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YANDICOOGINA (MARILLANA) PROJECT
PUBLIC ENVIRONMENTAL REPORT

The Environmental Protection Authority (EPA) invites people to make a
submission on this proposal.
The Public Environmental Report (PER) for the proposed iron ore mine at
Yandicoogina (Marillana) has been prepared by the Proponent, BHP-Utah
International (Iron-Ore) in accordance with Western Australian Government
procedures. The report will be available for comment for 8 weeks, beginning on
11 November 1987, and finishing on 6 January 1988.
Comments from government agencies and from the public will assist the EPA to
prepare an Assessment Report in which it will make a recommendation to
Government.
Following receipt of comments from government agencies and the public, the EPA
will discuss the issues raised with the proponent, and may ask for further
information. The EPA will then prepare its assessment report with
recommendations to Government, taking into account issues raised in the public
submissions.
WHY WRITE A SUBMISSION?
A submission is a •way to provide information, express your opinion and put
forward your suggested course of action, including any alternative approach. It is
useful if you indicate any suggestions you have to improve the proposal.
All submissions received will be acknowledged.
DEVELOPING A SUBMISSION
You may agree or disagree, or comment on, the general issues discussed in the
PER or with specific proposals. It helps if you give reasons for your conclusions,
supported by relevant data. You may make an important contribution by
suggesting ways to make the proposal environmentally more acceptable.
When making comments on specific proposals in the PER:
clearly state your point of view,
indicate the source of your information or argument if this is applicable,
and
suggest recommendations, safeguards or alternatives.

POINTS TO KEEP IN MIND
By keeping the following points in mind, you will make it easier for your
submission to be analysed.
Attempt to list points so that the issues raised are clear. A summary of your
submission is helpful. Refer each point to the appropriate section or chapter in
the PER. If you discuss sections of the PER, keep them distinct and separate, so
there is no confusion as to which section you are considering.
Attach any factual information you wish to provide and give details of the
source. Make sure your information is accurate.
Please indicate whether your submission can be quoted, in part or in full, by the
EPA in its Assessment Report.
REMEMBER TO INCLUDE:
Your name, address, date.
The closing date for submission is 6 January 1988.
Submissions should be addressed to:
The Chairman
Environmental Protection Authority
I Mount Street
PERTH WA 6000
Attention: Mr D Koontz

1

3 MiT

YANDICOOGINA (MARILLANA) PROJECT

PUBLIC ENVIRONMENTAL REPORT

Prepared by

BHP - UTAH MENERALS INTERNATIONAL (IRON ORE)

TABLE OF CONTENTS
PAGE NO.
SUMMARY

(I)

1.0

1

INTRODUCTION
1.1
1.2
1.3
1.4

1.5
2.0

PROJECT DESCRIPTION
2.1
2.2
2.3
2.4

3.0

3.5
3.6
3.7
3.8
3.9
3.10

CONSTRUCTION PHASE IMPACTS
OPERATIONAL PHASE IMPACTS
POST MINING PHASE IMPACTS
SUMMARY

ENVIRONMENTAL MONITORING AND MANAGEMENT
PROGRAMME

5.1
5.2
5.3
5.4
5.5
6.0

REGIONAL SETTING
GEOMORPHOLOGY AND SOILS
EROSION
GEOLOGY
CLIMATE
HYDROLOGY
VEGETATION
FAUNA
ABORIGINAL HERITAGE
SOCIAL ENVIRONMENT

ENVIRONMENTAL IMPACT ASSESSMENT
4.1
4.2
4.3
4.4

5.0

INTRODUCTION
CONSTRUCTION PHASE
OPERATIONAL PHASE
POST-MINING PHASE

THE EXISTING ENVIRONMENT
3.1
3.2
3.3
3.4

4.0

LOCATION
PROJECT BACKGROUND
THE PROPONENT
SCOPE OF THE PROJECT
BENEFITSOF THE PROJECT

INTRODUCTION
CONSTRUCTION PHASE MANAGEMENT
OPERATIONAL PHASE MANAGEMENT
POST MINING PHASE MANAGEMENT
SUMMARY

CONCLUSIONS

1
1
1
2
2
4
4
4
6
9
10
10
10
11
12
13
14
16
18
22
22
23
23
25
35
36
37
37
38
40
48
49
50

APPENDICES
EPA Guidelines for the Document
Bibliography
Abbreviations
Authorities and Organisations Consulted
FIGURES

Al
A4
A7
A8

LIST OF FIGURES

1.1

Map of the Pilbara Region

1.2

Location of Mining Tenement

1.3

Eastern and Central Orebodies Locality Plan

2.1

Detailed Minesite Layout

2.2

Schematic of Ore Handling at Minesite and Port

2.3

Location of Overburden Stockpile and Dump

3.1

Terrain Evaluation Map

3.2

Eastern Orebody Geological Cross Section

3.3

Project Area Surface Water Catchments

3.4

Flood Contours for 50 Year and 100 Year Return Period Flows

3.5

Vegetation Communities

4.1

Impact Checklist Matrix

LIST OF TABLES

Table 2.1

Likely Dewatering Requirements

Table 3.1

Soil Erosion Potential

Table 4.1

Summary of Potential Impacts and their Significance

Table 5.1

Summary of Proposed Monitoring and Management Programmes

NO

0-

M.-O

(i)
SUMMARY
The Proponent, BHP-Utah Minerals International (Iron Ore) wishes to develop a
new mining area at Yandicoogina (Marillana) in the Pilbara region of Western
Australia.
The deposit, which contains the Eastern Mesa 2 and Central Mesa S Orebodies,
comprises pisolitic iron ore of excellent metallurgical properties in large
tonnages, comparable to existing and proposed mining areas of the Region. The
orebodies have a low waste to ore stripping ratio when compared to most Pilbara
iron ore operations.
The proposed initial production rate for the mine is about two million tonnes per
annum (Mtpa). Production may increase above this level at some future time.
The major requirements of the Project are the mine and infrastructure
development and construction of an ore transport rail spur to the existing
Newman-Port Hedland railroad. Initially, mining will be undertaken by contractor
workforce, with proposed Proponent involvement should the production rate
increase. The existing ore handling facilities at Port Hedland will be used for
stockpiling and ship loading.
Environmental surveys undertaken and assessed in this document indicate that:
The physical environment is similar to many areas elsewhere within the
Pilbara Region.
The biology, in terms of flora and vertebrate fauna, is diverse, but is well
represented in other parts of the Hamersley Range and the adjacent
Fortescue Plain. No known rare or endangered species will be adversely
affected by the Project.
The area has already been modified by pastoral land use.
The relatively small scale of the mining operation, in conjunction with a
contractor or commuter workforce restricts the potential for significant
environmental impacts.
Adverse environmental impacts that may potentially occur from the Project
would result from the change in land use from pastoral to mining. The main
impacts are listed as:
Changes to the local physical environment due to pit construction, mine
overburden dumps and hydrological management.
Changes to the biological environment as a result of physical modifications
and by the increased activities of the larger population in the area.

Changes to the local and regional socio-economic environment due to the
increase in population.
Programmes for waste disposal, stabilisation and management have been defined
to minimise dust generation and the erosion potential of the waste dumps.
Modification to the local hydrological regime will occur during mining due to the
mine dewatering operations. This modification will be localised to the vicinity of
the mine and will not impact significantly on regional water quality or regional
discharge volumes. Water management programmes have been defined to
minimise dewatering impacts on the riverine biology in the vicinity of the
operations.
The workforce accommodation site has been located so that it is remote from the
mining area, associated infrastructure, and any future mining operations. The
Proponent has examined the option of a contractor workforce changing to a
commuter workforce from Perth on a fly in - fly out basis.
The long-term environmental impacts of the Project following decommissioning
have been addressed. A review of various options indicates that programmes can
be implemented to minimise unacceptable long-term effects.
The identification of major impacts of the Project has enabled the construction of
comprehensive monitoring and management programmes to minimise adverse
effects. Following environmental approval of the Project, development of the
operation will be undertaken in a manner consistent with the highest standards of
environmental management and protection.
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-11.0 INTRODUCTION
1.1

LOCATION

The Yandicoogina (Marillana) Iron Ore Deposit of the Broken Hill Proprietary Co
Ltd (BHP) is located in the Hamersley Range, some 280 km south of Port Hedland
in the Pilbara Region of Western Australia (Figure 1.1). The nearest town is
Newman, approximately 90 km to the south-east. The Newman-Port Hedland
railroad passes the Project area approximately 24 km to the north-east.
1.2

PROJECT BACKGROUND

In 1963, BHP applied for, and was granted, an Iron Ore Temporary Reserve (TR
2351H) in the area. In 1964 this Reserve was included in the Iron Ore (Broken Hill
Proprietary Co Ltd) Agreement Act 1964 of Western Australia. The TR was
renumbered as TR 3359H, and is currently held by the Minister for Minerals and
Energy on behalf of BHP until the year 2014 (Figure 1.2).
Initial exploration, which commenced in 1971, gave encouraging geological
results. Following a detailed exploration programme over the period 1979 - 1986,
probable ore reserves in the Eastern and Central Orebodies were estimated to be
about 320 million tonnes (Mt). Iron ore grades are relatively uniform at about
58% iron (Fe) with low levels of impurities. The proposed mine at Yandicoogina
(Marillana) is based upon reserves in Eastern Mesa 2 and Central Mesa 5 (Figure
1.3).
In January 1986, BHP Minerals commissioned BHP Engineering to undertake a
Pre-development Study of the proposed Yandicoogina (Marillana) Project. The
results of the Pre-development Study prompted the undertaking of two further
projects:
The excavation of a 200,000 t bulk sample during early 1987 to test the
market acceptance of the ore. The bulk sample was obtained from Eastern
Mesa 2 under Exploration Licence 47/294.
An examination of the environmental consequences of the proposed
Yandicoogina (Marillana) Project. The EPA Guidelines for this Public
Environment Review Document are reproduced in the Appendices.
1.3

THE PROPONENT

The Proponent for the Project is BHP-Utah Minerals International (Iron Ore).
The Proponent has a long history of iron ore mining in the Pilbara through BHP's
management company Mt Newman Mining Co Pty Ltd (MNM), which commenced
mining operations at Mt Whaleback in 1969. MNM manages an integrated iron ore
mining operation comprising mining and initial crushing at Newman, railing over a
426 km heavy duty standard gauge track, and final ore crushing, screening and
shiploading at Port Hedland.

-21.4

SCOPE OF THE PROJECT

The Project involves the mining of pisolitic iron ore deposits located in the
Yandicoogina (Marillana) area of the Pilbara Region of Western Australia.
The major components of the mining operation are similar to those of other
existing iron ore mines in the Pilbara Region, and are listed as:
Site preparation to enable ore extraction. This will include orebody
dewatering, overburden removal and stockpiling, development of the mine
and construction of surface water control and drainage structures.
Construction and operation of facilities to extract, crush and load ore for
rail transport. The Deposits will be mined at a rate of about 2.0 million
tonnes per annum (Mtpa) using conventional open pit, bench mining
methods. The ore mining rate may increase to 5.0 Mtpa or more at a later
time subject to market conditions.
Construction of a rail spur from the minesite ore loading area to the
existing Newman-Port Hedland railroad.
Construction of accommodation facilities and associated infrastructure for
the workforce and provision of services to the mining operation. Initially,
the operation will be carried Out by contractor.
Construction of airstrip facilities.
Road construction around the minesite, community and airstrip area, and
the upgrading of access to the Wittenoom-Meekatharra Road.
The locations of the minesite, accommodation site, transport corridors, rail spur
and airstrip are shown in Figure 1.2.
Due to the low production rates, negligible upgrading of the existing facilities at
Port Hedland will be required.
1.5

BENEFITS OF THE PROJECT
1.5.1

National and State Benefits

1.5.1.1

Public Sector

The development of an iron ore mine at Yandicoogina (Marillana) will
have a positive impact on the cash flow of the Public Sector. Some
23% of revenue flows directly to the Public Sector in the form of
payments for services or via a range of taxation and royalty measures.
Increased income will flow to the Federal Government in the form of
tax revenue, both as personal income tax and as corporate tax. The
State Government will receive additional revenue in the form of
royalties, payroll tax and port charges.

-31.5.1.2

Private Sector

Up to 40% of each dollar earned from the Yandicoogina (Marillana)
Project will be spent on goods and services from the Private Sector.
Throughout the operational phase of the Project, continued demand
will exist for the provision of goods and services. Additionally, it is
anticipated that during the construction phase, the major proportion of
capital expenditure will be spent on goods and services originating in
Australia.
Employment will be generated both directly and indirectly by the
Project. A peak construction workforce of approximately 200 people
will stimulate the engineering and construction sectors of the
economy. The operational workforce of 130, when coupled with the
anticipated service employment generated, will result in a net gain of
some 350 jobs. Studies generally indicate that employment in all skill
categories except rural employment increases as a result of iron ore
expansion.
1.5.2

Regional Benefits

1.5.2.1

Public Sector

Mineral and resource—based industry provides a valuable source of
infrastructure in remote areas. Without mining development, much of
Australia's interior and north would remain isolated and unproductive.
1.5.2.2

Private Sector

There will be significant benefits to the Private Sector as a result of
the proposed Project, particularly in the areas of employment and
commercial activity. These benefits will be mainly associated with
the service industries that presently operate in Newman and those that
will be established at Yandicoogina (Marillana).
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PROJECT DESCRIPTION

2.1

INTRODUCTION

The Project is described in three phases, namely:
The Construction Phase. This phase includes minesite, accommodation site
and infrastructure construction prior to the commencement of mining.
The Operational Phase. This phase involves works required for mining at a
production rate of about 2 Mtpa during the stage 1 development. An
increase in production could take place in the future.
The Post—mining Phase.
While detailed descriptions of the first two phases are given in this document, the
post—mining phase can only be described in general terms. A viable plan for
decommissioning has been determined as part of the Proponent's pre—development
studies. However, in view of the projected 20 year mine life, the plan will require
periodicreview and modification. Various alternatives for post—mining land use
will be considered in order to accommodate environmental requirements at that
time. The most likely permanent impacts have been assessed and a number of
potential management strategies are discussed in this document.
2.2

CONSTRUCTION PHASE
2.2.1

Minesite

Construction at the minesite will involve the preparation of the area to
allow mining production at the rate of between 1 - 3 Mtpa. Construction
activity will be significant prior to, and through, the first years of mining.
Construction activities at the minesite will include:
Bund walls to minimise surface flow into the active pit.
Crushing station and ore stockpile area.
Rail loading facilities.
Package power station.
Workshops, offices, etc.
Road access.
Rail spur to the Newman—Port Hedland railroad.
Dewatering borefields and discharge pipelines.
Water supply reticulation for the minesite.
Waste material management systems.
General operational buildings for mine personnel.
A probable arrangement of the minesite layout is given in Figure 2.1.
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2.2.2

Access

Access to the minesite will be by the existing unsealed access road from
the Wittenoom-Meekatharra Road via Marillana Station Homestead.
The development of the Project includes the construction of an Authorised
Landing Area (ALA) on Central Mesa 1, some 5 km west of the minesite.
Provision of an ALA capable of daylnight operations with a maximum take
off weight of 5,700 kg will allow commercial and commuter operations
between the Project site and other Regional centres.
2.2.3

Construction Workforce Accommodation

A temporary construction camp accommodating 200 minesite, rail spur and
community construction personnel will be built. It will be located in a
small valley some 3 km NNW of the minesite. The camp will be a
conventional transportable camp, fully air conditioned, with catering and
general recreational facilities. Water supply will be drawn from a bore
separate from the minesite and sewage treatment will be by package
sewage plant.
After completion of the construction phase, most of this camp will be
removed. The remainder will provide accommodation for the mining
contractor's personnel. Later, it will supplement accommodation facilities
for subsequent mining operations by the Proponent's personnel.
2.2.4

Mining Workforce Accommodation

The long term accommodation facilities for the commuter workforce will
be located 4 km north of the minesite, in a large valley shielded from the
mine by an east-west ridge to the south.
These facilities will be 'Argyle type' single men's quarters with canteen
and messing facilities. Recreational facilities will include a swimming
pool, playing field and tennis courts.
2.2.5

Potable Water SupDlv

Potable water supply will be drawn from an independent borefield upstream
of the mining operations. The supply is of high quality (<500 mg/I TDS) and
has the capability to provide more than the projected requirements. This
water supply will be used by both the construction workforce and the
mining workforce accommodation sites.

2.3

OPERATIONAL PHASE
2.3.1

Mining Plan

The BHP Yandicoogina (Marillana) Deposit is a pisolitic iron ore deposit of
Tertiary age infilling a mature, slightly assymetrical, meandering
palaeochannel with a mean centre thickness of 70 m and an average
surface width of 650 m. The geology of the Deposit is described in Section
3.4.
The variation of quality with depth means that for most of the life of the
mine, ore will have to be mined simultaneously from a number of levels.
The adopted mine plan has been developed to expose ore to full depth to
reach target grade early, and then to develop the mine along its length.
The Eastern Mesa 2 Orebody has a low waste to ore ratio by Pilbara
standards. Overburden is either unconsolidated alluvium or weathered
pisolite, some of which is considered to be rippable without blasting. The
overburden dumps are to be constructed close to the areas where the
material is excavated, and a combination of dozers, loaders and trucks will
handle the required annual tonnage. The overburden is above the water
table and the removal method is common to many mining operations.
The operating method proposed is to drill and blast the ore in benches
based on the following dimensions:
bench height
pit face slope (overburden)
pit face slope (ore)
minimum berm width

12 m
500
600
20 m

The ore will fracture well and no difficulties are envisaged in producing a
muck pile that can be handled by a rubber tyred front end loader. The use
of loaders and trucks in open pit mines is a conventional and well
established mining method. Figure 2.2 shows the ore handling procedures
for the operation.
2.3.2

Ore Handling

2.3.2.1

Minesite

Ore will be trucked from the mine pit to a semi—mobile crushing
plant. The haul roads will be routinely watered by water truck or
spray reticulation to minimise dust generation.
Following primary and secondary crushing, the ore will be stockpiled
(nominal live capacity of 20,000 tonnes) for subsequent conveyor
transport to the rail loadout. Dust generated in the crushing operation
will be minimised by the wet nature of the ore and by controlled water
sprays.

-72.3.2.2

Transport to Port Hedland

The transport of ore from the minesite to Port Hedland will utilise a
spur line extension from the MNM Newman—Port Hedland railroad to
the Deposit. The rail spur has been based on the use of 180 to 210 car
trains which will carry 16,200 to 18,900 tonnes of ore at 90 tonnes per
car. A continuous loading system has been selected allowing a
minimum loading rate of 3,000 tonnes/hr.
The distance from the departure point of the loop to the main line is
49 km. The rail spur follows the left bank of Marillana Creek until its
confluence with Weeli Wolli Creek. From this point the country opens
out and the route of the line is in a corridor 1.0 km to 2.0 km away
from the most westerly anabranch of the Weeli Wolli Creek until the
MNM mainline is reached. The route crosses a number of minor water
courses flowing into Marillana Creek which will be bridged by
culverts. One large tributary, Phils Creek, will require a bridge.
Beyond the confluence with Weeli Wolli Creek, there are no major
creeks crossed by the route, and all surface discharge can be
controlled by culverts. The design standards for the line are
consistent with MNM standards.
2.3.3

Waste Disposal

2.3.3.1

Overburden

Overburden to ore ratios are variable throughout the Deposit, but are
relatively low when compared to other iron ore mining operations in
the Pilbara. The total overburden on the Eastern Mesa 2 Orebody is
about 40 Mt although in the initial stage of mining, only about 3 Mt
will be removed. The overburden is comprised of organic topsoil,
alluvium, clay and weathered pisolite caprock.
Prior to pit enlargement, the vegetation will be graded and
windrowed. The topsoil will be removed and stockpiled for use in
rehabilitation and landscaping in areas around the minesite. Where
practicable, the revegetation of Construction dumps, pits and storage
areas will be undertaken using the stockpiled topsoil, to assist in the
establishment of vegetation.
The alluvium, clay and weathered pisolite will then be removed by
ripper and dozer and stockpiled. Initially, these materials will be used
for the construction of bund walls and as fill for borrow pits. All
waste stockpiles will be designed for long—term stability and will be
progressively revegetated as their status changes from stockpiles to
dumps.
As mining develops to expose the lowest bench of the mine pit,
weathered pisolite overburden will be dumped on the pit floor. This
will reduce the volume of above ground overburden dumps. Some of
this material may be suitable for blending with high grade ore,
reducing volumes to be sent to waste.

Figure 2.3 shows the location of the overburden stockpile and dump in
relation to the mining area.
2.3.3.2

Minesite Waste

Minesite wastes requiring disposal will include:
washdown water,
lubricating and other oils,
sewage, and
general refuse.
Washdown water will be collected by drains and transferred to an
impermeable evaporation pond at the minesite, having first passed
through sediment and oil separation traps.
Waste oils will be collected and either sold for refining, or incinerated
under controlled conditions.
Sewage will be treated in a plant adhering to Water Authority of
Western Australia standards and the effluent will be either recycled in
irrigation systems around the minesite, or evaporated.
General refuse will be removed from Site to a sanitary land fill trench,
established at an acceptable distance from the Orebody.
Particular care will be taken to ensure that deleterious wastes are not
discharged into the palaeochannel aquifer or the riverine system. The
stormwater drainage system will be designed to minimise
contaminated runoff from the minesite.
2.3.4

Mine Dewatejg

2.3.4.1

The DewateringReguirement

Within the area of the initial pit, groundwater levels are between 535
metres and 536 metres AHD. The deepest mining operations which
occur on the sixth level will require the lowering of groundwater levels
to below 500 metres AHD.
Major investigations undertaken during the dewatering study
programme have included:
A three month pumping test from multiple production bores at a
combined rate of 7,000 m 3/d, with detailed local and regional
groundwater level monitoring.
Dewatering of the trial mining (bulk sample) pit by pumping a
combined rate of about 11,000 m 3/d, and detailed local and
regional groundwater monitoring.

The design of the dewatering borefield and estimates of likely
dewatering requirements given various mining scenarios were
determined as part of the dewatering studies.
The most likely dewatering requirement is given in Table 2.1. The
large initial pumping rate is a result of the requirement to win ore
from deeper benches early to satisfy ore quality criteria.

Table 2.1 - Likely Dewatering Requirements

Total Pumping Rate
m3/d

Mining
Year

32,500
17,500
17,500
15,500

-0.5 to 0.5
0.5 to 1.5
1.5to2.5
2.5 to 3.5

2.3.4.2

Disposal of Dewatering Discharge

Dewatering discharge will be utilised around the minesite for the
following requirements:
Ore handling
Dust suppression
Tree irrigation

1,400 m3/d
2,200 m3/d
1,000 m3/d

The residual discharge will be piped downstream to Marillana Creek.
This discharge will average about 9,000 m 3/d in the long-term.
2.4

POST-MINING PHASE

Following completion of mining, the residual local environment will be dominated
by the mine pit and overburden stockpiles. Options for management of the mined
out pit have been considered and are described in the Management Programme
(Section 5.0).
Decommissioning will involve the removal of all infrastructure from the minesite,
such as buildings, equipment, rail line and other plant. Facilities such as roads
and water bores may be left in service if required.

The design of the dewatering borefield and estimates of likely
dewatering requirements given various mining scenarios were
determined as part of the dewatering studies.
The most likely dewatering requirement is given in Table 2.1. The
large initial pumping rate is a result of the requirement to win ore
from deeper benches early to satisfy ore quality criteria.

Table 2.1 - Likely Dewatering Requirements

Total Pumping Rate
m3 /d

Mining
Year

32,500
17,500
17,500
15,500

—0.5 to 0.5
0.5 to 1.5
1.5 to 2.5
2.5 to 3.5

2.3.4.2

Disposal of Dewatering Discharge

Dewatering discharge will be utilised around the minesite for the
following requirements:
Ore handling
Dust suppression
Tree irrigation

1,400 m3/d
2,200 m3/d
1,000 m3/d

The residual discharge will be piped downstream to Marillana Creek.
This discharge will average about 9,000 m3/d in the long—term.
2.4

POST—MINING PHASE

Following completion of mining, the residual local environment will be dominated
by the mine pit and overburden stockpiles. Options for management of the mined
Out pit have been considered and are described in the Management Programme
(Section 5.0).
Decommissioning will involve the removal of all infrastructure from the minesite,
such as buildings, equipment, rail line and other plant. Facilities such as roads
and water bores may be left in service if required.
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THE EXISTING ENVIRONMENT

3.1

REGIONAL SETTING

The size of the Pilbara Region and the unavailability of some data, presents
difficulties in accurately describing the existing socio—economic environment (use
was made of the Main Roads Department (1984) ERMP to complement other
available data). The use of community facilities and infrastructure is primarily
determined by the distance between towns and the existing lines of
Communication. Consequently, the description at a regional scale is limited, with
emphasis being placed on Newman as the principal source of facilities not
available at the Project site.
The population of the Pilbara at the 1981 census was 47,284 people (Pilbara
Statistical Division). The concentration of this population in mining and coastal
towns, such as Port Hedland and Karratha, has largely resulted from the
development of iron ore mining in the region since the 1960's. Population
associated with the pastoral industry of the Pilbara has continued to be sparsely
distributed over extensive areas.
The economy of the region is based primarily on mining, tourism and pastoral
activities. The development of iron ore mining in the Pilbara since the 1960's has
had a significant impact on the regional economy. The nearest mining operation
is being undertaken by MNM at Mt Newman. Production from this MNM's
operation averaged some 28 Mtpa over the period 1980 to 1984.
The Pilbara Region has also experienced growth in the tourist industry, largely
due to the development of mining and associated facilities. The mining activities
attract tourists in their own right, but equally importantly, have been responsible
for the provision of access and services to a region that was relatively isolated
and inaccessible. The major tourist attractions in the area are the gorges of the
Hamersley Range National Park.
3.2

GEOMORPHOLOGY AND SOILS

Six major terrain units were identified within the Project area. Their distribution
is shown in Figure 3.1. These units are classified according to characteristics
such as subsurface geology, soil types, slopes and drainage patterns.
These units are listed as:
Ridges, scarps, spurs and stony rises.
Slopes of hills and ranges.
Lower slopes and flanks of ranges and hills.
Valleys - low angle outwash fans.
Major creek channels and flood plains.
Aeolian dunes and flats.

-11The Project area lies in the Pilbara Province within Region II of the Australian
Soil Landscape Regions (Bettenay, 1983). Within the area two soil landscape
provinces can be identified:
Soils of the Hamersley Plateau.
Soils of the Fortescue Plain.
The soils of the Hamersley Plateau consist of four major groups. High level plains
within the plateau contain deep and more coherent loamy soils which occur in
association with gradational red earths. Within the high level valley plains are
extensive areas of plastic clay soils, comprising earthy clays and brown cracking
clays. On the northern flank of the Range, soils are characterised by their
shallow depth and high gravel contents. Lithosols and sand are common and
associated with these soils are red earths and red solodic soils.
The Fortescue Plain soil province contains three major soil groups. The gently
sloping outwash fans, flanking the northern face of the Range, comprise red
earths with extensive gravels, both as surface lag gravels, and throughout the
profile. The broad valley of the Fortescue Plain contains the remaining two soil
groups. The first of these groups comprises plastic clays and cracking red and
brown clays with alluvial soils and red brown earths. Small areas of calcareous
desert soils occur in association with discrete outcrops of caicrete. The second
group comprises calcareous earths in association with limestones and calcareous
gravels. Intermixed with these soils are areas of red earths and brown cracking
clays and minor areas of shallow calcareous barns.
3.3 EROSION
The erodibility of a soil is a function of texture, structure, depth of surface
horizons and some measure of surface aggregate stability.
Soil erosion takes place according to the mechanical actions of wind and water.
Consequently, the resistance of a soil to erosion is dependent on the nature of
these erosive forces (wind energy, raindrop energy, surface water flow type) as
well as on soil properties.
The resistance of a soil type to water erosion is dependent on:
The ability of surface aggregates to withstand breakdown caused by
dissipation of raindrop energy.
The ability of the soil to withstand breakdown and transportation by
surface water movement.
The erodibility will be related to the rate at which the soil can absorb water and
allow infiltrated water to drain, and the amount of water that can be stored in the
soil horizon before surface flow takes place.

- 12The erodibility of the soils of the Project area have been assessed using an
erodibility index (Stewart, 1968). The range of values calculated from this index
are arranged into five classes:
0- 1.0
1.0- 2.0
2.0
3.0
4.0
3.0
4.0 and above

Slight
Moderate
High
Very High
Extreme
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The erodibility of soils of the Project area have been assessed for the six terrain
units identified on-site, and are listed in Table 3.1.
Table 3.1 - Soil Erosion Potential

Terrain Units

Erosion Potential

Ridges, scarps, spurs and stony rises

Slight

Slopes of hills and ranges

Moderate

Lower slopes and flanks of ranges and hills

Moderate

Valleys - low angle outwash fans

Moderate

Major creek channels and flood plains

High

Aeolian dunes and flats

Very High

3.4 GEOLOGY
3.4.1

Regional Geology

The deposit infills Tertiary age palaeochannels of the ancient Marillana
Creek which was eroded in the core of a broad easterly trending regional
syncline - the Yandicoogina Syncline. The syncline plunges shallowly to
the east and is flanked by wide areas of Lower Proterozoic Brockman Iron
Formation. The palaeochannels themselves are incised into shales,
dolerites and banded iron formations (BIF's) of the Weeli Wolli Formation
in the core of the syncline.
Dolerites are represented by yellow-brown (occasionally chioritic) clays
developed in a palaeolateritic soil profile. BIF and chert remain relatively
unaltered.
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Deposit Geology

Within the main lease area, there is some 27 km strike length of pisolite
outcrop, which has been further subdivided into numbered individual mesas
or deposits. The Tertiary units in the area presently occupy a channel with
a mean width of some 500 - 650 m and a mean central channel thickness of
around 70 m.
The pisolites are up to 80 m thick, are underlain by basal
gravels/conglomerate and outcrop as weathered pisolite and are masked by
surficial gravels/colluvium. A typical cross section of the Deposit is shown
in Figure 3.2.
The basal unit is variable in nature and thickness, dependant on position in
the channel and basement lithologies.
The base of the sequence is normally marked by a conglomerate consisting
of well rounded BIF pebbles (1-2 cm) set in a siliceous matrix. In other
areas, this zone consists of large, angular, poorly sorted clasts of BIF,
chert and shale in a yellow—white clay matrix.
The basal clay zone is 0-20 m thick and around 300 m wide and underlies
the main pisolite zone.
The main pisolite ore horizon is some 40 - 70 m thick, varies from 400 1,100 m wide (average 500 - 600 m) and has grades between 56 - 59% Fe.
A weathered zone, generally reporting to waste (40 - 54% Fe), usually caps
the main deposits and is up to 8 - 12 m thick. The mesas in the upstream
area are typical of this material.
Jointing and solution channels are well developed in this zone. Intersection
of joints can produce sub—vertical channelways generally lined with
vitreous goethite and often infilled with yellow earthy limonite, clay,
opaline silica and/or soil washed in from the surface. Overburden in the
form of soil or alluvial/colluvial gravels usually mantles topographically
lower parts of the deposit.
3.5 CLIMATE
The Project area is located within the Australian arid zone. The dominating
feature of the climate is its dryness, with annual evaporation exceeding rainfall
by as much as 2,500 mm/yr. High temperatures and high diurnal temperature
variations are also characteristic.
Within the region, climatic data have been recorded at Newman and Wittenoom
since 1965 and 1951 respectively. These records give some indication of the range
of climatic conditions that may be experienced at Yandicoogina (Marillana).
Rainfall occurs mostly in the summer period, with about 50% of the total annual
precipitation occurring in the January to March period. This rainfall occurs in
about 20 rain days, indicating the dominance of cyclonic and thunderstorm
activity.

- 14 Mean monthly maximum temperatures range from about 39°C in December to
about 25°C in June, while mean monthly minimum temperatures vary from about
25°C in December to about 7°C in June.
Relative humidity recorded at Newman was, on average, higher at 0900 hours than
at 1500 hours in all months of the year. Humidities were highest in June (53°h at
0900 hours, 30% at 1500 hours) and lowest in October (22% at 0900 hours , 13% at
1500 hours).
Wind data collected at both Newman and Wittenoom indicate the dominance of
easterly patterns throughout the year.
3.6 HYDROLOGY
3.6.1

General

The Marillana and Yandicoogina Creeks drain the Hamersley Range to the
west and south of their confluence. This system then drains eastwards as
the Yandicoogina, until it joins Weeli Wolli Creek which flows north to the
Fortescue Valley. At their junction, some 30 km downstream of the
proposed minesite, the Marillana, Yandicoogina and Weeli Wolli Creeks
have catchment areas of 1,906 km2, 244 km2 and 2,090 km2
respectively (Figure 3.3).
The groundwater hydrology of the area has been studied in detail because
of:
The requirement to dewater the lower benches of the Orebody.
The requirement to provide for water supplies for the community, dust
suppression and minesite operations.
The environmental impacts of open cut mine dewatering.
Recent subsurface hydrological studies have mainly concentrated on the
palaeodrainage channel (which contains the Orebody) and the Marillana
Creek alluvials, with some exploratory work being carried out in the
adjoining soils.
The hydrological studies that have been undertaken include:
dewatering assessment,
water quality measurements,
surface water and flood level predictions.
3.6.2

Surface Water Hydrology

Streamfiow in the area is highly ephemeral, and for most of the year the
creeks are dry, except for occasional pools. Large streamflows are
associated with rain-bearing depressions or high intensity winter rainfall.
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flow recession is such that minor streamfiow will occur for some days after
the peak has passed. Annual average streamfiow for Marillana Creek has
been estimated at about 33 x 106 m3.
Recently, flow has been recorded on Weeli Wolli Creek by the Western
Australia Water Authority but adequate long—term records are not
available. Estimated flood contours for the 50 year and 100 year return
period flows are shown in Figure 3.4.
3.6.3

Hydrology of the Orebody

The Orebodies are bounded to the south by Marillana Creek and to the west
by an unnamed tributary of Marillana Creek. The aquifer within the
Deposit is highly permeable (saturated hydraulic conductivities of about 80
mid). Within the Deposit, the natural water table gradient is relatively
flat which may also be indicative of high permeability.
The pisolite orebody comprises two main geohydrological units:
The pisolitic goethite ore containing saturated groundwater which
extends to a depth of 65 m or more.
A saturated basal zone sequence overlying the Weeli Wolli Formation.
Recharge to the aquifer may occur in two ways:
Redistribution of surface water through the overlying colluvium to the
water table.
Inflow from streamfiow through the alluvial creek materials in contact
with the aquifer.
Inflow from, and outflow to, the abutting rocks of the formation is
expected to be negligible.
3.6.4

Water quality

Chemical analysis of samples of groundwater taken from the palaeochannel
aquifer and from the Marillana Creek alluvials downstream of the minesite
show that the water is of good quality and suitable for potable use. Ionic
composition of the palaeochannel aquifer is about 500 mg/I, comprising
mainly bicarbonate salts. Alluvial groundwaters have lower concentrations
of around 330 mg/I. These high quality waters are indicative of high rates
of flushing by rainfall and streamfiow recharge.
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3.7.1

Flora

The Yandicoogina Biological Study Area described in this Public
Environmental Report encompasses the central BHP Yandicoogina
(Marillana) Project area, in addition to 5.0 km wide corridors along all
transport routes. The study area lies on the eastern edge of the Hamersley
Range adjacent to the Fortescue Plain.
The Yandicoogina Biological Study Area is located on the interface
between the spinifex (Triodia spp) hummock grasslands of the Hamersley
Plateau and the mulga (Acacia aneura) low woodlands of the adjacent
plains. Some 280 plant species have been collected from the study area
with the most important genera being the wattles (Acacia), gums
(Eucalyptus), spinifexes (Triodia and Plectrachne), emu bushes
(Eremophila), cassias (Cassia) and mulla mullas (Ptilotus).
3.7.2

Plant Communities

Five major plant communities have been identified for the area on the
basis of species composition. These communities are described below and
are shown on the vegetation map in Figure 3.5.
Community A is a spinifex hummock grassland associated with the drier
rocky habitats of the hills and slopes of the area. A floristically diverse
assemblage of plants regenerate in this habitat following fire. The
assemblage initially contains a reduced cover of hummock grass Triodia
wiseana and a prevalence of Heliotropium tenuifolium and Goodenia
muelleriana. In time, without further disturbance, this community evolves,
where the hummock grasses, Triodia basedowii, T. wiseana and T. pungens
again predominate with scattered Eucalyptus leucophloia (snappy gum).
Community B, associated with the base of the hills, is characterised by
Eucalyptus gamophylla (twin—leaf mallee), Acacia inaequilatera (kanji bush)
and Cassia pruinosa (white cassia). This community merges with the
vegetation of the valley floor, where the tree and shrub layers become
more prominent in relation to the moister valley environment.
Community C is characteristic of the valley areas. Dominant species
include Eucalyptus dichromophloia (red bark bloodwood), Hakea suberea
(cork tree), Acacia aneura (mulga), A. pruinocarpa (gidgee) and Triodia
pungens (soft spinifex). Within this valley community, a number of subunits
have been identified. These prominent groups of plants occur as a
consequence of the minor topographical and geological variations within
the valley system.
Community D represents the creek—bed, embankment and fringing
woodland. The community is characterised by Eucalyptus camaldulensis
(river red—gum), E. coolibah, E. microtheca, Melaleuca glomerata
(paperbark), M. leucadendron (cajeput) and Acacia citrinoviridis in the
upper stratum. There is a wide diversity of species in the lower stratum
including Abutilon fraseri, Gossypium robinsonii, G. australe, the creepers
Mukia
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Euporbia atoto. Along the channels of the major creeks there is a fringing
woodland dominated by the tail wattles Acacia citrinoviridis, A. coriacea
and A. pruinocarpai in association with Atalaya hemiglauca.
Community E is associated with the Fortescue Plains in the north-east
sector of the Yandicoogina Biological Study Area. The vegetation is best
described as Mulga Low Woodland, although the presence of Acacia aneura
(mulga) is not evenly spread across the community. A. aneura varies from
thick stands to extensive areas where it is largely absent. The distribution
of A. aneuraappears dependent on microhabitat and fire history. The
understory is dominated by the spinifexes Triodia and Plectrachne.
A number of minor communities occupy microhabitats such as ironstone
break-aways along major creeks, the southern slopes of some hills and
ridges, and the secondary channels which dissect the valley floor.
3.7.3

Fire in the Ecosystem

Fire is an important component in the ecology of the hummock grasslands
and the vegetation is adapted to periodic burning. Natural fires resulting
primarily from lightning strikes are frequent on the hill tops in summer but
are usually limited in extent, as they are generally extinguished by
accompanying rain or stopped by natural barriers.
As part of the range management practice on Marillana Station, patches of
mature spinifex grassland are burnt by the pastoralist in early summer to
provide the softer regenerating shrubs and grasses preferred as forage by
the cattle. The regular occurrence and geographically limited nature of
these fires results in an extensive mosaic of recently burnt, regenerating
and mature hummock grasslands.
The frequency of burning by the pastoralist is closely tied to the natural
regeneration rate of the hummock grassland as only mature stands of
spinifex will carry a suitable fire (i.e. one of limited extent which will
result in regeneration of the favoured plant species). An area may be
burned on average once every 5 years under this system.
3.7.4

Climatic Stress in the Ecosystem

The vegetation of the study area is adapted to wide ranges of diurnal and
seasonal temperatures. Data from Wittenoom illustrates the temperature
stress under which these plants survive. Mean daily temperatures during
December are 40°C, with an extreme recording of 45°C. The area can
expect an average of 113 days in excess of 38°C and 6 days in excess of
43°C each year. During July, mean minimum temperatures reach 12°C
with an extreme minimum of 3°C. During the December to February
period, diurnal temperature ranges may exceed 25°C.

- 18 Most of the rainfall in the area is recorded during the period December to
March, which corresponds to the main growing season. After the wet
season, there is a period of seasonal drought which is extended at times by
failure of rains during part, and occasionally the whole, of the growing
season. While the vegetation associated with the major water courses in
the area have access to plentiful groundwater in the creek alluvials during
most of the year, at times they may experience significant water stress. In
addition, this vegetation must also adapt to the infrequent, but large flood
events which occur in the area.
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3.7.5

Exotic Species

While the intrusion of exotic plant species into this area has been largely
restricted to the immediate surrounds of homesteads and other sites of
habitation, seven species were identified as being not native to any part of
Western Australia. One particular species gives cause for concern.
Argemone mexicana (mexican poppy) has become well established in the
Yandicoogina and Marillana Creek systems. This exotic appears to have
become established in the headwaters and to have migrated downstream
with successive flood events.
3.7.6

Regional Significance

The flora of the Yandicoogina Biological Study Area is typical of the
Hamersley Range and the Fortescue Plain. All of the communities
described above are well represented in other areas of the Pilbara Region.
No plant species collected from the area is declared to be rare or
endangered (Rye & Hopper, 1981; Patrick & Hopper, 1982) although one
species Aristida anthoxanthoides is poorly represented in the W.A.
Herbarium collection (Marchant & Keighery, 1979) and is therefore of
uncertain status.
3.8 FAUNA
3.8.1

General

As a result of the biological survey, 170 species of native vertebrate
animals including 3 fishes, 63 herptiles (reptiles and amphibians), 85 birds
and 19 mammals are known to be present in the Yandicoogina Biological
Study Area (common names after Muir, 1983).
Broadly, the fauna is representative of the Hamersley Range and is adapted
to a complex of essentially rocky habitats dominated by spinifex (Triodia
and Plectrachne sp.) hummock grasslands. However, a few species are
more indicative of the sandy or central deserts and the shrublands of the
Fortescue Basin. Their habitats penetrate the study area along the Weeli
Wolli—Marillana Creek systems which are contiguous with the lowlands
adjacent to the eastern edge of the plateau.

- 19 3.8.2

Mammals

A total of 24 species of mammal (19 native and S introduced) were
recorded from the Yandicoogina Biological Study Area during the course of
this study. In general, the mammal fauna is typical of the Hamersley
Range with the exception of Notomys alexis (Spinifex hopping mouse). A
single specimen of N. alexis was collected within the study area. This
record constitutes a north-western outlier in the geographical range of N.
alexis, which is principally an inhabitant of the northern-central deserts.
A number of small terrestrial mammals were collected during the study.
These included 1 monotreme; Tachyglossus aculeatus (echidna), 4
marsupials; Antechinus rosamondae (Little red antechinus), Ningaui
timealeyl (Pilbara ningaui), Planigale maculata (Giant planigale) and
Sminthopsis macroura (larapinta), and 4 rodents; Notomys alexis,
Pseudomys chapmani (Pebble-mound mouse), E. hermannsburgensis (Sandy
inland mouse) and Mus musculus (House mouse). Three of these species; A.
rosamondae, N. timealeyi and • chapmani, are endemic to the Pilbara
(Dunlop & Sawle, 1983).
Three kangaroo species were observed during the study. Macropus robustus
(euro) was the most common species and was frequently observed in the
central valley and on the plateau. Megaleia n!f (Red kangaroo) was found
along the major creeks and one specimen of Petrogale penicillata
(Brush-tailed rock wallaby) was also sighted.
Eight species of bats were collected from the Yandicoogina (Marillana)
area. All of these species were insectivorous, and all but one, Eptesicus
pumilus (Little cave bat), roost in tree hollows. (Two species; Nyctophilus
geoffroyi (Lesser long-eared bat) and N major (Western long-eared bat)
were captured in the Weeli Wolli Springs area, but have been included as
part of the study area fauna because of the restricted nature of the
surveys.) Of the remaining species; Chalinolobus gouldii (Gould's wattled
bat), Nycticeius gyj (Little broad-nosed bat) and Tadarida cf. beccarii
(Beccarii's mastiff bat) are the most common.
In addition to M. musculus mentioned above, 4 species of domestic or feral
mammals were observed. These are Canis familiaris dingo (dingo), Felis
catus (cat), los taurus (cattle) and Equus caballus (horse).
3.8.3

Birds

A total of 85 bird species were recorded ir i the study area. This compares
with a total species number of 106 for the 1° block in which the study area
lies (numbers derived from the site study a nd from Blakers et al. 1984). It
is reasonable to assume that the species number for the study site would
approach this latter total if a systematic survey was conducted over a
number of years.
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central Hamersley Range. Petroica goodenovii (Red-capped robin) and
Acanthiza uropygialis (Chestnut-rumped thornbill), which are birds of the
mulga community, were only recorded in small numbers in isolated stands
of that habitat within the study area. Melithreptus gularis (Black-chinned
honeyeater) had not been recorded in the Hamersley Range prior to this
study.
Nearly all bird populations in the arid zone show some degree of
nomadism. Despite this tendency, there are a number of species in which
the numbers in the area remain essentially static throughout the year.
These 'resident' species comprise approximately 50% of the bird fauna at
the study site.
3.8.4

Herpetofauna

During the biological survey of the Yandicoogina (Marillana) area 63
species of amphibians and reptiles were recorded. This number included 3
frogs, 1 tortoise, 46 lizards and 13 snakes.
The Yandicoogina (Marillana) area has a high lizard diversity, typical of
Australian arid regions, and the locally dominant generas Diplodactylus,
Deirna, Amphibolurus and Ctenotus are amongst those which show their
greatest adaptive radiation in the continent's drier environments. Most of
the herptile species (approximately 90%) recorded from the area have also
been collected from other areas in the Hamersley Range.
However, three small skinks Ctenotus serventyi, Proablepharus reginae and
Lerista labialis do not appear to be a part of this fauna, but instead are
elements of the Fortescue Basin or central desert lizard communities. The
presence of these species is no doubt related to the location of the area on
the north eastern edge of the Hamersley Range, and to the resultant
mergence of habitats.
Habitat relationships in the herpetofauna of the area were dominated by
preferences for substrate type. Many of the herptiles are also associated
in the broad scale with hummock grass which occurs as a stratum in all
habitats sampled. The distribution of one gecko, Diplodactylus taeniatus
(Yellow-striped gecko), may have been associated with dense stands of
hummock grass. Other than this single species, the only herptiles to show
clear affinities with vegetation were tree-dwelling lizards, such as Varanus
caudolineatus (Stripe-tailed goanna). The distribution of two small skinks,
Carlia foliorum and Proablepharus reginae, appears to be tied to litter
characteristics.
Eight species of reptiles found during the survey are considered endemic to
the Pilbara. These species are Diplodactylus wombeyi (a gecko), Delma
p (a legless lizard), Amphibolurus caudicinctus caudicinctus (Ring-tailed
dragon), Ctenotus piankai (a skink), C. duricola (a skink), Lerista labialis (a
skink), Ramphotyphlops diversus ammodytes (a blind snake) and
Bothrochitus olivaceus barroni (Pilbara olive python).
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Fish

Three species of native freshwater fishes were collected by hand from
pools in the Yandicoogina and Marillana Creeks. These were
Leiopotherapon unicolor (Spangled perch), Melanotaenia splendida australis
(Western rainbowfish) and Neosilurus hyrtlii (Common eel—tailed catfish).
All three species are common throughout the Fortescue drainage system.
L. unicolor is adapted to survive in river systems in which temporary pools
form and dry out. It can aestivate for long periods in the creek bed
covered in a layer of mud and mucus (Lake, 1971).
Both M. splendida australis and N. hyrtlii are likely to spawn soon after the
creeks cease flowing. Re—colonisation of the transient pools from a few
surviving ones in the headwaters, and from permanent water in the
Fortescue drainage system, would occur when the creeks flow. This
natural restocking is particularly important ecologically as M. splendida
australis is an important predator of the mosquito larvae which develop in
the shallow, ephemeral pools (Allen, 1982).
3.8.6

Invertebrate Fauna

No systematic survey of invertebrate fauna has been carried out on the
Yandicoogina Biological Study Area. However, a quantitative examination
of selected invertebrate groups indicates that the environment has been
subject to some low level disturbance.
In order to examine the condition of the ecosystem, the ant community of
a hummock grassland habitat at Yandicoogina (Marillana) was sampled and
compared to the results from an equivalent habitat elsewhere in the
Pilbara, not subject to pastoral activity. Both diversity and evenness at
Yandicoogina (Marillana) were significantly lower than in the other area,
indicating a higher level of disturbance and instability. The structural and
functional changes which have occurred are evidently still within the
tolerance limits of most of the region's contemporary invertebrate fauna.
3.8.7

Regional Significance

Of the species surveyed, none was unique to the Yandicoogina (Marillana)
area. Although a number of species identified during the survey are
endemic to the Pilbara Region, only two of these species are considered
rare or otherwise in need of special protection by the Western Australian
Wildlife Authorities. Pseudomys chapmani, although not common in the
Project area, is well represented in the central Hamersley Ranger The
status of Borthochitus olivaceus barroni is uncertain, and its currentllisting
as rare or otherwise in need of special protection may change when more is
known of its numbers and range. /wo additional species, although not
endemic to the Pilbara, are currently listed as rare or otherwise in need of
special protection. These are Falco hypoleucos (Grey falcon) and F.
peregrinus (Peregrine falcon) which are only transient visitors to the area.

I
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ABORIGINAL HERITAGE
Over the period 1979 to 1987 a number of archaeological and ethnographic
surveys were undertaken in the area of the Yandicoogina (Marillana)
Project.
A total of 93 sites have been located in the general area of the proposed
development. Of these, 60 occur within TR 3359H (Clarke & Reynolds,
1981), and a further 33 in the vicinity of the transport corridors (Clarke &
Smith, 1982; Tonkinson & Veth, 1986; Strawbridge, 1986a; Strawbridge,
1986b).
The ethnographic sites, at most of which there is archaeological evidence,
include engraving sites and traditional camping areas. Other sites, some
incorporating engravings, but mostly incorporating natural features of the
landscape have mythological significance (Tonkinson, 198 6a; Tonkinson,
1986b; Tonkinson, 1987a; Tonkinson, 1987b).
The archaeological sites are predominantly artefact scatters. These were
mainly quarries where stone was worked, or occupation sites, often on flats
near watercourses, where implements were abandoned. Evidence of
occupation of rockshelters was also found.
Data from the surveys listed above, as well as independent research
(Tonkinson & Veth, 1986), suggest that in this Region, the majority of
primary sites will be located within 2 km of the major creek systems. As
both the minesite development and some transport corridors lie within this
distance from Marillana and Weeli Wolli Creeks, it will be necessary to
apply to the relevant Government Authority for permission to disturb some
sites. Discussions with the 'Aboriginal people who speak for the country'
have been undertaken to determine the appropriate management strategies
for individual sites.

3.10 SOCIAL ENVIRONMENT
Although located some 150 km by road from the proposed mine site, Newman will
be the principle source of goods and services not available on—site.
Newman had a population of 5,466 in 1981. Facilities existing within the town
that are expected to be utilised by the Yandicoogina (Marillana) workforce are
listed as:
Retail - Retail facilities have been significantly upgraded by the recent
opening of a large supermarket and shopping centre. The town has a
modern, suburban style shopping centre offering a wide range of
consumption and comparison goods.
Medical and Dental Facilities - A 27 bed hospital was opened in Newman in
1970 with a nursing staff of 22. A medical centre has been established and
contains surgeries for three private doctors and a dentist. Consulting
rooms are available for visiting specialists.
Transport Facilities - Ansett WA operates regular jet aircraft services
between Perth and Newman and between Port Hedland and Newman.

L
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ENVIRONMENTAL IMPACT ASSESSMENT

4.1

CONSTRUCTION PHASE IMPACTS
4.1.1

Landform

Construction Earthworks
Impact:

Changes to the topography of the Project area will result
from earthworks required to prepare the principal
development sites. These include the construction camp,
community, rail spur, access roads, airport, minesite
buildings and associated drainage and flood protection
works. The amount of earthworks will vary from
relatively minor leveling and contouring at the
construction camp sites to larger cut and fill exercises
required to maintain the 1 in 250 gradient of the rail spur.

Significance:

Earthworks for the construction of Project facilities will
necessitate topographic changes to some 700 ha. The
impact will be neutral to adverse, but effectively
restricted to the immediate construction sites. Some
indirect effects, particularly on flora and fauna, may
result from modifications to existing drainage networks at
the minesite and community site. However, as every
effort has been made to avoid construction on flood prone
land (up to the 100 year flood contour), the streams
affected will be minor. The impact can be classed as
medium to long—term, and, while some sites can be
readily rehabilitated once the facility is removed, others,
such as major rail spur cuts, will persist well beyond the
anticipated life of the Project.

Borrow Pits
Impact:

Borrow pits will be required for construction materials at
the minesite, community site and airport, and along the
rail spur and road access corridors. Apart from the
negative visual impact of poorly sited borrow pits, they
also provide sites for temporary water storage. Use of
these sites as watering points by domestic stock and
native animals may result in an increased incidence of
deaths due to road and rail accidents. Poorly drained
sites may also increase the risk of mosquito borne disease.

Significance:

The location and size of borrow pits is determined by the
availability of construction material of acceptable
quality. Direct adverse impacts will be extremely
localized in nature, except where standing water may
contribute to regional health problems due to an increase
in mosquito numbers.

Pools of standing water, as may occur at the bottom of a
borrow pit, provide ideal conditions for mosquito
breeding. The impact must be viewed as long-term, as
the collection of fine grained particulate matter in the
bottom of the borrow pit may progressively reduce the
permeability, and rate of seepage loss.
4.1.2

Xerophytes

ygetation Disturbance
Impact:

The construction of the mine and associated
infrastructure will necessitate the disturbance of existing
vegetation communities. This disturbance will range from
total clearing on construction sites to bushbashing of
minor construction access roads. The desire to avoid
construction on flood prone land will ensure that the
vegetation disturbance is largely restricted to xerophytic
communities.

Significance:

Total vegetation disturbance on the Project site will
amount to about 1400 ha.
The direct adverse impact of the vegetation disturbance
is medium to long-term in duration, but is localized to the
construction sites. As less than 3% of the total
vegetation cover of the Yandicoogina Biological Study
Area will be disturbed, and not more than 10% of any one
community, the impact is not considered significant.

Erosion
Impact:

The disturbance of vegetation on the Project site will
indirectly increase the likelihood of erosion from both
wind and water. Changes causing removal of vegetation
or other destabilisation will increase the erosion potential
of the soils, particularly in terrain units 3, 4 and 5 which
are the major units on which mine development will take
place. This increase will be directly related to the
changes in site conditions caused by clearing, mechanical
disturbance, or redirecting runoff.

Significance:

The probability of severe erosion arising from the
construction phase is low. Clauses inserted in the various
contractor tender documents will require that all
precautions be taken to minimise the possibility of
erosion. These include, minimal vegetation clearance,
stabilization of slopes and the rehabilitation of sites once
work has been completed.
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site, bare areas may persist through the normal growing
season. Such areas, particularly on the Fortescue flood
plain, are susceptible to wind erosion which may further
inhibit natural regrowth. Rainfall, when it does occur,
frequently falls under storm conditions which may rapidly
erode unstable bare slopes. While the probability of
erosion is low, isolated incidents may prove difficult for
natural processes to rehabilitate in the short and
medium-term.
4.1.3

Archaeology

Site Clearance
Impact:

The Project will directly affect a number of
archaeological sites as a result of the proposal to locate
the Project infrastructure, as indicated in Section 3.9.
This includes not only the mine and mine infrastructure,
but also the community, access routes, airport and rail
spur. While minor alterations can be made to some
elements of the proposal to minimise disturbance of
known sites, permission will be sought from the Aboriginal
Cultural Material Committee, under Section 18(2) of the
Aboriginal Heritage Act 1972 - 1980, to disturb a number
of sites.

Significance: The impact of the proposed project on known
archaeological sites will be assessed by the Aboriginal
Cultural Material Committee prior to development
approval being granted. Section 18(2) of the Act requires
the Committee to evaluate the importance and
significance of known sites, to recommend whether
development should proceed, and, where applicable,
outline the conditions for consent.
4.2

OPERATIONAL PHASE IMPACTS
4.2.1

Landform

Mining
Impact:

Mining of ore from the Eastern Mesa 2 Orebody will result
in the formation of a large mined out pit well below
existing ground level. The proposed mining plan envisages
the progressive development of mine production to 5.0
Mtpa and ore will be won simultaneously from at least
three benches to maintain the desired grade.
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While the effect of this direct impact on the landscape is
relatively neutral, it is both long-term and irreversible.
The impact is effectively contained within the bounds of
the mine and its impact will be only locally significant.

Overburden
Impact:

Overburden from the mining operation will be deposited in
dumps which will appear as prominent landform features.
The area they will impact directly by habitat modification
will be small, however, they are potentially important
sources of atmospheric and water pollution. Dust may be
generated both from the process of forming the dump and
from older, but as yet unconsolidated, surfaces. Sediment
transport following rainfall events may lead to the silting
of drainage structures.

Significance:

The overburden to be disposed of over the life of the mine
has been estimated at about 46 Mt. The dumps will
provide a permanent source of fine particulate matter for
erosion by wind and water.
The Region experiences predominantly easterly wind
patterns, and hence facilities to the west of overburden
dumps may experience wind blown dust from this source.
Although the proportion of ultra-fines in the dumps is
low, high wind velocities may result in this material being
deposited over a wide area.
Sediment eroded from the dumps during rainfall events
will not add any detectable amount to the high sediment
load already carried by Marillana Creek.

4.2.2

Hydrology

Mine Dewatering
Impact:

Because a significant proportion of the Orebody lies below
the water table, it will be necessary to dewater the mine
to effect ore extraction. As the deepest part of the
Orebody is at 488 m AHD, dewatering will be required to
a minimum depth of 478 m AHD. Superimposed on this is
an expected increase in groundwater abstraction during,
and following, major streamflow events. Additionally,
there may be a requirement for in-pit dewatering,
particularly following heavy rainfall.
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30,000 m3/d in the initial stages of the mining
operation to about 16,000 m3/d as the mine approaches
full depth. Drawdowns within the aquifer may extend as
far as 12 km upstream of the mine.
Significance:

The impact on total regional water resources will be
minimal as the water removed is not part of a finite fossil
resource. The effects of the impact on regional
groundwater should be totally reversible once dewatering
ceases. Remote from the mining area, the drawdown
impacts will be minimised by periodic recharge events.

Mine Water Disposal
Impact:

A portion of the water from the dewatering exercise (up
to 4,600 m 3/d) will be used for ore handling and dust
suppression around the minesite. The residual water
(between 8,900 and 16,900 m3/d during the first five
years of mining) will be discharged to Marillana Creek.

Significance:

Potential river evapotranspiration rates indicate that
about 1,000 m3/d of water will be transpired per
kilometer length of river. As a consequence, river
alluvials may remain saturated for up to 17 km
downstream of the mine. The water discharge will be
identical in quality to that extracted from the aquifer, so
there will be no deterioration in regional water quality.
Discharge of the mine pit water to the creek following a
rainfall event will only occur when the creek is flowing,
and the sediment contained in this water should not be
detectable due to the naturally high sediment load of the
stream flow. The effect of the impact will be reversible
once disposal ceases.

Process Water Disposal
Impact:

Mine process water used in dust supression, ore handling,
vehicle washdown, etc. may contain chemicals which are
potentially hazardous if released to the environment.
These include petroleum products which will be used on
the minesite.

Significance:

The impact of accidental spillage of contaminated process
water may result in groundwater downstream from the
mine being rendered unfit for potable use. Many
chemicals are highly persistent and toxic to a wide range
of organisms. However, as flushing rates are high, most
minor spills will not persist at high concentrations for
long periods of time. The significance of groundwater
contamination from this source is directly related to the
nature of the chemical involved.
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Phreatophytes

Groundwater Drawdown
Impact:

Mine dewatering may result in a lowering of creekbed
groundwater levels upstream of the mine. Available
evidence (Dames & Moore, 1984) indicates that a
prolonged reduction of groundwater to more that 2 m
from the surface would be expected to lead to severe
water stress of the phreatophytes, Melaleuca
leucadendron and Eucalyptus camaldulensis. Downstream
of the mine, this impact will be mitigated by disposal of
excess dewatering discharge.

Significance:

Deaths of M. leucadendron and E. camaldulensis can be
expected where the drawdown exceeds 2.0 m. Between
2.0 m and 1.0 m drawdown it is assumed that there will be
selective deaths, possibly from the larger trees which
seem to suffer greatest stress from lowered groundwater
levels. Between the 1.0 m and 0.5 m drawdowns, there
may well be selective community changes in response to
increased periods of stress but these changes would occur
in the long—term.
While the direct impact of reduced groundwater levels in
the creek alluvials is rapidly reversible once dewatering
ceases, the reversibility of the indirect impact of the tree
deaths is less predictable. Natural recolonisation from
upstream seed sources may enable a return to pre—mining
conditions, however, this rehabilitation has not been
documented in the region. The impact of lowered
groundwater levels on other species has not been assessed.

Groundwater Recharge
Impact:

While groundwater levels in the palaeochannel aquifer will
be lowered both upstream and downstream of the mining
area, the disposal of residual water from the dewatering
operation will result in saturated creek alluvials
downstream of the mine. From the anticipated discharge
point approximately 2 km east of the minesite, saturated
creek alluvials may persist for up to 17 km, depending on
the rate of disposal.

Significance: Data collected on site indicates that both M.
leucadendron and E. camaldulensis are dependent on the
creek alluvials for water. Therefore, the lowering of
groundwater levels in the palaeochannel aquifer should
not adversely affect the vegetation. However, the
existing ecosystem is in part determined by natural
periods of prolonged water stress. By providing year
round saturated creek alluvials, this environmental
parameter
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community to this new regime is unpredictable, but
changes in the relative abundance, and possibly
composition, of species must be anticipated.
Dames & Moore (1979) indicate that M. leucadendron is
more dependent on a readily available supply of
groundwater than either E. camaldulensis or E. coolibah.
A permanent water supply may allow M. leucadendron to
colonise areas which were previously unsuitable.
Conditions will rapidly return to those operating
pre-mining once recharge ceases and it is anticipated that
the phreatophytic community will respond by
approximating the pre-existing situation.
4.2.4

Fauna

Road Deaths
Impact:

Animal road deaths will increase due to larger traffic
volumes between the community and minesite, and to a
lesser extent, between the Project site and Newman. The
formation of permanent pools in the riverine system as a
result of mine dewatering discharge may lead to
behavioural changes in mobile species. Where these
potential watering sites are near to transport corridors,
there may be additional animal road deaths.

Significance:

Existing animal road deaths per kilometer on the Project
site are at, or close to, zero. This is due to low traffic
volumes, slow speeds (due to poor road conditions) and
little or no night driving, when many animals are more
vulnerable. The persistence of this impact is long-term,
but should cease and revert to normal quite rapidly once
the impact is removed.
The location of the rail spur close to Marillana and Weeli
Wolli Creeks may result in increased deaths during periods
of drought. The degree to which behavioural changes (e.g.
approaching watering points from the opposite direction
to that of the rail spur) will mitigate the potential
problem is unknown.

Exotic Species
Impact:

The creation of a new community in this largely
uninhabited area may result in the introduction of exotic
animal species.
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Domestic pets, such as cats and dogs, can seriously affect
native species by direct predation or competition for
scarce resources (Tisdell, 1983b). Should these, or other
introduced species, establish viable feral populations,
adverse impacts may be felt on a regional scale. Feral
cats have already been identified on the Project site but
numbers are believed to be low. The evidence for exotic
species directly causing the extinction of a native species
is poor* (Frankel & Soule, 1981) but their impact, in
combination with other factors, is well documented
(Ziswiler, 1967; Aitken, 1979; Watts, 1984; Shephard,
1986).
The problem of exotic species is that once they become
established they are difficult to eradicate. Eradication
programmes are expensive and seldom 100% effective,
insofar as, once the programme ceases, the feral
population can re-establish. The probability of the
release of exotic species, whether inadvertently or
deliberately, is high, and even if the community disbands
at the completion of mining, the problem will persist.

4.2.5

Workforce

Occupational Noise
Impact:

There are a wide range of potential noise hazards
associated with all mining operations. These range from
infrequent but high levels of noise (e.g. blasting) to lower
but continuous levels of noise (e.g. heavy machinery).

Significance: Under existing State Legislation (Noise Abatement
(Hearing Conservation in Workplaces) Regulations 1983),
noise levels above 90 dB(A) or 140 dB(lin) peak are
considered potentially hazardous and specific actions
must be taken to protect employees in these
circumstances. Any noise level above 90 dB(A) or 140
dB(lin) will be considered a significant noise level. Noise
levels associated with the mining Project will exist for
the period the mine operates, but normal background
levels will be rapidly achieved once the mine is
decommissioned. The impact will be localized to the
immediate environs of the minesite, transport corridors,
and the port facilities.

*

This is true for continental landmasses, however, the evidence for the
direct extinction of native fauna on islands is more compelling (Recher,
1984).
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Impact:

Open cut iron ore mining entails the handling of large
volumes of materials which are often dry and brittle.
Particulate ore may release dust into the atmosphere and
cause pollution problems (Zib, 1982). Ore at the port will
be handled within the existing MNM facilities. The
amount of ore transported to Port Hedland from the
Yandicoogina (Marillana) Project (up to 5.0 Mtpa)
represents a 14°k increase in tonnage throughput. Without
adequate management, this has the potential to increase
dust levels.

Significance:

Health risks associated with prolonged exposure to dust
are being increasingly recognised (Musk, 1985; Field,
1985). In the iron ore industry, health risks relate to
silica content, fibres and total inert dust. The threshold
limit values (TLV) for these substances will be those set in
the Mines Regulation Act Regulations, 1976.
Dust studies were undertaken during the Yandicoogina
Bulk Sample Project (Davies, 1987; Rogers, 1987). No
asbestos minerals and only low silica levels were found in
dust samples collected.
A number of factors relating to ore characteristics will
lessen the potential occupational dust problem at the
minesite. Following dewatering, it is anticipated that the
iron ore will have a free moisture content of up to 10%.
Crushing tests on the pisolitic ore indicate a very low
level of ultra—fines. Quartz levels in the ore are
consistently low (4.0% to 7.0%), however, it must be
recognised that the overburden may have a higher quartz
content. This impact will operate for the duration of the
Project, but ambient dust levels should approximate
pre—existing levels soon after mining ceases.

Hazardous Materials
Impact:

The development and operation of the proposed Project
will necessitate the use of a wide range of products which
may be termed 'Hazardous materials'. Hazardous
materials are substances which have the potential to
cause harm to employees or the environment. These
substances on—site at any given time may number in the
hundreds, and include such products as fuels, lubricants,
detergents, glues, paints, etc, as well as more commonly
acknowledged toxic chemicals. The effects of long—term
exposure to some of these products is still not well
understood, however, all can be used safely if handled
correctly.
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4.2.6

The potential effects of the incorrect handling of
hazardous materials will be adverse in all cases, with the
severity of impact dependent on a number of conditions
such as, the toxicity of the material, quantity involved,
meteorological conditions, remedial response time and
site of accident. Some materials will persist for a long
time in a toxic condition while others will be neutralised
rapidly. In this respect, the products exhibit both direct
and indirect impacts on employees and the environment.
Once the Project is decommissioned, the potential threat
exposed by hazardous materials will be removed, and even
during the life of the Project, the potential impact is
principally localised. Only if large quantities of
persistent and toxic material reaches the groundwater
will impact occur on a regional scale. Provided effective
management of hazardous materials is instigated, the
probability of impact is low.

Workforce Accommodation

Ore Train Noise
Impact:

Ore will be transported from the mine to the port via a
rail spur connecting to the MNM railroad. The maximum
number of loaded trains per day projected for the Project
is one. However the route of these trains will mean that
they pass within 3 km of the community. The ridge to the
south of the community will afford some protection, but
two train movements per day (one empty, one loaded)
have the potential to cause disturbance, particularly
should these movements occur at night.

Significance:

To assess the potential impacts on the community from
train noise, measurements were conducted on the existing
MNM railroad. Data were collected for one minute
integration periods, prior to, during, and after the passage
of both loaded and empty trains. Measurements were
taken at 10 m, 100 m and 1,000 m in order to quantify
noise levels at increasing distance from the railroad.
Results from this study indicate that there will be little
or no significant increase in noise levels at the community.

Blasting
Impact:

It is proposed to rip the overburden associated with the
Orebody, so no blasting will be associated with this
activity. However blasting will be used as the primary
method of fragmenting the ore. All blasting activities
will be conducted below ground level, although the
shallow depth of overburden in some areas means that the
top bench may be close to ground level.
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Blasting will occur at regular intervals throughout the life
of the mine and has the potential to create noise
disturbance at the community. The sparse population of
the region (nearest habitation, other than the mine
community, is Marillana Homestead some 30 km
north—east of the minesite) means that other regional
residents will not be affected by blasting noise. The ridge
to the south of the community, and the predominantly
easterly wind stream, will lessen any potential effect
from blasting at the minesite.

Ambient Dust
Impact:

No dust problems for the community are expected at the
accommodation site. This is due to its location to the
north, in a predominantly easterly wind pattern.
Newman, located only 6 km east of the Mt Whaleback
minesites, rarely experiences any dust problems (Jones &
Loo, 1979). Dust pollution impacts may arise from
increased traffic volumes on unsealed roads. Research
indicates that the heavy fractions from these low level
source emissions will settle to the ground close to the
source (Zib, 1982).

Significance:

The effects of increased dust levels on unsealed roads
may lead to higher accident rates on well used roads. The
impact will persist while the community is viable, possibly
beyond the life of the mine. These effects are recognised
on all well used unsealed roads throughout the State. The
level of significance of this impact will relate directly to
the volume of traffic, and to the level of awareness, and
consequent modified driving practice, of each individual
motorist.

Community Health
Impact:

Disposal of dewatering discharge into the river system is
likely to increase the frequency and duration of pools in
the creek bed. Pollution of these pools may occur by
animal contamination caused by cattle, birds and insects.
This effect is common to other areas of the
Marillana—Weeli Wolli system having permanent pools.
A serious consequence of areas of standing water is their
potential as mosquito breeding sites. Transmission of
arboviruses by mosquitoes in the Pilbara can lead to
infection of man by three diseases:
Australian encephalitis,
Ross River virus, and
Kunjin fever.
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As an indirect consequence of mine water discharge, it is
likely that a suitable environment will be established for
the breeding of mosquitos. This impact will only be felt
by the local community and will disappear once water
disposal ceases. Despite the low probability of these
diseases occurring, any presence is unacceptable, as
Australian encephalitis in particular, can have fatal
consequences.

Recreation/Tourism
Impact:

The presence of a large population in an otherwise
sparsely populated region will increase the demand for
recreational facilities outside the community. This may
be aggravated by an increase in tourism, as people may be
attracted to the area by improved facilities. For a
commuter operation, very few mining personnel will have
transportation for private use. Additionally, the general
public will be prevented access to the mine area.
Potential impacts may range from the shooting of native
fauna, through impacts of off—road vehicles on flora and
fauna (Wright & King, 1983; Sheridan, 1979), to improper
rubbish disposal at passive recreation sites.

Significance:

The impact of recreation/tourism will tend to increase in
relation to the development of the Project. Particular
sites, such as Weeli Wolli Springs and the gorges of the
Hamersley Range National Parks, can be expected to
attract large numbers of visitors. The extent to which
these areas can absorb increasing visitor numbers and yet
remain ecologically viable is unknown.
While there are large areas of undeveloped country
surrounding the Project site, there are relatively few sites
of known tourist attraction. This will focus attention on
these few areas which are already acknowledged. In an
arid environment there will be a tendency to aggregate at
sites of land/water interface.

4.2.7

Archaeology

Site Disturbance
Impact:

It is not expected that the workforce or service industry
personnel will use four—wheel—drive vehicles for off—road
recreational purposes. These activities have the potential
to damage both known, and as yet undiscovered, sites.
Impacts could range from the erosion of sites promoted by
off—road vehicles, to the collection of artefacts and
defacing of artwork. Such activity is illegal under the
Aboriginal Heritage Act 1972-1980.
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4.3

Site disturbance, whether wilful or not, can seriously
damage the cultural and scientific value of sites. Such
disturbance is largely irreversible and when erosion is
involved, may worsen with time.

POST-MINING PHASE IMPACTS
4.3.1

Landform

Residual Earthworks
Impact:

Following completion of mining the residual alterations to
the land will comprise the following:
The open cut which will be some 3 km in length,
approximately 650 m wide and up to 50 m deep.
Overburden structures, most of which will form a
flood bund along the eastern fringes of the mine pit
and a stockpile on the south side of Marillana Creek.
Runoff diversion channels from the hills in the north,
east and west to carry water to Marillana Creek.

Significance:

4.3.2

The features outlined above, particularly the mined-out
pit and overburden dumps, will be permanent features of
the post-mining landscape.

Hydrology

Salinisation
Impact:

Once mining ceases, it is estimated that the inflows from
groundwater and occasional surface water flooding into
the mined-out pit will be approximately equal to the
potential evaporation from the pit. Hence, the pit would
become a large concentrating basin, accumulating salt at
a rate of some 2,000 tonnes/year. If a larger pit were to
remain, evaporation potential would exceed the rates of
inflow, and salt accumulation could be expected to occur
indefinitely.

Significance:

The accumulation of salts in the mined-out pit may result
in a deterioration in groundwater quality downstream of
the pit. Should this saline water enter the creek
alluvials, it may have serious consequences for the
phreatophytic vegetation which has been established
under low salinity conditions. The tendency to
hypersalinity in the pit can be seen as irreversible, given
the prevailing climatic conditions.
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Fauna

Community Changes
Impact:

The creation of a water body in the mined-out pit would
introduce a new structural element into this semi-arid
region currently devoid of large permanent water bodies
(the nearest similar feature would be the Ophthalmia Dam
at Newman). The area's colonization by species
dependent on permanent water may result in increased
competition for other scarce resources (e.g. nesting holes).

Significance:

While the invasion of new species would have a
pronounced impact on the local fauna, it is of little
consequence on a regional basis. Large areas of
xerophytic and phreatophytic vegetation exist all around
the mining area. These areas will provide ample habitat
for the preservation of existing species. Over time, a new
ecological balance will be established with little or no
detrimental impact on the regional flora or fauna.

4.4 SUMMARY
A summary of potential environmental impacts and their significance is presented
in Table 4.1.
Figure 4.1 shows the impact checklist developed during the Project's
environmental review studies.

Table 4.1 Summary of Potential Impacts and Their Significance

Impact

Effect

Magnitude

Persistence

Reversibility

Probability

Response

Scale

CONSTRUCT IOl PHASE

L andf orm
Construction Earthworks

neutral/adverse

Borrow Pits

adverse

700 ha

medium/long-term

irreversible

high

indirect/direct

local

lonyterm

irreversible

high

direct

local/regional

Xerophyte
Vegetation Disturbance

adverse

medium/long-term

reversible

high

direct

local

Erosion

adverse

1,400 ha

short/medium-term

reversible

low

indirect

local

adverse

short-term

irreversible

high

direct

local

Archaeology
Site Clearance

OPERATIONAL PHASE

Landlorm
Mining

adverse/neutral

2.0 Mtpa

long-term

irreversible

high

direct

local/regional

Overburden

adverse

40 Mt

long-term

irreversible

high/medium

indirect

local/regional

local/regional

Hydrology
Mine Dewatering

adverse/neutral

16,000-30,000 in3/d

long-term

reversible

high

direct

Mine Water Disposal

neutral/beneficial

8,900-16,900 mn3/d

long-term

reversible

high

direct

local/regional

Process Water Disposal

adverse

short-term

irreversible

low

direct

local

Groundwater Drawdown

adverse

long-term

reversible

high

indirect

regional/local

Groundwater Recharge

neutral/beneficial

long-term

reversible

high

indirect

regional/local

Road Deaths

adverse

long-term

reversible

high

direct

local

Exotic Species

adverse

long-term

irreversible

high

indirect

regional

Ph re at op hy es

Fauna

FOOTNOTE: Short-term

0 - 1 year

Medium-term

1 - 5 years

Long-term

More than 5 years

Table 4.1 (Cont'd)

Impact

Effect

Probability

Response

Scale

Magnitude

Persistence

Reverstbihty

+90 dB(A) or

long-term

reversible

high

direct

long-term

reversible

high

direct

local
local

OPERATIONAL PHASE (Contd)

Workforce
Occupational Noise

adverse

local

140 dB(lin)
Occupational Dust

adverse
adverse

short/long-term

reversible

low

direct/indirect

Ore Train Noise

adverse/neutral

long-term

reversible

high

direct

local

Blasting

adverse

long-term

reversible

high

direct

regional

Ambient Dust

adverse

long-term

reversible

high

direct

regional

adverse

long-term

irreversible

medium/high

indirect

local

low

indirect

local/regional

Hazardous Materials
Connunity

Social Isolation
Comunity Health

adverse

long-term

reversible

Recreation/Tourism

adverse

long-term

irreversible

high

direct/indirect

regional/local

adverse

long-term

irreversible

medium

direct

regional

neutral

long-term

irreversible

high

direct

regional/local

adverse

long-term

irreversible

high

direct

local

beneficial/adverse

long-term

reversible

medium

indirect

local

Archaeology
Site disturbance
POST-MINING PHASE
Landform
Residual Earthworks

Hydrology
Salinisation
Fauna
Convnunity Changes

FOOTNOTE: Short-term
Medium-term
Long - term

O - 1 year
- 5 years
More than 5 years
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ENVIRONMENTAL MONITORING AND MANAGEMENT PROGRAMME

5.1

INTRODUCTION

The identification of the major environmental issues and prediction of potential
impacts enable the formulation of the routine monitoring tasks and the definition
of an environmental management programme for the project. This programme of
monitoring and management is seen as a long-term commitment and, as such, will
be developed and modified as the project continues.
The Proponent adopts the philosophy that the integration of monitoring and
management programmes form the basis for the minimisation of adverse
environmental impacts.
Reporting

5.1.1

Following commencement of operations, the Proponent will undertake to
prepare regular reports, as required, summarising:
the monitoring programmes being carried out,
any proposed changes to the frequency or nature of monitoring
programmes, and
the results of the management programmes that have been
implemented.
5.1.2

Personnel

An Environmental Officer will be responsible for all environmental
monitoring and management activities at the Yandicoogina (Marillana)
mine. These activities will include:
Maintaining routine contact with operational managers to ensure the
integration of environmental objectives with the mining operation.
Operation of the management programmes and other environmental
commitments or recommendations as specified by the EPA.
Undertaking employee awareness programmes to ensure that the
workforce is conscious of their individual environmental responsibility.
Liaison with Government representatives at the Local and State levels
to ensure that permits, licenses, commitments and reports are
maintained.
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CONSTRUCTION PHASE MANAGEMENT
5.2.1

Landform

Construction Earthworks
Objective:

To minimise alteration to the existing topography.

Management:

Only the minimum area required for the construction
exercise, and consistent with safe working practise, will
be cleared. Where possible, the contractor will utilize the
existing topography to optimise the amount of cut and fill
required for the job. Where earthworks cut across minor
drainage features, every effort will be made to detour
water flow around the site and back into the pre-existing
drainage channel downstream of the site.
Once construction is completed, all areas no longer
required for the operation of the facility will be
contoured, slopes stabilised, topsoil replaced and
revegetated. Where appropriate, areas close to office
blocks and crib rooms may be contoured, and planted with
species sustained by reticulated water.

Monitoring:

Close supervision of the contractors by the Proponent's
site representative will ensure conformity to the above
guidelines. No contractor will vacate a site until it has
been rehabilitated to the satisfaction of the Proponent.

Borrow Pits
Objective:

To obtain adequate borrow for construction purposes
while minimising the physical impact on the environment.

Management:

Borrow pits for construction materials will be selected
and operated to minimise erosion, damage to the
surrounding vegetation, and visual impact. Only the
minimum area required for the borrow operation will be
cleared. Where possible, borrow pits will be constructed
in areas which are not visible from the accommodation
sites or access roads.
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reshaped, stockpiled topsoil will be spread and the area
revegetated. Where feasible, overburden from the mining
operation will be placed in disused borrow pits. Particular
attention will be paid to drainage control to ensure that
water does not persist in the borrow pit for long periods
after rainfall.
Monitoring:

5.2.2

Monitoring will consist of visual inspections to ensure that
revegetation is occurring, that erosion is under control,
and that drainage structures are effective. Where any
problems are observed, remedial action will be
implemented.

Xerophytes

Vegetation Disturbance
Objective:

To minimise the disturbance to existing vegetation
communities, and, where disturbance is unavoidable, to do
so in a manner which promotes the natural return of the
vegetation cover.

Management:

The minimum area possible, consistent with safe working
practise, will be cleared. Once construction is completed,
areas no longer required will be contoured, spread with
topsoil, and revegetated.

Monitoring:

The Proponent's representative will ensure that the
contractor leaves the site in an acceptable condition.
Sites will subsequently be monitored visually to ensure
that the recolonisation or revegetation is progressing
satisfactorily. Where this is not the case, remedial action
will be taken.

Erosion
Objective:

To minimise the impact of erosion due to the disturbance
of the natural environment as a result of mining and
related activities.

Management:

Erosion will be managed by physical and biological
means. The physical control of erosion will initially
involve the correct contouring of affected areas to
minimise soil loss from overland water flow. Where
necessary, rip-rap will be used to stabilise particularly
vulnerable slopes.

Monitoring:

The monitoring programme will involve periodic surveys
an annual survey to determine species composition and
cover abundance. Community response over time will
show whether the objectives of erosion control,
self-sustenance and a near natural climax community are
being achieved.
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Archaeology

Site Clearance

5.3

Objective:

To minimise disturbance to known Aboriginal sites.

Management:

Where permission to disturb Aboriginal sites has been
sought, the Proponent will comply with any conditions
imposed by the Minister for Aboriginal Affairs pertaining
to the granting of permission to disturb. Where
necessary, the designated sites will be clearly shown on
construction plans, and all employees and contractors will
be instructed to minimise site disturbance within the
Aboriginal site. No temporary use, such as parking or
storage, will be permitted on known Aboriginal sites.

Monitoring:

A company representative will be nominated to maintain
contact with the 'Aboriginal people who speak for the
country'. Where site disturbance is apparent, consultation
will be sought with Aboriginal representatives and/or the
Register of Aboriginal Sites (Western Australian Museum)
as to future protection measures.

OPERATIONAL PHASE MANAGEMENT
5.3.1

Landform

Mining
Objective:

To minimise disturbance to areas surrounding the mine
site during the mining operation.

Management:

The Environmental Officer will be involved with the
operational and strategic development of the mine and
will have ready access to mining and planning managers.

Monitoring: The Environmental Officer will undertake mine
inspections to ensure that satisfactory environmental
management is being achieved.
Overburden
Objective:

To minimise the dust and sediment yield from the disposal
of overburden.

Management:

It is proposed that overburden be managed in three ways;
as material for mine development, as dumps, or as
backfill to the mined-out pit. In the initial years of
mining, overburden will be stockpiled for use as bund wall
material for surface water management or as borrow pit
fill. It is anticipated that only those borrow pits close to
the mine will be filled. Bunds and borrow pits will be
stabilised with vegetation to minimise both wind and
water erosion.
An alternative management strategy for overburden is to
dump some, or all of, the material into the pit following
mining of the lowest bench. Issues that would need to be
addressed prior to adopting this alternative relate to:
the ultimate use of the mine pit,
the effects of aquifer 'clogging' by overburden fines,
and
the potential to be a long-term sediment source in
ground and surface waters.

Monitoring:

5.3.2

The monitoring of the effectiveness of overburden
management will be closely linked with the hydrological
monitoring programme (sediment transport) and the air
quality monitoring programme (dust), and will be
discussed further in sections 5.3.2 and 5.3.5..

Hydrology

Mine Dewatering
Objective:

To minimise the amount of water abstraction consistent
with safe and efficient mining practice.

Management:

Pumping rates will be constantly adjusted to meet mining
requirements. The dewatering management programme
(number and location of abstraction bores, and pumping
rates) is aimed at effecting mine dewatering by pumping
the minimum amount of water above operational
requirements.

Monitoring:

Data relating to groundwater levels from selected
monitoring bores in the mine environs will be collected as
input into the management programme. Selected
monitoring bores will also be established along the length
of the aquifer to assess regional groundwater levels on a
routine basis.

Mine Water Disposal
Objective:

To ensure that the quality of water returned to the
environment will not result in deterioration of regional
groundwater resources.
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No particular management strategies are considered
necessary for this impact. For most of the mining year,
water will be abstracted from the aquifer and discharged
without any quality deterioration into Marillana Creek.
Following heavy rainfall, sediment laden water will be
disposed of via this system. The quantity will be
insignificant given the normal sediment load of Marillana
Creek.

Monitoring:

Water samples will be collected from all discharge points
for analysis. Groundwater samples will be collected from
observation bores for quality analysis. The frequency of
monitoring may be increased following heavy rainfall or
river flow events and may include samples from Marillana
Creek both above and below the mine area.

Process Water Disposal
Objective:

To prevent any potentially contaminated water from
affecting the regional groundwater resource.

Management:

The management of process water on—site will involve
both 'open' and 'closed' water systems. The open system
will involve all runoff water from rainfall events which
will be directed around potentially contaminated areas.
Runoff from the overburden dumps will be included in this
system.
All water from potentially contaminated areas (e.g.
workshops, washdown areas, etc.) will be collected via a
closed system. This water will pass through an oil
separator before being discharged to an impermeable
evaporation pond. None of this water will be discharged
to Marillana Creek.
Domestic sewage waste from the mine site will be
processed through a sewage treatment plant. The
effluent from this plant will be evaporated or used for
irrigation purposes around the mine.

Monitoring:

5.3.3

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.

Phreatophytes

Groundwater Drawdown
Objective:

To minimise the impact of increased water stress on the
upstream phreatophytic vegetation.
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Within the environs of the mine, and for some as yet
undetermined distance upstream, part of the mine water
discharge will be used to irrigate the phreatophytic
vegetation. Water will be reticulated along the creek,
and released at intervals to the creek alluvials.

Monitoring:

A number of permanent study sites will be located along
Marillana Creek. These study sites will include some sites
beyond the impact of the dewatering programme (control
sites) so that natural, seasonal groundwater fluctuations
can be assessed. These sites will be monitored to
determine tree deaths.

Groundwater Recharge
Objective:

To minimise the impact of abundant permanent water in
the creek alluvials on the phreatophytic vegetation.

Management:

No management programme is considered necessary for
this potential impact.

Monitoring:

Surveys of species presence and abundance will be
undertaken to quantify community changes.

5.3.4

Fauna

Road Deaths
Objective:

To contain the number of road deaths such that the
viability of natural populations is not threatened.

Management:

The number of animal road deaths will probably increase
during periods of drought when animals are attracted to
roadside forage and watering points. Structures such as
borrow pits will be rehabilitated in such a manner that
standing water does not remain for long periods after a
rainfall event. Borrow pits will be located remote from
railroad and access road where possible.

Monitoring:

Monitoring of species deaths will be undertaken along the
access roads.

Exotic Species
Objective:

To minimise expansion of feral populations.

Management:

Few household pets are expected due to the flyin—flyout
operation. The keeping of pet animals will be discouraged
by the mine operators.
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implemented. However, surveys will be undertaken in
conjunction with the relevant Government Authority as
part of control or eradiation programmes. Reports of
feral animal sightings will be investigated.
5.3.5

Workforce

Occupational Noise
Objective:

To reduce the daily noise dose (Leq A8) of all employees
to below 90 dB(A), and to eliminate all peak noise levels
above 140 dB(lin).

Management:

Noise specifications will be included as part of all tenders
for the supply and/or erection of all equipment and
infrastructure. The design criterion will be set at
85 dB(A) to ensure that the 90 dB(A) limit set in the Noise
Abatement (Hearing Conservation in Workplaces)
Regulations 1983 is not breached. Where the design
criterion cannot be met, all efforts will be made to
reduce the noise level as much as is practicable.
A biennial noise level and noise exposure survey will be
used to assess the presence of Noise Hazard Areas as
defined in the Regulations. Where it is not practicable to
reduce noise levels by engineering, all Noise Hazard Areas
will be clearly defined with approved noise hazard
warning signs. Employees required to work in these areas
will be supplied with appropriate hearing protection
devices.
As part of the noise management programme, a survey of
all employees will be made to determine their likelihood
of exposure to noise levels in excess of 90 dB(A) or 140
dB(lin) peak. Those employees likely to be exposed to
hazardous noise will be recorded as 'Designated
Employees' and will undergo an annual audiometric test to
check for detrimental effects. As part of the total noise
programme, it will be ensured through employee
education that employees are aware of their
responsibilities and that they are instructed in the care,
maintenance and correct wearing of hearing protection
devices.
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Monitoring of occupational noise levels will be undertaken
in accordance with the Noise Abatement (Hearing
Conservation in Workplaces) Regulations 1983. These
regulations currently specify that a noise level and noise
exposure survey of all workplaces on—site must be
undertaken every two years. Between major surveys,
partial surveys must be undertaken whenever a significant
alteration is made to the workplace which may influence
the noise regime. These surveys will be conducted by
Noise Officers approved under the Regulations, using
equipment approved by the Department of Occupational
Health Safety and Welfare of Western Australia.

Occupational Dust
Objective:

To protect all employees from the potential health risks
of excessive dust inhalation.

Management:

During the detailed design stage of the Project, every
attempt will be made to isolate operators from dusty
environments. All equipment operators will work in air
conditioned cabs which will be slightly pressurised to
minimise the entrance of dust. Where possible, similar air
conditioned facilities will be provided for control room
operators. Where it becomes necessary for employees to
work in dusty conditions (e.g. maintenance), personal
breathing apparatus will be supplied. The Mines
Regulation Act requires that all employees on a mine
undergo a chest X—ray every 5 years.
Considerable emphasis will be placed on the control of
dust at source. During the detailed design stage of the
Project, known dust generating situations, such as
conveyor transfer points and the crushing cycle, will be
identified and suitable control mechanisms provided.

Monitoring:

Under the provisions of Subsection 8.6(1) of the Mines
Regulation Act Regulations, 1976, the Proponent is
obligated to undertake a monitoring programme every
three months. The monitoring programme must be
approved by the Inspector of Mines, with results being
forwarded to the Inspector and the Ventilation Board.
The results will be assessed against the standards set in
the Regulations.
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Objective:

To ensure the safe handling of all hazardous materials
used on-site.

Management

The Proponent will adopt a formal Hazardous Materials
Management Programme (HMMP) which will incorporate
the following elements:
adoption of a formal policy statement,
designation of responsibility for all elements of the
programme,
employee participation,
training of personnel,
dissemination of information,
establishment of purchasing and inventory controls,
and
environmental monitoring.

Monitoring:

5.3.6

A regular monitoring of the atmosphere will be conducted
based on the Guidelines for the Evaluation of Atmospheric
Contaminants in the Mining Industry (Dept. of Mines, WA,
1983).

Community

Ore Train Noise
Objective:

To ensure that the noise generated by the transport of ore
does not intrude unnecessarily on the workers in the
accommodation site.

Management:

It is believed that the impact of noise from ore trains on
the accommodation site will be insignificant. In view of
this, no particular management strategy has been devised.

Monitoring:

In response to a particular complaint, noise measurements
of ore trains will be undertaken at the site boundary
nearest the noise source. The results of this survey will
be compared with standards in Australian Standard
AS 1055-1984 (Acoustics Description and Measurement of
Environmental Noise) to determine the validity of the
complaint.

I
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Objective:

To minimise the impact on the community from the
blasting of ore.

Management:

Blasting will be undertaken during daytime only and at
specified daily times.

Monitoring:

A monitoring programme will be conducted to determine
if a noise nuisance exists as a result of blasting. The
monitoring programme will consist of recording noise
levels at the site boundary nearest the mine, as well as
measuring various meteorological parameters on the
minesite.

Ambient Dust
Objective:

To reduce the dust levels generated by mining and related
activities within the minesite and along access corridors.

Management:

Crushing equipment, conveyors and the train loadout
facility will be equipped with dust control equipment.
Haul roads will be watered on a regular basis by water
tankers.
Operations at the port will fall within the control of
MNM. It is envisaged that no expansion or upgrading of
the existing dust control system will be required to cater
for the small increase in ore handling.

Monitoring:

A dust monitoring programme will be implemented at the
minesite. The programme will employ a network of
standard dust gauges which will operate on a monthly
sample period. The location of the gauges will depend on
topography, prevailing wind direction and infrastructure.
At least one gauge will be located at the community.

Mosquito Breeding
Objective:

To control potential mosquito breeding areas at water
disposal sites and in reclaimed borrow pits.

Management:

Currently, the Health Department of Western Australia is
undertaking an arbovirus surveillance programme
throughout the north-west of the State in order to
monitor the distribution of these viruses in potentially
endemic areas. This programme will be discussed with
the Department to determine the management
requirements for the Project area.
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5.3.7

MNM currently undertakes a mosquito monitoring
programme at Ophthalmia Dam. A similar programme is
envisaged for the Project site and would include use of
sentinel chickens, and adult and larval mosquito surveys.

Aboriginal Sites

Site Disturbance

5.4

Objective:

To minimise damage to Aboriginal sites.

Management:

During induction, all employees and contractors will be
advised of their responsibilities under the Aboriginal
Heritage Act 1972-80 to all Aboriginal sites, and to the
'Three Sisters' in particular.

Monitoring:

Monitoring will be undertaken as outlined in Subsection
5.2.3.

POST—MINING PHASE MANAGEMENT
Landform

5.4.1

Residual Earthworks
Objective:

To leave the site in a condition that will minimise
erosional impacts in the ensuing years.

Management:

Where appropriate, pre—existing drainage networks will be
re—established. Revegetation activities will continue
beyond the closing of the mine to enable final overburden
dumps to be contoured and stabilised.

Monitoring:

It is assumed that the development of suitable
revegetation techniques will have led to the creation of
self—sustaining vegetation communities. Monitoring will
consist of site visits following decommissioning to
monitor the progress of revegetation.

5.4.2

Hydrology

Salinisation
Objective:

To ensure that the water contained within the pit is
maintained at an acceptable salinity level.
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management were considered:
Perform no modification to the final mined—out area,
leaving in place the diversion structures installed for
drainage management during the mine life, or
Implement structures to maintain the mine pit as a
permanent water body.
The first alternative would result in the mine pit
becoming a large concentrating basin, accumulating salts
from groundwater inflow.
The second alternative would still result in salinity
increases due to evaporative concentration. However, the
ability to sustain some outflow from the pit along with
periodic inflow of very low salinity streamfiow, would
minimise the net increase in pit water and groundwater
salinity.
The second alternative could be achieved by opening up
the pit to Marillana Creek in the west and east. This
would result in a permanent water body in the pit.
Diversion of some of the streamflow from Marillana
Creek would result in reduced streamflows in the existing
channel between the extremities of the mine pit.
Monitoring:

5.5

A monitoring programme will be implemented to assess
the long—term quality of water in the mined—out pit.

SUMMARY

A summary of proposed monitoring and management programmes is presented in
Table 5.1.

Table 5.1

Parameter and Agent

Suimary of Proposed Monitoring and Management Programes

Management Programme

Monitoring Progranne

CONSTRUCT ION PHASE

Landforrn

Construction Earthworks

Minimum clearance of vegetation.
Maintenance where possible of pre-existing

Assessment of site at the completion
of the contract.

drainage.
Revegetation of temporary areas after use.

Borrow Pits

Pits will be reshaped, topsoiled and
revegetated.

Visual inspection (particularly after
heavy rainfall).

Xerophytes

Vegetation Disturbance

Minimum clearance of vegetation.

Assessment of site at the completion
of the contract.
Visual assessment of revegetation
effectiveness.

Erosion

Contouring of sites to minimise water erosion.
Development of a self-sustaining revegetation

Survey of species composition and
cover abundance.

progranalle.

Archaeology

Site Clearance

Minimum disturbance of existing sites.

Review of all sites in the proximity
of the mine.

Table 5.1 (Cont'd)

Parameter and Agent

Management Prograwne

Monitoring Progranmie

OPERMT!ONML PHASE

Land form

Mining

Environmental input to mine planning.

Inspection of mining operations.

Overburden

Use as material for surface water management

(See hydrological and air quality

or borrow pit fill.

monitoring prograavnes.)

Backfill to the mined-out pit.
Storage in dumps.

Hydrology

Mine Dewatering

Pump the minimum amount of water
above operational requirements.

Assessment of discharge and mine
site groundwater levels.
Assessment of regional groundwater
levels.

Mine Water Disposal

None required

Collection and analysis of water
samples from all discharge points.
Collection and analysis of water
from monitoring bores.
Collection and analysis of standing
water in Marillana Creek.

Table 5.1 (Cont'd)

Environmental Issue

Management Programe

Monitoring Programme

OPERATIONALPHASE (Contd)
HYDROLOGY (Cont d)

Process Water Disposal

Clean run-off diverted to Marillana Creek.
Contaminated waste water will be evaporated.

Collection and analysis of water
samples from discharge points.

Treated sewage used for irrigation or
evaporated.

Phreatophytes

Groundwater Drawdown

Irrigation of phreatophytic vegetation
around the mine.

Survey of tree deaths.
Survey of community changes.

Removal of exotic tree species.

Survey of corrnunity changes.

Road Deaths

Optimal location of borrow pits

Survey of road kills.

Exotic Species

Workforce education on the impact of feral animals.

Reporting of feral animal sightings.

Groundwater Recharge

Fauna

Feral animal control programmes.

Table 5.1 (Contd)

Environmental Issue

Management Programe

Monitoring Progranme

OPERATIONAL PHASE (Cont'd)

Workforce

Occupational Noise

Design criterion of 85 dB(A) in all tenders.
Designation of Noise Hazard Areas.

Systematic survey of all
workplaces.

Employee education, audiometric tests and
issue of hearing protection devices.

Occupational Dust

Provision of dust control devices.
Air conditioned cabs, and where necessary,
protective devices.

Collection and analysis of
environmental dust samples.
Collection and analysis of
respirable dust samples.

Hazardous Materials

Adoption of Hazardous Materials Management
Progranine.

Atmospheric monitoring using
colorimetric tubes.

Comuni ty

Ore Train Noise

None required.

Noise survey at the community
boundary if required.

Blasting

Daytime only and at specified times.

Noise nuisance survey.

Table 5.1 (Cont'd)

Management Programme

Environmental Issue

Monitoring Progranine

OPERATIONAL PHASE (Cont'd)
COMMUNITY (Cont'd)

Ambient Oust

Watering of roads.

Collection and analysis of dust
samples.

Inovative employment programes.

Comunity Health

Management of arboviruses with WA Dept of

Use of sentinel chickens, and adult
and larval mosquito surveys.

Health.

Aboriginal Sites

Site Disturbance

Employee Education Progranwne.

Review of all sites in the
proximity of the mine.

POST-MINING PHASE

Landf arm

Residual Earthworks

Re-establishment of pre-existing drainage

Assessment of revegetation
programe.

networks.
Contouring and stabilisation of overburden
dumps.

Hydrology

Salinisation

Two options: no action, or
diversion of Marillana Creek

Monitoring of water quality in
the mined-out pit.

Table 5.1 (Cont'd)

Impact

Effect

Magnitude

Persistence

Reversibility

Probability

long-term

reversible

high

direct

local

Response

Scale

Work force
Occupational Noise

adverse

+90 dB(A) or
140 dB(lin)

Occupational Dust

adverse

long-term

reversible

high

direct

local

Hazardous Materials

adverse

short/long-term

reversible

low

direct/indirect

local

Community
Ore Train Noise

adverse/neutral

long-term

reversible

high

direct

local

Blasting

adverse

long-term

reversible

high

direct

regional

Ambient Dust

adverse

long-term

reversible

high

direct

regional

Social Isolation

adverse

long-term

irreversible

medium/high

indirect

local

Comnnunity Health

adverse

long-term

reversible

low

indirect

local/regional

Recreation/Tourism

adverse

long-term

irreversible

high

direct/indirect

regional/local

adverse

long-term

irreversible

medium

direct

regional

neutral

long-term

irreversible

high

direct

regional/local

adverse

long-term

irreversible

high

direct

local

beneficial/adverse

long-term

reversible

medium

indirect

local

Archaeology
Site disturbance

POST-MINING PHASE

Landform
Residual Earthworks

Hydrology
Salinisation

Fauna
Comunity Changes

Table 5.1

Environmental Issue

Sunflary of Proposed Monitoring and Management Programmes

Management Programe

Monitoring Programme

CONSTRUCTION PHASE

L andform

Construction Earthworks

Minimum clearance of vegetation.
Maintenance where possible of pre-existing

Assessment of site at the completion

of the contract.

drainage.
Revegetat ion of temporary areas after use.

Borrow Pits

Pits will be reshaped, topsoiled and
revegetated.

Visual inspection (particularly after
heavy rainfall).

Xerophytes

Vegetation Disturbance

Minimum clearance of vegetation.

Assessment of site at the completion
of the contract.
Visual assessment of revegetation
effectiveness.

Erosion

Contouring of sites to minimise water erosion.
Development of a self-sustaining revegetation

Survey of species composition and
cover abundance.

progranne.

Aboriginal Sites

Site Clearance

Minimum disturbance of existing sites.

Review of all sites in the proximity
of the mine.

[iJ

Table 5.1 (Cont'd)

Environmental Issue

Management Programme

Monitoring Programme

OPERATIONAL PHASE

Landform

Mining

Environmental input to mine planning.

Inspection of mining operations

Overburden

Use as material for surface water management

(See hydrological and dust

or borrow pit fill.

monitoring programmes.)

Backfill to the mined-out pit.
Storage in dumps.

Hydrology

Mine Dewatering

Pump the minimum amount of water
above operational requirements.

Assessment of discharge and mine
site groundwater levels.
Assessment of regional groundwater
levels.

Mine Water Disposal

Collection and analysis of water
samples from discharge points.
Collection and analysis of water
from monitoring bores.
Collection and analysis of standing
water in Marillana Creek.

- 50 6.0

CONCLUSIONS

The Yandicoogina (Marillana) Project will bring significant benefits to the Pilbara
Region, the State of Western Australia, and the Nation as a whole. The Project is
to be undertaken in an area which presently generates little economic return and
which has been significantly modified by pastoral land management.
Within the area of the operations, there are no features of unique significance
that will be affected, and no flora or fauna listed as rare or endangered will be
adversely affected. The issues of environmental impact are seen to be similar to
those in other mining operations of the Region, and hence there is a considerable
body of precedence and experience in managing these issues.
Identification of the major impacts of the Project has enabled the definition of a
comprehensive management and monitoring programme to minimise adverse
effects.
Major environmental management commitments to be undertaken by the
Proponent are listed numerically as follows:
The Proponent will submit an environmental monitoring and management
programme with the mining proposals to the State in accordance with the
State Agreement Act.
Regular assessment of monitoring results and management effectiveness
are to be reported as part of the monitoring and management programme.
Reports will be submitted to the responsible Minister at intervals specified
in the Act.
The Proponent will comply with the provisions of all relevant Government
Acts and Regulations that may apply to the operations.
An Environmental officer will be responsible for all environmental
monitoring and management activities for the Project.
Environmental awareness programmes will be provided for all construction,
contractor and operational workforce.
During the construction phase minimum alteration to the existing
topography will be achieved. Once construction is complete, areas no
longer required will be contoured, slopes stabilised, topsoil replaced and
revegetated.
Borrow pits, where possible, will be located in areas not visible from the
accommodation sites or access roads. The pits will be reshaped and
revegetated. Drainage control will be employed to reduce surface water
ponding.
Erosion will be managed by contouring, stabilising and vegetation.
Minimisation of disturbance to archeological sites will be achieved by
reducing any operations on the sites. Where a site may need to be
disturbed, the Proponent will comply with any conditions imposed by the
Minister for Aboriginal Affairs.
The area of disturbance will be reduced by using overburden for bund walls,
fill for borrow pits and by returning overburden and waste ore to the mined
out areas of the pit.

- 51 Surface dumps of overburden including bund walls, refilled borrow pits and
the main overburden dump area will be stabilised to minimise wind and
water erosion.
Mine dewatering will be affected by pumping the minimum amount of
groundwater to achieve optimum mining conditions.
Mine dewatering discharge will be fed into Marillana Creek and used as
irrigation water to support phreatophytic vegetation.
No contaminated process water from the operation will be allowed to
discharge to the creek system or to the groundwater.
Monitoring of the dewatering effects on the riverine phreatophytes will be
undertaken. Management will be effected by irrigation of affected areas
with mine dewatering discharge.
Occupational and ambient dust levels will be managed by controlling dust
emissions at their source. Dust monitoring programmes will be
implemented, and dust emissions controlled by water spraying.
Management of the area following completion of mining will be undertaken:
Pre-.existing drainage networks will be reestablished where applicable.
Revegetation activities will continue until stable communities are
established.
The mined Out pit will be modified to minimise water quality changes
caused by evapoconcentration.
Following environmental approval of the Project, development of the operation
will be undertaken in a manner consistent with the highest standards of
environmental management and protection.
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-AlEPA GUIDELINES FOR PUBLIC ENVIRONMENTAL REPORT
YANDICOOGINA (MARILLANA) IRON ORE PROJECT
BHP-UTAH MINERALS INTERNATIONAL
SUMMARY
The document should contain a brief summary of the salient features of the
proposal, existing environment, the extent of environmental impacts and
environmental safeguards and management.
1.0

INTRODUCTION

This section would include:
background and objectives of the proposal;
details of the proponent;
location; and
scope and timing of the proposal.
Describe in a general way the benefits of the project to the Company and
community. It may be useful to describe these at a local and State level.
2.0

PROPOSAL

The document should provide descriptions of the various components of the
development. The document should cover the various phases from site
preparation through to decommissioning as well as covering operational aspects,
such as overburden handling and ore transport. Auxiliary services, such as power
and water supply, should also be described.
Where there are in-build environmental controls or safeguards as part of the
project design, they should be described as part of the proposal, and only
summarised in the later environmental management discussion.
3.0

EXISTING ENVIRONMENT

The document should provide an appraisal of the ecological systems likely to be
affected by all aspects of the proposal, but should concentrate on the significant
aspects of the environment subject to impact from the development. Only the
habitats, resources and potential resources which could be influenced by the
project should be described.

-A2In particular, the aspects of the environment relevar t to, or impacted by mining,
mine dewatering, workforce accommodation, railwa) extension should be defined.
A good understanding of the local meteorology, so Is and geology, groundwater
and biota and their interaction with existing water resources, levels of dust and
other possible pollutants should be demonstrated if relevant for the mine, new
transport corridor and port. It is also important to consider the conservation
status of flora and fauna.
Discuss the physical and biological processes which maintain the various habitats
and resources. Assess the resilience of these habitats and resources to natural
and man-made pressures.
The discussion of the human environment should include information on
demography, land use and planning, features and site of cultural and scientific
interests including any historical, archaeological or enthnographic sites. Also,
infrastructure and public and private utilities and facilities, should be considered.
4.0

ENVIRONMENTAL IMPACTS

The proposal will impact on some aspects of the environment, and it is necessary
to synthesize these impacts in a way which shows the likely outcome. This is
necessary for two reasons: first to demonstrate to the reader of the document
that the proposal is environmentally acceptable and second to show that operative
management, ameliorative and monitoring programmes can be devised.
Consideration should be given to both the long and short term effects of the
project development and operation at the various locations where the project may
significantly impact on the environment.
A thorough evaluation of the hydrological and air quality impacts of the proposal
should be provided. Discuss effects of project and associated population on the
existing environment, including any archaeological, enthnographic and heritage
aspects and the existing local population.
An indication of the significance of the potential impacts should also be provided.
5.0

ENVIRONMENTAL MANAGEMENT

An environmental management programme should be described on the basis of
(and frequently cross-referenced to) the synthesis of environmental impacts
previously outlined. The objectives, the scope and details of the programme
should be described. Assignment of responsibility for environmental management
and its relationship to the proponent's management structure should also be stated.
Emphasis should be given as to how the environmental management programme
will be adapted to rectify any short comings shown by the monitoring programme.
The procedures for reporting results of monitoring and environmental
management to the appropriate authorities should be provided. Also summarise
and, where necessary, detail management commitments described in this and
earlier sections.

—A3-6.0

CONCLUSION

Conclusions of the overall impact of the proposal (including the role of
ameliorative measures) should be stated together with an assessment of the
environmental acceptability of the project.
This section should also include a concise summary of major environmental
management commitments.
7.0

REFERENCE (BIBLIOGRAPHY/ABBREVIATIONS)

Glossary
Provide definitions of technical terms used. Also define and explain units of
measurement which may not normally be understood by the interested layman.
PER Guidelines
Guidelines which may have been approved by the EPA should be reproduced in the
document.
Appendices
These may be produced as separate volumes or incorporated in the back of the
document.
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ABS

Australian Bureau of Statistics

AHD

Australian Height Datum

ALA

Authorised Landing Area

BHP

The Broken Hill Proprietary Co Ltd

BIF's

Banded iron Formations

dB(A)

decibel, A frequency weighting

dB(lin)

decibel, Linear frequency weighting

EPA

Environmental Protection Authority (WA)

et al.

and others

Fe

Iron
hectare

ha
HMMP

Hazardous Materials Management Programme

kg

kilogram

km
Leq A8

kilometre
Equivalent sound level in dB(A) over 8 hours

m

metre

m/d
m3/d

Meter per day
cubic metres per day

mg/I

milligrams per litre

mm

millimetre

MNM

Mt Newman Mining Co Pty Ltd

Mt

Million tonnes

Mtpa

Million tonnes per annum

NNW

North-north-west

PER

Public Environmental Report

sp

Species

t

tonne

TDS

Total Dissolved Solids

TLV

threshold limit valves

TR

Temporary Reserve

YBSA

Yandicoogina Biological Study Area

-ASAUTHORITIES AND ORGANISATIONS CONSULTED

WA Environmental Protection Authority
WA Mines Department
WA Museum (Aboriginal Sites Department)
Bureau of Meteorology
Australian Bureau of Statistics
Department of Resources Development
Department of Tourism
Health Department of WA
Education Department of WA
Water Authority of WA
Mt Newman Mining Co Pty Limited
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