industry, and the Pilbara competed 
poorly against richer agricultural lands both to the north and the south. 

The Pilbara pastoral properties are large, extending over hundreds of thousands of hectares, 
reflecting the relatively low carrying capacity of the land. 

Effects of overstocking combined with natural fluctuations in the weather and severe 
fluctuations in the wool price led to collapse of the sheep pastoral industry. Neither the wool 
produced, nor the lambing expansion of the flocks, was adequate. Severe droughts such as 
those in the 1890s and the 1930s caused extraordinarily large losses of stock. 

Woodstock station, begun as a pub to cater for the gold miners after 1883, carried a peak of 
about 15,000 sheep through the 1920s and the 1930s' depression years. The vegetation became 
so poor that sheep numbers fell to 2,500 by 1945 when it was foreclosed. 

Scientific research and more effective flock management greatly assisted in the deliberate 
changes in the environment that sustained the sheep industry until the wool price slump in 
1970. In 1970-1971 as wool prices reached their lowest real level since the 1930s depression, 
the crippling effect of over-reliance on sheep caused a swing towards cattle, which largely 
continues. 

Grazing was more successful in the granite country of the northern Pilbara than in the iron-ore 
country, where there was a natural lack of the Spinifex species found most edible by sheep. 

Currently, promotion of new feed and more emphasis on stocking with cattle rather than the 
close-cropping sheep, has given much greater promise to portions of the Pilbara pastoral 
industry. However, there has been no move to renew the cancelled Mount Bruce pastoral 
lease. 

In the region of the Marandoo developments, the relevant pastoral stations include 
Hamersley, Rocklea, Juna Downs and Mulga Downs (see map Figure 6.3). The vast areas of 
vacant Crown land shown in Figure 6.3 indicate clearly that there is no strikingly viable 
alternative land use than mining for much of the Central Pilbara. However, in the case of the 
northern gorges, the community wish to support presently non-viable land use is reflected in 
Government decisions to create and manage a National Park which has other intrinsic values 
(see Chapter 6). The analysis of Chapter 6 shows that use of the Marandoo Project Area for 
mining developments, and allocation of a much larger area for national park, incorporating 
key scenic features, is in fact compatible instead of conflicting land use. 

12.3.2 The Present Social Environment 

The real metamorphosis of the Pilbara occurred because of the development of the iron-ore 
resources in the 1960s. 

That history is outlined in Chapter 1. In the decade to 1975, about $1,800 million were 
invested in mines, railways, ports, power supplies and new towns in the Pilbara. 

Instead of lonely pastoral homesteads surrounded by vast holdings and employing relatively 
few people, thriving modern iron-ore townships with thousands of people were created where 
they were needed, near the mines and ports, sustained by the economic impact of the iron-ore 
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developments in a manner not dreamt of by the early pastoralists. The infrastructure of the 
iron-ore industry also enables additional industries, as discussed in Chapter 1. 

Hamersley has built three now towns, Dampier, Tom Price and Paraburdoo, while the State 
Government shared in developing the regional centre, Karratha. 

There are now more people in Tom Price alone than were in the entire Pilbara a generation 
ago. 

After a few years of early developments, when numbers of workers came and went, the 
Pilbara mining communities have become stable and established. All who join Hamersley are 
given the opportunity to buy a home, on very favourable terms, with an assured buy-back 
arrangement based on an attractive figure. 

A great deal of importance is placed on the maintenance of comfortable and attractive living 
conditions for Hamcrsleys operations employees. Tom Price is more than a quarter of a 
century old, and was built and maintained by Hamersley to provide an environment conducive 
to stability in the workforce. 

Workforcc turnover when the mines began was a staggering 200% in the first six months. By 
1967 it was still far too high, at 140% per annum, but it steadily decreased to an overall figure 
of 45% by 1975, with a figure of 20% for married employees. In recent years it has been about 
10% or less. The towns are now stable communities. 

Supporting facilities and a community infrastructure have grown, with both primary and 
secondary schools, water and power supplies, shopping complexes, libraries and community 
centres, hospitals, hotels, airports, service stations, sealed roads, television and radio. 
Airconditioning is routine, not just in the workplace but in homes. 

A wide variety of sporting facilities and other recreational activities are available, 
including day trips and camping in the Hamersley Range gorges. Millstream is an oasis 
midway to the coast, and in Paraburdoo and Tom Price, hundreds of kilometres from the ocean, 
there are power boats parked in backyards. Fishing in the Dampier Archipelago is world 
class. In the towns there has been the desired development of tree-lined streets and home 
gardens, with water drawn from underground aquifers. 

Tom Price is the nearest town to Marandoo, and potentially the community most affected by 
the project. 

In 1966 the population was 549, growing to 3,540 by 1981 and to 3,433 by the 1986 Census. It is 
currently estimated to have a population of about 3,800. The ERMP process of community 
consultation on Marandoo began with Tom Price, because it will be the first community most 
directly and immediately affected if the Marandoo project does not go ahead. 

12.4 ABORIGINAL CULTURAL ISSUES 

12.4.1 Traditional Affiliation 

Anthropological studies commissioned by Hamersley and other companies (by various 
independent researchers, for several projects) have greatly increased the number of reports on 
the Aboriginal components of the Project Area. 

However, they also show that it is extremely difficult to establish a reliable and provable 
link between one (or more) living Aboriginal person and the Project Area. The complexities 
reported were analysed and found to have at least 12 separate and identifiable components or 
connectivities, such as dreamtime population dynamics, genealogical factor, land-unit link, 
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etc (B J O'Brien 1991). The issue of "local descent groups" is discussed by Berndt and Berndt 
(1988) generally. Dench (1990) comments that reconstruction of pre-contact way of life is 
based on information gathered from informants who now have limited knowledge of the day-
to-day subsistence economies of their hunter—gatherer ancestors. 

Consequently, it is difficult to know who speaks for country. The EPA guidelines' reference to 
"traditional" association illustrate the problem. 

The Aboriginal Heritage Act 1972-1980 does not require a proponent to identify who can 
speak for country. That obligation rests with the Trustees of the Western Australian Museum 
and the Minister for Aboriginal Affairs. 

In the case of Marandoo, early discussions (circa 1975) with officers of the Western Australian 
Museum gave confidence that the most thorough efforts were made to contact relevant 
informants, who were further consulted in later independent anthropological studies. 

Government has been negotiating with KAC about management of the Park. However, 
Hamersley is not privy to those negotiations, and cannot confirm the standing of those who 
may purport to have traditional affiliation with the Project Area. Any Hamersley meetings 
with KAC were on the basis that KAC purported to represent the views of Aboriginal people 
who claimed traditional affiliation with the Project Area. The meetings have been numerous 
(see Section 12.5). 

CALM has indicated that the new Draft Management Plan for the Park will increase 
Aboriginal participation in management through Aboriginal representation on a new Park 
Council (see also Chapter 6). 

12.4.2 Aboriginal Sites 

Palmer's report (1975) and subsequent anthropological studies provided the first local 
(Marandoo) documented Aboriginal site information. He established contact with relevant 
informants, and reported traditions conveyed to him, and made field explorations. 

His study revealed some evidence of several occupation sites both in open and rock shelter 
locations. The caves occurred in the deeper gulleys of the Marandoo ridge, with several sites 
found in Manganese Gorge and other valleys beyond the mine area. 

Subsequently, a test pit was dug in one of the occupation sites in Manganese Gorge. On the 
basis of the report, in 1977 the consent of the Trustees was given to enable mining. 

Palmer also found a stone arrangement near the site named Bandjima Pool, some 10km from 
Marandoo and outside the IMA, but informants had no knowledge either of its existence or 
purpose. In 1991, on his return to the area, Palmer reaffirmed his earlier findings. 

Several ethnographic and archaeological studies were commissioned by Hamersley in the 
Project Area and other areas. 

This approach was made so as to be consistent both with previous contacts with traditional 
informants by Palmer in 1975, and current liaison by CALM. However, various difficulties 
arose. 

In September 1991, commissioned and funded by the State Government, a male and a female 
anthropologist began to carry out a Work Area Clearance (WAC) of part of the Project Area. 
The survey was conducted under the direction of KAC. The Government decision was made not 
to involve Hamersley, other than in Hamersley providing access to facilities such as water, 
food storage, telephone, tyre repairs, ablution facilities and rubbish disposal at the 
Marandoo camp. 
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The KAC report (Green and Rumley 1991) identified four areas of land within the Tenement 
which are "not clear of cultural heritage concerns to KAC. Some of these areas are said to 
contain occupation sites located in rocksheltcrs. 

Hamersley has sought assistance from KAC in determining precise reasons for the new-found 
importance of these sites. However, KAC has declined to assist. 

Commissioned by Hamersley, Quartermaine has investigated the road, rail and power 
corridors for archaeological sites. The inspection concentrated on an alignment with a width 
of lOOm, and associated borrow pit areas selected by engineers who accompanied the survey 
team. 

Previous investigation of the proposed railway alignment had revealed no major 
archaeological sites. 

Previously recorded sites proximate to the survey area were inspected by Quartermaine 
during the field survey, but none is on or near the rail alignment. They were recorded in some 
detail in previous surveys. 

Quartermaine recorded some new sites which are near the alignments, and which will be 
avoided if practicable. 

Detailed design of several aspects of the Marandoo project awaits the availability of further 
technical information. For example, the Initial Mining Plan requires further drilling and ore 
sampling, while delineation of the details of portions of the railway corridor requires further 
up-to-date aerial photography. 

Against a background of correspondence from the Aboriginal Legal Service on behalf of the 
KAC, it was considered during 1991 that fieldwork in some areas to develop such design 
information might jeopardise later work by Hamersley on the project. 

On 22 November 1991, the Minister for Mines gave notice to the Trustees of the Western 
Australian Museum, pursuant to Section 18 of the Aboriginal Heritage Act 1972-1980, of 
intention to use a portion of the Project Area for the construction of a transport and service 
corridor from Rosella Siding to the Marandoo mine. On 12 December 1991, a similar notice 
was given in respect of a transport and service corridor east from the mine to Homestead 
Junction. Hamersley also gave notice for the access corridors and the Tenement. 

The advancement of the project was arrested by uncertainties arising from the Aboriginal 
Heritage Act 1972-1980. The Aboriginal Heritage (Marandoo) Act 1992 was enacted to avoid 
those difficulties. 

In so doing, it paved the way for necessary infill drilling and site work to commence and at 
the same time protect significant Aboriginal sites and objects. 

On 14 February 1992 the Federal Minister for Aboriginal Affairs avoided further delay to the 
project by deciding not to make an emergency declaration under Section 9 of the Aboriginal and 
Torres Strait Islander Heritage Protection Act 1984. 

One of the features of much of the Project Area that reduces the likelihood of identifying 
Aboriginal sites was pointed out by an informant to Palmer in 1975. The region was not a 
favoured ecological zone because water and other resources were generally scarce, except in 
good seasons. This is consistent with the fauna observations (Chapter 10), where often only 
one specimen of a particular species was found. 
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In early December 1991 Parliament took measures to add to the Park the Bandjima Pool area, 
some 10km from the IMA (see Section 8.2) while excising the environmentally-benign choice 
of a site for the Marandoo construction camp. The pool, while known to dry out (Section 8.2), 
appears to have traditional significance to Aboriginal people. 

In this Context, the majority of KAC members who met with the social impact consultants in 
Onslow in August 1991 had no objections to the mine. 

12.4.3 Social Impact Consultation 

In August 1991, the social impact consultants established independent, direct contact and had 
two long and successful meetings at Onslow, convened and organised by the KAC (A S O'Brien 
1991). 

In early discussions, members of KAC stated that they would not participate in the ERMP 
process until the document was completed and available for public comment. In later 
discussions, they agreed with a more proactive approach. 

As a result the opportunity was taken to record some verbatim Aboriginal views about the 
land, which are incorporated into the analysis of the values of the Park (Section 6.8.2). This 
is also an important clement towards meeting the EPA guidelines. 

A number of requests from the meeting were conveyed to Hamersley by the consultants after 
the first meeting, acceded to and met at the second meeting, two weeks later. 

Cultural impacts are discussed in Section 13.9.1. 

12.5 COMMUNITY CONSULTATION BY HAMERSLEY 

Hamersley has informed representatives of Government, relevant professional bodies, the 
media and the general public about Marandoo through: 

site visits and presentations 

meetings and discussions 

press releases and advertisements 

media participation. 

Representatives of the company have met on a regular basis with State Government 
Departments and instrumentalities to keep these bodies informed about the planning for the 
project. Formal liaison is with the Department of State Development as a single-point 
contact. 

The mining companies with interests in the Marandoo area have commissioned a number of 
ethnographic and archaeological studies since 1975. These were discussed in Section 12.4. 

Hamersley has endeavoured to consult on a regular basis with the Aboriginal people such as 
those in KAC. For some time this consultation was delayed by the suggested requirement that 
all negotiations proceed through the Aboriginal Legal Service. 

During the period before and after Parliamentary action on excision of the Tenement and 
railway corridor (December 1990), Hamersley sought to establish further direct contact with 
the Aboriginal people including those who are members of KAC, which was incorporated on 
29 January 1991. A briefing was given by Hamersley at Peedamulla Station on 6 February 
1991. 
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In addition representatives of the company have had numerous informal meetings with the 
Innawonga Group and five meetings with KAC in Onslow, one at Roebourne and two with 
KAC representatives in Perth. Considerable further discussions have taken place and are 
ongoing. 

12.6 COMMUNITY CONSULTATION—SOCIAL IMPACT STUDY 

12.6.1 General 

The public consultation undertaken by Hamcrsley was, understandably, designed to reflect 
the Hamersley point of view and to encourage the success of the project. 

From the outset the Social Impact Study was seen as having an important public information 
component presenting an independent factual picture of the proposed developments. This 
picture drew attention to areas of the development that required thoughtful and well-
planned action, and was presented in a way that would encourage and facilitate public input 
into the planning process. Thus the Social Impact Study became a proactive component of the 
ERMP. 

Between 12 June and 4 September 1991, a total of 26 public workshop meetings were held. 
Locations were Paraburdoo, Tom Price, Onslow, Dampier, Karratha, Port Hedland and Perth. 
About 520 people participated, in a total of 54 individual working groups. 

The workshops were preceded and accompanied by very extensive arrangements including 
many individual discussions, and a variety of contacts and invitations by way of letter drops, 
advertisements, individual and group invitations, and media promotions. Details are given 
in the specialist report (A S O'Brien 1991), while Appendix 8 lists those invited to 
participate. It is apparent that a comprehensive cross-section of both the general community 
and the potentially-affected community participated, while invitations were also extended 
to relevant special interest groups. 

The social impact consultation with the Aboriginal people was primarily through KAC as 
purporting to represent some but not all of the Aboriginal people claiming traditional 
affiliation with the Project Area. 

After considerable preliminary discussions, the two meetings held at Onslow were organised 
with KAC issuing the invitations, and conducting the meetings. 

The 54 groups who discussed the project in the workshops highlighted issues, many of which 
were already the subject of research and planning by the ERMP team. Information on 
community perceptions of some of these issues was used in writing the ERMP, for example in 
assessing the social values of the Park (Chapter 6). 

The views of the community on the ERMP consultation process itself were mixed. Several 
workshop participants indicated that the opportunity to consider these issues and to air their 
views on them was of value to the community. 

However, some participants for various reasons considered the exercise, although well 
conducted, to be essentially a waste of time. 

In the early discussions with KAC, those Aboriginal people present expressed their intention 
not to participate in the early ERMP process, but to wait until the report was published and 
then make comment. 
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However, after direct discussions they agreed that early participation could help make the 
ERMP a proactive instead of a reactive process. Consequently their views have been 
incorporated in analysis of the values of the land in the Park (Section 6.8.2), in discussions of 
flora and of employment (Section 13.5), of induction courses including Aboriginal heritage 
(Section 14.4), of the work of the subsequently-appointed Aboriginal Liaison Officer and of 
training and employment (Section 13.5). 

For a major project, such a programme of public consultation provides opportunities for all 
concerned to increase their knowledge and understanding, both of the project and of the 
differing points of view held about it. Theoretically, such improved community 
understanding should lead to more effective environmental management. During the period of 
this study, employment and Australia's economic future were and remain dominant issues. 

12.6.2 Workshops 

Because of the extensive community to be consulted, the prime consultation was through the 
workshops. These are group meetings where factual information is provided and then 
participants "work" together in groups to address the various issues that they perceive 
arising out of the proposal under discussion. The aim is to provide factual information, 
maximise community input to the ERMP process and facilitate discussions between community 
groups holding differing views. 

Although tailored to meet the requirements of the individual groups, all workshops 
provided: 

background information on the project; 

a forum in which issues relating to the project could be raised and discussed; 

opportunities for community members to raise issues that they considered should be 
addressed in the ERMP; 

opportunities for members of the community to exchange ideas on views on the project. 

The individual workshops are listed in Tables 12.1 and 12.2. The issues raised at them are 
reported by A S O'Brien (1991), and discussed in Chapter 13. Workshops were organised and 
operated independently by the consultants, with logistics support by Hamersley when 
requested. Average duration was about two hours, but some were much longer. The two 
lengthy meetings with KAC at Onslow were organised and hosted by the Aboriginal 
participants. 

All questions raised, issues debated and concerns expressed at the workshops are reported in 
Chapters 7, 8 and 9 of the specialist report (A S O'Brien 1991). Participants were advised 
that this would be the case at the outset of each workshop and they were invited to read the 
final ERMP, and comment on it, during the period of public review of this document. The 
concerns are also itemised in Section 13.8, and cross-references are given to the relevant section 
or sections in this ERMP where the issue is addressed. 

The use of the word "concern" in the guidelines caused some uneasiness in several Pilbara 
participants because it implies a criticism. They were assured that equivalent words might 
be "possible issues," which might or might not be a criticism. 

The results of the wide community participation, and the assessments of both community 
concerns and the socio-econon-tic impact of the project, are treated in Chapter 13. 
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TABLE 12.1 Workshops and Formal Meetings: Pilbara (1991) 

Locations 
	

Date and time 	 Attendance 

Paraburdoo 12 June, 10 am 3 
Paraburdoo 12 June, 2 pm 2 
Paraburdoo 12 June, 7 pm 6 
Paraburdoo 14 June, 4.30 pm 11 
Tom Price 11 June, 7 pm 66 
Tom Price 13 June, 9 am 29 
Tom Price 13 June, 4.30 pm 23 
Tom Price 13 June, 7 pm 44 
Tom Price 14 June, 9am 24 
Tom Price 2 October, 10 am 7 
Tom Price 2 October, 7pm 14 
Onslow 10 August, 10 am to 3 pm 27 
Onslow 24 August, 9am to 3.30 pm 19 
Dampier 12 August, 4.30 pm 6 
Dampier 12 August, 7 pm" 2 
Dampier 27 August, 4.30 pm 9 
Dampier 27 August, 7 pm 13 
Karratha 13 August, 12.30 pm 21 
Karratha 13 August 4.30 pm 11 
Karratha 13 August, 7 pm 5 
Karratha 28 August, 4.30 pm 16 
Karratha 28 August, 7 pm 27 
Port Hedland 26 August, 7 pm 23 

This meeting was arranged by the Tom Price Chamber of Commerce who assisted greatly in organising attendance at the Tom 
Price workshops. 

Workshop cancelled and the participants redirected to another time and date. Informal discussions lasted for almost 60 
minutes. These participants attended two other workshops. 

TABLE 12.2 Workshops in Perth (1991) 

Location 	 Date and time 	Invitees 	 No. 

Hamersley House 	2 September, 7 pm 	Companies who do business with 	88 
Hamersley 

SGIO 	 3 September, 7 pm 	Representatives of tourism, recreation 	14* 
and conservation groups 

Hamersley House 	4 September, 7 pm 	Random selection of general public 	8 

* 	Ten of these 14 participants were observers representing State Government Departments and Authorities 
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Chapter Thirteen 

SOCIAL IMPACT ASSESSMENTS 

13.1 	GENERAL 

Social impact studies for most projects involve the effect of a new project superimposed on an 
existing community sustained by other industries. This is not the case for Marandoo. 

The Marandoo project has been developed as a first step to enable Hamersley to maintain 
markets in the face of strong and increasing international competition existing overseas. 
Consequently, the most apparent socio-economic impact is that Marandoo is essential to help 
maintain existing levels of employment in its operations in the Pilbara. There is no 
alternative source of such employment in the Pilbara towns. It is essential to assure supply, 
with Central Pilbara mines, well into the next century. Therefore the long-term socio-
economic impacts of the project for those towns and communities are simply that they will 
broadly maintain the present societies. 

For Aboriginal people, Marandoo offers the prospect of substantive improvement in life-
styles. Without Marandoo, that prospect is much more limited. 

The potential socio-economic impacts of the Marandoo project will affect at least five distinct 
groups of people: 

the communities of the towns of Tom Price, Paraburdoo and Dampier 

any Aboriginal people with traditional affiliation to the land of the Project Area 

the communities of other towns in the Pilbara—primarily Karratha 

people who own, manage or work for companies throughout Western Australia and 
Australia who do significant9  business with Hamerslcy 

the general community. 

Significant social issues have already been presented in Chapter 6, in discussion of the social 
values of the Karijini National Park. Information about the pastoral industry, views of the 
Aboriginal people and others about the land, recreation, tourism and conservation were more 

Where significant means that the quantity of business done with Hamersicy has a direct bearing on the 
viability of the business concerned. 
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appropriately discussed in the context of the Park, and such information is not repeated in 
this chapter. However, it is clearly relevant to the social impact as usually interpreted. 

13.2 POPULATIONS 

13.2.1 Demographic Profile 

From a demographic point of view, it is only relevant to quantify the potential social impacts 
on the town most affected, Tom Price. As indicated in Chapter 1, the management plan for the 
Marandoo project does not include any additional workforce for the towns of Paraburdoo and 
Dampier, nor permanently at Marandoo. The temporary (two-year) construction camp at 
Marandoo will have similar effects as the camp at Channar. 

Attempts to quantify the demographic effect of the project on Karratha and other Pilbara 
towns would have to be speculative. Further, although the potential socio-economic impacts 
on the people associated with relevant businesses in the rest of Australia could be broadly 
estimated, it is not within the scope of this study to attempt to quantify them 
demographically. 

In 1986 (the most recent census figures available) the Australian Bureau of Statistics (ABS) 
recorded a population of 3,435 for the town of Tom Price, with best estimated projected 
populations of 3,500 for 1991 and 1996. Of the 1986 population, there were 1,761 people in the 
workforce, 1,333 of whom were employed by Hamersley. There are no recent population 
figures available directly from the most recent census, but estimates from the Shire of 
Ashburton and knowledge of the Hamersley permanent and contract workforce indicate that 
the present population is of the order of 3,800. 

In 1991 the number employed by Hamersley at Tom Price had dropped to 1,036. Although 
there has thus been a recorded drop of 297 in the Tom Price Hamersley workforce in the five 
years from 1986 to 1991, there appears to have been an increase in the contract staff employed 
by Hamersley during the same period. 

Although Tom Price is now the location of the Ashburton Shire Council, with the offices 
relocated from Onslow in recent years, the mining industry dominates the supply of job 
opportunities, and its viability is essential for survival of the town. 

The breakdown of the 1986 census figures shows that 37.4% of the population was less than 
20 years old, 43.8% was in the age range 20-49, 17% in the age range 40-59, and 1.8% 60 years 
or more, while 56% of the population was male. The population centres on the young family 
group. Of households, 60% have children, and the two primary schools and one high school 
have substantial enrolments, each of several hundred children. The lack of retirement 
accommodation and the high cost of living are two reasons for the sharply smaller population 
of those over the age of 59. 

With regard to occupation, 66.7% of the workforce was classified as tradespersons, machine 
operators or labourers; 16% as managers, professionals or semi-professionals, 15.9% as 
sales/service or clerks and 1.4% as others.' This breakdown reflects the nature of the work 
offered by a mining town in the Pilbara, with little other industry. 

While 62% of Tom Price households have one car, and another 25% have two, almost half 
the workforce goes to and from work by public transport, and 41% by car. When the Marandoo 
permanent workforce of 350 has a commuting time of about 40 minutes to the mine, the ratio 
may change, but little impact of significance will occur. 

Thus the town is a stable, prosperous community with little unemployment. The Marandoo 
project and its workforce will cause negligible change. 
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13.2.2 Expected Changes in Population 

The project will impact on the community of Tom Price in two separate demographic ways as 
far as increase in population is concerned: 

the permanent workforce in Tom Price will expand by about 40-50 

the construction camp to be located at the Marandoo site will house up to 800 temporary 
workers during an interval of two years, the majority of whom will individually be on 
site only for 4-6 months due to the changing nature of the work; a second camp, near 
Rosella Siding will house approximately 100 workers for the first two years; the third 
camp, located near Juna Downs, will also house approximately 100 workers. 

Some members of KAC and townspeople have both raised in initial discussion the further 
issue of possible increased Aboriginal worker population at Tom Price and their effective 
integration into the community. 

13.3 NEW, PERMANENT HAMERSLEY JOBS 

The majority of the new, permanent jobs created in Tom Price as a result of the Marandoo 
project will be filled by people already living in Tom Price—for example by family members 
of Hamersley employees, or unemployed residents. 

However, if a small number of these workers (because of skill or experience background) have 
to be recruited from outside Tom Price, they will be housed in the single quarters currently 
vacant. 

Based on the assumption that the nature of the present Tom Price workforce will not change 
significantly because of the Marandoo project, it must be concluded that there will be no 
significant social changes in the town. 

Any increase in permanent population will be so slight that it will be readily absorbed by 
existing facilities and services, already established for a larger population in 1973-79. The 
fundamental thrust of the Marandoo project is that it will make possible long-term 
sustainable development. 

13.4 CONSTRUCTION CAMPS 

13.4.1 Facilities 

The construction camp at Marandoo will house up to approximately 800 workers during the 
construction programme. 

It must be recognised that to a very large extent the success of such a construction project is 
determined by the experience and dedication of the construction workforce and management. 
Thus it is essential that good facilities are provided for the workforce and that the 
construction contractors, who provide the workers and much of the site management, are 
selected very carefully. In making this selection, Hamersley carefully considers the track 
record of the construction company and the level of skill of the workforce and management 
that they are offering. In negotiations with the contractors, Hamersley will continue its 
policy of encouraging the employment of Western Australian services. 
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The construction camp for Marandoo will be designed to provide a good environment for the 
construction workforce. The quality of these facilities strongly contributes to the overall 
feeling of well-being of the workers and promotes the required positive attitude and 
dedication to the job. 

Past experience has shown that the residents at the camps are constantly changing as the 
needs for particular skills and experience change during the various stages of the works. In 
most projects of this size there would be fewer than 30 workers who could be expected to be on 
site for the entire life of the camp. 

Hamersley successfully operated a similar, slightly smaller camp, in recent years, at 
Channar. Because of the facilities and planning that went into the operation of that camp, 
there were no resulting negative impacts on either the surrounding countryside or the nearest 
communities. 

The Marandoo camp will be planned along similar lines as the Channar camp. 

The Channar camp is generally regarded as having been organised in a successful way 
because: 

recreation facilities provided in the camp were designed to encourage camp residents to 
spend the majority of their leisure time on the camp site. During the life of the camp 
this design was demonstrated to be effective in achieving this goal; 

the camp site, once vacated, was removed and the area rehabilitated successfully—a 
rehabilitation project that has been viewed, and accepted as successful, by a number of 
government agencies and other observers. 

The parallels with the camps for the Marandoo project are obvious. Just as Hamersley needed 
to ensure that it minimised the impact of Channar camp residents on pastoral properties and 
town communities by restricting transport and providing extensive recreation facilities, so too 
it will ensure that it minimises the impact of Marandoo camp residents on the Park and the 
Tom Price community. There is no reason to assume that the same methodology will not work 
equally effectively at the camps for the Marandoo project. 

The construction camp facilities for the Marandoo project will include: 

Housing: Workers will be mainly housed in single quarters and will have three meals a 
day provided by the mess. There will be some accompanied accommodation available in 
a separate, but adjacent, caravan park. Any school children housed in that caravan 
park will be bussed to Tom Price for schooling, but as the numbers are expected to be 
relatively small, the resultant impact on the present schooling facilities in the town 
will be readily absorbed. 

Medical Facilities: There will be a fully equipped first aid station; the modern Tom 
Price Hospital will be accessible by road in 40 minutes once construction commences at the 
camp. The airstrip is maintained to a high standard that is more than adequate to 
permit the Royal Flying Doctor Service to land should an emergency arise. (See also 
Section 4.10). 

Recreation: Hamersley will provide the following recreational facilities for the camp: 

- 	swimming pool(s) 

- 	wet mess/bar 

- 	dry mess/coffee, tea and recreation room 
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- cinema 

- 	indoor cricket 

- 	facilities for sports including tennis, netball, darts, mini-soccer, volley ball, 
basketball, table tennis 

- gymnasium 

- 	games room, with pool tables etc. 

- 	barbecue/recreation area 

- 	TV and video rooms (supported by a TV dish antenna and a sky TV dish antenna) 

- 	an aerial connection in all quarters for TV. 

Other amenities will include bank and post office agencies, telephones, a convenience 
store, a barber, fast food outlets and laundries. 

Transport: It is expected that there will be very few non-company vehicles and bikes at 
the camp. Transport will be provided for access to the airport at Paraburdoo and for 
planned trips for the workforce to Tom Price for social and sporting activities. 

Workers will be rostered for rest and recreation leave to Perth on the basis of the relevant 
Industrial Award. This would generally mean a schedule initially along the lines of 10 
weeks at site followed by a recreation period in Perth. Whilst on site they generally work six 
10-hour working days per week. 

The possession of pets and firearms by project personnel will not be allowed. 

The catering contractor will supply a recreation officer to co-ordinate the use of the facilities 
and to arrange entertainment (including visiting bands etc.). 

The two smaller railway construction camps will be similar in nature to the main camp 
described above, but with less extensive facilities. The facilities will be generally as 
provided for the 242 construction camp, which was used very successfully for the recently 
completed Brockman railway project. 

The above arrangements are intended to provide a good quality of life for the workforce and 
to minimise the impact of the camps on both the natural and social environments. Transport 
facilities are an important factor in the containment of potential impacts. The expected 
small number of private vehicles will reduce to a minimum the use of the Park by four-wheel 
drive vehicles or motor bikes (a potential negative impact discussed in workshops). 

Leave arrangements are also an important factor in mitigating potential negative impacts. 
The camp workers are rostered for long hours, and what recreational time they do have is 
more than adequately planned for in the recreational facilities described above. On the one 
day off in seven, past experience has shown that the majority of camp workers wish to spend 
that time attending to personal matters (laundry etc.), using the wet mess and the 
recreational facilities. 
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The banning of cats and dogs is to ensure that there is no risk from the camps of increasing the 
number of feral animals in the Park. Apart from obvious human safety aspects, the banning of 
firearms also prevents any hunting of fauna in the park. 

The actual camps will be removed and the sites rehabilitated when construction is completed. 

In summary, the environmental impacts of the construction camps will be minimal and 
acceptable. 

13.4.2 Construction Workforce 

History would suggest that there will be very few people resident in the camp for longer than 
six months, but this is dependent on both the people and the various construction companies 
success in bidding for further works on the project. 

The reasons for this rapid turnover are directly linked to the nature of the work involved in 
constructing the mine and its infrastructure. At each stage of the construction, different 
specialist skills are required. 

The source of the staff employed to work at the camp also relates directly to the nature of the 
work. During the construction phase, Hamersley will engage 15-20 contractors who, in turn, 
will engage an average of, say, five specialist and non-specialist subcontractors. Each of the 
contractors and subcontractors, in turn, has available its own staff, or a pool of specialist staff 
who have an established relationship with the contractor. Contractors move teams of such 
people from project to project as a group. Experienced teams, used to working together, are an 
essential part of any such undertaking. The provision of established, experienced teams for 
projects is an essential part of the service that contractors supply to companies such as 
Hamersley. The construction work required for the Marandoo project is complex and often 
requires specific skills that make the services of specialised contractors necessary. 

Local (ie from the Pilbara) subcontractors have usually been involved in such projects in the 
past. It can be expected that this would be the case with the Marandoo project. Past 
experience has also shown that there will be a significant flow-on for local businesses for the 
provision of goods and services to the construction contractors and personnel. 

The workers employed at the camps will be there on a normal construction award basis, 
whether they are from the Pilbara or Perth. This includes provision for rest and recreation 
leave etc, as is the norm in the construction industry. The high turnover rate of staff in the 
camp, due to the short-term nature of most of the jobs that need to be done, makes this the only 
practical approach for all concerned. 

The induction programme referred to in Section 4.1 will be presented throughout the 
construction period to ensure all workers are aware of their environmental and other 
responsibilities while in the Project Area. 

Hamersley will regularly liaise with CALM to assess any environmental impacts of the 
construction workforce on the Park and to agree on actions required to manage such impacts. 

13.5 ABORIGINAL EMPLOYMENT 

During the consultation with some Aboriginal people in August 1991, carried out as part of the 
social impact study, it was made clear that they aspired to a level of job training and 
opportunity that would make it possible for them to seek permanent employment in the 
mining industry, including possibly at Tom Price on the Marandoo project. 
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Hamersley has since appointed an Aboriginal Liaison Officer and supplied him with a house 
and field staff at Onslow. The officer is empowered to develop training and employment for 
interested members of the Aboriginal community. Special attention will be given to the youth 
of the community. 

Some possible projects for Aboriginal employment are under active discussion. The emphasis 
is on meaningful projects that involve skills training and qualification appropriate to the 
requirements of Hamersley's operations, and has some common elements with a recent 
publication by KAC, Karijini's Vision, Aboriginal Employment and Economic Development in 
the Western Pilbara (KAC 199:1). 

As a result of extensive consultation between Hamersley and representatives of KAC and the 
Innawonga Group, on November 28 1991 the Hamersley Aboriginal Liaison Officer announced 
the details of a Motor Vehicle Drivers Licence and Industry Standard Training Programme to 
be conducted in Onslow commencing about mid-January 1992. This programme not only enables 
participants to achieve a regular Motor Vehicle Driver's Licence, it also provides the 
opportunity to train to mining industry standards. Hamersley supplied a range of vehicles for 
this course, including four-wheel drive vehicles, a large tip truck and an articulated vehicle. 
All training costs will be met by Hamersley. 

The representatives of KAC and the Innawonga Group had arranged for some 25 males to 
attend this announcement and at the conclusion of the meeting, all 25 enrolled. Subsequently 
another five males and five females have enrolled. 

Successful completion of this course is a prerequisite to employment as a driver in the mining 
industry. It is planned to repeat this course in Roebourne later in 1992. 

Hamersley also announced that successful completion of this first course will enable enrolment 
in earthmoving equipment training, which will be offered in Onslow later in 1992. 
Discussions are under way with the Shire of Ashburton to identify an appropriate local 
community project that can be undertaken to allow the training to be in Onslow. 

Discussions are also proceeding to develop a vegetation rehabilitation programme for 
application at various locations in the Hamersley operations. People who have successfully 
completed the earthmoving equipment training course will be eligible to apply for 
employment in this programme. 

The training programme outlined above, potentially leading to employment with Hamersley, 
is an example of the programmes that are firm or are still in the planning or discussion stages. 
Other programmes that are being considered include the development of Aboriginal 
contractual enterprises providing services to Hamersley's operations. One such programme 
could involve the collection of seed from native flora that could be used to provide stock for 
rehabilitation of mine and other disturbed areas and for commercial sale on the open market. 

It is estimated that there are already some 30 to 40 employees of Aboriginal descent in the 
Hamersley workforce. Hamersley does not and will not maintain records of the ethnic 
backgrounds of its employees because of the implied reverse discrimination. 

Hamersley has supported the Roebourne work of the leramugadu Aboriginal Community for 
over 15 years, with a contract to employ up to 14 people on a day-labour basis. These are 
largely semi-skilled positions, and one of the tasks of the Aboriginal Liaison Officer is to 
continue to assist in adding job skills. 

The overall thrust of the programme is to increase the participation of Aboriginal people in 
employment in the industry, either by direct full-time employment by Hamersley or by 
Aboriginal enterprises providing commercially viable contractual services. 
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Experience elsewhere suggests that, to be successful, any initiative must be carefully 
implemented with the full involvement of the Aboriginal people concerned. Appropriate 
consultative mechanisms are being developed through the Aboriginal Liaison Officer. 

Hamersley is conscious of the fact that it is extremely difficult to either determine or achieve 
overall targets or quotas for Aboriginal employment. 

The best results can be achieved by using a range of different initiatives that are tailored to 
the various individual employment environments that exist both within Hamersley and in 
the Pilbara as a whole. 

These initiatives, of course, must be established within a policy framework that recognises 
the need for persistence, flexibility and continual improvement. 

In addition to its policy of non-discrimination on the basis of race or ethnic background (a 
policy that makes it difficult to establish the exact number of Aboriginal people currently 
employed by Hamersley), over a number of years Hamersley has initiated programmes of 
employment and training that are specifically directed to the Aboriginal people. The 
Marandoo project will provide opportunities for Hamersley to add to these programmes as 
outlined above, in continuing consultation with the Aboriginal people through Hamersleys 
Aboriginal Liaison Officer. 

13.6 IMPACTS OF POPULATION CHANGES 

Impacts of additional residents or visitors to the town of Tom Price could reasonably be 
expected in major mining projects in the matters of: 

housing 

medical, law enforcement and social services 

education 

emergency facilities 

recreation 

community facilities. 

In fact, because this Marandoo project is largely to maintain ore supplies, such effects are 
minimal. The operations workforce at Tom Price to operate both Mount Tom Price and 
Marandoo will be fewer than 50 above the present level to operate Tom Price, and those 50 
will largely be drawn from the present population, primarily from families of existing 
employees. 

Housing 

Accommodation is presently available in Tom Price for single employees. While not 
envisaged for this project, there are some 30 serviced vacant lots in North-West Tom Price and 
an additional 100 lots in this neighbourhood that have been planned (Taylor and Burrell 
1991). 
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Medical, Law Enforcement and Social Services 

Given the current number of hospital beds and the average number of patients at any one time, 
there is no apparent requirement for additional medical staff or hospital beds at Tom Price. 

Discussion will be held with the Police Department to determine the optimum approach to 
providing police services for the construction camps. 

There is a Social Security officer at Tom Price (where, presently, there are 17 persons on some 
form of pension, 24 on unemployment benefits and one on special benefits). The predicted 
increase in actual population as a result of the Marandoo project is so low that there appears 
to be no reason associated with the Marandoo project to recommend an alteration to the 
present system. 

Education and Other Services 

In the remaining fields of education, emergency facilities, recreation and community 
facilities, consultation with relevant authorities has confirmed that there will be no 
significant social impact caused by Marandoo going ahead. This is, of course, apparent from 
the fact that the majority of the additional workforce of fewer than 50 will be drawn from 
the Tom Price population. Even 50 new employees would only be about 3% of the workforce, so 
that impacts will be proportionally minor. 

13.7 ECONOMIC PROFILE 

13.7.1 General 

As a town largely based on the one company industry, Tom Price has a stable economic basis, 
with a considerable majority of those in the workforce employed by the company. The 
Marandoo project will maintain this stability. 

13.7.2 Services and Trades 

Existing shopping, professional (eg medical) and personal (eg accountants, hairdressers, 
insurance, travel) services will not have to be increased. In any case, previous studies 
undertaken by Hamersley have provided the data needed for plans to increase the town 
centre should the need ever arise. The present town centre has been designed so that such 
additional floor space, car parking and landscaping can be accommodated. Some of the extra 
facilities would most probably be located on the land already assigned for this purpose in the 
north-west of the town. 

The present industrial section is fully occupied. The Ashburton Shire Council is investigating 
the re-subdividing of Lot 308 to provide extra small lots that would meet the existing 
demand. 

It would appear that existing businesses could absorb more trade. However, should the need 
arise for further trade development, forward planning has identified a site north-west of the 
present service trades subdivision that would be suitable for a new small industrial 
development. 

13.7.3 Tourism 

The tourism industry has grown markedly in Tom Price over the past five years. With the 
development of the proposed new, bitumenised road north of Tom Price (Section 4.4) it is to be 
expected that this industry could have the potential to expand even further. 
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Future plans formulated by Hamersley and CALM could have the potential to facilitate 
increase of the tourism industry in Tom Price. 

13.7.4 Transport 

As detailed in Section 4.4 a bitumenised road will be constructed between Tom Price and 
Marandoo that will facilitate the transport of the workers resident in Tom Price to the 
Marandoo work site. This sealed road with easy access will involve commuting time of some 
30-40 minutes, which will be a new experience for many of the workforce, but not particularly 
unusual. 

13.8 ISSUES RAISED IN PUBLIC PARTICIPATION 

13.8.1 Summary of Concerns 

From the workshops and from discussions held with KAC, a number of "concerns' were 
identified. Several issues were raised by one or a few individuals in a group, and thus became 
a group concern. These are summarised in order of the number of groups (out of 54) that 
expressed a concern. Reference is then made to the section(s) of the ERMP that address and 
mitigate the concern. 

Predicted increase in tourism activity in the Park, which could result in damage, litter 
etc. and negative impacts on the Park. Once the issue was raised, the majority of groups 
viewed it as a management issue that could be satisfactorily resolved, 

(30 groups; see Section 6.7 and Appendix 2) 

Concern that the Marandoo project must go ahead for the economic and social stability of 
the towns of Tom Price, Paraburdoo, Dampier, Karratha, the Pilbara in general and the 
State as a whole. All groups listing this concern indicated that there was no way to 
overcome the disadvantages of the project not going ahead. 

(18 groups; see Sections 1.4, 2.4, 13.10) 

That the Management section of the ERMP address the need for long-term employment 
and training opportunities for youth and women. Fifteen groups viewed employment and 
training opportunities for youth and women as a likely positive result of the Marandoo 
project. 

(17 groups; see Sections 13.4, 13,5, Chapter 15) 

That the decrease in area of the Park by the excised areas and the effect of division of 
the Park should be compensated for by an addition to the Park, possibly in the Gorge 
area. 

(12 groups; see Sections 6.3, 6.5) 

Potential negative aesthetic impact on the landscape which most probably cannot be 
mitigated, although some favoured viewing mines. 

(11 groups; see Sections 3.8, 6.4, 6.17, 14.6, Appendix 2) 

Potential negative impacts on both the Park and the workforce of dust resulting from 
both construction and mining. The majority of the groups that raised this issue saw it as 
a management issue that could be satisfactorily dealt with. 

(10 groups; see Sections 4.10, 14.11) 

The Environment - 214 



That the Aboriginal cultural heritage of the area be conserved appropriately after 
consultation with the Karijini Aboriginal Corporation. Several groups viewed this as a 
management and consultative issue that would be satisfactorily dealt with. 

(10 groups; see Sections 6.10, 14.4) 

Potential negative social impact of the construction camp being staffed by contract (and 
hence imported) labour. 

(9 groups; see Section 13.4.2) 

That planning for water use and drilling should be carefully undertaken to ensure that no 
damage results to important drainage systems and existing water supplies. 

(8 groups; see Section 8.4) 

That mining in the Marandoo TR and development of the western corridor be approved 
but that development of the eastern corridor only be approved after it was known which 
mines would be started next. Several groups expressed support for having a regional 
mining plan. 

(7 groups; see Sections 1.4, 2.4) 

That the project would result in a negative impact on flora and fauna in the Park. 
(7 groups; see Chapters 10 and 11, and Sections 14.3,14.9,14.10) 

That there be consultation, equal opportunity and training for the Aboriginal people. 
(5 groups; see Section 13.5) 

Potential impact of camp workers and camp facilities on the Park. This should be 
managed and planned for along the lines of the Channar development. 

(4 groups; see Sections 13.4, 14.3, 14.9, 14.10) 

That the potential increase of feral animals in the Park should be studied and 
addressed. 

(4 groups; see Sections 10.4, 13.4, Appendix 2) 

That any potential harm to workers due to asbestos should be effectively managed. 
(4 groups; see Section 4.10) 

That the positioning of the eastern corridor is along the ecotone separating the 
Ashburton and Roebourne ecological communities. 

(3 groups; see Section 11.5.2) 

That the future of two tree species (Dawdana and Accacia Eflesa [sic]) suggested as being 
rare and endangered should be addressed. 

(2 groups; see Sections 11.5.2,11.5.4) 

That fire hazards might occur. 
(2 groups; see Section 4.10, Appendix 2) 

Thus more than half the concerns were related to Park issues, which are broadly analysed in 
Chapter 6 and found to be protected. The remainder are ones that will be mitigated. 

In summary, all relevant community concerns voiced at the 26 public meetings have been 
addressed in the ERMP, and can be considered resolved, mitigated or in the process of 
resolution. Indeed, in a number of issues, the community was already confident that the 
matters would be resolved satisfactorily. 

Many concerns were of a general nature and not specific to Marandoo. 
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In addition, a number of concerns were raised that are not so directly within the terms of 
reference of the ERMP. These are listed in the specialist report on social impact (A S O'Brien 
1991). 

13.8.2 Comments on Public Participation 

The overall conclusion of the workshops was that the Marandoo project should go ahead. The 
community considered that several issues need to be planned for and managed effectively 
during the project's life. 

Some conservationists and some Aboriginal people considered that mining should not proceed 
on principle. Some Pilbara representatives of the conservation movement, recognising the 
economic advantages of the project, expressed their support for the western corridor and the 
mining itself whilst still expressing reservations about the need for, and the future 
implications of, the eastern corridor. 

They expressed the view that the eastern corridor should not be approved for development 
until an overall, long-term, mining plan has been done for the Pilbara. However, it appears 
that these positions may have developed because in August—September 1991 no public 
explanation—or more particularly no visual sketch—had been supplied as to why the eastern 
corridor is necessary. Because there are as yet no firm proposals for a particular mine in the 
Central Pilbara, say at Yandicoogina or Cues, Hamersley was initially reluctant to sketch a 
hypothetical continuation of the corridor railway to a mine. Consequently the rationale for 
the corridor was not always readily appreciated. Furthermore, concerns that there would be 
mining on further tenements within the Park were exacerbated by the same lack of a mine 
connection to the Central Pilbara. This issue of forward planning is addressed in Section 2.4 of 
this ERMP, which presents future plans in as much detail as practicable. 

Every effort was made to enable the attendance of conservation representatives at the 
workshops. Although participation in the workshops from conservation groups was high in 
the Pilbara, this was not the case in Perth. Appendix 8 details the groups who were invited 
to the Perth workshops. The Conservation Council kindly advertised the meeting in its 
monthly journal. Only one conservation representative attended. The majority of the 14 
people who attended the 3 September workshop were officers from various Government 
bodies, interested to hear the views of conservation groups in workshops. 

The relative lack of attendance by conservation groups may have been due to a stand in 
principle against the perceived concept of mining in National Parks. Such a stand was 
reflected in the August edition of The Greener Times, where the invitation to attend the 
workshop was printed. However, no indication of such a non-participatory stand was made in 
the consultative process, or since. The Project Area was excised from the Park by Parliament, 
and conservation groups had criticised that action in 1990. 

The Port Hedland meeting was the only one out of 26 where the majority was opposed to 
Marandoo. Yet none of the objections was specific to Marandoo. Each objection was against 
broader issues. They are well outside the scope of this ERMP. 

A view was expressed by some that participation in a company-financed ERMP might be, in 
itself, tantamount to approval of anything the company might wish to do. However, the 
environmental assessment process in Australia presently requires the proponent to prepare 
documentation such as this ERMP, of which community consultation is a part. 

Discussions with the Director of the Social Impact Unit, both at the workshop of 3 September 
and subsequently, confirmed that the consultant's attempts to involve conservation groups in 
such public consultation had been as much as could reasonably be expected. It is not clear 
what conclusions can be drawn from the fact that most of the conservation groups did not 
participate in due process. 

The Environment - 216 



13.8.3 A Comment on Downstream Processing 

During the workshops, many participants noted the need for further industry and 
development in the Pilbara. These comments are reflected in some of the concerns that were 
raised that are not so directly within the terms of reference of the ERMP, but are detailed in 
the worksheets completed during workshops (see A S O'Brien 1991). 

Therefore, in order to more fully inform the public, it seems appropriate to include a brief 
comment on downstream processing. 

While this proposal is for the mining and shipping of iron ore from the Marandoo mine, 
integrated with production from other Hamersley mines in the Pilbara to an annual export 
level of approximately 5OMt, a common expectation or hope amongst the community, 
expressed during public participation in this ERM?, is that downstream processing of iron ore 
might be carried out in the future in Western Australia. 

Since the initial (1963) mining agreement, Hamersley has maintained a continued review of 
the possibility of such further processing. Hamersley built a pellet plant, which began 
production in April 1968, to honour its commitment. However, production ceased when it 
became uneconomic under the constraints and circumstances of the time. A similar result met 
the pellet plant constructed by Cliffs Robe River Iron Ore Associates at Port Walcott. 

Hamersley and its parent company CRA keep an active research and development interest in 
downstream processing and innovative steel-making processes and their applications. 

To this end, more than $100 million is being invested in the Hismelt Research and 
Development Facility (HRDF) at Kwinana. The HRDF is the third phase of a project that 
began in 1982 with a joint venture between CRA and Kiockner Werke to investigate direct 
smelting processes without some of the disadvantages of blast-furnace iron-making. 

The current project at Kwinana is a joint venture between CRA and Midrex Corporation, a 
world leader in Direct Reduction Technology. The testing and evaluation phase will begin in 
1993, to investigate the scaling up of the process and provide an interim step to a commercial 
plant of approximately 500,000 t/a of hot metal capacity. 

The process may be thought of simply as the production of molten iron direct from low-cost 
and more readily available iron ore fines and non-coking coal, using hot air blast. But in 
reality, the complex process, already under intense investigation since 1982, requires several 
years of testing and evaluation from 1993, and even then will be rated only at a nominal 
100,000 t/a capacity, or only 0.2% of the annual ore export of 46Mt. 

Further extensive investigations over a number of years will be required before a full-scale 
commercial plant could be established. 

13.9 SOCIAL IMPACTS INCLUDING THE NO-DEVELOPMENT 
OPTION 

13.9.1 The Aboriginal Communities 

The team that undertook the social impact study met with KAC on two occasions at Onslow. 
The meetings were hosted and arranged by KAC, and each was about 6 hours in duration. 
Various other informal discussions have occurred. 
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The potential for the social impact of the Marandoo project to be an extremely positive one on 
those said to be represented by KAC was clear, even though only two formal meetings were 
held. 

The potential impacts on Aboriginal people fall into two broad categories: cultural impacts 
and employment impacts. 

Cultural Impacts 

As discussed in Section 12.4.2, Aboriginal sites have been identified and evaluated at 
Marandoo from 1975 to the 1991 report undertaken by Green and Rumley that identified four 
areas within the Tenement, each in excess of 1km2, that contained areas not clear of cultural 
concerns. 

Hamersley has sought assistance from KAC in determining precise reasons for the new-found 
importance of these sites. The KAC has declined to assist. 

As Mount Bruce will not be affected by the project and as the Band jima Pool site is returned to 
the Park following passage by Parliament of the Reserves and Land Revestment Act 1991 
assented to on 12 December 1991, these sites will remain as they are at present. 

The Marandoo project cannot proceed without mining one of the remaining two sites (within, 
or partly within, the proposed Marandoo open pit) and part of the other. Both Hamersley 
and the Minister for Mines sought consent to the use of this land for mining by giving Notices 
under Section 18 of the Aboriginal Heritage Act 1972-80. 

The Minister for Aboriginal Affairs gave her conditional consent on 3 February 1992. The 
Aboriginal Heritage (Marandoo) Act 1992 became operative on 7 February 1992. On that date 
the Aboriginal Heritage Act 1972-1 980 ceased to apply to the land required, clearing the way 
for project work. On 14 February 1992 the Federal Minister for Aboriginal Affairs avoided 
further delay to the project by deciding not to make an emergency declaration under Section 9 
of the Aboriginal and Torres Strait Islander Heritage Protection Act 1984. 

At present, it is not possible to assess the cultural impact on the relevant Aboriginal people, if 
any. Members of KAC who participated in the meetings with the social impact study team 
indicated that, other than the information they dictated, which is reproduced in full in the 
specialist report (A S O'Brien 1991) and in part here in Chapter 6, they were not prepared to 
discuss the cultural impacts of the project until all discussions with Hamersley about 
employment and training programmes had been completed. 

However, it is relevant in this context to refer to the potential to reaffirm the Aboriginal 
cultural heritage that is provided by: 

Hamersleys commitments on Aboriginal heritage (Commitments 3,4 and 5, Chapter 15); 

employment and training programmes being developed by Hamersley and KAC through 
the Aboriginal Liaison Officer appointed by Hamersley for the purpose. In addition, 
efforts are being made to develop some avenues of employment that relate to Aboriginal 
culture (Section 13.5). 

It is not suggested that these initiatives serve to make up for the possible loss of any sites 
that may exist. However, they do represent possible positive impacts, with cultural 
overtones, on any Aboriginal people who claim to have a traditional affiliation to the land. 
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Employment 

Subsequent to the meetings between the Aboriginal people, representatives of KAC, and the 
consultants, Hamersley has appointed an Aboriginal Liaison Officer, stationed in Onslow, to 
facilitate direct and effective liaison with Aboriginal people, including those represented by 
KAC. A possible project being investigated with potential for training is a beach 
improvement plan for Onslow. 

Hamersley is, and must remain, sensitive to possible attitudes that "reverse discrimination" 
favours either one segment of the Aboriginal communities over another, or over the total 
Australian population. 

Efforts by Hamersley to assist Aboriginal communities began several years ago, without any 
association with the Marandoo project. For example, three homes in Karratha were set aside 
and equipped to facilitate Aboriginal youth training and employment. The Roebourne work 
with the leramugadu Aboriginal Community is discussed in Section 13.5. 

Should Marandoo not go forward, and Hamersley ceases operations, the impact on the 
Aboriginal communities would be that such efforts would stop. 

13.9.2 The Pastoralists 

This project will have an impact on only two pastoral holdings. The western section of the 
rail line from Rosella Siding to Marandoo traverses Hamersley Station. This pastoral lease 
is held by Hamersley and its operational planning takes account of the Central Pilbara 
railway route. 

The railway will also traverse part of Juna Downs Station. Hamersley has agreed with the 
owner of the station that the construction and operation of the railway and associated 
services will be acceptable to it. 

Therefore the project will only impact on pastoral holdings for which Hamersley now holds 
the lease or has reached agreement with the leaseholder. 

Hamersley will ensure that the operational requirements of both these properties are taken 
into account in the design of the Central Pilbara railway. 

13.9.3 The General Pilbara and Perth Communities 

As described in detail in Section 13.8, the community consultation work undertaken as part of 
the preparation for this ERMP clearly indicated that the majority of community members 
consulted in the mining towns, the rest of the Pilbara and Perth saw a definite economically 
advantageous impact on their way of life resulting from the Marandoo project. 

There were marked concerns that if Marandoo did not proceed there would be significant 
negative social impacts through job loss, the need to relocate settled families, uncertainty 
regarding future employment etc. These concerns were not only expressed by Hamersley 
employees; they were firmly and repeatedly expressed by community members in the towns 
who are not employed by Hamersley, and by general community members and the business 
community in both Karratha and Perth. 

In addition to the potential positive economic social impact of the project, members of the 
Tom Price and Paraburdoo communities expressed the hope that the Marandoo project would 
also serve as a catalyst for the resolution of some concerns held in those communities 
concerning some government services (primarily education and medical). In addition, members 
of all Pilbara communities consulted (with the exception of Port Hedland) expressed the view 
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that the project had the potential to encourage the development of more secondary and 
tertiary industries. 

All groups consulted expressed the view that the project had the potential to cause some 
negative social impacts insofar as the Park was concerned. The majority of groups were of the 
view that these potential impacts could be successfully mitigated and managed; a minority 
(including those who favour the no further mining in the Pilbara option) were of the view 
that mitigation and management, no matter how well planned, could not offset the potential 
disadvantages they saw in the project. 

With the exception of the Port Hedland meeting, a minority (only a few per cent) felt very 
strongly that the potential impacts of the project on the Park that surrounds the Project Area 
were so significant, despite any mitigation through planning and management, that they 
outweighed the economic and social benefits to the community members who would be 
adversely affected by the non-development option. The Port Hedland meeting was an 
anomaly (see A S O'Brien 1991). 

In summary, the majority of people consulted see the project as having the potential for 
significant positive social impact. They regard the no-development option as one that would 
have extremely negative social impacts on a large number of communities and families. 
People holding these views expressed their awareness of the potential the project had to 
impact negatively on the Park that surrounds the Project Area, but were confident that such 
impacts could be well managed and mitigated. 

13.10 NET-BENEFITS ANALYSIS 

It is customary in an ERMP to list the benefits and "dishenefits, or the net benefits that 
accrue from a project going ahead. 

In the case of Marandoo, there are significant benefits and few, if any, disbenefits. 

All identifiable negative environmental impacts of the project can be managed within 
acceptable limits. The only significant negative social impact is some public concern that a 
mine and a railway will be developed in an area previously occupied by less than some 2% of 
a non-sensitive portion of a National Park. The development may be thought by some to 
detract from the previous "values of the Park, but as shown extensively in Chapter 6, any 
such changes will be insignificant and will be mitigated. 

By contrast, the benefits are very considerable: 

The Marandoo project must be considered in the context of both the mine and the railway 
being the key to the next (second) generation of Hamersley iron ore projects in the 
Pilbara, ensuring continuity of the present Hamersley enterprise. The industry must 
have assurances of producing high quality ore for decades, to obtain firm long-term 
markets overseas. Marandoo and the railway will provide that assurance. 

Marandoo will provide job security for residents of Tom Price, Paraburdoo and Dampier, 
by opening up Hamersley's second generation Pilbara mines and extending the life of the 
vitally important Mount Tom Price mine. 

The project will provide employment for an on-site construction force of up to 800, plus 
continued employment for 350 during operations. 

It is estimated that construction will have direct associated employment of 900 person-
years and about $30 million in wages. 
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The induced effect or multiplier effects of construction on the Western Australian 
economy are estimated to include some 3,600 person-years for labour, $500 million for 
output and $90 million for income. 

Of the total mine expenditure of $500 million, around $370 million will be spent in 
Western Australia. 

In 1990, Hamersley: 

gained export earnings of over $1 billion, and paid royalties of $64 million to the State 
Government; 

employed over 3,100 people directly, with wages and salaries of $145.6 million, and 
another 12,000 indirectly through multiplier effects; 

paid payroll taxes of $7.1 million to the State Government, (approximately the same as 
the complete budget for the State-wide operations of the EPA); 

paid $1.1 million to local government, and $400,000 land tax, with sales tax of $3.9 
million. 

Marandoo has many direct social and economic benefits to the community. It has 
environmental benefits in the results of its research findings in many fields. 

But the greatest single benefit will be that Marandoo and the railway are the keystone to the 
future security of all the preceding and current economic and employment benefits. Without 
Marandoo and the Central Pilbara mines, these benefits would stop in about a decade. 
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PART F 0 U R 

Management and Commitments 





Chapter Fourteen 

MANAGEMENT PLAN 

14.1 INTRODUCTION 

The management of a $500 million project such as Marandoo, and its integration into a $6 
billion investment infrastructure, is a complex and multifaceted task. This ERMP documents a 
portion of that management task as it relates simply to protection of the environment. 
However, environmental protection has to be viewed in the total context, rather than as an 
artificial appendage to the total project management. 

Studies into a wide variety of options of developments of the Marandoo deposit have been 
carried out for the past 15 years. During the course of planning of the mine at Marandoo, many 
economic, engineering, planning and environmental options and alternatives have been 
investigated. Clearly not all options need to be, or indeed could be, recorded in this ERMP. 

Marandoo development must be considered in the total long-term development plans by 
Hamersley. The large investment, both human and capital, in the Pilbara must be examined 
and reviewed continuously by Hamersley. The viability of Marandoo depends on the 
existence of this infrastructure, as well as assures, partly, its sustainability (Section 2.4). 
Marandoo and the 115km of new railway are needed as stepping stones to Hamersley mines in 
the Central Pilbara. 

Preceding chapters identified important environmental and social issues, predicted potential 
impacts and provided ways in which negative impacts could be avoided or ameliorated. This 
chapter describes the management aspects, which also lead to formal commitments on major 
items in Chapter 15. Many of the management areas are covered routinely by Hamersley, and 
that process must be acknowledged. 

Hamersley has the proven management capability of maintaining effective and responsible 
environmental protection as a continuous and ongoing process. Environment is one of the major 
elements factored into analysis and decisions on the many options that arise during 
management evaluation of alternatives, and during field operations. 

This chapter must be read in this wider context. However, as part of providing to both the 
community and relevant statutory bodies specific assurances on issues that might be of 
environmental concern, including issues raised at social impact workshops, this chapter 
presents a plan of environmental management specifically for this project. It covers the 
complete project from the planning and construction phase through the operations phase to 
the post-mining and decommissioning phase. 
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The overall environmental management objective is protection of the environment. The 
purpose of this chapter is to "describe how the environmental impacts are going to be 
managed so that the environment is protected" (EPA guidelines, Appendix 1). 

14.2 ENVIRONMENTAL POLICY, PROCEDURES AND AUDITING 

Hamersley has established environmental policy and procedures which are based on 
principles which underline the concept of sustainable development. In particular, Hamersley 
has established and will maintain consistently high standards of environmental planning 
and management. 

Furthermore, Hamersley has established that all Divisions are expected to demonstrate an 
awareness of community and Government expectations for environmental management and 
planning, and to take steps to ensure that people in each Division are conversant with latest 
environmental technology and developments. 

Hamersley's established internal procedures and management structure will ensure that these 
policies and procedures are implemented. 

This is achieved by management controls and auditing procedures, which are integral parts of 
management planning and reporting processes. 

The end result is that Hamersley puts into effect policies, procedures and audits of self-
regulation in all its environmental activities. All Divisions report annually against 
Hamersley Action Plans. 

The Minister for State Development and the Department of State Development are provided 
with appropriate reports in accordance with Hamersleys responsibilities under the existing 
State Agreements. In addition the Minister and the Department from time to time seek 
additional information and reports on an as-needed basis. It is proposed to report on the 
Marandoo operations in accordance with these established practices. 

Many activities of the Marandoo project are subject to regulatory control by Government 
agencies already under existing Acts and regulations. These include but are not limited to the 
following: 

through the Ventilation Board; 

regular surveys to the Department of Mines; 

both to the Department of Mines; 

licences from Health Department under the 
Poisons Act 1964 (eg chlorine for swimming pools); 

licence from the EPA; 

annual report on production to the Water 
Authority. 

dust and ventilation 

noise 

injury: 

- monthly reports for serious injury 

- immediate reports for mortality 

poisons 

waste disposal 

water bore licence 
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Thus all aspects of human health and safety, and major aspects of environmental issues are 
covered. Due processes in Government will ensure that there is satisfactory meeting of all 
statutory requirements. 

Under the Iron Ore (Wittenoom) Agreement Act, 1972 there are also appropriate reporting 
procedures. 

Furthermore, aware of the community perceptions and EPA expectations with regard to the 
natural and social values of the Park, Hamersley has reached an Understanding with CALM 
(Appendix 2). This provides for co-operation and discussion on matters of mutual interest 
related to possible environmental impacts arising from the project. 

The community most directly affected by the Marandoo environment will be the workers and 
residents of Tom Price. Their enhanced environmental awareness and improved care for the 
Park are discussed in Chapter 6. 

It is essential that the realistic circumstances of such remote projects as Marandoo be fully 
appreciated. The best and most efficient amount of environmental protection must come from 
the Marandoo workforce itself. The Hamersley environmental policy provides the overall 
framework, and the internal procedures provide the audit capabilities. 

Hamersley is an industry employing 3,100 people directly, and 12,000 indirectly. It has a 
proven record of 25 years in the Pilbara. It has a skilled, responsible and experienced 
workforce, the bulk of whom live in the area itself. It has a responsible environmental policy 
and the procedures to ensure it is effective. 

As part of its planning and development of this ERMP, Hamersley has formulated a number of 
commitments towards environmental protection. These are discussed in Chapter 15. 
Management and audit procedures over statutory and non-statutory commitments are shown in 
Table 15.1. Such procedures are in the best interests of both the community and the 
environment. 

The management audit ranges from direct licence control in some instances, to formal approval 
by a Government agency in other non-statutory matters, to those issues where the major initial 
audit is by Hamersley divisional self-regulation. In all instances, the processes of reporting 
to Government provide complete assurances of Government review. 

Hamersley adopts the environmental philosophy that integration of monitoring and 
management programmes provides the basis to maximise efficiency and minimise adverse 
impacts. Monitoring provides input for management with long-term commitments to respond 
to changes as the project continues. 

The Hamersley management structure has a General Manager in charge of each operational 
mine, reporting through the Managing Director (Operations) to the Executive Chairman. At 
this stage prior to commissioning the mine, the Group Project Leader is responsible for the 
project, and reports directly to the Executive Chairman. He has two General Managers (one 
for Project Development and Construction, and the other for Resource Development), as well 
as three Managers (for Environmental Affairs, External Affairs and Administration). The 
Manager, Environmental Affairs, liaises with the environmental staff at each mine. The 
General Manager, Marandoo, presently observes and advises during the preliminary design 
and construction phase. He has been involved in the preparation of the ERMP. 

The Hamersley environmental policy and procedures set the overall framework of 
environmental policy, planning and action which this management structure puts into effect, 
as well as the divisional reporting within which auditing and responsible management 
ensure accountability. The extent of internal performance auditing and reporting within 
Hamersley must be acknowledged. 
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The preceding chapters have presented the measures that will be routinely taken in many 
operational matters to protect the environment. 

The specific management plans for nine key environmental issues are discussed in this 
chapter. The issues were identified from items arising in the course of the ERMP, the 
community consultation, and the key issues identified in the EPA guidelines. Each 
management plan is preceded by a corporate objective. Reference is made to the appropriate 
section of the ERMP which provides more details. By giving particular reference to these 
nine issues, there is no implication that other environmental issues will be neglected. 

14.3 PROTECTION OF NATIONAL PARK VALUES 

OBJECTIVE The Natural and Social Values Associated with the Park will be Protected 
Against Any Impacts Caused by this Project 

National Park values are discussed in Chapter 6. 

A key issue of this proposal, regarded by the EPA as fundamental to protecting the 
environment (EPA guidelines, Appendix 1), is protecting the natural and social values 
associated with the Park. 

Therefore Hamersley has made a base-line determination of those values, and has already 
reached an Understanding with CALM to assist in effective conservation management of the 
Project Area. Obviously Hamersley must concentrate on those portions of the Project Area 
contiguous to the Park, not on the totality of the Park. 

This agreement is designed to cover the management of issues of mutual interest to Hamersley 
and CALM and will be reviewed by the parties as the project develops. 

The programme includes relevant aspects of issues such as leisure activities of Hamersley 
employees, fire and safety, flora protection, fauna protection and management, final land-
form of the IMA and public awareness. 

It also includes a joint research study into the Pebble-mound Mouse (Section 10.5.2) carried out 
as part of this ERMP. Scientific information will be shared, and CALM will be advised of 
regional research programmes planned by Hamersley towards later mines in the Central 
Pilbara in due course. 

There is considerable opportunity for cost-saving increases in efficiency in such matters as 
joint or related information, literature and commonality of public signage. 

The programme will involve discussion of an end-use plan for the mine site; by the end of 1992 
current extensive hydrogeological and other engineering investigations by Hamersley and 
consultants should be complete. 

As discussed in Chapter 6 an important objective of the project is to minimise any adverse 
environmental effect of the project on the Park. The Understanding with CALM will ensure 
that this objective is achieved over the life of the project and after decommissioning. 
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14.4 	ABORIGINAL SITES 

OBJECTIVE: Increase Awareness of Aboriginal Cultural Heritage and Compliance with all 
Legal Requirements 

Aboriginal sites are discussed in Section 12,4. 

With the enactment of the Aboriginal Heritage (Marandoo) Act 1992 on 7 February 1992, the 
land required for the project to proceed ceased to be affected by the Aboriginal Heritage Act 
1972-1980. 

Hamersley will continue to comply with the Aboriginal Heritage Act 1972-1980, where it 
applies. 

Construction and mine workers will receive an induction course which will inform them about 
relevant Aboriginal traditions and culture and increase the level of informed community 
awareness of such issues. 

14.5 TOM PRICE COMMUNITY 

OBJECTIVE: Mitigate any Possible Negative Impacts Associated with the Expansion of 
Domestic and Commercial Activity at Tom Price 

The Tom Price community is described in Chapter 13. 

The analysis presented in Chapter 13 has indicated that there will be fewer than 50 new 
workers and no significant increase in the population of Tom Price during the operations 
phase. Sporadically some of the construction workers may visit during the two-year 
construction phase, and may have the potential to produce both negative and positive 
impacts in the Tom Price community. 

Recent experience with the development of the Channar project indicates that there will be 
little impact from the contract workers on the town of Tom Price. In particular, construction 
workers will work a six-day week and, as a consequence, their contact with the Tom Price 
community will be limited. In addition, a full range of recreational activities will be 
provided at the construction camp, and transport and recreation leave are organised 
(Chapter 13). 

Present plans are that the bulk of the new operations workforce will be drawn from the 
existing town population. The town is already equipped and serviced for a large population. 

14.6 TOPOGRAPHY AND LANDFORM 

OBJECTIVE: Restrict Alterations to Topography to the Practical Minimum 

Construction is discussed in Chapter 4. 

The area actually directly disturbed by the Marandoo project is relatively small in the 
context of the scale of the Pilbara and the Park. However, an important environmental issue 
is to confine the disturbance as far as possible to the specific worked areas. 

Topographic changes may have visual impact as well as impact on drainage. Clearly any 
construction has to involve changes. Management will minimise, to the extent practicable, 
any reduction in perceived values of landscapes as well as any impact on drainage. 
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Only the minimum practicable area required for construction activities will be cleared. 
Engineering design will optimise the amounts of cut, fill and borrow required for a particular 
job within practical limitations. Borrow pits will be selected and operated as far as 
practicable with a view to minimise erosion, damage to the surrounding vegetation, and 
visual impact. 

Once construction is completed, areas no longer required will be contoured, and slopes 
stabilised and revegetated. Detailed prescriptions for the rehabilitation of borrow pits have 
already been presented in Section 11.8. Contractors will not be released before landform and 
surface preparation have been completed to Hamersley's satisfaction. 

The very nature of open-cut mining means that significant change to the land surface of the 
mining area during the operations phase is inevitable. However, as discussed in Section 3.8, 
most of the IMA is confined to a relatively shallow pit (about 40m) and most of the mining in 
early years will be in areas having limited overburden. 

In these early years, overburden will be placed in low valleys along the southern edge of the 
Tenement. The skyline as viewed from the north should exhibit little discernible change. 
After the first four or five years most of the overburden will be replaced in mined-out areas, 
thus providing flexibility in the planning of final landforms within the pit. These features 
will enable appropriate stable surface profiles for creation of landscape, vegetation and 
habitat values consistent with and adding to the recreation and conservation values of the 
Park. 

Various options for final, post-mining landform and end-use have already been discussed in 
Sections 3.8 and 6.17. Careful planning will ensure that the technical feasibility of each end-
use concept is established. Groundwater and other studies of such matters as disposal of run-
off, drainage times for ponded rainwater, effect of occasional flooding on vegetation, and 
design of the pit floor cover have been presented in Section 3.8 and Chapter 8. 

The groundwater aquifer studies should be concluded before the end of 1992. 

At the same time detailed geological and engineering studies by Hamersley will provide 
basic information required for the Marandoo Mine Plan. 

A review of end-use or landform concepts will be made and discussed with CALM. The results 
will be used to optimise overburden dumping specifications and schedules within the Mine 
Plan. 

This review will also identify appropriate periods for review of the end-use concept and 
progress towards its achievement. This will keep the Park managers appraised of mine 
developments. 

14.7 DRAINAGE PATTERNS 

OBJECTIVE: Maintain Existing Drainage Patterns Where Practicable 

Drainage is discussed in Chapter 8. 

As discussed in Chapters 10 and 11, and indeed as is obvious from knowledge of the importance 
of water in the arid Marandoo environment, drainage patterns are important to the local 
environment. Their alteration by the project may involve impacts on erosion or siltation, 
although such factors must be viewed in the perspective of millennia of natural forces and 
many cyclonic floods erratically changing the landscape on a massive scale. 
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Construction and operation activities have the potential to affect existing surface drainage 
patterns. The consequences of altered drainage patterns include accelerated runoff causing 
erosion and increased sediment yield, and negative impacts upon flora and, in turn, fauna 
habitats. 

Hamersley's objective is to maintain wherever practicable the existing drainage patterns or, 
if unavoidable, the creation of minor drainage patterns in such a way as to be compatible 
with existing major patterns. 

The management of water at the mine site will involve "open' and "closed" systems. The 
open system, which includes overburden dumps, will involve all runoff water from rainfall 
events. The closed system will include potentially contaminated areas, which will be 
isolated so that all water from such areas (workshops, washdown areas) will be collected. 
This proposed system has been described in Section 4.9.3. 

In the open system, runoff from upper ridge slopes adjacent to the mine site will be intercepted 
where possible and diverted around the pit boundary to re-enter the natural drainage system 
clear of the development areas. Where runoff to the pit is unavoidable and water collects, it 
will be returned by pit-floor pumps via sediment traps to natural drainage systems downslope 
from the pit. 

Where practicable, water samples will be collected from major discharge points of the open 
water system after rainfall, and analysed for sediment load, salinity, pH and selected 
elements. The need for and frequency of this monitoring over the life of the mine will be 
determined at a review conducted after two years of operating experience. 

Overburden dumps, borrow pits, plant areas, the Marandoo access road and the railway will 
be designed to allow intercepted stormwater to be returned to the natural drainage system. 
Road and railway design for culverts will follow the methods outlined in the Main Roads 
Department's Environmental Management Manual 1989. 

Drainage for the railway and service road will be designed for expected conditions. The 
design of through-drainage for both the railway and the service road will be in sympathy. 
Appropriately sized and positioned culverts, together with a system of floodways and 
diversion channels, will be provided to maintain the principal drainage patterns. These will 
ensure that in the event of major rainfall events, vegetation upsiope of the railway and 
service road does not become inundated for prolonged periods which could otherwise result in 
detrimental effects to existing habitats. Similarly, design will ensure that areas downslope 
from culverts do not become channelised. Particular attention will be given to redistribution 
where vegetation is dependent on sheetfiow. This will prevent vegetation communities 
dependent on nearby drainage systems being shadowed. Other details are given in Chapter 8. 

The similarity of rainfall and rainfall events at Marandoo and Tom Price (Chapter 7), where 
operations have been effective for 25 years, gives confidence in such management. 

14.8 GROUNDWATER RESOURCES 

OBJECTIVE: Maintain the Quality and Quantity of Groundwater Resources 

Groundwater resources are discussed in Chapter 8. 

There is no significant surface water resource in the area. Groundwater research, management 
and monitoring have been dealt with in Sections 8.3 to 8.5. The principal impact of the project 
on groundwater will be caused by extraction of water for mining, process and personal use, 
thereby affecting groundwater levels. These effects will be local in nature as there are no 
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down-stream users for about 20km and the estimated usage of 5,000m3/d is small in comparison 
to the indicated resources. 

Hydrogeological studies and computer simulations indicated that the use of an elongate 
borefield minimises the effect of abstraction on the watertable. Because there are no 
groundwater users immediately downstream of the proposed borefield, localised drawdown 
will not be a concern. Drawdown is not expected to affect surface vegetation, the Tom Price 
water supply or the two springs some 10km and 18km distant. 

Mining of the IMA will not proceed below the watertable and, therefore, no mine dewatering 
to lower the watertable will be necessary. 

To prevent groundwater contamination the following measures will be implemented: 

Toxic wastes will be removed from the site. 

On-site solid waste disposal will be minimised. 

Process and washdown water will be collected and processed. 

Sewage treatment plants will be sited away from boreuields and will comply with the 
requirements of the Health Act 1911. 

Emergency procedures will be established for handling accidents involving toxic 
substances. 

Selected monitoring bores will be established along the length of the aquifer to assess 
groundwater levels on a routine basis. 

Groundwater will be regularly monitored. Groundwater levels in the vicinity of the borefield 
will be monitored in accordance with the requirements of the Water Authority and standard 
Hamersley practices. Annual records of groundwater levels will be issued to the Water 
Authority. 

14.9 	HABITATS 

OBJECTIVE Minimise the Potential Loss, Alteration or Partitioning of Flora and 
Vegetation Habitats 

Vegetation and habitats are described in Chapter 11. 

The potential impacts of the Marandoo project on habitats include: 

clearing of vegetation for the construction of the railway and service road, access road, 
powerlines, mine pit, overburden dumps, plant and stockpiles, support services and 
infrastructure, construction camps and borrow pits; 

alteration to drainage patterns. This may affect vegetation downslope and upslope; 

groundwater drawdown which might affect vegetation in the vicinity of the borefield; 

introduction of weeds, diseases and exotic species through earthmoving equipment, 
human activities and pets; 
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changes to existing fire regimes; 

effects of dust on vegetation. 

The extent of clearing vegetation will be minimised wherever practicable, such as in USC of 
mined areas for the disposal of overburden (Section 3.7). The health of remaining vegetation 
will be monitored. 

Contractors and their workforccs through the construction and operation phases will be made 
aware through their contracts of the broad objective of minimising disturbance to habitats. 
Hamersley will oversee construction contractors to ensure that clearing limits are observed, 
and areas to be cleared for a short duration will be rehabilitated as soon as practicable after 
use. 

The employee induction procedure will include a section on environmental awareness and will 
be supplemented with an employee's handbook and visual aids. Further reinforcement will 
be given through an education process involving signs, posters and handouts. 

Habitat partitioning will be avoided where practical. For example, where practicable, 
roads will be located to avoid significant impacts on vegetation communities identified as 
having special significance. 

The extent of drawdown will be minimised through efficient water use and through a suitably 
designed borefield. Vegetation in the vicinity of the borefield will be monitored. 

The introduction of weeds, diseases and exotic species will be managed through the 
implementation of hygiene controls similar to those established at other Hamersley 
operations. Workforce education during the induction programme will include the importance 
of preventing the introduction and spread of exotic species. Monitoring of the establishment 
of weeds, diseases and exotic species will be undertaken during regular flora and vegetation 
surveys. Pets of project personnel will be excluded from the Project Area. 

The broad approach to control of the introduction of weeds includes: 

no exotics in the construction camp or other site gardens or in rehabilitation 

seed and plant from approved suppliers 

co-operation with CALM on relevant Park weed management programmes. 

Rehabilitation will use flora species from local sources together with surface material and 
litter from the project area. Details are given in Section 11.8. Hamersley will continue to 
encourage commercial seed production from the Marandoo area. When local seed is not 
available, Hamersley will consult with CALM prior to determining alternative options. 

Fire regimes within the Hamersley Project Area will be compatible with management 
objectives established for appropriate parts of the Park. The risk of accidental fires will be 
minimised through workforce education and normal occupational safety measures. 

Dust mitigation measures are outlined in Section 4.10. The impact of dust on vegetation will 
be monitored as part of the ongoing vegetation surveys. Dust suppression on roads will reduce 
the current level of dust load on nearby vegetation. 
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14.10 FAUNA 

OBJECTIVE: Minimise Impacts on Fauna 

The fauna of the area are described in Chapter 10. 

The potential impacts of the Marandoo project on the existing fauna have been identified as 

the potential loss, alteration or partitioning of habitats on which fauna species and 
communities are reliant; 

impacts associated with the workforce, such as the introduction of pets, use of firearms, 
roadkills and the taking of wildlife; 

alteration of the natural distribution and migration/movement of native fauna by the 
establishment of inhibiting structures; 

disturbance by noise, particularly blasting. 

Conservation of the Pebble-mound Mouse will be facilitated through the existing Hamersley 
financed research programme, being supervised and directed by CALM (Section 10.5.2). This 
research will initially seek to determine the range and distribution of the species elsewhere 
in the Pilbara and to provide specimens for taxonomic research by the Western Australian 
Museum. Hamersley will support this work. Wherever practicable, identified pebble-
mounds will be avoided where these are located outside areas which must be disturbed. 

Workforce education will include the distribution of an employee's handbook which will 
include a statement of rules for the protection of fauna. The objective will be to ensure that 
the workforce causes minimal accidental or intentional impacts on fauna. This will include 
the prohibition of: 

any firearms on site in the Marandoo Project Area, including the transport corridors; 

off-road use of recreational vehicles in the Marandoo Tenement; 

keeping of pets, particularly cats and dogs, in the construction camp at Marandoo, or at 
any other construction camp located in the corridors; 

the unnecessary removal of habitat and capture or disturbance of fauna. 

Compliance with these management measures will be required as a condition of employment, 
and monitored through supervisors and security surveillance. 

A statement of Park rules will be made available to the employees as part of the induction 
programme. 

Fencing restricts the natural migration or movement of native fauna. Consequently, fencing on 
the mine site and corridors will be reduced to the minimum needed for safety, security and 
people control. The area of the construction camp at Marandoo will be fenced. Boundary 
fencing will not be installed along the entire length of the corridor or around Marandoo. 
Drainage culverts will also provide access for small fauna to cross the railway and road 
alignments. 
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Hamersley will operate a bus service between Tom Price and Marandoo during the operations 
phase, which will reduce the number of vehicles on the road. Roadkills will also be 
minimised through the programme of workforce education and through the imposition of 
State speed limits on the Marandoo—Tom Price road. 

The establishment of artificial areas of standing water which can attract fauna and can alter 
their natural distribution will be avoided where practical and appropriate. Sewage ponds 
will be fenced. 

Blasting will probably occur daily. While this may cause some immediate noise disturbance 
of timid fauna, it is a short-duration event, with no significant long-term impact on transient 
fauna. Ground activities preparatory to blasting may have already caused fauna to move 
elsewhere. 

14.11 DUST AND NOISE 

OBJECTIVE: Minimise the Generation of Dust and Noise 

Dust and noise are analysed in Section 4.10. 

The activities with the potential to increase ambient dust levels will include: 

construction 

blasting and mining 

processing (crushing, screening, stockpiling, load outs) 

transportation (use of unsealed road) 

wind erosion from mine pit and overburden dumps. 

Management of noise and dust generation will broadly follow along the proven procedures 
adopted at Mount Tom Price, Paraburdoo and Channar, particularly Channar, the newest 
mine. The likely impacts will be confined to the health and comfort of the workforce. Dust 
may also affect the biological environment. 

Hamcrsley will have Occupational Health and Safety personnel assigned to monitor the 
work environment, provide safety and first-aid training, and ensure compliance with all 
standards (Section 4.10). 

Dust levels from construction and operating activities will be suppressed by regular 
application of water to areas which have the potential to be a source of dust (Section 4.10). 
Water tankers will be used to apply water to potential dust source areas within the project 
area, particularly along unsealed roads, haul roads and construction areas. In the plant area, 
water will be introduced into the ore stream at appropriate new generation points. All 
crushing equipment screens will be fitted with appropriate dust control and collection 
equipment. A water truck fitted with a suitable water cannon will be used to provide spot 
suppression of dust. 

The permanent access road from Tom Price to Marandoo and frequently used roads to the plant 
area will be sealed to prevent dust generation. Access to Marandoo from the east will be 
limited to the railway service road; the use of this unsealed service road will be restricted to 
maintenance and inspection vehicles to reduce vehicle-related dust emissions. 
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Blasting is expected to take place sufficiently late in the day that any low-level 
atmospheric inversion has generally dispersed. Low-energy blasting techniques will be used. 

All disturbed areas or newly created land surfaces will be rehabilitated as soon as 
practicable in the manner outlined in Chapter 11. This will minimise the duration of the risk 
of dust generation from these sources. 

The normal working environment of operating personnel has dust levels below the threshold 
allowable by the occupational health provisions of the Mines Regulations Act Regulations 
1976. Where personnel are required to work temporarily in areas of excessive dust, standard 
practice requires the use of appropriate protective equipment. 

An ambient and operating area dust monitoring programme will be established. In addition, 
respirable dust and fibre sampling will be monitored in accordance with the requirements of 
the Mines Regulation Act Regulations 1976 to the satisfaction of the Department of Mines 
(Sections 4.10.2 and 4.10.3). 

The health and extent of flora and vegetation communities in areas adjacent to recognised 
potential dust sources will be regularly monitored as part of Hamersley's ongoing vegetation 
studies. 

Noise will be managed to ensure that the daily noise exposure of employees is below 90dB(A) 
over an eight-hour period (Section 4.10.4). 

Surveys will be undertaken of all workplaces to determine whether employees are likely to 
be exposed to unacceptable noise levels. Monitoring of occupational noise levels will be in 
accordance with the Mines Regulation Act Regulations 1976. 
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Chapter Fifteen 

COMMITMENTS 

Some of the issues dealt with in this ERMP have the potential to result in identifiable 
environmental impacts. The previous chapter dealt with their management so that impacts 
will be avoided, minimised or mitigated and the environment protected. 

This chapter presents a summary of those commitments made by Hamersley which address 
these potential impacts. Each commitment is numbered to assist with referencing during the 
period of review and EPA assessment. 

The commitments are also grouped according to broad commonality of their purpose towards 
environmental protection. They are first described and then listed in Table 15.1. It will be 
appreciated that a significant number of these commitments are listed largely as a matter of 
information for the community, to indicate that Hamersley plans to take various management 
actions internally on a variety of issues that may be of interest to those participating in the 
ERMP process. Matters such as encouraging appreciation of the Park ( No. 7) and research into 
land units (No. 14) are clearly internal issues for Hamersley, yet because they are consistent 
with Hamersleys environmental policy and relevant to this ERMP, they are enunciated and 
listed. The "auditor" for such issues is properly Hamersley (HI), but Hamersley will 
routinely include such matters in its regular reports to the Department of State Development. 

In other instances, the listed "auditor" may be an appropriate Government instrumentality 
under a regulation or statute, or by arrangement, such as with CALM in the co-operative 
research programme on the Pebble-mound Mouse. 

GROUP 1—SOCIAL FACTORS 

Environmental Care and Understanding 

Educational and environmental induction courses for Marandoo personnel will be 
instigated, prior to the construction phase, to address the broad issues of conservation of 
flora and fauna. As a condition of employment, employees will attend an induction 
programme designed to create an environmental awareness. CALM will be consulted 
during the development of the courses. 
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Recreational Care 

2 	The expertise and knowledge gained from the Channar construction camp will be 
applied in minimising environmental impacts of construction workers at Marandoo 
during their leisure hours. 

Aboriginal Heritage 

3 	Part of the induction course (see No. 1) will address Aboriginal heritage issues to 
increase awareness of Aboriginal cultural heritage. 

4 	The views of Aboriginal people in Onslow and Roebourne who claim traditional 
affiliation with the Project Area will be sought by Hamcrsleys Aboriginal Liaison 
Officer who will: 

assist in preparation of inductions (see above) 
advise Hamersley on any Aboriginal cultural matters. 

5 	Employees and contractors at Marandoo will be made familiar with any applicable 
requirements of the Aboriginal Heritage Act 1972-1980. 

Community Needs 

6 	Tom Price needs in terms of housing, services and facilities are already considered 
adequate. Any additional needs identified during the project feasibility study stage 
will be minimal and will be addressed at that time. 

7 	Hamersley will assist protection of the Park values by encouraging amongst its local 
employees an understanding and awareness of the importance of the Park. 

Employment 

8 	Hamersley will continue to give careful consideration to the employment needs of 
women, Aboriginal people and young people. 

9 	Hamersley will continue to support opportunities for Aboriginal employment through its 
Icramugadu programme. 

10 	Hamersley will develop a programme through its Aboriginal Liaison Officer presently 
stationed at Onslow, to explore, trial and implement practicable and effective training 
and employment projects, in close co-operation with responsive individuals and groups of 
Aboriginal people. 

GROUP 2—ENVIRONMENTAL RESEARCH AND MANAGEMENT 

Protected and Rare Species 

Ii 	Hamersley will support research with CALM on the range, distribution and taxonomy of 
the Pebble-mound Mouse, as outlined in this ERMP. 

12 	Special attention will be given to the occurrence of any Bilby habitats in future fauna 
surveys. 

13 	Hamersley will include in its induction programme (see No. 1), information to assist in 
protection of rare and significant species of fauna and flora. 
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14 Hamersley will continue to progress its regional land-unit work, and to continue to 
research its environmental predictive capabilities for future mines. 

15 Hamersley will, as far as practicable, avoid damage to significant vegetation 
communities in the Project Area and where appropriate will consult with experienced 
botanists to achieve this aim. Where mining operations will remove a particular 
community locally, Hamersley will consult with CALM prior to taking appropriate 
action. 

Rehabilitation 

16 	Construction activities will be conducted so as to minimise any necessary disturbance to 
the environment. Areas disturbed for construction purposes will be rehabilitated as soon 
as practicable after they are no longer required for the project. 

17 Rehabilitation of disturbed areas will be undertaken in accordance with the guidelines 
set out in the ERMP. Monitoring of rehabilitated areas will be undertaken and the 
findings reported. Remedial work will be undertaken if required. 

18 	Final landforms will be designed to be safe and stable. 

19 At the end of the construction period, the construction camp will be removed and the 
servicing areas and evaporation ponds will be ripped and revegetated. 

20 A fire management policy for the Marandoo Project Area which is compatible with the 
management objectives for the Park will be developed in consultation with CALM. 

21 Hamersley will wherever possible use seed derived from local sources during 
rehabilitation works. If local seed is not available Hamersley will consult with CALM 
prior to determining alternatives. 

Protection Against Weeds 

22 Measures to prevent and restrict the introduction and spread of weeds will be 
investigated and managed after consultation with CALM. 

Protection of Fauna and Interruption of Habitats 

23 	Possession of pets and firearms by project personnel will not be permitted in the Project 
Area. The induction courses will provide information on the conservation of fauna and 
their habitats. 

Pollution Control and Monitoring 

24 Appropriate dust suppression measures, including water sprays and dust collector 
systems, will be implemented to ensure that acceptable ambient and occupational dust 
levels are achieved, as required by the Mines Regulation Act Regulations 1976. 

25 Dust monitoring programmes will be established to assess ambient dust levels for 
environmental purposes and respirable dust levels and fibre sampling for occupational 
health and safety purposes. The monitoring programmes will be developed and 
conducted in accordance with the Mines Regulation Act Regulations 1976. 

26 	Monitoring of occupational noise levels will be undertaken in accordance with the Mines 
Regulation Act Regulations 1976. 
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27 Hamersley will develop a "closed system for the treatment of contaminated waters 
from service areas. 

28 	Toxic wastes will be removed from Marandoo and disposed of at existing approved sites. 

29 Used oil will be collected, stored in bunded above-ground tanks and transported to 
Dampier for use in the power station. 

30 Sewage effluent will be dealt with in accordance with the requirements of the Health 
Act 1911. 

31 	Licences will be obtained under the Poisons Act 1964 for relevant materials. 

32 	Waste disposal will be in accordance with an EPA licence. 

Water Conservation and Management 

33 Hamersley will undertake further detailed hydrological, geological and mining 
engineering studies during 1992-1993 to provide inputs into the study of end-use options. 

34 	Hamersley will continue to refine computer simulation of the groundwater systems. 

35 	Hamersley in conjunction with CALM will monitor Bandjima Pool and Mmdi Spring to 
develop a more complete understanding of their hydrology. 

36 	Selected monitoring bores will be established to assess groundwater levels and quality on 
a routine basis. 

37 Where practicable and as appropriate, surface water samples will be collected from 
major discharge points of the open water system to test for contamination. 

38 Hamersley will continue its weather observations at Marandoo, to maintain a regional 
meteorological data base. 

39 	Design and location of the borefield for the long-term operation will take into account 
the need to limit vegetation impacts to an acceptable level. Monitoring of groundwater 
and vegetation will be undertaken and appropriate remedial action taken as required. 

GROUP 3—AESTHETICS AND VALUES OF THE PARK 

40 Under the Statement of Mutual Understanding, Hamersley will work with CALM to 
refine and implement an agreed end-use plan for the mine site after decommissioning. 

41 	The location, design and colour of surface facilities will be chosen as far as practicable in 
sympathy with the landscapes. 

42 Hamersley will sign its roads as far as practicable in sympathy with CALMs 
management practices. 
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TABLE 15.1 Commitments 

Item Short title 	 Operator Time 	Auditor 

I Induction HI 1993-1994 CALM 
2 Recreation HI 1993-1994 HI 
3 Aboriginal awareness HI 1993-1994 HI 
4 Aboriginal involvement HI Ongoing HI 
5 As for No.3 HI Ongoing HI 
6 Town needs HI Ongoing HI 
7 Park appreciation HI 1993-ongoing HI 
8 Employment opportunities HI Ongoing HI 
9 leramugadu programme HI Ongoing HI 
10 Aboriginal programmes HI Ongoing HI 
11 Pebble-mound Mouse HI 1992-1993 CALM 
12 Bilby habitats HI Fauna survey CALM 
13 Rare flora and fauna appreciation HI As for No. I H! 
14 Regional land units Hi Ongoing HI 
15 Significant vegetation communities HI 1993-1994 HI and CALM 
16 Construction and environment HI 1992-1 994 HI 
17 Rehabilitation H! 1993-ongoing Department of Mines 
18 Final landforms—safety HI Ongoing Department of Mines 
19 Removal of camps HI 1994-1995 CALM 
20 Fire management HI Ongoing CALM 
21 Seed for rehabilitation works HI 1993-ongoing HI and CALM 
22 Protection against weeds H! Ongoing H! and CALM 
23 Prohibition on pets and firearms HI Ongoing HI 
24 Dust suppression HI Ongoing Department of Mines 
25 Dust monitoring HI Ongoing Ventilation Board 
26 Noise levels HI Ongoing Department of Health 
27 Contaminated waters HI Ongoing H! 
28 Toxic wastes HI Ongoing Department of Health 
29 Used oil HI Ongoing HI 
30 Sewage effluent HI Ongoing Department of Health 
31 Poisons HI Ongoing Department of Health 
32 Waste disposal HI Ongoing EPA 
33 Hydrogeological studies HI 1992 HI 
34 Groundwater modelling H! 1992 HI 
35 Monitoring springs HI Ongoing HI and CALM 
36 Monitoring bores HI Ongoing Water Authority 
37 Surface water contamination HI Ongoing HI 
38 Meteorological data base HI Ongoing Hi and Bureau of Meteorology 
39 Borefield and vegetation HI Ongoing HI 
40 End-use plans HI 1993-ongoing HI and CALM 
41 Surface facility design HI 1993-1994 HI 
42 Road signs HI 1992-1 993 H! and CALM 

As discussed in detail in Chapter 14, Hamersley's internal Annual Report will include 
details of progress and actions on both statutory and non-statutory environmental 
commitments. Statutory licences such as water production bores have their own report 
processes which will be pre-reported in the Hamersley Divisional Report. 

Furthermore, many of those audits marked 'HI' as part of its self-regulation process are 
also formally audited in annual and three-year reports submitted to the Government 
(see Chapter 14). 
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Chapter Sixteen 

CONCLUDING DISCUSSION 

The Marandoo mine project and new railway to the Central Pilbara will be constructed and 
operated with full and effective environmental protection. 

There are four major reasons for this confidence: 

First, as detailed in this ERMP, wide-ranging and high-quality professional analyses 
have been made of the flora and fauna of the Marandoo Project Area. These have drawn 
on a very extensive data base developed since 1974. The potential impacts of the 
development on the flora and fauna have been assessed and found in general to be small 
or negligible. Where a significant localised environmental impact has been predicted, 
plans have been developed to mitigate its effect. Furthermore, future research and 
monitoring are outlined to ensure that the biological environment continues to be 
protected. 

Second, the wealth of experience that Hamersley has accumulated in over 25 years of 
operations in the Pilbara will be directly applied to protecting the environment in the 
Project Area. 

Third, this ERMP has been developed in parallel with numerous consultations with the 
community particularly in the Pilbara. Special effort has been made to include 
Aboriginal communities. Hamersley has received a high level of support from the 
community, which is overwhelmingly in favour of the project proceeding. A number of 
commitments have been given by Hamersley to ensure minimum adverse social impacts, 
where they might occur. The very large socio-economic benefits which the project will 
bring to the Pilbara and to the community of Western Australia far outweigh the small 
number of highly localised and relatively minor impacts that inevitably accompany 
change. 

Finally, the largest issue of environmental concern associated with Marandoo has been 
to ensure that the environment of the nearby Park is protected. The detailed analyses of 
this ERMP prove conclusively that the natural and social values of the Park will not be 
significantly reduced by this project from what they are at the present time. 

This ERMP represents an important stage in enabling approval of the Marandoo mine and the 
new 115km railway to Marandoo and the Central Pilbara. However, it has also been 
sufficiently extensive, and accompanied by strong specialist studies and extensive community 
consultation, that it must enable environmental acceptance in principle of Hamersley plans 
for the second phase of its iron-ore industry. 
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The Pilbara iron-ore industry stands at a stage where its future prosperity rests with its 
ability to obtain and retain long-term markets against strong and increasing international 
competition. 

The security and future well-being of the Pilbara community depend on the success of these 
efforts. 

Approval and endorsement of Hamersley plans for protection of the environment, as described 
in this ERMP, when combined with Hamersley's proven track record over the past quarter of a 
century, will provide an urgently-required assurance that the Pilbara has such a secure future 
into the next century. 
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GLOSSARY 

actinolite 

adit 

alluvium 

amosite 

anthophyllite 

archaean granite 

asbestiform 

bahada 

bench 

biogeographic 

bioremediation 

blending 

Brockman 

A silicate mineral similar to amosite, anthophyllite 
and tremolite. Sometimes occurs as asbestiform fibres 

Horizontal, or nearly horizontal, passage leading to a 
mine and used as an entrance or for exploration, 
drainage or ventilation 

Sand, clay or other minerals transported and deposited 
by the action of rivers or streams—usually in recent 
geological times 

A silicate mineral similar to actinolite, anthophyllite 
and tremolite. Sometimes occurs as asbestiform fibres 

A silicate mineral similar to actinolite, amosite and 
tremolite. Sometimes occurs as asbestiform fibres 

Very old igneous rock from the Pre-Cambrian period 
(from 4,000 to 2,500 million years ago) 

Having a fibre-like crystal form similar to that of 
asbestos minerals (eg chrysotile or crocidolite) 

Alluvial aprons of very low slope at the foot of hills 

A near-horizontal surface on which mining equipment 
operates to remove rock from a mining face in an open-
pit mine 

Related to geographical distribution of living things 

A biological process for destruction of oily wastes 

Mixing of different ores to yield products to meet 
customer specifications 

Stratigraphic name of a banded iron formation (BIF) of 
the Hamerslcy Group of sedimentary rocks 
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calcareous clay Clay containing calcium carbonate 

calcrete Cemented carbonate horizon formed in a soil in a semi- 
arid region under conditions of sparse rainfall 

chert A form of silica occurring in limestones and shales 

chrysotile A silicate mineral generally referred to as serpentine 
asbestos 

closed system No release to the environment 

colluvium Loose or disordered material brought to the foot of a 
slope by gravity 

crocidolite A silicate mineral generally referred to as blue asbestos 

cryptomelane A mineral containing manganese oxide 

cuesta Sloping plain terminating on one side in a steep drop 

decline Downward sloping road or passage leading to a mine or 
for exploration 

detrital Material from weathering of pre-existing rocks 

doleritic Material containing or derived from basaltic rocks 
(dolerite) 

dykes Intrusion of igneous rocks cutting across adjacent 
geological structures 

evapotranspiration Evaporation of moisture from vegetation 

felsic Quartz and feldspars or mixtures of those rock types 

fines The fraction of iron-ore product sized below 6mm 

footwall Rock below a bed of ore 

gilgai Microrelief caused by the swelling and shrinking of 
smectite clays 

goethite An iron mineral consisting of oxides and hydroxides of 
iron 

gneiss 	 Metamorphic rock with alternating bands of dark and 
light minerals 

greenstone 	 Altered basic rocks having a characteristic green colour 

ground truth 	 Verification on an actual Site of a predicted result or 
linkage of new geographical information to a particular 
location 

hanging wall 	 Rock above a bed of ore 
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hydrogeology The geology of groundwater 

jaspilite A mineral with alternating bands of red jasper (quartz) 
and iron oxide 

Jeerinah Formation Stratigraphic 	name 	of 	the 	youngest 	group 	of 
sedimentary rocks of the Fortescue Group 

laterite Fine clay produced by the weathering of igneous rocks 

limonite Iron ore consisting of oxides and hydroxide of iron 

lithology The physical character of a rock 

lithological unit A rock unit having homogeneous lithology 

luffing Raising and lowering of stacker boom 

lump 	 The fraction of iron-ore product sized between 6mm and 
30mm 

Marra Mamba 	 Stratigraphic name of the oldest banded iron formation 
(BIF) of the Hamersley Group of sedimentary rocks 

pisolite 	 A spherical or near-spherical particle larger than 2mm 
diameter 

pyrolusite 	 The principal manganese ore, mainly manganese 
dioxide 

scalping screen 	 A perforated surface which removes fine particles from 
the ore stream before crushing 

scree 	 Material derived from weathering of pre-existing rocks, 
similar to detrital 

sills 	 Intrusion of igneous rock parallel to the bedding of 
adjacent rocks 

sintering 	 Method of compacting a powdered solid into a rigid 
shape by compressing it at a temperature below its 
melting point 

slewing 	 Sideways movement of stacker boom 

smectite 	 Two-layer swelling clay, as distinct from single-layer 
clays of which kaolinite is the most common 

stripping ratio 	 The ratio of overburden to ore mined 

sub-angular 	 Angular particle with worn points and edges 

sub-crop area 	 Area beneath the surface or out-crop 

supergene 	 Enrichment of minerals by downward flow of water 

syncline 	 Large dish or basin-shaped formation of rock stratum 
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Tertiary 	 The older of the two geological periods of the Cenozoic 
Era—being approximately from 68 to 2 million years 
ago 

tremolite 	 A silicate mineral similar to actinolite, amosite and 
anthophyllite. Sometimes occurs as asbestiform fibres 

washdown 	 Cleaning of heavy earthmoving equipment using water 
under pressure 
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Appendix One 

EPA GUIDELINES* 

PROPOSED MARANDOO IRON ORE MINE 
(AND TRANSPORT CORRIDOR) 

ADJOINING HAMERSLEY RANGE NATIONAL PARK 

ENVIRONMENTAL REVIEW AND MANAGEMENT 
PROGRAMME GUIDELINES** 

Overview 

In Western Australia all environmental reviews are about protecting the environment. The 
fundamental requirement is for the proponent to describe what they propose to do, to discuss 
the potential environmental impacts of the proposal, and then to describe how those 
environmental impacts are going to be managed so that the environment is protected. 

If the proponent can demonstrate that the environment will be protected then the proposal 
will be found environmentally acceptable; if the proponent cannot show that the environment 
would be protected then the Environmental Protection Authority (EPA) would recommend 
against the proposal. 

Throughout the process it is the aim of the EPA to advise and assist the proponent to improve 
or modify the proposal in such a way that the environment is protected. Nonetheless, the 
environmental review in Western Australia is proponent driven, and it is up to the proponent 
to identify the potential environmental impacts and design and implement proposals which 
protect the environment. 

For this proposal, protecting the environment means that the natural and social values 
associated with Hamersley Range National Park are protected. Where they cannot be 
protected, proposals to mitigate the impacts are required. 

Purpose of an ERMP 

The primary function of an ERMP is to provide the basis for the Environmental Protection 
Authority to provide advice to Government on protecting the environment. An additional 
function is to communicate clearly with the public so that EPA can obtain informed public 
comment. As such, environmental impact assessment is quite deliberately a public process. 

* 
The EPA provided these Guidelines to Hamersley to describe the scope and content of the ERMP. For convenience 
the relevant portions of the ERMP where each issue is addressed have been highlighted. It will be appreciated 
that interdisciplinary and wide-ranging issues may also be mentioned in other than these indicative sections. 

** These guidelines may be amended if a joint State—Commonwealth environmental assessment is necessary by 
virtue of the Commonwealths Environment Protection (Impact of Proposals) Act applying to the project through, 
for example, the requirement of export approvals. 
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The ERMP should set out the series of decisions taken to develop this proposal at this place 
and time and why. 

Objectives of the review 

The Environmental Review and Management Programme should have the following 
objectives; 

to place this project in the context of the regional environment and the progressive 
development of resources in the region, including the cumulative impact of this 
development; 

to explain the issues and decisions which led to the choice of this project at this place at 
this time; 

to set out the environmental impacts that the project may have; and 

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

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

Key issues 

The critical issue for the proposal is likely to be the management of mining and 
transportation in an enclave within Hamersley Range National Park (Ch. 6). The Australian 
Heritage Commission has listed the Hamersley Range National Park on the register of the 
National Estate (S. 6.9). It is critical therefore that the ERMP shows a detailed 
understanding of conservation landscape (S. 6.8, App. 4), National Estate (S. 6.9) and social 
values (Ss 6.4, 6.6, 6.16) in the area and whether they are represented elsewhere Ss 6.6, 6.14). 
The conservation values of areas to be disturbed should be examined in detail (Chs 10 & 11). 
Any proposals the proponent has with respect to the potential locations of mining and 
development zones and zones for conservation should be indicated clearly (S. 2.4, Ch. 5, Ss 
6.14, 6.17). 

The key issues for this project should be clearly identified and the content of succeeding 
sections determined by their relevance to these issues. 

In this case the key issues should include: 

the reasons for selection of the preferred mine site and transport corridor route and the 
alternatives considered (Ss 1.4, 2.4, 2.5, 2.6): 

land replacement (Ss 1.5.3, 6.3): 

flora (Ch. 11), fauna (Ch. 10), and ecosystems (Chs 6, 9): 

- 	land units and their secure representation elsewhere (Chs 5, 9, Ss 6.6, 10.8, 11.5.2); 

- 	rare and poorly known flora (Ss 11.5.3, 11.5.4, 11.5.5 App. 6), fauna (S. 10.5, App. 5) 
and communities, shown on distribution maps (Ch. 10, Ch. 11, App. 7); 

- 	inter-relationships of the biota and environment (Ss 8.4, 8.6, 11.6, 11.7); 

Appendix I - 2 



feral fauna (S. 10.4), weed access (S. 14.9, App. 7) and fire control (S. 4.10.5, App. 2): 

landscape and recreation values (Ch. 6, Ss 6.7, 6.8, 6.11, 6.17, 13.8): 

impact on pastoral (Ss 6.4, 6.5, 13.9.2) recreational and tourist (Ss 6.4, 6.7, 6.9, 6.17, 
13.9.3) users: 

cultural impact on Aboriginal people with traditional affiliation to the land (Ss 6.10, 
6.8.2, 12.2, 12.4, 13.5, 13.9): 

impact of project workforce and attendant population on existing communities (eg Tom 
Price) (Ss 1.4, 2.6, 13.2, 13.3, 13.4, 13.9): 

impact of the workforce on the park and environs (Ss 6.7, 13.4, 13.8): 

water management issues: 

- 	groundwater supply (S. 8.1), predicted groundwater drawdowns (S. 8.4), zones of 
influence (Ss 8.3, 8.4), impacts on flora (Ss 8.4, 8.6, 10.6), fauna and plant 
communities S. 8.4) in the region (Ss 10.2, 10.6) and impacts on other users (Ss 8.4, 
8.5); 

- 	dewatering and discharges, erosion and siltation control (Ss 4.7, 8.6); 

- 	surface water supplies, relationship to groundwater, protection of ground and 
surface water quantity and quality (Ch. 8, Ss 4.3, 4.9); 

- 	maintenance of surface water drainage patterns, particularly overland flow (Ss 4.3, 
8.6, Plates 2 & 3); 

operational management issues: 

- 	dust and noise control (Ss 4.10, 14.11); 

- 	overburden and topsoil management rehabilitation (Ss 11.8.2, 11.8.3) and final land 
use (Ss 3.8, 6.17, App. 2); 

- 	management of the lease area and its interaction with the national park (Chs 6, 14, 
App. 2); 

- 	sources of construction materials and transport of construction materials and product 
(Ss 4.3, 11.8); and 

- 	contingency plans for accidents such as fuel spills, discharges and fires caused by 
mining and rail operations (Ss 4.9.5, 4.10, App. 2). 

plus any other key issues raised during the preparation of the report (Ss 2.5, 3.8, 6.11, 
6.17, 10.5.2, 13.8). 

Public participation and consultation 

A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the ERMP (Ch. 12). It should describe the 
activities undertaken, the dates, the groups and individuals involved and the objectives of 
the activities (Ch. 12, App. 8). Cross reference should be made with the description of 
environmental management for the proposal which should clearly indicate how community 
concerns have been addressed (S. 13.8). Where these concerns are dealt with via other 
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departments or procedures, outside the Environmental Protection Authority process, these can 
be noted and referenced here (S. 13.8, Table 15.1, App. 2). 

Detailed list of environmental commitments 

The commitments being made by the proponent to protect the environment should be clearly 
defined and separately listed (Ch. 15). Where an environmental problem has the potential 
to occur, there should be a commitment to rectify it (S. 14.2, Ch. 15). They should be numbered 
and take the form of: 

who will do the work; 
what the work is; 
when the work will be carried out; and 
to whose satisfaction the work will be carried out (Table 15.1). 

All actionable and auditable commitments made in the body of the document should be 
numbered and summarised in this list (Table 15.1). 
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Appendix Two 

STATEMENT OF MUTUAL 
UNDERSTANDING 

CONSERVATION MANAGEMENT OF THE 
MARANDOO PROJECT 

The Department of Conservation and Land Management (CALM') is legally responsible 
under the Conservation and Land Management Act 1984 ("the Act") for the management 
of the land, flora and fauna in the Karijini National Park ("the Park") and Hamersley 
Iron Pty. Limited ("Hamersley") is the proponent of the Marandoo Project. 

While recognising that the Marandoo mine and part of the railway corridor are not 
subject to the CALM Act, Hamersley and CALM agree on the need for understanding and 
co-operation in certain conservation matters of mutual interest. 

In order to combine the objectives of operating an economically viable mining project and 
minimising environmental impact on the Park, Hamersley and CALM have agreed in 
principle on a consultative process to address issues of environmental impact arising from 
the project. This agreement does not limit in any way CALM's responsibilities under the 
Act, the Environmental Protection Act 1986 and the Wildlife Conservation Act, 1950-
1979 or its administrative responsibilities pursuant to a Cabinet decision for joint 
management of the Park by CALM and the Karijini Aboriginal Corporation. Issues 
identified to date are prescribed in Paragraphs 4 through 12. The scope of the 
consultative process will be reviewed as the project develops. 

4 	Continuing consultation on conservation and environmental research programs, with a 
view to improving their value and effectiveness. 

5 	Continuation of Hamersley's program of field work on the Pebble-mound Mouse, 
supplemented and guided by CALM. This program is studying the range and distribution 
of the species in the Pilbara, and is to provide specimens for taxonomic research by the 
WA Museum. 

6 	Development of a co-operative program of fire management and a regime for controlled 
burning at Marandoo. 

7 	Facilitation by CALM of Hamersley engineering and scientific research studies within 
the Park to assist in understanding matters of mutual interest such as the 
hydrogeological characteristics of the underground aquifers. 

8 	Consultation about an appropriate final land form for the Marandoo mine site, when 
detailed hydrology and engineering studies are completed by Hamersley. 
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9 	Inclusion in the statement of rules for the Marandoo workforce of such measures as 
prohibition of pets and prohibition of firearms. 

10 	Inclusion by Hamersley in its employee induction and education programs of agreed 
information about the Park. 

11 	Development of a protocol for the handling of infringements of Park Regulations. 

12 	Assistance by Hamersley where appropriate in improving public awareness of matters 
pertaining to the relationship between the mine and Park. 
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Appendix Three 

CONSULTANT TEAMS FOR THE 
MARANDOO ERMP 

Management 

The management of the preparation of the ERMP was handled by Hamcrsley through its 
Environment Office in Perth. 

Professional Integration and Writing 

The ERMP was written for Hamersley by Brian J O'Brien & Associates Pty Ltd, after the 
reports of the specialist consultants had been analysed and integrated by Dr B J O'Brien. 

Specialist Consultants 

Environment 

The following specialist environmental consultants were co-ordinated for Hamerslcy by 
Enviroscan under the direction of Mr K Piggott, whose team included Mr M Piggott and 
Ms S Finucane. 

Flora and vegetation studies of the Project Area generally were carried out by 
E M Mattiske & Associates. The principal plant ecologist and study co-ordinator was 
Dr E M Mattiske, with principal botanist Mr M E Trudgen, senior botanist Mr N E Casson 
and biologists Ms N J Keals, Mr K L Kershaw, Mrs S Maley, Ms A M C O'Connor and 
Ms DE True. 

Vertebrate fauna field work and analysis was carried Out by Ninox Wildlife Consulting, 
with principals Mr W K Youngson and Ms I Henry. 

Fauna, flora and vegetation surveys of the transmission line corridor were made by 
members of the Mulga Research Centre, Curtin University. 

Dr W M McArthur reported on soils and landforms while Mr J Lorimer of W C and 
F C Lorimer provided the categorisation and analysis of land units. 

Dust monitoring and occupational health issues were reported on by Mr R Allan of 
Richard Oliver International. 
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Computer operations relating to the environmental data base and mapping, and the 
preparation of a GIS were the responsibility of Cad Graphics, under the direction of 
Mr W Holman. 

Rehabilitation guidelines and aspects of seed collection were developed by Mr C Hill of 
Australian Revegetation Corporation Limited. 

Hydrogeology 

The hydrogeology was analysed and groundwater models developed by AGC Woodward-
Clyde. 

Aboriginal Heritage 

An archaeological survey of the Project Area was carried out by Mr C Quartermaine of 
Quartermaine Consultants. Analysis and investigations concerning issues related to the 
Aboriginal people were made by Mr K Palmer, Director of the Australian Institute for 
Aboriginal and Torres Strait Studies, Prof. Tonkinson and Dr A Dench of the Department of 
Anthropology, University of Western Australia, and Mr R O'Connor. 

Community Consultation and Social Impact 

Community consultation was developed and social impacts analysed by Dr A S O'Brien of 
Brian J O'Brien & Associates Pty Ltd. Team members included Dr B J O'Brien and Mrs C Muia. 
Development of the methodology and the initial Pilbara reconnaissance were assisted by 
Dr C Syme and Ms B Nancarrow of CSIRO ASSERT. 

National Parks 

National Park issues and the values of the Park were analysed by Dr B I O'Brien, who 
commissioned Ms 1 Albany to report on the colour components of the Park. 

Economic Analysis 

An analysis of economic components and employment multipliers was made by Dr P McLeod of 
Economic Research Associates Pty Ltd while Taylor Burrell analysed components of the Tom 
Price township and community. 

Editorial and Production 

A review of the ERMP documentation was made by Dames and Moore and by Mr D Blandford. 

The final text of the ERMP was prepared by Brian J O'Brien & Associates Pty Ltd for 
Hamersley. 

Kinhill Engineers Pty Ltd was responsible for the preparation of graphics and document 
layout. 
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Appendix Four 

SUPPLEMENTARY INFORMATION 
ABOUT VALUES OF THE PARK 

1 	PREAMBLE 

The first Australian national park—and the second in the world after Yellowstone—was the 
Royal National Park in Sydney in 1879. 

In Western Australia, Kings Park was set aside for public use in 1872, the same year as 
Yellowstone Park was established. Indeed, King William IV had directed Captain Stirling 
in 1831 to have the Surveyor General report to him what particular lands it may be proper to 
reserve . . . as places to be set aside for recreation and amusement . . and for promoting the 
health of the inhabitants. 

Historically, since the first national park (Yellowstone) was designated in the USA in 1872, 
there has been a steady growth in numbers of national parks world-wide. In the USA, 
wilderness was often emphasised. In Great Britain, since the first national park in 1949, there 
has been more emphasis on continued use and occupation by the human population. 

There has thus been a considerable change in values since the original conservation reserves of 
feudal times, when parts of a kingdom were set aside largely for hunting purposes by the 
elite. And there has been created the paradox between human use and a wilderness concept. 
Such values are often largely personal and subjective. 

In Chapter 6 the social and natural values of the Park were analysed in detail. In this 
Appendix, supplementary supporting information is provided. 

2 	WORKSHOP COMMENTS ON VALUES 

As discussed in Chapter 12, at many of the Pilbara workshops and at the three Perth 
workshops, groups of participants were invited to record informal comments on their views of 
the natural and social values of the Park. Not all groups responded, but the results from 19 
groups at Karratha, Dampier, Port Hedland and Perth are given in Table 1. 
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TABLE 1 	Natural and Social Values of the Park 

No. of groups 

Natural Values 

Gorges - scenic beauty/preservation 	 12 
Flora and fauna 	 4 
Wilderness/vastness/isolation 	 4 
Mineral deposits 	 4 
Mt Bruce - spectacular views 	 2 
Ecotonal boundary between Ashburton and Pilbara Botanical Provinces 	 I 
Most scenic area in State 
Core area for speciation and Pilbara endemic flora and fauna 	 1 
Aboriginal knowledge flora and fauna 
Beauty, education, formations 	 I 
Huge unbroken vistas and small surprises 	 I 
Mulga scrub 
Rare/endangered species 

Social Values 

Tourism/recreation 	 15 
Importance of area to Karijini people 	 7 
Preservation of natural wilderness 	 2 
Awareness of Park 	 2 
Symbolic of Pilbara landscape 
Access roads 	 1 

Note: Results from 79 groups at Karratha, Dam pier, I'ort 1-ledland and Perth. 

3 	NATIONAL ESTATE VALUES 

The Park was placed on the Register of the National Estate as announced in the 
Commonwealth of Australia Gazette on 21 March 1978. As such it forms part of the complex 
fabric of Australian and international society that is broadly described by the word 
"heritage". 

Justice R M Hope, Chairman of the Committee of Inquiry into the National Estate, began his 
report in 1974 with an extensive discussion of the difficulties of defining what is meant by the 
National Estate. It would be inappropriate for this ERMP to attempt to substitute other 
words for Justice Hope's report and, furthermore, the definition must naturally evolve with 
time and be a somewhat personal issue. 

However, relevant to this project is paragraph 1.36 which may be paraphrased as placing 
emphasis on the human side of the equation and on the relation between "items" of the 
National Estate and the environment. These place importance on the "nexus with nature" and 
the connection with our cultural past, present and future, as a real human need. 
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The Park was included in the Register of the National Estate as a direct result of the report 
by the WA EPA to State Cabinet in 1975, the first "Red Book'. The Statement of Significance 
prepared by the Australian Heritage Commission (AHC) reads: 

The Hammersley (sic) Area contains extensive areas of pre-Cambrian formations and is 
part of one of the world's oldest land surfaces. The geology of the region also contains 
features related to the Permian Ice Ages. 

The region contains large areas of wilderness and intact ecosystems, including distinct 
gorge systems within surrounding arid plains. Significant Aboriginal sites exist within 
the area, and include rare depictions of extinct species. 

The Hamersley Ranges are also significant study areas in the fields of archaeology, 
geology and ecology. 

There is a wide diversity of landforms in the region which support a number of different 
vegetation communities, including important mulga woodland formations. Diversity of 
birdlife is also a significant feature, with over 120 species recorded. 

The landforms and vegetations of the area are representative of the region and include 
arid plains, escarpment, ridge and gorge formations. 

The spectacular gorges, waterfalls and general landforms of the area give the region 
high aesthetic value, which is further enhanced by the seasonal proliferation of 
wildflowers. These features are major factors in the high recreational significance of 
the area. 

The area is judged "significant" on the basis of meeting eight criteria. Thus these amount to 
"values" as judged by the AHC, as follows: 

A.1 importance in the evolution of Australian flora, fauna, landscapes or climate; 

A.2 importance in maintaining existing processes or natural systems at the regional or 
national scale; 

A.3 importance in exhibiting unusual richness or diversity of flora, fauna, landscapes or 
cultural features; 

B.1 importance for rare, endangered or uncommon flora, fauna, communities, ecosystems, 
natural landscapes or phenomena, or as a wilderness; 

C.1 importance for information contributing to a wider understanding of Australian natural 
history, by virtue of their use as research sites, teaching sites, type localities, reference 
or benchmark sites; 

Di importance in demonstrating the principal characteristics of the range of landscapes, 
environments or ecosystems, the attributes of which identify them as being 
characteristic of their class; 

E.1 importance for a community for aesthetic characteristics held in high regard or 
otherwise valued by the community; 

G.1 importance as places highly valued by a community for reasons of religious, spiritual, 
symbolic, cultural, educational, or social associations. 
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The Register states that the 'Condition" of the Park is such that its integrity [is] altered by 
cattle grazing, iron ore mining. 

In reviewing the above criteria or values set by the AHC, it is clear that the Marandoo 
project does not significantly impact on any of them. 

The Register of the National Estate attaches a caveat to the listing of the Park, from which 
the following excerpt is relevant: 

In particular, it should be noted that Reserves recommended in the above publication are 
subject to various qualifications such as the excision of pre-existing mineral tenements as 
at the date of Cabinet approval [9 February 19761; requirements for water conservation; 
and the rights of private land-owners. The Class, purpose and vesting of areas contained 
in this report are subject to alteration and are stated as at the date of publication. 

At the time of registration, and at the time of Cabinet approval of the EPA recommendations, 
there was of course no excision as such for a railway corridor. Nevertheless, the presumption 
of this caveat is that, in time, not merely the mining tenement but also the necessary corridor 
to service that mining tenement should be excised. 

It may thus be concluded that the heritage values of the Park that caused it to be included in 
the Register of the National Estate in 1978 are not diminished by the Marandoo project. 

Implicit in the totality of the block registration by the AHC in 1978 of the numerous National 
Parks and Nature Reserves in Western Australia, was its acceptance of the boundaries—as 
they might be altered from time to time by the State—together with the justification of each 
area as stated by the EPA in its report to State Cabinet in 1975 and 1976. 

It may be argued that the individual attention and set of criteria by the EPA were more 
specific to Western Australian National Parks than those of the AHC. 

The areas and purposes of Class A Reserves such as the Park can only be altered in Western 
Australia by agreement by both Houses of Parliament. They cannot easily be altered by 
Federal legislation. Such agreement was reached to excise Windell Locations 121 and 122 in 
December 1990 and thus implicitly both the tenement and the railway corridor were removed 
from the Register of the National Estate. 

4 	COLOUR VALUES 

The colour component of the Park scenery is a seriously underrated factor in the perception of 
awe and participation even by tourists passing fleetingly through. The very dynamics of the 
Park lie mainly in the changes of colour on an age-old landscape, due to changes in sun 
elevation, cloud and perspective, but they also depend on topography and height of viewing, 
season and past rainfall, pending storms and rain squalls, and many other factors, including 
whether one is alone, or in compatible company, or intruded on by other humans. 

The following are excerpts from a few of the comments by Ms Albany (1991) to illustrate such 
colour values. 

4.1 	Greens 

They range from the dull ochre greens of the mulga, through the mid yellow greens of the 
mature eucalypts and acacia to the quite brilliant apple/yellow greens of new leaves and 
growth especially with the sun shining through in the early morning. In addition there are 
the grey greens that merge with the wonderful silvers, both almost white and almost blue, 
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some just appear as a translucent dusting like a butterfly's wing others more solid and opaque 
powder like coat ings. Large soft grey green bushes carry brilliant parrot green new growth 
like strange green flags. 

4.2 	Reds 

There is little naturally occurring red in the plant growth though a few paperbarks in the 
gorges show some red leaves and along the northern edge of the Park west of Wittenoom 
occurs the brilliance of the sturt pea scarlet. Plus red of berries scattered throughout. 

The real red is of course in the much maligned invasive Pilbara red of the rock and dirt tracks, 
the russet reds, tan reds and orange reds that indicate the high iron content of the land. 

A great range of rust colours, dull and flat in the middle of the day, fresh, clear and yellowy 
in the morning, vibrant and richly glowing later in the day with deep purple overtones as the 
sun sets. The range of reds, from soft pinks to deep crimson brick reds of the wild hop flowers 
are quite incredible, and tend to be associated with disturbed ground rather than natural 
bush. 

4.3 	Golds/Yellows 

These range from the clear warm red yellows of the seasonal flowers that highlight the dull 
greens to the soft straw gold of dried spinifex flowers. Creamy tones are also evident in some 
flowers verging on pale greens, but cool acid green/yellows of some southern acacia flowers 
appear to be absent. 

Greasy yellow browns of cockroach bush—along roadsides. 

4.4 	Blues 

The range here is great from the deep violets, through true blues to cerulean blue, however 
blue is very much a highlighter and not a dominant colour. Though the blue haze of the 
distant hills is a striking note in the light changes of the day. 

4.5 	Mauve/Purples 

These are the dominant tones of much of the wild flowers along with the golds, Mulla Mulla 
especially is a brilliant pink purple overlain and softened by silver hairs so that it lines road 
and hillsides in soft mauve and even pinks. The wild hibiscus also provides mauve notes. 

4.6 	White and Cream 

These exist but as highlights only in the white stems of gums, minute flowers, everlasting 
daisies, the green mulla mulla and other very seasonal flowers. 

5 	SCALE, TEXTURE AND FORM 

5.1 	Scale 

The scale of the whole area is of course vast, however, on closer acquaintance the intimacy of 
the area becomes apparent—the grand views of flat valleys and steep blue enclosing hills 
behind are only a part of the whole. 
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5.2 	Texture 

The land's texture is infinitely complex, ranging from the gigantic plastic smoothness of water 
worn rock to the tiny shattered sharp edged fragment of rock on a scree slope. The fine lines of 
dry cracked clays, paper thin layers of different coloured rock exposed in the gorges, great 
boulders of coarse conglomerates and the soft sands and muds of the creek beds are part of the 
complexity. 

The rounded cushions of the spinifex, at a distance like satin stitched embroidery, the 
delicate tracery of small silver bushes dancing above and the sensual poses of the smooth 
limbed gums, all contribute unlimited variety. 

5.3 	Form 

Repetitive undulations & layered scree and cliff faces sliced by sheer faults or cliffs. 

Complex detail—both angular, splintered and rounded conglomerates. 

immensely decorative—both the fragility of vegetation and rock with delicacy and 
lightness. 

the immensity of cliff face and boulders, a consciousness of the 4g .—rock balanced and 
it could fall. 

enclosure of the gorges and the vast views always held in by hills. The chimneys of 
rock/blowholes reminiscent of arches, loggias—heavy carvings. 

6 	INCIDENTAL COMMENTS 

Extracts from the notes of Albany's 1991 journey through the Park follow. 

Vegetation Survival: 

the ferocious tenacity of small McCamey Iron Ore trees emerging from bare rock 
surfaces on vertical cliff face—a determination to survive that no planted tree ever had. 

After the Oxer Lookout: 

To turn and walk away from such utter loneliness and face 60 odd coach passengers is to 
experience a daunting emotional seesaw. 

At the Joffre Falls lookout: 

the newly installed metal platform is an eyesore unparalleled . . . with closely set 
balustrades it is most horribly out of place and suburban . . . This enlarged parody of a 
child's playpen reduces the experience of the Park to mere cinematic ogling, T.V., fun!—
and is more than likely to encourage stupid behaviour and risk taking. 

Such intense and highly subjective comments point up the very real difficulties confronting 
Park management, not merely in this Park but generally. CALM is faced with problems such 
as the care and safety of the public in a notoriously dangerous place, yet some people would 
regard any safety structure as an intrusion. 
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There is scope for further evaluation of the Park in terms of colour and form. Colours have 
been categorised against the Swedish National Colour System. Readily available paint 
colours have been assessed and already sixteen different greens and nine different browns 
have been noted in the efforts to find mankind's inadequate simulations of the Hamersley 
Range colours. Such studies are incomplete, and in any event could not be faithfully 
reproduced within the constraints of an ERMP. 

7 	ISOLATION VERSUS SOCIAL PERCEPTION 

Travelling and experiencing the popular northern gorges can be made or marred by the 
presence of other people. 

The experience may be merely a littering cigarette butt. 

Or it may be a coachload of people rushing and hustling to view the lookout that one has just 
enjoyed as a solitary, spiritual and quiet experience. 

Or it may be walking into Hamersley Gorge and noting that others are sitting quietly 
communing with their surrounds or reading. 

The ethos of the Park is unstable, fragile, full of tension and contradictions, an expression of 
infinite ages and a terrible immediacy, and capable of inciting a sense of awe. Indeed, given 
the opportunity of either solitude or sympathetic companions, it can incite a sense and 
experience of the numinous. At the same time the practical and real-world actualities are 
that it is a remote area, difficult to reach, and not particularly benign to human survival. 

8 	CONCLUDING COMMENT 

The natural and social values of any National Park are very complex and very subjective. The 
comments quoted in this Appendix and portions of the analysis of Chapter 6 should be viewed 
as being rather individual perceptions, more indicative than total. Other visitors to the 
Park and even the same visitors under different circumstances will have somewhat different 
perceptions, depending for example on the season or the weather, on the time of day, or on the 
neighbourliness of other visitors. 

The Park, like National Parks around the world, has to contend with the paradoxes of 
keeping the environment attractive and 'natural" while still providing facilities such as 
roads and services, which enable a broad cross-section of the community to enjoy the National 
Park reserved on their behalf. 

Such issues are properly the responsibility of Government and will be managed by the 
statutory managers, CALM. Hamersley for its part is hopeful that some of the material 
gathered with attempts to "discover" the Park may prove useful to CALM in performing its 
management responsibilities. 
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Appendix Five 

LIST OF VERTEBRATE SPECIES 
RECORDED FROM THE 
MARANDOO PROJECT AREA 
(AS AT 16 SEPTEMBER 1991) 

BIRD SPECIES 

DROMAIIDAE 
Dromaius novaehollandiae 

PODICIPEDIDAE 
Poliocephalus poliocephalus 
Tachybaptus novaehollandiae 

PELECANIDAE 
Pelecanus conspicillatus 

ARDEIDAE 
Ardea pacifica 
A. novaehollandiae 
Egretta alba 

PLATALEIDAE 
Threskiornis aethiopica 
T. spinicollis 

ANATIDAE 
Anas gibberifrons 
Malacorhynchus membranaceus 
Chenonetta jubata 

ACCIPITRIDAE 
Elanus notatus 
Milvus migrans 
Hamirostra melanosternon 
Haliastur sphenurus 
Accipiter fasciatus 
A. cirrhocephalus 
Aquila audax 
Hieraaetus morphnoides 
Circus assimilis 

Hoary-headed Grebe 
Australasian Grebe 

Australian Pelican 

Pacific Heron 
White-faced Heron 
Great Egret 

Sacred Ibis 
Straw-necked Ibis 

Grey Teal 
Pink-eared Duck 
Maned Duck 

Black-shouldered Kite 
Black Kite 
Black-breasted Buzzard 
Whistling Kite 
Brown Goshawk 
Collared Sparrowhawk 
Wedge-tailed Eagle 
Little Eagle 
Spotted Harrier 

Appendix 5 - 1 



FALCONIDAE 
Falco peregrinus 	 Peregrine Falcon 
F. longipennis 	 Australian Hobby 
F. berigora 	 Brown Falcon 
F. cenchroides 	 Australian Kestrel 

PHASIANIDAE 
Coturnix novaezealandiae 	 Stubble Quail 

TURNICIDAE 
Turnix velox 	 Little Button-quail 

OTIDIDAE 
Ardeotis australis 	 Australian Bustard 
Burhinus magnirostris 	 Bush Thick-knee 

CHARADRHDAE 
Charadrius melanops 	 Black-fronted Plover 

RECUR VIROSTRIDAE 
Himantopus himantopus Black-winged Stilt 

COLUMBIDAE 
Geopelia placida Peaceful Dove 
C. cuneata Diamond Dove 
Phaps chalcoptera Common Bronzewing 
Ocyphaps lophotes Crested Pigeon 
Petrophassa plumifera Spinifex Pigeon 

CACATIJIDAE 
Cacatua roseicapilla Galah 
C. sanguinea Little Corella 

POLYFELITIDAE 
Nymphicus hollandicus 	 Cockatiel 

PLATYCERCIDAE 
Melopsittacus undulatus 	 Budgerigar 
Barnardius zonarius 	 Port Lincoln Ringneck 
Psephotus varius 	 Mulga Parrot 
Neophema bourkii 	 Bourkes Parrot 

CUCULIDAE 
Cuculus pallidus 	 Pallid Cuckoo 
Chrysococcyx osculans 	 Black-eared Cuck000 
Chrysococcyx basalis 	 Horsfield s Bronze-Cuckoo 

STRICIDAE 
Ninox novaeseelandiae 	 Southern Boobook 
N. connivens 	 Barking Owl 

TYFONIDAE 
Tyto alba 	 Barn Owl 

PODARGIDAE 
Podargus strigoides 	 Tawny Frogmouth 

Appendix 5 - 2 



AEGOTHELIDAE 
Aegotheles cristatus 	 Australian Owlet-nightjar 

CAPRIMIJLGIDAE 
Caprimulgus guttatus 	 Spotted Nightjar 

APODIDAE 
Apus pacificus 	 Fork-tailed Swift 

ALCEDINIDAE 
Dacelo leachii 	 Blue-winged Kookaburra 
Halcyon pyrrhopygia 	 Red-backed Kingfisher 
H. sancta 	 Sacred Kingfisher 

MEROPJDAE 
Merops ornatus 	 Rainbow Bee-eater 

ALAIJDIDAE 
Mirafra javanica 	 Singing Bushlark 

HIRUNDINIDAE 
Hirundo neoxena 	 Welcome Swallow 
Cecropis nigricans 	 Tree Martin 
Cecropis ariel 	 Fairy Martin 

MOTACILUDAE 
Anthus novaeseelandiae 	 Richard's Pipit 

CAMPEPHAGIDAE 
Coracina novaehollandiae 	 Black-faced Cuckoo-shri ke 
C. maxima 	 Ground Cuckoo-shrike 
Lalage sueurii 	 White-winged Triller 

MUSCICAPIDAE 
Petroica goodenovii Red-capped Robin 
Melanodryas cucullata Hooded Robin 
Pachycephala rufiventris Rufous Whistler 
Colluricincla harmonica Grey Shrike-thrush 
Oreoica gutturalis Crested Belibi rd 
Rhipidura fuliginosa Grey Fantail 
R. leucophrys Willie 	Wagtail 

TIMAUIDAE 
Pomatostomus temporalis 	 Grey-crowned Babbler 

SYLVHDAE 
Eremiornis carteri 	 Spinifexbird 
Cinclorhamphus mathewsi 	 Rufous Songlark 
C. cruralis 	 Brown Songlark 

MALURIDAE 
Malurus lamberti 	 Variegated Fairy-wren 
M. leucopterus 	 White-winged Fairy-wren 
Stipiturus ruficeps 	 Rufous-crowned Emu-wren 
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ACANTHIZIDAE 
Sericornis brunneus Redthroat 
Smicrornis brevirostris Weebill 
Gerygone fusca Western Gerygone 
Acanthiza apicalis Inland Thornbill 
A. uropygialis Chestnut-rumped Thornbill 
A. robustirostris Slaty-backed Thornbill 
A. chrysorrhoa Yellow-rumped Thornbill 
Aphelocephala nigricincta Banded Whiteface 

NEOSITTIDAE 
Daphoenositta chrysoptera 	 Varied Si ttel Ia 

CLIMACFERIDAE 
Climacteris melanura Black-tailed Treecreeper 

MELIPHAGIDAE 
Acanthagenys rufogularis Spiny-checked Honeycater 
Manorina flavigula Yellow-throated Miner 
Lichenostomus virescens Singing Honcycater 
L. keartlandi Grey-headed Honeyea ter 
L. penicillatus White-plumed Honeycater 
Melithreptus gularis Black-chinned Honeycater 
Lichmera indistincta Brown Honeyea ter 
Phylidonyris albifrons White-fronted Honeyca ter 
Conopophila whitci Grey Honcycater 
Certhionyx niger Black Honeyeater 
C. variegatus Pied Honeycater 

EPHTHIANURIDAE 
Ephthianura tricolor Crimson Chat 

DICAEIDAE 
Dicaeum hirundinaceum 	 M istletoebird 

PARDALOTIDAE 
Pardalotus rubricatus 	 Red-browed Pa rdalotc 
P. striatus 	 Striated Pardalote 

PLOCEIDAE 
Emblerna picta 	 Painted Firetail 
Poephila guttata 	 Zebra Finch 

PARADISAEIDAE 
Chlamydera maculata Spotted Bowerbird 

GRALLINIDAE 
Grallina cyartoleuca Australian Magpie-lark 

ARTAM[DAE 
Artamus leucorhynchus White-breasted Woodswallow 
A. personatus Masked Woodswallow 
A. cinereus Black-faced Woodswallow 
A. cyanopterus Dusky Woodswallow 
A. minor Little Woodswallow 
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CRACTICIDAE 
Cracticus torquatus 
C. nigrogularis 
Gymnorhina tibicen 

CORVIDAE 
Corvus bennetti 
C. orru 

Grey Butcherbird 
Pied Butcherbird 
Australian Magpie 

Little Crow 
Torresian Crow 

MAMMAL SPECIES 

TACHYGLOSSIDAE 
Tachyglossus aculeatus 

DASYIXRIDAE 
Dasyurus hallucatus 
Dasykaluta rosamondac 
Pseudantechinus macdonnellensis 
Sminthopsis macroura 
Ningaui timealeyi 
Planigale maculata 

THYLACOMYIDAE 
Macrotis lagotis 

MACROPODIDAE 
Petrogale rothschildi 
Macropus robustus 
M.rufus 

PTEROPODIDAE 
Pteropus scapulatus 

MEGADERMATIDAE 
Macroderma gigas 

EMBALLONURIDAE 
Saccolaimus flaviventris 
Taphozous georgianus 
T. huh 

MOLOSSIDAE 
Tadarida austrahis 
Chacrephon jobensis 
C. c.f. beccarii 
Mormopterus c.f. loriae 

VESPERTILIOMDAE 
Nyctophilus major 
N. geoffroyi 
Chahinolobus gouldii 
Scotorepens greyii 
Eptesicus finlaysoni 

Echidna 

Little Northern Native Cat 
Little Red Antechinus 
Fat-tailed Antechinus 
Stripe-faced Dunnart 
Pilbara Ningaui 
Common Planigale 

Bilby 

Rothschild's Rock-wallaby 
Common Wahlaroo 
Red Kangaroo 

Little Red Flying-fox 

Ghost Bat 

White-bellied Sheathtail Bat 
Common Sheathtail-bat 
Hill's Sheathtail-bat 

White-striped Mastiff-bat 
Northern Mastiff-bat 
Beccari's Mastiff-bat 
Little Northern Mastiff-bat 

Greater Long-eared Bat 
Lesser Long-eared Bat 
Gould's Wattled Bat 
Little Broad-nosed Bat 
Little Brown Bat 
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MURIDAE 
Zyzomys argurus 
Pseudomys hermannsburgensis 
P. chapmani 
l'seudomys sp., 
Mus musculus 

LEPORIDAE 
Oryctolagus cuniculus 

CANIDAE 
Canis familiaris dingo 

familiaris 
Vulpes vulpes 

FELIDAE 
Felis catus 

EQIJIDAE 
Equus caballus 

asinus 

CAMELIDAE 
Camelus dromedarius 

BOVIDAE 
Bos taurus 

AMPHIBIAN AND REPTILE SPECIES 

LEFTODACTYLIDAE 
Limnodynastes spenceri 
Neobatrachus sp. 
Pseudophryne occidentalis 

HYLIDAE 
Cyclorana maini 

platycephala 
Litoria rubella 

CHELUTDAE 
Chelodina steindachneri 

GEKKONTDAE 
Diplodactylus ciliaris 

elderi 
pulcher 

D. savagei 
D. squarrosus 
D. stenodactylus 
D. wellingtonae 
Gehyra pilbara 
Gehyra punctata 
G. variegata 
Gehyra sp. 

Common Rock-rat 
Sandy Inland Mouse 
Pebble-mound Mouse 

House Mouse 

Rabbit 

Dingo 
Dog 
Fox 

Feral Cat 

Horse 
Donkey 

One-humped Camel 

Cattle 

Frogs 

Frogs 

Side-necked Tortoises 

Geckos 
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GEKKONIDAE (continued) 	 Geckos 
Heteronotia binoei 
H. spelea 
Ncphrurus wheeleri cinctus 
Oedura marmorata 
Rhynchoedura ornata 

FYGOFODIDAE 
Delma borea 
D. butleri 
D. elegans 
D. haroldi 
D. nasuta 
D. tincta 
Lialis burtonis 

Legless Lizards 

Pygopus n. nigriceps 

AGAMIDAE 	 Dragon Lizards 
Caimanops amphiboluroides 
Ctenophorus c. caudicinctus 
C. i. isolepis 
C. reticulatus 
Diporiphora valens 
Gemmatophora longirostris 
Pogona m. minor 

SCINCIDAE 	 Skinks 
Carlia munda 
Cryptoblepharus carnabyi 
C. plagiocephalus 
Ctenotus duricola 
C. helenae 
C. pantherinus ocellifer 
C. rubicundus 
C. rutilans 
C. saxatilis 
C. schomburgkii 
Cyclodomorphus melanops 
Egernia formosa 
Eremiascincus richardsonii 
Glaphyromorphus isolepis 
Lerista flammicauda 

muclieri 
Menetia greyii 

surda 
Morethia ruficauda exquisita 
Proablepharus reginac 
Tiliqua multifasciata 

VARANIDAE 	 Monitors 
Varanus acanthurus 
V. brevicauda 
V. caudolineatus 
V. giganteus 
V. gilleni 
V. gouldii 
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VARANIDAE (continued) 	 Monitors 
V. panoptes rubidus 
V. pilbarensis 
V. t. tristis 
Varanus sp. 

TYPHLOPIDAE 	 Blind Snakes 
Ramphotyphiops grypus 
R. hamatus 
R. waitii 

BOIDAE 	 Pythons 
Aspidites melanocephalus 
Liasis olivaceus barroni 
Liasis perthensis 
L. s. stimson 

ELAPIDAE 	 Elapid Snakes 
Acanthophis pyrrhus 
Demansia psammophis cupreiceps 
D. rufescens 
Denisonia fasciata 
Purina diadema 
Pseudechis australis 
Pseudonaja modesta 
P. nuchalis 
Rhinoplocephalus monachus 
Simoselaps approximans 
Vermicella multifasciata snelli 
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Appendix Six 

VASCULAR PLANT SPECIES 
MARANDOO PROJECT AREA 
(AS AT 15 NOVEMBER 1991) 

OPHIOGLOSSACEAE 
Ophioglossum lusitanicum 

ADIANTACEAE 
Cheilanthes austrotenuifolia 
Cheilanthes lasiophylla 
Paraceterach reynoldsii 

MARSILEACEAE 
Marsilea drummondii 

POACEAE 
Acrachne racemosa 
Amphipogon caricinus 
Aristida holathera var. holathera 
Aristida contorta 
Aristida ?nitidula 
Aristida obscura 
Brachyachne convergens 
Brachyachne prostrata 
*Cenchrus  ciliaris 
*Chloris virgata 
Chioris sp. 
Chrysopogon fallax 
Cymbopogon ambiguus 
Cymbopogon bombycinus 
Dactyloctenium radulans 
Dichanthium affine 
Dichanthium ?sericeum 
var. sericeum 

Digitaria arnmophila 
Digitaria brownii 
Enneapogon caerulescens 
Enneapogon oblongus 
Enneapogon pallidus 
Eragrostis aff. desertorum 
Eragrostis dielsii 
Eragrostis criopoda  

Eragrostis falcata 
Eragrostis japonica 
Eragrostis leptocarpa 
Eragrostis pergracilis 
Eragrostis xerophila 
Eragrostis sp. 
Eriachne benthamii 
Eriachne mucronata 
Eriachne puichella 
Eulalia fulva 
Iseilema vaginiflorum 
Leptochloa digitata 
Panicum decompositurn 
Paractaenum novae-holland iae 
Paraneurachne muelleri 
Paspalidium clementii 
Perotis rara 
Plectrachne bynoei 
Plectrachne melvillei 
Rottboellia formosa 
Sporobolus australasicus 
Themeda australis 
Themeda triandra 
Tragus australianus 
Triodia angusta 
Triodia basedowii 
Triodia aff. basedowii 
Triodia brizoides 
Triodia longiceps 
Triodia pungens 
Triodia wiscana 
Triodia wiseana var. brevifolia 
Urochloa gilcsii ssp. occidentalis 

CYPERACEAE 
Bulbostylis barbata 
Bulbostylis turbinata 
Cyperus bulbosus 

* Denotes an introduced species. 
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CYPERACEAE (continued) Maireana melanocoma 
Cyperus cunninghamii Maireana planifolia 
Cyperus iria Maireana pyramidata 
Cyperus squarrosus Maireana tomentosa 
Cyperus vaginatus Maireana triptera 
Cyperus sp. Maireana villosa 
Fimbristylis ?microcarya Rhagodia eremaca 
Fimbristylis ?perryi Salsola 	kali 
Lipocarpha microcephala Sclerolaena cornishiana 
Schoenoplectus laevis Sclerolaena tetragona 

COMMMELINACEAE AMARANTHACEAE 
Commelina ensifolia Achyranthes aspera 

Alternanthera nodiflora 
ASPHODELACEAE Alternanthera nana 

Bulbine S. Amaranthus mitchcllii 

MORACEAE Amaranthus pallidiflorus 

Ficus platypoda Gomphrena canescens 
Gomphrena cunninghamii 

UR1'ICACEAE Ptilotus aervoides 
Parietarja debilis Ptilotus astrolasius 

Ptilotus calostachyus 
PROTEACEAE Ptilotus carinatus 

Grevillea pyramidalis Ptilotus clementii 
Grevillea striata Ptilotus exaltatus 
Grevillea wickhamii Ptilotus gaudichaudii 
Grevillea sp.(1) Ptilotus gomphrenoides 
Grevillea sp.(2) var. gomphrenoides 
Hakea chordophylla Ptilotus helipteroides 
Hakea suberea Ptilotus leucocoma 

Ptilotus macrocephalus 
SANTALACEAE Ptilotus obovatus 

Anthobolus leptomerioides Ptilotus polystachyu s 
Exocarpos aphyllus Ptilotus roei 
Santalum lanceolatum Ptilotus rotundifolius 
Santalum spicatum Ptilotus schwartzii 

LORANTHACEAE NYCTAGINACEAE 
Amyema fitzgeraldii Boerhavia coccinea 
Aniyema gibberulum Boerhavia sp. (A) 
Amyema miquelii Boerhavia sp. (B) 
Diplatia grand ibractea ta Commicarpus australis 
Lysiana casuarinac 
Lysiana murrayi GYROSTEMONACEAE 

Codonocarpus cotinifolius 
POLYGONACEAE 

Muehienbeckia cunninghamii AIZOACEAE 
*Rumex  vesicarius ?Trianthema sp. 

CHENOPODIACEAE MOLLUGINACEAE 
Atriplex bunburyana Mollugo molluginis 
*Bassia  scoparia 
Chenopodium melanocarpum PORTULACACEAE 

Dysphania littoral is Calandrinia ptychosperma 

Dysphania rhadinostachya Portulaca oleracea 

Enchylaena tomentosa Portulaca all. oleracea 
Maireana amoena Portulaca sp. 
Maireana georgei 

* Denotes an introduced species. 
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CARYOPHYLLACEAE Acacia pyrifolia var. ?morrisonii 
Polycarpaea longiflora Acacia pyrifolia var. ?(spindly form) 

Acacia rhodophloia 
MEMSPERMACEAE Acacia scierosperma 

Tinospora smilacina Acacia spondylophylla 
Acacia stowardii 

CAPPARACEAE Acacia tenuissirna 
Capparis lasiantha Acacia tetragonophylla 
Capparis umbonata Acacia tumida 
Cleome oxalidea Acacia victoriac 
Cleome viscosa Acacia xiphophylla 

BRASSICACEAE CAESALPINIACEAE 
Cuphonotus andraeanus Cassia arternisioides 
Lepidium echinatum Cassia chatelainiana 
Lepidium rnuelleri-ferdinandii Cassia ferraria 
Lepidium oxytrichum Cassia glu tinosa 
Lepidium phiebopetalum Cassia hamersleyensis 
Lepidium platypetalum Cassia helmsii 
Stenopetalum anfractum Cassia luerssenii 
Stenopetalum decipiens Cassia nemophila 
Stenopetalum nutans Cassia notabilis 
Stenopetalum velutinum Cassia oligophylla 

Cassia oligophylla x helmsii 
DROSERACEAE Cassia pleurocarpa 

Drosera indica Cassia pruinosa 
Cassia sp. 

P1TTOSFORACEAE Cassia sp. 
Pittosporurn phylliraeoides Cassia sp. (1) 

Cassia sp. (2) 
SURIANACEAE Cassia sp. (3) 

Stylobasium spathula turn Cassia sp. (4) 
Cassia sp. (5) 

MIMOSACEAE Petalostylis labicheoides 
Acacia adoxa 
Acacia ancistrocarpa PAPILIONACEAE 
Acacia aneura Burtonia polyzyga 
Acacia aneura var. latifolia Cajanus cinereus 
Acacia arida Clianthus formosus 
Acacia atkinsiana Crotalaria benthamiana 
Acacia bivenosa Crotalaria medicaginca 
Acacia citrinoviridis Crotalaria novae-holland iae 
Acacia coriacea Glycine tabacina 
Acacia daweana Indigofera ?boviperda 
Acacia dictyophleba Indigofera ?hirsuta 
Acacia effusa Indigofera monophylla 
Acacia exilis Indigofera sp. (1) 
Acacia farnesiana Indigofera sp. (2) 
Acacia hamersleyensis Isotropis atropurpurea 
Acacia inaequilatera Isotropis forrestii 
Acacia kempeana Lotus cruentus 
Acacia rnaitlandii Mirbelia viminalis 
Acacia marramamba Psoralea cinerea 
Acacia monticola Psoralea lachnostachys 
Acacia pachyacra Psoralea leucantha 
Acacia pruinocarpa Psoralea 	pallida 
Acacia pyrifolia var. pyrifolia Rhynchosia cf. minima 

* Denotes an introduced species. 
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PAPILIONACEAE (continued) TILIACEAE 
Swainsona canescens var. horniana Corchorus crassifolius 
Swainsona kingii ssp.?kingii Corchorus tridens 
Templetonia egena Corchorus aff. walcottii (1) 
Tephrosia clementii Corchorus aff. walcottii (2) 
Tephrosia densa Triumfetta aff. micracantha (B) 
Tephrosia rosea Triumfetta sp. (1) 
Tephrosia ?uniovulata Triumfetta sp. nov. 
Tephrosia sp. (3) 
Vigna lanceolata var. latifolia MALVACEAE 

Abutilon amplum 
OXALIDACEAE Abutilon ?exonemum 

Oxalis sp. Abutilon fraseri 
Abutilon indicum 

ZYGOPHYLLACEAE Abutilon macrum 
Tribulus astrocarpus Abutilon otocarpum 
Tribulus platypterus Abutilon ?oxycarpum 
Tribulus terrestis (?aff.) Abutilon sp. (1) 
Zygophyllum iodocarpum Abutilon sp. (3) 

Abutilon sp. (5) 
POLYGALACEAE Gossypium australe 

Polygala sp. Gossypium robinsonii 
Gossypium sturtianum 

EUPHORBIACEAE Hibiscus burtonii 
Adriana tomentosa Hibiscus ?coatesii 
Euphorbia ?atoto Hibiscus sturtii 
Euphorbia australis Hibiscus aff. sturtii 
Euphorbia boophthona Hibiscus trionum var. vesicarius 
Euphorbia coghlanii Hibiscus sp. 
Euphorbia hirta Hibiscus sp. 

*Euphorbia  peplus Malvastrum americanum 
Euphorbia sp. Sida aff. calyxhymenia 
Euphorbia sp. Sida aff. clementii 
Euphorbia sp. Sida echinocarpa 
Euphorbia sp. Sida fibulifera 
Euphorbia sp. (1) Sida aff. fibulifera (1) 
Euphorbia sp. (2) Sida aff. fibulifera (2) 
Leptopus decaisnei Sida filiformis 
Phyllanthus lacunellus Sida aff. filiformis 
Phyllanthus maderaspatensis Sida platycalyx 
Phyllanthus sp. (1) Sida rohlenae 

Sida ?virgata 
CELASTRACEAE Sida sp. (14) 

Maytenus ?cunninghamii 
STERCULIACEAE 

STACKHOUSIACEAE Brachychiton acuminatu s 
Stackhousia aff. intermedia Brachychiton australe 
Stackhousia muricata Brachychiton gregorii 

Keraudrenia integrifolia 
SAPINDACEAE Keraudrenia nephrosperma 

Atalaya hemiglauca Meihania oblongifolia 
Diplopeltis stuartii Rulingia kempeana 
Dodonaea coriacea Waitheria indica 
Dodonaea lanceolata Waitheria 	virgata 
Dodonaea pachyneura 
Dodonaea viscosa spp. mucronata ELATINACEAE 

Bergia trimera 

* Denotes an introduced species. 
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VIOLACEAE 	 Polymeria sp. (2) 
Hybanthus aurantiacus 	 Porana commixta 

THYMELAEACEAE BORAGINACEAE 
Pimelea hoiroyd ii Heliotropium bacciferum 

Heliotropium heteranthum 
MYRTACEAE Heliotropium ovalifolium 

Calytrix carinata Heloptropium tenuifolium 
Eucalyptus camaldulensis Heliotropium sp. (1) 
Eucalyptus coolabah var. rhodaclada Trichodesma zeylanicum 
Eucalyptus aff. coolabah 
Eucalyptus deserticola VERBENACEAE 
Eucalyptus ferriticola Clerodendrum lanceolatum 
Eucalyptus gamophylla 
Eucalyptus hamersleyana CHLOANTHACEAE 
Eucalyptus leucophloia Spartotharnnella teucri i flora 
Eucalyptus patellaris 
Eucalyptus socialis LAMIACEAE 
Eucalyptus striaticalyx Prostan thera striatiflora 
Eucalyptus trivalvis 
Melaleuca bracteata SOLANACEAE 
Melaleuca eleuterostachya Datura 	leichhard tii 
Melaleuca glomerata Nicotiana benthamiana 

Nicotiana occidentalis 
HALORAGACEAE Nicotiana sp. 

Haloragis gossei Solanum aff. ferocissirnum 
Solanum horridum 

ARALIACEAE Solanum lasiophyllum 
Astrotricha hamptonii *Solanum  nigrum 

Solanum phlomoides 
APIACEAE Solanum sturtianum 

Trachymene didiscoides Solanum sp. (1) 
Trachymene oleracea 

SCROPHIJLARIACEAE 
PLUMBAGINACEAE Glossostigma ?diandrum 

Plumbago zeylanica Mimulus gracilis 
Stemodia grossa 

OLEACEAE Stemodia kingii 
Jasminum didymum ssp. lineare 

BIGNON!ACEAE 
GENTIANACEAE Pandorea doratoxylon 

*Centaurium  spicatum 
PEDALIACEAE 

ASCLEPIADACEAE Josephinia ?imperatricis 
Cynanchum floribundum 
Cynanchum sp. (1) ACANTHACEAE 
Rhyncharrhena linearis Dicladan thera forrestii 
Sarcostemma australe Dicladanthera glabra 

Dipteracanthus corynothecus 
CONVOLVULACEAE Ros tellularia adscendens 

Convolvulus erubescens var. pogonanthera 
Convolvulus ?remotus 
Evolvulus alsinoides MYOPORACEAE 
Ipomoea lonchophylla Eremophila aff. compacta 
Ipomoea muelleri Eremophila cunci folia 
Operculina aequisepala Eremophila aff. clderi 
Polymeria sp. (1) Eremophila fraseri 

* Denotes an introduced species. 
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MYOPORACEAE (Continued) Calocephalus sp. (aromatic) 
Eremophila aff. freclingii Calotis hispidula 
Eremophila lanceolata (ms) Calotis multicaulis 
Eremophila latrobei Centipeda cunninghamii 
Eremophila a If. leucophylla Centipeda minima 
Eremophila longifolia Flaveria australasica 
Eremophila magnifica ssp. magnifica Flaveria sp. (1) 
Eremophila magnifica ssp. velutina Helichrysum gilesii 
Eremophila oppositifolia Helipterum charsleyae 
Eremophila pachomeri Helipterum floribundum 
Eremophila petrophila Helipterum margarethae 
Eremophila sp. (1) Olearia xerophila 

Pluchea rubelliflora 
RUBIACEAE *Pseudognaphalium lutco-athum 

Canthium attenuatum Pterocaulon sphacelatum 
Canthium lati folium Ru tidosis helichrysoides 
Canthium lineare Senecio magnificus 
Oldenlandia crouchiana *sigesbeckia  orientalis 
Spermacoce brachystema Streptoglossa decurrens 
Synaptantha tillaeacea Vittadinia 	arida 

Vittadinia sp. (1) 
CUCURBITACEAE Vittadinia sp. (2) 

Cucumis melo ssp. agrestis Wedelia sp. 
Mukia maderaspatana 
Curcurbitaceae sp. 

CAMPANULACEAE 
Wahienbergia tumidifructa 

LOBELIACEAE 
Lobelia sp. 

GOODENIACEAE 
Brunonia australis 
Dampiera candicans 
Goodenia cusackiana 
Goodenia heterochila 
Goodenia ?maideniana 
Goodenia microptera 
Goodenia muelleriana 
Goodenia prostrata 
Goodenia scaevolina ssp. stobbsiana 
Goodenia triodiophila 
Goodenia vilmoriniac 
Goodenia sp. (1) 
Goodenia sp. (2) 
Scaevola acacioides 
Scaevola amblyanthera 
Scaevola browniana 
Scaevola parvifolia ssp. pilbarae 
Scaevola spinescens 
Veilcia discophora 

ASTERACEAE 
Bidens bipinnata 

Brachycome iberidifolia 
Calocephalus knappii 

* Denotes an introduced species. 
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Appendix Seven 

VEGETATION MAPPING FOR THE 
RAILWAY CORRIDOR 
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LEGEND FOR APPENDIX 7 
Mapping Plant community description 

code 

Broad drainage areas and basins 

la Woodland of Acacia aneura 

lb Open Herbfiefd of mixed Poaceae spp. 

lc Hummock Grassland of Plectrachne melvillei 

id Hummock Grassland of Plectrachne melvlllei - Triodia pungens 

Major flow-lines and creeks 

2a Woodland of Acacia aneura 	Acacia pruinocarpa 

2b Woodland of Eucalyptus pate//arts 	Acacia aneura 

2c Woodland of Eucalyptus patellans 	Acacia aneura 	Acacia cit rinoviridis 

2d Woodland of Eucalyptus camaldulensis 

2e Woodland of Eucalyptus coolabah 

Minor creeks 

3a Low Shrubland of mixed Acacia species 

3b Low Woodland of mixedmallee species, Eucalyptus trivalvis - Eucalyptus striaticalyx and 
Eucalyptus socialis 

Flats 

4a 

4b 

4c 

4d 

4e 

4f 

4g 

Woodland of Acacia aneura - Acacia pruinocarpa 

Low Shrubland of Acacia farnesiana - Acacia victoriae 

Open Herbfield of mixed Poaceae spp., with occasional Acacia aneura 

Low Woodland of Acacia xiphophylla 

Hummock Grassland of Triodia wiseana - Triodia pungens 

Hummock Grassland of Triodia wiseana, Triodia basedowii and Triodia angusta 

Hummock Grassland of Triodia angusta and Triodia longiceps 

6WERK 
L 
Ridges, erosional spurs, Banded Iron Formation 

a Hummock Grassland of Triodia brizoides - Triodia wiseana with emergent Acacia spp. and Eucalyptus 
feucophloia 

5b Hummock Grassland of Triodia wiseana with occasional Triodia brizoides and Triodia basedowli with 
emergent Acacia spp. and Eucalyptus leucophloia 

5c Hummock Grassland of Triodia basedowil with occasional Triodia wiseana with emergent Acacia spp. and 
Eucalyptus leucophloia 
Hummock Grassland of Triodia basedowil with occasional Triodia wiseana with emergent Eucalyptus 
gamophylla and Acacia spp. 

:I;•:,i 5e Mixed communities from Woodlands of Acacia aneura to Open Herbtields of Eriachne mucronata on 
• 1!  breakway cliffs and scree slopes 

5f Low Woodland to Woodland of Acacia aneura on rocky tedges and cliffs 

5g Hummock Grassland of Triodia wiseana to Low Woodland of Eucalyptus gamophylla 

Sh Hummock Grassland of Triodia wiseana with emergent shrubs of mixed Acacia spp. 

5i Hummock Grassland of Triodia pungens with emergent Eucalyptus leucophloia and Acacia spp. 

Low foothills and escarpment 

- 	 6a 	Hummock Grassland of mixed Triodia spp. 

6b 	Low Woodland to Woodland of Acacia aneura and Other Acacia spp. 

6c 	Low Woodland to Woodland of Acacia aneura on breakways 
Low Woodland of mixed mallee species - Eucalyptus trivalvis - Eucalyptus socialis with pockets of Triodia 

6d 	wiseana 
Low Woodland of mixed mallee species - Eucalyptus trivalvis - Eucalyptus socialis with pockets of Triodia 

I I 	6e 	angusta and Triodia longiceps 
Low Woodland of mixed mallee species - Eucalyptus trivalvis - Eucalyptus socialis with mixed Triodia spp. 
and Melaleuca eleuterostachya 

Vol can ics 

- 	7a 	Low Woodland of Acacia aneura 

7b 	Hummock Grassland of Triodia wiseana 

7c 	Low Shrubland of mixed Acacia spp., including Acacia maltlandil 

7d 	Low Woodland of Acacia aneura on breakways 
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Appendix Eight 

LIST OF GROUPS AND 
INDIVIDUALS DIRECTLY INVITED 
TO SOCIAL IMPACT WORKSHOPS 

GROUPS AND INDIVIDUALS INITIALLY CONSULTED 
IN PLANNING PUBLIC PARTICIPATION 

Paraburdoo 

Representative managers, staff and wages employees from Hamersicy Iron 
Mr Nigel Wirtlehock, Convenor, MUA 
Ms Kerin Faulkner, Karringal Centre 
Ms Fiona Courtney, Youth Centre 
Mr Bryan Faulkner, Manager, Ansett 
Councillor Foote (Shire of Ashburton, and surveyor) 

Tom Price 

Representative managers, staff and wages employees from Hamersley Iron 

Note: MUA representatives were out of town at a meeting and a preliminary consultation was 
undertaken by telephone. 

Mr Ellis Robbins, President, Shire of Ashburton 
Mrs Kaye Robbins, President, Tom Price Chamber of Commerce 
Mrs Pat Hosking, Editor/Owner, Mynah News" and Mr Peter Hosking 
Mr Chris Aberle, Postmaster and Mrs Kathleen Aberle 
Mr Ray Phillips, Telecom and Mrs Va! Phillips 
Mr Don Willis, Sergeant in Charge, Tom Price Police Station and Mrs Willis 
Mr Steven Breen, Principal, Tom Price North Primary School 
Mr Craig Albury 
Ms Terese Smith, Ms Jane Haynes and Ms Liz ONeill, Community Services 
Ms Diane Neaves, Short Course Co-ordinator, Ashburton Campus and President, Nimtirri 
Centre 

Mr Brian Lumpkey, Acting Manager, Westpac 
Mr Laury Vickery, Shire of Ashburton 
Ms Sue Chard, Shire Ranger 
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Dampier. Karratha and Port Hedland 

Representative managers, staff and wages employees from Hamersley Iron 

Mr Jeff Cunningham, Director, Karratha College 
Mr Steve Vellacott, EPA 
Mr Mark Hainsworth, Department of State Development 
Mr David Pires, Centre Manager, Karratha Shopping Centre 
Mr Hugh Petterson, Nickol Bay Naturalist Club 
Representatives of the Shire of Roebourne 
Representatives of the business community in Karratha 

Newman 

Pilbara Regional Development Committee 

Perth 

Dr Phil Jennings, Conservation Council of Western Australia (Inc.) 
Mr Neil Blake, Australian Conservation Foundation 
Mr Graham Rundle, National Parks and Reserves Association Inc. 
Mr Peter Robertson, The Wilderness Society of Western Australia Inc. 

Department of State Development 
Working Group of Department of State Development convened to consider Marandoo 
Social Impact Unit 
Trades and Labour Council 
Western Australian Tourism Commission 
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INVITEES TO MARANDOO WORKSHOPS, 12,13,26,27 & 28 AUGUST 
PILBARA COMMUNITY GROUPS/BUSINESSES 

Able Plant Hire 
Active Community Environmentalists 
Advanced Food Systems International 
Agip Australia 
Ampol Karratha 
Anne's Fabrics and Curtains 
Ansett Airfreight Karratha 
ANZ Bank, Karratha 
Apex Club Karratha 
Archie Martin Vox 
Arts Council of Port Hedland 
Atkins Carlyle 
Atlas Copco Pty Ltd 
Atom Supply 
ATSIC Regional Councillors 
AUSLEC 
Australasian Order of Old Bastards 
Avis Karratha 
Balmoral Road Caravan Park 
Bell Tyres Pty Ltd 
Berner Kong Engineering Services 
Boral Cyclone 
BP Karratha 
Bristow Helicopters 
Bunnings Building Supplies 
Chamber of Commerce 
Coates Hire Service 
Commonwealth Bank, Karratha 
Commonwealth Industrial Gases Ltd 
Community Care Council of West Pilbara 
Community Aid Abroad 
Confined Corrosion Control 
Country Women's Association 
Dalgety Shipping 
Dampier Community Association 
Dampier Sports Club 
Dampier Tourism 
Dampier Youth Group 
Dave's Gorge Adventure Tours 
Decmil Australia Pty Ltd 
Design-a-Tour 
Dulux Australia 
E P T Fochi 
Farinosi and Sons 
Farmers Shopping Centre 
Flick and Co Pty Ltd 
Frame Services 
Friends of the Park 
Garland & Co Electrical 
Gibson Chemicals Limited 
Goodabinya Community Inc. 
Gwen Ellery Women's Centre 
Hedland Multicultural Assoc. 
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Hermann's Refrigeration 
Honeywell Limited 
Hood International 
Impay Pty Ltd 
leramugadu Inc. 
Innovative Employment Inc. 
Institution of Engineers 
Jet Express Travel (Karratha) 
Jet Express Travel (Dampier) 
Jones & Paull Plumbing Co 
JP's Trim Shop 
K Marine 
Karratha Glass Service 
Karratha Bitumen Contractors 
Karratha Flying Services 
Karratha Dampier Inter-Church Council 
Karratha Brake & CLutch 
Karratha Blended Soils & Landscape 
Karratha Caravan Park 
Karratha Retra Vision 
Karratha Engineering Services 
Karratha Building Co 
Karratha Day Care Centre 
Karratha Football and Sporting Club 
Karratha Real Estate 
Karratha Recreation and Sporting Club 
Karratha Neighbourhood Centre 
Karratha International Hotel 
Karratha Guardian 
Karratha Flying Services 
Kevin Nuttall Diving & Associates 
Keyspot Services 
Kim's Carpets 
King Bay Holiday Village 
King Bay Contractors 
Lions Club Dampier 
Lions Club Karratha 
Lions of South Hedland 
Local Environment Affinity Force 
Lyons & Peirce 
Masonic Lodge 
Mermaid Marine Australia 
Mermaid Hotel 
Motor City 
Mugarinya Community 
Ngurin Resources Centre 
Nickol Bay Signs 
Nickol Bay Professional Fisherman's Club 
Nickol Bay Naturalist Club 
Noble & Son (WA) Pty Ltd 
North West Telegraph 
North West Women's Association 
North West Tourist Centre 
Ockerby Real Estate 
Parrys Frozen Foods & Dry Goods 
Pilbara Aboriginal and Islander Womens Taskforce 
Pilbara Plant Hire 
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Pilbara Tree Services 
Pilbara Office Services 
Pilbara Regional Travel Association 
Pioneer Concrete (WA) Pty Ltd 
Port Hedland Tourist Bureau 
Pipunya Inc. 
Pro Graphics 
Pun tukurnuparna 
Q Tech North West 
Quality Inn Karratha 
R & I Bank, Karratha 
R & I Bank, Port Hedland 
Radio 6KA 
Roebourne Recreation Council 
Rotary Club of Karratha 
Rotary Club of Port Hedland 
Rural and Industries Bank 
Service Painting 
SGIO 
Slee & Stockden Pty Ltd 
Snappy Gum Safaris 
Soroptimist International 
Super K-Mart 
T & J Pears - Building & Sub Con 
Taubmans Pty Ltd 
The Readymix Group 
Tourist Bureau 
Tubemakers 
United Credit Union Limited 
Uniting Church Frontier Services 
Wangka Maya 
Welcome Centre 
West Pilbara Travel 
Westcoast Helicopters Pty Ltd 
Western Radiators 
Westpac Bank 
Women's Community Involvement Group 
Yaandina Association 

Principals/staff of schools and colleges 

Representatives from State and Commonwealth Government Departments 

Shire Councillors and staff from Shires of Roebourne and Port Hedland 
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INVITEES TO MARANDOO WORKSHOP, SEPTEMBER 21991 
PERTH BUSINESSES 

AAM Surveys Pty Limited 
ABB Transformers 
Abacus Office Equipment 
Abbots Radiator and AirConditioning 
Abonnel Precision Equipment 
Abrasive Industrial Distributors 
AGC Industrial Ltd 
Airefrig Supplies 
Aldetec Pty Ltd 
Allied Colloids (Aust.) 
ANI Ruwolt 
Ansell 
Applied Chemicals 
Asea Brown Boveri Industrial 
Ashdown Enterprises Wholesale 
Atkins Carlyle 
Air Drill 
Ajax Chemicals 
Allis Mineral Systems Aust. 
Allwest Engineering Services 
ANI Products Division 
Apex Belting 
Applied Micro Systems (WA) 
Associated World Bearings 
Atlas Copco 
AUSLEC 
Australia Koyo 
Australia Pacific Airconditioning 
Australian Institute of Management 
Australian Timken 
Austrak Pty Limited 
Automotive Instrument Services 
AV Truck Services Pty Ltd 
Balfour Beatty Construction Pty Ltd 
Barclay Mowlem Construction (WA) 
B & S General Printing Co 
Beaurepaires 
Bell Tyres 
Bellway Pty Ltd 
Beltreco Ltd 
BEP Engineering Products 
Berkeley Challenge Property Services 
BHB Engineers Pty Ltd 
Big Rock Toyota 
Blackwood Hodge (Australia) 
Bradken Equipment & Spares 
Brad ken Perth 
Brambles International Freight 
Bridgestone Australia 
Bridgestone Earthmover Tyres 
Brown & Dureau 
BTR Industrial Products 
Buckingham Pewter 
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Bucyrus (Australia) 
Bullivants 
Bunnings Forest Products 
Bunnings Building Supplies 
Bunzl International 
Business Resources Pty Ltd 
CJ Young & Co 
Cadillac Plastics (WA) 
Calcott & Downey WA 
Ciba-Geigy Aust. 
Cigweld 
Clyde Carruthers 
Clyde-Apax 
Comfortwear Footwear 
Commonwealth Industrial Gases 
Compair Australasia 
Compressed Air & Packaging 
Consolidated Bearing Co. 
Coventrys 
Crespo Martin Pty Ltd 
Crusher Services 
Cummins Australia 
Datamine Australia 
David Brown Gear Industries 
Dayco Australia 
Detroit Engine & Turbine 
Donhad Forgings 
Dulux Australia 
Duncan Motor Co. 
Dunlop Industrial Sales 
Dunlop Industrial Products 
E D Oates 
Eye Lighting Industries 
Fenner Westate 
Filter Supplies WA 
Flender Australia 
Fusco Cameron & Fusco 
Garlock 
GEC Industrial Products 
GEC Electrical Wholesale 
Gilbert Lodge & Company 
GNB Australia 
Goodyear Earthmover Tyres 
Goyen Controls Company 
Harnischfeger of Australia 
Hawker Noyes Equipment 
Hawthorn Press 
Hi-Mat 
Huck Australia 
Hunter Screen Products (WA) 
Hypac Incorporated 
Industrial Protective Products 
J S Sadique 
J Blackwood & Son 
Johnson & Johnson Australia 
Kenlow 
King Gee Clothing Co 
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Lawrence & Hanson 
Ledger Engineering 
Linatex Australia 
Lincoln Electric Company 
Ludowici & Son 
Metool Products 
Minesite Spares 
MM Cables 
Morganite Carbon 
Motorola Electronics Aust. 
MSA (Australia) 
Mulford Plastics 
Noble & Son (WA) 
Nylex Corporation 
0 & K Australia 
Panos 
Pilkington Windscreens 
Pipeline Supplies of Australia 
Protector Safety 
Reg A Bell 
Respond Australia 
Rheem Australia 
Rim tec 
Sandovers Eagle & Globe 
Sands & McDougall Office Products 
Sandvik Australia 
Selby Anax 
Shell Company of Australia 
Siemens 
Sigma Chemicals 
SKF Western Australia 
SlingRig - Division of Slings 
SMC Pneumatics (WA) 
Sussex Industries 
Sweetman & Co 
Taubmans 
Thompsons Kelly & Lewis 
Toyo Tyres (WA) 
Tube-Fit Turner 
Tubemakers of Australia 
Tulk 
Tutts 
Union Steel Company 
Unit Rig (Australia) 
Warman International 
Webforge (WA) 
Westinghouse Brake & Signal 
Westrac Equipment 
Windsor Wiper Sales 
Young Toyota 

Government departments 
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INVITEES TO MARAN000 WORKSHOP, 3 SEPTEMBER, 1991 

PERTH TOURISM/RECREATION/CONSERVATION GROUPS 

Action Outdoors 
All Terrain Safaris 
Amesz Tours 
Australian Conservation Foundation South Coast Branch 
Australian Conservation Foundation Western Branch 
Australian Conservation Foundation Bunbury Branch 
Australian Pacific Tours 
Australian Trust for Conservation Volunteers (WA) 
Australian Association for Environmental Education Inc. 
Bushwalkers of Western Australia 
Campaign to Save Native Forests 
Coates Wildlife Tours 
Conservation Council of Western Australia (Inc.) 
Conservation Farming Society 
Cousteau Society 
Cross Country Safaris 
Curtin Environment Studies Group 
Feature Tours 
Footprints Expeditions 
Fremantle Environment Centre 
Friends of the Earth (Perth) 

p, 	
Greenforce 
Greenhouse Corps 
Greenpeace 
Greenteach 
Murdoch University Wildlife Association 
National Park Rangers Association 
Nationwide Food Service Group 
Northwest Tourist Office 
Outward Bound 
Pathfinder Tours 
People for Conservation UWA 
Perth Bushwalkers Club (Inc.) 
Pinnacle Tours 
Royal Australasiari Ornithologists Union WA Group 
Safaritrek 
Statewide Network of Action Group 
The Geographic Society of Western Australia Inc. 
The Wilderness Society of Western Australia Inc. 
The Tree Society 
WA Tourist Centre 
WA National Parks & Reserves Association Inc. 
Western Australian Naturalists Club 
Western Walking Club (Inc.) 
Wildflower Society of Western Australia (Inc.) 
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INVITEES TO MARANDOO WORKSHOP, SEPTEMBER 4, 1991 
MEMBERS OF GENERAL PUBLIC OF PERTH 

The following letter was sent to approximately 250 members of the general public of Perth, 
using a random selection method. 

Dear 

AN INVITATION TO COMMENT ON MARANDOO 

This is an invitation to you to participate in a workshop to discuss the issues associated with 
the proposed Hamersley Iron mining developments at Marandoo, in the Pilbara. The 
workshop will be held in Hamersley House, 191 St George's Terrace, Perth on Wednesday 4 
September from 7.00 - 9.00 p.m. 

An Environmental Review and Management Programme (ERMP) on this proposal is being 
prepared for review by the Environmental Protection Authority (EPA). Hamersley Iron has 
engaged our company to conduct a Social Impact study as part of this environmental 
assessment, and the workshop is part of this study. 

It is important that all Western Australians have the opportunity to express their views on 
the proposed developments. Accordingly, community workshops and discussions are being 
held in relevant locations such as Paraburdoo, Tom Price, Onslow, Karratha, Dampier, Port 
Hedland and Perth. The workshops provide background information and the opportunity to 
discuss issues such as the economic and social impacts the proposed development will have on 
the community of Western Australia if it goes ahead, the social and economic impacts if it 
does not go ahead, and the project's potential impacts on tourism, recreation and conservation 
in the Hamersley Range National Park. 

Workshops have been arranged in Perth for people who belong to conservation, tourism and 
recreation groups and for representatives from the companies who do substantial business 
with Hamersley Iron. We are also keen to gain the opinions of the 'general public' and you 
have been randomly selected as part of a representative group of the Perth community to help 
us understand the community's views. 

We look forward to your assistance in making these workshops a success. No special 
knowledge or background on your part is needed - just an interest in sharing your views on an 
important issue in our community. 

Please phone me if you have any questions at all. It will assist us in our planning if you could 
complete the slip below and return it in the reply-paid envelope provided. 

Yours sincerely 

Lqy 
ENVIpor. r. 	AUTHORITY 

38 MOUN$ bAY FOA J  PERTH 
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