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Invitation to Make a Submission
The Environmental Protection Authority (EPA) invites people to make a submission on this Proposal.
Both electronic and hard copy submissions are welcome.
Sinosteel Midwest Corporation Ltd (SMC) proposes to develop a new iron ore mine at Weld Range,
located approximately 85 kilometres southwest of Meekatharra and 60 km northwest of Cue in the
Midwest region of Western Australia. The Project has high grade outcrops over a 60 km strike length.
SMC is targeting to export 15 million tonnes of iron ore per annum over a 15 year period, however, this
proposal addresses the first 11 years of planned operations. Any extension beyond the initial 11 year
mine life, based on identification of additional ore reserves, will be the subject of separate consideration
by the EPA. This project is anticipated to have localised impacts to the environment; work will be
conducted over a total area of 4074 ha, which comprises 18% of SMCs tenement holdings. Impact on the
Weld Range from mining (pits and waste dumps) is expected to be approximately 10%.
This document covers the assessment of the Weld Range Iron Ore Project (the Project). In accordance
with the Environmental Protection Act 1986 (WA), a Public Environmental Review (PER) has been
prepared which describes the Project and its likely effects on the environment. This PER is available for
a public review period of 6 weeks from 6th September 2010, closing on18th October 2010.
Comments from government agencies and from the public will help the EPA to prepare an assessment
report in which it will make recommendations to government.
Why write a submission?
A submission is a way to provide information, express your opinion and put forward your suggested
course of action ‐ including any alternative approach. It is useful if you indicate any suggestions you
have to improve the proposal.
All submissions received by the EPA will be acknowledged. Submissions will be treated as public
documents unless provided and received in confidence subject to the requirements of the Freedom of
Information Act, and may be quoted in full or in part in the EPA’s report.
Why not join a group?
If you prefer not to write your own comments, it may be worthwhile joining a group interested in
making a submission on similar issues. Joint submissions may help to reduce the workload for an
individual or group, as well as increase the pool of ideas and information. If you form a small group (up
to 10 people) please indicate all the names of the participants. If your group is larger, please indicate
how many people your submission represents.
Developing a submission
You may agree or disagree with, or comment on, the general issues discussed in the PER or the specific
proposal. It helps if you give reasons for your conclusions, supported by relevant data. You may make
an important contribution by suggesting ways to make the proposal more environmentally acceptable.
When making comments on specific proposals in the PER:
•

Clearly state your point of view.

•

Indicate the source of your information or argument if this is applicable.

•

Suggest recommendations, safeguards or alternatives.
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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 issues raised are clear. A summary of your submission is helpful.

•

Refer each point to the appropriate section, chapter or recommendation in the PER.

•

If you discuss different sections of the PER, keep them distinct and separate, so there is no
confusion as to which section you are considering.

•

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

Remember to include:
•

Your name and address

•

Date

•

If and why you want your submission to be confidential.

Information in submissions will be deemed public information unless a request for confidentiality of the
submission is made in writing and accepted by the EPA. As a result, a copy of each submission will be
provided to the proponent but the identity of private individuals will remain confidential to the EPA.
The closing date for submissions is the 18th October 2010
The EPA prefers submissions to be sent in electronically using one of the following:
•

the submission form on the EPA’s website: www.epa.wa.gov.au/submissions.asp;

•
by email to: submissions@epa.wa.gov.au
Alternatively, submissions can be posted to:
The Chairman
Office of the Environmental Protection Authority
PO Box K822, PERTH
WA 6842
Attention: Colin Murray
Where to get copies of this document?
Printed copies of this document may be obtained, at a cost of $10, or a CD‐ROM version can be
purchased for $5 from:
ecologia Environment
1025 Wellington St
WEST PERTH WA 6005
Phone: (08) 9322 1944
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GLOSSARY OF TERMS AND ABBREVIATIONS
ABBREVIATION

EXPANDED TITLE

ADML

Acid Drainage Metal Leaching

AHD

Australian Height Datum

AMD

Acid mine drainage

AI2O3

Aluminium oxide

ANFO

Ammonium Nitrate Fuel Oil

ANZECC

Australian and New Zealand Environment and Conservation Council

ARD

Acid rock drainage

BIF

Banded iron formation

DEC

Department of Environment and Conservation

DIA

Department of Indigenous Affairs

DMP

Department of Mines and Petroleum

DRF

Declared Rare Flora

DSO

Direct shipping ore

EIA

Environmental Impact Assessment

EMP

Environmental Management Plan

EMS

Environmental Management System

EPA

Environmental Protection Authority

Fe

Iron

FIFO

Fly in‐ fly out

GDP

Gross domestic product

GL

Giga litre

HV

Heavy vehicle

JORC

Joint Ore Reserves Committee

Km

Kilometre

Kt

Kilotonne (1000 tonnes)

kWh

Kilowatt hour

LV

Light vehicle
3

Mm

Million cubic metre

Mtpa

Million tonnes per annum

NAF

Non acid forming

NATA

National Association of Testing Authorities

P

Phosphorous

PAF

Potentially acid forming
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ABBREVIATION

EXPANDED TITLE

PEC

Priority Ecological Community

PER

Public Environmental Review

PM10

Particulate matter (Dust particles <= 10 micron dia.)

RO

Reverse osmosis

ROM

Run of mine

S

Sulphur

SMC

Sinosteel Midwest Corporation

TDS

Total dissolved solids

TEC

Threatened ecological community

TSF

Tailings storage facility
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EXECUTIVE SUMMARY
Development Background
This PER document has been developed for the SMC Weld Range Iron Ore Project.
Sustained demand for iron ore has encouraged companies to explore new sources of iron ore, including
the Banded Iron Formation (BIF) ranges in the Midwest region of Western Australia.
SMC is an emerging iron ore producer in the Midwest Region of Western Australia. SMC has a strong,
experienced and energetic hands‐on management team dedicated to becoming a significant supplier of
iron ore. SMC is an incorporated entity established to conduct mineral exploration, engineering,
environmental and economic studies into the feasibility to mine iron ore at Weld Range and, upon
successful completion of these studies, implementation of the Project.
SMC proposes to develop a new iron ore mine at Weld Range, located approximately 85 km southwest
of Meekatharra and 60 km northwest of Cue in the Midwest region of Western Australia. The Project
has high grade outcrops over a 60 km strike length. SMC is targeting to export 15 million tonnes per
annum (Mtpa) of iron ore over a 15 year period, however, this proposal addresses the first 11 years of
planned operations. Any extension beyond the initial 11 year mine life, based on identification of
additional ore reserves, will be the subject of a separate submission and assessment.
The Project is located approximately 600 km north‐north‐east of Perth and 85 km southwest of
Meekatharra. The tenements that form the basis for the Project cover a series of hills that rise
approximately 250 m above the surrounding plains. The range is some 3 km wide, extends for up to 60
km in length from southwest to the northeast, and consists of a series of parallel ridges with deep
incised valleys.
High grade iron ore mineralisation occurs within the Weld Range as a series of outcroppings of extensive
goethite‐haematite lodes. Many of these outcroppings have been identified along Weld Range. The
proposed operations at Weld Range are expected to have a disturbance footprint of approximately 40.7
km² (4074 ha), or 18 % of SMCs tenement holdings. Impact on the Weld Range from mining (pits and
waste dumps) is approximately 10%.
Mining will occur at two main deposits, namely Beebyn and Madoonga. The ore will be fragmented at
the mine face using conventional Ammonium Nitrate Fuel Oil (ANFO) and controlled blast designs. The
ore from the pits will be transported via road train to the central processing facility (CPF), located
approximately midway between the pits, and comprises road train unloading/tipping, screening,
crushing, stockyards and train load‐out. Other key items of infrastructure will include an
accommodation village, airport, and interconnecting roads.
The Project will require an estimated 390 km rail link to a proposed deepwater port at Oakajee, north of
Geraldton. State Government policy specifies that this infrastructure will be provided by a third party.
Ore will be transported in rail cars on the new rail line servicing the Midwest iron ore region. The ore
will be emptied from the rail cars by a rail car dumper and stacked and stockpiled prior to ship loading.
The key characteristics of the Project are summarised in Table ES 1 and areas of clearance and
disturbance are detailed in Table ES 2 .
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Table ES.1 – Key Characteristics of the Project
Key Aspect

Description

Mining operations
Proposed operation commencement

2013

Project life span (this proposal)

11 years

Anticipated year of decommissioning for
Beebyn and Madoonga

2024

Proposed mine locations

Beebyn and Madoonga

Size of ore body

218.8 million tonnes (Mt) (dry, Beebyn and Madoonga)

Ore type

Haematite / Goethite

Ore mining rate

15 Mtpa

Overburden mining rate

85 Mtpa (subject to final pit design) (wet)

Total Product

150 Mt (Beebyn and Madoonga)

Stripping ratio (overburden: ore)

5.3:1

Total waste

723 Mt

Beebyn and Madoonga mining areas
Clearing for pits and overburden stockpiles

1811.5 ha

Madoonga pit details
Mining floor RL

~300 mRL

Water table RL

~480 mRL

Overburden stockpiles

Overburden will be placed on the northern slopes of the range to
minimise potential impacts to flora and fauna.

Beebyn pit details
Mining floor RL

~300 mRL

Water table RL

~480 mRL

Overburden stockpiles

Overburden will be placed to minimise potential impacts to flora and
fauna.

Processing Requirements
Crushing, screening, stockpiling and rail car
loading.
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The ore will be crushed, screened and stockpiled as lump and fines
iron ore prior to being re‐claimed and loaded onto railway wagons
by an automatic rail car loader.
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Key Aspects

Description

Processing requirements

Beneficiation (Future)

Lower grade fines ore will be stockpiled for future processing in a
beneficiation plant to wash away the minus 63 micron material and any
alumina above the marketable threshold for fines.
A tailings dam for rejected fines will be constructed.
The total area required for the tailings dam is estimated to be 46.5 ha.
Indicative dimensions:
280 m x 280 m x 5 m
3
Volume of tailings to dam
210,000 m /a
Total solids deposited:
162,000 t/a
Assumed settled density:
2.0 – 2.5 t/m3
3
Volume of settled slimes:
64,800 – 81,000 m /a
Dam capacity:
392,000 m3
Life:
11 years

Mine site infrastructure
• On site diesel generator plant
• The CPF will be powered by stand alone power station powered by 12 x 1

MW diesel generators.
Power source

• Beebyn will be supplied by a 3 MW power station (installed capacity).
• Madoonga will be supplied by a 3 MW power station (installed capacity).
• The accommodation village will be supplied by a 2 MW power station

(installed capacity).
• The airstrip will be supplied with a 50 kW power station (installed capacity).
Water source

From mine dewatering at Beebyn
• 3,000 m L x 1,100 m W x 1.3 m D;
2

Evaporation pond

• area approximately 3.3 km and
• 0.3 m freeboard included.
• Infiltration and evaporation

Anticipated annual water requirement

3.19 GLpa to 4.96 GLpa

Mine Dewatering

Water abstraction rate: 6.74 – 11.95 GL per annum
• ROM pad (at Madoonga and Beebyn) for delivering ore from the mine
• Mineral processing plant
• Stacker and re‐claim equipment
• Train load out facility
• Administration and central facilities
• Powerhouse

Ancillary infrastructure

• Magazines
• Turkey nest dam
• Airstrip
• Accommodation village
• Access roads
• Borefield
• Provision for future tailings dam (46.5 ha)

Estimated clearing area for
infrastructure ancillary infrastructure

2188 ha

Total estimated clearing for Project
area

2
4074 ha (40.7 km )
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Table ES.2 – Summary of Clearance and Disturbance for Project Mining and Infrastructure
Weld Range Project

Approximate Area (ha)

Beebyn Pit and waste dumps

1098

Madoonga Pit and waste dumps

715.5

Madoonga Pit infrastructure

72.6

Central processing facility – plant and infrastructure

450

Evaporation pond

674

Accommodation village

161.3

Airstrip

55

Access tracks and haul roads

549

ANFO

40.3

Borrow

258.4
4074 (40.7 km2)

TOTAL
Undisturbed land

18,426

TENEMENT AREA

22,500 (225 km2)

Environmental Surveys and Assessments
Comprehensive baseline surveys and impact assessments have been conducted for each component of
the mine and associated infrastructure. A risk based approach to identifying key environmental issues
and potential impacts has been used to develop appropriate environmental management strategies and
monitoring programs.
Environmental studies conducted to date include:
•

Biological surveys and assessments of flora and vegetation including terrestrial fauna, short range
endemics (SRE) and subterranean fauna.

•

Hydrological studies and modelling of the local catchment area.

•

Hydrogeological studies including modelling of the local aquifers, water balance and abstraction.

•

Air quality studies (noise, dust and greenhouse gas emissions).

•

Acid rock drainage characterisation.

•

Ongoing Aboriginal heritage surveys and consultation with the Wajarri Yamatji people,
Department of Indigenous Affairs (DIA) and other interested parties.

Consultation with the decision making authorities (DMAs), government departments, landholders and
other stakeholders has been undertaken and will be ongoing throughout the EIA process. A description
of the consultation undertaken to date is provided in Section 9 of this PER.
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Key Environmental Issues
From the baseline surveys the key environmental issues of relevance to the Project are:
Flora and vegetation:
•

Clearing of vegetation for open cut mining and associated infrastructure is unavoidable, however
this clearing will be limited to the minimum area (4074 ha) necessary for the safe, efficient
construction and operation of the Project.

•

No taxa or ecological communities of national or state significance were recorded during the
ecologia survey. However, one Priority 1 Priority Ecological Community (PEC) is recorded as
occurring in the area “Weld Range vegetation complexes (Banded Ironstone Formation) (BIF)”,
and some of the Project area lies within this PEC.

•

To date, 27 priority taxa have been recorded in surveys carried out by ecologia and the DEC at
Weld Range. These priority flora species are located across a range of vegetation communities
and landforms and include six Priority 1, 18 Priority 3 and three Priority 4 species. Flora species
impacted by the Project are distributed within the region. The Project has been designed to avoid
populations of significant species where possible. Botanical surveys conducted for the Project has
improved knowledge of vegetation and flora in the region.

•

Site planning will allow for avoidance, minimisation and/or offset impacts from required clearing
of flora and vegetation, including impacts to flora of conservation interest. A Vegetation and Flora
Management Plan will be implemented as part of the Project Environmental Management Plan,
detailing management and mitigation methods to limit impacts on vegetation and flora.

Vertebrate Fauna:
•

Five conservation significant fauna were recorded by ecologia at Weld Range, these include:
ο

Long‐tailed Dunnart (Sminthopsis longicauda);

ο

Peregrine Falcon (Falco peregrinus);

ο

Bush Stone‐curlew (Burhinus grallarius);

ο

Slender‐billed Thornbill (Acanthiza iredalei iredalie); and

ο

A fossorial skink (Lerista eupoda).

•

A further two conservation significant species, the Rainbow Bee‐eater and Australian Bustard,
were not recorded however these are considered to have a high likelihood of occurrence in the
area and thus have the potential to be impacted by the Project.

•

The mine development requires progressive clearing of fauna habitat which will result in the
associated loss of fauna individuals and populations. This fauna loss is not anticipated to have
regional significance, as the fauna present within the proposed mine site are mostly wide‐ranging
and are likely to be present outside of the Project footprint. Five conservation significant species
were recorded within the Project area and a further two conservation significant species are
considered highly likely to utilise the Project area. There will be localised impact to these species
but this is not anticipated to have a significant impact to the species at a regional level. Fauna
surveys have improved knowledge at a local and regional level

Invertebrate Fauna:
•

Forty five invertebrate species of interest were collected from the Weld Range short range
endemic (SRE) survey. These included 15 species of mygalomorph spiders, 10 species of
centipedes, eight species of scorpions, six species of pseudoscorpions, four species of isopods, one
species of millipede and one species of land snail. Populations of SRE invertebrate fauna within
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the clearing footprint and the majority of invertebrate fauna that do not have aerial dispersal
abilities will be lost due to clearing of up to 4074 ha of native vegetation.
•

Although there was a high level of uncertainty about the specific identity of most species, very few
were likely to represent SREs. The most important species identified as either being likely to
represent SRE species or belonging to the category of protected fauna under the Wildlife
Conservation Act (1950) were the Shield‐back Spider (Idiosoma nigrum) a Schedule 1 species;
Mygalomorph spider), Cethegus sp. (Mygalomorph spider), Pleuroxia sp. (land snail) and
Antichiropus sp. ‘Weld Range’ (Millipede) The current mining proposal impacts directly on six
sub‐populations of I. nigrum, representing 9% of the total population recorded at Weld Range. It is
expected that the loss of these populations will result the extirpation of Madoonga population
due to inbreeding depression, which presents a further 3% loss to the overall population. The
Project will result in a direct impact of 12% of the total population of Idiosoma nigrum at Weld
Range but this is not anticipated to have significant impact to the species at a regional level.
Invertebrate surveys have improved knowledge at a local and regional level.

Groundwater:
•

Mine dewatering will produce both fresh and saline water. The current management plan of
surplus saline water incorporates disposal to an evaporation/infiltration pond located in close
proximity to the Madoonga Pit.

•

Fresh water dewatered from the Beebyn Pit will be used in mine processing activities, dust
suppression and will also be treated for use as potable water.

Surface water:
•

Potential impacts on surface water include contamination during construction and operation, and
erosion and transport of sediments downstream during storm events. These will be minimised
through site selection and engineering controls where the impact is unavoidable. Particular
attention will be given to the avoidance of water pooling to prevent formation of conditions that
would support the breeding of mosquitoes.

•

The location of the mine and infrastructure has been planned to avoid areas that are flood prone
and flood protection measures will be engineered to minimise environmental impacts. In
addition, the placement of infrastructure outside of flooding areas will ensure that the drainage
systems are neither disturbed nor contaminated.

Mine planning, decommissioning and closure:
•

Groundwater modelling indicates that the water table of the Beebyn and Madoonga pit lakes will
be lower than the surrounding groundwater elevation, therefore creating two open pits which will
function as sinks with groundwater flowing towards the pits. Pit lakes will therefore have no
influence on the quality of the adjacent groundwater. However, the water quality in the pit lakes
could deteriorate over time. Pit abandonment control measures have been developed and are
detailed in the Project Conceptual Closure Plan. Strategic planning of waste dumps and
infrastructure has also been incorporated into the Conceptual Closure Plan.

Environmental Management Commitments
SMC’s objective is to implement the Project in a sustainable manner, mitigating the Project’s
environmental impacts to the greatest extent reasonably practicable, by the application of appropriate
management measures over the life of the Project.
In order to demonstrate its intention of responsible environmental management, SMC makes the
following formal commitments, as listed in Table ES 3:
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•

An Environmental Management System (EMS) in accordance with AS/NZS International Standards
Organisation (ISO) 14001:2004 will be implemented to manage the key environmental issues and
procedures as presented in this PER.

•

A Project Environmental Management Plan (EMP) will be prepared as a component of the project
EMS. The EMP will detail policies, procedures and controls that will be implemented by SMC to
minimise potential environmental impacts during design, construction and operation of the
Project. The EMP outlines management plans for the following areas:
ο

Threatened and conservation significant flora;

ο

Vegetation clearance and weed management;

ο

Topsoil;

ο

Vertebrate fauna;

ο

SRE fauna species – in particular the Schedule 1 Idiosoma nigrum and Cethegus sp (not
listed).

ο

Air quality (including dust and greenhouse gas emissions);

ο

Surface and groundwater management;

ο

Acid mine drainage;

ο

Rehabilitation;

ο

Waste rock and tailings;

ο

Waste management; and

ο

Bushfire control.

•

Mine structures (e.g. waste rock dumps) will be designed to avoid and minimise adverse impacts
on sensitive receptors (i.e. ground and surface water quality) and appropriate management
strategies will be implemented to dewater and use/dispose of wastewater.

•

A Conceptual Closure Plan (CCP) has been developed and will be implemented outlining
management measures to ensure closure strategies will achieve agreed rehabilitation and mine
closure objectives.
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Table ES 1– Environmental Management Commitments
Aspect

Objective

Action

Timing

Advice

Prior to Construction

DoW, DEC,
DIA, DMP

DEC

1

Project Construction
and Operation

Provide a framework for continual
improvement and minimise risk of impacts
during construction

Prepare and Implement the Project EMP that:
• identifies activities that may result in environmental impacts;
• identifies controls to reduce the risk of impacts;
• documents procedures for risk control;
• describes communication of procedures; and
• describes monitoring procedures that assess the effectiveness of
controls.

2

Project Construction
and Operation

Provide a framework for continual
improvement and minimise risk of impacts.

Implement the Project EMS that is consistent with the principles of
ISO 14001:2004.

Planning.
Prior to construction

3

Acid Mine Drainage

Identify
and
document
specific
management procedures to minimise short
and long term impacts of mine construction
and operation.

Prepare Acid Mine Drainage Management Plan that:

Planning.
Prior to mine
construction

DEC

Prior to dewatering
activities

DEC, DoW

Prior to Approval of
Project

DEC and
EPA

• sets out procedures to minimise the creation of PAF and AMD;
• monitors the effectiveness of control measures; and
• ensures effective rehabilitation can be achieved.

4

Groundwater

Ensure short and long term hydrogeological
impacts of dewatering and surface water
harvesting are adequately managed.

Prepare and develop a Groundwater Management Plan that:
• sets out procedures to model the short and long term

hydrogeological impacts of dewatering;
• sets out a groundwater monitoring program; and
• identifies procedures to minimise impacts to groundwater

aquifers.
• A ground water operating strategy will be developed once bore

licences have been issued.
5

Groundwater
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Ensure short and long term impacts of
disposal of surplus saline dewatered water
to the evaporation pond.

SMC will conduct vertebrate and invertebrate fauna and flora and
vegetation surveys of the proposed evaporation pond location to
assess the area and to determine the potential impacts. This
information will be provided to the EPA prior to release of their
Bulletin.
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Aspect

6

7

8

Objective

Action

Surface Water

Ensure surface water quality is adequately
managed.

Prepare and implement a Surface Water Management Plan that
will set out procedures to:
• minimise the human health and environmental impacts of
surface water harvesting;
• minimise the impacts of mining and processing to surface water
quality; and
• monitor the effectiveness of management measures.

Prior to construction
and mining

DEC, DMP

Vegetation and Flora

Ensure threatened flora
adequately managed.

Prepare and implement a Threatened Flora and Conservation
Management Plan that will set out procedures to maintain the
abundance, diversity, and distribution and conservation status of
threatened flora species.

Prior to mining
activities

DEC

Vegetation and Flora

Determine
the
population
extent,
distribution and taxonomy of taxa of
interest (Acacia sp. nov. (aff. kochii) and
Hemigenia sp.sp. nov.(aff. exilis)

Following WA Museum taxonomic identification of taxa of interest,
SMC, if required, will undertake further surveys to determine the
population extent, distribution and taxonomy of Acacia sp. nov.
(aff. kochii) and Hemigenia sp.sp. nov. (aff. exilis).

Before construction

DEC

Before operation

DEC

species

are

Timing

Advice

9

Vegetation and Flora

Identify potential groundwater dependent
ecosystems in the Project area.

SMC will identify potentially groundwater dependent ecosystems
in the Project area. SMC will also ensure a baseline and long‐term
monitoring programme is initiated in order to document any
effects on GDE’s resulting from groundwater extraction at Weld
Range.

10

SRE

Identify
and
document
specific
management procedures to minimise risks
associated with bushfire.

A Bushfire Management Plan will be developed and implemented
prior to mine construction works. This will ensure that risks of
bushfire are identified and managed.

Prior to construction.

DEC

11

SRE –
nigrum

Adequately manage the short and long
term potential impacts of risks on Idiosoma
nigrum

Develop and implement a dedicated Idiosoma nigrum Conservation
Management Plan to reduce impact on the Idiosoma nigrum
population at Weld Range during construction, development and
active mining.

Life of Mine

DEC

12

SRE – Cethegus sp
‘fugax complex’

Adequately manage the short and long
term potential impacts of risks on Cethegus
sp ‘fugax complex’

Develop and implement a dedicated Cethegus sp Conservation
Management Plan to reduce impact on the Cethegus sp ‘fugax
complex’ population at Weld Range during construction,
development and active mining.

Life of Mine

DEC
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Aspect

Objective

Action

Timing

Advice

13

Tailings
Storage
Facility (TSF)

Ensure that any potential failure of the TSF
is detected and remedied as soon as
possible.

A TSF Operators Manual will be developed and implemented
during operation that will:
• set out construction parameters;
• set out procedures for disposal of waste materials;
• set out procedures for monitoring;
• ensure that effective rehabilitation can be achieved.

14

Gaseous Emissions

Contribute to Greenhouse Challenge Plus
programme and WA Strategy as required.

SMC will apply to participate in the Greenhouse Challenge Plus
Programme and WA Strategy.

As required

C.Wealth
Gov

15

Gaseous Emissions

Conform to National Pollution Inventory
reporting requirements.

SMC will comply with National Pollution Inventory reporting
requirements for emissions that trigger reporting thresholds.

As required

DEC

Air Quality ‐ Dust

Minimise dust emissions and impacts and
provide a framework for continual
improvement to minimise risk of impacts
during operations.
Monitor dust emissions.

Prepare and implement a Dust Management Plan that will:
• identify dust emissions and sensitive receptors;
• outline procedures for dust monitoring at sensitive receptors;
• describe control procedures that to minimise dust emissions.

Prior to construction

DEC

Throughout life of mine

DEC

Prior to disturbance of
sites of significance

DIA, CoA

Print to disturbance of
sites of heritage
significance.

Custodians
DIA

16

17

Waste (general and
hazardous)

Prevent and contain spills

Spill response equipment will be readily accessible in each work
area, and spills will be controlled at the source, contained and
cleaned up as soon as they occur. Contaminated material will be
removed and bio‐remediated (if biodegradable) or disposed at a
licensed facility.

18

Social and Cultural
Environment

Ensure that no heritage sites are disturbed
without a permit.

Obtain approval relevant to the Heritage of Western Australia Act
1990 and the Aboriginal Heritage Act 1972 for disturbance to
heritage sites.

19

Social and Cultural
Environment

Ensure indigenous and non‐indigenous
heritage values are maintained and
protected.

Prepare a Heritage Site Management Plan that will:
• address indigenous and non‐indigenous heritage sites;
• set out procedures to protect sites from unapproved
disturbance; and
• manage any disturbances to sites in a manner that is aligned

with traditional values.
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Aspect

Objective

Action

Timing

Advice

Prepare and maintain a Conceptual Closure Plan:
20

21

Decommissioning
and Rehabilitation

Decommissioning
and Rehabilitation
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• that is aligned with AMEC Mine Closure Guidelines (2000) and

Maintain a Conceptual Closure Plan.

Establish safe landforms and self sustaining
ecosystems post closure.

ANZECC Strategic Framework for Mine Closure (2000); and
• review and update the Conceptual Mine Closure Plan as
required.
Prepare a finalised Mine Closure Plan 24 months before the mine
closure that will:
• define appropriate closure criteria necessary for the
establishment of safe landforms and self sustaining ecosystems;
and
• set out procedures for closure monitoring in order to meet
compliance with closure criteria.

xxix
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Twenty‐four months
prior to mine closure.

DEC and
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1

INTRODUCTION

1.1

DEVELOPMENT BACKGROUND

SMC is an emerging iron ore producer in the Midwest region of Western Australia. SMC has a strong,
experienced and energetic hands‐on management team dedicated to becoming a significant supplier of
iron ore.
SMC proposes to develop the Project at Weld Range in the Midwest of Western Australia.
The Project has high grade iron ore outcrops over a 60 km strike length. SMC is targeting to export 15
million tonnes of iron ore per annum over a 15 year period, however, this proposal addresses the first 11
years of planned operations. Any extension beyond the initial 11 year mine life, based on identification
of additional ore reserves, will be the subject of a separate submission and assessment.
1.2

PURPOSE OF THIS DOCUMENT

The purpose of this PER document is to present Project information, including but not limited to the
Project description, potential environmental impacts and management measures, developed using a risk
based approach for assessment under the Environmental Protection Act 1986 (EP Act). Table ES1 lists
the key characteristics of the Project.
Preparation of this document has been undertaken in accordance with the scope outlined in the
Environmental Scoping Document for the Project as agreed with the EPA on the 4th November 2008, and
according to the Guidelines for Preparing a PER/ERMP (EPA, 2004c). This PER has been structured to
clearly delineate the environmental characteristics, impacts and SMC’s responsibilities in relation to the
Project.
1.3

PROJECT OVERVIEW

The Project will consist of:
•

concurrent mining from two open pits (Beebyn and Madoonga);

•

disposal of overburden into specified waste dumps;

•

road transportation of crushed ore to a Central Processing Facility (CPF);

•

the CPF will comprise road train unloading/tipping, screening, crushing, stockyards and train load
out facilities;

•

construction of an airfield;

•

construction and use of site administration and support facilities, workshops, and hydrocarbon,
explosive and chemical storage areas;

•

construction and use of accommodation village for up to 1300 personnel for peak demand;

•

construction of access tracks from the airstrip to the accommodation village and the CPF;

•

installation of mine dewatering bores and associated pipelines at the active pits which extend
below the water table;

•

construction of an evaporation pond;

•

development of one waste fines storage facility; and

•

development of ancillary and other facilities as required.

Clearing of areas for infrastructure and the construction of infrastructure will be undertaken as required.
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1.4

THE PROPONENT

The proponent for the Weld Range Project is:
Sinosteel Midwest Corporation
PO Box 529
WEST PERTH WA 6872
For detailed information about the PER or Weld Range Iron Ore Project, contact:
Mr Wayne Ennor
Manager Projects Approval
Sinosteel Midwest Corporation Ltd
Telephone: 08 9429 4888
Email: info@sinosteelmidwest.com.au
1.5

TIMING

Subject to all government approvals being in place, construction of the mine is proposed to commence
in the third quarter of 2011 (refer to Table 1.1)
Table 1.1 – Weld Range Project Timeframes
Activity

Timeframe

Project Approvals
17th September 2008

Submission of Project Scoping Document
Submission of draft PER document

March 2009
th

Submission of final PER Document

6 September 2010

6 week public review period ends

18th October 2010

Response to Public comments

3rd December 2010

Release of EPA Report to Minister

21st Janurary 2011

Ministerial Approval (no appeals)

4th March2011

Project Implementation

1.6

Mine Construction

Q3 2011

Mine Production/Operation

Q4 2013

First Shipment

Q1 2014

CONSULTATION

SMC is committed to a transparent approvals process. SMC has consulted with decision making
authorities (DMAs), engaged landholders and other stakeholders concerning the Project. Stakeholders
are individuals, parties or communities that potentially influence or are potentially influenced by the
Project.
The principal objectives of the stakeholder consultation program to date have been to:
•

Identify and consult with interested and affected parties to understand the nature of their
stakeholder interests in the Project.

•

Ensure that local communities and government are properly informed about the Project and its
progress, and that these stakeholders have adequate and timely opportunities to provide input
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into the environmental assessment and approvals process, and to express any relevant concerns
they may have.
•

Minimise the risk of delays to the Project by ensuring that issues or concerns are dealt with in
advance of and during the environmental assessment and approval process rather than after
submission of the required documentation.

•

Ensure that the relevant regulatory requirements are being anticipated and met with regards to
appropriate stakeholder input into the process.

•

Provide the basis for ongoing consultation through construction, operation and mine closure.

SMC has had ongoing engagement with the Wajarri Yamatji People regarding the Weld Range project.
This has primarily been through the ongoing heritage investigations SMC has commissioned to ensure
that the Company’s obligations under the Aboriginal Heritage Act 1972 are fulfilled.
From the consultation undertaken to date, the key areas of concern were:
•

management of surplus groundwater from dewatering;

•

impacts to groundwater dependent vegetation;

•

changes in surface flows and shadow effects from disrupting sheet flow;

•

potential groundwater contamination from oxidation of potentially acid forming material;

•

impacts to the Shield–back Spider Idiosoma nigrum;

•

impacts to Priority flora; and

•

cumulative impacts to other operating and approved projects in the region.

The results of the stakeholder consultation conducted to date are presented in Section 9 of this
document.
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2

PROJECT JUSTIFICATION

This section provides an outline of the benefits of the iron ore industry and demonstrates the
importance of the Project that forms part of a portfolio of resource developments in the Midwest region
of Western Australia.
2.1

IRON ORE INDUSTRY

Steel is a fundamental input for developing economies and history has demonstrated that the intensity
at which steel is consumed per capita increases rapidly as these economies develop. China is
undergoing significant economic development resulting in an unprecedented growth in the demand for
steel which is related to the country’s large population base. China’s domestic sources of iron are
generally low in grade resulting in its reliance on iron ore imports.
In spite of the recent slow‐down, SMC believes there will be a steady growth in demand for iron ore
particularly in China where a compound annual growth rate of approximately 8% is expected through to
2015. In terms of marketing iron ore into China, SMC is ideally placed to market and sell the Weld Range
lump and fine ore products with its established links to numerous mills.
The iron ore potential of the Weld Range BIF has been recognised for over 100 years. Modern
exploration commenced in 1959, and drilling programs conducted between 1970 and 1981 together
with the driving of two exploration adits, identified a number of deposits in the Madoonga and Beebyn
areas. The Project provides the potential for export of haematite iron ore lump, fines and possibly
concentrates from the Company's Weld Range tenements at a combined rate of 15 Mtpa.
The extent of the Weld Range deposit has been explored and gradually defined. The State Agreement
Act issued in 1967 indicates the State’s intention to set aside the resource for extraction at some time.
Furthermore, in the BIF Strategic Review, the WA Government indicated a predisposition toward
development at Weld Range. Here substantial iron ore resources have been identified which are
required to sustain a long term mining industry however an adequate level of conservation of the
biodiversity must also be provided for. The BIF review, at page 8, also states that:
“The development of substantial iron ore mines in the Jack Hills and Weld Range
would be needed for the establishment of the Oakajee Port and associated
infrastructure and this should be achievable in the light of current knowledge of
biodiversity values (these ranges are quite extensive) and that an adequate level of
conservation of values can also be achieved taking into account the key principles.”
SMC expect iron ore prices to remain at current high levels due to global supply shortages until 2015 and
beyond. Based on current contract prices for iron ore, state royalties from the proposed project would
amount to approximately $65 million per year.
DEVELOPMENT RATIONALE
Since 2002 the Environmental Protection Authority (EPA) has completed formal assessments on BIF
mining proposals in the region and is currently assessing a number of others. SMC is aware of other
proposed mining operations on BIF which, if approved, will be developed in the Midwest Region. SMC
will continue to liaise with regulatory agencies throughout the approvals process to achieve an agreed
outcome for the Project. This Project is expected to be a significant contributor to the successful
sustainable development of the Midwest Region.
The Project will require an estimated 390 km rail and link to the proposed deepwater port at Oakajee,
north of Geraldton. This infrastructure will be provided by a third party consistent with State
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Government policy. Ore from the Project will be processed onsite and loaded onto trains for transport
to the proposed Oakajee Port for export in cape size vessels.
Overall the Project philosophy is to:
•

Receive, process and blend ore at the mine to produce lumps and fines products, stockpile and
load‐out onto a rail system (to be provided by a third party).

•

Receive ore initially at a grade that does not require beneficiation whilst maintaining the option to
separate, store and potentially beneficiate some material in the future.

•

Provide the option to extend the facility to incorporate stockpiling and beneficiating ores which
are high in alumina and/or silica.

•

Provide the option of a tailings dam for the beneficiation process.

2.2

BENEFITS OF THE PROJECT

Western Australia’s economy is heavily dependent on mineral resource projects and its future growth
and development rely on the continued viability of resource development projects. The Project will
provide financial and social benefits for the area through employment, infrastructure and flow‐on effect
to the non‐mining sector. The development of the Project is required to support the development of
the proposed Oakajee Port and Rail infrastructure (and vice versa).
Mining of the Weld Range iron ore deposits will therefore result in substantial regional and state
benefits, including:
•

contributing to federal and state revenues through royalties and taxation;

•

investment of capital into the WA economy;

•

boosting the economy in the Midwest regions through economic multiplier effects;

•

providing permanent employment (on a fly in‐fly out basis) for an estimated 850 employees;

•

providing employment, contract opportunities and general financial support for traditional land
owners and the local community;

•

supporting the development of a major regional port and rail infrastructure; and

•

increasing export value of WA iron ore to international customers.

2.3

NO DEVELOPMENT OPTION

The consequences of not proceeding with the Project is that the economic and employment benefits
outlined in Section 2.2 will not be achieved.
2.4

EVALUATION OF ALTERNATIVES

SMC has embraced the concept of sustainable development as part of the engineering and design
phases of this Project. As such, SMC has evaluated the key social, environmental and economic impacts
of the proposal. The Project endeavours to provide positive social benefits wherever feasible and
reduce any environmental impacts to as low as reasonably practicable.
Impact avoidance and reduction opportunities that are being implemented include:
•

Engineering and design of infrastructure to reduce dust, noise and visual impacts.

•

Water sourced from dewatering will be disposed of in an environmentally responsible manner.

•

Investigating the potential for backfilling of mine void to decrease the size of external storage
facilities and minimise long term impact to the groundwater table.

September 2010

6

Weld Range Iron Ore Project
Public Environmental Review

•

Progressive rehabilitation at the mine site with provenance native vegetation used and the
placement of hollow logs on the ground as refuge for fauna.

Where impacts are unavoidable, SMC seeks to:
•

prevent impacts to species of conservation significance; and

•

reduce waste and emissions to levels as low as are practicable.

Considerations of alternative designs aligned with the approach of sustainable development are
discussed in the following sections.
2.4.1

Alternative Mine Plan and Design

Issues factored into the design alignment of the mine pits and infrastructure includes:
•

land accessibility on other land owner tenements;

•

biological factors, including flora, vertebrate fauna and invertebrate fauna;

•

heritage issues;

•

engineering and operational controls for noise and dust; and

•

location of plant and infrastructure to maximise efficiency of operations.

The extent of the impact reduction will be based on the characteristic of the ore body and the necessary
economics of the mine plan.
The three options considered by SMC are the Base Case, Option 1 and Option 2, illustrated in Figure 2.1
to Figure 2.3 respectively.
In 2009, SMC completed a constraints mapping exercise that included all the factors listed above.
Following this exercise and other considerations, Option 1 has been selected as the preferred option for
the Project and is the basis of this proposal. Table 2.1 details the factors of each case as presented by
SMC. The information from this table is discussed the Technical Appendicies.
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Figure 2.1: WELD RANGE PROJECT
Proposed Alternative Infrastucture: Base Case
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Figure 2.2: WELD RANGE PROJECT
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Proposed Alternative Infrastucture: Option 2
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Table 2.1 – Evaluation of Alternatives Determined from Constraints Study.
Base Case
Factor

Pros
• Central processing

Land accessibility

facility, camp and
airstrip in alignment.

Cons
• No tenure access to

camp or central
processing facility
area.

Pros

Option 2
Cons

• Camp, central

Pros

Cons
• Camp, central

NA
• Camp, central

processing facility and
airstrip all within
existing tenure or
pending tenure.

processing facility and
airstrip not on existing
tenements and much
further away from
mining areas.

processing facility and
airstrip located on
pending tenements.

• 3.09% impact to Weld

• 2.4% Yarrameedie land

• 1.0% Yarrameedie land

• 3.11% impact to Weld

• 3.11% impact to Weld

range land system.

system.
• 1.4% Impacts to a
beards system ‐ Acacia
aneura, Acacia
ramulosa and Acacia
linophylla.
• 34.2% Community 6a.
• Greatest impact to
Priority flora.

system.
• 1.1% Impacts to a
beards system ‐ Acacia
aneura, Acacia
ramulosa and Acacia
linophylla.
• Lowest impact to
Priority flora.

Range land system.
• 30.3% Community 6a

• 1.6% Yarrameedie land

• All cases offer same

NA

• All cases offer same

Flora

Fauna

Option 1

NA

probability of impacts.
• Cethegus sp ‘ Hampton

Hill’ 8.2%
Invertebrate

system.
• 1.7% Impacts to a

NA

probability of impacts.

• Antichiropu 10.6%

• Antichiropu 8.9%

• Cethegus sp ‘MWMB’

• Cethegus sp ‘MWMB’

5.1%
• Pleuroxia sp. 5.1%

4.6%
• Pleuroxia sp. 4.8%

Range land system.

NA

• Cethegus sp ‘ Hampton

Beard vegetation unit ‐
Acacia aneura, Acacia
ramulosa and Acacia
linophylla.
• 28.9% Community 6a
• Moderate impact to
Priority flora.
• All cases offer same

probability of impacts.
• Antichiropu 11.1%

Hill’ 10%

• Cethegus sp ‘ Hampton

NA

Hill’ 8.6%
• Cethegus sp ‘MWMB’

5.3%
• Pleuroxia sp. 4.8%

NA
Heritage
Dust
September 2010

• Heritage sites within

close proximity to
camp area.
NA

PM10 Exceeds guidelines

• All infrastructure

• NA

located away from
heritage sites.
• PM10 within

located away from
heritage sites.
NA
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Base Case
Factor

Pros

Option 1
Cons

Pros

Option 2
Cons

Pros

Cons

acceptable levels
• Accommodation

village is not within
prevailing wind
direction.
NA

Airstrip Noise

Meets the EPA guidelines
with no management
required
• BAe 146‐100 aircraft <
LAmax 48 dB(A); and
• Boeing Dash 8 aircraft
< LAmax 46 dB(A).

Total Points

4

11

Meets the EPA guidelines
with no management
required
• BAe 146‐100 aircraft <
LAmax 50 dB(A); and
• Boeing Dash 8 aircraft
< LAmax 50 dB(A).

NA

11

4

*One point is given to each factor consideration. If two considerations were given in one factor then that factor is weighted with 2 points.

N.B. Details of the Base Case and Option 2 are provided as technical appendicies and are not discussed further in this document.
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2.4.2

Power Supply

The generation of electricity represents a significant cost and a significant proportion of the greenhouse
gas emissions of the Project (22%). SMC therefore commissioned a Power Generation Options Study
(Worley Parsons, 2007 – Technical Appendix 4) to determine the optimal solution for the supply of
electricity to the Project. The options assessed and the rankings for cost, risk and schedule are provided
in Table 2.2 below.
Table 2.2 – Power Generation Option Assessment
Alternative

Fuel

Cost Ranking
(1 = least cost)

Risk Ranking
(1 = least risk)

Schedule
(1 = best)

Gas engine power station

Natural gas

1

3

3

Gas engine power station

LNG

2

3

2

Diesel engine power station

Diesel

3

1

1

Gas engine power station

LPG

4

3

2

Gas turbine power station

Multi fuel

5

2

2

Bulk power from grid

N‐A

6

3

4

Wind energy

N‐A

7

4

4

Photovoltaic energy

N‐A

Not feasible

5

4

Geothermal energy

N‐A

Not feasible

5

4

Following the options study, Worley Parsons (Worley Parsons, 2007) made the following conclusions and
recommendations:
•

It is recommended that the power source be a stand alone power station powered by twelve X 1
Mega Watt (MW) diesel generators, which will provide a reliable, continuous output of 20 MW.

•

Although a power station with gas‐fired engines would be a cheaper solution, both the piped
natural gas and LNG options are currently not feasible because gas supplies are extremely difficult
to obtain and are unlikely to be secured.

•

Due to the low energy costs of a gas fuelled system, it is recommended that both the gas pipeline
option and the LNG option be pursued as a long term solution. Diesel engines can be changed out
(at some financial penalty) for spark ignition engines when the gas supply is secured.

•

LPG is not recommended as a fuel because of poor availability and its cost.

•

Bulk electricity supply by the state/regional power supply authority is not recommended due to
supply problems and the cost of constructing a connection to the grid to a remote area (380 km).

•

Wind turbines are not appropriate as they do not alter the required size of the power station or
the design decisions, as they do not provide a base load power supply.

•

Photovoltaic cells are not appropriate for this application and are not recommended.

•

Geothermal energy is still in the experimental stage in Australia, where the total installed capacity
nationwide is only 150 MW.

Following the Power Generation Options Study, SMC commissioned a study into the costs and benefits
of operating the recommended diesel power station in parallel with each one of four renewable energy
options below (Worley Parsons, 2008a – Technical Appendix 5):
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•

wind turbines;

•

solar thermal power;

•

concentrating dish photovoltaic systems; or

•

flat plate photovoltaic systems.

Financial analysis of these options considered future fuel prices, the introduction of a carbon price and
the 50% rebate available from the Western Australian Government for renewable energy equipment
deployed on new projects. The study found that wind turbines offered significantly superior returns on
investment compared to the other three renewable options. Wind turbines offer the simplest, most
robust and least expensive option in terms of capital expenditure for renewable energy. There are also
benefits in public relations and corporate image if this option was implemented, SMC would be among
the first companies to employ renewable energy on an iron ore mine project.
The outcome of this analysis resulted in the selection of diesel fired power generation as the preferred
option, with the provision for connection of a 2 MW wind turbine generator to the main power station
in the future (Worley Parsons, 2008a).
2.4.3

Tailings Storage Facility

With appropriate planning and effective iron ore grade control it is anticipated that alumina in Beebyn
fines will be managed without beneficiation for at least the first two years of operation. However, the
main plant flow sheet (Figure 5.2) has been developed with provision for separating the high alumina
fines so that they can be discarded or stockpiled for future treatment. Several tailings storage options
were considered in a desktop study by Worley Parsons (Worley Parsons, 2008b – Technical Appendix 6),
these options included:
•

in‐pit storage through backfilling;

•

co‐disposal with the mine waste;

•

tailings thickenings;

•

splitting of the tailings into coarse and fine streams with dry stacking of the course stream; and

•

conventional paddock type tailings storage facility.

The option for tailings storage external from the pit (i.e. no backfill) includes a conventional paddock
style tailings storage facility (TSF) and this is discussed in Section 5.4.9.
2.4.4

Waste Rock Management

The direct waste material produced by the mining operation is anticipated to be 723 Mt.
SRK Consulting (Australasia) Pty Ltd (SRK) was commissioned to carry out a Backfill Option Study (SRK,
2009a – Technical Appendix 8) for the Project. SRK considered two options for storage of waste
material, the first being all external storage and the second being a mix of external and backfill storage.
Backfilling is the process of utilising mined out pit voids to store the waste from adjacent operating pits.
Generally one pit is mined out early in the production schedule so that it can be utilised as a dumping
location for other pits. This reduces the external waste dumps size. However, backfilling impacts on the
ore mine production schedule. The greater the onus on backfilling, the more constrained the mine
production schedule becomes and the more difficult it becomes to achieve the blended grade
requirements. Optimising the backfilling scenarios requires considerable schedule manipulation.
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The SRK Backfill Option Study considered various mine production scheduling scenarios to test the
backfilling options and implication on the Project. This included the use of stockpiles and sequencing of
mine production and the pit development sequence. The scenarios considered include:
•

Scenario 1a – no stockpiles, pre‐feasibility pit development order.

•

Scenario 1b – with stockpiles, pre‐feasibility pit development order; and

•

Scenario 2 – no stockpiles, reverses order of pit development.

The results from Scenario 1a demonstrated that maintaining backfilling whilst mining is feasible, only
limited quantities of waste are able to be stowed in‐pit with the major proportion of the waste reporting
to external waste dumps. Due to the complex nature of the mine planning involved and the associated
difficulties in backfilling, SMC will backfill only if it is feasible within these constraints. Waste rock
storage is discussed in Section 5.4.8.
2.4.5

Dewatered Water Disposal

In March 2010, SMC conducted a workshop with SMC personnel, engineering, hydrogeological and
environmental consultants to address issues regarding dewatering operations and subsequent disposal
of the abstracted water. During this workshop factors such as location, heritage, tenement access, land
tenure, topography, conservation values and engineering cost and design were considered.
A second workshop held in April 2010, concluded that three options for disposal should be further
investigated. These options include:
•

desalination;

•

evaporation pond/s; or

•

infiltration / evaporation pond/s.

Studies are continuing, however cost and other factors place desalination as SMC’s least preferred
option of the three. The preferred option for SMC is to progress preliminary design and planning for
evaporation pond/s that will be unlined to promote water recharge to the subsurface.
Subsequent to the April 2010 workshop, a constraints mapping exercise was conducted to determine
the best location for the evaporation pond (SMC 2010, – Technical Appendix 23). Figure 2.4 details the
completed mapping exercise. The exercise delineated the constraints into areas of low, moderate and
high.
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3

ENVIRONMENTAL ASSESSMENT PROCESS

3.1

LEGISLATIVE FRAMEWORK

The Project will be assessed pursuant to Part IV of the Environmental Protection Act, 1986. Subsequent
to this approval, various approvals including works approvals and licences will be required for
construction and operation of prescribed premises under Part V of the Environmental Protection Act
1986.
3.2

STATE ASSESSMENT PROCESS

The Western Australian Environmental Protection Act 1986 provides that where a development proposal
is likely to have a significant effect on the environment, the proposal may be referred to the EPA for a
decision on whether or not it requires formal assessment under the Environmental Protection Act 1986,
and, if it is to be assessed, the level of assessment.
Based on the information in the Project Definition Document and the Environmental Scoping Document,
previously referred to the EPA, it was determined that the likely environmental impacts are sufficient to
warrant formal assessment of the proposal under the Act. The level of assessment for the proposal was
set at Public Environmental Review (PER) with a 6 week public review period. No appeals were lodged
against the EPA’s decision on the level of assessment.
Project Scoping
An Environmental Scoping Document was prepared consistent with the requirements of Section 6.1 of
the Environmental Impact Assessment (Part IV Division 1) Administrative Procedures 2002 to provide a
framework for the formal environmental assessment of the Project. This document outlined the scope
of the proposal and provided a summary of the existing project environment, potential environmental
impacts, proposed management responses, scope of works for environmental investigations,
stakeholder consultation programme, project timeline and peer review mechanisms. This Scoping
Document was submitted to the EPA on the 17th September 2008. SMC met with the EPA Board on the
2nd October 2008 to review the Project scope. Comments from this meeting were incorporated into the
final Scoping Document, which was accepted on the 4th November 2008.
Public Environmental Review
The release of this PER, for public comment, was approved by the EPA. The EPA will consider all
comments received during the public review period, and provide copies of submissions to the
proponents for their response. On completion of the public review period, a document will be prepared
containing responses to the public submissions. The EPA will then complete its assessment of the
Project and will submit its recommendations to the Minister for the Environment. The community and
proponent have the opportunity to appeal against recommendations in the EPA report. Appeals will be
assessed by the Minister for the Environment. If the Minister determines that the Project can proceed,
legally binding conditions will be imposed on the Project pursuant to Section 45 of the Environmental
Protection Act, 1986. These conditions will be released as a Ministerial Statement.
Approval
Subsequent to approval from the State Minister for Environment, various works approvals and licenses
will be required for construction and operation of prescribed premises under Part V of the
Environmental Protection Act 1986. Various approvals are also required under other Acts. These are
outlined in Table 3.1 for different components of the Project.
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Table 3.1 – Additional Approvals required for the Project.
Approval

Comment

Required

Works Approval

Works approvals may be required for the following work
dependent on scale:
• mineralised material processing;
• mine dewatering;
• screening and crushing of mineralised material;
• bulk material loading with a closed materials loading system;
• class II or III putrescible landfill sites (if required);
• bulk storage of chemicals; and
• sewage treatment.

Yes

Licence

Required for the processing of iron ore.

Yes

Mining Proposal

A Mining Proposal will be submitted to the Department of Mines
and Petroleum (DMP) under the Mining Act 1978 to obtain the
written approval of the Director Environment. The Mining
Proposal will assess the environmental impacts that may arise
from the Project, determine their significance and detail
management strategies.
The Mining Proposal is a comprehensive environmental
management document embodying all aspects of environmental
risk and impact assessment, and environmental planning and
management associated with the proposed Project.

Yes

Licence to Store
Explosives
(Magazine Licence)/
Notification of
Explosives Magazine
Relocation

Any person who stores an authorised explosive must hold an
Explosives Storage Licence that authorises the storage at a specific
site. A licence will be sought from the DMP.

Yes

Application for a
Licence to Store
Dangerous Goods

Under the Dangerous Goods Safety Act 2004, sites storing or
handling dangerous goods may require licensing and compliance
with the Dangerous Goods Safety (Storage and Handling of Non‐
explosives) Regulations 2007.
Where the aggregate of each class/packing group exceeds
manifest quantity a licence will be required.

To be
determined

Licence will be required for the construction of water bores.

Yes

License to drill a well
/ bore

License to extract
groundwater

In proclaimed areas under the Rights in Water and Irrigation Act
1914 it is illegal to take water from a watercourse or groundwater
aquifer without a licence. Applications for water licences are made
through Department of Water regional offices.
The Project is not located within any drinking water catchments, or
surface water management areas proclaimed under the Rights in
Water and Irrigation Act 1914.
The Project is located within a groundwater proclaimed area under
the Rights in Water and Irrigation Act 1914.
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Approval

Comment

Vegetation Clearing
Permit

Vegetation clearing has been addressed as part of the EIA process
therefore; a clearing permit for the Project is not required.

Heritage Approvals

All Aboriginal heritage sites are protected at a federal level under
the Australian Heritage Council Act 2003, and at a state level under
the Aboriginal Heritage Act 1972. Under Section 17 of the State
Act, it is an offence to excavate, destroy, damage, conceal or in
any way alter any Aboriginal site without submitting a Section 18
seeking permission from the Minister of Indigenous Affairs.

Required
No
Where
Required

The presence of an Aboriginal site places restrictions on the
development of land. Prior to any development, research or other
use an investigation must be undertaken to determine whether
there is an Aboriginal heritage site on the land.
The Register of Aboriginal Sites maintained by the Department of
Indigenous Affairs (DIA) indicates that five indigenous sites of
heritage value occur on the Weld Range tenements. The Projects
present mining plans indicate that these sites will not be impacted
by mining operations.

3.3

ENVIRONMENTAL LEGISLATION

This Project is subject to compliance with both Commonwealth and State environmental legislation
during construction and operation phases.
3.3.1

Commonwealth Legislation

A proposed action that may have a significant impact on a matter of national environmental significance
requires approval from the Commonwealth under the Environmental Protection and Biodiversity
Conservation Act 1999. Matters of national environmental significance include:
•

nationally threatened species and ecological communities;

•

migratory species protected under international agreements (i.e. Japanese‐Australia Migratory
Birds Agreement (JAMBA) and China‐Australia Migratory Bird Agreement (CAMBA));

•

Ramsar wetlands of international importance;

•

world heritage properties and national heritage places; and

•

nuclear actions.

This Project has not been referred to the Department of Environment, Water, Heritage and the Arts
(DEWHA) under the Environment Protection and Biodiversity Act 1999 as it is not anticipated to cause
any significant impact to any matters of national environmental significance. Commonwealth legislation
relevant to the Project is listed in Table 3.2.
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Table 3.2 – Commonwealth Legislation Relevant to the Project
Commonwealth Legislation
Environmental Protection & Biodiversity Conservation Act 1999 and Regulation 2000
Native Title Act 1993
Aboriginal and Torres Strait Islander Heritage protection Act and Regulations 1984
Energy Efficiency Opportunities Act and Regulation 2006
National Greenhouse and Energy Reporting Act 2007 and regulations 2008

3.3.2

State Government Legislation

The Environment Protection Act 1986 is the governing legislation relevant to environmental protection in
Western Australia (WA) and is the main statute under which the WA environmental approvals process is
conducted. WA legislation relevant to the Project is listed in Table 3.3.
Table 3.3 – State legislation Relevant to the Project
WA State Legislation
Aboriginal Heritage Act 1972
Agricultural and Related Resources Protection Act 1976
Bush Fires Act 1954 and Regulations
Conservation and Land Management Act 1984
Contaminated Sites Act 2003
Dangerous Goods Safety Act 2004 and Regulations
Environmental Protection Act 1986
Explosives and Dangerous Goods Act 1961
Health Act 1911
Heritage of Western Australia Act 1990
Land Administration Act 1997
Litter Act 1979
Local Government Act 1995
Mining Act 1978
Mines Safety and Inspection Act 1994
Rights in Water and Irrigation Act 1914
Soil and Land Conservation Act 1945
Water and Rivers Commission Act 1985
Waterways Conservation Act, 1976
Wildlife Conservation Act 1950
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3.4

GUIDELINES AND STANDARDS

Standards and guidelines relevant to the Project are listed below in Table 3.4.
Table 3.4 –Standards and Guidelines Relevant to the Project
Standards and Guidelines
Environmental Protection Authority
Guidance Statements
No. 6 – Rehabilitation of Terrestrial Ecosystems June 2006
No. 12 – Minimising Greenhouse Gas Emissions October 2002
No. 18 – Prevention of Air Quality Impacts from Land Development Sites March 2000
No. 19 – Environmental offsets June 2007
No. 41 – Assessment of Aboriginal heritage April 2004
No. 48 – Draft Guidance on Groundwater Environmental Management Areas 1998b
No. 51 – Terrestrial Flora and vegetation Surveys for Environmental Impact Assessment in WA June 2004
No.54 – Consideration of Subterranean Fauna in groundwater and Caves During Environmental Impact
Assessment in WA June 2004
No. 55 – Implementing best practice in proposals submitted to the Environmental Impact Assessment
Process December 2003
No. 56 – Terrestrial Fauna Surveys for Environmental Impact Assessment in WA June 2004
Position Statements
No. 2 – Environmental Protection of Native Vegetation in WA December 2000
No. 3 – Terrestrial Biological Surveys as an Element of Biodiversity protection March 2002
No. 4 – Environmental Protection of Wetlands November 2004
No. 5 – Environmental Protection and Ecological Sustainability of the Rangelands in WA November 2004
No. 6 – Towards Sustainability August 2004g
No.7 – Principles of Environmental protection August 2004
No. 8 – Environmental Protection in Natural Resource Management June 2004h
No. 9 – Environmental Offsets January 2006c
Department of Environment and Conservation (DEC)
Draft Code of Practice for Rural Landfill Management (DoE 2000)
Landfill Waste Classification and Waste Definitions (DoE 1996)
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Department of Mines and Petroleum (DMP)
Council for Australia and New Zealand and Minerals Council of Australia (ANZECC/MCA) 2000, Strategic
Framework for Mine Closure
Environmental Notes on Mining – Care and Maintenance September 2009
Guidelines for Mining in Arid Environments June 1996
Guidelines for the Protection of Surface and Groundwater resources During Exploration Drilling November
2002
Guidelines to Help You Get Environmental Approval for Mining Projects in WA 1998
Mining Below the Water Table in the Pilbara August 1999
Environmental notes on Waste Rock Dumps January 2001a
Environmental Notes on Firebreaks March 2001b

3.5

LOCAL SHIRE APPROVALS

Ancillary infrastructure may require local shire approval (e.g. sewage, water storage). SMC is continuing
its consultation with the Cue Shire to identify the requirements for local shire approvals. SMC will
schedule required applications for shire approvals as the Project develops to achieve estimated
timelines for development of the Project, subject to the State and Commonwealth approval processes.
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4

EXISTING ENVIRONMENT

4.1

SCOPE OF ENVIRONMENTAL INVESTIGATIONS

This section describes the existing environment of the Project area. Baseline environmental
investigations were completed across the Project area to allow for impact assessment.
4.2

REGIONAL SETTING

4.2.1

Bioregions and Major Physiographic Units

The Interim Biogeographic Regionalisation for Australia (IBRA) categorises the Australian continent into
regions of similar geology, landform, vegetation, fauna and climate (IBRA, 2000). The Weld Range lies
within the Western Murchison sub region of the Murchison Biogeographic Region, which lie within the
Eremaean botanical province or the arid zone of Western Australia, as illustrated below in Figure 4.1.

Figure 4.1 – Western Murchison Subregions and Surrounds. MUR1 – Eastern Murchison, MUR2 ‐ Western
Murchison (Based on IBRA Version 6.1 Thackway and Cresswell 1995)

The Western Murchison subregion comprises predominately Mulga (Acacia aneura) low woodlands,
with an understorey often rich in ephemerals (usually with hummock grasses). The substrate consists
primarily of outcrop and fine textured Quaternary alluvial and eluvial surfaces (extensive hardpan wash
plains that dominate and characterise the subregion) mantling granitic and greenstone strata. Where
occluded drainage features occur, vegetation is dominated by saltbush shrub lands on calcareous soils
and Halosarcia low shrub lands on saline alluvia. The Western Murchison subregion contains the
headwaters of the Murchison and Wooramel Rivers, which drain the subregion westwards to the coast.
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Grazing of native pastures accounts for most land use, although unoccupied Crown land, conservation
reserves and mining are also significant land uses (Thackway and Cresswell, 1995).
4.3

CLIMATE AND METEOROLOGY

Meteorological data has been recorded at the Bureau of Meteorology (BOM) weather station at
Meekatharra airport.
Climate
Weld Range is located in the Midwest Region of WA, approximately 80 km west south‐west of
Meekatharra. The region experiences hot, dry summers and mild winters. A high pressure band or
subtropical ridge dominates the weather pattern throughout the year. During the warmer months, a
low pressure trough is located to the south, resulting in southerly and south‐easterly winds. Occasional
cold fronts bring little rain to the region whereas tropical cloud bands bring the most rains during the
winter months.
Temperature
Mean maximum temperatures range from 38.2°C in January to 19°C in July. Mean minimum
temperatures range from 24.3°C in January to 7.4°C in July. Very hot summers and mild winters are
representative of the region (Figure 4.2).
Rainfall
The late summer and early winter months (February and June) provide the most rainfall over the year
(Figure 4.2). The total annual rainfall in this region is very low (less than 250 mm per annum).
September is the driest month of the year, receiving on average less than 5 mm of rainfall over the
entire month.

Figure 4.2 – Summary of Climatic Data for Meekatharra Airport (BOM, 2009)

Relative Humidity
The morning (9 am) mean relative humidity is consistently higher than the afternoon (3 pm) mean. On
average, humidity increases to between 41% and 63% in the winter months and decreases to between
16% and 28% in the summer months. This low humidity can increase the potential for higher particulate
emissions from mining activities.
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Winds
The seasonal and annual wind roses for Meekatharra are presented in Technical Appendix 21 (Weld
Range Project Dust Assessment, SKM 2009) and these indicate the following:
•

for January to March, eastern and south‐eastern winds are predominant;

•

for April to June, the main winds are from the east;

•

for July to September, the winds are primarily from the east or south; and

•

for October to December, the wind pattern is similar to July to September but the wind speed is
generally higher.

The overall wind speed rages between 2 m/s and 5 m/s. The frequency of wind speeds between 5 m/s
and 10 m/s reduces gradually to the point that very few hours have an hourly average wind speed
greater than 10 m/s.
4.4

GEOMORPHOLOGY

4.4.1

Topography

The topography of the area is dominated by the Weld Range – a long band of steep ridges that run
southwest to northeast and extend over a distance of more than 60 km. The Project tenements are
situated within these ridges. The elevation ranges from approximately 460 mRL to 730 mRL. The slope
angles in the area of the Weld Range vary from less than 5% to greater than 90%. Away from the ridges
the topography is very flat.
There are some clearly delineated drainage channels within Weld Range itself, however the land to the
north has only a few well defined channels and is characterised by numerous mud flats and salt pans.
There is a significant salt pan in a depression immediately north of the Madoonga tenement. The
available topographic data indicates a minimum elevation of 482.7 m AHD (Average Height Datum) in
this salt pan.
4.4.2

Banded Ironstone Formation

The BIF ranges of the Midwest are of very significant biodiversity value because of their unique geology,
soils and relative isolation. The values of the ranges are related to the presence of endemic plant
species, rare and restricted plant species, highly restricted and distinct plant communities and ecological
communities. The ranges also exhibit very distinct features in their regional landscape and in many
cases possess outstanding landscape values. They also have fauna conservation values although these
are less well documented than for flora. There are, however, differences between the various BIF
ranges in terms of their biodiversity conservation and mineral prospectively/resource values.
4.5

LAND SYSTEMS AND SOILS

Curry et al. (1994) undertook a regional inventory of the Murchison River catchment and surrounds to
document prepare an inventory of the land systems present and the conditions of each. The area
surveyed (88,360 km2) was situated between Meekatharra and Mount Magnet to the east, and the
catchments of the Greenough and Wooramel Rivers in the west.
The Weld Range Project is primarily located on the Weld land system (350 km2), described as rugged
ranges and ridges of mainly Archaean metamorphosed sedimentary rocks supporting Acacia species
shrublands (Curry et al., 1994).
The main land systems found within the Project area are the Yarrameedie and Mileura.
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Most of the surrounding area lies within the Yarrameedie, Violet and Jundee land systems, with smaller
areas of the Sherwood, Mileura, Norie, Cunyu, Kalli, Gabanintha, Breberle, Koonmarra, Waguin, Wiluna,
Yandil and Yanganoo land systems also present. These land systems are summarised below in Table 4.1
and presented in Figure 4.3.
Table 4.1 – Summary of Land Systems present in the Weld Range Area (from Curry et al. 1994)
Land System
Land Type

(Total Area in
Murchison)

Description of Land System
Rugged ranges and ridges of mainly Archaean
metamorphosed sedimentary rocks; supports acacia
shrublands; major system of Weld Range and Jack Hills.

Weld (350 km2)
1: Rough hills with acacia
shrublands

Norie (1321 km2)

Granite hills with exfoliating domes and extensive tor
fields, supporting acacia shrublands.
Ridges, hills and footslopes of various metamorphosed
volcanic rocks (greenstones), supporting sparse acacia
and other mainly non‐halophytic shrublands.

Gabanintha (962 km2)

2: Hills and plains with mulga,
snakewood‐halophytic
shrublands

Low greenstone hills with occasional lateritic
breakaways and broad stony slopes, lower saline stony
plains and broad drainage tracts; supports sparse
mulga shrublands with patches of halophytic shrubs.

Yarrameedie (519 km )

3: Low hills and quartz strewn
plains with mulga shrublands

Undulating stony interfluves, drainage floors and
pediment (foothill) plains below major ranges of
crystalline rocks (mainly Weld Land System) supporting
sparse mulga shrublands

Sherwood (4839 km2)

4: Breakaways, stony plains
and sandy surfaced plains on
granite with mulga and
halophytic shrublands

Extensive, gently sloping stony and sandy plains on
granite and gneiss below saline footslopes of lateritised
breakaway and outcrops of weathered rock; mainly
supports scattered mulga shrublands with understorey
of non‐halophytic shrubs

Violet (1078 km2)

7: Irregular plains on laterite
and parent rock with mulga,
bowgada and halophytic
shrublands

Gently undulating gravely plains on greenstone, laterite
and hardpan, with low stony rises and minor saline
plains; supports mulga and bowgada‐dominated
shrublands, with dense mulga groves and patchy
halophytic shrublands.

10: Sandplains and drainage
floors with grassy and
halophytic shrublands

Elevated, gently undulating red sandplains edged by
stripped surfaces on laterite and granite; tall Acacia
species shrublands and understorey of wanderrie
grasses.

2

Wiluna (12947 km )

2

2

Kalli (6097 km )

Hardpan wash plains with variable dark gravely
mantling and weakly groved vegetation; minor sandy
banks; supports scattered mulga shrublands.

Jundee (1346 km2)

Yanganoo (12,433 km2)

14: Wash plains on hardpan
with mulga shrublands

Flat hardpan wash plains, with occasional wanderrie
banks and groves; supports mulga shrublands.

Yandil (3402 km2)

2

Cunyu (10832 km )

15: Calcreted river plains with
grassy shrublands.

Calcreted drainage on hardpan, alluvial plains with
raised calcrete platforms dissected by major flow zones
and channels, supporting variable non‐halophytic
shrublands and shrubby grasslands.
Saline and non‐saline calcreted river plains, with clayey
flood plains interrupted by raised calcrete platforms

Mileura (1007 km2)

September 2010

Almost flat hardpan wash, with or without small
wanderrie banks and showing variable development of
weak groving; supports mulga shrublands.

28

Weld Range Iron Ore Project
Public Environmental Review

Land System
(Total Area in
Murchison)

Land Type

Description of Land System
supporting diverse and very variable tall shrublands,
mixed halophytic shrublands and shrubby grasslands.

Breberle
2
(115 km )

Koonmarra
2
(5335 km )

16: Sandplains and drainage
floors with acacia and
halophytic shrublands

Level saline drainage plains adjacent to ephemeral
lakes, claypans and swampy drainage foci with sandy
margins and occasional sand dunes; supports tall acacia
shrublands and other fringing shrublands with zones of
perennial grasses and halophytes.

17: Stony plains with Acacia
spp. shrublands

Quartz‐strewn stony plains and low rises with
outcropping granite, gneiss and schists; supports
scattered mulga and other mainly non‐saline shrubs.

The Weld land system is 350 km2 in area and consists of two distinct and widely separated localities;
Weld Range and Jack Hills.
The Yarrameedie system is largely associated with the Weld system in the Project area. It is described as
undulating stony interfluves, drainage floors and pediment (foothill) plains below major ranges of
crystalline rocks (mainly Weld land system) supporting sparse Mulga shrublands (Curry et al. 1994). The
two other major land systems in the Project area, the Violet and Jundee land systems, both support
scattered Mulga shrublands over plains. They both occur on the plains below the Weld Range.
The Mileura land system is unique in the Project area as it consists of seasonally inundated claypans
supporting halophytic shrublands. These shrublands form unique habitats with species such as Slender‐
billed Thornbill and White‐winged Fairy‐wren restricted to these habitat types.
The weathering of the Archaean and overlying Proterozoic rock has been occurring since the tertiary
period, producing the sediments that form the soils of the surrounding plains. The soils therefore vary
from shallow, stony soils and loams on the rocky slopes of the hills and ridges, to deeper, red earths on
the lower slopes and outwashes. These outwashes are derived from the weathering of the parent rock
and include the calcareous soils from the mafic rock. They are characteristically infertile and acidic
(Markey & Dillon, 2006).
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4.6

GEOLOGY

4.6.1

Regional Geology

The Weld Range is found on the northern extent of the Yilgarn Craton. The Yilgarn Craton is described
by Curry et al. (1994) as a gently undulating landscape, composed of Archaean rocks, dominantly granite
with north to northwest trending belts of greenstone rocks. These greenstone rocks form hill ranges
which are separated widely by the very flat plains derived from colluvium and alluvium. Soils are mainly
shallow, sandy and infertile, and across most of the lower areas are distinctively underlain by red‐brown
siliceous hardpan.
The Weld Range is one of the several linear greenstone belt ridges representing the northern extent of
the Yilgarn Craton. It is composed dominantly of hematite (red), magnetite (black) and silica (white) BIF
rock, embedded with dolerite, jaspilite and greenstone, a type of metamorphic rock that owes its colour
to the presence of a green mineral such as chlorite. BIF is erosion resistant and forms the rocky outcrops
and steep ridges that are characteristic of the Weld Range. The mineralization of BIF is resultant in the
formation of iron ore and as a result, these ranges have developed significant deposits (Markey & Dillon,
2006).
4.6.2

Geology of Madoonga and Beebyn

Steeply dipping, east‐northeast‐striking BIFs are known to occur in three ridges at Weld Range: the
North, Central and South Ranges. The BIFs are interleaved with metabasic rocks that show doleritic and
lesser basaltic and gabbroic textures. The BIFs within the North, Central and South Ranges are referred
to as the Madoonga, Lulworth and Wilgie Mia beds, respectively. Iron mineralisation within the three
ranges is not continuous and occurs as 44 distinct iron ore lenses, named W1 to W44. Of these 44
lenses, the Madoonga (W14) and Beebyn (W7, W8, W9, W10 and W11) ore bodies form the focus of this
PER.
The Madoonga deposit contains a steeply south‐southeast‐dipping rock sequence that comprises, from
north to south, felsic sedimentary rocks, a 60 to 250 m thick BIF and a 20 to 50 m thick zone of deeply
weathered and altered rocks within which the iron mineralisation is hosted. Sediments and sedimentary
rocks lie above an erosional unconformity on the iron mineralisation and deeply weathered rocks. The
sedimentary rocks comprise ferruginous conglomerate and pisolitic gravels that have a thickness of up
to 20 m and locally have high Fe grades (>60% Fe).
The Beebyn deposit contains numerous steeply southeast dipping BIFs interlayed with dolerite, of which
the most economically important is approximately 40 m thick. Least altered and unweathered BIFs
contain millimetre to centimetre thick bands rich in iron, silica and Fe‐silicate and some of the bands are
carbonate rich. These mineralised zones are offset by up to 100 m late sub vertical northwest striking
faults (SRK, 2010).
4.7

GROUNDWATER

4.7.1

Regional Hydrogeology

The Weld Range area is located within the East Murchison Groundwater Management Unit.
Groundwater occurs at relatively shallow depths (typically 5 – 50 m below ground level (bgl)) beneath
the alluvial plain around Weld Range, and occurs within the bedrock sequence that forms Weld Range.
Recharge to the system occurs from rainfall infiltration mainly through creek beds and to a lesser extent
on floodplains. Some groundwater recharge can be expected through the creek beds between the
ridges that form Weld Range (SRK, 2010 Technical Appendix 10c).
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Two main types of aquifers can be identified around the Weld Range:
1.
Shallow aquifers located in the superficial sediments:
•

Quaternary sediments that overly calcrete, palaeochannels, and fractured rock: these
sediments are not known to be major aquifers and are only utilised by wells and boreholes
for stock watering. The groundwater is neutral to alkaline with a high salinity.

•

Tertiary limestone and calcrete sediments: these sediments have the highest potential for
shallow water supply. The groundwater is alkaline with pH greater than 8 and is hyposaline.

•
2.

4.7.2

Tertiary palaeochannels sediments: these sediments may have the potential to contain large
volumes of alkaline and saline groundwater.
The fractured and weathered rock aquifers are located in the rocks of low primary permeability.
They are currently the main source of water in the areas and the borehole yields vary from near
zero to possibly several hundred cubic metres per day. The main groundwater yielding zones
within this sequence are associated with vuggy and cavernous zones, and larger scale structures
(along fault and shear zones). This groundwater is normally acidic to neutral, with a low salinity.
Project Hydrogeology

As part of the Prefeasibility Study for the Project, SRK conducted a comprehensive hydrogeological
investigation in 2007 and 2008. SRK completed further fieldwork between March and November 2009
to provide additional hydrological data to enhance the regional understanding of the hydrological
setting around the Project; data is presented in Technical Appendix 10c.
A borehole and well survey was performed in a 30 – 40 km radius around the Weld Range to collect
baseline hydrogeological information that included water levels, pH and conductivity (SRK, 2010). A
total of 58 boreholes and wells were included in this survey. Parameters were measured in selected
locations with a frequency of approximately every four months to allow a comparison of data to be
made and an assessment of any changes in aquifer conditions.
Extensive investigations were also performed in the proposed pit areas of Beebyn and Madoonga.
Structural logging of 29 drill holes in Beebyn and 24 drill holes in Madoonga (totalling approximately
11,500 m) provided additional insight to rock conditions (SRK, 2010a).
The Prefeasibility Study conducted by SRK determined areas of insufficient knowledge. The Bankable
Feasilibty Study (BFS) fieldwork investigations were developed to address the identified gaps and were
conducted between March 2009 and November 2009 to provide the outstanding hydrogeological data.
Extensive investigations were performed in the proposed pit areas. Structural logging of 8 geotechnical
drill holes in Beebyn and 11 in Madoonga (totally approximately 4,500 m) provided additional insight to
rock conditions.
All the information gathered during the field investigation was compiled to construct a preliminary
conceptual hydrogeological model of the area. A total for seven hydrogeological units were determined
and the spatial distribution of these unites were defined. Three units contain most of the groundwater
generated in the Project area. On a regional scale, the unconsolidated sediments that cover all the
flatlands north and south of the range provide water for agricultural activities in the area. A significant
palaeochannel was identified in The Gap area. This palaeochannel itself is relatively impermeable.
However, a fracture zone located below the palaeochannel is believed to be highly permeable and could
contribute considerable inflow into the Madoonga pit. The third unit holding significant amounts of
groundwater is the BIF. Drilling through this unit proved challenging as a large amount of water was
encountered because of the high hydraulic conductivity values and high storage capacity. Pumping tests
performed in this unit confirmed these observations and geochemical observations confirmed that
recharge is higher in the BIF aquifer than in the unconsolidated sediments.
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The conceptual model was used as a basis for constructing a numerical groundwater model, which was
then constructed using FEFLOW®. The entire Project area was modelled, all the identified
hydrogeological units were incorporated into the model and properties derived from the
hydrogeological investigations were assigned to the units (SRK 2010a).
As the first two years of mining, during pre‐stripping, dewatering will not be required, the model was
run for a 9 year dewatering program rather than 11 years.
4.7.2.1

Hydrogeological Characterisation

Water level and quality data (pH and Total Dissolved Solids (TDS)) were collected three times during the
Prefeasibility Study (PFS) investigations. Groundwater samples from regional boreholes were taken and
analysed in July/August 2007 and June 2008. This sampling programme was developed to provide initial
data for a monitoring programme for the Project.
The regional borehole survey was repeated for the BFS in November 2009. The data collected during
the survey in October/November 2009 was used for updating a conceptual model and calibration of the
groundwater model. A total of 58 boreholes and wells were surveyed during the investigation. These
boreholes were located in the catchment surrounding Weld Range on Beebyn, Glen and Madoonga
pastoral stations (Figure 4.4). The depth of the wells and boreholes varied from 2.36 to 23.39 m bgl.
They were all placed in the shallow aquifer.
Regional Groundwater Levels
The water level contour map of November 2009 (Figure 4.5) indicates a movement of the groundwater
from the north towards the southeast following the tertiary palaeochannels drainage direction. The
regional water elevations range between 510.15 m RL (Outcamp Well) along the northern margin to
about 427.15 m RL (7 Mile Well) along the southern margin of the investigated areas, the wells are 45
km apart (SRK, 2010).
Water level contour maps in the Madoonga and Beebyn areas indicate slightly elevated groundwater
levels. The elevation of the water level mound in the Weld Range ranges from 482.24 to 507.78 m RL.
The dominant foliation and dolerite intrusions in the Weld Range strike across the general drainage
direction of the groundwater. Because of the low permeability of the dolerite, a mounding of the water
on the northern side of the range is expected, except where a preferential pathway has been formed by
cross‐cutting structural features (e.g. The Gap at Madoonga).
Regional Groundwater Salinities
Contouring of the groundwater salinity data (Figure 4.6) indicates that the regional groundwater is fresh
(TDS< 500 mg/l) to marginal (500 <TDS <1,500 mg/l), except in the boreholes or wells located in the
palaeochannels. The areas of higher groundwater salinity correspond to lower topographic areas and
surface drainage systems. The higher salinity in these surficial aquifers is due to the shallow water table
and the high evaporation rate of the area. Owing to the high evaporation rate, the water evaporates as
soon as it reaches the surface or even in the vadose zone just below the surface. This results in the
deposition of numerous minerals and salts in and around the lower topography areas and subsequently
increases the salinity of the immediate groundwater. When this occurs, the water quality becomes
brackish (1,500 <TDS <5,000 mg/l) varying from 2,643 mg/l (7 Mile Well) to 4,900 mg/l (Gap Bore) to
saline, with the highest salinity measured at MDWB01 (48,000 mg/l), M_WBG_01R (46,000 mg/l) and M‐
LTM‐04 (35,000 mg/l). The boreholes that have the highest salinity reflect the proximity of these
boreholes to the Tertiary palaeochannel (SRK 2010a).
Regional Groundwater pH
Contouring of the groundwater pH data (Figure 4.7) indicates that the average regional groundwater is
mildly acidic (pH 5.4) to mildly alkaline (pH 8.5).
September 2010

33

Weld Range Iron Ore Project
Public Environmental Review

Only the pH values from Range Bore and Jennies Bore seem to fluctuate over a wide range (from 4.9 to
7.5). This does not correlate with the fluctuation in any of the other boreholes and is not considered to
represent natural fluctuations. The cause of this fluctuation seems to be an external factor, which may
be attributed to biological activities in or around these boreholes. Nutrient cycling or discharge from
stock can induce high nitrate levels which will lower the pH (SRK 2010a).
Hydrology of Evaporation Pond Area
Investigations carried out by SRK (2010) (Technical Appendix 10c) suggest that groundwater from
production, exploration and monitoring boreholes at Madoonga exhibited a large variation in salinity
near the proposed site of the evaporation pond. TDS (mg/l) ranged from 740 mg/l at MDWB02, to 4800
mg/l at Gap bore.
SRK (2010) suggest that the water is fresh to brackish in the central and eastern part of Madoonga and
hypersaline in the area of the Gap. They further suggest that salinity of groundwater increased with
depth.
4.7.3

Borefield

Potable water requirements will be sourced from dewatering activities at the Beebyn Pit.
All bores with the vicinity of the Project area are used for watering stock. All bores (not owned by SMC)
will be monitored monthly to determine the depth to groundwater. Any changes that cannot be
attributed to seasonal variations will be mitigated by SMC. This may include deepening of the existing
bores, drilling of new bores or providing stock water by other means.
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4.8

SURFACE WATER

Weld Range rises above the centre of a drainage basin that is surrounded in the north by topographically
higher flat‐topped breakaways. The main drainage lines converge at the south‐eastern part of the basin
on its western path to form the Sanford River, a tributary of the Murchison River. The major drainage
line (Berhing Creek) drains through the Weld Range at The Gap, in the vicinity of Madoonga Station
Homestead (Figure 4.8).
Locally the range creates a watershed, diverting surface runoff to the northern Madoonga pastoral
station and towards the southern Glen and Beebyn pastoral stations. Ephemeral lakes form during
episodic rainfall events in the lower parts of the northern watershed, in the vicinity of Madoonga Station
Homestead.
The bed conditions of the main channels of all watercourses comprise of coarse sand, rocks and cobbles.
The banks comprise silty sand which is easily eroded. The watercourses are generally deep and narrow
(deeply incised) in the upper sections of the Beebyn and Madoonga catchments along the Weld Range.
These watercourses become wide and shallow in the lower sections of the catchment where the
topography is relatively flat.
4.8.1

Minor Catchment Design Flow Calculations

Australian Rainfall and Runoff Flow Calculations (AR&R) provide guidelines for the estimation of design
peak flows in Australia. AR&R reports however that there is little data for this region. The site falls
within the rainfall zone described as “North West” and “Arid Interior” with a mean average rainfall of
less than 255 mm. Rainwater falling in the area drains quickly off the Weld Range ridges through narrow
channels. The channels widen substantially as the water drains onto the flatter areas and in some cases
forming pans. In the flatter areas the flow of water can become ambiguous with streams dividing, and in
some cases the divisions flowing in quite different directions (Worley Parsons, 2008c).
4.8.2

Major Catchment Design Flow Calculations

Detailed flood flows were required for both Beebyn and Madoonga creeks. The flows were required for
backwater modelling and ultimately to prepare maps showing estimated flood events and flood depths
for design flood events. The RORB rainfall‐routing model (Laurenson and Mein, 1995) was adopted for
the estimation of design flows. Rainfall‐routing was considered to provide more reliable estimates of
peak flow in this region where there is little or no local data.
For modelling with RORB, the Beebyn Creek catchment was divided into eight sub‐areas and the
Madoonga into 15 sub‐areas. The RORB model for Beebyn Creek comprises one main channel running
south past the Beebyn infrastructure. The RORB model for Madoonga Creek comprises an eastern and
western tributary which merge at a junction immediately north of Madoonga Gap. The eastern tributary
flows westwards past the Madoonga mine infrastructure.
Topographic contours and aerial photographs show evidence of a topographic depression, immediately
north of the Madoonga Gap, which fills with water from Madoonga Creek during significant rainfall
events. The depth of water within this depression storage is controlled by the invert elevation of
Madoonga Gap (estimated to be 486.2 m AHD). Stream flow will only discharge through Madoonga Gap
once storage levels exceed this invert elevation. Analysis of topographic contours along Beebyn Creek
did not identify any significant depressions which would accumulate storage prior to direct discharge of
flood water through Beebyn Gap.
The results of RORB modelling at Madoonga Creek suggest that all runoff during 20, 50 and 100 year ARI
design flood events will be contained within the depressions storage, thus there will be little or no
outflow through Madoonga Gap. This results in the formation of a shallow lake immediately north of
Madoonga Gap and adjacent to the Madoonga mine infrastructure.
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4.9

FLORA AND VEGETATION

The Project area is situated within the Murchison botanical district of the Eremaean botanical province.
The boundaries of this province approximate the geological boundaries of the Yilgarn Block, which forms
the nucleus of the West Australian Shield (Beard, 1976). The region is well known for the dominance of
mulga (Acacia aneura) woodlands, and the extensive flats and plains provide optimum conditions for the
occurrence of these woodlands (Beard, 1976). The Murchison botanical district is divided into two
subregions, and the Weld Range falls within the boundaries of the upper or Western Murchison
subregion. Data recorded from flora surveys and opportunistic collections in the region indicate that the
Murchison bioregion encompasses a rich flora with at least 2,210 known species (Western Australian
Herbarium, 2010).
Mulga shrublands make up the vast majority of vegetation types encountered in the Murchison region.
On the more favourable soils (plains and valleys) Acacia aneura generally grows in the form of a tree
with a single erect trunk and forms low woodlands. On less favourable soils, such as those present on
hill slopes and ridges, it takes the form of a shrub producing shrublands/scrublands (Beard, 1976). As a
result, the bulk of landscapes are dominated by mixed shrubland/scrubland, with few or no trees or
perennial grasses, randomly scattered or loosely aggregated shrubs, with large areas of bare ground
with exposed shallow red soils between them (Curry et al., 1994).
Previous Biological Surveys
Vegetation communities and land systems of the Weld Range were described by Speck and Mabbut et al
(1963) respectively as part of a regional survey of the Wiluna to Meekatharra area.
The vegetation communities of the area were mapped by Beard (1976) in his regional survey of the
Murchison at a scale of 1: 1 000 000, describing the region as providing optimum conditions for the
presence of mulga (Acacia aneura) woodlands, shown in Figure 4.9.
A finer‐scale survey of the vegetation was undertaken by Curry et al. (1994), using the land systems of
Mabbut et al as part of their regional survey of rangelands within the Murchison River Catchment. The
vegetation communities of the greenstone ranges of Weld Range (the Weld land system) were surveyed
between 1985 and 1988 and were reported to be dominated by Acacia species and rocky hill mixed
shrublands, stony mulga mixed shrublands, and creekline shrublands.
A survey of the vegetation communities and flora of the Weld Range was conducted by the DEC in late
August 2005 (Markey & Dillon, 2008). The aim of the survey was to resolve floristic communities within
the Weld Range at a finer scale than had been attained by the regional surveys. Fifty‐two quadrats were
established at the Range, and 239 taxa were collected. Of these taxa, eight were identified as priority
flora and six were new records for the Weld Range.
From July 2006 to November 2008 ecologia conducted 22 flora surveys at Weld Range for various
programme of works applications. The results of these surveys are summarised in Technical Appendix
12, Appendix A, Table A.1.
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4.9.1

Database Searches

ecologia undertook a search of the following databases in July 2006 prior to commencing the first flora
and vegetation survey and again in June 2010, to determine species of conservation significance
previously recorded in the Weld Range area:
•

Threatened (Declared rare) Flora Database (DEC);

•

Declared Rare and Priority Flora List (DEC);

•

Western Australian Herbarium Specimen Database (DEC);

•

Threatened Ecological Community Database (DEC); and the

•

Department of the Environment and Water Resources Protected Matters Database.

Currently 150 rare and priority flora taxa are listed as occurring in the Murchison area (Western
Australian Herbarium, October 2009).
To date, 27 flora taxa of conservation significance have been recorded during surveys carried out at
Weld Range by the DEC and ecologia. 25 of which were recorded in the current survey.
4.9.2

Flora and Vegetation Surveys

Level 2 Flora and Vegetation Survey
The Weld Range and other Banded Iron Formation Ranges are important landforms in the Murchison
region. Although representing a very small proportion of the total area of the Murchison bioregion,
their unique geology, soils and relative isolation have produced distinctive vegetation communities,
many of which have restricted distributions in the region. Many of the BIF ranges support threatened,
and in some instances locally endemic, species. As a consequence they are considered to have very
significant biodiversity values and a multiphase Level 2 floristic survey was considered the appropriate
level of survey to be conducted within the current Project area. The survey combined the following
methodological approaches:
•

Background research: to gather background information on the footprint or target area (i.e.
search of literature, data and map‐based information).

•

Reconnaissance: to verify the accuracy of the background information, further delineate and
characterise the flora and range of vegetation units present in the footprint and to identify
potential impacts.

•

Detailed survey: to enhance the level of knowledge of the flora and vegetation at the local scale
and its local context or significance (if the broader scale is well known).

Level 2 surveys require one or more visits to the target area in the main flowering season and visits
during the other seasons. Replication of plots in each vegetation unit is required to thoroughly sample
the flora and all the vegetation units over their full extent in the target area; this enables maps of the
vegetation units to be produced at an appropriate scale. Comments on vegetation condition are also
required.
The survey methods adopted by ecologia were aligned with the EPA’s Guidance Statement No. 51 and
followed advice received after consultation with DEC and other government agencies.
The vegetation and flora of the Weld Range project area were surveyed over fifty three person days over
three phases:
•

Spring phase – 3rd to 12th November 2006;

•

Autumn phase – 14th to 21st April 2007; and

•

Winter phase – 3rd to 10th July 2008.
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The three‐phase survey ensured that plants not present in one phase could be recorded in the other
phases if present, and ensured adequate representation of the vascular plants occurring in the area.
Additionally, a linear rail corridor survey at Weld Range was conducted in June 2009, a portion of this
survey occurred within the current Study Area. The species collected during this survey were also added
to the overall species list for the Project. An additional three person survey days were spent within the
Study Area during this survey.
The objectives of these surveys were to provide:
•

an inventory of vascular plant species;

•

a description and mapping of plant communities;

•

a review of plant species considered to be rare and endangered, or geographically restricted,
which are known to, or may occur, within the project area;

•

an inventory of exotic plants, including declared weeds; and

•

a review of the significance of the plant communities within a local, regional, and state context.

Survey Methodology
The three‐phase survey involved a combination of sampling within bounded quadrats and a series of
linked field traverses. Linked traverses are more time efficient than bounded quadrats to maximise the
sampling of the entire area and thus the probability of locating flora of potential significance. However
quadrats were utilized to quantitatively characterise the vegetation units and to facilitate multivariate
analysis of the vegetation. Both methods contributed to the delineation of small scale vegetation units
and to a comprehensive floristic inventory of the survey area. Methodology is outlined in Table 4.2.
Quadrats
To ensure that all floristic communities and habitats present within the survey area were represented in
the data collected, sampling sites were selected using aerial photography, topographical features and
field observations. The number of sites established was determined by the size and the heterogeneity of
the study area. During the surveys 239 quadrats were established over the Project area; 103 quadrats
were assessed during Phase 1; 72 additional quadrats and 37 Phase 1 quadrats were assessed or re‐
assessed during Phase 2; 64 quadrats were assessed during Phase 3. Information from an additional 19
sites within the project area assessed during a rail corridor survey was also used to further refine
vegetation boundaries, however data collected during this survey were not included within the
statistical analysis. Figure 4.10 illustrates the location of the quadrats surveyed across the Project area.
Plant specimens were collected for later identification and verification. Nomenclature and taxonomy
follow the conventions currently adopted by the Western Australian Herbarium (2010).
Vegetation type, life‐form strata and percentage cover for each stratum were recorded using the
National Vegetation Information System (NVIS) vegetation classifications
Transects
Surveys targeting taxa of conservation significance previously recorded during the quadrat‐based
surveys were conducted between May 2008 and August 2009. In total 1053 transects over 94 person
days were conducted inside and outside proposed areas of infrastructure. Because the proposed
infrastructure areas are large (approximately 4500 ha including buffer zones) they could not be
systematically grid searched and therefore sub‐plots of each area were surveyed.
Transects surveying a 10 m width were walked and the locations and abundance of all Priority taxa
observed were recorded using a handheld GPS. The spacing between transects varied to some degree
but the majority of transects were separated by 100 m. Transect length was determined by the
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dimensions of each habitat occurring in a particular search polygon. The number of transects walked in
each habitat depended on the total area of that habitat and on the typical densities of Priority taxa
occurring within them.
The transects were located such that the range of topography and vegetation types present within the
proposed infrastructure areas were represented and is illustrated relative to the land systems.
An additional 34 transects were surveyed within the Wilgie Mia Reserve in September 2008 subsequent
to permission being granted by the Wajarri Community. Priority flora locations and vegetation structure
were recorded, and collections were made of any taxa not previously recorded during surveys within the
Study Area. Specimens of known and suspected conservation significant flora species recorded during
the threatened flora surveys were collected for verification by an experienced taxonomist.
Threatened Flora Survey
After the three‐phase survey a threatened flora survey was conducted. These surveys targeted the
conservation significant species recorded during the quadrat surveys. Between May 2008 and August
2009 1053 transects were surveyed inside and outside the Project area. As the proposed infrastructure
areas are large, approximately 4,500 ha, they could not be systematically grid searched and therefore
sub‐samples were surveyed.
Sampling Adequacy
Species accumulation curves provide a theoretical basis for understanding the relationship between
sampling effort and the accumulation of species, and hence provide a means of estimating species
richness and assessing survey adequacy. As sampling effort increases (i.e. the number of quadrats
surveyed increases), the rate at which new species are recorded decreases and ultimately becomes
asymptotic. This asymptote provides an estimate of the total number of species that might be expected
from a particular survey area.
Flora sampling adequacy was estimated using species accumulation curve analysis (Colwell, 2006) and
extrapolation of the curve to the asymptote using Michaelis‐Menten modelling.
Using this analysis, the incidence‐based coverage estimator of species richness (ICE Mean, Chao 2 Mean)
was determined as 424. With a total of 344 taxa recorded from the 258 quadrats surveyed (three
phases plus rail corridor), this suggests that approximately 81% of the flora species potentially present
within the study area were recorded during the quadrat‐based component of the survey. A further 48
species were recorded opportunistically during transects, or 92% of the total number of species
estimated to be present.
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Table 4.2 – Vegetation and Flora Survey Methodology
Survey Type

Description

Number of
Sites

Quadrat Based
Survey

2
Quadrats measured 20 m x 20 m (400 m ) or an equivalent area was sampled
when sites were located in drainage lines or if irregularly shaped. The
following parameters were recorded at each quadrat:

239 quadrats

• location details, including GPS co‐ordinates;
• site parameters such as topography, soils, and surface lithology;
• structural information describing the vegetation unit, including the height,

cover, form and dominant species within each stratum;
• maximum height and foliage projective cover for each species within the

site, including introduced species;
• vegetation condition; and
• the estimated time since the last fire at each site.

Transect Based
Survey

September 2010

Transects surveying a 10 m width were walked The spacing between
transects varied to some degree but the majority of transects were
separated by 100 m.
The following parameters were recorded:
• Individual coordinates and the exact number of plants present were
recorded for isolated or small clusters of plants, using GPS.
• Boundary waypoints were recorded for large populations and of the
number of plants present within those boundaries was estimated.
• The vegetation community, habitat and orientation relative to the ranges
at which each cluster was located were noted.
• Any plants observed between transects or outside the boundaries of grids
searched were recorded as opportunistic collections, and the number of
plants and locations similarly recorded.
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4.9.3

Vegetation at Weld Range

Vegetation of the Project area as described by Beard 1976, is summarised below and presented in Figure
4.11:
1a

Acacia aneura low open woodland over Acacia sp. Weld Range, A. ramulosa var. linophylla and
Thryptomene decussata open mid shrubland over mixed Eremophila spp. low shrubland.

1b

Acacia aneura low open woodland over Acacia cockertoniana open mid shrubland over mixed
mid shrubland over Ptilotus obovatus low shrubland.

2a

Scattered Acacia pruinocarpa trees over A. aneura mid sparse shrubland / scattered shrubs over
Ptilotus obovatus low shrubland with Cymbopogon ambiguus tussock grasses.

2b

Acacia aneura sparse shrubland over mixed sparse mid shrubland over Micromyrtus sulphurea
and Ptilotus obovatus low open shrubland.

3a

+/‐ Corymbia lenziana scattered medium trees over Acacia. ramulosa var. linophylla and A.
aneura sparse tall shrubland over mixed Eremophila spp. open mid shrubland over scattered low
shrubs of Ptilotus obovatus over mixed open tussock grassland.

3b

+/‐ Acacia pruinocarpa scattered trees over A. aneura woodland over A. ramulosa var. linophylla
and A. aneura shrubland over mixed Eremophila spp. closed shrubland over Ptilotus obovatus
open low shrubland.

3c

Scattered Eucalyptus mallees / trees over Acacia ramulosa var. linophylla open shrubland over
Rhagodia eremaea, Eremophila forrestii subsp. forrestii shrubland over Ptilotus obovatus open
low shrubland.

3d

Acacia aneura and A. cockertoniana open moderate shrubland over Eremophila simulans subsp.
simulans and Aluta aspera subsp. hesperia low open shrubland.

4a

Acacia sp. Weld Range and A. aneura var. microcarpa open tall shrubland over Eremophila
macmillaniana and mixed Senna spp. open mid shrubland over Ptilotus obovatus open low
shrubland.

4b

Acacia sp. Weld Range and Acacia speckii (Priority 3) shrubland over mixed Senna spp. sparse
shrubland over Grevillea inconspicua (Priority 4) and Dodonaea amplisemina (Priority 3) open
shrubland over Cymbopogon ambiguus sparse tussock grassland.

5a

Acacia craspedocarpa open tall shrubland over Solanum ashbyae / lasiophyllum and Ptilotus
obovatus low shrubland over mixed low tussock grassland.

5b

+/‐ Grevillea striata low isolated trees over Acacia craspedocarpa and A. aneura tall open
shrubland over Scaevola spinescens sparse mid shrubland over Austrostipa elegantissima and
Eriachne flaccida low open tussock grassland.

6a

Scattered Acacia spp. shrubs over mixed Senna spp. open mid shrubland over Ptilotus obovatus
sparse shrubland over mixed Maireana spp. chenopod shrubland.

6b

Scattered mixed Acacia spp. over Rhagodia eremaea and Scaevola spinescens sparse mid to low
shrubland over Ptilotus obovatus, Maireana georgei and Sclerolaena diacantha low chenopod
shrubland.

6c

Eremophila maculata subsp. brevifolia low open shrubland over Sclerolaena diacantha low
chenopod shrubland over Enneapogon cylindricus low tussock grassland.

7a

Melaleuca stereophloia and Cratystylis subspinescens low shrubland over Tecticornia spp. low
samphire shrubland over Frankenia laxiflora low shrubland.
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7b

Eucalyptus carnei and Eucalyptus trivalva woodland over Cratystylis subspinescens and
Muehlenbeckia florulenta low sparse shrubland over mixed low tussock grasses.

Units 1 and 2 were combined for the purposes of mapping their distribution, as the distinctions in
vegetation composition visible at ground level could not be reliably discriminated on the aerial
photography.
4.9.3.1

Vegetation of Conservation Significance

Ecological communities are naturally occurring biological assemblages found in a particular type of
habitat. At a national level, flora and Threatened Ecological Communities (TECs) are protected under the
1999 EPBC Act. TECs are listed as Critically Endangered, Endangered or Vulnerable. The Department of
the Environment and Water Resources does not currently list any TECs as occurring within the Weld
Range survey area.
The Western Australian DEC maintains a list of TECs that are Presumed Totally Destroyed, Critically
Endangered, Endangered or Vulnerable; no State‐listed TECs occur within or near to the Project area.
However, possible TECs that do not meet survey criteria, or that are not adequately defined, are added
to a list of Priority Ecological Communities (PECs). Communities are placed in this category while
consideration can be given to their declaration as TECs.
Searches of government databases indicate that no threatened ecological communities occur at Weld
Range. However, the Priority 1 Priority Ecological Community (PEC) “Weld Range vegetation complexes
(banded ironstone formation)” has been listed and incorporates much of the vegetation within the
Study Area (Figure 4.12).
PECs are classified into one of five possible priority ranks based on frequency of ecological community
occurrence and known threatening processes. The Priority 1 PEC at Weld Range presents a rare
vegetation complex and is considered currently under threat of mining (DEC, 2008).
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4.9.3.2

Phreatophytic Vegetation

Groundwater dependent ecosystems (GDEs) are defined as “ecosystems that must have access to
groundwater to maintain their ecological structure and function” (Murray et al., 2006) or “ecosystems
that are dependent on groundwater for their existence and health” (National Water Commission, 2006).
Phreatophytic vegetation requires groundwater for its survival. The extent to which ecosystems are
dependent on groundwater is classified into five categories (Hatton and Evans, 1998):
•

ecosystems entirely dependent on groundwater;

•

ecosystems highly dependent on groundwater;

•

ecosystems with proportional dependence on groundwater;

•

ecosystems which may only use groundwater opportunistically or to a very limited extent; and

•

ecosystems with no apparent dependence on groundwater.

The dependency of ecosystems on groundwater is based on groundwater flow or flux, level, pressure
and quality. The ecosystem response to alterations in these groundwater parameters is variable (SKM,
2001).
Less than 1% of the land area of Australia is represented by ecosystems that are entirely dependent on
groundwater, and similarly for ecosystems highly dependent on groundwater. Less than 5% of the land
area is associated with ecosystems that are proportionally dependent on groundwater (Hatton and
Evans, 1998). These ecosystems represent a small but unique and important part of the Australian
environment (Hatton and Evans, 1998; Sinclair Knight Merz Pty Ltd, 2001).
There is a range of wetland and riparian ecosystems in Australia that initially appear to be groundwater
dependent, but prove not to be. Examples of this include intermittent and episodic wetlands and lakes
of the arid zone and of the Western Australian sandplain and Yilgarn Plateau (Sinclair Knight Merz Pty
Ltd, 2001).
Currently, six distinct types of GDEs are recognized in Australia: terrestrial vegetation, river base flow
systems; aquifer and cave ecosystems; wetlands; terrestrial fauna; and estuarine and near‐shore marine
ecosystems (Sinclair Knight Merz Pty Ltd, 2001).
Terrestrial vegetation GDEs do not rely on surface water to survive, but depend seasonally or
episodically on groundwater that would be locally recharged in the wet season. These terrestrial
vegetation GDEs are influenced by groundwater level, flux and quality (Sinclair Knight Merz Pty Ltd,
2001).
The determination of environmental water requirements of GDEs is associated with the following
factors: the nature of ecosystem dependency on groundwater; the water requirements of the
ecosystem; the groundwater regime that will meet the requirements of the ecosystem; and impacts of
change in groundwater regime on ecological processes (Sinclair Knight Merz Pty Ltd, 2001). Sustainable
borefield developments require an understanding of the use of ecosystem groundwater requirements
and adaptability (Eamus and Froend, 2006).
Phreatophytes (deep‐rooted plants that can access the water table) show seasonal variability in both the
quantity of groundwater used and the relative importance of groundwater as a water source.
Phreatophytes utilise groundwater the most during the driest season of the year, when alternative
sources of water become exhausted and transpiration is highest (Eamus and Froend, 2006). With regard
to borefield operations, the timing and modification of abstraction and the magnitude and rate of
drawdown affects the risk to GDEs. For example, the risk to GDEs may be lowered considerably by
avoiding periods of peak environmental demand and allowing adaptation of dependent biota to a lower
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water table. Information concerning the process of adaptation to changes in groundwater availability is
limited (Eamus and Froend, 2006).
In March 2009, the National Water Commission (2009) initiated a project that seeks to identify major
GDEs across Australia, in order to produce a national comprehensive geographic database inventory (an
“atlas”) of GDEs.
4.9.3.3

Vegetation Condition

Vegetation condition was assessed at all quadrats using the rankings based on criteria described in Table
4.3.
Factors considered when determining these levels of disturbance were the presence of weeds, tracks,
litter and any evidence of grazing and general ground disturbance. These disturbance levels were based
on the vegetation scales specified in Volume 2 of Bush Forever (Bush Forever, 2000).
Table 4.3 –Vegetation Condition Assessment
Vegetation
Condition

Criteria

Proportion of
Quadrats (%)

Excellent

Pristine or nearly so, no obvious sign of damage caused by European man

0

Very good

Some relatively slight signs of damage caused by the activities of European
man, e.g. damage to tree trunks by repeated fires, the presence of some
relatively non‐aggressive weeds or occasional vehicle tracks.

14

Good

More obvious signs of damage caused by the activities of European man,
including some obvious impact to vegetation structure such as caused by low
levels of grazing or by selective logging. Weeds as above, possibly plus some
more aggressive ones

77

Poor

Still retains basic vegetation structure or ability to regenerate it after very
obvious impacts of European man such as grazing or partial clearing or very
frequent fires. Presence of some more aggressive weeds.

9

Very poor

Severely impacted by grazing, fire, clearing or a combination of these activities.
Scope for some regeneration but not to a state approaching good condition
without intensive management. Usually with a number of weeds species
including aggressive species.

0

Completely
Degraded

Areas that are completely or almost completely without native vegetation e.g.
areas that are cleared or parkland cleared with their flora comprising weed or
crop species with isolated native trees or shrubs.

0

Vegetation condition at most sites was determined to be good (77%). At 14% of the sites the vegetation
condition was very good and at 9% of the sites it was poor. None of the sites assessed were rated as
very poor, degraded or excellent.
Vegetation condition at sites on the flat sand plains of the survey area was generally found to be good to
poor condition. This was due to extensive grazing by feral goats and livestock across these areas of the
pastoral lease. There was no evidence of cattle grazing at sites located higher in the landscape, but
there was evidence of grazing by goats.
Vegetation across the Project area, particularly on the rocky ironstone ridges, had been disturbed by the
formation of tracks and the clearing of vegetation for exploration activities.
Weed abundance is generally low across the lease area. Most weeds were recorded on sites lower in
the landscape where most grazing is more prevalent.
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4.9.4

Flora at Weld Range

A total of 393 taxa resulted from the combined records for the three phases of the survey, the
opportunistically collected species from the rail corridor and targeted flora surveys. This total includes
species, subspecies, varieties, forms and affinities.
Of this total, seven taxa were opportunistically collected during the three phase survey, 37 taxa were
opportunistically collected during the targeted flora surveys and an additional five during the rail
corridor survey. Four taxa could not be identified beyond genus level, due to insufficient reproductive
material. Six naturalised alien flora taxa were located during the survey.
The diversity of the flora is summarised in Table 4.4. A complete list of the flora recorded during the
three phases of the survey, rail corridor sites, and threatened flora surveys is included in Technical
Appendix 12, Appendix J (ecologia, 2009d).
Table 4.4 –Diversity of Weld Range Flora

# Quadrats
Surveyed

# Taxa
Recorded

# Families

258
(including 37
RPT)

393

57

# Genera

# Families
Represented
by a Single
Taxon

# Genera
Represented
by a Single
Taxon

# Annual
Taxa (%)

#
Perennial
Taxa (%)

140

21

85

77 (19.7)

315 (80.4)

Note: RPT = sites surveyed during Phase 1 and Phase 2.

The Families represented by the greatest number of taxa in the combined species list were the
Mimosaceae (43 taxa), Myoporaceae (41 taxa), Chenopodiaceae (38 taxa), Poaceae (31 taxa), and
Asteraceae (26 taxa).
Genera represented by the greatest number of taxa were Acacia (43 taxa), Eremophila (41 taxa), Senna
(17 taxa), Ptilotus and Maireana (15 taxa each).
The dominant families and genera of the Weld Range are similar to those described by Beard (1976) as
occurring in the Murchison botanical district.
4.9.4.1

Range Extensions

Based on records lodged at the Western Australian Herbarium (2010), there are a number of range
extensions of common and Priority taxa occurring within the Project area, as detailed in Table 4.5.
These range extensions are likely to be a reflection of two factors:
•

the sporadic history of collection in the vicinity of the Study Area, resulting in an incomplete
knowledge of the distributions of many taxa; and in some instances

•

specific habitat requirements which are genuinely restricted in the bioregion, resulting in a
restricted distribution for the taxon.
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Table 4.5 –Taxa for which the Weld Range Records Represent an Extension to Known Distribution
Taxon

Conserv. Status

Extent of Range Extension

Indigofera gilesii subsp. gilesii

P3

Approximately 150 km south west of the closest collection record at
Glengarry Range (5 miles SE of Mooloogool Homestead).

Phyllanthus baeckeoides

P3

Approximately 170 km from the closest collection record to northwest
at Windimurra Station and more than 400 km to the southeast at
Laverton, Leinster.

Sauropus sp. Woolgorong (M.
Officer s.n. 10/8/94)

P1

Approximately 200 km east of the closest collection record at
Woolgorong Station.

Beyeria lapidicola

P1

Approximately 200 km west of the closest collection record at
Lakeway Station (30 km southwest of Wiluna)

Euphorbia sarcostemmoides

P1

Approximately 150 km south west from the closest collection record
at Mt. Padbury Station, Robinson Range

Goodenia lyrata

P1

More than 400 km from the closest collections to northeast near
Newman and to southeast near Laverton.

Stenanthemum patens

P1

Approximately 230 km from the closest collections to southeast at
Windimurra Homestead. 80.7 km SE of Mount Magnet

Sauropus sp. Woolgorong (M.
Officer s.n. 10/8/94)

P1

Approximately 200 km from the closest collection record at
Woolgorong

Trichodesma zeylanicum var.
zeylanicum

None

Approximately 300 km north‐east from the closest collection record at
Jeffries Rocks (east of Galena) (Geraldton Sandplains region).

Amyema maidenii

None

Approximately 210 km south‐east from the closest collection record at
Gascoyne River (Gascoyne region).

Sclerolaena uniflora

None

Approximately 350 km north‐east from the closest collection record at
Three Springs (Avon Wheatbelt region).

None

Approximately 260 km south‐west from the closest collection record
at Gascoyne River (Gascoyne region).

Eriachne lanata

None

Approximately 430 km south‐west from the closest collection record
at Hamersley Ranges (Pilbara region).

Triodia schinzii

None

Approximately 170 km north north‐west from the closest collection
record at Cashmere Downs Station (Murchison region).

Micromyrtus racemosa var.
racemosa

None

Approximately 280 km from the closest collection record at White
Well (Murchison region).

Drosera macrantha
eremaea

None

Approximately 155 km north from the closest collection record at
Mount Magnet (Murchison region).

None

Approximately 280 km south‐west from the closest collection record
at the Hamersley Ranges (Pilbara region).

Eucalyptus
eucentrica

socialis

Abutilon leucopetalum

4.9.4.2

subsp.

subsp.

Flora of Conservation Significance

One species listed as Endangered under the EPBC Act, Conospermum toddii (Approved Conservation
Advice for Conospermum toddii, 2008), is known from two collections in the Murchison region.
Conospermum toddii was not recorded during the current survey.
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Currently, two DRF taxa protected by the Wildlife Conservation Act are listed as occurring in the
Murchison:
•

Conospermum toddii (Approved Conservation Advice for Conospermum toddii, 2008); and

•

Eremophila rostrata subsp. rostrata (Wildlife Conservation (Rare Flora) Notice 2008(2)).

Neither Eremophila rostrata subsp. rostrata nor Conospermum toddii were recorded during the current
survey.
The DEC maintains a list of four Priority codes for flora that are either poorly known, believed to be
uncommon, rare or under threat, but have not been listed under the WC Act. The WC Act does not
provide specific protection for Priority species, however the potential impacts of new projects on
priority species is considered as part of the EIA process under the EP Act.
Currently, 150 rare and priority flora taxa are listed as occurring in the Murchison (Western Australian
Herbarium, October 2009). To date, 27 flora taxa of conservation significance have been recorded
during surveys carried out at the Weld Range by the DEC and ecologia (Table 4.6), 25 of which were
recorded during ecologia surveys.
Table 4.6 –Taxa of Conservation Significance Recorded by the DEC and ecologia at Weld Range
Taxon

Conserv. Status

Origin of record(s) at Weld Range
ecologia
9

DEC Database
9

Beyeria lapidicola (formerly sp. Murchison)

P1

Eremophila rhegos

P1

Euphorbia sarcostemmoides

P1

9

Goodenia lyrata

P1

9

Sauropus sp. Woolgorong (M. Officer s.n. 10/8/94)

P1

9

9

Stenanthemum patens

P1

9

9

Indigofera gilesii subsp. gilesii ms

P3

9

Acacia ?burrowsiana

P3

9

9

Acacia speckii

P3

9

9

9

Calytrix erosipetala

P3

9

Dodonaea amplisemina

P3

9

Eremophila arachnoides subsp. arachnoides

P3

9

Grevillea stenostachya

P3

9

Hemigenia tysonii

P3

9

Homalocalyx echinulatus

P3

9

9

Micromyrtus placoides

P3

9

9

Mirbelia ?stipitata

P3

9

Phyllanthus baeckeoides

P3

Prostanthera ferricola

P3

9

9

Prostanthera petrophila

P3

9

9

Ptilotus beardii

P3

9

9

Ptilotus luteolus

P3

9

Tecticornia cymbiformis

P3

9

Verticordia jamiesonii

P3

9

9

Baeckea sp. Melita Station (H. Pringle 2738)

P4

9

9

Goodenia berringbinensis

P4

9

Grevillea inconspicua

P4

9
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Priority Flora Recorded during the ecologia Survey
Twenty‐seven priority flora taxa were recorded during the ecologia surveys at Weld Range – six Priority
1, eighteen Priority 3 and three Priority 4 species (DEC search conducted June 2010).
The coordinates for priority flora recorded during the ecologia survey are listed in Technical Appendix
12, Table J.1 (ecologia, 2009d).
This relatively large number of priority species recorded at Weld Range is considered to be a
consequence of two factors:
•

The sporadic and isolated history of collection and lodgement of specimens from the bioregion,
resulting in incomplete knowledge of the distribution of many taxa and consequently a high
proportion of the total taxa recorded not being listed; and

•

The genuine rarity of some taxa due to their particular habitat requirements (combined with a
rarity of those habitats) as well as biotic and abiotic factors, which have promoted speciation.

All Priority taxa currently recorded at Weld Range have distributions extending over at least 100 km.
Consistent with the observation by Markey and Dillon (2008), there does not appear to be any species
that are endemic to the Weld Ranges.
Two previously undescribed taxa were also recorded during the current survey. Given their status as
undescribed taxa, there is insufficient information available to determine their conservation status.
These taxa may be listed as Priority species in the future. These species are Hemigenia sp. nov. (aff.
exilis) and Acacia sp. nov. (aff. kochii)
Conservation Significant Flora of Banded Iron Formation Ranges
Twenty seven priority flora species have been recorded at Weld Range to date (this includes DEC data).
A detailed comparison of the conservation significant flora recorded at Weld Range and at other BIF
ranges is included in Technical Appendix 12. Table 4.7 summarises the conservation significant flora of
BIFs.
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Table 4.7 –Summary of Conservation Significance of Banded Iron Formations

BIF

Number of
Declared
Rare Flora
(DRF)

Number of
Priority
Flora

Current
Rank and
Number of
Taxa

TEC?

PEC?

Yes/
No

Yes/No
(Ranking)

No

Yes (Priority 1)

(Markey & Dillon,
2008; ecologia)

No

Yes (Priority 1)

(Meissner & Caruso,
DRAFT
2008;
Mattiske, 2005)

No

Yes (Priority 1)

(Meissner
et
DRAFT 2007)

No

Yes (Priority 1)

Meissner &
Draft 2008

No

Yes (Priority 1)

Meissner & Wright,
DRAFT 2008

No

Yes (Priority 1)

Thompson & Sheehy,
Draft 2009

No

Yes (Priority 1)

Thompson & Sheehy,
Draft 2009

No

Yes (Priority 1)

Markey & Dillon, Draft
2007

Source

P1 = 6
Weld Range

0

27 (8 during
DEC survey)

P2 = 1
P3 = 17
P4 = 3

Jack Hills

0

P1 = 3
7

P3 = 4
P1 = 2

Robinson Ranges
and Mount Gould

0

4

P3 = 1

al.,

P4 = 1
Western Narryer
Terrane

0

P1 = 1
P3 = 1

Owen,

P1 = 2

Barloweerie and
Twin
Peaks
Greenstone Belts

0

Montague Range
Zone of Gum
Creek Greenstone
Belt

0

Lake Mason Zone
of Gum Creek
Greenstone Belt

2

7

P2 = 1
P3 = 4

5

P1 = 2
P3 = 3
P1 = 2

0

7

P3 = 3
P4 = 2
P1 = 2

Joyners Find Hills

0

8

P2 = 1
P3 = 3
P4 = 2

Lee Steere Range

0

1

P4 = 1

No

Yes (Priority 1)

Thompson & Sheehy,
Draft 2009

Perseverence
Greenstone Belt

0

2

P4 = 2

No

Yes (Priority 1)

Meissner & Wright,
Draft 2009

Booylgoo Range

0

6

No

Yes (Priority 1)

Markey & Dillon, 2007
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Many more conservation significant flora species have been recorded at Weld Range than at any of the
other ranges listed in Table 4.7, and Weld Range could be viewed as being more conservation significant
than other ranges in the region because of this. However, when ecologia carried out early surveys at
Weld Range (2006) only 12 priority flora had been recorded in the area, and the DEC recorded only eight
priority flora species during its Weld Range survey. The additional species have been recorded following
a large number of surveys that have been carried out at Weld Range since 2005/2006, and a similar
survey effort has not been carried out at the other ranges. The DEC’s eight priority flora taxa recorded
during its Weld Range survey is similar to the number recorded at other BIF ranges north of Mount
Magnet.
Eight priority flora species were recorded, during this survey, at both Joyners Find Hills and Weld Range;
however, Weld Range has more Priority 1 and Priority 3 species than any of the other ranges included in
this table. Most priority species were located at Weld Range and Joyners Find Hills and fewest at
Western Narryer Terrane, Lee Steere Range, Perseverance Greenstone Belt and Booylgoo Range. Based
on this, the flora at Weld Range and Joyners Find Hills could be rated as being more significant than the
flora at the other ranges surveyed in the area.
Only two of the priority flora species are annuals (Gunniopsis divisa and G. propinqua) and therefore the
time of year of survey cannot explain this difference between the ranges, and as the DEC surveyed
between 50 and 52 quadrats at each range the survey effort cannot explain the difference either. Fifty‐
two quadrats were surveyed at Weld Range and Western Narryer Terrane and eight priority flora species
were recorded at Weld Range and only two at Western Narryer Terrane.
4.9.5

Introduced Flora Species

The Australian Weed Strategy (2007) defines a weed as “a plant which has, or has the potential to have,
a detrimental effect on economic, social or conservation values”. Weeds that have proliferated in
bushland without direct human intervention or assistance are also referred to as naturalized alien
species.
Declared Weeds
Weeds that are, or have the potential to become, a threat to agriculture may be formally declared under
the Agriculture and Related Resources Protection Act 1976 (ARRP Act). Declared Plants under this Act
are listed with Standard Control Codes that outline the requirements for control. Five Priority groupings
exist (P1, P2, P3, P4 or P5), and more than one Priority may be placed on a weed species. Weeds may
also be prioritised differently in different agricultural regions. Eighty three Declared Plants are listed as
occurring in the Murchison region of Western Australia under the ARRP Act.
A search was conducted of the Department of Agriculture and Food‘s list of Declared Plants (weeds),
under the Agriculture and Related Resources Protection Act 1976, and 83 Declared Plants are listed as
occurring in the Murchison Region of Western Australia.
No Declared Plants (weeds) were recorded during the Weld Range survey.
In addition to the weeds described above, six species considered environmental weeds were recorded
within the Project area. These weeds and their locations are presented in Table 4.8 below. These weed
species occurred on the flat plains and their distribution was scattered. The populations were either less
than 10 plants or had a cover of 10%.
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Table 4.8 –Locations of Environmental Weeds recorded during the ecologia Survey
Phase of
Survey

Site

Easting (mE)

Northing (mN)

*Anagallis arvensis

TFS

BWD

583766

7026648

*Cenchrus ciliaris

TFS

MWD

559509

7019076

1

36

578288

7029509

2

01

542005

7014892

1

91

585672

7033112

TFS

MWD

558435

7018368

1

61

557395

7018295

Species

*Cuscuta epithymum
*Portulaca oleracea
*Solanum nigrum
*Sonchus oleraceus

4.10

VERTEBRATE FAUNA

The BIF in the Midwest and Yilgarn regions form a series of isolated peaks, hills and ranges in an ancient
and generally topographically subdued regional landscape (Markey & Dillon, 2006). Knowledge on the
biodiversity significance of these environments is incomplete; however current knowledge indicates that
these isolated areas provide important refuges for both flora and fauna. For example, in the Murchison
Region, the Long‐tailed Dunnart (Sminthopsis longicaudata) is restricted to BIF ranges.
4.10.1

Database Searches

ecologia undertook a review of all fauna records from the Project area and its surrounds (Technical
Appendix 13). The review was based on Western Australian Museum and DEC records, as well as fauna
surveys of similar scope and intensity previously undertaken in the region. This yielded a list of 29 native
and eight introduced mammal species, 156 birds, 88 reptiles and five amphibian species which could
potentially occur in the Project area.
According to the Department of the Environment, Water and Heritage (DEWHA) protected matters
database and DEC threatened database, 30 species of conservation significance could potentially occur
in the Project area.
4.10.2

Vertebrate Fauna Survey

The scale and nature of environmental impact and the sensitivity of the receiving environment
determines the level of fauna survey expected by the EPA. Based on consultation with DEC stakeholders
and Guidance Statement No. 56, a Level 2 survey was recommended for the mining pit and waste dump
areas. A Level 2 survey incorporates a desktop review and two seasonal trapping surveys with one or
more visits in each season appropriate to the bioregion and fauna group being surveyed. Level 1 surveys
comprising reconnaissance visits and desktop research were considered sufficient for the proposed
infrastructure options.
SMC commissioned ecologia to undertake a Level 2 vertebrate fauna survey to provide a
comprehensive, quantitative and qualitative description of the nature and conservation significance of
the fauna species and fauna habitats within its tenements at Weld Range. Following recommendations
from the pre‐feasibility and feasibility studies, SMC proposed new areas within its tenements for the
provision of base materials as well as areas on which to build infrastructure including access tracks, an
accommodation village and the airstrip.
The survey methods adopted by ecologia were aligned with EPA Guidance Statement No. 56 (EPA, 2004)
and Position Statement No. 3 (EPA, 2002).
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ecologia conducted a two‐phase Level 2 vertebrate fauna survey in two separate areas. Locations above
main ore bodies (Madoonga 7.86 km2 and Beebyn 14.84 km2) and those areas that best represented the
fauna habitats of Weld Range were surveyed in September 2006 and between March and April 2007
(Phase 1 and 2). Further surveys of an extension of the range to the north east were surveyed in April
and September 2007 (Phase 3 and 4). Two single phase Level 1 reconnaissance surveys of proposed
infrastructure areas were conducted between August and September 2008. These consisted of bird
surveys and opportunistic diurnal searching at 62 sites, and further in August 2009, 80 (10 m wide)
transects through the proposed infrastructure areas (ecologia, 2009e) were surveyed. A summary of
survey timing, duration and person days is provided in Table 4.9.
Table 4.9 – Summary of Survey Timing, Location and Person Days
SURVEY

DURATION

PERSON DAYS

Spring: Level 2 Phase 1

18th September – 3rd October, 2006

60

Autumn: Level 2 Phase 2

22nd March – 5th April, 2007

59

Autumn: Level 2 Phase 3

13th April – 25th April, 2007

47

Spring: Level 2 Phase 4

21st September – 2nd October, 2007

42

Spring: Level 1 Infrastructure

31st August – 5th September, 2008

8

Spring: Level 1 Infrastructure

18th August – 24th August 2009

15

Total

231

Survey sites were established to sample major fauna habitats present in the study areas that
corresponded with areas of proposed disturbance.
Phases 1 and 2 surveyed the south‐west and central sections of the Project area, Phases 3 and 4
sampled the north‐east. Eight trapping sites were sampled during the first Phase. The second Phase
used the sites established in Phase 1 with an additional three sites (totalling 11 sites for the survey).
Six sites were established in Phase 3 and these were repeated again in Phase 4.
A further 15 sites were opportunistically surveyed during these Level 2 surveys
Sixty nine reconnaissance sites were sampled during the first Level 1 survey. The second Level 1
reconnaissance survey which was completed in conjunction with a threatened flora survey consisted of
10 m transects across proposed infrastructure areas at 100m spacing.
The locations of level 2 systematic and opportunistic survey sites are shown in Figure 4.13, while
locations of first Level 1 reconnaissance survey sites and the second Level 1 reconnaissance transects are
shown in Figure 4.14.
Survey Methodology
The fauna survey was performed using a variety of sampling techniques, including systematic and
opportunistic sampling. Systematic sampling refers to data methodically collected over a fixed time
period in a discrete habitat type, using an equal or standardised sampling effort. The resulting
information can be analysed statistically, facilitating comparisons between habitats. Opportunistic
sampling includes data collected non‐systematically from both fixed sampling sites and as opportunistic
records from chance encounters with fauna. Table 4.10 details the survey methodology used by
ecologia during surveys.
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Table 4.10 –Summary of Fauna Survey Methodolgy.
Sampling Method

Target

Comment

Terrestrial
Mammals and
Herpetofauna

Comprising a combination of pitfall traps, Elliott box traps, funnel traps and
Sheffield cage traps.
Trapping effort during Level 2 surveys was recorded as the number of trap
nights surveyed at each survey site. A trap night was defined as a single
working trap open for one night. Sites surveyed during each Phase were
open for 10 consecutive nights. Each trapping site included 10 trap units
placed 25 m apart.
Trapping description is detailed in Section 3.6.1 Technical Appendix 13.
Survey effort is detailed in Table 3.5 and 3.6 of Technical Appendix 13.

Avifauna

Twenty minute surveys were used to document the avifauna present at
each of the fauna sites, at post dawn and pre dusk time periods. During each
survey an ornithologist recorded the number of individuals of each species
seen while actively searching a 2.0 ha area. This survey method is
recommended by the ongoing Birds Australia Atlas of Australian Birds
project.

Bats

Bat echolocation calls were detected using an ANABAT II system (Titley
Electronics, Ballina, NSW). The transformed calls were stored on minidiscs
and played back onto a PC for analysis. Mr Bob Bullen, an expert on bat
calls, identified acoustic calls.

Spotlighting

The Project area was searched at night using road transects and
opportunistic ground searches. Head torches and hand held spotlights were
used to locate nocturnal species such as geckos, snakes, frogs and nocturnal
birds.

Hand searching

Both systematic and opportunistic sites were hand searched for cryptic
species, which involved searching beneath the bark of dead trees, breaking
open old logs, stumps and dead trees, investigating burrows and recording
tracks, diggings and scats, and overturning logs and stones.

Opportunistic
Sightings

The presence of species recorded while searching, travelling and during trap
establishment within the study area, during both day and night were
included in the survey findings. Tracks, diggings, scats, burrows and nests
were recorded when observed.

Transects

Transects were walked across defined areas to assess habitat and to search
for signs of conservation significant species. Transects were 10 m wide and
spaced at 100 m intervals to provide a representation of the habitats and
species present in an area. Transects were recorded by GPS and
photographs and descriptions of significant findings were recorded.

Bats – Ghost Bat

The survey involved acoustic recordings and visual assessment of all sites
where potential calls had been recorded, as well as additional adits and
caves that had not been surveyed previously. Particular emphasis was
placed on locating and examining mine adits (horizontal shafts), as these are
generally deeper than caves and are known to provide habitat for M. gigas
where it occurs.

Systematic Sampling

Opportunistic
Sampling

Targeted

Sampling Adequacy
Sampling adequacy can be assessed using randomised species accumulation curves (SACs) which plot
the number of species recorded as a function of the number of individuals captured. SACs curves were
generated for mammals, birds and reptiles. These curves (presented in Technical Appendix 13, Section
4.4) suggest that the majority of the fauna were recorded during the survey and that the survey
effectiveness was high and the majority of fauna in each taxonomic group (and 93% of all fauna) was
recorded.
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4.10.3

Vertebrate Fauna Survey Results

Ten main fauna habitats were identified within the Project area. These include the following:
•

acacia sandplain;

•

banded ironstone ridge;

•

drainage lines;

•

eucalypt sandplain;

•

granite outcrops;

•

lateritic breakaway;

•

mulga drainage line;

•

mulga woodland on hill slopes;

•

rocky rise (ironstone); and

•

rocky rise (quartz).

Seven additional habitats were identified within the Project area. These occurred in small areas which
were sufficiently different from the main fauna habitats to be considered valuable to survey given their
potential to yield new fauna species not yet recorded in the systematic sites.
These seven habitats include the following:
•

large rocky breakaway;

•

massive breakaway complex;

•

chenopod floodplain;

•

dense eucalypt woodland;

•

mulga woodlands and soft wandrie country;

•

limestone bore; and

•

spinifex.

Of the potential fauna assemblage within the Project area, the ecologia survey recorded 148 species: 17
native and six introduced mammals, 80 birds, 44 reptiles and one amphibian species. Table 4.11 lists the
species potentially occurring and recorded during the ecologia survey.
Table 4.11 ‐Species Potentially Occuring and Recorded During the Survey
Source

Mammals

Birds

Reptiles

Amphibians

Total

‐

122

‐

‐

122

WAM

9 (0)

20

13

2

44

DEC

6 (0)

7

3

0

16

Jack Hills (ecologia 2008)

13 (1)

64

23

0

100 (1)

Jack Hills (MBS 2006)

9 (1)

59

28

4

100 (1)

References

23 (8)

154

85

5

267 (8)

Weld Range (ecologia 2009)

16 (7)

80

44

1

141 (7)

TOTAL

29 (8)

156

88

5

278 (8)

Birdata

Note: Numbers in parentheses are introduced species
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Mammals
Seventeen species of native mammal were recorded at Weld Range (refer to Technical Appendix 13).
This included:
•

five dasyurids (Antechinomys laniger; Pseudantechinus woolleyae; Sminthopsis dolichura; S.
macroura; S. longicaudata);

•

two macropods (Macropus robustus and Macropus rufus);

•

two rodents (Notomys alexis and Pseudomys hermannsburgensis);

•

six bat species (Chalinolobus gouldii; Nyctophilus geoffroyi; Scotorepens balstoni; Tadarida
australis; Taphozous hilli and Vespadelus finlaysoni);

•

one echidna (Tachyglossus aculeatus); and

•

the dingo (Canis lupus dingo).

The Long‐tailed Dunnart (S. longicaudata) has a scattered distribution throughout the semi‐arid interior
of Western and Central Australia. This species is a specialist rock‐dwelling marsupial occurring
principally within areas of low open woodland or shrubland of acacias (especially mulga) with an
understorey of spinifex hummocks, or perennial grasses and cassias (Pavey, 2006a). At Weld Range, this
species was recorded from ironstone ridges, rocky drainage lines between ridges and on rocky slopes.
Woolley’s false Antechinus (Pseudantechinus woolleyae), like the Long‐tailed Dunnart, is a specialist
rock‐dwelling species, sparsely distributed on rocky hillsides usually vegetated with acacia scrub of
spinifex. This species was recorded throughout the Project area from a range of rocky habitats including
ironstone ridges, lateritic breakaways, drainage lines, rocky rises and granite outcrops.
Large numbers of Hill’s Sheath‐tailed Bat (Taphozous hilli) and Finlayson’s Cave Bat (Vespadelus
finlaysoni) were observed within two mine adits within the Project area. The size of each colony was
approximated at 1000 individuals of each species (MOLHAR, 2007).
Seven species of introduced mammal were recorded at Weld Range. These included the dog, European
Red Fox, feral cat, rabbit, house mouse, goat and cow. Large numbers of feral goats were observed
across the range, with high grazing pressure evident on the native vegetation.
Birds
One hundred and fifty‐six bird species from 52 families potentially occur within Weld Range. In total, 80
species from 32 families were recorded during the ecologia survey, of which significant records for the
area include Peregrine Falcon, Elegant Parrot, Grey Honeyeater, Bush‐stone Curlew and Slender‐billed
Thornbill (ecologia, 2009e).
The Peregrine Falcon (Falco peregrinus) is known from few scattered records in the area. This species
was recorded within open mulga woodland habitat at Limestone Bore.
In Western Australia, the Elegant Parrot (Neophema elegans) typically occurs in the temperate
southwest. The core range for this species extends from Moora (north of Perth) to Esperance, however
some scattered records come from further north (as far as the Pilbara). One Elegant Parrot was
observed within a dense patch of mulga woodland on the western side of Weld Range.
The Bush‐stone Curlew was recorded from ‘the Gap’ as well as an opportunistic record from near the
Weld Range exploration camp during the Phase 3 survey. An individual and tracks were also recorded
during the second infrastructure Level 1 survey. This species has a scattered distribution through the
Murchison area, and has contracted in range due to predation by the feral cat and fox.
Slender‐billed Thornbills typically occur in areas of chenopod shrubland dominated by blue‐bush
(Maireana) or saltbush (Atriplex) around salt lakes (Schodde and Tidemann, 1986; Schodde and Mason,

September 2010

66

Weld Range Iron Ore Project
Public Environmental Review

1999; Pavey, 2006b).
Homestead.

This species was recorded from samphire shrubland west of Madoonga

Malleefowl have declined in the area with few recent sightings. This species is known to have occurred
in the area in the past. During this survey three old, inactive Malleefowl mounds were recorded.
Reptiles
Eighty‐eight reptile species from nine families potentially occur at Weld Range. In total, 44 species of
reptile from nine families were recorded within the Project area (ecologia, 2009e).
The species assemblage comprised the following:
•

one fresh water turtle;

•

eight geckoes;

•

two pygopods (legless lizards);

•

eleven skinks;

•

nine agamids (dragons);

•

four varanids (monitors);

•

one blind snake;

•

one python; and

•

seven elapids (front‐fanged snakes).

Of note are records of Delma australis, Moloch horridus, Pseudechis butleri and Lerista eupoda, the
latter two of which are endemic to the Murchison bioregion (Desmond et al., 2003).
A single Delma australis was recorded under a large eucalypt tree. In Western Australia this species is
known from the south‐west, and this record lies on the northern extreme of the species’ range.
Three Thorny Devils were recorded in the sandy habitats along the north side of Weld Range. There is
some anecdotal evidence to suggest that this species has declined throughout the Midwest area
(Desmond and Heriot, 2002).
Pseudechis butleri (Spotted Mulga Snake) has a restricted range, confined to the Murchison region. This
species was recorded at sites consisting of mulga woodland on ironstone slopes, dense acacia thicket
along a drainage line and open mulga woodland amongst granite outcropping.
Lerista eupoda was recorded from a number of sites during Phase 1, 2 and 3 and during the second
infrastructure survey. This medium‐sized, fossorial skink has a very restricted range between the vicinity
of Cue and Meekatharra (Storr et al., 1999). This species was recorded from a variety of habitats: mulga
woodland on ironstone hills, eucalypt woodland on sandplain and open mulga woodland amongst
granite outcrops.
Amphibians
Of five amphibians which may potentially occur at Weld Range, one species, Litoria rubella, was
recorded (ecologia, 2009e). This species was observed in high numbers near waterholes of Karbar Creek
and also in side wall crevices in mine adits.
4.10.4

Conservation Significant Vertebrate Fauna

Five conservation significant species were recorded during the ecologia survey and a further two are
considered to have a high likelihood of occurrence, with the potential to be impacted by the Project.
These include:
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•

Long‐tailed Dunnart (Sminthopsis longicaudata) (DEC Priority 3);

•

Peregrine Falcon (Falco peregrinus) (WCA Schedule 4);

•

Bush Stone‐curlew (Burhinus grallarius) (DEC Priority 4);

•

Slender‐billed Thornbill (Acanthiza iredalei iredalei) (EPBC Act Vulnerable); and

•

A fossorial skink, (Lerista eupoda) (DEC Priority 1).

A further two, the Rainbow Bee‐eater (EPBC Act Migratory) and Australian Bustard (DEC Priority 4), were
not recorded but were considered highly likely to utilise the Project area on occasion.
The details of these 7 species are discussed in Table 4.12 and their locations are presented in Figure
4.15.
4.10.4.1

Comparison with Previous Surveys

The ecologia survey was the first comprehensive assessment of fauna at Weld Range. However fauna
surveys have been conducted at Jack Hills which is situated approximately 100 km north of Weld Range.
Jack Hills is the only other area consisting of the Weld Land System so it provides a comparative data set.
Twenty‐one species of mammal (of which 15 were native), 82 species of bird, 41 species of reptile and
four species of amphibian were recorded at Jack Hills. Recorded species of conservation significance
include:
•

Peregrine Falcon (Falco peregrinus) WCA Schedule 4;

•

Long‐tailed Dunnart (Sminthopsis longicaudata) DEC priority 3; and

•

Rainbow Bee‐eater (Merops ornatus) EPBC Act Migratory.

Jack Hills and Weld Range support similar habitats (except for areas of spinifex on rocky hillsides which
were only present at Jack Hills) so species richness was also similar.
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Table 4.12 – Conservation Significant Fauna Occuring or Very Likely to Occur at Weld Range

SPECIES

CONSERVATION
SIGNIFICANCE
EPBC

WCA

HABITAT

PREVIOUS RECORDS

DEC

LIKELIHOOD OF
OCCURRENCE

REGIONAL IMPACTS

Mammals

Long‐tailed Dunnart
(Sminthopsis longicauda)

P3

Rocky habitat with grass
hummocks or open
mulga habitats.

Meekatharra and Jack Hills
(DEC rare fauna).

OCCURS – Resident
Recorded during the survey,
suitable habitat present.

LOW
Limited regional habitat, but
occurs at Jack Hills and areas of
the Weld Range outside of the
impact area defined by the
Project.

Birds

Slender‐billed Thornbill
(Acanthiza iredalei
iredalei)

Peregrine Falcon
(Falco peregrinus)

Bush Stone‐curlew
(Burhinus grallarius)

September 2010

VU

S4

P4

Treeless or sparsely
wooded flatlands,
samphire and low
melaleuca scrubs.

No previous records.

OCCURS – Resident
Recorded during this survey.

LOW
Widespread distribution outside of
study area but little suitable
habitat in the region. Habitat at
Weld Range may therefore be
regionally significant, but most will
not be directly affected by the
Project.

Coastal cliffs, riverine
gorges and wooded
watercourses.

Recorded from Koonamara
and Jack Hills (DEC rare
fauna) and within the
Project area.

OCCURS – Resident
Recorded during the survey.

LOW
Little reduction in foraging or
breeding habitat.

Lightly wooded country
next to daytime shelter
of thickets or long grass.

Recorded from Jack Hills
and areas surrounding
Weld Range (Birds
Australia 2009, DEC rare
fauna, ecologia unpubl.
data).

OCCURS – Resident
Recorded during survey,
suitable habitat present.

LOW
Some suitable habitat will be
impacted by project but has been
recently recorded in surrounding
arid woodlands and shrublands as
well.
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SPECIES

CONSERVATION
SIGNIFICANCE
EPBC

Australian Bustard
(Ardeotis australis)

Rainbow Bee‐eater
(Merops ornatus)

WCA

HABITAT

PREVIOUS RECORDS

LIKELIHOOD OF
OCCURRENCE

REGIONAL IMPACTS

Open grasslands,
chenopod flats and low
heathland.

Recorded at Meekatharra,
Mileura and Wanarie (DEC
rare fauna) as well as
records from surrounding
areas (Birds Australia 2009)

HIGH – Nomadic Visitor
Recorded in surrounding areas
and large areas of suitable
habitat present outside of the
Project area.

LOW
Limited disturbance to suitable
habitat. Nomadic lifestyle allows
movement away from
disturbances.

Open country, most
vegetation types, dunes,
banks.

Recorded from
surrounding areas by
ecologia; also Birdata
(2009).

HIGH – Migratory Visitor
Relatively common in region.
Some suitable habitat present
on plains surrounding Weld
Range.

LOW
Project not expected to
significantly reduce habitat.
Suitable habitat found adjacent to
Project area.

OCCURS – Resident
Recorded several times during
the survey.

MEDIUM
Restricted distribution; endemic to
the region. Common at Weld
Range but also present in
surrounding areas. Numerous
records from Weld Range suggest
that it may be important for the
species. Expected to persist in
areas unaffected by mining,.

DEC

P4

M

Reptiles

Lerista eupoda
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Open mulga areas on
loamy soils.

Recorded from several
locations in the region
(DEC Rare Fauna).
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4.11

SHORT RANGE ENDEMIC INVERTEBRATE FAUNA

Short Range Endemism (SRE) refers to endemic species with restricted ranges, which in Western
Australia is currently defined as less than 10,000 km2 (100 km by 100 km). SRE taxa are generally
invertebrates as they are more likely to exhibit poor dispersal capabilities. They have a defined or
restrictive biology which promotes their isolation and eventual speciation.
Short range endemism is influenced by numerous processes which generally contribute to the isolation
of species. A number of factors, including the ability and opportunity to disperse, life history,
physiology, habitat requirements, habitat availability, biotic and abiotic interactions, and historical
conditions, influence not only the distribution of a taxon, but also the tendency for differentiation and
speciation (Ponder and Colgan, 2002). Thus taxa that exhibit short range endemism are generally
characterised by poor dispersal, low growth rates, low fecundity and reliance on habitat types that are
discontinuous (Harvey, 2002).
Islands have been traditionally considered any relatively small body of land surrounded by water.
However, their primary biological characteristic – an extended period of isolation from a source of
colonists – is common to many situations on continents. Habitats such as mountains, aquifers, lakes and
caves are essentially islands exhibiting unique environmental conditions in comparison to the
surrounding landscape, which often impedes migration and thus gene flow.
The Weld Range and its surrounds are important landforms in the Murchison region, representing
specialised ecological niches to which plants and animals are endemic. The BIF rock, characteristic of the
Weld Range, presents many outcrops and hillcrests which are believed to support many endemic taxa.
4.11.1

Database Searches

ecologia undertook a literature review of SRE to establish the possibility of occurrence within the Project
area and surrounds. However no specific records on SRE fauna at Weld Range exist at present.
The literature review indicated the potential for invertebrates within the recognised SRE taxa to occur
within the Project area and surrounds based on their known and predicted distribution as well as the
availability of potential habitat. In general, potential SRE groups or organisms expected to be found at
Weld Range include molluscs, millipedes, arachnids (mygalomorph spiders, scorpions and
pseudoscorpions) and crustaceans (isopods) (Harvey, 2002).
4.11.2

SRE Invertebrate Fauna Survey

The survey methods adopted by ecologia have been developed in consultation with senior Western
Australian Museum (WAM) staff and other local experts. Currently, the Environmental Protection
Authority’s Guidance Statement No. 56 (EPA, 2004) and Position Statement 3 (EPA, 2002), provides no
specific instructions on the expected design of SRE surveys. Thus the temporal and spatial replication
attained with the systematic pitfall trap approach and the effort attained with foraging activities is at the
discretion of the environmental consultant conducting the SRE survey.
Despite a long history of research, our current understanding of the species composition of SRE is
limited. The lack of standardized methodologies permitting accurate estimates of species richness,
abundance and spatial variation has impeded comparative ecological studies. Methodological issues,
such as the number of samples needed to characterize spatial patterns of species richness and
abundance within a particular site are discussed.
Prior to the development of survey methods, a review was undertaken of factors that would maximise
the success of collecting samples which were representative of the SRE invertebrate fauna of the Weld
Range. The most important factors identified were timing of sampling and site selection.
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Site Selection and Timing
The majority of SRE species tend to be most active during the cooler months when they are less prone to
desiccation, thus the ecologia surveys were conducted during winter and spring. Specifically, the areas
of Madoonga, Beebyn and Hampton Hill were surveyed from August 2006 to November 2006, while
Weld Range North was surveyed five months later from April 2007 to August 2007.
The microhabitats preferred by SRE species are generally areas that maintain a high level of moisture in
the environment, such as hilltops and southern facing slopes, areas of deep leaf litter accumulation and
permanent shade, under large logs, in caves and their entrances and in springs and permanent water
bodies. In order to narrow the focus of the sampling, aerial photographs were initially examined for
south facing slopes, gullies and permanent water bodies.
The sites at Weld Range South and North contained a number of vegetation types and geological
landforms which resulted in a number of microhabitats.
Methodology
The survey was undertaken using systematic pitfall trapping and opportunistic foraging at each site.
Twenty nine sites were selected at Weld Range South and a further 15 sites were selected at Weld
Range North (i.e. 44 sites). Forty‐four pitfall trap sites were established with 7 sites within the proposed
impact area and 37 outside of the proposed impact area. Hand foraging was conducted at all 44 sites
with 18‐20 sites within the proposed impact area and the balance outside of the proposed impact area.
The locations of the pitfall traps and foraging sites are illustrated in Figure 4.16.
Targeted I. nigrum Survey Methodology
The survey methods and sampling design adopted by ecologia for this study have been developed in
consultation with Prof. Barbara Y. Main (University of Western Australia) who described the species and
is the foremost expert. The EPA Authority’s Guidance Statements No. 20 and 56 (EPA 2009; 2004) and
Position Statement 3 (EPA 2002) provide no specific instructions on the expected design of I. nigrum
surveys.
The spider’s density and distribution was systematically determined in the five areas during 18 days
using a randomly stratified sampling scheme. I. nigrum is generally found in microhabitats associated
with low‐lying woodlands or bush vegetation (Main 2003). Potential habitats were selected with the aid
of data from previous baseline survey and aerial photography.
An aerial map of Weld Range area was overlaid with a transparent grid. A table of random digits to
identify the collection quadrats was then used. Within each of these areas, 15 survey quadrats were
selected in suitable habitats for a total of 75 quadrats. Each quadrat was 100 x 100 m in size (1 ha) and
surveyed in five close transects, effectively covering the whole 1 ha area.
All fieldwork was conducted by invertebrate zoologists with previous experience of I. nigrum surveys.
When burrows were not found within a quadrat, the soil type, aspect and leaf litter percentage were
recorded and photographs of overall habitat were taken for the record of negative presence and future
reference.
In total, 80 live specimens were collected from three areas at Weld Range separate from each other by
approximately 15 km. Two of these areas were located at Weld Range South (Madoonga in the west
and W6 in the east) and one was located at Weld Range North, comprising two sites (Northern ridge and
Central ridge). Only emergent spiders (≤ 1 year old) were collected to minimise negative impact on the
populations.

September 2010

73

Weld Range Iron Ore Project
Public Environmental Review

4.11.3

SRE Invertebrate Fauna Survey Results

Although there was a high level of uncertainty about the specific identity of most species, very few were
likely to represent SREs. The most important species identified as either being likely to represent SRE
species or belonging to the category of protected fauna under the 1950 Wildlife Conservation Act were
the Shield‐back Spider Idiosoma nigrum (Schedule 1 species; Mygalomorph spider), Aurococrypta
lugubris (Mygalomorph spider), Cethegus ‘fugax complex’ (Mygalomorph spider), Pleuroxia sp. (land
snail) and Antichiropus sp. ‘Weld Range’ (Millipede).
A large number of sites were selected at Weld Range due to the large number of different habitats
present. The large number of invertebrate species collected during the survey seems to indicate that
preparations made prior to the survey succeeded in ensuring that the SRE communities of Weld Range
were adequatetly sampled. The majority of SRE groups expected to be found at Weld Range were
collected in sufficient abundance as to assume that a large proportion of the SRE fauna was sampled.
Nevertheless, the main limitation of the survey was a lack of taxonomic expertise in identfying the
specimens once collected. As most invertebrates are greatly understudied with many groups having
never received even base level taxonomic reasearch, it is therefore not surprising that the invertebrate
fauna of remote areas such as Weld Range is even less studied. The Weld Range SRE survey was
therefore limited by the fact that many of the species collected were new and undescribed.
Consequently no information about the geographical range of the new species was available, which
allowed for little inference to be made regarding the status of specied as SREs.
Forty five invertebrate species of interest were collected from the Weld Range SRE survey (Figure 4.17).
These included six species of scorpions, six species of pseudoscorpions, one species of millipede, 10
species of centipedes, four species of isopods, one species of land snail and 15 species of mygalomorph
spiders.
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4.11.3.1

Scorpions

Thirty‐seven scorpion specimens were collected at Weld Range during the course of the survey. These
were identified as belonging to six species within two families (ecologia, 2009f, Technical Appendix 14).
The most abundant species collected during the survey was Lychas splendens, which occurred at most
sites. The least collected species was Isometroides sp. 1, which was identified from only two specimens
at two separate sites. None of the scorpion species at Weld Range can be identified as SRE as those with
known distributions are too geographically widespread, and there is a paucity of knowledge for the
undescribed species.
4.11.3.2

Pseudoscorpions

The pseudoscorpion fauna at Weld Range was found to consist of several species of Olpiidae and a single
species of Garypidae. The Olpiid genera included one species of Indolpium, two species of Beierolpium,
one species of Austrohorus and an unknown species.
Indolpium sp. was collected at a number of sites throughout the Weld Range. The specimens belong to a
single species and are extremely similar to specimens collected from other regions of Western Australia.
Based on current levels of knowledge, it appears that this species is not an SRE species.
Beierolpium sp. is a small pseudoscorpion species which was collected at a number of sites throughout
the Weld Range and appears to have not been previously collected.
Austrohorus sp. is a small pseudoscorpion species collected at a number of sites throughout the Weld
Range and appears to be very similar to other specimens of Austrohorus collected elsewhere in the
Midwest region.
A single nymphal specimen of Synsphyronus sp. (family Garypidae) was collected. Due to its immaturity,
it was impossible to provide an indication whether this species has been found in Western Australia.
A single male specimen of a peculiar olpiid pseudoscorpion was also collected from a single site at Weld
Range. This specimen lacks the diagnostic morphological features characteristic of other olpiid genera
found in Australia, and may represent a new genus. Comparison with the olpiid fauna of Asia will be
necessary to ascertain the status of this new species.
Due to a lack of current knowledge of Australian olpiid pseudoscorpions, it could not be determined with
certainty if any of the species collected at Weld Range were SRE (ecologia, 2009f).
4.11.3.3

Millipedes

The millipede fauna of the Weld Range was found to consist of a single species of Antichiropus
(Paradoxosomatidae). Numerous samples of Antichiropus millipedes were present in the samples,
however, only the males were identifiable due to the distinctive morphology of the male gonopods.
The specimens represent a new species that has not been previously recognised or collected. The genus
Antichiropus contains only a handful of named species, but there are in excess of 110 undescribed
species across Western Australia (M. Harvey, pers. comm.). As female and juvenile millipedes do not
have any morphological features that can be used to recognise individual species, the specimens from
Weld Range were only tentatively identified as the same species. However, the likelihood of all of these
specimens representing the same species is extremely high. This species is likely to be a short‐range
endemic species, which may be restricted to Weld Range (ecologia, 2009f).
4.11.3.4

Centipedes

Several species of centipedes from
Scolopendramorpha were collected.
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The Geophilomorpha are a soil dwelling group with very thin, elongated bodies. The specimens n this
family were identified as belonging to the genus Mecistocephalus.
The Scuttigeromorpha are a group of fast moving species with long spindly legs commonly referred to as
house centipedes. The single species collected was identified as Thereuopoda longicornis Fabricus.
The Scolopendramorpha is Australia’s largest order of centipedes, which contains many of the larger,
more robust species. Species collected during this survey included Scolopendra morsitans, Scolopendra
laeta Scolopendra sp., Cormocephalus sp., Cormocephalus westangelasensis, Ethmostigmus rubripes and
Anthrorhabdus mjobergi.
Very little information is available regarding the distributions of any of these species, and it is therefore
difficult to determine with certainty if any of them are SRE (ecologia, 2009f).
4.11.3.5

Isopods

A large number of isopods were collected during the SRE survey and these included species belonging to
four genera within two families:
•

Armadillidae (Buddelundia, Spherillo, Cubaris); and

•

Phillociidae (Laevophiloscia).

The greatest number of specimens collected belonged to the Armadillidae family and were described by
the taxonomic expert S. Judd at Curtin University to have a strong resemblance to species in the
Buddelundia genus. The Weld Range species closely resembled the Buddelundia species found north of
Perth, which are common in dry areas such as coastal and arid areas.
Specimens likely to belong to the genus Spherillo were collected within the Project area. This is a
common genus in Australia but no species are currently described from WA. The species collected at
Weld Range are therefore likely to be new, undescribed species.
A few specimens likely to belong to the genus Cubaris were also found at Weld Range. Cubaris is a very
large genus in the Armadillidae family, which is found mostly in the southern hemisphere. Species in this
genus tend to be more cryptic and so it is not surprising that they are less well known than those
previously described are. The specimens collected at Weld Range are almost certainly new species.
Finally, specimens belonging to the genus Laevophiloscia were found in the Project area. Laevophiloscia
is very common in WA, with many species occurring in drier areas. Most members of this group are
highly mobile, which often infers that they have widespread distributions.
Unfortunately, there is a paucity of knowledge for many invertebrate groups in Western Australia,
including terrestrial isopods. As none of the isopod species could be identified to species level, it cannot
be determined if any of them are short range endemic species (ecologia, 2009f).
4.11.3.6

Snails

A single snail species was found during the Weld Range SRE survey (ecologia, 2009f). Nine specimens
were collected in pitfall traps and 21 specimens were collected during foraging. The snails were
identified as belonging to the genus Pleuroxia. This genus is known in Western Australia from the
Murchison District and from an area east of Esperance. Outside Western Australia, the species also
occurs in many of the ranges of Central Australia. Two species ‐ Pleuroxia abstans Iredale and Pleuroxia
bethana Solem – have been recorded from the Murchison district, while no species have been
previously found further inland of the Murchison area or north of the south‐eastern populations.
The specimens collected during the Weld Range SRE survey are likely to belong to the Pleuroxia genus
and are most similar to specimens of Pleuroxia bethana. They differ from Pleuroxia bethana in that they
have slightly more elevated shells, a smaller umbilicus and closer, less definite axial ribs. The
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microsculpture on the shell surface between the ribs also appears to differ in density between the two
species.
No species in this genus have been recorded from the inland areas of Western Australia; however, it is
important to consider that this may be due to a lack of sampling at Weld Range rather than an absence
of the species. Due to the differences between Weld Range specimens and P bethana, it is also difficult
to determine if they are the same species.
In the absence of a definite identification for the Weld Range specimens, the biology of this group of
invertebrates indicates that this species is likely to be a short range endemic. This is because most
terrestrial land snails that occur in rocky habitats are incapable of dispersing on substrates such as sand,
as it causes their desiccation and subsequent death. Weld Range is a largely isolated landform
surrounded by sandy Mulga plain and therefore the snails which occur there are likely to be
geographically restricted. The Pleuroxia species collected from Weld Range is therefore likely to be a
short range endemic species (ecologia, 2009f).
4.11.3.7

Trap‐door Spiders (Mygalomorphae)

Several Mygalomorph species were collected during the SRE survey at Weld Range, including:
•

Anidiops sp.;

•

Eucyrtops sp. A ‘Weld Range’;

•

Eucyrtops sp. 6;

•

Aname sp. A ‘Weld Range’;

•

Aname sp. B ‘Weld Range’;

•

Aname sp. ‘unidentified’;

•

Missulena insignis;

•

Missulena sp.;

•

Chenistonia tepperi Hogg;

•

Idiosoma nigrum Main;

•

Cethegus sp.; and

•

Aurecocrypta sp.

Anidiops sp., Eucyrtops and Aname
The specimens identified as belonging to the genera Anidiops, Eucyrtops and Aname are species that
could not be identified to species levels and are therefore either dissimilar to other specimens observed
by the taxonomic expert or otherwise taxonomically undescribed. It was therefore not possible to
determine if these species are SREs.
The presence of Anidiops at Weld Range is interesting as this observation marks the southern limit of the
known distribution of the genus. Anidiops has a greater distribution than Eucyrtops which tends to be
much rarer.
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Missulena
A single specimen of Missulena insignis Cambridge was collected. This is a common species found across
Australia in a range of habitats and is therefore not considered to be an SRE species. A second species
belonging to the genus Missulena was also collected which could not be identified to species level.
Chenistonia tepperi Hogg
Two specimens were collected from separate sites. This species has a wide southern distribution which
extends southward from Geraldton to the coast and eastward through the Wheatbelt and goldfields into
the Eyre Peninsula of South Australia. This species does not represent an SRE species.
Idiosoma nigrum
Eight male specimens and two juveniles of Idiosoma nigrum were collected from within the Project area.
The species is protected at a state level, currently listed as a Schedule 1 ‘Vulnerable’, and thus it was the
most important species found within the Project area. The presence of Idiosoma nigrum at Weld Range
is of special interest as it indicated that the species geographic distribution extends further north than
previously known.
As the Project will impact approximately 4074 ha of vegetation, ecologia was commissioned to assess
the potential impact of the Project on Idiosoma nigrum. To satisfy the requirements of EPA Guidance
Statement 20 and 56, and Position Statement No 3, ecologia designed and conducted a targeted
Idiosoma nigrum survey at Weld Range (Technical Appendix 15, ecologia 2009g), which included a
collection of detailed data on the spider’s demography, population structure and habitat preference.
The surveys took place in spring from 1‐12 October 2007 and early winter from 5‐14 June 2009 when the
burrows of Idiosoma nigrum were clearly discernable.
A total of 76 ha was surveyed for Idiosoma nigrum and on all occasions Idiosoma nigrum burrows were
found within the boundaries of drainage lines and underneath Acacia vegetation. With the exception of
the Weld Range North area, which has north‐south orientation, all burrows were found on the southern
side of the range. Of the 1708 burrows detected, 32.7% were found on slope‐foot‐plain, 30.5% occurred
on the plain, 26.7% occurred on slopes, 9.49% occurred on hilltop‐slope‐foot and less than 1% occurred
on the hilltops.
The Weld Range comprises five main sections of approximately the same size: Hampton Hill, Madoonga,
Wilgie Mia Aboriginal reserve, Beebyn and Weld Range North. The spider was present in each of the five
sections of the range; however there were differences in total population numbers between these
sections (Figure 4.18).
In addition, the population of Beebyn was found in flat drainage lines south of the Beebyn BIF ridge
rather than on the BIF ridge itself. Weld Range North had the highest number of burrows surveyed
(658), followed by Beebyn southern flats (393); Wilgie Mia (295); Madoonga (192) and finally Hampton
Hill (170) (ecologia, 2009g).
The population structure (proportion of the age classes) also varied among the five section of Weld
Range (Table 4.13). The populations from Weld Range North and Hampton Hill had the highest
proportion of juveniles (ratio larger than 2:1) and relatively equal proportions (or only a slight deficit) of
juveniles to adults, indicating that the populations are growing.
In contrast, the populations of Madoonga and Wilgie Mia showed a large deficit of juveniles with respect
to adults and a ratio of emergents to juveniles smaller than 2:1, indicating that the populations are
declining. The population of Beebyn had a proportion of juveniles to adults’ almost 2:1 but only equal
number of juveniles and emergents, indicating that the population has been growing until recently but is
currently stagnating.
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Table 4.13 – Summary of the Total Number of Burrows Recorded and the Proportion of Adults, Juveniles and
Emergents in Each Section of Weld Range
Section

Total no. recorded

% Adults

% Juveniles

% Emergents

Hampton Hill

170

29

19

51

Madoonga

192

42

21

37

Wilgie Mia

295

35

28

37

Beebyn

393

18

40

43

WR North

658

23

26

51

1708

*

*

Total
* Deficits are highlighted in Red.

The lowest effective population size was estimated for Beebyn (274 ± 197 individuals), followed by
Hampton Hill (439 ± 126 individuals) and Madoonga (642 ± 250 individuals). Based on the 50/500 rule,
these populations are on (or just below) the margin of 500 individuals. Should their sizes decrease
further; the population will be in danger of genetic inbreeding in the long term. In contrast, Weld Range
North and Wilgie Mia were estimated to harbour the highest effective population sizes (1078 ± 456 and
2387 ± 436, respectively) and are not in danger of genetic inbreeding in short or long term, unless the
Wilgie Mia population size continues to decline over the next three to four generation (15‐20 years)
(ecologia, 2009g).
The contrast between the population at Weld Range North, which is the largest growing population at
Weld Range, and the remaining populations at Weld Range is most likely caused by the lack of stock
grazing and mining exploration activities at Weld Range North to date. The size and state of the Weld
Range North population is presumably unprecedented (B. Y. Main, pers. comm,), which effectively
makes it the largest and healthiest known population of Idiosoma nigrum (ecologia, 2009g).
SMC (and Crosslands Resources) engaged the DEC to undertake regional survey work to determine if
there were any other populations apart from those already known. Survey work has been carried out at
Minnivale and East Yorkrakine Nature Reserves, Karara, Weld Range and Jack Hills mining leases and
more recently on likely conservation areas and DEC managed lands through the northern Wheatbelt and
the southern/central Midwest. This latter survey work is the only one aimed at finding new populations
in conservation areas. This survey found many areas in the northern Wheatbelt and southern Midwest
where the species does not occur (and found many occurrences that had been attributed to this species
were actually a different species). This work showed that there are unlikely to be any populations in the
interior of the Wheatbelt and Midwest until you reach the large BIF ranges of the Midwest to the north
and the higher rainfall of the central Wheatbelt to the south.
However, two reasonable sized populations of Idiosoma nigrum were found on DEC pastoral Leases at
Dalaranga and Lakeside. Approximately 55 burrows over an area of 28 km2 at Dalaranga and
approximately 30 burrows over and area of 20 km 2 at Lakeside were found. Generally, the survey work
also showed that there is a likelihood that the species occurs throughout more of the Midwest region
than currently known, with up to 60 sites identified as possibilities. However, more than half of these
occur east of the current known eastern extent, and a number of mining tenements in these areas have
not found the species despite significant survey work, and at least half a dozen occur further north than
the northern known extent. There are about 20 sites that have a high potential for harbouring significant
populations of this species.
SMC has nominated Idiosoma nigrum as a listed threatened species. In their nomination document,
Technical Appendix 15B, they describe the works completed by SMC to further the understanding and
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range extent of the species. Of the seven known locations, of populations of larger than 30 individuals,
three of these have been described by SMC.
There are currently around 6100 burrows databased. The overwhelming majority (around 5400) of these
are from Midwest ranges and were recorded as part of investigations carried out by SMC as part of this
EIA.
Idiosoma nigrum Population Genetic Study
Understanding genetic diversity and the factors that influence gene flow among populations is
important for conservation management. Genetic diversity increases potential for adaptive genetic
divergence (beneficial mutation) while population connectivity is critical to issues such as recolonisation
of habitat patches subject to local extinction, the spread of beneficial mutation, disease transmissions
and the degree of local adaptation (Allendorf and Luikart, 2007).
SMC commissioned ecologia to collect data and provide information on the population’s genetic
structure and gene flow in order to determine the potential impact on the spider’s population by the
proposed mining at Weld Range and to aid appropriate management and thus ensure the long term
survival of Idiosoma nigrum in the area (Technical Appendix 15_A, ecologia, 2010).
Methodology
In total, 80 live specimens were collected from three areas at Weld Range separate from each other by
approximately 15 km. Two of these areas were located at Weld Range South (Madoonga in the west and
W6 in the east) and one was located at Weld Range North, comprising two sites (Northern ridge and
Central ridge). Only emergent spiders (≤ 1 year old) were collected in order to minimise negative impact
on the population. This strategy, however, imposed a significant restriction on the sampling regime.
Specifically, only 21 and four spiders could be collected from Madoonga and W6, respectively, because
recruitment at Weld Range South in general was extremely low. Recruitment was good at Weld Range
North, however, and thus 55 spiders were collected (25 from Central and 30 from Northern ridge,
respectively). All spiders were preserved in chilled 100% ethanol immediately after being collected and
kept on ice until delivered to the Perth laboratory, where they were stored in ‐20 ºC until extraction.
Prior to extraction of DNA, samples were briefly soaked in distilled water for 5‐10 minutes to remove
alcohol from tissues. Total genomic DNA was extracted from legs using Qiagen Blood & Tissue extraction
kit. The subsequent steps of library development and genotyping were conducted in the laboratories of
Genetic Identification Services, Chatsworth, California USA. Further details are discussed in Technical
Appendix 15_A Section 2.2.
Results
The study found that the genetic structure of Idiosoma nigrum at Weld Range is largely determined by
the geographic features of the range, most likely separating the population into three isolated units
(Weld Range North, Weld Range South and Hampton Hill). These units do not experience gene flow
among each other, which is probably the major cause of their inbred status. Importantly, should these
populations be exposed to major disturbance associated with decline in population size and subsequent
decline in genetic diversity, it is highly unlikely that natural input of either new recruits or genetic
diversity will facilitate recovery. Therefore, for the sustainable future of the species at Weld Range, it
will be critical to manage each unit as a separate entity, ensuring that maximum genetic diversity is
maintained within each unit and that rehabilitation associated with the Project take into account
mechanisms of recolonisation from neighbouring areas that best reflect local adaptation (ecologia,
2010).
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Aurecocrypta
Aurecocrypta sp. was one of the mygalomorph spiders identified as being likely to represent an SRE
species at Weld Range. Only two species are described within the Aurecocrypta genus: Aurecocrypta
katersi Raven and Aurecocrypta lugubris Raven.
A. katersi is only known to occur on Katers Island, north of the Kimberley Coast. A. lugubris occurs north
of Perth within the Shire of Chittering. It is thought that the Aurecocrypta specimens collected from
Weld Range were most likely to be the same species as those from the Shire of Chittering due to the
closer proximity than compared with Katers Island (Technical Appendix 16, ecologia, 2009h). When
comparing these specimens taxonomically, it was discovered that the Weld Range specimens were
males, while the single type specimen from the Shire of Chittering was a female. Due to strong sexual
dimorphism within the species, it could not be definitively determined if the different sexes were in fact
the same species or different species.
To elucidate the species level identity of the Weld Range specimens, it was essential to collect female
specimens from Weld Range or male specimens from the Shire of Chittering. Male specimens can be
collected using pitfall traps while females are sedentary and can only be collected by hand foraging.
Foraging efforts at Weld Range yielded no female specimens so it was decided that a pitfall trapping
survey be instigated to collect male specimens from the Shire of Chittering.
Methodology
ecologia conducted the survey from July – August 2008 which coincided with a period of high rainfall
which is suitable for the collection of male mygalomorph spiders which often emerge at night after rain.
Very little information was available regarding the habitat preference of Aurecocrypta lugubris because
the species was described from only a single female specimen found between the Pearce Air Force Base
and the town of Chittering. This whole area was examined while travelling by vehicle and it was found
that very little native vegetation now occurs within the Shire of Chittering due to housing development
and clearing for agriculture. Site selection was therefore limited to a few remaining native forest
reserves. Habitats were identified in three reserves which were thought to be suitable for the species.
These were Barracca Reserve, Blackboy Ridge Reserve and Road Reserve.
The pitfall trapping effort in the Shire of Chittering yielded no male specimens, however shortly after the
survey, a collection of new Aurecocrypta specimens were identified from other ecologia surveys in other
areas of northern Western Australia.
Results
These specimens were examined and it was determined that the Weld Range specimens belonged to a
new undescribed species of Aurecocrypta (ecologia, 2009h). In addition, examination of specimens from
the Western Australian Museum has shown that the Weld Range species is widespread in the north of
Western Australia and that the Weld Range population represents the southern limit of this species
distribution. The Aurecocrypta species from Weld Range has a distribution greater than 10,000 km2 and
is therefore identified as a non‐SRE species (ecologia, 2009h).
Cethegus sp. ‘fugax complex’
The baseline invertebrate fauna survey identified a potential impact to a SRE curtain‐web spider from a
species complex Cethegus ‘fugax’. The geographic distribution of Cethegus fugax complex extends from
the sub‐coastal areas along the Nullabor Plain to south‐western Australia and near the west coast as far
north as Geraldton. However the number of species within this complex (on a basis of morphological
characters) has not yet been resolved. This has important implications for the species potential
conservation value as isolated populations, like the one at Weld Rage, could represent a separate SRE
species and as such would be covered under the EPA Guidance Statement No. 56.
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As the number of species within this complex is not known, morphological and genetic analyses were
undertaken to clarify the specific status of the specimens collected at Weld Range and to unravel their
potential regional connections predating their relictual state (ecologia, 2009i, Technical Appendix 17). A
new approach using a different type of characters was needed to clarify the specific status of the
specimens collected at Weld Range. Consequently, molecular markers were employed along with
morphological character to resolve the taxonomic uncertainty of the population of Cethegus fugax from
Weld Range.
The sampling of specimens at Weld Range was conducted in September‐October 2006, June ‐ August
2007 and April 2008 when the spiders were active.
Methodology
Live specimens were collected in areas where the spiders were relatively abundant (> 5 nests within 10
2

000 m ), using a “bait‐and‐catch” method, during which live prey (i.e. ant) was placed in the curtain web
to lure the spider out of the burrow and subsequently collect the spider into a specimen vial. Specimens
that were required for morphological identifications were preserved whole in 75% ethanol and the third
left leg was removed and stored separately in 100% in 4°C for genetic analyses. Specimens required only
for genetic analysis were gassed by CO for one minute, the third left leg was removed and the spiders
2

were released back into their nests.
Fifteen individuals of the curtain‐web spider were collected from eight sites at Weld Range (Figure 4.19).
In addition, 10 individuals were collected from seven sites at Jack Hills and 12 individuals were collected
from seven sites at Robinson Range. These ranges present the two closest neighbouring localities where
the spider occurs. A single specimen was also collected at Blue Hills near Morawa (Figure 4.20). To
provide an interspecific context, four individuals of Cethegus fugax were collected from the type locality
in Mt Helena near Perth and three individuals of Cethegus ischnotheloides were collected from three
sites in the Great Victoria Desert.
Dissections of internal genitalia were performed by Prof. B.Y. Main in the morphological study to
establish the species identity.
Prior to extraction of DNA, samples were briefly soaked in distilled water for 5‐10 minutes to remove
alcohol from tissues. Total genomic DNA was extracted from legs using Qiagen Blood & Tissue extraction
kit. For the genetic study, mitochondrial gene for 16S ribosomal subunit (16S rDNA), cytochrome c
oxidase I mitochondrial gene (COI) and the nuclear gene for the Internal Transcribed Spacer Region 1
(ITS1) were used.
Results
Both morphological and genetic studies confirmed that Cethegus at Weld Range belonged to a new,
undescribed species (ecologia, 2009i).
At Weld Range, Cethegus fugax displays several characteristics associated with relictual species. It is
found in shaded microhabitats, mostly associated with vegetated areas on southern slopes. Although
several nests were also found on the plain below the range, their density was sparse and their total
numbers too low to warrant a viable population. Thus it was assumed that a local flood or an unusually
strong wind transported the spiders from their source populations on the range down to the plain
during their aerially‐dispersed emergent stage.
Curtain‐web spiders occurring in the semiarid and arid regions of Jarrah Forrest, Murchison and Great
Victoria Desert were hypothesised to be relicts from a former wetter era when rainforest predominated
in these areas (Main, 1997). Both morphological and genetic analyses confirmed that the three regions
each harboured a distinct, separate taxon, of which the Murchison one is new to science (ecologia,
2009i).
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The genetic divergence was extremely high, both between the different regions as well as within the
Murchison region (ecologia, 2009i). The extreme genetic divergence is most likely a consequence of a
long evolutionary history in a geologically stable environment. As Cethegus is an old genus (Hedin and
Bond, 2006) and Western Australia did not experience any major geological changes such as volcanic
and glacial activities (Dodson et al., 2002), the process of accumulation of neutral mutation within the
mtDNA markers has therefore been occurring steadily for some time. A crude application of
invertebrate molecular clock of 1.1‐1.2% mutation rate per million years (Brower, 1994) suggests that
the divergence between regions occurred approximately 24‐41 million years ago.
It is unclear how the genetic divergence corresponds with taxonomic hierarchy. Although the
comparisons with literature suggest that regional divergences correspond with difference on the level of
genera rather then just species, there is currently no morphological evidence for such radical re‐
classification of the genus Cethegus. Instead, it is reasonable to focus on the inter‐regional divergences
of the currently described species, C. fugax and C. ischnotheloides, and use them as a specific
benchmark. As the divergences between populations from separate ranges (or their distinct parts)
represent approximately a half value between the intra‐ and interspecific difference, it is logical that
these should be treated as sub‐species.
In total, five subspecies were identified in the Murchison region – two at Weld Range, two at Jack Hills
and one at Robinson Range. Although Cethegus spiderlings are known to use limited aerial dispersal, the
pattern of the genetic structure shows that such dispersal is clearly limited. The fact that the spiders
were not able to disperse across the 1 km‐wide natural gap between Hampton Hill and Madoonga
presents evidence that aerial dispersal may possibly enable Cethegus to escape disturbance on a very
local scale (i.e. < 1km) but it does not function as a long‐distance vector (ecologia, 2009i).
The subspecies at Weld Range were as different from each other as they were from the subspecies at
Jack Hills and Robinson Range and will therefore require separate conservation management.
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4.12

SUBTERRANEAN FAUNA

4.12.1

Stygofauna

Stygofauna are aquatic obligate subterranean invertebrates (although stygobotic fish are also known)
found in a variety of groundwater systems. They are typically adapted for the subterranean
environment with features such as lack of pigment, elongated appendages, filiform body shape and
reduced or absent eyes. The richest stygobotic group are crustaceans; however, insects and molluscs
may also be present.
Stygofauna comprise a significant component of biodiversity and play an essential role in ecosystem
processes by recycling nutrients through the food web in much the same way as aquatic macro
invertebrates do in wetlands and lakes on the surface. They may also play an important tole in
maintaining groundwater quality through bioturbation and are important indicators of water quality and
drawdown effects.
The presence of stygofauna in Western Australia has been well documented, especially from regions
such as the Pilbara, Kimberley and Southwest and are known to be present in a variety of rock types
including (but not limited to) karst limestones and calcrete formations, fissured rock (e.g. granite),
porous rock (e.g. alluvium) and alluvial iron rich sediments.
However, in the Midwest region of Western Australia stygofauna is poorly known. The Yilgarn calcretes
within the region have been sampled (Humphreys 1993b, 2001) but the BIF that comprise Weld Range,
and other ranges such as Jack Hills and Mount Gibson, are largely unknown. It is expected, nevertheless,
that the fresh/hyposaline water that is located within the fractured zones of these systems could
harbour stygofauna species or communities. Given their isolation and unique geology it is also
considered likely that new, restricted species may be found.
4.12.1.1

Stygofauna Survey

The Beebyn and Madoonga pits will be mined beneath the ambient water table, therefore dewatering
will be required to maintain a dry working floor. The dewatering will cause an elliptical cone of
depression to develop with drawdown, preferentially propagating along the ridges.
As this groundwater disturbance could potentially impact stygofauna species or communities, SMC
commissioned ecologia to conduct a baseline stygofauna survey in the area to determine the diversity
and distribution of stygofauna in the Project area. This will enable development of strategies to protect
important habitats for subterranean communities. Such an approach is consistent with the EPA’s
Guidance Statement No. 54: Consideration of Subterranean Fauna in Groundwater and Caves during
Environmental Impact Assessment in Western Australia.
Stygofauna sampling was undertaken in four phases with three month intervals from April 2008 – March
2009, achieving a total sample size of 41 at Beebyn and 41 at Madoonga. In addition 18 regional bores
and wells were sampled outside the proposed impact area, six in August 2008 at Beebyn Station and 12
in February 2009 at Madoonga Station (ecologia, 2009j).
Bores and wells located outside the impact area were also sampled to determine whether any
stygofauna found within the proposed impact areas also occurred outside this area. Six pastoral
bores/wells were sampled during August 2008 at Beebyn Station and 12 holes were sampled during
February 2009 at Madoonga Station.
Figure 4.21 presents the location of all sampled bores and wells inside and outside of the Project area.
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4.12.1.2

Stygofauna Results

No stygobitic species were collected within or outside the Beebyn impact area, however one stygobitic
copepod specimen was unexpectedly collected from a troglofauna trap within the Madoonga pit.
The juvenile calanoid copepod recorded from a troglofauna trap at Madoonga suggests that stygofauna
may be present in the proposed Madoonga pit. All calanoid copepods are aquatic, therefore it is
assumed that the troglofauna trap was resting in water and the copepod resided in it. While the hole
from which this specimen was found could not be sampled for stygofauna, several holes nearby were
sampled and did not yield any further stygobitic species. Given that no true stygobitic species were
found within the long‐term established regional sites, it is reasonable to assume that the copepod found
in the proposed Madoonga pit is also likely to be stygophilic rather than truly stygobitic.
Aquatic crustaceans from two different orders (Ostracoda and Copepoda) were recorded from nine
wells located outside the impact area; however the species identified are widespread and found in
surface waters elsewhere.
The results of surveys suggest that the groundwater habitat in and around the Beebyn impact area is
devoid of true stygofauna and therefore no habitat assessment was conducted.
4.12.2

TROGLOFAUNA

Troglobitic organisms (Troglofauna) are communities of terrestrial subterranean animals that inhabit
subterranean air filled void spaces and networks. A species is considered to be troglobitic by the
presence of specific morphological characters that relate to its specialised subterranean habitats.
Troglobitic faunal assemblages are dominated by arthropods such as isopods, schizomids,
pseudoscorpions, spiders, harvestmen, mites, centipedes, millipedes, diplurans and silverfish. Many
species are relict rainforest litter fauna from previously tropical climates that have become dependent
on subterranean habitats which are constantly humid (ecologia, 2009k).
4.12.2.1

Troglofauna Survey

SMC commissioned ecologia to perform a single phase survey for troglofauna sampling from May to July
2007. This survey did not yield any troglobitic organisms; however the EPA subsequently released a new
guidance statement (54a) which recommended two sampling sessions in order to survey for troglofauna
more confidently. The resultant second phase was conducted by ecologia between June and August
2008.
The initial phase deployed traps in 40 bore holes, of which 10 were deployed at Beebyn and Madoonga
and the remaining 20 were outside of the proposed pit sites. Each bore contained three troglofauna
traps spaced 10, 20 and 30 m below surface level, effectively creating a sample size of 120.
The second phase surveyed 40 and 41 bores from within Beebyn and Madoonga respectively. Outside
the pit sites, 22 bores were surveyed (22 outside Beebyn and 2 outside Madoonga). Each bore used in
the second phase contained two traps spaced 10 m apart.
Figure 4.22 presents the locations of the troglofauna trapping sites at Weld Range.
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4.12.2.2

Troglofauna Survey Results

A single centipede specimen from the order Scolopendromorpha was collected from a single bore
(WRRD0273) from within the Beebyn impact area. The specimen was extracted from a trap situated 30
m bgl. The specimen exhibits characteristics of troglobitic organisms and the initial identification places
the specimen in the family Cryptopidae. Cryptopids have been collected elsewhere in Western
Australia; however, no records exist near Weld Range or other ranges in the Midwest region (ecologia,
2009k, Technical Appendix 19). The presence of this species could not be confirmed outside the Project
impact footprint despite a comprehensive number of bores being sampled. Furthermore, no other
troglobitic species were found in or outside the Beebyn or Madoonga Project areas. The species,
therefore, presents a singleton record with an unknown conservation value
Collembolans (springtails) were present in many samples and collected from both inside and outside of
the proposed development. This species possesses eyes and moderate body pigmentation, thus its
status as a troglobite was not confirmed. Collembolans are associated with leaf litter and soil fauna, but
troglobitic forms are also known. The level of cave specialisation of this species is unclear. The presence
of the species inside and outside of the Project area suggests that this species would not be threatened
by the Project (ecologia, 2009k).
Acarina (mites) were widely collected from sample areas both inside and outside the proposed impact
zone. Mites have previously been found to be widespread throughout Western Australia. Their
presence in samples does not necessarily implicate them as troglobites, and mites previously found in
caves have turned out to be widespread. The abundance of these mites outside the area proposed for
development warrants no significant impact to the community.
Habitat Risk Assessment
The suitability of geological formations as habitat is primarily a function of available habitat space.
Geological data from bores drilled along the area indicate that the rock strata consists of Banded Iron
Formation (BIF) and dolerite. In the context of troglofauna, porous rock strata are more likely to
harbour troglobitic communities. Of the rock types identified the dolerite was considered suitable
troglobitic habitat and the BIF not suitable. However, as there is only one limited troglofauna record
available, it is difficult to comment on the numbers of troglobitic communities potentially present.
Examination of lithologies of the drill hole, in which the troglofauna was record, showed that the hole
contained at least two geological stratums with pores or voids suitable for troglofauna habitation. The
most common strata are dolerite and this habitat has been classified as ‘suitable’. The other stratum is
the Banded Iron Formation. This habitat shows low porosity and is mostly located below the water table
and thus its use for troglofauna was assessed as not suitable.
Extrapolation of Suitable Habitat and Impacts
An extrapolation of the suitable geological strata resulted in an estimate of 635 ha of suitable
troglofauna habitat within the Project Area (Table 4.14). The Project area components impacting on the
suitable habitat are the:
•

resource area (335 ha); and

•

mine infrastructure (300 ha).

The direct impact, as a result of excavation in the resource area thus totals 6.5% of the predicted
troglofauna habitat within the Project area. Indirect (or secondary) impacts resulting from the clearing of
vegetation for mine infrastructure (such as the waste landforms, tailings storage facility, plant site and
stockpiles) total 5.8% of the predicted available troglofauna habitat within the Project area. The overall
impact of the Project area on the troglofauna community within Project area is, therefore, estimated at
12.3%
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Table 4.14 – Project Components and Impacts Within Troglofauna Habitat.
Project component

Impact type

Resource Area (within Troglofauna habitat)
Mine Infrastructure (within Troglofauna habitat)
TOTAL

4.13

Footprint (ha)

% Impact

Direct

335

6.5%

Indirect

300

5.8%

Cumulative

635

12.3%

BIOLGICAL ASSESSMENT – EVAPORATION POND

SMC commissioned ecologia to undertake a biological desktop survey of the evaporation pond site. The
desktop survey assessed flora, vertebrate fauna and invertebrate fauna of the evaporation pond site.
The report is detailed in Technical Appendix 24.
This assessment comprised a review of available published and unpublished reports and documents and
a review of the government department available databases to ensure inclusion of the most recent
information.
4.13.1

Results

4.13.1.1

Flora

The proposed location of the evaporation pond lies within the boundaries of the broader survey area
previously investigated by ecologia between November 2006 and August 2009 (ecologia 2010). During
this period a total of 239 (400 m2) quadrats and 1053 transects were located within the broader survey
area encompassing the SMC Weld Range leases. Three of the above quadrats were located within
footprint of the proposed evaporation pond, with several more quadrats in close proximity to the
associated pipeline corridor (Figure 4.23). However it should be noted that the intensity of searching
within this area has to date been low (only 1,200 m2 of a proposed 6,000,000 m2, or 0.02% of the total
area of the evaporation pond).
The vegetation of the SMC Weld Range leases, including the area in which the proposed evaporation
pond is located has previously been mapped at a scale of 1:15,000 ( Figure 4.24) (ecologia, 2010). Three
units, 3a, 3b and 5 are present within the evaporation pond area. These units and an additional three
units, 1a, 4a and 7b are present within the evaporation pond pipeline corridor.
There are no TECs within the area and the area lies to the northern boundary of the PEC.
Indirect impacts may potentially occur to phreatophytic vegetation present in unit 7a, to the east of the
evaporation pond, should hyper saline water from the pond contaminate subterranean water with lower
salinity levels. Therefore the design of the pond will must take into account subterranean hydrology
unless the pond is designed to be impermeable.
No taxa of Declared Rare or EPBC status have been recorded in the vicinity of the Weld Ranges. To date
no taxa of conservation significance have been recorded within the areas in which is proposed to locate
the evaporation pond and pipeline. However, the absence of records at these locations is considered
more likely to be a result of the relatively low intensity of survey effort at these locations than a genuine
absence of occurrences. The distribution of priority records correlates closely to the distribution of
quadrates and in particular, transects, conducted during earlier surveys. Furthermore, it can be asserted
that a number of taxa have relatively broad distributions across a range of vegetation units, including
those units present within the proposed evaporation pond.
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4.13.1.2

Vertebrate Fauna

A total of 29 native and eight introduced mammal, 156 bird, 88 reptile and five frog species have the
potential to occur in the area around the evaporation pond site. However, based on the size and fauna
habitats present within the proposed evaporation pond, only a proportion of these species will occur
within the evaporation pond area.
Two species of conservation significance have previously been recorded within the proposed
evaporation pond site; Long‐tailed Dunnart (Sminthopsis longicaudata) and a skink (Lerista eupoda),
both of which were recorded within the proposed access track to the evaporation pond. In addition to
these, an additional six species have been recorded within the vicinity of the evaporation pond and have
the potential to occur within this area: Bush Stone‐curlew (Burhinus grallarius), Malleefowl (Leipoa
ocellata), Peregrine Falcon (Falco peregrinus), Slender‐billed Thornbill (Acanthiza iredalei iredalei),
Australian Bustard (Ardeotis australis), and Rainbow Bee‐eater (Merops ornatus).
4.13.1.3

Invertebrate Fauna

In 2007, ecologia identified a number of species that are short‐range endemics including two
mygalomorph spiders (Cethegus ‘fugax complex’ and the Shield‐back Spider Idiosoma nigrum – a
Schedule 1 species under the Wildlife Conservation Act), one snail species (Pleuroxia sp.) and a millipede
(Antichiropus sp. ‘Weld Range’). These four species have all been recorded through the evaporation
pond site.
4.14

AIR QUALITY

4.14.1

Dust

The Project is located in a remote, arid pastoral environment. Present dust levels in the Project area are
typical of those associated with a rural arid environment. The primary sources of dust are wind erosion
from exposed soil, and dust from vehicle movements on local roads and tracks. Bushfires, livestock and
vehicles are the primary sources of gaseous emissions (mainly carbon dioxide).
Sinclair Knight Mertz (SKM) assessed the predicted air quality impacts from the Project. The assessment
was carried out with reference to the WA Air Quality and Air Pollution Modelling Guidance Notes (DOE,
2006). The main objective of the assessment was to determine the potential ground level impact of
particles (dust) from Project activities. This was performed through the determination of air quality
impacts using atmospheric dispersion modelling of particulates and comparison to assessment criteria
set at key sensitive receptor locations.
The key pollutants of interest that were investigated were PM10 (particulate matter below 10µm in
aerodynamic diameter) and TSP (total suspended particulate).
The closest sensitive receptors (environment and human) to the Project are:
•

Aboriginal heritage reserve 1;

•

Aboriginal heritage reserve 2;

•

Aboriginal heritage reserve 3;

•

airstrip; and

•

accommodation village (Option 1).

The three Aboriginal heritage reserves are part of the Wilgie Mia Indigenous Reserve and are located
between the Beebyn and Madoonga ore deposits. As the reserves do not experience any permanent
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human habitation only dust deposition was considered when investigating the impact of Project
operations on these areas.
The nearest residence is the Madoonga Homestead, which is located approximately 1 km north of the
Madoonga pit. This has not been included as a sensitive receptor as the land has been purchased by
SMC as part of the Project. The airport was not considered in the assessment.
The impact of dust at the identified receptors was compared against relevant criteria presented in Table
4.15.
Table 4.15 – Assessment Criteria for Detemination of Dust Impacts
Pollutant

Criteria Type

Averaging Period

Assessment Criteria

Source

PM10

Ground level concentration

24 hours

50 µg/m3

NEPM

TSP

Ground level concentration

24 hours

90 µg/m3

Kwinana EPP

TSP

Deposition rate

Monthly

2 g/m2/month

NSW EPA

Model Methodology
Air quality impacts from Project activities were assessed using the Victorian EPA’s AUSPLUME (Version
6.0) computer dispersion model which is one of the primary air dispersion models used for assessing air
quality impacts from industrial sites within Australia. The model is used to predict ground level
concentrations or dry deposition of pollutants emitted from one or more sources.
The dispersion model TAPM was used to generate the time series meteorological data required by
AUSPLUME. TAPM is a prognostic, three‐dimensional model designed by CSIRO that can be used to
predict meteorological and air pollution parameters on an hourly basis (Physick and Blockley, 2001).
TAPM calculates the interaction between the synoptic winds in the provided data and the local
environmental conditions defined in the model to generate representative meteorological events over
the defined period.
The modelling was conducted using three options. In each option, ore was extracted from both the
Beebyn and Madoonga pits, and the ore conveyed by haul truck to a local primary crushing facility.
Once crushed, the ore was transported to the CPF prior to loading onto a train.
4.14.2

Greenhouse Gas Emissions

Australia’s national greenhouse gas emissions in 2006 totalled 576 million tones CO2‐e (Department of
Climate Change, 2008). Greenhouse gas (GHG) emissions were 70.4 million tonnes in Western Australia
in 2006 which represents 12.2% of Australia’s total emissions.
The Australian Government has responded to the climate change challenge by signing both the United
Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto protocol and by establishing
a framework of legislative policies and guidelines to minimise GHG emissions.
The Australian framework, in accordance with the Kyoto Protocol, covers six Greenhouse Gas emissions
(GHG) (expressed in terms of carbon dioxide equivalent – CO2‐e), including:
•

Carbon dioxide (CO2);

•

Methane (CH4);

•

Nitrous oxide (N20);

•

Hydrofluorocarbons (HFCs);

•

Perfluorocarbons (PFCs); and
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•

Sulphur hexafluoride (SF6).

An assessment of the GHG emissions associated with the Project was conducted by Kewan Bond Pty Ltd
(Kewan Bond, 2008) and involved identification of the likely sources of GHG emissions, calculation and
interpretation of the likely quantities of GHGs from these sources and identification of emissions
abatement measures. A change in the scope of the Project included the following which may impact the
level of production of GHGs:
•

An increase in electricity generation requirements from a peak load of 10 MW to 20 MW.

•

An increase in the area of vegetation to be cleared from 2,833 ha to 4,074 ha.

•

An increase in the life of the project from 6 years to 11 years.

Estimates of greenhouse gas emissions associated with the Project have been revised to reflect these
variations and have been updated in the Kewan Bond Report, 2010, Technical Appendix 21A.
GHG emissions include both direct and indirect emissions. Consistent with Australian and international
protocols for reporting GHGs, emissions are separated in Scope 1, Scope 2 and
Scope 3 emissions.
•

Scope 1 emissions are direct emissions from sources within the boundary of the Project, such as
emissions from diesel combustion (mining equipment and diesel generators).

•

Scope 2 emissions include indirect emissions from sources within the boundary of the Project,
such as supply of electricity from the WA grid supply.

•

Scope 3 emissions include all other indirect emissions that are a consequence of Project activities
but are not from sources owned or controlled by SMC. This included emissions associated with
the extraction, refinement and delivery of the diesel that is consumed on site.

4.14.3

Noise

Lloyd George Acoustics performed a noise impact assessment for the Projects airstrip (Lloyd George
Acoustics, 2009, Technical Appendix 22). This assessment calculated the maximum noise level from the
aircraft take‐off and landing and provided recommendations on the building materials required to satisfy
relevant standards. It is assumed that there will be two flights a day of a Boeing Dash 8 aircraft or
equivalent.
The nearest place of residence (Madoonga Homestead) is situated approximately 1 km north of the
Madoonga pit. However, the pastoral lease for this land has been purchased by SMC, thus the Project
location is relatively isolated. The distance between the Project and the nearest sensitive receptors
indicates that noise (from the operating plant and machinery) is unlikely to have an impact on the
receptors.
Maximum noise levels and the suitably of accommodation buildings were determined using Australian
Standard 2021‐2000 – ‘Acoustics – Aircraft noise intrusion – Building siting and construction’. To
determine noise levels, the standard uses distances from the airstrip, offset from the centreline of the
runway and aircraft types. The variables used in the calculations include:
•

Distance from closest end of runway to village – 650 metres;

•

Distance from furthest end of runway to village – 3500 metres; and

•

Offset from runway centreline – 3000 metres.
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4.15

SOCIAL AND CULTURAL ENVIRONMENT

4.15.1

Social

The Midwest Region covers approximately 466,766 km2 (including offshore islands) or nearly one‐fifth of
the area of Western Australia. The region extends along the coast from Greenhough in the southwest,
where it borders the Wheatbelt Region, to beyond Kalbarri where it is bordered by the Gascoyne Region
in the northwest. The Midwest Region encompasses a wide diversity of landscapes and land uses.
Major land uses range from fishing and agriculture near the coast to the valuable pastoral and mining
industries further inland. The Midwest Region comprises 19 local government authorities, including the
City of Geraldton and Greenborough which is the Region’s major commercial, administrative and service
centre (DOH, 2007).
Meekatharra is the nearest rural centre to the Weld Range Project, although the majority of the Project
falls within the Shire of Cue. The Shire of Cue covers an area of 13,715 km2 with a total population of
around 370 people. The major industries in Cue are agriculture and mining (DOH, 2007 and Councils
WA, 2007).
4.15.2

Industry and Employment

The Midwest Region is now recognised as having significant resource potential. Large iron ore
resources, sufficient to maintain the mining industry for 20 years, have already been identified and the
region is still only lightly explored. The region is the second fastest growing iron ore producing area in
Australia and over the next decade could be contributing exports of 50‐60 million tonnes per annum of
iron ore.
The Midwest Region’s economy had the third highest gross regional product per capita ($67,354) in the
Australian financial year 2007 (FY07), behind Western Australia’s two major mining regions, the Pilbara
and the Goldfields/Esperance (DLGRD, 2009). The economy of the region is driven largely by climate
with agriculture in the more temperate coastal regions and further inland mining activities, including
iron ore, gold, nickel and other mineral resources. The main activities which drive the economy in the
region are therefore:
•

agriculture along the coastal strip where rainfall is sufficient;

•

mining within the mineral rich inland areas; and

•

various fishing industries.

Although the region holds place to almost one third of Western Australia’s agricultural land (29.2%), the
region contributed only 11.3% ($581.6 million) to the total state agricultural production in FY05. In the
same year, most of the regional production came from crops and pastures such as wheat (77.2%) while
livestock disposals (15%) and livestock products (7.7%) made up the remainder of agricultural
production in the Midwest (DLGRD, 2009).
Mining is the greatest contributor to the mid‐west economy, generating approximately 45% of the
regions gross domestic product (GDP) in 2007 (GIOA, 2007). Cue, Mount Magnet and Yalgoo became
the first focus of gold prospectors in the late 1880s (MWDC, 2009) and the Midwest now has a diverse
range of mineral resources including mineral sands, gold, nickel, zinc‐copper, talc, lead, gypsum, lime
sands and iron ore.
The social and economic benefits of the Project for the Midwest Region and Western Australia are
outlined in Section 2.2
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4.15.3

Aboriginal Heritage and Native Title

A native title claim (6033/98) has been lodged with the federal court by the Wajarri Yamatji People (the
native title claimant). SMC is liaising with the Wajarri Yamatji people represented by the Yamatji Land
and Sea Council to enter into a mining agreement for the Project area.
Exploration activity is presently being conducted pursuant to the parties previously agreed Weld Range
Wajarri Yamatji Exploration and Heritage Agreement, 2006. This agreement allows exploration to take
place after heritage surveys have been conducted on proposed exploration areas.
The Register of Aboriginal Sites maintained by the DIA indicated that five indigenous sites of heritage
value occur on the Project tenements (Table 4.16). The Project’s present mining plan indicates that
these sites will not be impacted by mining operations.
Table 4.16 – Registered Aboriginal Heritage Sites
Aboriginal Heritage Sites
Mining
Tenement

Number
found

ID

Name

Status

Type / Coordinates
Artefacts / scatter

E 20/0208

1

10771

Coordinates

Mindula
Claypan/

ION

Mindoola

542640mE
7013652mN
Zone 50 [unreliable]

E 20/0474

E 20/0176

E 20/0492

E 20/0492

1

1

1

1

6825

6825

6825

11132

Wilgie Mia
Bora
Ground
Wilgie Mia
Bora
Ground
Wilgie Mia
Bora
Ground

Wilgie Mia

PCN

Ceremonial, Mythological, Man‐made
structure
Closed site

PCN

Ceremonial, Mythological, Man‐made
structure
Closed site

PCN

Ceremonial, Mythological, Man‐made
structure
Closed site

PCN

Mythological, Skeletal material/burial,
Man‐made structure, quarry, artefacts
/ scatter
Closed site

In February 2006, an ethnographic heritage survey was conducted over the Beebyn prospect. The
survey was carried out by a contracted anthropologist, a team representing the Wajarri people and a
representative from SMC. Successful completion of this survey then allowed for exploration to
commence at Beebyn after the Weld Range Wajarri Yamatji Exploration and Heritage Agreement was
signed in April 2006. Three additional surveys were carried out at Weld Range in 2006.
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During 2007 three ethnographic surveys were conducted. They were completed by the Yamatji Land
and Sea Council and conducted with members of the Wajarri people and an SMC representative.
Following these surveys, it was recommended that an archaeological survey be completed on identified
lenses (W33‐43, W6, W20 and the northern slopes of both Beebyn and Madoonga). This archaeological
survey was completed during January 2008.
During April, June and August 2009, archaeological and ethnographic surveys were carried out on
several identified lenses at Weld Range. The surveys were coordinated by the Wajarri Consulting
Services who attended the surveys and included representatives from the Wajarri people and SMC. As a
result of these surveys, several archaeological and ethnographical sites have been recorded. All reports
relating to these surveys have been provided to SMC to enable them to plan future mining activities at
Weld Range.
Regional heritage surveys have been undertaken by members of the Wajarri Yamatji group to identify
other potential heritage sites within the Project footprint. The results of these and other surveys (for
exploration POWs) have been compiled and will be provided to the DIA for the sites to be entered on
the DIA sites register.
SMC is currently negotiating a Mining Agreement, which is required to be finalised in order to allow the
proposed mining activities to proceed.
It is anticipated that the Mining Agreement will encompass various compensation aspects for the
Wajarri Yamatji people, including a royalty rate possibly based on tonnes of iron ore mined or shipped,
or on the iron ore price achieved for tonnes mined or shipped. This will be complemented with a full
package of benefits including opportunities for indigenous training, direct and indirect business
opportunities.
Further heritage surveys are planned for the Project. These surveys will be carried out over the
infrastructure areas of Beebyn and Madoonga as well as surveying areas for waste dumps, pits, and road
works.
Once these surveys have been completed, SMC will develop a Project Management Plan that will detail
the heritage management of Aboriginal sites within the Weld Range Project area.
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5

PROJECT DESCRIPTION

5.1

KEY PROJECT CHARACTERISTICS

SMC proposes to develop the Weld Range Project to mine and process approximately 15 million tonnes
of direct shipping ore (DSO) per annum over 11 years. Mining will occur at two main deposits, namely
Beebyn and Madoonga. The primary crushed ore from the pits will be transported via road train to the
Central Processing Facility (CPF), located approximately midway between the pits and comprising road
train unloading/tipping, screening, secondary crushing, stockyards and train load‐out. Other key items
of infrastructure include an accommodation village, airport and interconnecting roads.
The extent of the land disturbance, including land cleared for associated infrastructure, will be
approximately 4074 ha. Construction of the Project is expected to commence in 2012.
Fresh water produced from pit dewatering activities at Beebyn will be utilised in mine processing
activities and saline water will be discharged via a pipeline to an Evaporation Pond in close proximity to
the Madoonga Pit.
5.2

INFRASTRUCTURE

All infrastructure will be designed using best practice engineering techniques to minimise the risk of
adverse environmental harm.
Power for the Project will be supplied by an on‐site diesel generator plant. Each of the five main sites
within the Project area (Beebyn, Madoonga, CPF, accommodation village and airstrip) will have its own
independent power generation system.
The annual water usage for the Project is estimated at 3.19 GLpa to 4.96 GLpa. This will be provided
from mine dewatering activities at Beebyn.
The construction and operation workforce will be employed on a fly in / fly out roster. An airstrip,
accommodation village and mess facilities will be constructed on site for an average of 850 person
workforce with the capacity for up to 1300 people during peak periods.
SMC determine that during construction a workforce of approximately 1300 persons will be required
that will be changed out after commissioning to the operational workforce of approximately 850
personnel.
5.3

LOCATION

SMC is the applicant or registered holder of all of the Project tenements, except for Temporary Reserve
70/3902H (TR) which is discussed below. The Project tenements were applied for or granted pursuant
to the Mining Act 1978 (WA). The Project tenements are detailed in Table 5.1 and comprise:
•

three granted and two ungranted mining leases;

•

nine granted and one ungranted exploration licence;

•

twenty granted prospecting licenses;

•

one granted Temporary Reserve under a State Agreement (status further detailed below).
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Table 5.1 – Weld Range Tenements
Tenement

Holder

Area

Date Granted

P51/2581

SMC

24 ha

11/03/2009

E20/595

SMC

1 block

04/05/2008

P51/2552

SMC

50.326 ha

26/10/2007

M20/419

Macdonald

507 ha

Ungranted

E20/457

SMC

7 blocks

25/09/2006

E20/459

SMC

2 blocks

25/09/2006

E20/492

SMC

5 blocks

27/03/2007

E51/907

SMC

33 blocks

19/09/2006

M20/402

SMC

960 ha

27/08/1998

M20/403

SMC

991 ha

27/08/1998

TR70/3902

SMC

2,310 ha

06/10/1966

E20/635

SMC

4 blocks

06/02/2007

E20/633

SMC

2 blocks

05/03/2007

E20/641

SMC

3 blocks

10/08/2007

E51/1354

SMC

63 blocks

Ungranted

E20/625

SMC

27 blocks

04/05/2008

P20/2077

SMC

23.8 ha

15/07/2009

P20/2078

SMC

23.8 ha

15/07/2009

P20/2016

SMC

48 ha

05/08/2009

P20/2080

SMC

23.5 ha

15/07/2009

M20/503

SMC

56.8 ha

Ungranted

M20/311

SMC

834 ha

03/04/1996

Sinosteel Midwest Corporation Limited (SMC) is listed as the tenement holder (or applicant) in all but one of the
tenements in this table. SMC tenements are managed by Hetherington Exploration and Mining Titles Pty Ltd; whilst
M20/419 is managed by the tenement holder Stanley Macdonald (SMC is the beneficial owner of this tenement).

The TR 70/3902H was granted pursuant to the State Agreement scheduled to the Iron Ore (Murchison)
Agreement Authorisation Act 1973 (WA) (State Agreement). Pursuant to the State Agreement, SMC was
granted rights of occupancy in respect of the TR 70/3902H; these rights were periodically renewed by
the relevant Minister until 7th November 2008. The rights provided for the sole and exclusive purpose of
searching and prospecting for iron ore. Following the Minister’s refusal to extend SMC’s rights of
occupancy in respect of the TR 70/3902H, SMC applied for 14 prospecting licenses over the land
underlying the TR 70/3902H (Replacement Tenure). The Prospecting License Applications were lodged
on 14th November 2008, and were granted by the WA Department of Mines & Petroleum on 5th March
2009 (see Table 5.2).
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The land underlying the TR 70/3902H is currently exempt from Divisions 1–5 of the Mining Act.
Accordingly, third parties cannot apply for an exploration license or any other type of tenement over the
area underlying that land. As at the date of this report, SMC is only entitled to explore and prospect for
iron ore and other minerals on the land underlying the Project tenements. SMC will not be able to mine
iron ore or any other minerals unless one or more mining leases are granted over the land underlying
the Project tenements.
Table 5.2 – Prospecting Licenses Applied for in Substitution for TR 70/3902
Tenement

Holder

Area

P51/2605

SMC

198.143 ha

P51/2606

SMC

198.148 ha

P51/2607

SMC

198.154 ha

P51/2608

SMC

198.160 ha

P51/2609

SMC

198.166 ha

P51/2610

SMC

198.171 ha

P51/2611

SMC

198.177 ha

P51/2612

SMC

198.183 ha

P51/2613

SMC

198.185 ha

P20/2082

SMC

195.214 ha

P20/2083

SMC

198.128 ha

P20/2084

SMC

198.041 ha

P20/2085

SMC

197.954 ha

P20/2086

SMC

197.868 ha

A plan of current land tenure surrounding the mining tenements is included as Figure 5.1. In 2008 SMC
acquired the pastoral lease of the Madoonga Station and entered into a leasing agreement with the
owners of the Beebyn Station.
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5.4

MINING OPERATIONS

The Project targets a 15 Mtpa iron ore deposit with an initial lifespan of approximately 11 years.
Compared with some of the large‐scale Pilbara operations, the Beebyn and Madoonga deposits are
narrower, steeply dipping and of lower grade. As the average deposit grades for SiO2 and AI2O3 are
above the marketability limits for iron ore product, selective mining techniques and blending processes
will be required to achieve product quality (SRK, 2008b, Technical Appendix 7).
Beebyn and Madoonga will be developed as conventional open cut mines. The proposed operations at
Weld Range are expected to have a disturbance footprint of about 4074 ha (40.7 km²), or 18% of the
total area occupied by the Weld Range (approximately 22,500 ha (225 km2)).
The proposed pits and waste dumps will have a total footprint of 1811.5 ha. The two deposits are 22 km
apart, with ore from Madoonga and Beebyn planned to be primary crushed and hauled via road train to
the CPF. Both deposits will be mined in parallel to enable blending the higher Beebyn iron (Fe) grades
with the lower Madoonga Fe grades and allow greater control of contaminant grades.
The viability of the Project is dependent on both deposits, Beebyn and Madoonga, being mined in
parallel. A staged pit design will allow the deposits to be developed progressively.
Madoonga has three planned mining phases. The first phase is a starter pit, which opens up the east
side of the deposit targeting a higher grade area that is close to the ROM pad. The second mining phase
is a cut‐back to the west side of the starter pit. The third phase expands the Madoonga pit to the final
design and is located to the west of the second phase. All three Madoonga mining phases have been
designed to accommodate the staged development of the pit.
The Beebyn deposit consists of two independent mining areas; the Beebyn Main pit and the Beebyn
Satellite. Beebyn Satellite is to the west of Beebyn Main Pit and is made up of a series of small satellite
pits which are planned to be mined without cut‐backs. The Beebyn Main pit has been divided into four
phases for mining. A starter pit is opened first in the eastern area which will allow access to high quality
ore. A second starter pit is then developed to the west of the first starter pit to access the next high
quality ore area. A cut‐back (third phase) is then developed to link both starter pits. The fourth phase is
a cut‐back and is located to the west of the third phase cutback. This phase creates an independent
access ramp to the ROM pad and waste dump, hence can be mined independently of the other Beebyn
phases (SRK, 2008b).
Mining operations will be developed at both deposits using the same techniques and types of
equipment. As ore from Madoonga and Beebyn is planned to be primary crushed and hauled via road
train to the CPF, a 22 km haul road between Beebyn, Madoonga and the CPF, will be constructed and
commissioned,. This necessitates three sets of infrastructure and ancillary equipment, as well as a large
float capable of carrying the excavators to the operating faces.
Mining the two deposits together will allow for a degree of blending with higher Beebyn iron ore grades,
partially offsetting the lower Madoonga iron ore grades. Moreover, mining the deposits together avoids
infrastructure bottlenecks that could be experienced if each site was required to produce peak
production independently.
The mineralisation outcrops at both Beebyn and Madoonga. The Beebyn outcrop has formed steep
ridges in places. A pre‐stripping campaign involving small scale mining equipment is required at Beebyn
to remove the top 10 m of the steep ridges. The Madoonga mineralisation outcrops down slope from
the crest of the Madoonga ridge, with the top of the Madoonga ridge being relatively wide and flat. This
enables rapid development requiring minimum specialised pre‐stripping. Staged mine designs allow
multiple mining areas to be developed simultaneously.
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The process flow recommended for this Project is shown in Figure 5.2 and is summarised below:
•

Primary crushing of ROM ore at Beebyn and Madoonga.

•

Primary crushed ore is then loaded and transported from Beebyn and Madoonga to the CPF road
train tipping station.

•

Ore is conveyed to the screen house comprising four bins, isolation gates, vibratory feeders and
double deck screens. The screen feed conveyor incorporates a shuttle, to distribute ore across
the four bins. Conveyors transfer the screened fines and intermediate lump products to the
stockyard and the coarse material re‐circulates back to the secondary crushing facility.

•

The secondary crushing facility comprises two feed bins, isolation gates, vibratory feeders, belt
feeders and cone crushers. Crushed ore is returned by the single screen feed conveyor to the
screen house.

•

Stockyards consisting of three each, 200 kt capacity lump and fines stockpiles serviced by the two
stackers and one bucket wheel reclaimer. The stockpiles are suitably sized for ore blending at the
mine. Material is sampled prior to being deposited in the stockyard.

•

Train load‐out facility consisting of one 1000 t capacity ore bin, load‐out gate. The gate control
system incorporates instrumentation to monitor rail car position, load profile and weight.
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Figure 5.2 – Weld Range Process Flow Diagram
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5.4.1

Mineral Resource

The Beebyn and Madoonga deposits differ in several respects. Madoonga, the western ore body, is the
larger of the two deposits but has the lower Fe grade. The deposit contains a broadly continuous BIF
horizon, which strikes ENE and dips steeply (>70°). The iron mineralisation is complex and contains
semi‐continuous ore lenses separated by thin units of ‘waste’ material. In some cases the ore lenses
contain units of internal ‘waste’ material.
The Beebyn deposit is the lower tonnage and higher Fe grade of the two deposits. This deposit contains
three definable BIF units that are disrupted by N‐S striking sub‐vertical faults. The BIF units are ENE‐
striking and dip steeply (>70°) to the SSE.
Both ore bodies are long (≥3 km) and relatively narrow (5‐30 m). The deposits are steeply dipping
(almost vertical) and due to the presence of contaminants, do not lend themselves easily to bulk mining.
The target product specifications for the Project are determined by the grade specifications of the fines
product as the fines product is known to produce lower Fe grades and higher contaminant levels than
the lump.
5.4.2

Mining Equipment Selection

Contract mining at Weld Range is planned using traditional drill‐and‐blast mining methods and
conventional mining equipment. Mining operations will be carried out by an SMC owned mining fleet.
The pioneering and pre‐stripping campaign involving small scale mining equipment is required to
remove the top 5 to 10 vertical metre ridges at both deposits, to expose a working surface large enough
for the main production fleet to continue developing the mining operation. Pre‐production activities will
be serviced by a fleet of 100 t backhoe configured excavators and 85 t rigid dump trucks.
The production fleet is a combination of 100 t and 250 t excavators in the selective ore mining areas to
minimise the impact of dilution and ore loss. The bulk waste removed will be mined using 350 t
excavators. 180 t class rigid rear dump trucks will be used for both the bulk mining and waste
operations, whilst smaller 100t trucks will be utilised in the selective areas.
Drilling equipment will be task specific with; smaller mobile rigs used for the pre‐production pioneering
task, mid‐size rigs used on ore and the largest rigs used on bulk waste.
The ancillary fleet will provide support to the main contractor mining fleet. Wheel dozers and graders
will undertake the majority of cleanup and provide support to the excavators. Track dozers will be used
for clearing and site preparation, pit floor level control, and tip‐head maintenance on the waste dumps
and stockpiles. Other equipment required will be light trucks fitted with fuel, lubrication and
maintenance facilities for in‐pit servicing of equipment, particularly excavators. Diesel powered lighting
plants will be provided at shovel, drill and active dump locations. Water carts will also be used for dust
control on a regular basis. Cranes, forklifts and hiabs will be used in service and support roles around
the workshop, maintenance and dewatering activities.
5.4.3

Clearing and Grubbing

There is minimal topsoil available in the ridge area of Beebyn. Most of the material cleared from this
area will be scrub. The topsoil on the slopes below the vertical ridge will be easier to remove and
pushed down the slopes. It is expected that topsoil and scrub will be mixed together. The final location
of this material has not yet been defined, but it will located outside the pit limit.
More topsoil is expected to be recovered at Madoonga because of the shallower slopes. The pre‐
stripping phase will require the use of bulldozers pushing the top soil and scrub into windrows down
slope.
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5.4.4

Pre‐Stripping

Pre‐striping of both the Beebyn and Madoonga ridges will be by dozer and drill and blast. Wherever
possible, a dozer will pioneer a track to the top of the ridges suitable for a small blast hole drill rig to
operate from. In some locations – mainly at Beebyn, fill material will need to be utilised to gain access to
the top of the ridges. The fill material will be sourced from within the planned pit limits. The drill rig will
drill to a given RL for the ridge. The first cut on all ridges will be classed as a waste blast. This material
should be suitable for slope stabilisation and will be located close to the waste dump limits for that
purpose. The depth of each cut will be variable as dictated by the ridges but will be in the range of 3 to 6
m in depth.
During the pioneering phase, all material will be loaded by 100 t class excavator (in backhoe
configuration) into 100 t trucks. Where this is not possible due to the logistics presented by the terrain,
dozers will be used to push the blast down slope to expose the next drill and blast bench. It is currently
anticipated that the pioneering phase will be complete when a 30 m wide working area is achieved.
Approximately 10 m will be removed from the top of each ridge, at which point, the pioneering
equipment will move to the next ridge.
There is minimal topsoil available in the ridge area of Beebyn, the majority of the material cleared from
this area will be scrub. The topsoil on the slopes below the vertical ridge will be easier to remove with
progressively more top soil available further down the slope. It is expected that more topsoil will be
recovered at Madoonga due to the shallower slopes and minimal breakaway ridges. The pre‐stripping
phase will require the top soil and scrub to be placed into windrows down slope where it will be loaded
and hauled to a topsoil stockpile dump close to the foot of the waste dumps.
5.4.5

Ore Crushing and Screening

Ore will be delivered to the ROM bin at the primary crushing facility at each mine by the mining
contractor. Ore will be direct tipped to the ROM bin. If the bin is full or off‐line for maintenance the ore
will be stockpiled on the ROM pad and reclaimed as required.
Primary crushed ore will be transported from the Beebyn and Madoonga primary crushed ore stockpiles
(and other future remote pits) to the central processing facility via 350 tonne side tipping road trains
provided by a third party haulage contractor. Front end loaders, provided by the haulage contractor, will
reclaim primary crushed ore from the stockpiles and load the road trains.
The road trains, each consisting of 4 trailers, will travel to the central processing facility via a dedicated
haul road. At the central processing facility, the road train side tip its contents into 4 bins from a
specifically designed ramp. The empty road train will then continue down the ramp and return to the
primary crushing stockpile for loader‐loading.
The product screening facility will be located at the CPF and will incorporate a tripper, surge bins, belt
feeders and double deck banana screens with isolation frames.
The tripper will distribute ore equally to each bin; the surge bins will be sized to ensure that the feed to
the screens under normal operation is not interrupted due to the shuttle travelling across the screen
house. The product screens are specified as 3.6 m x 7.6 m double deck banana screens.
Belt feeders will be used to control the feed to the screens, ensuring that they are fed at a uniform and
efficient rate.
The secondary crushing facility will be located at CPF and will incorporate a tipper and two identical
crushing bays, each comprising a surge bin, belt feeder and cone crusher.
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The oversize conveyor from the product screening facility will deliver oversized material to the two surge
bins via a tripper. A belt feeder will draw material from each surge bin and deliver it to the secondary
cone crusher. Ore from the crushers will pass through a chute onto the screen feed conveyor.
The belt feeders will be used to control the feed to the crushers, ensuring that they are choke fed.
Separate lump and fines conveyors will deliver product from the product screening facility to the
stockyard. The stockyard will have the capacity for 600 kt of lump and 600 kt of fines to be stored in two
rows of adjacent stockpiles.
Stacking will performed by rail‐mounted slewing and luffing machines. The stackers will be capable of
producing the stockpiles in either chevron or part windrow/chevron pattern. The stackers will be
unmanned and will stack at a maximum rate of 1,750 t/h.
The stockpiles will provide a buffer / surge capacity of product between the trains during normal and
reasonable upset conditions and shall consist of the following:
•

Lump stockpiles 3 off 200 kt plus an additional 200 kt dead stockpile capacity available.

•

Fines stockpile 3 off 200 kt plus an additional 200 kt dead stockpile capacity available.

Dead stockpiles will be loaded via the product stackers but will only be reclaimed by front end loader.
A single rail‐mounted slewing and luffing rotary bucket wheel reclaimer will be able to reclaim from
either lump or fines live stockpiles. Lump or fines product will be reclaimed at a nominal rate of 10,000
t/h.
The reclaimer will deposit the reclaimed ore onto the product reclaim conveyor, which in turn will
deliver the ore onto the train load‐out conveyor.
The train load‐out conveyor will deliver either lump or fines product to the train load‐out facility at a
nominal rate of 10,000 t/h. The train load‐out facility will incorporate a 1,000 t surge bin, a volumetric
load out chute and dust collection equipment. The train load‐out control system will ensure that trains
are loaded to match their design axle loads independently of any density variations in the ore and will
include track load cells to compensate for variability in ore density.
The rail load‐out facility will be located at the CPF . The rolling stock, rail and port facilities will be
provided and operated by a third party.
5.4.6

ROM Locations

The ROM locations are based on a compromise between infrastructure requirements and operating cost
minimisation.
The Beebyn ROM position will be located with the following considerations in mind:
•

clear of a 500 m blast exclusion zone;

•

near the centre of mass of the proposed main Beebyn mining area; and

•

on the north side of the mining area.

The Madoonga ROM position was located to be:
•

upwind and clear of the northern Madoonga waste dumps;

•

on the northeast side of the deposit, towards Beebyn; and

•

outside the 1 in 100 year flooding limits.

The Madoonga ROM location is complicated by the 1:100 year flood line and the more prevalent
shoulder country. The philosophy of placing the ROM central to the centre of mass for iron ore mining
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will create issues with the proposed crusher construction, maintenance and operation. Additionally, the
crusher location footprint will negatively impact the potential waste dump design. The Madoonga ROM
will therefore be positioned to the east to reduce the interaction between waste dump development
and crushing operation. Dust issues, 100 year flooding limits and a exposure to blasting will be
minimised by the relocation. The revised Madoonga ROM position will increase the haul‐truck haulage
distances however this is offset by the reduced overland road train distances to Beebyn and the reduced
waste haulage costs.
5.4.7

Dewatering

The development of a mine often means penetrating the local or regional water table. The presence of
groundwater in and around an open pit excavation affects mining by reducing the stability of the slopes
due; to the modification of shear stress on potential failure surfaces, accelerated weathering, increase in
transport costs due to increased weight of wet materials, high maintenance costs for transport
equipment, increased pumping costs, increased blasting costs and the aggravation of working wet
conditions.
With a few exceptions the most common methods of dewatering an open pit mine are to collect the
passive inflow into pits in sumps or to install an active dewatering system that utilises boreholes (in‐pit
or pit perimeter), horizontal drain holes from pit benches or underground drainage tunnels with drain
holes. It is common to use more than one method of dewatering.
5.4.7.1

Weld Range Dewatering

The SRK calibrated hydrogeological model was used to predict groundwater extraction necessary for
mining operations. The starting assumption was to provide a dewatered pit where the water level was
below the pit floor.
The model predicted 11 boreholes pumping at a combined rate of 275 l/s in Madoonga and 9 boreholes
pumping at a combined rate of 105 l/s in Beebyn were required. Individual pumping rates of 25 l/s were
used at the 11 boreholes simulated in Madoonga. At Beebyn, however, pumping rates of 10 l/s and 15
l/s were used to accommodate for the thinner bands that characterise the BIF in this area. Pumping
should commence six months before mining operations (SRK 2010a).
Water abstraction rates are estimated by SRK (2010a) to be 11.95 GLpa. This is based on all bores in use
for 365 days a year. The mine planning and staging process will not require all bores to be in use at any
one time. A conservative estimate by SMC mine planning engineers has been calculated to be 6.74 to
11.95 GLpa. Water abstraction rates in particular (and therefore water disposal assumptions) are
extrapolated from insufficient data. SRK 2010a (Technical Appendices 10‐C) recommends additional
hydrogeological drilling and assessment to take place prior to construction to gain confidence in
modelling predictions including recharge capability.
The pit dewatering strategy for Madoonga and Beebyn will be a hybrid of pit perimeter boreholes, drain
holes and a limited number of in pit boreholes to dewater the deeper areas of the pits. As narrow, long,
elongated pits, in‐pit boreholes interfere with mining activities and generally have a short life span, the
majority of dewatering boreholes for both pits will be planned as pit perimeter boreholes.
5.4.7.2

Evaporation/Infiltration Pond

SMC conducted an investigation into water disposal options for the Project in March and April 2010.
Details are discussed in Section 2.5.5 of this document and Technical Appendix 23.
Water will be abstracted from Beebyn and Madoonga, with higher volumes expected from Madoonga.
Water from Beebyn is likely to be less saline than that from Madoonga, and will be used during mining
and plant operations for dust suppression and treated to provide potable water.
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In April 2010 SMC conducted an evaporation pond constraints mapping exercise to determine the best
location for an evaporation/infiltration pond. Figure 2.4 details the completed mapping exercise, with
the proposed location of the pond. The exercise delineated the site into areas of low, moderate and
high constraints. The location for the pond is located south west of the Madoonga pit. Desktop surveys
resulted in the production of a constraints map and facilitated the selection of a location for the
evaporation pond.
The location of the evaporation pond has been determined to be:
•

6 ‐ 8km south west of Madoonga pit;

•

7 ‐ 8km from the “food bowl” and

•

7km from the “the gap”.

Basin Design:
•

Inflow rate of 5 GLpa from dewatering.

•

Based on climate statistics taken from the Bureau of Meteorology website – Murgoo
meteorological station, evaporation is determined to be approximately 3.2 m per annum.

•

Inflow has an average salt content of 25,000 TDS, varying from 10,000 to 60,000TDS.

The basin design is based on an instantaneous inflow rate of 120% over 5 days, concurrent with an
event of 5 days of high rainfall . Geotechnical information is currently insufficient to support assessment
of recharge to subsurface, thus the recharge rate is currently assumed to be nil.
Pond Design
The evaporation/infiltration pond has been designed to the following specifications:
•

3,000m L x 1,100m W x 1.3m D ;

•

cell construction;

•

area approximately 3.3 sq km and

•

0.3 m freeboard.

The pond design is detailed in Figure 5.3 and Figure 5.4.
5.4.8

Waste Rock Management

To be classified as ore, mineralised material must satisfy economic criteria. Excessive incremental strip
ratios or undesirable contaminants such as AI2O3 may downgrade the mineralised material to waste.
Waste material can take the form of either:
•

materials with no Fe mineralisation;

•

materials with sub‐economic Fe mineralisation; or

•

materials with elevated contaminant grades.

Mined rock has the potential to reduce the quality of water that it meets; the pH may be lowered and
the concentration of metals increased. Effluents of this type are referred to by a number of terms
including acid rock drainage (ARD) and acid drainage and metalliferous leachate (ADML). Sources of
ADML include waste rock dumps, pit walls and processed ore wastes.
The Project is expected to produce at least 273 Mt of waste rock from Madoonga pit and at least 450 Mt
from the Beebyn pit.
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The parameters used for the waste dump design for both the Beebyn and Madoonga areas are listed
below:
Berm width

10 m

Bench height

10 m

Overall slope

20 °

Batter slope

30 °

Swell

0%

Tolerance

10 %

Road width (dual‐lane)

30 m

The size of the waste dumps has been estimated from assumed swell factors applied to the in situ
volume mined. Haulage distances from the open pit designs and the dump designs have been
minimised by locating the pit ramps of the pit designs appropriately (SRK, 2009a).
5.4.8.1

Beebyn Waste Dumps

Beebyn currently has three planned waste dumps (Figure 5.5). These include a large dump servicing the
Beebyn Main pit which has been configured so that the dump ramps are aligned with the south wall pit
ramps to provide short waste haulage. Smaller waste dumps are planned to service the Beebyn West
pit. The Beebyn Main pit waste dumping area is to the south of the pit area to minimise interaction with
infrastructure such as the crushing and screening processes and the rail loop, located to the north of the
Beebyn Main pit. The Beebyn West waste dump is located to the north of the pit. This has been
designed large enough to accommodate the waste from the eastern pod. A separate ramp which aligns
with the pod’s exit is also allocated to minimise the haul distance. As the dump location is away from
the main Beebyn infrastructure, the location of the waste dump is less critical.
5.4.8.2

Madoonga Waste Dump

Madoonga’s waste dump area is planned at the north side of the pit to avoid environmental issues
related to fauna and flora located in the valley to the south of the pit. The Madoonga waste dump is
designed to provide a large storage capacity in the vicinity of the Stage 1 pit area as this cut‐back
produces the largest amount of waste. The Madoonga waste dump design is shown in Figure 5.6.

September 2010

115

Figure 5.3

Figure 5.4

Beebyn Pit and Waste Dump Design
FIGURE 5.5



Madoonga Pit and Waste Dump Design
FIGURE 5.6
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5.4.9

Washing Plant and Tailings Storage

With appropriate mine planning and effective in‐pit grade control, it is anticipated that silica and
alumina in fines/slumps will be managed without beneficiation for at least the first two years of
operation. However, a main plant flow sheet has been developed with provision for separating the
impurities, so that they can be discarded or stockpiled for future treatment. This stockpile will provide
the ore feed to the washing plant. It is intended that the washing plant is intended to improve the fines
product grade by removing the impurities as a reject that is sent to the tailings dam. The washing plant
product will be combined with the main screen house plant fines to make up a total fines product for
railing to the port (Technical Appendix 6, Worley Parsons, 2008b)
The washing plant will be operated on a continuous basis to treat impurities that will be stored in a
reject stockpile adjacent to the plant. The facility will be automated for ease of operation and will
require minimum operator supervision.
Options available for tailings storage are dependent on the chemical and physical properties of the
tailings. Several tailings storage options were considered in a desktop study by Worley Parsons
(Technical Appendix 6). These included:
•

in pit storage through backfilling;

•

co‐disposal with the mine waste;

•

tailings thickening;

•

splitting of the tailings into coarse and fine streams with dry stacking of the course; and

•

conventional paddock type TSF.

The option for tailings storage external from the pit (i.e. no backfill) has included consideration of a
conventional paddock style TSF. The TSF would store 210,000 m3/a. The TSF dam footprint would be
46.5 ha, reach a maximum height in excess of 5 m and be formed with 20 degrees outer slopes to
facilitate rehabilitation (Worley Parsons, 2008b).
The tailings disposal system will be a bunded dam, with raised earth walls and a suitable lining. Tailings
will be spread around the dam via distribution pipe‐work with valve operated off‐take points located
around the perimeter of the dam. Following an initial fill period, decant water will be returned to the
process. Initially one tailings dam will be constructed, with provision made for a second if required. A
sprinkler system will also be installed for dust control (Worley Parsons, 2008b).
Indicative dimensions:

280 m x 280 m x 5 m

Volume of tailings to dam

210,000 m3/a

Total solids deposited:

162,000 t/a

Assumed settled density:

2.0 – 2.5 t/m3

Volume of settled slimes:

64,800 – 81,000 m3/a

Dam capacity:

392,000 m3

Life:

Approximately 11 years

If required, the tailings management methods will seek to maximise stability of the TSF, improve water
recovery, and minimise soil and water contamination by sulphidic materials.
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5.4.10

Transport

Access roads will be constructed within the Project area to connect infrastructure, accommodation
village and the proposed airstrip.
Roads will fall into the categories of:
•

Mining haul roads exclusively for use by haul trucks between the pit and the ROM pad.

•

Service roads for general access of service vehicles around the plant areas.

•

Road train road for haulage of ore between Madoonga and Beebyn.

•

Access roads connecting public roads to the air strip, accommodation village, mine and plant
areas.

Access road alignments will be determined based on functional, topographic, environmental, land
tenure and other known constraints. Environmental, community, cultural, native title, land tenure/
access, and other statutory requirements shall be considered, and issues shall be identified for
resolution within the design process, as required.
Road widths will be based on safe design practices of a multiple of the largest truck width that will
operate on the ramp. The ramp widths will be 30 m for dual‐lane access and 15 m towards the bottom
of the pits where single lane access is considered appropriate. The use of dual‐lane access through the
entire pit was discounted as the design creates significant increases in the amount of waste to be
removed as the frequency of ramp intersections in the walls increases. The lowest benches, where
access is limited, will be mined by the smaller fleet only. Production rates and costs reflect this operating
practice.
The dual lane haulage ramp width of 30 m will be 4.5 times the typical operating width of a 180 t class
haul truck. The accepted design rule of thumb for two‐way traffic is that the roadway width should be no
less than four times the truck width including safety bund.
Safety berms are designed to entrap any runaway vehicles and are designed at half the tyre height of the
largest trucks. The ramp widths take into account safety berms and drains as appropriate.
A new airport with terminal will be built in the vicinity of the Weld Range Mine Plant. The design will be
suitable for a Boeing Dash 8 aircraft or equivalent. Facilities will be designed to be reliably operable on a
24 hour basis. Additionally,
•

facilities will be installed above normal flood levels;

•

the runway will be sealed, provided with fixed lighting for 24 hour use and will be fenced to
restrict entry by wildlife;

•

diesel generators including emergency back‐up will provide power; and

•

the terminal will not cater for fare paying passengers, and will not provide security screening.

5.4.11

Power Supply

The Project is currently divided into five main sites: two mining areas (Madoonga and Beebyn), the CPF
plus an accommodation village and the airstrip. Each of these sites will have its own independent power
generation system which will be automatically controlled.
The CPF site will be supplied by a stand alone power station powered by 12 x 1 MW diesel generators,
proving a reliable continuous source of power. The Madoonga and Beebyn sites and the
accommodation village will both be supplied by 3 MW power stations, with a 300 kW power station at
the airstrip. The power stations at Beebyn, Madoonga and the accommodation village will generate
electricity at 11 kV, while electricity will be generated at 400 V at the airstrip.
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5.4.12

Water Supply

The annual water usage for the mining areas, processing facilities and supporting infrastructure has been
estimated at 3.19 GLpa to 4.96 GLpa. Table 5.3 details the current water consumption rates for the
Project.
Table 5.3 – Water Consumption.
Estimated Flow Rate
Low Saline
Process Water, Beebyn

0.25 – 0.26

Process Water, Madoonga

0.25 – 0.26

Process Water, CPF and Village

1.18 – 1.68

Total Low Saline

1.69 – 2.20

High Saline
R and M Dust Suppression Beebyn

0.60 – 0.98

R and M Dust Suppression Madoonga

0.60 – 0.98

R and M Dust Suppression CPF and Village

0.30 – 0.79

Total High Saline

1.5 – 2.76

Total Water Consumption

3.19 – 4.96

Potable Water
Chemical analysis of raw water sourced from the Beebyn borefield indicates this water is not suitable for
direct potable use (SRK, 2008b). The Project will therefore require Reverse Osmosis (RO) to treat the
raw water.
Containerised RO plants will be provided at the CPF, Beebyn, Madoonga and the accommodation village.
The design is based on 400 L/day/room in the village and 100 L/day/person at the process facilities.
A feed tank will be installed to supply raw water to each RO Plant.
The potable water tanks for the CPF, Beebyn and Madoonga are both assumed to be required to be 100
KL capacity.
The supply of potable water is critical for the accommodation village and as such the tanks will be sized
to provide one weeks supply of potable water. Bottled water shall be the source of potable water for
the airport.
Process Water
Process water is the term used to describe raw water when it reaches the process plant or process water
tank. Process water is predominately used for dust suppression, moisture addition, fire fighting and for
general plant use.
Two process water tanks with associated pumps will be provided for each mine site installation. The
combined volume of the two tanks will supply a minimum of one days reserve capacity. Beebyn is the
main processing facility and is the largest water consumer, with an estimated daily requirement of 7.6
ML. Madoonga process water tanks will have an estimated daily requirement of 1.7 ML.
For new bores required to be established for the Project, SMC will seek appropriate licensing from the
DoW, both for bore construction (26D) and for groundwater extraction (5C).
Fire Fighting Water
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The fire water requirements will be supplied via the process water tanks and pumps at Beebyn and
Madoonga and the potable water tanks and pumps at the village. Stand‐by diesel driven pumps at each
location will supply a minimum of four hours fire fighting water in the event of a power outage.
Oily Water Treatment Plant
Three oily water treatment plants will be installed, one each at Beebyn and Madoonga’s HV/LV wash
down facilities and a third to treat the process plant run‐off water at Beebyn. Oil will be collected in a
tank for disposal by a waste management contractor.
5.5

GENERAL

Supporting infrastructure for the Project is summarised in Table 5.4 and includes all equipment to
provide the required services for the mining and ore processing operations.
Table 5.4 – Project Infrastructure
Items

Power Supply

Description
-

Plant Control

Diesel Fuel

Mine Dewatering/
Raw Water

-

Individual control systems will be installed at Beebyn and Madoonga.
A main control room and secondary control room located in nominated process
areas.
Plant operation enabled from each of the control rooms.

-

Bulk fuel storage facilities at each site.
Provision for supporting two weeks of mining and processing operations.

-

18 dewatering bores proposed at Beebyn and Madoonga (11 hyper saline at
Madoonga and 9 low TDS at Beebyn).
Excess dewatering water to be re‐deployed for mine process activities and/or
discharged via a pipeline to an Evaporation Pond.
Raw water supply for Beebyn, Madoonga, CPF and the village proposed to be via off‐
takes from selected dewatering bores at Beebyn.

-

-

Evaporation Pond

Process/Potable/
Fire Water

Compressed Air

Sewage
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Diesel powered generators
Separate power stations proposed at each site (Beebyn, Madoonga, CPF, village and
airstrip)
CPF power station will provide for connection of a 2MW wind turbine.

-

3 km X 1.1 km X 1.3 m depth, cell construction
6 to 8 km west of Madoonga pit
0.3 m freeboard
Infiltration / evaporation method

-

Containerised reverse osmosis (RO) plants at Beebyn, Madoonga, CPF and the
village. Bottled water will supply potable water for the airport.
Process water is taken directly from the raw water supplies.
Provision for fire water made in process / potable water tanks.

-

Compressed air to be supplied by individual compressors installed to match localised
end users (workshops, dust collectors, etc).

-

Individual sewage plants at Beebyn, Madoonga, CPF and the village.
The train load out facility, primary crushing ROM bin facilities and the airport are
isolated areas which will be serviced by septic tanks.
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Items
Oily
Treatment

Description
Water

-

Treatment plants proposed at vehicle wash down facilities as well as to treat process
water run‐off.

Storm Water and
Drainage

-

Storm water drainage system to be designed in accordance with Australian Rainfall
and Run‐off (ARR) Standards.

-

Main emergency facility proposed at CPF (permanently manned).
An auxiliary emergency facility proposed at Beebyn and Madoonga.

-

Light vehicle (LV) access roads will connect the mining areas with the village and
airstrip. The roads are unsealed.
Additional road train haul road connecting Beebyn and Madoonga with the CPF.

-

Sealed airstrip proposed, sized for operation with the Dash 8 aircraft or equivalent.

-

Accommodation village proposed to be built and owned by SMC with operations
outsourced to a contractor.
Located on the north side of the range providing the most economic distance to the
two pits while maximising staff amenity.
850 accommodation units required for permanent operations village and up to 1300
for peak construction. Permanent village quarters will initially be used to
accommodate the construction workforce.

Emergency Services

Site Access Roads

Airstrip

Accommodation
Village

-

Workshops
Stores

and
-

Heavy vehicles and light vehicles workshops and stores facilities proposed for Beebyn
and Madoonga.
Additional workshop proposed for Beebyn to service ore processing equipment and
facilities.

Laboratory

-

One laboratory is proposed to support mining and minerals processing operations.
To be located at the central processing facility.

Administration
Building

-

The main mine administration building is to be located at the CPF.

-

The ANFO and high explosives storage will be via a central facility located in the
vicinity of Beebyn and catering for the explosives requirement for the entire project.
The high explosives stores are to be fenced, lit and monitored by closed circuit
television (CCTV).

Explosives Storage

5.5.1

-

Infrastructure

Central Processing Facility
The central mineral processing facility will comprise:
•

administration and general amenities supporting the operation;

•

laboratory building;

•

heavy vehicle workshop and go‐line area;

•

heavy vehicle refuelling;

•

light vehicle refuelling and workshop;
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•

general workshop and lay‐down area;

•

fuel storage area (allow for two weeks emergency fuel storage capacity)

•

a workshop and general store for consumables;

•

materials handling equipment;

•

car park for company vehicles;

•

a mobile equipment workshop with associated hardstand area and store; and

•

a central powerhouse.

Madoonga and Beebyn Pit
A smaller facility supporting the operation at both Beebyn and Madoonga will comprise:
•

offices for contractors and supervisors;

•

staff change rooms; and

•

general amenities including a crib room.

Accommodation Village
The number of accommodation units and support facilities are indicative only. The peak number of
accommodation units is estimated to be approximately 1300 comprised of the following:
•

850 permanent units (284 Nos x 3 modules)

•

440 temporary units (110 Nos x 4 unit modules).

The permanent village quarters will initially accommodate the construction workforce.
The village design will be separated into pods, with each pod consisting of accommodation, complete
with central laundry node, linked by pathways. All rooms will be self contained with ensuite facilities
and split cycle air conditioners. All permanent rooms will have internet access, cable television and
telephone lines.
Due to the distance separating Beebyn and Madoonga, two emergency services buildings will be
required. The site’s main emergency facility will be located at the CPF and will be permanently manned
by a paramedic.
Mine Access and Haul Roads
Haul Roads will be designed to incorporate surface water diversion infrastructure to reduce the risk of
shadow effects and reduce the flood risk to mine access and haulage is considered potentially
significant.
SMC will incorporate design features as recommended in Worley Parsons (2008) study to include:
•

culverts;

•

floodway crossings;

•

bunds and diversion drains;

•

spoon drains; and

•

V drains.

A permit to obstruct or interfere with bed and banks issued under Section 17 of the Rights in Water and
Irrigation Act may be required where a drainage channel is crossed by a road or any other mine
infrastructure which obstructs or interferes with the watercourse.
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5.5.2

Hazardous Materials

Hydrocarbons
Diesel fuel will be stored at the CPF and distributed to Beebyn and Madoonga in earth bunded bulk fuel
facilities with fuel management systems. Lube oil storage facilities will be included as part of the heavy
and light vehicle (HV/LV) workshop facilities.
Diesel fuel will be stored and distributed at the accommodation village and airstrip from self bunded
tanks with road tanker unloading stations and fuel management systems.
The distance between the two ore bodies at Beebyn and Madoonga means that the bulk fuel facility
needs to be duplicated. The CPF, as the largest consumer of power will have two 1.5 Ml bulk fuel tanks;
Madoonga and Beebyn will have one 1.5 Ml bulk storage tank each.
The power stations at the village and airstrip will be supplied by 100 kl and 20 kl fuel tanks respectively.
Bulk fuel tanks at all four sites will be sized to support two weeks of mining and service power
generations, and two weeks of ore haulage. Individual fuel storage tanks for the dewatering bore gen‐
sets will be sized to support one week of operation. Each group of five dewatering transfer pumps will
be supplied by a single fuel storage tank sized to support a week of operation.
An opportunity exists to back‐load fuel from the port via the rail infrastructure. The bulk fuel storage
facility at the CPF will be located close to the proposed rail loop to allow this option to be pursued in the
future.
Explosives and Storage
The ANFO and high explosives storage at the CPF will cater for the explosives requirements of the entire
Project.
The facility will be divided into three distinct storage areas:
•

the ANFO store;

•

the emulsion store; and

•

the high explosive store.

Each facility will store a different explosive product and each will cater for the safety and storage needs
of each product.
The emulsion store will consist of four liquid tanks and diaphragm pumps will deliver emulsion from the
storage tank to the pit explosive trucks.
The high explosive stores will comprise a specially converted sea container for detonator storage and
another specially converted sea container for high explosive storage. The two sea containers will be
separated by an earth mound. The high explosives stores will be fenced, lit and monitored by CCTV,
back to SCADA/surveillance.
5.5.3

General Waste Management

A number of waste streams will be generated during the construction and operation phases of the
Project. These include industrial waste, domestic waste, inert waste, wastewater, hazardous waste and
recyclable waste. The waste hierarchy will be adopted to minimise the quantity of waste generated.
Industrial waste (i.e. oil filters, hydraulic hose, workshop waste, waste oil, tyres, vehicle batteries), inert
waste (i.e. asphalt, concrete, timber formwork) and recyclable waste (aluminium, glass, plastics, scrap
metals, wire, steel etc) will be collected and transported off‐site for disposal, resale or recycling.
Domestic waste will be removed periodically by a contracted service road tanker. All treatment
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packages and effluent disposal methods will be approved by the Department of Health and the Local
Authorities.
Four main sewage plants will be installed, one each at the CPF, Beebyn, Madoonga and the
accommodation village. Waste will be disposed offsite to an appropriate facility. Waste will be stored
on‐site prior to disposal and will be managed in accordance with legislative requirements. The final
discharge effluent will be treated to the appropriate standard.
The Train Load Out facility, primary crushing ROM bin facilities and the airport are isolated areas which
will be serviced by septic tanks.
5.5.4

Fire Management

Fire breaks will be established around the Project area in liaison with the Fire and Emergency Services
Authority (FESA) and the DEC. Access roads will be used as firebreaks with provision for managing
surface flows (i.e. culverts). All personnel will be required to undergo site induction training covering
fire prevention and emergency response procedures. All mobile plant equipment and light vehicles will
be fitted with fire suppressant devices which are compliant with the appropriate Australian Standards.
5.5.5

Workforce

SMC is committed to direct local employment for this proposal, particularly during the operational
phase. It is envisaged that the workforce would be flown in on a rostered basis from Geraldton and
Perth.
Relevant permits for the mine camp during operations will be applied for from the Shire of Cue. The
development of a local contracting industry will be encouraged, supported by SMC throughout the
consultation process, and will be actively pursued post project approval.
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6

ENVIRONMENTAL IMPACT ASSESSMENT

An Environmental Impact Assessment, as defined by the EPA (EPA 2004) is “an orderly and systematic
process for evaluating a proposal, including its alternatives and its effect on the environment, and the
mitigation and management of those effects”.
The assessment of impacts for the Project has been undertaken using the following steps:
Identification of Environmental Impacts
The environmental impacts and factors of interest associated with the Project were identified during the
scoping process, with the environmental scoping document approved by the EPA under Section 6.1 of
the Environmental Impact Assessment (Part IV Division 1) Administrative process 2002.
The key environmental issues of relevance to the Project are:
•

ADML;

•

waste rock and tailings;

•

groundwater and dewatering;

•

flora and vegetation: Clearing, loss of fauna habitats and loss of priority species and dust issues;
and

•

SRE fauna species – in particular the Schedule 1 Idiosoma nigrum.

For each key environmental issue planned mitigation measures have been incorporated into the Projects
Environmental Management Plan, as detailed in Section 7 Key Environmental Impacts and Management.
Characterising Impacts
Environmental impacts may vary in magnitude, from no change or only a slight discernable change, to a
significant change in the status of the environment. The significance of an impact is determined as a
function of the importance or sensitivity of the receiving environment and the magnitude of the impact.
To assess environmental impacts for the Project, the following were undertaken:
•

Relevant legislation, standards and guidelines for each of the key environmental factors were
identified and applied to the assessment of impacts where applicable.

•

The receiving environment was fully described and understood and potential impacts were
identified, as based on environmental assessments undertaken by experienced and qualified
personnel.

•

The five principles of environmental protection were considered when assessing the significance
of impacts.

•

Feedback received during community consultation was used to identify areas of concern for the
local community and key stakeholders and to identify suitable management and mitigation
measures.

•

Mitigation and management measures were identified to minimise environmental impacts as low
as practicable and to aim for continual improvement and best practise.

Management, Monitoring and Mitigation
The management of environmental impacts associated with the proposal is based on a risk management
framework aligned to Australian Standard 4360 and ISOHB203:2006. This involves the identification of
activities that can result in environmental impacts, implementing controls to reduce the risk, and
monitoring the effectiveness of controls.
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SMC has developed Environmental Management Standards and Guidelines that are applicable to all
people, activities and operational aspects of the Project. The Standards are based upon the SMC
Environmental Policy and the broad requirement of ISO 14001. This will enable the Project to
systematically comply with legal and other requirements, identify and control environmental risks,
provide adequate and appropriately competent resources for environmental management, monitor
performance and correct non‐conforming situations. This process is also designed to promote continual
improvement in performance.
Where possible, environmental control measures have been integrated into the design development of
the Project, with a particular focus on avoiding or minimising impacts to as low as reasonably practical
e.g. minimising dust and noise emissions and minimising vegetation clearing.
Residual impacts associated with the Project will be addressed through implementation of a Project
Environmental Management Plan for mine construction and operation. This Project Environmental
Management Plan will be developed in agreement with regulatory authorities following receipt of
relevant approvals and together with this PER will form the basis for environmental compliance that will
be adopted by all personnel associated with the Project.
Commitment 1:
The Project Environmental Management Plan will be implemented during construction and operation
and communicated to Project personnel through the Project Environmental Management System.
This Environmental Management Plan sets out procedures to minimise and manage the
environmental impacts of Project activities.
Commitment 2:
The Project Environmental Management System will be implemented prior to construction and
throughout the life of the Project. This Project Environmental Management System is consistent with
the principles of ISO 14001:2004.
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7

KEY ENVIRONMENTAL IMPACTS AND MANAGEMENT

The key environmental issues of relevance to the Project are those impacts that resulted in a severity
risk rating of extreme, high or medium. The key environmental impacts will be managed by addressing
the EPA principles of Environmental Protection and adopting a hierarchy of control design (EPA, 2004).
7.1

PRINCIPLES OF ENVIRONMENTAL PROTECTION

The EPA takes into account five principles in the assessment of development proposals. SMC has
embraced the EPA’s principles of environmental protection as part of Project engineering and design.
The environmental objective of the Projects design, in order of priority, is to:
•

completely avoid the impact if possible;

•

substitute with a lesser impact;

•

include rehabilitation / engineering solutions to reduce the degree / risk of impact;

•

design operational controls and emergency response around reduction of impact; and

•

provide primary environmental offsets for the impact.

Demonstration of this approach is detailed within this document. SMC has applied these principles of
environmental protection through consideration of alternative designs for the Project, comprehensive
environmental investigations, stakeholder and community engagement and the commitment to local
employment for construction and operation phases of the Project. Table 7.1 outlines how the principles
of environmental protection have been considered within the Project.
Alternative Project design concepts were evaluated, with the final design based on environmental,
financial and engineering considerations and constraints.
SMC will implement an Environmental Management Plan (EMP – Technical Appendix 1, ecologia, 2009a)
for this Project, within the framework of an Environmental Management System (EMS – Technical
Appendix 3, ecologia, 2009c) based on ISO 14001:2004 criteria. The EMS will provide a systematic
process for ensuring compliance with legal requirements, minimisation of environmental impacts, and
continual improvement in environmental performance.
7.1.1

Hierarchy of Control

A hierarchy of controls will be adopted to manage the Projects key environmental impacts: eliminate the
risk:
•

minimise or replace the risk;

•

control the risk using engineered devices;

•

control the risk using physical barriers;

•

control the risk with procedures;

•

control the risk with personal protective equipment; and

•

control the risk with warnings and raising awareness.
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Table 7.1 – Principles of Environmental Protection
EPA Principle

EPA Description

Precautionary
Principle

Where there are threats of serious or
irreversible damage, lack of full
scientific certainty should not be used
as a reason for postponing measures to
prevent environmental degradation.
In application of this precautionary
principle, decisions should be guided
by:
- careful evaluation to avoid, where
practicable, serious or irreversible
damage to the environment; and
- an assessment of the risk –
weighted consequences of various
options.

Intergenerational
Equity

Conservation of
Biological
Diversity
and
Ecological
Integrity

The present generation should ensure
that the health, diversity and
productivity of the environment is
maintained and enhanced for the
benefit of future generations.

Conservation of biological diversity and
ecological integrity should be a
fundamental consideration.

Improved
Valuation, pricing
and
Incentive
Mechanisms
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-

Environmental factors should be
included in the valuation of assets
and services.
The polluter pays principle – those
who generate pollution and waste
should
bear
the
cost
of
containment,
avoidance
and
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Relevant
Y/N

If Yes, Consideration

Yes

The current understanding of potential
impacts and proposed management of
the project has been identified in this
PER.
Precautionary principles have been
applied to environmental impacts for
the Project and an environmental risk
assessment has been conducted for the
Project.

Yes

The PER incorporated the principle of
intergenerational equity into all
assessments, including an assessment
of the cumulative impact of the Project
proceeding
with
other
known
developments in the Region (i.e. other
known iron ore projects in Weld
Range).
As part of SMC’s commitment to the
vitality of the of the environment, for
the benefit of future generations, a
Conceptual Closure and rehabilitation
Management Plan has been developed
to ensure the safe, stable and healthy
environment is maintained post
closure.

Yes

Baseline biological surveys and
assessments have been conducted to
identify environmental values, assess
potential
impacts
and
develop
management measures to minimise
impacts on biological diversity and
ecological integrity.
The Project has been designed to
minimise clearing of native vegetation
where practicable.
Environmental
impacts have been minimised through
mine planning and plant design. Where
clearing is necessary rehabilitation
commitments have been made.

Yes

The Project activities have been
assessed in accordance to improved
valuation,
pricing
incentive
mechanisms.
Project impacts and
associated environmental management
costs have been taken into account
during the planning stages of the
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EPA Principle

-

-

Waste
Minimisation
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Relevant
Y/N

EPA Description
abatement.
The users of goods and services
should pay prices based on the full
life cycle costs of providing good
and services, including the use of
natural resources and assets and
the ultimate disposal of any waste.
Environmental goals and objectives
should be pursued in the most cost
effective way, by ensuring incentive
structure,
including
market
mechanisms, which enable those
best placed to maximise benefits
and/or minimise costs to develop
their own solution and response to
environmental problems.

All
reasonable
and
practicable
measures should be taken to minimise
the generation of waste and its
discharge to the environment.
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If Yes, Consideration
Project.
SMC has developed management
measures, with the aim of minimising
pollution and managing wastes in an
appropriate manner.

Yes

Wastes will be managed in accordance
with the recognised seven part wastes
management hierarchy (i.e. avoidance,
reuse, recycling, recovery of energy,
treatment, containment and disposal).
SMC will prepare and implement a
waste management plan to ensure
compliance with the waste hierarchy.
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7.2

WASTE ROCK AND ACID MINE DRAINAGE

SMC engaged SRK Consulting (SRK) to carry out a geochemical characterisation program to assess the
potential for acid and metalliferous drainage (AMD) from rock exposed during mining. The rock includes
waste rock, low grade ore stockpiles and the pit walls.
The geochemical investigation was carried out in two phases. The first phase was designed to identify
lithologies that may produce acid and those that may consume acid and to assess the overall variability
of acid generation potential and acid neutralisation capacity in the lithological units. In the second
phase, additional samples were submitted for static testing to improve the acid generation potential and
acid neutralisation capacity classification of some rock types. Samples were also subjected to kinetic
testing procedures to establish the potential acid generation and metal leach rates that may occur
within the waste landform.
A total of 339 samples comprising 265 waste material and 74 ore grade samples were assessed. One
hundred and ninety two of the samples were from the Madoonga deposit and 147 from the Beebyn
deposit.
The Project is expected to produce at least 273 Mt of waste rock from Madoonga pit and at least 450 Mt
from the Beebyn pit. A small proportion of this waste rock will be Potentially Acid Forming (PAF), with
estimated tonnages of PAF material of 30 Mt at Madoonga (11%) and 4.5 Mt at Beebyn (1%). The PAF
lithologies include BIF, hydrated, mafic and shale. All mineralised rock at Madoonga was classed as NAF.
Kinetic tests were conducted on samples representing various waste or low grade mineralised ore with
sulphur contents less than 0.1% during 2009 (Technical Appendix 9_B). All showed low and decreasing
rates of sulphide oxidation. Material with higher levels of sulphide content could have the largest
influence on effluent quality and it was recommended that kinetic testing of samples with higher
sulphide contents be undertaken. Such tests began in December 2009.
Results of kinetic columns will be used to estimate potential release rates of oxidation products and
metals from the waste. This data will be used to determine the required efficiency of a proposed
management strategy to predict the effluent quality form the managed wastes.
While the results of these tests are required for completing water quality predictions, SRK anticipates
that the outcomes will be unlikely to result in changes to the proposed waste management strategy (SRK
2010a). Thus data from the columns will assist in improving the design and implementation of waste
rock management but will not change the overall management strategy. For example, the data might be
used in deciding on the thickness of a Non Acid forming (NAF) cover placed over PAF waste rather than
on deciding whether to cover PAF waste or to place it back in the pit below the ultimate groundwater
level.
7.2.1

Potential Impacts

When sulphidic material is disturbed and exposed to air, the sulphides within the soil/rock are oxidised
by a group of bacteria known as chemolithoaototrophes that use sulphur for energy, forming sulphuric
acid as a by‐product. Leachate from acid forming waste rock either drains into waterways or reacts with
carbonates and clay minerals in soils and sediments, liberating dissolved aluminium, iron, manganese
and heavy metals such as copper and arsenic (CSIRO, 2004). The acid and liberated metals have the
potential to contaminate surface and groundwater and cause vegetation dieback. Dewatering at the
mine site will result in lowering of the water table, allowing oxidation of acid generating materials.
Table 7.2 summarises the potential impacts from PAF material.
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Table 7.2 – Potential Impacts from Disposal of Potentially Acid Forming Material
Project Activity
Extraction of mineral resources resulting in
the exposure and oxidation of PAF
Materials

Dewatering of groundwater to access ore
body resulting in the oxidation of in situ
PAF material.

7.2.2

Potential Impact
-

Oxidation of in‐site PAF material resulting in
generation of AMD

-

Contamination of downstream surface water and
groundwater

-

Damage to soil and vegetation

-

Oxidation of in‐site PAF material resulting in
generation of AMD

-

Contamination of the environment by release of
acid water and mineral leachate

Management Objectives

The EPA objective for management of mine waste is to:
•

Ensure that mine waste is contained and isolated so it does not result in long term impacts on the
surrounding environment.

In the event that PAF soils are encountered the objectives for management are to:
•

Identify potential acid generating material.

•

Selectively handle potential acid generating material.

•

Store potential acid generating material so that leachate is not generated.

Management of any acid mine drainage will comply with the General Guidance on Managing Acid
Sulphate Soils (DoE, 2003); the Acid Sulphate Soils Guideline Series (DoE, 2004) and the Acid Sulphate
Soils Planning Bulletin No. 64 (WAPC, 2004).
7.2.3

Management and Mitigation

SMC’s approach to managing acid mine drainage, in order of priority, is to:
•

Define the location and maximum amount of potential and existing acidity.

•

Avoid disturbance to the PAF where possible.

•

Mitigate impacts where PAF disturbance in unavoidable.

•

Rehabilitate PAF and acid drainage.

This approach will be applied on a risk basis to protect areas of environmental significance from acid
drainage impacts. Factors influencing the risk associated with disturbance of PAF include the quantity of
sulphidic material, depth of excavation and proximity to sensitive sites.
Stockpiling PAF materials will be minimised where possible as significant quantities of acid can build up,
especially in porous sandy stockpiles if left in oxidising conditions for even short periods.
Neutralisation of PAF is the least preferred management option due to the difficulty and cost of mixing
lime with PAF, the low reactivity of lime and reduced neutralising capacity over time as iron, aluminium
and gypsum coat the neutralising agent. Neutralisation will be conducted in consultation with relevant
authorities if required.
The risk associated with PAF material is the production of acidic and metalliferous drainage (AMD). This
risk is lower in the case of NAF material, although it should be noted that some metals can be mobile
under neutral pH conditions.
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To manage the waste materials appropriately, waste rock dumps will be designed with two objectives:
•

To limit contact between PAF and percolating water.

•

To minimise the likelihood that dump effluents will exert a detrimental effect on local water
quality, for example, by capturing and managing dump drainage appropriately, and if practicable,
locating the PAF material away from existing water courses and flood areas.

To meet the waste rock objectives the following management strategy has been proposed (Technical
Appendix 9‐A) is proposed:
The base layer of the dump (A) will be constructed of NAF material (Figure 7.1). The purpose of this
layer will be to raise the PAF material above the original ground and prevent direct contact of PAF
material with any water flowing at the interface of the original ground and the dump.

Figure 7.1 – PAF Waste Rock Surrounded by NAF Waste Rock

The minimum thickness of the base layer will be determined based on information such as the saturated
and unsaturated hydraulic properties of the base layer, estimates of rates of infiltration into the waste
from rainfall, natural seeps and flood levels.
During construction there would be areas of PAF rock that are uncovered and exposed to rain. These
exposure times will be minimised as far as possible through scheduling mining or dumping and planning
the location of the PAF material in the dump. In order to reduce the load of oxidation products that
could be released from PAF material during construction, a layer of low permeability NAF material (B)
will be placed over the NAF base layer and under the PAF rock (C). The purpose of layer B will be to limit
the rate of downward movement of water and therefore reduce the rate of release of any AMD
produced. It is likely that a portion of water moving downward through the dump will exit the dump at
the base and continue to move downward towards the groundwater table.
The waste rock dump will be constructed in several lifts. The number of lifts would be based on
geotechnical stability and mine scheduling requirements. Truck and dozer movement on the top surface
of the lifts will compact the material and reduce the permeability to water. This will have the benefit of
reducing the permeability of the top surface of each lift, potentially reducing water infiltration and
promoting runoff. These benefits will be maximised through dump design aspects such as surface
contouring and drain construction.
PAF material will be covered on both of the side slopes (batters) and top surface with NAF material. A
cover (D) designed to limit the infiltration of rain will be constructed on the top surface of the dump. It
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will extend laterally beyond the PAF material. The final design of the cover will be determined based on
the annual rainfall, rainfall intensity distribution and potential evapotranspiration. The design would
likely include features to promote runoff from the surface and/or promote retention of infiltrating water
near the surface for subsequent evapotranspiration.
Engineered features will include appropriate slopes, berms and drains. The top surface of the cover (E)
will be suitable for supporting vegetation. The design of the cover has not yet been finalised but is likely
to include top soil stripped from the pit surface and waste rock dump footprints prior to starting
construction of the pit and dumps.
Batters of the dumps will be constructed of materials resistant to erosions. Batter slopes will be chosen
to reduce rates of erosion and thereby maintain the NAF cover.
Cut off drains will be constructed to prevent run‐off from undisturbed lands contacting the dumps and
to separate dump run‐off from water running off undisturbed land. Dump run‐off will be channelled to
settling ponds to store sediment.
Water drainage lines passing under the dumps that may transport AMD from the dumps will be
managed separately.
SMC will continue to complete kinetic tests on waste rock and tailings samples during operations as
defined in the National Handbook “Managing acid and metalliferous drainage to continually improve
waste material management. Kinetic tests using blends of different materials (e.g. acid‐generating and
acid consuming materials) may be established to explore AMD management options.
As studies of the deposit, geochemistry of the waste and other aspects of the project provide further
data related to waste rock management the advantages and disadvantage of alternative strategies will
be considered. It is possible that the proposed strategy will be modified in the future during operations
to better manage waste material and the potential for AMD.
7.2.4

Monitoring

Monitoring of surface water and groundwater for indicators of AMD being generated (decreasing pH,
increased concentrations of heavy metals, elevated TDS and increased electrical conductivity) will be
undertaken during the life of the Project.
7.2.5

Predicted Outcome

The management measures described above show that the Project can meet the EPA’s objective for
mine waste as follows:
•

Mine waste will be contained in a waste landform and potential acid forming waste will be
encapsulated in the landform.

The residual risk (following the implementation of control measures) from Project activities and mine
waste has a severity rating of Low.
7.2.6

Environmental Management Commitments

Commitment 3:
An Acid Mine Drainage Management Plan will be developed and implemented, during construction
and operation. The plan will set our procedures to minimise the creation of PAF and acid mine
drainage, monitor the effectiveness of control measures, detail further need for kinetic testing of
waste materials, and ensure that effective rehabilitation can be achieved.
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7.3

GROUNDWATER AND DEWATERING

Groundwater Abstraction
Mining at the Project will require excavations below the water table. To allow mining under dry
conditions dewatering of the ore body will be required. SRK Consulting performed hydrogeological
investigations of the Project from 2007 to present.
SRK developed and calibrated a numerical hydrogeological model for the projects pre‐feasibility study in
2008. Details on the construction and calibration of the model are discussed in detail in Technical
Appendix 10. The original model was developed and calibrated for a 61 Mt scenario and a mine life of
11 years. Following further definition of the available deposits at Weld Range, SMC requested SRK to re‐
run the hydrogeological numerical model over a mine life extended to 9 years (Technical Appendix 10a).
The first two years of mining, where pre‐stripping will occur, will not require dewatering.
Several borehole configuration and pumping schemes were modelled until the water table was below
the pit bottom for the different mining stage. Elevation of the water table at the end of each year was
compared with the elevation of the pit bottom. If the water table was not below the pit bottom, a new
borehole configuration was applied and the simulation process restarted.
The modelled steady‐state water table (SRK, 2008c, Technical Appendix 10) was used as the initial
condition for the predictive simulations. Pumping boreholes were incorporated into the calibrated
model and a 9 years simulation was performed to evaluate the effectiveness of the pumping in keeping
the pits at Beebyn and Madoonga dry for mining.
SRK completed further fieldwork between March and November 2009 to provide additional hydrological
data to enhance the regional understanding of the hydrological setting around the Project; data is
presented in Technical Appendix 10c. The conceptual modelling was constructed using FEFLOW®. The
study area was modelled and calibrated. This calibrated model was used to predict the groundwater
extraction necessary for mining operations.
A total of 11 boreholes pumping at a combined rate of 275 l/s in Madoonga and 9 boreholes pumping at
a combined rate of 105 l/s in Beebyn are required to achieve a drawdown in the water table suitable for
mining operations. Individual pumping rates of 25 l/s were used at the 11 boreholes simulated in
Madoonga. At Beebyn, however, pumping rates of 10 l/s and 15 l/s were used to accommodate for the
thinner bands that characterise the BIF in the area.
Based on information provided in the SRK (2009) modelling in Technical Appendix 10 b, at the end of
year 9, the lowest elevation of the pit bottom is 370 m RL (Beebyn). This modelling was based on worst
case scenario information, which has since been reduced due to changes in Project design and reduction
in abstraction rates. Remodelling the hydrology was not deemed necessary as SMC prefer to take worst
case information.
Boundary effects are only apparent in one of the six pumping tests conducted. However these results
cannot be analysed by traditional methods and available data at the time was not sufficient to conduct a
detailed analysis of the test data with a numerical model to characterise the intercepted structure.
Therefore, no structures were included in the preliminary numerical model for the PFS.
During the current Bankable Feasibility Study (BFS), four dedicated groundwater exploration boreholes
are targeting inferred structures. Additional information will be collected from packer tests conducted
in geotechnical exploration boreholes. The updated numerical groundwater flow model to be
constructed during the BFS will include identified fracture zones, faults, and their estimated hydraulic
values. Nevertheless, the numerical modelling will assume porous medium for all lithological units. This
BFS information will be presented in the Weld Range Mining Proposal which will be submitted to the
DMP for approval.
The BFS conceptual model consists of two different aquifer types, a more extensive shallow aquifer
located in the flatlands and a localised fractured aquifer in the Weld Range.
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SRK (2010) suggest a pit dewatering strategy for the Project to include a hybrid of pit perimeter
boreholes, drain holes and a limited number of in pit boreholes to dewater the deeper parts of the pit.
Figure 7.2 reflects the simulated water level contour map after 9 years of pumping. The influence of
dewatering was evaluated by comparing the final water levels resulting from the model with the initial
conditions used in the model. Figure 7.3 presents the predicted drawdown contour at the end of the 9
year pumping period overlaid with vegetation. The 3 m contour line was selected as the limit of
influence because variations in the water table smaller than 3 m can be attributed to natural seasonal
fluctuations. These figures utilise the worst case scenario information with drawdown rates from SRK
2009 modelling.
The 3 m drawdown level is based on the accepted and conservative 10 ft (~3 m) drawdown isopleth
used to define the extent of possible mining induced drawdown. It has been concluded by the BLM that
10 ft is the minimum drawdown predicted by a large‐scale numerical model that should be utilised in the
decision making process. Hence the use of the 3 m drawdown isopleth to indicate the potential impact
in the area of the proposed mine site due to mining related activities. Additionally, limited monitoring
data has been collected in the area so the natural fluctuation of the groundwater levels has not been
defined.
The model predicts that in the Beebyn area, the drawdown contour will extend approximately 4,500 m
to the north of the pit and 5,000 m to the south. At Madoonga, the model predicts that the 3 m
drawdown contour will extend much further due to the higher extraction rates, .and will extend
approximately 9,000 m from the pit and to the south drawdown will extend approximately 7,500 m from
the pit. The simulation indicates a rapid recovery in the first five years, followed by a slow down over
time. Five local bores are likely to be impacted on, Gap, Ram, Madoonga Station, Micks and Limestone
well (Technical Appendix 10a), however they are all located within the Madoonga Station which is
owned by SMC, and therefore other users will not be impacted. Gap bore will be removed during
mining, Ram bore will recover within 1 year, Madoonga Station within 5 years, Micks and Limestone well
in 10 years.
Discharge of Surplus Dewatered Water
The annual water usage for the mining areas, processing facilities and supporting infrastructure has been
estimated at 3.19 GLpa to 4.96 GLpa, as determined in Table 5.3.
Water abstraction rates are estimated by SRK (2010a) to be 11.95 GLpa. This is based on all bores in use
for 365 days a year. The mine planning and staging process will not require all bores to be in use at any
one time. A conservative estimate by SMC mine planning engineers has been calculated to be 6.74 GLpa
to 11.95 GLpa.
It is proposed that a maximum volume of 11.95 GLpa will be extracted through dewatering activities.
Water that is in excess of the volumes needed for dust suppression or other purposes (3.19 GLpa to 4.96
GLpa) will require re‐use or discharge. The Project involves the discharge of surplus saline water, 8.7
GLpa (11.95 Glpa – 3.19 GLpa) into an Evaporation Pond located in close proximity to the Madoonga Pit.
The fresh water dewatered from Beebyn will be used in mine processing activities.
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Groundwater Rebound
The modelled water table after 9 years of pumping was used as the input condition for the predictive
post‐mining simulations. Dewatering of the pits will not be required for the first two years during
stripping.
Pit excavation and pit lake evaporation of 3,550 mm/year were incorporated into the model and
simulations were performed to evaluate the recovery of the regional water table after mining.
The model predicts in the first year post‐mining the development of pit lakes in both Beebyn and
Madoonga, as inflow enters into the pits. The simulated pit lake water levels after 1, 2, 5, 10 and 25
years post‐mining are presented in Table 7.3.
Table 7.3 – Pit Lake Elevation with Time After Pumping Has Stopped
Beebyn

Madoonga

Time post mining
(yr)

Pit lake water level (m RL)

Time post mining
(yr)

Pit lake water level (m RL)

1

373

1

382

2

387

2

395

5

412

5

419

10

437

10

422

25

480

25

430

The water level in the pit lakes of Beebyn will rise up to 480 m RL while in Madoonga the pit water level
will reach 430 m RL after 25 years post mining. The simulation indicates a rapid recovery of the water
table in the first five years, followed by a slow down of the recovery with time.
The concentration of solutes within the pit lakes will increase over time due to high evaporation and low
precipitation in the area.
7.3.1

Potential Impacts

Potential impacts from groundwater abstraction and discharge of surplus dewatered water are
summarised below in Table 7.4.
Table 7.4 – Potential Impacts from Dewatering
Project Activity

Abstraction of groundwater
dewatering and processing

Potential Impact

for

-

Localised drawdown may impact groundwater
dependent vegetation (phreatophytic vegetation),
stygofauna and stock watering bores.

-

Disturbance of natural groundwater flow patterns
from the mine pit.

-

Contamination of surface water

-

If not contained, may cause a decline in the health
of vegetation communities and fauna habitat.

-

Possibility of leaching from failure in pond lining
and walls resulting in contamination of soil and
surface/ground water.

pit

Discharge of saline and hypersaline water

Disposal of hypersaline water
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Project Activity

Closure and Rehabilitation

Potential Impact
-

Contamination of groundwater.

-

Poor design resulting in inefficient storage capacity
of Evaporation Pond.

-

Contamination from pit lakes.

The influence of dewatering was evaluated by comparing the final water levels resulting from the model
with the initial conditions used in the model. Figure 7.3 and Figure 7.4 present the predicted drawdown
contour at the end of the 9 year pumping period. The 3 m contour line was selected as a limit of
influence because variations in the water table smaller than 3 m can be attributed to natural seasonal
fluctuations.
The model predicts that in the Beebyn area the drawdown contour will extend approximately 4, 500 m
to the north and approximately 5, 000 m to the south of the pit.
At Madoonga, the model predicts that the 3 m drawdown contour will extend much further due to the
higher extraction volumes. Drawdown to the north of Madoonga will extend approximately 9, 000 m
from the pit. To the south, the drawdown will extend approximately 7, 500 m from the pit.
Impacts to Groundwater Dependent Ecosystems:
Alterations to groundwater levels resulting from borefield pumping can affect GDEs and the
phreatophytic vegetation that occurs in these GDEs. Vegetation dependent on groundwater for all or
part of the year can be adversely affected by lowered groundwater levels. The effects depend on the
timing and modification of water abstraction, and the magnitude and rate of drawdown. Pumping of
water for the proposed works will need to be managed appropriately so that the phreatophytic
vegetation of the project area is not irreversibly affected by changes in groundwater levels.
Current modelling indicates that decreases of between 5 m and 125 m to current groundwater levels
could occur over the nine years modelled for the life of the mines at Madoonga and Beebyn. The
drawdown contours indicate that decreases could occur in the vicinity of the saline claypans and
seasonally inundated zones at Madoonga, the location at which potentially phreatophytic vegetation is
present. Figure 7.3 and Figure 7.4 illustrates the groundwater drawdown at 11 years overlain with
vegetation mapping. GDE vegetation units 7a and 7b are highlighted.
Modelling of drawdown cones indicates that the boundary of the drawdown cone, where decreases in
the water table are likely to be range from 16 m to 26 m, encompasses approximately 15% to 25%of the
main zone of inundation. A further 5‐15% lies between decreases of 26 and 35m and less than 5%
between 36 to 46 m. A mean relative sea level of 486 mRL was applied to the drawdown cones
indicated in the SRK 2010 9 year dewatering drawdown cones to determine these levels.
The vegetation in this area is dominated by Unit 7a, Melaleuca stereophloia and Cratystylis
subspinescens shrubland over Tecticornia spp/Frankenia laxiflora low shrubland, with smaller areas of
Unit 7b, Eucalyptus carnei and E. trivalvis woodland over Cratystylis subspinescens and Muehlenbeckia
florulenta low sparse shrubland and mixed tussock grasses. Within the study area these units are
restricted to this location.
The degree to which the species present at this location are dependent upon groundwater is unclear; to
establish the degree of dependence will require knowledge of the depth to which each species’ roots
extend and probably some measurement of seasonal variation in transpiration rates. However it is
reasonable to assume that if a species is restricted to environments where groundwater is more readily
accessible, there may be some dependence. Both E. carnie and E. trivalvis have been recorded from a
range of non‐riparian habitats and do not appear to be obligate phreatophytes, although this does not
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preclude the fact that they may be seasonally phreatophytic at this location. Melaleuca stereophloia is
much more consistently located on saline flats and lakes, although there are some records from hill
slopes. This species may be more susceptible to a decreased water table, particularly if it occurs at a
rapid rate such that it cannot adapt by developing a deeper root system. Other shrub species present
are likely to have shallower root system and thus be dependent on surface fed water. The dependence
on groundwater of Cratystylis subspinescens, Tecticornia spp/Frankenia laxiflora, Cratystylis
subspinescens and Muehlenbeckia florulenta is relatively unknown.
Another potential effect of a decreasing water table could be an increasing level of salinity in the soil in
the capillary zone above the water table. Species which are accessing water from this zone may be
adversely affected by the increasing salinity which inhibits effective water uptake. At present there is
insufficient information available regarding the tolerance of the species present to changes in salinity,
and the likelihood and extent of such changes.
The estimated impact to the Community 7b is relatively high, 38.82% (Technical Appendix 12, Table 7.2)
for the Project. This community is considered locally significant, as it occurs on a seasonally inundated
salt pan which provides a refuge to threatened fauna species. This community will be impacted by the
proposed Madoonga waste dump. Community 7b extends to the north beyond the boundaries of the
Study Area however even allowing for this larger area, it remains locally restricted. The estimated
impact to Community 7a is low, 6.4%.
Given the unknown nature of the dependence on groundwater of the communities, the impact of
38.82% of the known mapped area of Community 7b, and the fact that both E. carnie and E. trivalvis
(Community 7b) have been recorded from a range of non‐riparian habitats and do not appear to be
obligate phreatophytes, the risk to the GDE’s can be determined to be moderate.
The risk to GDEs may be lowered considerably by avoiding periods of peak environmental demand and
allowing adaptation of dependent biota to a lower water table. If the annual decline in groundwater
level can be restricted to the maximum rate of downward growth of the roots of those plants dependent
on groundwater, they may still be able to access the water in the capillary fringe above the water table
as the water table drops.
Impacts from Mine Dewatering Discharge:
The current conceptual plan for the disposal of saline water produced by dewatering activities at Beebyn
and Madoonga is to pipe the saline water to an Evaporation Pond.
Investigations carried out by SRK (2010) (Technical Appendix 10c) suggest that groundwater from
production, exploration and monitoring boreholes at Madoonga exhibited a large variation in salinity
near the proposed site of the evaporation pond. TDS (mg/l) ranged from 740 mg/l, at MDWB02, to 4800
mg/l, at Gap bore.
Impacts may arise from the improper disposal of salts from the evaporation pond.
Impacts from Pit lakes:
The modelled water table after 9 years of pumping was used as the input condition for the predictive
post‐mining simulations. Pit excavation and pit lake evaporation of 3,550 mm/year were incorporated
into the model and simulations were performed to evaluate the recovery of the regional water table
after mining.
Groundwater modelling indicates that the water table of the Beebyn and Madoonga pit lakes will be
lower than the surrounding groundwater elevation, therefore creating two open pits which will function
as sinks with groundwater flowing towards the pits. The model predicts in the first year post‐mining the
development of the pit lakes in both areas, as inflow enter into the pits. The water level in the pit lakes
of Beebyn areas will rise up to 480 m RL, while in Madoonga the pit water level will reach 430 m RL after
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25 years post‐mining. The simulation indicates a rapid recovery of the water table in the first five years,
followed by a slowdown of the recovery of the water table with time. Pit lakes will therefore have no
influence on the quality of the adjacent groundwater.
As a result of greater removal of water by evaporation that can be supplied by inflows and rainfall, the
salinity of the pit will increase over time. Pit abandonment control measures have been developed and
are detailed in the Project Conceptual Closure Plan. Strategic planning of waste dumps and
infrastructure has been incorporated into the Conceptual Closure Plan.
7.3.2

Management Objectives

The EPA objectives for the management of groundwater are to:
•

Maintain the quality and quantity of groundwater so that existing and potential environmental
values, including ecosystem maintenance, are protected.

•

Ensure emissions do not adversely affect environmental values or the health, welfare and amenity
of people and land uses by meeting statutory requirements and acceptable standards.

7.3.3

Management and Mitigation

A Groundwater Management Plan will be developed and implemented to ensure groundwater quality in
the vicinity of the mine site is maintained. A monitoring program will be implemented during mining
operations to monitor groundwater quality and measure the groundwater level (i.e. pressure) and inflow
rates.
Groundwater Dependent Ecosystems:
The risk to GDEs may be lowered considerably by avoiding periods of peak environmental demand and
allowing adaptation of dependent biota to a lower water table. If the annual decline in groundwater
level can be restricted to the maximum rate of downward growth of the roots of those plants dependent
on groundwater, they may still be able to access the water in the capillary fringe above the water table
as the water table drops. During periods of peak environmental demand, SMC will restrict lowering of
the groundwater table to allow for the maximum rate of downward growth of the roots of plants
dependent on groundwater.
Pit Lakes:
SMC has prepared a Conceptual Mine Closure Plan to manage Project activities so that impacts to
groundwater resources are minimised post mine closure. Some those management strategies include
the following:
•

consideration of backfilling of mine void;

•

management of the water quality within the pit lakes; and

•

management of potential leaching from the pit shell, including monitoring bores.

SMC will manage open pits, and pit lakes, in accordance with the Department of Mines and Petroleum
Environmental Notes on Mining (Sept 2009) ‐ Care of Maintenance. In which open pits will be managed
with appropriate bunding and surface water drainage structures.
The backfilling of pits has been considered. While the results from the SRK (2009) Scenario 1a
demonstrated that maintaining backfilling whilst mining is feasible, only limited quantities of waste are
able to be stowed in‐pit with the major proportion of the waste reporting to external waste dumps.
Discharge of Surplus Dewatered Water
The evaporation pond desktop survey carried out by ecologia in May 2010 indicated that further survey
work was required prior to clearing, these included:
September 2010

146

Weld Range Iron Ore Project
Public Environmental Review

•

A targeted flora survey is completed prior to construction to establish whether any Priority taxa
are present in the area to be cleared. The abundance of any such taxa should also be recorded to
allow an evaluation of the proportion of total numbers present which would be impacted.

•

Due to the high level of fauna survey effort conducted in the immediate area no targeted surveys
are recommended. Impacts to species of conservation significance, such as Lerista eupoda, will be
similar to those discussed in previous fauna assessments.

•

A foraging survey is conducted in the area where the Evaporation pond is proposed in order to
determine whether any of these species or other potential SRE species will be affected by the
development.

Rehabilitation of the evaporation pond will occur as outlined in the conceptual closure plan. All salt will
be removed from site and disposed of at an approved facility and the remaining structure will be
rehabilitated.
Monitoring
The groundwater monitoring plan will require the installation of groundwater monitoring boreholes
upstream and downstream of each pit and downstream of the evaporation/infiltration pond. This
monitoring will:
•

Measure and record groundwater levels in the monitoring boreholes on a monthly basis.

•

Collect samples from the monitoring boreholes on a quarterly basis and measure field parameters
in these samples (pH, TDS, EC and temperature).

•

Collect samples from monitoring boreholes annually and submit these samples to a laboratory for
full chemical analysis.

•

A groundwater monitoring register will be developed.

This monitoring program will be reviewed annually when the data from the program is also reviewed.
Monitoring Pit Lake
Closure monitoring of the groundwater aquifer surrounding the pit will be monitored under the
following periods as detailed in Table 7.5. Parameters measured will include salinity, pH and leachate of
contaminates. Monitoring will cease when two consecutive results indicate a stable and acceptable
environment similar to that identified prior to mining as defined in the Ground Water Operating
Strategy.
Table 7.5 – Monitoring for salinity, pH and leaching of contaminates for pit lakes

7.3.4

Monitoring Timescale

Period post closure

Yearly

Closure (0 years) to 4 years

Every 5 years

Year 5 to 25 years

Predicted Outcome

Drawdown associated with dewatering at the mine site is predicted to result in a drawdown cone area of
5 km at Beebyn and 9 km at Madoonga over the life of mine period.
Surplus dewatered water will be discharged to an evaporation pond.
The management measures described above show that the Project can meet the EPA’s objectives for
groundwater as follows:
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•

Groundwater levels will recover at the conclusion of dewatering. Modelling indicates a rapid
recovery of the water table in the first five years, followed by a slow down of the recovery with
time.

•

Surplus saline groundwater will be disposed of within an infiltration evaporation pond on site in
an Evaporation Pond.

The residual risk (following the implementation of management and mitigation measures in Section
7.3.3) from Project activities impacting upon groundwater quantity and quality, phreatophytic
vegetation from dewatering, water abstraction and disposal of saline water, has a severity rating of low.
7.3.5

Environmental Management Commitments

Commitment 4:
Prior to dewatering activities, a Groundwater Management Plan will be developed and implemented
in consultation with the DEC and DoW. The plan will set out:
•

model the short and long term hydrogeological impacts of dewatering ,

•

complete further studies on the hydrology of the palaeochannel (gap);

•

a groundwater monitoring program, including monitoring of pit lakes, and

•

procedures to minimise the impacts to groundwater aquifers.

Once licences are issued for bores a Groundwater Operating Strategy will be developed.
Commitment 5:
Prior to approval of PER, SMC will conduct vertebrate and invertebrate fauna and vegetation and flora
surveys to assess the proposed impact area and to determine the potential impact to fauna and flora
as a result of discharging dewatered saline water to an Evaporation pond. This information will
influence design parameters and management measures for this proposed work.
7.4

SURFACE WATER

The Beebyn and Madoonga deposits and associated infrastructure are located immediately south of and
adjacent to two significant ephemeral watercourses (Beebyn and Madoonga Creeks). The catchment
areas providing flow to Beebyn and Madoonga creeks are 222 km2 and 524 km2 respectively.
7.4.1

Potential Impacts

Potential impacts on surface hydrology, resulting from Project activities, are identified in Table 7.6.
Table 7.6 – Potential Impacts on Surface Water From Project Activities
Project Activity

Construction of Project infrastructure,
including haul roads, access tracks and
mine pits.
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Potential Impact
-

Alteration of hydrological regime, leading to
increased erosion and sedimentation.

-

Erosion of exposed surfaces by wind, water and
construction activities generating sediment loads
in surface runoff flows.

-

Changes to the flood regime of the area.

-

Changes to local vegetation types.

-

Increase in water shadow effects.
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Project Activity
Storage, handling and
hazardous substances

transport

Potential Impact
of

Generation of contaminated leachate from
mine pits, stockpiles, ROM pads and waste
dumps

-

Contamination of soil / surface and/or ground
water.

-

Contamination of soil / surface and/or ground
water.

-

Changes to surface water flows.

-

Excess saline water may clog flora stomata.

Mine dewatering

Dust suppression activities

Modification of the Existing Hydrological Regime:
The construction of mine pits, waste dumps, haul roads, evaporation pond and other associated
infrastructure potentially affects existing surface water drainage features, including rivers, creeks and
floodplains.
Modification of the existing drainage routes will change the volume and distribution of runoff to some
areas, creating water shadows, and increasing flows and periods of inundation in others. This
disturbance has the potential to adversely impact downstream vegetation due to water starvation or
drowning, erosion and increased sedimentation. Most of the vegetation of the Project area utilises
surface water for all of its water needs. Mulga particularly is affected by alterations to surface water
flow and could be affected by alterations to flow regimes by infrastructure.
The development of mine pits adjacent to or within major drainage channels pose significant flood risk
to mine pits, and potential for water starvation downstream. Runoff from waste dumps and cleared or
disturbed areas may increase the volume of runoff and adversely impact on water quality.
Sediment Generation:
The proposed mining operations will create ground disturbances which will increase the sediment loads
transported in rainfall runoff. These increased sediment loads may potentially cause infilling of pools
and smothering of vegetation in the downstream channels, floodplains and other sensitive ecological
areas.
Water quality:
There is potential for adverse changes to surface water quality due to:
•

Discharge of hydrocarbons incorrectly stored, handled or transported on site.

•

Runoff from mine pits, stockpiles, ROM pads and waste dump areas producing contaminated
leachate such as acid mine drainage from sulphidic waste rock.

•

Discharge of potentially saline water used for dust suppression.

Contaminated discharges can impact on vegetated areas and other sensitive ecological areas if allowed
to enter waterways.
7.4.2

Management Objectives

The EPA objectives for management of surface water are to:
•

Maintain the quality and quantity of surface water so that existing and potential environmental
values, including ecosystem maintenance, are protected.
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•

7.4.3

Ensure emissions do not adversely affect environmental values or the health, welfare and amenity
of people and land uses by meeting statutory requirements and acceptable standards.
Management and Mitigation

The environmental impacts surrounding surface water will be minimised by avoiding impact through site
selection. Where impact is unavoidable, engineering controls will be implemented with particular
attention to the avoidance of water pooling to prevent formation of conditions that would support
conditions for breeding of mosquitoes.
Modification of the Existing Hydrological Regime:
The design and implementation of works will incorporate management features to minimise or mitigate
the adverse changes to existing flow regimes affecting flood characteristics, scour and siltation of
drainage channels, inundation of areas upstream and water starvation of areas downstream of the
construction.
The proposed mining operations will generally occur away from major drainage lines and floodplains, on
elevated areas, thereby reducing the risk of direct impacts on the existing flow regime of the
watercourses. The mine works are relatively small within the context of the wider catchments feeding
Beebyn and Madoonga Creeks.
Where possible, waste dumps will be located at the upper reaches of affected sub‐catchments to
minimise potential through flow of runoff. The perimeter of waste dumps will be protected by diversion
channels and earth bunds to prevent upstream runoff entering the waste dump areas. In most cases,
diverted water will be redirected back into the original waterway within a short distance from the waste
dump area.
In some instances, earth bunds and diversion drains are required on the downstream side of waste
dumps to collect runoff, sediments and potential leachate flows from the dumps for diversion into
sedimentation ponds for treatment.
SMC will incorporate design features as recommended in Worley Parsons (2008) study to include;
culverts, floodway crossings, bunds and diversion drains, spoon drains and V drains.
A Permit to obstruct or interfere with Bed and Banks Issued under Section 17 of the Rights in Water and
Irrigation Act may be required where a drainage channel is crossed by a road or any other mine
infrastructure which obstructs or interferes with the watercourse.
Concept design calculations, design specifications and recommended locations (co‐ordinates) have been
prepared for the proposed flood mitigation and surface water management measures within Technical
Appendix 11, Section 8.2. Summaries of the design calculations are provided in Technical Appendix 11,
Appendix H. A summary of the proposed flood mitigation and surface water management measures is
provided in Technical Appendix 11, Section 8.2 with design drawings.
Sediment Generation:
The approximate area of disturbance, estimated from the mine pit and waste dump outlines is 10 km2,
with approximately half of this area located within the Madoonga and Beebyn Creek catchments. The
remaining half is located within the upper reaches of undefined southern catchment. Further areas of
disturbance within the Beebyn and Madoonga catchments will be required to accommodate mine
infrastructure. However, the combined Beebyn and Madoonga catchment area is 746 km2 and the area
of expected disturbance from mining is less than 2% of the combined catchment area.
Runoff from the waste dumps may carry high sediments loads. Runoff from waste dumps will be
directed into downstream sedimentation basins for treatment prior to discharge to the natural water
courses.
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Water Quality:
A Surface Water Management Plan will be developed to contain contamination at source, to remediate
spills, to control dust and erosion and to protect flora and fauna. During both construction and mine
operation care will be taken to minimise the generation of contaminants and to restrict transport to
groundwater and surface water systems. The Surface Water Management Plan will meet the
requirements outlined in the DoW Water Quality Protection Guidelines (2000).
Hydrocarbons will be managed to avoid leaks and spills. Fuel handling areas will be bunded to capture
spills for remediation and located outside of floodplains or appropriately elevated to avid the risk of
flood inundation.
Stormwater runoff from workshop pavements, fuel unloading and storage areas and from vehicle
washdown areas will be directed to grit and oil interceptors to remove pollutants prior to discharge of
the water. Accidental spills outside controlled areas will be remediated to avoid contamination of
groundwater or surface waters.
Dust suppression water has the potential to cause ecological damage to surrounding flora and fauna if
not managed appropriately. All dust suppression activities will be designed in line with the requirements
of the DoW Water Quality Protection Guidelines (2000) and the water used will be of suitable quality to
minimise and where possible, avoid ecological damage to surrounding areas.
Flood Mitigation:
The Beebyn and Madoonga mine site infrastructure will be located outside the estimated 100‐year ARI
design flood extents of the main creeks. Flood protection measures will be required to protect the site
infrastructure, waste dumps and mine pits from inundation caused by sheet flow and localised flooding
of minor waterways.
•

Diversion drains will be designed to divert runoff from undisturbed areas around or through the
mining operations where possible, with an allowance for 0.5 m freeboard. Diversion drains
around the mine site infrastructure and waste dump drainage will be designed to capture and
divert the 10 year ARI design flood event, while mine pit diversions will capture and divert the
100‐year ARI design flood event. Portions of the Madoonga waste dump drainage are located
within the 100‐year ARI flood risk area (Figure 7.5). This drainage will require safety bunds
constructed down gradient of the drains and at a level appropriate to maintain a minimum 0.5 m
freeboard above floodwaters. Safety bunds may require scour protection.

•

Surface water runoff from waste dumps will be managed to reduce suspended sediment loads
prior to discharge to existing ephemeral watercourses. Stormwater runoff from waste dump
areas will be directed to sedimentation ponds using diversion drains, bunds and existing natural
drainage lines. To ensure all runoff from these areas is captured, sedimentation ponds will be
located in natural drainage lines on the ultimate boundary of the waste dump layout. As the
majority of suspended sediments are generated during waste dump development, sedimentation
ponds will be sized to ensure they can treat the maximum peak flows expected throughout all
stages of development, including flood events, not just on completion. Design calculations and
concept design details of the proposed sedimentation ponds are provided in Technical Appendix
11.

•

Culvert crossings and floodways have been designed to accommodate the 10‐year ARI design
flood event at location where creeks and drainage lines cross the hail road alignment. Low level
floodways are proposed to minimise the store of water behind the road embankment, thereby
minimising the period of inundation and reducing access restrictions following flood events.
Design calculations and details for culvert crossings and floodways are provided in Technical
Appendix 11.
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7.4.4

Monitoring

Surface water will be monitored on a regular basis in accordance with the Project EMP.
7.4.5

Predicted Outcome

No permanent impacts to surface water quality in areas surrounding the mine site are anticipated, as all
water runoff within the site will be harvested as process water. Should exceptional rainfall events
necessitate discharge to the environment, excess water from the non‐impacted water stream will be
passed through settling ponds to ensure water is of acceptable quality prior to discharge to the
environment. In exceptional rainfall events, excess water from the impacted water system will be
directed into the pit and managed on‐site.
The management measures described above show that the Project can meet the EPA’s objectives for
surface water as follows:
•

The Project will not use surface water supplies and only implement localised water diversion
around mine infrastructure in major flood events.

•

Surface water containing sediment or contaminants will be contained or directed to detention
basins before discharge.

Surface water quality and flow impacts (including sheet flow and sedimentation regimes) resulting from
Project activities was rated as Low residual risks.
7.4.6

Environmental Management Commitments

Commitment 6
A Surface Water Management Plan will be developed and implemented in consultation with the DEC.
The plan will set out procedures to:
•

minimise the impacts of mining and processing to surface water quality, and

•

monitor the effectiveness of management procedures.
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7.5

VEGETATION AND FLORA

The clearing and vegetation disturbance estimate for this Project is 4,074 ha, as summarised in Table
7.7.
Table 7.7 – Summary of Clearance and Disturbance for Project Mining and Infrastructure
Weld Range Project

Approximate Area (ha)

Beebyn Pit and Waste Dumps

1098

Madoonga Pit and Waste Dumps

715.5

Madoonga Pit Infrastructure

72.6

Central Processing
Infrastructure

Facility

–

Plant

and

Evaporation Pond

450
674

Accommodation Village

161.3

Airstrip

55

Access Tracks and Haul Roads

549

ANFO

40.3

Borrow

258.4

Undisturbed Land

18,426
TOTAL

4074 (40.7 km2)

TENEMENT AREA

22,500 (225 km2)

Regionally, Weld Range has high conservation significance, as it is one of the few areas of relief (hills and
ridges) in an area dominated by flat sand plains. Broader scale mapping of the region show similarities
between the vegetation communities across the BIF ranges of the area (Weld Range, Jack Hills and
Robinson Range). However at a finer scale, there are differences in species composition between each
range.
The following points summarise the conservation significance of the vegetation and flora at Weld Range:
•

To date, 27 priority taxa have been recorded in surveys carried out by ecologia and the DEC at
Weld Range. These priority flora species are located across a range of vegetation communities
and landforms and include six Priority 1, 18 Priority 3 and three Priority 4 species.

•

No taxa or ecological communities of national or state significance were recorded during the
ecologia survey. However, one Priority 1 PEC is recorded as occurring in the area “Weld Range
vegetation complexes (Banded Ironstone Formation) (BIF)”, and some of the Project area lies
within this PEC.

•

The conservation significance of two land systems occurring within the Project area ‐ Weld and
Yarrameedie – is rated as regionally significant as they are mapped over small areas of Western
Australia and the Murchison.

•

Three of Beard’s vegetation units ‐ Acacia aneura and Acacia quadrimarginea scrub (a 1.14 Si),
Acacia aneura and Acacia grasbyi low woodland (a 1.17 Li) and Acacia aneura, Acacia ramulosa
and Acacia linophylla (now Acacia ramulosa var. linophylla) low woodland (a 1.9 Li) ‐ are
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considered to have high regional significance due to their limited distribution in Western
Australia.
•

One of the vegetation units recorded by the DEC at Weld Range is regionally significant –
Community 6 ‐ Acacia sp. Weld Range, A. aneura and A. speckii shrubland over Eremophila spp.
and Heliotropium ovalifolium on dolerite.

•

Three vegetation units mapped by ecologia during the current survey are considered to have high
local conservation significance. Communities 1 and 2 and their associated sub‐communities are
restricted to the BIF ridges and outcrops, which are the target of mining activities. Community 4
(and associated sub‐communities) appears to be the only known community in which the two
undescribed species of interest, Acacia sp. nov. (aff. kochii) and Hemigenia sp. nov. (aff. exilis),
occur. Community 7 (and associated sub‐communities) has a limited distribution in the Project
area and is the only recorded habitat for the priority three species Tecticornia cymbiformis at
Weld Range.

•

To date, 27 priority taxa have been recorded in surveys carried out by ecologia and the DEC at
Weld Range. These priority flora species are located across a range of vegetation communities
and landforms. This is a high number compared with the priority flora recorded at other BIF
ranges lying north of Mount Magnet.

•

Based on current FloraBase records, the numbers and populations of plants recorded by ecologia
at Weld Range, and the location of these populations with respect to planned infrastructure, nine
priority species recorded at Weld Range are considered locally significant.

7.5.1

Potential Impacts

Potential impacts from clearing vegetation within the Project area are summarised in Table 7.8. Impacts
on vegetation from groundwater drawdown and changes in surface hydrology, erosion and
sedimentation are presented in Sections 7.3 and 7.4 respectively.
Table 7.8 – Potential Impacts on Vegetation from Clearing
Project Activity

Ground disturbance
vegetation clearing
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Potential Impact
-

Loss of Priority 1 species, Acacia?burrowsiana, Euphorbia
sarcostemmoides, Goodenia lyrata, Ptilotus astrolasius var.
luteolus, Sauropus sp. Woolgorong, S tenanthemum patens.

-

Loss of Priority 2 species Beyeria lapidicola.

-

Loss of Priority 3 species, acia speckii, Calytrix erosipetala,
Dodonaea amplisemina, Eremophila arachnoides subsp.
Arachnoides, Grevillea stenostachya, Hemigenia tysonii,
Homalocalyx
echinulatus,
Micromyrtus
placoides,
Mirbelia?stipitata,
Prostanthera
ferricola,
Prostanthera
petrophila, Ptilotus beardii, Tectocornia cymbiformis, Verticordia
jamiesonii.

-

Loss of Priority 4 species Baeckea sp. Melita Station (H. Pringle
2838), Goodenia berringbinensis, Grevillea inconspicua.

-

Loss of individuals or populations of SOI Acacia sp. nov. (aff.
Kochii), Hemigenia sp. nov. (aff. Exilis).

-

Loss of <10% of the PEC.

-

Loss of vegetation communities.

-

Increased presence of weed/pest species.

-

Loss of topsoil.

and
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Project Activity

Dust

Vehicle activity

Potential Impact
-

Introduction of feral animals (i.e. insects).

-

Increased erosion.

-

Increased generation of dust coating of vegetation.

-

Loss of SRE habitat.

-

Alterations to fire frequency and associated changes in
community structure

-

Habitat fragmentation and reduced connectivity

-

Alteration of soil profile.

-

Reduction in the amount of sequestration of CO2.

-

Deposition on leaves and other plant
photosynthetic and/or metabolic activity.

-

Damage and/or loss of flora through fire caused by vehicle
movements.

-

Potential for off‐road activities causing damage or decline of
individual flora species.

-

Increase in pest and disease species due to mobilisation of
equipment.

-

Increased risk in fire.

-

Increase in dust emissions.

parts

reducing

The following steps were carried out to estimate the numbers of conservation significant flora species
occurring within the Project and infrastructure areas.
•

The number of conservation significant plant taxa located within each land system during the
threatened flora survey was totalled;

•

The area surveyed for threatened flora within each land system was calculated;

•

The area of each land system occurring within the Project area was calculated;

•

An estimated number of plants per ha was calculated for each land system;

•

The number of plants occurring in each land system of the Project area was estimated;

•

The area proposed to be cleared in each land system was calculated;

•

The fractional area to be cleared in each land system was calculated (i.e. the area of each land
system to be cleared over the area of each land system in the Project area) for each infrastructure
footprint option; and

•

The numbers of plants to be impacted by the Project were then calculated.

The numbers calculated to be impacted for each land system were then totalled for each conservation
significant species, and the totals were used to estimate the local impact to each species located during
the threatened flora surveys.
7.5.1.1

Direct Loss of Vegetation and Flora

The most substantial environmental impacts arising from the proposed works at Weld Range will result
from the clearing of native vegetation. Clearing of significant areas of vegetation is an unavoidable
impact from the development of a mine and associated infrastructure. However, impact can be
minimised by considering the distribution of vegetation and flora species of conservation significance
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during the design stage by locating infrastructure to avoid areas of higher significance whenever
possible.
Vegetation of the Land Systems of the Project area
Estimated impacts to the remaining land systems fall below 0.5% (Table 7.9). This table indicates that
the impacts to the land systems of the Project area would be low and are therefore not considered
significant. The impact to the Weld Range land system is determined to be 3.1%, with the next greatest
impact to the Yarrameedie land system 1.0%. Impacts to the remaining land system are less than 0.5%.
At this scale the impacts of clearing are not considered significant.
At the level of resolution (1:1,000,000) of Beard’s vegetation mapping the greatest impact is to Beard’s
Acacia aneura, Acacia ramulosa and Acacia linophylla (now Acacia ramulosa var. linophylla) low
woodland (a19 Li) community (Table 7.10). This community is mapped over a relatively small area in
Western Australia (94,031 ha) with 54% of its total area within the Murchison region, and hence could
be considered relatively vulnerable. However the potential impacts predicted is low. A loss of 1.1% of
the total occurrence within the Murchison would result from the Project.
At the finer scale of resolution of vegetation communities of the current survey, the greatest estimated
potential impact from the Project to the vegetation communities is to Community 5b (77%). This
vegetation community makes up 0.11 % of the total study area, does not occur within the PEC and
contains two Priority 1 species, two Priority 3 species and one Priority 4 species. The impact will result
from clearing of the Madoonga waste dump which is common to all species. One small area (56 ha) of
this community type was identified elsewhere, close to Madoonga homestead. Much of this area is
degraded due to historical use as a dump for station refuse and grazing.
The estimated impact to the locally restricted Sub‐community (7b) of the halophytic shrubland
community 7 is also relatively high (39%) (Table 7.10). This community is considered locally significant,
as it occurs on a seasonally inundated salt pan which provides a refuge to threatened fauna species.
This community will be impacted by the proposed Madoonga waste dump. This community extends to
the north beyond the boundaries of the Project however even allowing for this larger area it remains
locally restricted.
A potential impact to Community 6a, which encompasses 1014 ha on the saline flats and drainage areas
of the Project is 30.3%. The Priority three species Ptilotus beardii was commonly within this community.
Communities 1 and 2 have been identified as of local and possibly regional conservation significance due
to their restricted occurrence and the high number of taxa which were locally restricted to them. These
communities predominantly occur on BIF ridges and outcrops and cover approximately 1, 695 ha of the
area mapped. The Priority 3 species Prostanthera petrophila commonly occurred in this community as
did the geographically restricted taxon Acacia sp. Weld Range. Approximately 13.8% would be impacted
by the Project. This community will be impacted by the proposed Madoonga and Beebyn pits and
associated infrastructure such as tracks and crushing facilities.
The impacts to Community 4, which is also considered to be locally and possibly regionally significant
due to the high numbers of conservation significant flora recorded within it will not be high. Community
4a was mapped over a large area of the lease (8,412 ha) and the calculated impacts is estimated at 3.3%.
The Priority 3 taxa Acacia speckii and Dodonaea amplisemina along with the Priority 1 taxon Ptilotus
astrolasius var. luteolus were commonly recorded within this sub‐community. The undescribed taxa
Acacia sp. nov. (aff. Kochii) and Hemigenia sp. nov. (aff exilis) were also recorded within this sub‐
community. Community 4b was mapped over a smaller area – 952 ha – and it will be impacted by 2.0%
by the Project.
The Project area lies within the Austin botanical district of Beard’s Murchison region. Beard mapped
seven communities within the Project area. The total area of each of these units mapped in WA, the
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Murchison and within each infrastructure Option is indicated in Table 7.10, along with a calculated
potential impact to these vegetation communities.
The calculated impacts to the remaining Beard communities occurring in the different footprint options
of the Project area are less than 0.2%.
Estimated potential impacts to most of Beard’s communities occurring in the Project area are relatively
low because the communities are mostly mapped over large areas of Western Australia and/or the
Murchison.
Table 7.9 – Estimated Potential Impacts to Land Systems at Weld Range
Total Area in WA
(ha)

Total area in
Murchison (ha)

Area
(ha)

Potential Impact
to Area in WA (%)

Potential Impact to Area
Within Murchison (%)

Breberle

11,482

11,188

0

0.000

0.000

Cunyu

329,933

290,394

16

0.005

0.005

Gabanintha

251, 455

165,109

29

0.012

0.018

Jundee

660,224

585,378

185

0.028

0.032

1,115,901

853,590

1298

0.116

0.152

Koonmarra

569,874

543,173

0

0.000

0.000

Mileura

261,223

206,496

141

0.054

0.068

Norie

211,177

157,182

0

0.000

0.000

1,579,691

1,505,851

280

0.018

0.019

Violet

584,096

546,126

671

0.115

0.123

Waguin

317,146

245,497

0

0.000

0.000

Weld

37,235

37,235

1160

3.116

3.116

Wiluna

258,978

252,598

0

0.000

0.000

Yandil

494,525

465,955

7

0.001

0.001

2,019,907

1,967,111

165

0.008

0.008

68,324

44,169

714

1.046

1.617

Land System

Kalli

Sherwood

Yanganoo
Yarrameedie
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Table 7.10 – Estimated Potential Impacts from the Project to Beard Vegetation Communities of the Project Area
Beard
Unit

Vegetation Description

Area in WA
(ha)

Area in
Murchison
Bioregion
(ha)

Area in
Project
(ha)

Impact to
Area
Within WA
(%)

Impact to
Area Within
Murch. (%)

a 114 Si

Acacia aneura and Acacia
quadrimarginea scrub.

448,700

339,907

564

0.126

0.166

a18Srk12
Ci

Acacia aneura and Acacia
sclerosperma lightly wooded
succulent steppe, with Atriplex
(saltbush) and Maireana
(bluebush) species.

199,534

185,622

167

0.084

0.090

a19 Li

Acacia aneura, Acacia ramulosa
and Acacia linophylla (now
Acacia ramulosa var. linophylla)
low woodland.

94,031

50,965

582

0.619

1.141

a1 Li

Acacia aneura low woodland.

24,751,239

12,452,151

2856

0.012

0.023

a1 Si

Acacia aneura (mulga) scrub.

6,666,951

1,149,610

1

0.000

0.000

a9 Si

Acacia ramulosa and Acacia
linophylla (now Acacia ramulosa
var. linophylla) scrub.

1,331,779

390,207

498

0.037

0.128

a117 Li

Acacia aneura and Acacia
grasbyi low woodland.

3255

3255

0

0.000

0.000

ecologia’s Mapped Vegetation Communities
Potential impacts to each of the vegetation communities mapped at Weld Range are shown in Table
7.11.
Based on the three infrastructure options, the highest estimated potential impact to the vegetation
communities is 77% to Community 5b. Only one small area (56 ha) of this community was mapped close
to Madoonga homestead. Much of the area is degraded because it has historically been used as a dump
for station refuse and as there is good tussock grass cover following the rains, cattle graze the area after
the wet season.
The estimated impact to the locally restricted eucalypt sub‐community (7b) of the halophytic shrubland
community is also relatively high (39%). This community is considered locally significant, as it occurs on
a seasonally inundated salt pan which provides a refuge to threatened fauna species. This community
will be impacted by the proposed Madoonga waste dump. A band of the sub‐community borders the
salt pan and the local impacts would be less if all of its area was considered and not just the portion
occurring within the Project area.
Potential impacts to Community 6a, which is mapped over 1014 ha on the saline flats and drainage areas
of the Project area is 28.9%. The Priority three species Ptilotus beardii was commonly recorded within
this community. Community 6b, which occurs mostly on the saline flats, covers an area of 2430 ha in
the Project area and it will be impacted by the Project at 19.2%.
Community 3 and associated sub‐communities a, b, c and d have been mapped on outwash and sandy
plains and along minor drainage channels. Community 3a is mapped over 16,779 ha of the Project area
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and impacts would be less than 10%. An area of 8085 ha of Community 3b was mapped in the Project
area and 14.7% would be impacted.
Approximately 13.8% of Communities 1 and 2 would be impacted by the Project. These communities
predominantly occur on BIF ridges and outcrops and cover approximately 1, 695 ha of the area mapped.
The Priority 3 species Prostanthera petrophila commonly occurred in this community, as did the
geographically restricted taxon Acacia sp. Weld Range. This community will be impacted by the
proposed Madoonga and Beebyn pits and associated infrastructure such as tracks and crushing facilities.
The impacts to Community 4, which is considered locally and possibly regionally significant due to the
high numbers of conservation significant flora recorded within it, will not be high. Community 4a was
mapped over a large area of the lease (8,412 ha) and the calculated impacts to the community are 3.3%.
The Priority 3 taxa Acacia speckii and Dodonaea amplisemina along with the Priority 1 taxon Ptilotus
astrolasius var. luteolus were commonly recorded within this sub‐community. The undescribed taxa
Acacia sp. nov. (aff. Kochii) and Hemigenia sp. nov. (aff exilis) were also recorded within this sub‐
community. Community 4b was mapped over a smaller area – 952 ha – and it will be impacted by 2.0%.
The estimated potential impact to the remaining vegetation communities mapped in the Project area is
less than 10%.
Table 7.11 – Estimated Impact from the Project to the Vegetation Communties of Weld Range
Total Area
Within Study
Area (ha)

Area
Impacted
(ha)

% Within
Study Area

1 and 2: Acacia aneura low woodland over mixed open shrubs

1695

234

13.82

3a: +/‐ Corymbia lenziana scattered medium trees over Acacia. ramulosa
var. linophylla and A. aneura sparse tall shrubland over mixed Eremophila
spp. open mid shrubland over scattered low shrubs of Ptilotus obovatus
over mixed open tussock grassland.

16779

1626

9.69

3b: +/‐ Acacia pruinocarpa scattered trees over A. aneura woodland over
A. ramulosa var. linophylla and A. aneura shrubland over mixed Eremophila
spp. closed shrubland over Ptilotus obovatus open low shrubland.

8085

1185

14.66

3c: Scattered Eucalyptus mallees / trees over Acacia ramulosa var.
linophylla open shrubland over Rhagodia eremaea, Eremophila forrestii
subsp. forrestii shrubland over Ptilotus obovatus open low shrubland.

1624

35

2.17

3d: Acacia aneura and A. cockertoniana open moderate shrubland over
Eremophila simulans subsp. simulans and Aluta aspera subsp. hesperia low
open shrubland.

476

0

0.00

4a: Acacia sp. Weld Range and A. aneura var. microcarpa open tall
shrubland over Eremophila macmillaniana and mixed Senna spp. open mid
shrubland over Ptilotus obovatus open low shrubland.

8412

277

3.29

4b: Acacia sp. Weld Range and A. speckii (P3) shrubland over mixed Senna
spp. sparse shrubland over Grevillea inconspicua (P4) and Dodonaea
amplisemina (P3) open shrubland over Cymbopogon ambiguus sparse
tussock grassland.

952

19

1.99

5a: Acacia craspedocarpa open tall shrubland over Solanum ashbyae /
lasiophyllum and Ptilotus obovatus low shrubland over mixed low tussock
grassland.

9324

406

4.35

Mapped Vegetation Community
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Mapped Vegetation Community

Total Area
Within Study
Area (ha)

Area
Impacted
(ha)

% Within
Study Area

5b: +/‐ Grevillea striata low isolated trees over Acacia craspedocarpa and
A. aneura tall open shrubland over Scaevola spinescens sparse mid
shrubland over Austrostipa elegantissima and Eriachne flaccida low open
tussock grassland.

56

43

76.66

6a: Scattered Acacia spp. shrubs over mixed Senna spp. open mid
shrubland over Ptilotus obovatus sparse shrubland over mixed Maireana
spp. chenopod shrubland.

1014

293

28.93

6b: Scattered mixed Acacia spp. over Rhagodia eremaea and Scaevola
spinescens sparse mid to low shrubland over Ptilotus obovatus, Maireana
georgei and Sclerolaena diacantha low chenopod shrubland.

2430

466

19.20

6c: Eremophila maculata subsp. brevifolia low open shrubland over
Sclerolaena diacantha low chenopod shrubland over Enneapogon
cylindricus low tussock grassland.

37

0

0.00

7a: Melaleuca stereophloia and Cratystylis subspinescens low shrubland
over Tecticornia spp. low samphire shrubland over Frankenia laxiflora low
shrubland.

635

41

6.41

7b:
Eucalyptus carnei and E. trivalva woodland over Cratystylis
subspinescens and Muehlenbeckia florulenta low sparse shrubland over
mixed low tussock grasses.

14

5

38.82
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Vegetation of the PEC
The DEC has identified parts of Weld Range as a Priority 1 PEC. Using the DEC’s currently defined PEC
boundary the overall impact to the vegetation of the PEC (from each of the infrastructure options) has
been estimated (Table 7.12).
Table 7.12 – Impact to PEC
Area of PEC (ha)

Area of PEC to be Impacted
(ha)

Impact to PEC (%)

20,311

1,623

7.99

The impact to the vegetation of the PEC as a whole is relatively low (less than 10%), as much of the
proposed infrastructure occurs outside the PEC boundary (ecologia, 2009d).
The area of each community type mapped by ecologia within the PEC within each of the proposed
infrastructure options is detailed in Table 7.13. A relatively high proportion (45%) of the area of
Community sub‐type 3c within the PEC will be impacted by the Project. However this sub‐type is much
more abundant within the study area outside the PEC boundaries and is therefore not considered
significant.
The second highest impact would be to sub‐community 6a where 19.2% would be affected by the
Project. This community occurs on the seasonally inundated washout plains and saline drainage systems
of the PEC. Again this percentage impact reflects the relatively small area of this community occurs
within the current PEC boundary and a larger area has been mapped in the greater Project area.
Impact to Communities 1 and 2, identified as of conservation significance due to their restricted
occurrence outside the Study Area, is 12.5% irrespective of which option is considered. This impact is
considered the most significant by virtue of this restricted distribution.
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Table 7.13 – Estimated Impact to Vegetations Communities of the Weld Range PEC.
Total Area
Within Study
Area (ha)

*Estimated
Area Within
PEC (ha)

Area within
Footprint
(ha)

% Area
within PEC

1695

1821

228

12.5

3a: +/‐ Corymbia lenziana scattered medium trees over Acacia.
ramulosa var. linophylla and A. aneura sparse tall shrubland over
mixed Eremophila spp. open mid shrubland over scattered low
shrubs of Ptilotus obovatus over mixed open tussock grassland.

16779

4042

507

12.5

3b: +/‐ Acacia pruinocarpa scattered trees over A. aneura
woodland over A. ramulosa var. linophylla and A. aneura
shrubland over mixed Eremophila spp. closed shrubland over

8085

2947

530

18.0

3c: Scattered Eucalyptus mallees / trees over Acacia ramulosa
var. linophylla open shrubland over Rhagodia eremaea,
Eremophila forrestii subsp. forrestii shrubland over Ptilotus
obovatus open low shrubland.

1624

24

11

45.8

3d:
Acacia aneura and A. cockertoniana open moderate
shrubland over Eremophila simulans subsp. simulans and Aluta
aspera subsp. hesperia low open shrubland.

476

0

0

0.0

4a: Acacia sp. Weld Range and A. aneura var. microcarpa open
tall shrubland over Eremophila macmillaniana and mixed Senna
spp. open mid shrubland over Ptilotus obovatus open low
shrubland.

8412

8260

182

2.2

4b: Acacia sp. Weld Range and A. speckii (P3) shrubland over
mixed Senna spp. sparse shrubland over Grevillea inconspicua (P4)
and Dodonaea amplisemina (P3) open shrubland over
Cymbopogon ambiguus sparse tussock grassland.

952

879

11

1.3

5a: Acacia craspedocarpa open tall shrubland over Solanum
ashbyae / lasiophyllum and Ptilotus obovatus low shrubland over
mixed low tussock grassland.

9324

1894

71

3.7

5b:
+/‐ Grevillea striata low isolated trees over Acacia
craspedocarpa and A. aneura tall open shrubland over Scaevola
spinescens sparse mid shrubland over Austrostipa elegantissima
and Eriachne flaccida low open tussock grassland.

56

0

0

0.0

6a: Scattered Acacia spp. shrubs over mixed Senna spp. open mid
shrubland over Ptilotus obovatus sparse shrubland over mixed
Maireana spp. chenopod shrubland.

1014

440

85

19.3

6b: Scattered mixed Acacia spp. over Rhagodia eremaea and
Scaevola spinescens sparse mid to low shrubland over Ptilotus
obovatus, Maireana georgei and Sclerolaena diacantha low
chenopod shrubland.

2430

1

0

0.0

6c: Eremophila maculata subsp. brevifolia low open shrubland
over Sclerolaena diacantha low chenopod shrubland over
Enneapogon cylindricus low tussock grassland.

37

0

0

0.0

7a: Melaleuca stereophloia and Cratystylis subspinescens low
shrubland over Tecticornia spp. low samphire shrubland over
Frankenia laxiflora low shrubland.

635

1

0

0.0

7b: Eucalyptus carnei and E. trivalva woodland over Cratystylis
subspinescens and Muehlenbeckia florulenta low sparse shrubland
over mixed low tussock grasses.

14

0

0

0.0

Mapped Vegetation Community

1 and 2: Acacia aneura low woodland over mixed open shrubs

Total
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Priority Flora of the Project Area
During the threatened flora surveys 248 ha were surveyed inside proposed infrastructure areas and 154
ha outside these areas. The 402 ha surveyed amounts to 0.8% of the Project area at Weld Range.
Approximately 0.3% of the vegetation within the Project area and outside of the infrastructure areas
was surveyed, 5.3% of the vegetation within Option 1.
The estimated numbers of Priority taxa and the number of loci (defined to be the number of records of a
taxon at least 500 metres distant from all other records) which are located within the clearance
footprint for each option are detailed in Table 7.15.
The total abundance of each species at each location was estimated by examining the collections notes
of records from the DEC, combined with the data from surveys by ecologia for which, in most instances,
accurate plant counts were available. DEC records vary considerably in the amount of detail available,
ranging from accurate counts; to broad abundance descriptions; to no detail. Where multiple records at
the same location were available, the highest numeric estimate was applied. Where descriptions of
abundance only were available, numbers were inferred according to the assumptions detailed in Table
7.14 Where no estimate of abundance was available, it was assumed only one plant was present. The
latter assumption is likely to be an underestimate in many instances, and hence the final estimates of
total abundance of each species are likely to be very conservative. The number of plants present was
counted at each location during the ecologia transect‐based surveys, however in most instances
estimates of percentage cover only were available for collections from quadrat‐based surveys. The
number of plants assumed from these cover estimates is also detailed below.
Table 7.14 – Number of Plants Assumed for Records Where Only Descriptions or % Cover Available
No. of Plants
Assumed

Abundance Description or Percentage Cover
no indication

1

very rare

1

several

3

infrequent, uncommon, scarce, one small group, a few scattered

5

occasional, moderately common, locally frequent, very localised

10

common here, locally common, locally frequent, locally abundant

20

frequent, common, plentiful, abundant, dominant

50

>2% cover

5

2‐10% cover

10

10‐30% cover

20

Because the numbers of plants within the Study Area are less likely to be underestimated, the impacts
calculated in Table 7.15 are likely to be overestimates. The number of locations within the Study Area is
also a consequence of the greater intensity of searching within this area compared to elsewhere within
the state, and this may also result in an overestimation of impact.
The Project will result in impacts to more than 10% of locations for 13 and 14 taxa respectively. Four
taxa will be impacted at least 30%. The locations of three taxa; Beyeria lapidicola (P1), Eremophila
rhegos (P1) and Goodenia lyrata (P1) will be impacted by 41.7%, 33.3%, 30% respectively. Micromyrtus
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placoides (P3) will be impacted by 44.4% by the Project. Homalocalyx echinulatus (P3) will be impacted
(20%) by the Project.
The estimated impact to the potentially conservation significant taxa Acacia sp. nov. (aff. kochii) and
Hemigenia sp. nov (aff. exilis) can not at present be determined as there is no information regarding the
distribution of these taxa outside the Study Area other than the records by ecologia at Wilgie Mia.
Currently it would appear that these two taxa are endemic to Weld Range and are therefore locally
significant. Once further clarification of the taxonomic status of these records occurs relative to other
collections, additional records outside the Study Area may occur.
Table 7.15 – Estimated Impacts from Project to Priority Flora Taxa Recorded During the Threatened Flora Survey.
Total No
Locations
separated
by >500 m

Estimated
Total No.
Plants

Total No
Locations
separated
by >500 m

% Total

Estimated
Total No.
Plants

% Total

Beyeria lapidicola (P1)

12

80

5

41.7

19

23.8

Eremophila rhegos (P1)

3

58

1

33.3

3

5.2

Euphorbia sarcostemmoides (P1)

4

12

0

0.0

0

0.0

Goodenia lyrata (P1)

10

35

3

30.0

25

71.4

Sauropus sp. Woolgorong (M. Officer s.n.
10/8/94) (P1)

10

61

1

10.0

1

1.6

Stenanthemum patens (P1)

8

186

1

12.5

20

10.8

Acacia burrowsiana (P3)

14

4354

1

7.1

9

0.2

Acacia speckii (P3)

97

1098

18

18.6

200

18.2

Calytrix erosipetala (P3)

35

2053

1

2.9

20

1.0

Dodonaea amplisemina

67

790

12

17.9

183

23.2

Eremophila arachnoides Chinnock subsp.
Arachnoids (P3)

11

205

1

9.1

20

9.8

Grevillea stenostachya (P3)

91

971

6

6.6

205

21.1

Hemigenia tysonii (P3)

80

6616

9

11.3

410

6.2

Homalocalyx echinulatus (P3)

30

1050

6

20.0

438

41.7

Micromyrtus placoides (P3)

45

2160

20

44.4

532

24.6

Mirbelia stipitata (P3)

4

7

0

0.0

0

0.0

Phyllanthus baeckeoides (P3)

15

1309

0

0.0

0

0.0

Prostanthera ferricola (P3)

14

672

1

7.1

14

2.1

Prostanthera petrophila (P3)

95

2141

25

26.3

435

20.3

Ptilotus beardii (P3)

38

2804

3

7.9

836

29.8

Ptilotus luteolus (P3)

15

533

0

0.0

0

0.0

Tecticornia cymbiformis (P3)

7

69

1

14.3

14

20.3

Taxon
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Total No
Locations
separated
by >500 m

Estimated
Total No.
Plants

Total No
Locations
separated
by >500 m

% Total

Estimated
Total No.
Plants

% Total

Verticordia jamiesonii (P3)

22

483

1

4.5

1

0.2

Baeckea sp. Melita Station (P4)

57

2626

4

7.0

100

3.8

Goodenia berringbinensis (P4)

18

33546

2

11.1

40

0.1

Grevillea inconspicua (P4)

62

2320

6

9.7

82

3.5

Taxon

7.5.1.2

Indirect Loss of Vegetation and Flora

Flora habitats can be impacted indirectly by increased activity in an area leading to increased dust, fire
and the introduction and / or spread of weeds. Erosion and soil compaction can result from off road
driving, while the use of saline water in construction and ongoing operations can affect vegetation, as
can the disposal of water generally (both saline and fresh water), and alterations to surface water flow
and groundwater levels.
Damage to Vegetation from Dust
Excessive dust can impact plants by clogging stomata which can affect respiration and transpiration and
lead to localised deaths. This occurs particularly at track edges. Correct dust suppression techniques
can minimise this impact.
Accidental Bushfires
Fires are a frequent occurrence in the arid zones of Australia. Ground truthing and examination of the
aerial photography of the Weld Range area indicates that the area has not been burnt much in recent
times. Spot fires are known to occur during the summer months predominantly through lightning strike.
Although the native flora is adapted and in many instances dependent upon fire for activation of seed
germination, too frequent or too hot bushfires can result in detrimental changes to the composition and
diversity of the vegetation causing local extinctions of vulnerable species.
The risk of fire as a result of mining activities can be minimised by implementing fire protocols such as;
the appropriate isolation of flammable compounds such as hydrocarbons and explosives, localised
clearing around working plant, and enforcement of appropriate smoking practices (e.g. no uncontrolled
discarding of cigarette butts). Additional tracks in the area due to mining may act as a fire break and
may help to prevent the spread of small fires once started.
Introduction of Weed Species
To date, few weeds have been recorded at Weld Range. Six weed species were recorded during the
surveys carried out for this report, and all were in low numbers. Increased vehicle movements,
combined with increased ground disturbance and disposal of water from drilling and dust suppression
operations, will provide an opportunity for additional species to become established unless strict weed
hygiene procedures are implemented.
Erosion and Compaction due to Off‐Road Driving
Many of the landforms at Weld Range are susceptible to damage from off‐road driving. The vegetation
of the extensive sand plains and clay pans, which are flat and relatively sparsely vegetated, invite off‐
road driving. Soil compaction can make it difficult for plants to re‐establish in these areas. The risk of
damage to the vegetation can be avoided by implementing and maintaining a strict ban on off‐road
driving.
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Effects of Saline Water used in Construction and Operation
The use of saline water in dust suppression along haul roads is common practice at mine sites across
Western Australia (Bertuch et al, 2004). Salts in the water help to bind the soil and further reduce the
dust particles released into the environment from vehicle movement.
Salts tend to accumulate on or near the soil surface in arid environments due to reduced annual rainfall
regularly leeching the salts away (Bertuch et al, 2004). These concentrated salts can then be distributed
into the environment during rainfall events and lead to localised impacts to vegetation adjacent to the
haul road and access tracks. Drainage culverts and naturally occurring drainage lines along the access
tracks distribute the saline water away and extend the range of the impact.
High concentrations of salts affect plants by reducing the amount of water taken up by the root system.
This can lead to severe stress and eventually death. Localised plant deaths and changes in vegetation
community structures could potentially occur with the use of saline water for dust suppression and salt
tolerant and halophytic (salt loving) species could replace the less salt tolerant species.
Results from groundwater sampling suggest that regional groundwater is fresh (TDS<500 mg/L) to
marginal (500 to 1,500 mg/L). However, the salinity at one borehole located in the proposed Madoonga
pit area was very high, 46,000 mg/L (SRK, 2008). Discharge of water of this salinity into the surrounding
environment would have detrimental effects on the vegetation.
Regular testing of the ground water extracted and used on the operational areas will reduce the
potential for saline water to be released into the surrounding environment. As many plant species are
damaged by saline water, the release of saline water into the environment must be tightly managed to
ensure damage to vegetation does not occur.
The need for dust suppression must be counterbalanced with the risk of saline scalds if non‐saline water
is not available in sufficient quantities.
Effects from Altered Surface Water Flow
Most of the vegetation of the Project area utilises surface water for all of its water needs. Mulga is
particularly affected by alterations to surface water flow and could be affected by alterations to flow
regimes by infrastructure. Drainage and water flow will need to be managed to maintain surface water
flow to minimise the effects on mulga in the Project area.
7.5.2

Management Objectives

The EPA objectives for the management of flora and vegetation are to:
•

Avoid adverse impacts on biological diversity, comprising plants, animals, and the ecosystems they
form, at the levels of genetic diversity, species diversity and ecosystem diversity.

•

Maintain the abundance, diversity, geographic distribution and productivity of vegetation
communities.

•

Maintain the abundance, diversity, geographic distribution and productivity of flora at species and
ecosystem levels through the avoidance or management of adverse impacts and improvement in
knowledge.

•

Protect Declared Rare and Priority Flora species that occur within the Project area.

•

Protect other flora species of particular conservation significance (e.g. undescribed taxa, range
extensions).

•

Avoid introduction of invasive weeds which may have a negative impact on native vegetation
communities.
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7.5.3

Management and Mitigation

During the construction and operation of the Project, the total area of distribution at any one time will
be minimised through progressive clearing and rehabilitation, ensuring that only he immediate area to
be mined and operated is disturbed and exposed. Management of vegetation will include the following
strategies:
•

Vegetation clearing and earth works will be carried out at an appropriate time of year to minimise
deterioration in surface water flow and/or, appropriate soil stabilisation methods should be used
in areas where increased sedimentation could be expected. Drains and culverts will be
incorporated into infrastructure crossing minor and major drainage lines to maintain seasonal
flow regimes.

•

Where possible, the infrastructure option will be selected based on minimisation of impact to the
conservation significant vegetation and flora species of the Project area.

•

Vegetation clearing will be minimised and kept to that which is necessary. Whenever possible,
areas with large populations of multiple priority flora species will be avoided. Environmental
personnel will be present when vegetation is cleared in areas where priority flora species are
known to occur, especially Priority 1 and 2 species, to ensure that impacts to priority flora are
minimised.

•

The height of stockpiles of soil and cleared vegetation will be minimised. Multiple smaller
stockpiles, dispersed at regular intervals along the edges of cleared areas, are preferable to a
single, large stockpile. Lower stockpiles allow greater retention of biological activity within the
soil (bacteria, fungi and lichens), which improves seed germination rates when the soil is reused.

•

Disturbance to vegetation associated with drainage lines and seasonally inundated low lying areas
will be avoided or minimised whenever possible. Removing vegetation associated with drainage
lines can lead to accelerated soil erosion or the alteration of surface water flow. Impacts to the
vegetation of the halophytic shrubland (Community 7) to the west of Madoonga homestead will
be avoided. This community has a restricted distribution within SMC’s lease at Weld Range and is
potentially a significant habitat for migratory fauna of the area.

•

Existing environmental procedures will be implemented for staff and contractors. These will
include, but not be limited to, managing the risk of fire, the spread of weeds, and encouraging
general environmental impact awareness.

•

A handbook containing photographs of conservation significant and weed species of Weld Range
will be provided to all staff involved in vegetation clearing, prior to clearing. This will reduce the
likelihood that these species are inadvertently cleared, or in the case of weed species, spread
because of ground disturbance.

•

Topsoil stockpiles and areas of rehabilitation will be monitored periodically. Particular attention
will be paid to weed species. If population densities or distribution of any weed species is seen to
be increasing, eradication procedures will be implemented.

•

The minimum amount of topsoil possible will be removed when clearing vegetation for short‐term
structures. Minimal topsoil disturbance will encourage natural regeneration due to retention of
the seed store and microbiological activity, which is largely confined to the topsoil. Achieving
minimum disturbance will also discourage weeds and other species which proliferate following
disturbance.

•

Areas that have been impacted by earthworks but are not needed for long‐term infrastructure will
be rehabilitated as soon as practicable after completion of works. This will promote soil
stabilisation by plant roots and help to discourage weed proliferation in these areas. Stockpiled
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topsoil will be used in rehabilitation works as soon as after removal as possible as the seed stored
in the soil will be viable.
•

Dust suppression strategies will be used on haul roads, waste dumps, tailing facilities and similar
infrastructure. Salinity levels in the water used for dust suppression will not be excessive and
runoff will be avoided.

•

Off road driving will be limited to reduce impact to vegetation in general and conservation
significant flora in particular, and to reduce areas of soil compaction.

•

Progressive rehabilitation will be undertaken using local seed bank in topsoil or revegetate with
local native species where required.

•

SMC, as part of their annual review of their EMS and legislative requirements, will review the DEC
Priority Flora listings to ensure that rankings of Priority species identified during this survey are
updated. Management measures, such as provision of the priority flora handbook and
identification of Priority flora during clearing activities, will be updated to reflect any changes in
Priority rankings.

7.5.4

Monitoring

A baseline and long‐term monitoring programme will be initiated to document any effects on
groundwater dependent ecosystems resulting from groundwater extraction in the Project area.
Pumping of water for the proposed works will be managed appropriately so that any phreatophytic
vegetation in the Project area is not permanently affected by changes in groundwater levels.
Monitoring of vehicle hygiene, weed control measures and flora and vegetation will be conducted during
all phases of the project.
7.5.5

Predicted Outcome

Up to 4074 ha of vegetation will be cleared for activities associated with the Weld Range Proposal over
the 11 year life of the Project.
The management measures described above show that the Project can meet the EPA’s objectives for
vegetation and flora as follows:
•

The Project has been designed to avoid significant locations. Clearing of native vegetation will be
kept to a practical minimum. Progressive rehabilitation will reduce exposed areas and restore
habitat for native fauna and flora. Control programs for weed and feral animals will be
implemented.

•

Vegetation communities impacted by the Project are widely distributed in the region. The
regional extent of these communities will not be significantly affected by the clearance footprint
of the Project. The Project will implement measures to identify and control invasive weed species.

•

Flora species impacted by the Project are distributed within the region. The Project has been
designed to avoid populations of significant species where possible. Botanical surveys conducted
for the Project has improved knowledge of vegetation and flora in the region.

•

The Project infrastructure option will result in an estimated impact greater than 10% of locations
(records separated by more than 500 metres) of thirteen priority flora taxa. However the number
of locations within the Study Area relative to the number outside is likely to reflect the much
greater intensity of survey effort and hence overestimate the degree of impact.
Project
infrastructure has been located to avoid disturbance to majority of priority flora species.

•

Control programs for weeds will be implemented as a routine control procedure.

SMC has rated the clearing of vegetation as Low residual risk based on the size of the 11 year clearing
footprint.
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7.5.6

Environmental Management Commitments

Commitment 7:
A Threatened Flora and Conservation Management Plan will be developed and implemented in
consultation with DEC prior to mine construction works. The plan will set out procedures to maintain
the abundance, diversity, and distribution and conservation status of threatened flora species. This
plan will be implemented throughout the life of the mine.
Commitment 8:
Following WA Museum taxonomic identification of two taxa of interest ‐ Acacia sp. nov. (aff. kochii)
and Hemigenia sp. nov. (aff. exilis), SMC, if required, will undertake further surveys to determine the
population extent and distribution of these species.
Commitment 9:
SMC will identify potentially groundwater dependent ecosystems in the Project area. SMC will also
ensure a baseline and long‐term monitoring programme is initiated in order to document any effects
on groundwater dependant ecosystems resulting from groundwater extraction at Weld Range.
7.6

VERTEBRATE FAUNA

The database search yielded a list of 29 native and eight introduced mammal species, 156 birds, 88
reptiles and five amphibian species which could potentially occur in the Project area. Thirty species of
conservation significant fauna were identified during this database search.
During the two Level 2 and Level 1 ecologia fauna surveys, 17 native and six introduced species of
mammal, 80 bird species, 44 reptile species and one amphibian species were recorded in the Project
area. Of these, five conservation significant species were recorded:
•

Long‐tailed Dunnart (Sminthopsis longicauda);

•

Peregrine Falcon (Falco peregrinus);

•

Bush Stone‐curlew (Burhinus grallarius);

•

Slender‐billed Thornbill (Acanthiza iredalei iredalei); and

•

A fossorial skink (Lerista eupoda).

A further two conservation significant species, Rainbow Bee‐eater and Australian Bustard, were not
recorded but were considered highly likely to utilise the Project area on occasion. The remaining 23
conservation significant species are not expected to occur in the Project area or are not expected to be
impacted by the Project.
7.6.1

Potential Impact

Potential impacts on fauna from project activities are summarised in Table 7.16.
Table 7.16 – Potential Impacts on Fauna
Project Activity

Ground disturbance
vegetation clearing
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-

Loss of fauna due to road accidents.

-

Increase in ambient noise levels.

-

Increase in vibration levels – SRE impacts.

-

Damage and/or loss of habitat through fire caused by vehicle
movements.

-

Increase in pest and disease species due to mobilisation of
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Project Activity

Potential Impact
equipment.
-

Increased risk in fire.

-

Increase in dust emissions.

-

Loss of fauna habitat and alterations to faunal assemblages

-

Habitat/ecosystem fragmentation preventing movement and/or
migration of species

-

Increased predation when individuals cross cleared areas

-

Increased presence of weeds and associated declines in faunal
assemblages.

-

Weed colonisation and taking over understorey to exclusion of
annuals and larger perennials.

-

Associated loss of fauna refuge sites and/or food sources.

-

Increase in ambient noise levels.

-

Increase in vibration levels – SRE impacts.

-

Damage and/or loss of habitat through fire caused by vehicle
movements.

-

Increase in pest and disease species due to mobilisation of
equipment.

-

Increased risk in fire.

-

Increase in dust emissions.

-

Altered fire regime and associated changes in natural ecosystems.

Increased human activity:

-

Increase in pest species (i.e. mouse, rats) and possibly disease.

-

vehicle movement

-

Increase in ambient noise levels.

-

machinery

-

Increase in vibration levels – SRE impacts.

-

Increase in GHG emissions.

-

Deposition on leaves and other plant structures reducing activity.

-

Indirect impacts on fossorial species (such as troglofauna).

Construction

Dust

The principle impact on fauna arising from the development of the Project will be the loss and
degradation of fauna habitat through the clearing of native vegetation. Clearing will occur in the mine
area for the mine pit, stockpiles areas and waste dumps, TSF, processing infrastructure, evaporation
pond, workshops and roads.
The initial impact from habitat loss will be immediate on non‐mobile poorly dispersing fauna unable to
move from the area. The localised loss of all fauna due to the direct mortality arising from clearing and
construction activities will occur across most of the mine site. Ongoing impacts in adjacent areas may
arise from more frequent vehicle movements and machinery operation.
Indirect impacts through habitat degradation have the potential to occur through factors associated
with the mining process and increased human activity in the area. These include introduction of weed
and feral fauna species, dust generation, changes to groundwater and habitat fragmentation.
Loud and intermittent construction activities may result in temporary behavioural changes such as
displacement to some fauna at the site. Construction and operational activities may also cause
temporary disruption to foraging areas used by some species (mainly avifauna). However, this
disturbance to foraging areas is not expected to have long term detrimental impacts on fauna. It is
expected that most species will generally become accustomed to any change in noise levels during both
construction and operation of the Project.
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The localised loss of all fauna due to direct mortality arising from clearing and construction activities will
occur at both Beebyn and Madoonga Pits. Ongoing impacts in adjacent areas may arise from more
frequent vehicle movements, and machinery operation. Increased traffic movements along the access
and haul road will invariably increase the potential for collision and therefore inadvertent injury or
mortality. However, the likelihood of collision is considered low and unlikely to cause significant long
term impacts to existing fauna populations.
From a regional perspective, Weld Range has a high conservation value, as it is one of the few areas of
relief (hills and ridges) in an area dominated by flat plains (ecologia, 2009e). The fauna habitat that will
be most affected by the Project are the acacia shrublands of rocky hillslopes, rocky ridges, breakaway
and drainage lines of the Weld Range. These rocky habitats are uncommon in the region, so there is
potential for impact to regional biodiversity.
An area of chenopod shrubland north‐west of Madoonga deposit is one of few such areas in the region
and contributes to the diversity of the Project area. Such chenopod shrubland areas are the only
locations that Slender‐billed Thornbill (EPBC Vulnerable) are likely to occur in and impacts to these
habitats should be avoided where possible. However, only a small proportion (less than 5%) of the
chenopod shrubland in the Project area may be impacted, therefore Slender‐billed Thornbill populations
should not be significantly affected.
Areas that will be affected to a lesser degree include mulga mixed woodland on stony foothills and the
open wooded plains surrounding Weld Range.
The fauna habitats that will be most affected are associated with the Weld land system. This system
covers only 350 km2 within the Murchison bioregion. Jack Hills, 100 km to the north, and Weld Range
are the only areas of Weld land system. The Project will have a disturbance footprint of 40.7 km2 (4074
ha), approximately 18 % of SMCs tenement holdings. Impact on the Weld Range from mining (pits and
waste dumps) is approximately 10%..
Few of the fauna recorded at Weld Range are specific to the range – many occur in surrounding mulga
woodlands and other habitats, but some, such as the Black‐eared Cuckoo and Chestnut‐breasted Quail‐
Thrush, were particularly common on the range relative to surrounding flatter areas.
Species specific to rocky areas included Woolley’s False Antechinus and Long‐tailed Dunnart (DEC
Priority 3). These species are expected to inhabit the approximately 87.5% of the Weld Range that
contains similar habits to those in the Project and will not be affected. Minimal impacts to the
populations of these rock‐dwelling species are therefore anticipated, as they are not localised to the
Project area, inhabiting most of the range.
Peregrine Falcon (WC Act Schedule 4) is present, suggesting that it may have been using some of the
ridge for breeding. As with the rock‐inhabiting fauna, they are expected to utilise areas outside of the
Project.
The habitat requirements of the endemic skink Lerista eupoda are yet undefined. However, it appears
that the populations identified on and around the vicinity of Weld Range may be important. Due to the
restricted nature of this species any impact caused by the Project will affect the population to a degree.
However 87.5% of the Weld Range will not be cleared and represents suitable habitat for the species
(ecologia, 2009e).
Two old mine adits within the impact area were found to contain colonies of Hill’s Sheath‐tailed Bat and
Finlayson’s Cave Bat. While these are not conservation significant species, it is unknown whether adits
or natural habitats are available outside of the Project area for the bats to colonise.
The Australian Bustard, Bush Stone‐Curlew and Rainbow Bee‐eater, although likely to occur at times, are
considered unlikely to experience any adverse impacts because of the Project.
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Potential impacts to animals and birds that are exposed to the pit lake water may be possible if, as the
concentration of solutes in the pit lake water increases, individual species’ thresholds for salinity
tolerance are exceeded and they are unable or unwilling to utilise alternative water sources or habitat.
Due to high evaporation, low precipitation and surface water infiltration into the mine voids, the lakes
salinity is likely to gradually increase. This will lessen potential impacts to fauna that may have become
resident or accustomed to drinking the lake water.
Terrestrial fauna are expected to progressively avoid using the pit lake water as salinity increases. For
example, browsing fauna such as wallabies and goats are expected to cease using them as a water
source. Birds could rest briefly on the pit lake surface but would be unlikely to drink if the water is
above their salinity tolerance.
Initially the pit lakes will represent an additional water source to fauna inhabiting Weld Range. An
increase in density and number of introduced fauna is a likely result. This has the potential to negatively
impact surrounding vegetation over the long term if the number of herbivores increases and increased
predation on native and non‐native herbivores is possible as well.
7.6.2

Management Objectives

The EPA objectives for management of terrestrial fauna are to:
•

Maintain the abundance, diversity, geographic distribution and productivity of fauna at species
and ecosystem levels through the avoidance or management of adverse impacts and
improvement in knowledge.

•

Protect Specially Protected (Threatened) fauna consistent with the provisions of the Wildlife
Conservation Act 1950.

•

Protect other fauna species of particular conservation significance (e.g. range extensions).

7.6.3

Management and Mitigation

Disturbed areas will be rehabilitated as soon as possible, with ongoing rehabilitation throughout the
mine life to facilitate habitat restoration. Topsoil management and rehabilitation has been addressed in
the Project EMP. Both topsoil and cleared vegetation will be returned to contoured landforms to
minimise erosion and promote vegetation regrowth. General management strategies to decrease both
the direct and indirect impacts to native fauna include:
•

Site personnel will be familiarised, through inductions and training, with potential species of
conservation significance, and report all sightings to environmental personnel.

•

Remnant vegetation will be retained as much as possible within the mine site.

•

Wherever possible, mature trees containing hollows will be retained as they provide habitat for a
large number of mammal and bird species present within the area.

•

Rehabilitation will comprise the distribution of mulched vegetation across rehabilitation areas, the
planting of native vegetation used by local fauna, and the placement of hollow logs on the ground
as refuge for fauna.

•

Drill holes will be capped to prevent fauna entrapment and fatalities. Operational control
procedures and employee training programs will be implemented to protect native fauna from
intentional harm and to appropriately manage injured fauna if found.

•

Wildfire from accidental ignition will be avoided as far as possible.

•

Contractors will be familiarised of the potential for Rainbow Bee‐eaters to breed in sandy
embankments and should avoid nest hollows if present.
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•

Long‐tailed Dunnart (Sminthopsis longicaudata) may be trapped and relocated outside of the
mine footprint in consultation with DEC.

•

Animal access to pit lakes will be discouraged through construction of a surface water drainage
trench and abandonment bund which will surround the pit areas (Figure 7.6). This method will
discourage animals from entering the pit area. The diversion trench will be no deeper than 2 m
with a gentle slope away from the pit and a steeper slope on the pit slide. This design will ensure
animals leave the trench area away from the pit. The abandonment bund will be approximately 2
m high.

7.6.4

Predicted Outcome

The mine development requires progressive clearing of fauna habitat which will result in the associated
loss of fauna individuals and populations. This fauna loss is not anticipated to have regional significance,
as the fauna present within the proposed mine site are mostly wide‐ranging and are likely to be present
outside of the Project footprint.
The management measures described above show that the Project can meet the EPA’s objectives for
vertebrate fauna as follows:
Five conservation significant species were recorded within the Project area and a further two
conservation significant species are considered highly likely to utilise the Project area. There will be
localised impact to these species but this is not anticipated to have a significant impact to the species at
a regional level. Fauna surveys have improved knowledge at a local and regional level.
The residual risk (following the implementation of control measures) from Project activities impacting
upon vertebrate fauna has a severity rating of Low.
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Figure 7.6 – Indicative Cross Section of Surface Water Diversion Trench and Abandonment Bund
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7.7

SHORT RANGE ENDEMIC INVERTEBRATE FAUNA

Forty five invertebrate species of interest were collected from the Weld Range SRE survey. These
included eight species of scorpions, six species of pseudoscorpions, 15 species of mygalomorph spiders,
one species of millipede, 10 species of centipedes, four species of isopod and one species of land snail.
Although there was a high level of uncertainty about the specific identity of most species, very few were
likely to represent SREs. The most important species identified as either being likely to represent SRE
species or belonging to the category of protected fauna under the Wildlife Conservation Act 1950
included the following:
•

Shield‐back Spider Idiosoma nigrum (Schedule 1 species; Mygalomorph spider);

•

Aurecocrypta lugubris (Mygalomorph spider);

•

Cethegus ‘fugax complex’ (Mygalomorph spider);

•

Pleuroxia sp. (Land snail); and

•

Antichiropus sp. ‘Weld Range’ (Millipede).

Many SRE species are confined to topographically or geographically restricted areas and specialised
microhabitats because of the limited (or a complete lack of) physiological adaptations to arid
environments which are compensated for by behaviour adaptations typical of relict species. These
microhabitats, which further promote endemism due to their isolated nature, are vulnerable to artificial
disturbances (Main 1996).
The most significant threat to local SRE invertebrate fauna biodiversity as a result of the Project is
vegetation clearing, which can reduce the habitat available to SRE species as well as physically remove
SRE species from the landscape. Secondary impacts include fire and dust, which could reduce the
quality or health of the vegetation therefore negatively influencing behaviour and thus reducing the
survival of some SRE species.
Ecologia completed a desktop habitat assessment in as part of the SRE survey (Technical Appendix 14).
This assessment determined that Option 1 offered the lowest % impact for all species except Cethegus
sp “Hampton Hill”.
Findings of the assessment are detailed in Table7.17.
Table 7.17 – SRE Habitat Risk Assessment Summary of Results.
SRE Species

Vegetation Community

Total Impact (%)
Option 1

Antichiropu

1,2,3b,4b,4a

Cethegus sp ‘Hampton
Hill’

1,2,3a

Cethegus sp ‘MWMB’

1,2,4a,4b,5a

4.6

Pleuroxia sp

1,2,4a,4b

4.8
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7.7.1

Potential Impact

Potential impacts on SRE fauna from Project activities are summarised in Table 7.18.
Table 7.18 – Potential Impacts on SRE Fauna
Project Activity
Ground disturbance
vegetation clearing

Potential Impact
and

Dust emissions
Increased frequency of fire

-

Decline or loss of species.

-

Loss of habitat.

-

Alterations to community assemblages.

-

Loss of genetic diversity of Cethegus and Idiosoma.

Increased human activity
and vibration

With respect to vegetation clearing, three adverse impacts were identified, all of which were associated
with the removal of SRE habitat. In all three cases, the risk was reduced from high to medium with the
implementation of suggested controls.
The construction and operation of an active mine typically generates fine dust, which settles on the
surrounding areas, including live vegetation. This can cause serious damage to, and a subsequent
reduction of vegetation, followed by a decline in invertebrate fauna.
Vibration associated with the operation of light vehicles has a known impact on invertebrates that dwell
in leaf‐litter or shallow burrows (D. Hirst, SA Museum, pers. Comm.) It is expected that vibrations
associated with heavy machinery (exploration drilling, active mining) will also affect such organisms.
The increased risk of fire could result in the degradation of SRE habitat.
The most important species for the Project identified during the SRE survey (ecologia, 2009f, Technical
Appendix 14) were the trapdoor spiders Idiosoma nigrum, Cethegus fugax complex, and Aurecocrypta
sp., the land snail Pleuroxia sp. and the millipede Antichiropus sp. ‘Weld Range’.
Idiosoma nigrum
The Project will impact directly on 69% of the Madoonga population and 3% of the Beebyn population of
I. nigrum, representing 9% of the total population recorded at Weld Range.
It is expected that the loss of these populations will result in the extirpation of the Madoonga population
due to inbreeding depression, which presents a further 3% loss to the overall population at Weld Range.
The effect of the Beebyn pit development on hydrology and thus populations in drainage lines on the
Beebyn flats south of the pit is currently unknown. The impact could range from 0% (no loss) to 34%
(complete loss of the Beebyn flats population). The total expected loss from known direct and indirect
impacts equals 12% of the overall population of I. nigrum at Weld Range (ecologia, 2009g).
The extirpation of Madoonga (and potentially Beebyn) population is expected to create a gap larger than
500 m between the remaining population of Wilgie Mia, Hampton Hill and Weld Range North, effectively
presenting a barrier to the limited male‐facilitated dispersal (B. Y. Main, pers. Comm.). As a result, the
populations at Hampton Hill, Wilgie Mia and Weld Range North will become isolated, experiencing no
gene flow among each other. This highlights the need to ensure that each of these populations is
numerous enough to be sustainable on its own long term. A genetic population study is currently being
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completed by ecologia in order to determine the extent of gene flow within and between populations.
The findings will be submitted to the EPA before the PER review period is complete.
Finally, an indirect impact of unknown extent is expected to occur on the populations that are located
further away from the mining development due to higher grazing pressure from stock that will likely
withdraw from the developed areas.
Cethegus sp. ‘Fugax complex’
Cethegus spiderlings are known to use limited aerial dispersal, the pattern of the genetic structure
presented here shows that such dispersal is clearly limited (ecologia 2009). The fact that the spiders
were not able to disperse across the 1 km‐wide natural gap between Hampton Hill and Madoonga
presents evidence that aerial dispersal may possibly enable Cethegus to escape disturbance on a very
local scale (i.e. < 1km) but it does not function as a long‐distance vector.
The two Cethegus fugax subspecies at Weld Range are as different from each other as they are from the
subspecies at Jack Hills and Robinson Range, therefore they will require separate conservation
management. Establishing two conservation zones (one at Hampton Hill along the ridge) and one at
Madoonga or Beebyn will ensure the long term survival of both subspecies at Weld Range.
Aurecocrypta sp. (previously lugubris)
The Weld Range Aurecocrypta species was confirmed not to be A. lugubris. This undescribed, but known
species (WAM record) has a distribution greater than 10,000 km2 and is therefore identified as a non SRE
species. As such, it is highly unlikely that impacts to the Weld Range population will threaten the
species. No specific management recommendations are currently required for this species.
Pleuroxia sp. and Antichiropus sp. Weld Range
The specific status of Pleuroxia sp. and Antichiropus sp. ‘Weld Range’ are yet to be clarified, however it is
likely that they are SRE’s. Populations of Pleuroxia sp. were identified within the Aboriginal Reserve
Wilgie Mia (located between Madoonga and Beebyn) and Hampton Hill. Given that these areas are
outside the Project footprint, Pleuroxia sp. will only be partially impacted by the Project. Similarly,
Antichiropus sp. ‘Weld Range’ has been located at Hampton Hill which is outside the Project footprint
and therefore will only be partially impacted by the Project.
7.7.2

Management Objectives

The EPA objectives for management of SRE invertebrate fauna are to:
•

Maintain the abundance, diversity, geographic distribution and productivity of fauna at species
and ecosystem levels through the avoidance or management of adverse impacts and
improvement in knowledge.

•

Protect Specially Protected (Threatened) fauna consistent with the provisions of the Wildlife
Conservation Act 1950.

7.7.3

Management and Mitigation

The following management items will be implemented to mitigate impacts of the development at Weld
Range on SRE species that were identified during the survey (ecologia, 2009f, Technical Appendix 14):
•

Clearing will be restricted to only that which is necessary. Clearing boundaries will be defined in
the field.

•

Areas that are likely to contain SRE species such as drainage lines, south facing slopes and other
areas with high moisture retention will not be cleared, if possible.

•

Cleared areas will be rehabilitated as soon as practical.
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•

Dust suppression measures will be implemented, including management of road speed on
unsealed roads.

•

A fire prevention strategy will be implemented throughout the life of the Project.

•

SMC will carry out a de‐stocking and goat removal exercise.

•

Vibration management (i.e. reducing the level of vibration in areas containing vibration sensitive
invertebrates) will be implemented to reduce impact to this fauna (e.g. the protected shield‐back
spider Idiosoma nigrum).

Idiosoma nigrum
The following management items (in addition to those listed above) will be implemented to mitigate
impacts of the development on the shield‐back spider Idiosoma nigrum at Weld Range:
•

A dedicated Idiosoma nigrum Conservation Management Plan will be developed and implemented
to reduce impact on the I. nigrum population at Weld Range during construction and operation of
the Project. This Conservation Management Plan will outline the management of the genetic
diversity of the three populations, Weld Range North, Weld Range South and Hampton Hill.

•

Areas with I. nigrum burrows will be identified and excluded from clearing where possible.

•

Relevant site staff will be educated about the conservation issue of I. nigrum and trained in
recognising the spider’s burrows and overall habitats to prevent accidental impact on the spider’s
population.

•

Further exploration activities will be managed in compliance with the I. nigrum Conservation
Management Plan.

Cethegus sp. ‘fugax complex’
The following management items will be implemented to mitigate impacts of the development on the
curtain‐web spider Cethegus fugax at Weld Range:
•

Dust suppression measures will be implemented, including the management of road speed on
unsealed roads.

•

A fire prevention strategy will be implemented.

•

In order to maintain both of the subspecies, Cethegus sp. ‘Weld Range Hampton Hill’ and
Cethegus sp. ‘Weld Range Madoonga & Beebyn’, it is recommended that exclusion zones are
established at Hampton Hill, Madoonga and/or Beebyn.

7.7.4

Predicted Outcome

Populations of SRE invertebrate fauna within the clearing footprint and the majority of invertebrate
fauna that do not have aerial dispersal abilities will be lost due to clearing of up to 4074 ha of native
vegetation.
The management measures described above show that the Project can meet the EPA’s objectives for
SRE invertebrate fauna as follows:
•

The current mining proposal impacts directly on six sub‐populations of I. nigrum, representing 9%
of the total population recorded at Weld Range. It is expected that the loss of these populations
will result the extirpation of Madoonga population due to inbreeding depression, which presents
a further 3% loss to the overall population. The Project will result in a direct impact of 12% of the
total population of Idiosoma nigrum at Weld Range but this is not anticipated to have significant
impact to the species at a regional level. Invertebrate surveys have improved knowledge at a local
and regional level.
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The residual risk (following the implementation of control measures) from Project activities impacting
upon vertebrate fauna has a severity rating of Low for Cethegus and Medium for Idiosoma.
7.7.5

Environmental Management Commitments

Commitment 10:
A Bushfire Management Plan will be developed and implemented prior to mine construction works
and implemented throughout the life of the mine. This will ensure that risks of bushfire are identified
and managed to minimise potential impacts to fauna and flora.
Commitment 11:
A dedicated Idiosoma nigrum Conservation Management Plan will be developed and implemented
prior to clearing and construction, to reduce impact on the population at Weld Range during
construction, development and active mining.
Commitment 12
Develop and implement a dedicated Cethegus sp. ‘fugax complex’ Conservation Management Plan to
reduce impact on the population at Weld Range during construction, development and active mining.
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8

OTHER ENVIRONMENTAL IMPACTS AND MANAGEMENT

Environmental hazards that were rated as low risk with the implementation of control measures are
discussed in this Section.
8.1

SUBTERRANEAN FAUNA

Stygofauna
Suitable water quality data and stable groundwater levels supported the expectation that stygofauna
might be present at Weld Range. The pH was neutral at all sites and the salinity as measured by
Electrical Conductivity (mS/cm) was well short of the threshold of 30 mS/cm for stygofauna occurrence
(ecologia, 2009j, Technical Appendix 18). Phase 1 and Phase 2 sampling occurred during months of
higher than average rainfall and sampling carried out in 2009 was after a very high rainfall event in
January. This was viewed as favourable to the sampling regime as it is believed that high rainfall events
can provide an influx of nutrients into the groundwater, thus causing an increase in stygofauna
populations for a short time (A. Pinder, DEC, pers. comm.).
Despite all of these positive indicators, no stygofauna was found within the Beebyn impact area. In
addition, no stygobitic species were found during the regional sampling in pastoral wells ‐ the copepod
Mesocyclops brooksi is stygophilic, being collected from both surface waters and ground waters, and it is
wide spread in Western Australia (Karanovic 2006). Similarly, the ostracods Cypridopsis vidua and
Sarscypridopsis oschracea are often found in wells in arid Western Australia but it is typically a surface
species inhabiting open freshwater bodies in southern Western Australia (I. Karanovic, pers. comm.).
The juvenile calanoid copepod recorded from a troglofauna trap at Madoonga suggests that stygofauna
may be present in the proposed Madoonga pit. All calanoid copepods are aquatic, therefore it is
assumed that the troglofauna trap was resting in water and the copepod resided in it. While the hole
where this specimen was found could not be sampled for stygofauna, several holes nearby were
sampled and did not yield any stygobitic species. Given that no true stygobitic species were found
within the long‐term established regional sites, it is reasonable to assume that the copepod found in the
proposed Madoonga pit is also likely to be stygophilic rather than truly stygobitic.
The results of the Beebyn Stygofauna survey suggest that the groundwater habitat in and around the
Beebyn impact area is devoid of true stygofauna and therefore no Habitat Risk Assessment or
management recommendations were conducted (ecologia, 2009j, Technical Appendix 18).
Troglofauna
Little is known of the troglobitic invertebrates of Weld Range owing to a lack of study in the area. The
paucity of knowledge of troglobites in this area makes estimating the extent of organisms likely to be at
risk from the proposed development difficult.
In conclusion, only the centipede specimen was considered a probable troglobite, and thus significant to
the results of the survey. Management recommendations are based on the impact of the proposed
development on the centipede found inside the Beebyn tenement and aimed at reducing any impact on
the population (ecologia, 2009k, Technical Appendix 19).
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8.1.1

Potential Impacts

Potential impacts on fauna from project activities are summarised in Table 8.1.
Table 8.1 – Potential Impacts on Subterranean Fauna
Project Activity

Potential Impact

Groundwater extraction for
processing, dewatering for
pit construction
Clearing of vegetation
Excavations
for
construction
infrastructure

mine
and

Construction
of
infrastructure,
vehicle
movements and operation
of processing plant
Waste rock,
stockpiling

-

Loss of habitat.

-

Changes to humidity of habitat.

-

Loss of species due to change in groundwater quality.

-

Reduced carbon input into subterranean fauna communities,
changes to aquifer recharge and sediment loads in runoff

-

Loss of subterranean fauna habitat.

-

Contamination of soil and surface / ground water leading to loss
of troglofauna and stygofauna habitat.

-

Changes to surface water infiltration, organic inputs and sediment
loads.

-

Contamination of soil and surface / ground water leading to loss
of troglofauna and stygofauna habitat

overburden

Stygofauna
Potential impacts from excavation and dewatering of the Madoonga mine pit to stygofauna include:
•

Direct removal of subterranean habitat from excavation of habitat strata.

•

Modifications and removal of stygofauna habitats through alterations to groundwater levels from
dewatering.

•

Contamination of groundwater from mining and associated activities.

Mining activities have the potential to impact on stygofauna communities by impacting on aquifer
quality and quantity through activities such as clearing (which lead to increased sediment in
groundwater), modifications to groundwater recharge areas, groundwater pollution, groundwater
abstraction and mine dewatering.
Stygofauna communities are linked by underground aquifers that facilitate the movement and exchange
of organisms and genes between semi‐disjunct populations. Groundwater drawdown to facilitate open
pit mining may influence the dynamics of subterranean ecosystems by changing the connectivity or flow
rate of aquifers, and therefore the capacity for exchange of organisms and genes between areas and/ or
populations. This may lead to an overall decrease in diversity and disruption to the current ecosystem,
potentially already disturbed through the effects of agricultural land clearing and the subsequent rise in
the water table within the proposal footprint.
Troglofauna
Subterranean ecosystems and the fauna they support may face significant risks from a number of mining
related processes, most significant of which is the ore extraction process itself, which directly removes
the habitat and dependent species. Other risks to sub‐surface dwelling species and communities may
also occur as a result of surface operations, e.g. surface sealing or clearing and hydrocarbon and other
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contaminants (Harvey 2002a), which may impact upon the physical and chemical elements of the
habitat. The lowering of the water table resulting from pit dewatering, may also impact upon
troglofauna habitat by altering the humidity of the habitats in which troglobites exist.
Troglofauna are very sensitive to changes in their environment as they are generally adapted to an
environment that sees only minor physical, chemical and biological change (Humphreys 2001a), and
even relatively minor impacts to their habitat may have profound effects on their populations.
The mining proposal currently being planned for the Beebyn could potentially have a significant impact
on troglofauna habitat by:
•

Directly removing all or part of their habitat.

•

Changing the habitat temperature, humidity, chemical composition, availability of organic matter
and interrupting the food chain by exposing voids to atmospheric oxygen, water and pollutants.

•

Lowering the water table sufficiently to effect temperature and humidity of the void spaces in
which troglofauna live.

•

Contamination of habitats through hydrocarbon / chemical spills.

8.1.2

Management Objectives

The EPA objectives for management of subterranean fauna are to:
•

Maintain the abundance, diversity, geographic distribution and productivity of subterranean fauna
at the species and ecosystem levels through the avoidance or management of adverse impacts
and improvement in knowledge.

8.1.3

Management

Stygofauna
The results of ecologia survey suggest that the groundwater habitat in and around the Beebyn impact
area is devoid of true stygofauna and therefore no Habitat Risk Assessment or management
recommendations were conducted.
One copepod was recovered from a troglofauna trap within the proposed Madoonga pit, although this
may be the result of contamination. Given that no true stygobitic species were found within the long‐
term established regional sites, it is reasonable to assume that the copepod found in the proposed
Madoonga pit is also likely to be stygophilic rather than truly stygobitic.
Troglofauna
Only the centipede specimen identified at Beebyn was considered a probable troglobite, and thus
significant to the results of the survey.
The suitability of geological formations as habitat is primarily a function of available habitat space.
Geological data from bores drilled along the area indicate that the rock strata consist of Banded Iron
Formation (BIF) and dolerite. In the context of troglofauna, porous rock strata are more likely to
harbour troglobitic communities. Of the rock types identified the dolerite was considered suitable
troglobitic habitat and the BIF not suitable. However, as there is only one limited troglofauna record
available, it is difficult to comment on the numbers of troglobitic communities potentially present.
Examination of lithologies of the drill hole, in which the troglofauna was record, showed that the hole
contained at least two geological stratums with pores or voids suitable for troglofauna habitation. The
most common strata are dolerite and this habitat has been classified as ‘suitable’. The other stratum is
the Banded Iron Formation. This habitat shows low porosity and is mostly located below the water table
and thus its use for troglofauna was assessed as not suitable.
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An extrapolation of the suitable geological strata resulted in an estimate of 635 ha of suitable
troglofauna habitat within the Operational Area. The Project area components impacting on the suitable
habitat are the:
•

resource area (335 ha); and

•

mine infrastructure (300 ha).

The direct impact, as a result of excavation in the resource area thus totals 6.5% of the predicted
troglofauna habitat within the Project area. Indirect (or secondary) impacts resulting from the clearing of
vegetation for mine infrastructure (such as the waste landforms, tailings storage facility, plant site and
stockpiles) total 5.8% of the predicted available troglofauna habitat within the Project area. The overall
impact of the Operational footprint on the troglofauna community within Project area is, therefore,
estimated at 12.3%
Management recommendations are based on the impact of the proposed development on the
centipede found inside the Beebyn tenement and aimed at reducing any impact on the population.
•

Further sampling is recommended to determine whether Cryptopid species are present outside
the current impact area.

•

Contamination of troglobitic habitats through hydrocarbon / chemical spills will be prevented. In
the event a spill does occur, it will be reported to the supervisor on site, and contained and
cleaned immediately as per site procedures.

•

Monitoring of water uses to ensure consumption does not exceed the rate at which aquifers
recharge.

As no troglofauna has been identified at the Madoonga area, the Project is not expected to have an
impact and therefore no management controls are necessary.
8.1.4

Predicted Outcome

The management measures described above show that the Project can meet the EPA’s objective for
subterranean fauna.
One copepod was located within a troglofauna trap at Madoonga. Given that no true stygobitic species
were found within the long‐term established regional sites, it is reasonable to assume that the copepod
found in the proposed Madoonga pit is also likely to be stygophilic rather than truly stygobitic.
The residual risk from the Project to this factor is therefore considered Low.
8.2

SOILS AND LANDFORMS

The Project area is located primarily in the Weld land system, with the surrounding areas predominated
by the Yarrameedie, Violet and Jundee land systems. Smaller areas of the Sherwood, Mileura, Norie,
Cunya, Kalli, Gabanintha and Wiluna land systems also occur.
The Mileura land system is unique in the Project area as it consists of seasonally inundated claypans
supporting halophytic shrublands. These shrublands form unique habitats with species such as Slender‐
billed Thornbill and White‐winged Fairy‐wren restricted to these habitat types.
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8.2.1

Potential Impact

Potential impacts on fauna from Project activities are summarised in Table 8.2.
Table 8.2 – Potential Impacts to Soils and Landforms
Project Activity

Potential Impact
-

Increased erosion.

-

Increased sedimentation.

-

Alteration of soil profile.

-

Modification of surface water flows, leading to changes in erosion
and sedimentation patterns.

-

Loss of land stability.

-

Increased compaction of soil.

Storage of top soil and
waste rock

-

Reduction in quality of physical, chemical and/or biological
characteristics of soils due to inappropriate handling and storage

Blasting, refuelling, vehicle
maintenance, waste rock
storage

-

Contamination of soil and surface/ground water by hydrocarbons
and explosive chemicals.

-

Increase in dust.

-

Permanent landform modification due to mine pits, TSF and waste
dump areas.

-

Short to medium term changes to the landscape due to
construction of infrastructure.

-

Accelerated rates of erosion.

Vegetation clearing

Excavations for construction

Pit creation, waste rock
stockpiling, construction of
mine site

Soils
Soil impacts will occur because of land clearing, stockpiling, mining and placement of infrastructure at
the mine site. Topsoil will be stockpiled as mining progresses. There is minimal topsoil available in the
ridge area of Beebyn. Most of the material cleared from this area will be scrub. The topsoil on the
slopes below the vertical ridge will be easier to remove and pushed down the slopes.
Landforms
The Project area is surrounded by flat plains and will cover an area of approximately 4074 ha. The
proposed pit areas and external waste dumps (at Beebyn and Madoonga) will have a footprint of 1097
ha and 714.5 ha, a height of 600 m RL and 560 m RL and 20° slopes respectively.
On completion of mining, approximately 100 Mm3 of the mine deposit will be left open. It is anticipated
this void will fill up with water to form pit lakes. Management measures will be developed and
incorporated in the final closure plan for the Project.
8.2.2

Management Objectives

The EPA objectives for the management of soils and landforms are to:
•

Maintain the integrity, ecological functions and environmental values of soils and landforms.
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8.2.3

Management and Mitigation

Soils
The development of the Project will require the stripping of soil from 4074 ha of land, as well as the
rehabilitation and revegetation of created landforms. SMC will undertake the appropriate and diligent
topsoil handling measures to manage the impacts with regard to topsoil quality. These measures are
included in the EMP (Technical Appendix 1) and SMC will implement this plan throughout construction
and operation of the mine site.
Areas with native vegetation that will be totally removed may contain important genetic resources.
Prior to clearing, a seed salvage plan will be developed to appropriately store and utilise valuable genetic
resources from the sites to be cleared. Native flora seed collection and storage for revegetation
purposes will be outlined in the Threatened Flora and Conservation Management Plan.
Topsoil and vegetation debris will be salvaged from the mine site prior to commencement of works and
used in rehabilitation. Topsoil will be stripped and utilised in rehabilitation at locations consistent with
their natural distribution wherever feasible. Cleared vegetation will be used as mulch for rehabilitation
of disturbed sites, to establish vegetated buffer zones around the mine, or to assist the planning of
ecological corridors. Contouring, terracing and establishment of groundcover vegetation will be
undertaken to reduce erosion from surface runoff, and promote stability of rehabilitated landforms.
Where storage is unavoidable, topsoil will be stored separately from overburden to preserve the seed
store from re‐spreading during rehabilitation. Germination of seedlings on the stockpiles will be
promoted and monitored to ensure continuity of organic inputs and to maximise fungi activity within the
stockpile.
Potential soil contaminants including hydrocarbons, chemicals, explosives and waste material will be
stored and transported according to manufacturer’s specifications, relevant legislation, standards and
guidelines. In the event of contamination, soils will be collected, contained and treated in a designated
area to eliminate the possibility of contaminant spreading to the surrounding environment. Any
uncontrolled release of contaminants will be reported as an incident.
Soil compaction will be minimised by restricting vehicle movements to roads and infrastructure areas
where possible. Any compacted areas will be deep ripped during rehabilitation. The design,
construction and rehabilitation of mine landforms will meet agreed mine closure objectives.
Landforms
To minimise impacts to the overall layout and landform/ecosystem function of the Weld Range, the
designated location for the Project development is centred on the existing iron ore outcrop. SMC will
endeavour to minimise the footprint of the Project to reduce the environmental impact. Final land use
will be taken into account throughout Project planning and operation. The mine footprint, including
plant, offices, workshops, access roads and laydown areas will be rehabilitated upon mine closure.
Waste rock stockpiles will be constructed in accordance with the Environmental Notes on Mining Waste
Rock Dumps (DMP, 2001) and Landform Design for Rehabilitation (Environment Australia, 1998). These
documents specify minimum technical criteria that should be met in mining landform construction and
take into account the potential for erosion and progressive revegetation and rehabilitation of waste rock
stockpiles.
Tailings will be managed to prevent contamination, and the TSF constructed for long term stability in
compliance with the Guidelines on the Safe Design and Operating Standards for Tailings Storage (DMP.
1999) and The Strategic Framework for Tailings Management (DMP, 2003).
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Only minor drainage diversion works will be required to divert upstream runoff around the TSF as it will
be sited to avoid drainage paths in the area.
The TSF will be designed to ensure containment of any runoff, to prevent uncontrolled discharge of
tailings into the environment. Runoff will flow into a retention pond, where any sediment will settle out
prior to the water being used in the processing plant or for dust suppression.
Depending on the permeability of the TSF surface, a proportion of rainfall may infiltrate the stored
tailings and may percolate through the TSF to discharge at the toe. The levels of salinity and chemical
contaminants will be confirmed during operation via a suitable monitoring program and any discharge
will be contained by the drainage system.
A TSF operator’s manual will be developed to ensure that any potential failure of the TSF system is
detected and remedied as soon as possible.
8.2.4

Monitoring

Monitoring of rehabilitated areas and mine landforms will be performed to assess revegetation
progress, stability and erosion control.
8.2.5

Predicted Outcome

The management measures described above show that the Project can meet the EPA’s objective for soils
and landforms.
The mine site will modify existing landforms and result in permanent new landforms. These landforms
will be rehabilitated to establish stable, sustainable landforms that will not compromise post‐
disturbance land uses.
The residual risk from the Project to this factor is therefore considered Low.
8.2.6

Environmental Management Commitment

Commitment 13:
SMC will develop and implement a TSF Operators Manual prior to construction of the TSF.
8.3

GREENHOUSE GAS EMISSIONS

The impacts of the release of emissions of GHG’s are cumulative on a global scale and cannot be linked
to any specific local or regional effect in terms of causing climate change. Hence the release of GHG
emissions from the Projects activities will not have a high impact on the local environment.
8.3.1

Potential Impact

Potential impacts Project activities are summarised in Table 8.3.
Table 8.3 – Potential Impacts from Greenhouse Gas Emissions
Project Activity

Potential Impact

Vegetation Clearing
Construction
Operations

September 2010

and

-

Reduction in the sequestration of CO2.

-

Production of CO2 emissions.

187

Weld Range Iron Ore Project
Public Environmental Review

Under full production (over an eleven year period) and excluding emissions from vegetation clearing at
the beginning of the Project and road train haulage, the Project is expected to generate a total of
2,899,269 tonnes of CO2‐e (i.e. 263,570 tonnes of CO2‐e per annum).
The breakdown of these emissions between the broad activities is shown in Table 8.4 below. The
majority of these emissions are associated with the consumption of diesel by the mining fleet and the
diesel‐fired power stations.

Table 8.4 – Annual and Total Emissions from the Weld Range Project
Annual Energy
(TJ)

Annual Scope

Annual Scope 3

(t CO2‐e)

(t CO2‐e)

1,949

136,031

10,239

146,360

1,609,963

177

12,331

936

13,268

145,943

Electricity
Generation

1,390

96,577

7,365

103,942

1,143,363

TOTAL

3516

244939

18540

263570

2899269

Mining Fleet
Ancillary Fleet

Annual Total

Project Total
(11 year LOM)

The Project requires the clearing of approximately 4074 ha of native vegetation. The decomposition of
this vegetative matter results in emissions of CO2. Greenhouse gas emissions associated with land
clearing were calculated using the National Carbon Accounting Toolbox (Australian Greenhouse Office,
2005). Emissions associated with land clearing are estimated at 89,709 t CO2‐e per annum in year 1.
Although some carbon dioxide will be sequestered from the atmosphere through the revegetation of
disturbed areas, this process will take many years and for the purposes of this assessment has not been
included in the calculations of net emissions.
During full operation, the proposal is expected to consume approximately 3,718 terajoules (TJ) (3 PJ) of
energy per annum. The base load power will be generated via 12 x 1MW diesel engine gensets (KB,
2010, Technical Appendix 21A).
The State and National GHG emissions, as reported for 2006 under the national GHG Emissions
Inventory, are compared to the estimated average annual emissions for the Project in Table 8.5.
Table 8.5 – Comparison of State and National GHG Emissions Totals
Description of Emissions

GHG Emissions

Weld Range Annual Emissions

263,570 tCO2‐e

Compared project Emissions (%)

Australia’s 2006 Total

576 million tCO2‐e

0.045%

WA’s 2006 Total

70.4 million tCO2‐e

0.37%

Based on the State and national GHG emissions reported for 2006, the estimated average annual GHG
emissions for the Project are equivalent to 0.045% of the National total and 0.37% of WA’s total.
8.3.2

Management Objectives

The EPA objectives for management of GHG emissions are to:
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•

Ensure that emissions do not adversely affect environmental values or the health, welfare and
amenity of people and land uses by meeting statutory requirements and acceptable standards.

•

Minimise emissions to levels as low as practicable on an on‐going basis and consider offsets to
further reduce cumulative emissions.

8.3.3

Management and Mitigation

Greenhouse gas emission minimisation has been incorporated into Project planning in accordance with
EPA Guidance Statement for Minimising Greenhouse Gas Emissions (2002). Construction and operation
phases of the Project will be designed to minimise vehicle movements and duplication of activities to
reduce cost, greenhouse gas emissions and increase efficiency. The construction and permanent camp
will be located on site to reduce the number of vehicles used in association with the Project. In the
detailed design phase of the Project, SMC will also consider:
•

selection of the most energy efficient technology available where practicable;

•

use of renewable energy, including wind turbines; and

•

energy consumption as criterion in equipment selection.

Opportunities to maximise energy efficiency and minimise greenhouse has emissions have been
focussed largely on the generation of electricity. It is an area where most opportunities for
improvement exist.
The generation of electricity represents a significant cost and proportion of greenhouse gas emissions to
the Project. SMC therefore commissioned a Power Generation Options Study (WP, 2007) to determine
the optimal solution for the supply of electricity to the Project. The options study concluded that the
power source should be a stand alone power station powered by 12 x 1 MW diesel generators, proving a
reliable continuous source of power.
Vegetation clearing has been minimised where practicable during selection of the waste dumps.
Vegetation to be cleared at the mine site (4074 ha) will be cleared progressively and stockpiled for use in
rehabilitation. Progressive rehabilitation of open areas will result in partial offsets of emissions over the
life of the Project. Other carbon sequestration options include purchase and conservation of existing
remnant bushland in the south‐west and forestry or other revegetation methods.
SMC will apply to participate in the Greenhouse Challenge Plus programme. Once operational, SMC will
also report energy efficiency and greenhouse gas emissions annually to the Australian Greenhouse
Office as required under the Greenhouse Challenge Plus programme and WA Strategy. Regular (e.g.
triennial) energy efficiency audits will also be conducted for the Project as required under the Energy
Efficiency Opportunities programme and WA Strategy. Atmospheric emissions will also be reported to
the National Pollutant Inventory if they meet the reporting threshold values.
Other Gaseous Emissions
In addition to the management strategies and reporting related to greenhouse gas emissions, mobile
and plant equipment associated with the Project, including vehicles used for transport will be
maintained to reduce cost, gaseous emissions and increase efficiency.
SMC will meet relevant air quality standards and requirements of Section 51 of the Environmental
Protection Act 1986 (that all reasonable and practicable measures are taken to minimise pollutant
discharge). SMC will also comply with National Environment Protection Measures and relevant state
legislation through reporting all emissions that trigger reporting thresholds to the National Pollution
Inventory. Table 8.6 presents a summary of the National Environment Protection Measure air quality
standards.
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Table 8.6 – National Environment Protection Measures Relevant Air Quality Standards
Averaging
period

Maximum (ambient)
concentration

Goal within ten years
(maximum allowable
exceedances)

1 hour

0.12 ppm

1 day a year

1 year

0.03 ppm

none

1 hour

0.20 ppm

1 day a year

1 day

0.08 ppm

1 day a year

1 year

0.02 ppm

none

Carbon monoxide

8 hours

9.0 ppm

1 day a year

Particles as PM10

1 day

50 µg/m3

5 days a year

Pollutant

Nitrogen dioxide

Sulphur dioxide

8.3.4

Predicted Outcome

The management measures described above show that the Project can meet the EPA’s objectives as
follows:
•

Once operational, the Project will generate greenhouse gases, mainly from the consumption of
electricity and diesel fuel. Emissions of greenhouse gas and other gaseous emissions from the
Project will be kept as low as practicable.

•

Conventional maintenance measures used in the mining industry in WA are expected to be
sufficient to control greenhouse gas emissions to efficient operating levels.

The residual risk from the Project to this factor is therefore considered Low.
8.3.5

Environmental Management Commitments

Commitment 14:
SMC will apply to participate in the Greenhouse Challenge Plus programme and WA Strategy.
Commitment 15:
SMC will comply with National Pollution Inventory reporting requirements for emissions that trigger
reporting thresholds.
8.4

DUST & PARTICULATES

SKM conducted the dust impact assessment for the project, with a focus on ambient particulate matter
concentrations and deposition at local sensitive receptors. Using emissions estimation techniques from
the NPI EETM for Mining v2.3 (NPI, 2001) and Shao et al (1996) it was determined the largest emissions
sources across operations were from blasting events, wind erosion from waste material stockpiles and
from wheel generated dust from vehicle movements.
SKM modelling in Technical Appendix 20 demonstrates that Option 1 produces the optimal outcome for
dust impact with concentration at the Village site coming close to the PM10 50µg/m3 limit but not
exceeding the assessment criteria following application of appropriate dust reduction controls.
8.4.1

Potential Impacts

Activities including clearing, mining, hauling, crushing, screening and stockpiling of the ore have the
potential to generate dust. Localised dust will be generated from the movement of vehicles at the mine
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site and from handling of ore. The lay down and loading areas will be unsealed and subject to dust
emissions. The degree of dust generated will depend on the moisture content of the ground surface
during preparation and the climatic conditions.
Potential impacts from dust are summarised in Table 8.7.
Table 8.7 – Potential Impacts from Dust
Project Activity

Construction and Operation
Activities

8.4.2

Potential Impact
-

Decline in vegetation from physical dust smothering.

-

Changes to soil chemistry in downwind areas of dust deposition.

-

Diminishment of employee and/or stakeholder health.

-

Reduced visibility and visual amenity.

Management Objectives

The EPA objectives for the management of dust emissions are to:
•

8.4.3

Ensure that air emissions (dust and particulates) do not adversely affect environmental values or
the health, welfare and amenity of people and land uses by meeting statutory requirements and
acceptable standards.
Management and Mitigation

SMC intends to keep dust to a minimum during construction and operation of the Project. Conventional
dust suppression measures and management practices common to the mining industry in Western
Australia are expected to be sufficient to prevent adverse environmental impacts at the majority of
nearby sensitive receptors.
Dust emissions will be minimised by using water sprays, where appropriate, covered and skirted
conveyors at ore transfer points, sealing of relevant joints and installation of a dust collection system.
Equipment design, correct operational procedures and adequate operator training will minimise the
occurrence of significant fugitive dust.
In all modelled options Option 1 produced the lowest overall dust impact. This is due to the location of
the Central Processing Facility relative to the receptors, and the prevailing wind direction.
A dust management plan will be incorporated into the Project Environmental Management Plan,
identifying specific management measures to minimise dust generation from the Project. The
commitments within the Project Environmental Management Plan will be consistent with the amount of
dust expected to be generated in various aspects of the project and the environmental, health and social
values to be protected in those areas. The Project Environmental Management Plan will include the
following dust management strategies:
•

minimise the area of native vegetation that is cleared and the duration for which cleared areas are
left exposed before being progressively rehabilitated or otherwise stabilised;

•

consideration to the prevailing wind direction and potential for dust deposition at sensitive
receptors when designing roads and other mine infrastructure;

•

limit the number and height of stockpiles;

•

use dust suppressions techniques (such as water sprays) to manage dust generation from ore
processing and transport;

•

use water spraying on all active waste piles (roads and dumping areas) and ore stockpiles to
reduce wind erosion emissions;
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•

blasting not conducted at the Beebyn pit when winds are between north north‐easterly and
southerly;

•

blasting not conducted at the Madoonga pit when winds are between north north‐westerly and
south south‐westerly;

•

crushing and screening machinery will be fitted with dust hooding, including fabric filters;

•

all ore conveying operations, including reclaimers when operational, will be sprayed with water;
and

•

regular inspections to visually assess dust generation.

There is no specified moisture content level for the application of water sprays. The amount of spraying
will be optimised between reducing visible dust output from roads and plant and maintaining product
quality and road surface integrity. Excessive application of moisture can also cause dust to crust on
handling surfaces and be remitted when it dried out.
Haul road emissions will be managed using a variety of controls. While road watering is the most
common and considered standard practice for road dust management, the use of surfactants to bind the
road surface and variable speed limits will aid in reducing road dust. This will be affected on sections of
road close to sensitive receptors, and the efficiency determined with field measurements before and
after application of controls.
8.4.4

Monitoring

A dust monitoring campaign will be undertaken in the vicinity of the Village and mining areas, subject to
availability of electrical power and site access, to monitor actual impacts of operations on Village
residents. This will be accomplished with a High Volume Sampler (HiVol) to measure 24‐hour averaged
PM10 concentrations. Further study to ascertain the most appropriate set‐up for operations will be
conducted before any installation of monitoring equipment.
A meteorological monitoring station will be established at a location representative of the mine site to
provide wind data to for the dust management program.
8.4.5

Predicted Outcome

The management measures described above show that the Project can meet the EPA’s objectives for air
emissions as follows:
Conventional dust suppression measures used in the mining industry in WA are expected to be sufficient
to control environmental impacts to within the Project area and immediate surrounds. Employee
exposure to dust will be routinely assessed as part of occupational health requirements. SMC commits
to implementing a dust monitoring program on vegetation health.
The residual risk from the Project to this factor is therefore considered Low.
8.4.6

Environmental Management Commitments

Commitment 16:
The Dust Management Plan will be developed, in consultation with the DEC, and implemented prior to
construction and will include procedures for dust monitoring at sensitive receptors.
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8.5

NOISE AND VIBRATION

8.5.1

Potential Impact

Potential impacts from noise and vibration are summarised below in Table 8.8.
Table 8.8 – Potential Impacts from Noise and Vibration
Project Activity

Potential Impact
-

Increase in traffic movements thus increasing ambient noise
levels.

-

Running of generators, increase ambient noise and vibration
levels.

Blasting

-

Increase in ambient noise and vibration.

Processing of Ore

-

Increase in ambient noise and vibration.

Construction and operations

-

Loss of SRE species due to vibration.

Airport

-

Increase in ambient noise and vibration levels.

Construction

The Project noise impact assessment conducted by Lloyd George Acoustics (2009) calculated the
(Technical Appendix 22) maximum noise level from aircraft take‐off and landing at Weld Range.
The assessment calculated the maximum noise levels for each infrastructure option as follows:
•

BAe 146‐100 aircraft <LAmax 50dB(A); and

•

Boeing Dash 8 aircraft < LAmax 50dB(A)

The maximum noise levels are deemed suitable for residential buildings.
There is a low risk of noise impact, as the Project area is remote from any nearby sensitive premises.
8.5.2

Management Objectives

The EPA objectives for the management of noise and vibrations are to:
•

8.5.3

Protect the amenity of nearby residents from noise and vibration impacts resulting from activities
associated with the proposal by ensuring the noise and vibration levels meet statutory
requirements and acceptable standards.
Management and Mitigation

Management of employee noise exposure will comply with the Mines Safety and Inspection Act 1994.
Methods for minimising noise emissions, to reduce impact to employees and contractors will include:
•

Selecting the quietest practicable plant and machinery consistent with construction and
operational requirements.

•

Design and layout of mine site to minimise noise emissions.

•

Regular maintenance of plant and machinery.

•

Blast charges to conform to relevant Australian Standards.

•

Scheduled daylight blasting time tables will be established.
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SMC is the lease holder for the Madoonga Homestead so no sensitive receptors will remain in close
proximity to the Madoonga and Beebyn deposits. Calculations of the maximum noise level from the BAe
146‐100 aircraft and Boeing Dash 8 are deemed suitable for residential buildings. Therefore there are
no special requirements in terms of construction of the accommodation village buildings.
8.5.4

Predicted Outcome

The information provided above shows that the Project can meet the EPA’s objective for noise.
Due to the remote location of the Project it is not considered that mine activities will have a noise
impact on neighbouring residents.
The residual risk from the Project to this factor is therefore considered Low.
8.6

WASTE MANAGEMENT

8.6.1

Potential Impacts

Potential impacts from waste are summarised below in Table 8.9.
Table 8.9 – Potential Impacts from Waste
Project Activity
Inappropriate storage of
waste
(domestic
and
hydrocarbon)

Potential Impact
-

Reduced visual amenity from litter.

-

Increase in feral animal activity.

-

Fauna death or injury.

-

Contamination of soil / surface and / or groundwater.

Construction and operation activities associated with the Project will generate waste materials and
require the transport, storage and handling of hydrocarbons and chemicals. If these substances are not
adequately handled, stored or disposed of there is potential that these materials can contaminate local
soil, groundwater or surface waters. Contamination can arise from the escape of leachate containing
hydrocarbons, chemicals, elevated nutrients, or heavy metals.
The construction and operation of the Project will generate the following types of wastes:
•

domestic waste (e.g. plastic, paper, workshop wastes and domestic solid wastes);

•

construction waste (e.g. wood, scrap metal, tyres, rubber, batteries);

•

sewage and grey water;

•

hydrocarbons and chemicals; and

•

plant maintenance related chemicals (insignificant outside of waste hydrocarbons above).

8.6.2

Management Objectives

The EPA objectives for waste management are to:
•

Reduce the volume of waste through product selection, reuse and recycling.

•

Ensure that waste is contained and isolated from groundwater and surface water, and that
storage, treatment or collection does not result in long term impacts on the surrounding
environment.

•

Have all site generated waste removed by a licensed contractor and disposed of at the Cue
landfill.
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•

8.6.3

Minimise the environmental impacts of hydrocarbons / chemicals (solvents, cleaning fluids etc.)
through appropriate storage, handling and disposal.
Management and Mitigation

General Waste
Industrial waste (i.e. oil filters, hydraulic hose, workshop waste, waste oil, tyres, vehicle batteries), inert
waste (i.e. asphalt, concrete, timber formwork) and recyclable waste (aluminium, glass, plastics, scrap
metals, wire, steel etc) will be collected and transported off‐site for disposal, resale or recycling.
Domestic waste will be removed periodically by a contracted service road tanker. All treatment
packages and effluent disposal methods will be approved by the Department of Health and the Local
Authorities.
Four sewage plants will be installed, one each at Beebyn, Madoonga, the accommodation village and the
CPF. Waste will be disposed offsite at the Shire of Cue Landfill. Waste will be stored on‐site prior to
transfer to the Shire landfill and will be managed in accordance with the Health Act, 1911 requirements.
The final discharge effluent will be treated to a Class A Standard.
Solid waste will removed periodically by a contracted service road tanker. All treatment packages and
effluent disposal methods will be approved by the Department of Health and the Local Authorities.
The train load out facility, primary crushing ROM bin facilities and the airport are isolated areas which
will be serviced by septic tanks.
Hazardous Substances
During construction hazardous substances will be stored in accordance with Australian Standard 1940.
Bulk fuel will be stored in above ground fuel tanks within bunded, impermeable enclosures, or in double
skinned tanks.
Hazardous substance management (Hydrocarbons) will be addressed in the Projects Environmental
Management Plan, with procedures for correct handling, storage, and spill management and clean up.
Contaminated material will be removed and bio‐remediated (if biodegradable) or disposed at a licensed
facility. Spill response equipment will be located in the vicinity of work areas, with site personnel
trained in spill response management.
Storage of explosives will be in a remote magazine in accordance with the Explosives and Dangerous
Goods Act 1961.
Hazardous waste will be removed from site by a licensed contractor for disposal in an approved facility
in accordance with the requirements of the controlled waste regulations.
8.6.4

Predicted Outcome

The management of general and hazardous waste is expected to result in Low environmental impacts.
8.6.5

Environmental Management Commitments

Commitment 17:
SMC will ensure that spill response equipment will be readily accessible in each work area, and that
spills will be controlled at the source, contained and cleaned up as soon as they occur. Contaminated
material will be removed and bio‐remediated (if biodegradable) or disposed at a licensed facility.
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8.7

SOCIAL AND CULTURAL ENVIRONMENT

8.7.1

Potential Impact

Potential impacts to the social and cultural environment are summarised below in Table 8.10.
Table 8.10 – Potential Impacts to the Social and Cultural Environment
Project Activity
Vegetation Clearing

Construction and operations

Closure and Rehabilitation

Potential Impact
-

Disturbance to heritage sites.

-

Loss of visual amenity.

-

Loss of visual amenity.

-

Post closure landform not consistent with surrounds.

-

A safe and stable landform is not established.

-

Reduced stock carrying capacity.

-

Loss of visual amenity.

Social
The Project has the potential to influence community services such as the provision of:
•

Fire and Emergency Services (FESA);

•

local hospitals;

•

local police;

•

education; and

•

transport infrastructure and maintenance.

Indigenous Heritage
No impact to Aboriginal Heritage sites will be made without SMC consulting with the Wajarri Yamatji
Claimant group and obtaining Section 18 consent from the Minister of Indigenous Affairs, as required
under the Aboriginal Heritage Act 1972.
Private Land Owners
The nearest homestead Madoonga is located approximately 2 km from the Madoonga deposit, however
SMC is the lease holder for Madoonga station. Glen Station and Beebyn Station are also located within
the vicinity of the Project area.
8.7.2

Management Objectives

The objectives for management of the social and cultural environment are to:
•

Avoid disturbance to cultural and heritage sites.

•

Comply with relevant legislation including the Heritage of Western Australia Act 1990 and the
Aboriginal Heritage Act 1972.

•

Respect the rights of all land owners.
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8.7.3

Management and Mitigation

Indigenous Heritage
SMC employees participate in cultural awareness training in conjunction with the Wajarri Yamatji
representatives (Wajarri). SMC will continue to engage Wajarri elders to advise on heritage matters.
SMC seeks, where ever possible, to train and maximise employment of Indigenous people.
Management commitments regarding Aboriginal heritage preservation include:
•

avoid disturbance, as far as possible, to known cultural heritage sites and places with recognised
ethnographical values;

•

develop and implement an Aboriginal Cultural Heritage Management Plan which incorporates
agreement for access to culturally sensitive areas;

•

where disturbance of known cultural heritage sites and places with recognised ethnographic
values cannot be avoided, obtain ministerial consent under Section 18 (Aboriginal Heritage Act
1972);

•

implement control measures to protect undisturbed cultural heritage sites adjacent to Project
areas (i.e. signposts, fencing, and awareness programs for personnel) in conjunction with the
Wajarri Yamatji people); and

•

any new or unauthorised disturbances to culturally sensitive sites will be reported to the DIA and
representatives of the Wajarri Yamatji people.

Social
SMC will address community concerns and work with the Department of Health to provide information
to ensure a beneficial outcome for the communities of the Midwest, in particular the town of Cue.
Possible management strategies may include:
•

use of local contractors where possible;

•

training and employment for local residents;

•

financial contributions to the Shire of Cue;

•

participation in or sponsorship in or of community events and initiatives; and

•

provision of a flora information handbook on the Priority flora of Weld range to the local library,
schools and local businesses.

8.7.4

Predicted Outcome

No significant sites, identified from the Aboriginal Sites register and during ethnographic archaeological
surveys, will be removed, damaged or altered without approval under Section 18 of the Aboriginal
Heritage Act 1972.
The residual risk from the Project to this factor is therefore considered Low.
8.7.5

Environmental Management Commitments

Commitment 18:
Prior to ground disturbance activities, approvals relevant to the Heritage of Western Australia Act
1990 and the Aboriginal Heritage Act 1972 will be obtained for disturbance to the land containing
heritage sites.
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Commitment 19:
Prior to disturbance of sites of indigenous and non‐indigenous heritage significance, a Heritage Site
Management Plan will be developed in consultation with the Wajarri Yamatji. The plan will set out
procedures to protect sites from unplanned disturbance and manage disturbance to sites in a manner
that is aligned with traditional values.
8.8

VISUAL AMENITY

8.8.1

Potential Impacts

Potential impacts to visual amenity are summarised below in Table 8.11.
Table 8.11 – Potential Impacts on Visual Amenity
Project Activity
Excavations and land clearing for mine
construction and infrastructure

Construction and operation

Potential Impact
-

Changes to pre‐mining topography.

-

Reduction in visual amenity of the Project area.

-

Reduction in visual amenity in the vicinity of the
processing plant, infrastructure and accommodation
village.

-

Reduction in visual amenity of the area from creation of
mining landforms.

-

Reduced visual amenity from litter.

-

Increase in dust leading to reduced visibility and visual
amenity.

The Banded Iron Formation of the Weld Range protrudes from the plains of the Murchison. Alteration
to the peaks of ranges and/or additional features (e.g. overburden stockpiles) to the plains may alter the
visual aesthetics of the natural landform.
Impacts to visual amenity at the Project site will be dominated by the creation of mining landforms
including waste dumps at Madoonga and Beebyn. The height of the waste dumps will be designed to be
consistent with the surrounding terrain while minimising the footprint and areas required for clearing.
Other Project activities that will alter the visual amenity of the Project area are clearing of native
vegetation, pit excavation, construction and use of infrastructure and light spill. The majority of the
Project infrastructure (processing plant, accommodation village, air strip etc) will be required for the life
of the Project.
Impacts to visual amenity resulting from the Project are expected to be minimal as the areas experiences
low visitor numbers.
Implementation of the Conceptual Closure Plan will reduce long term impacts to visual amenity through
progressive rehabilitation and final rehabilitation of disturbed areas.
8.8.2

Management Objectives

The objectives for management of visual impact, landscape and geo‐heritage are to:
•

Minimise project impacts to community use and access to significant environmental features.

•

Ensure landscape values are considered and measures are adopted to reduce the visual impacts of
the project.
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•

8.8.3

Maintain and protect any significant landscape and geo‐heritage values and maintain the integrity,
ecological functions and environmental values of the soil and landform.
Management and Mitigation

The CCP will incorporate the following management strategies to achieve minimal long term loss to the
visual amenity of the Project area:
•

Mining landforms will be rehabilitated consistent with landscape values of the area and
sympathetic to natural mesa – like the BIF.

•

Use of concave slopes to assist the engineered structures to appear more natural and offer more
resistance to erosion than linear slopes.

•

Use of endemic plant species will ensure that rehabilitation is sustainable and comparable to the
surrounding environment.

•

Placement of additional waste rock material on the top surface of the structures to break up the
uniformity of the flat surface and contouring of the top surface to prevent water overtopping the
embankments and causing excessive erosion. A store and release cover system will be employed
to provide suitable habitat for reseeding with endemic species.

•

Progressive rehabilitation of all areas, removal of stream diversion drains and ponds, re‐
contouring of the landscape and revegetation with endemic species.

•

The surrounding landscape will be considered when deciding on the location, design and colour of
mine infrastructure.

•

SMC will conduct monitoring of the rehabilitation program to ensure long term success and
satisfaction of completion criteria.

•

Following completion of mining operations and processing, remaining infrastructure that does not
have any post‐mine benefit will be demolished, removed and the area rehabilitated.

8.8.4

Predicted Outcome

The management objectives for the mine site will be achieved with ongoing progressive rehabilitation.
The residual risk from the Project to this factor is therefore considered Low.
8.9

CONCEPTUAL CLOSURE AND REHABILITATION

Progressive Rehabilitation
Areas of disturbance created during the life of the project can be progressively rehabilitated as the areas
become redundant. Potential progressive rehabilitation targets will include access roads and tracks,
exploration areas and service corridors.
Progressive rehabilitation is considered beneficial to all stakeholders including SMC and regulators by:
•

Reducing the closure liability for SMC through reduced area requiring rehabilitation following
decommissioning.

•

Monitoring progressive rehabilitation and improving techniques to reduce the risk of failing to
meet closure criteria.

•

Potential to return portions of rehabilitated and redundant land to other land uses prior to the
cessation of mining and processing operations.
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Conceptual Closure
The closure of the operation following cessation of mining and processing operations will involve the
demolition and removal of all redundant plant and infrastructure. The progressive rehabilitation of the
mining operations will minimise the total area required to be rehabilitated at closure.
During the decommissioning phase all pant and infrastructure that can be reused or has value as scrap
metal will be removed from the site. Contaminated material identified through a detailed sampling and
assessment process will be remediated on‐site or excavated for disposal at an appropriate off‐site
facility. Inert materials will be placed in on‐site excavated disposal areas and buried. Infrastructure
located below ground level (concrete footings, pipelines, electrical cables etc) will be cut off below
ground level, flushed and capped if required and left in situ. The disturbed areas will then be re‐
contoured to restore natural drainage and revegetated with endemic species.
8.9.1

Potential Impacts

Potential impacts from closure of the Project are summarised below in Table 8.12.
Table 8.12 – Potential Impacts from Mine Closure
Project Activity

Mine
closure
and
progressive rehabilitation
works

8.9.2

Potential Impact
-

Post‐closure landforms inconsistent with natural environment.

-

Contamination from pit lakes.

-

Ineffective rehabilitation leading to increased erosion and
sedimentation.

-

A safe, stable and non‐polluting landform is not established.

-

A self sustaining and functioning ecosystem comparable to pre‐
mining environment is not recreated.

-

Reduced stock carrying capacity following closure and return to
pastoral land use.

-

Not meeting closure criteria.

Management Objectives

The objectives for decommissioning and rehabilitation are to:
•

Ensure that rehabilitation achieves a long term safe, stable and functioning landform which is
consistent with the surrounding landscape and other environmental values

•

Fulfil commitments made to stakeholders and regulators regarding closure outcomes.

8.9.3

Management and Mitigation

A Conceptual Closure Plan (Technical Appendix 2) has been developed to comply with AMEC Mine
Closure Guidelines (2000) and ANZMECC Strategic Framework for Mine Closure (2000), to return the
mine site to a self‐sustaining ecosystem that is consistent as far as possible with the natural surrounding
area. All activities will be adequately financed, implemented and monitored to achieve the agreed
targets.
The Conceptual Closure Plan includes management strategies for the implementation of progressive
rehabilitation and closure of the Project. The strategies include:
•

comprehensive consultation with government regulators, non‐government organisations and
community stakeholders in the development of agreed closure criteria;
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•

rehabilitation of the evaporation pond as outlined in the conceptual closure plan. All salt will be
removed from site by an approved contractor and disposed of at an approved facility.

•

the development of a detailed Mine Closure and Rehabilitation Plan within two years of
commencing operations;

•

identification of the items of plant and infrastructure with salvageable value;

•

annual reviews of the Mine Closure and Rehabilitation Plan;

•

liaison and agreements with the DMP should infrastructure be proposed to be left behind; and

•

post‐closure monitoring of the rehabilitated areas to ensure compliance with the agreed closure
criteria.

8.9.4

Monitoring

Monitoring of the progressive closure and rehabilitation works is imperative to the long term success of
the Projects closure and rehabilitation strategy. Monitoring programs will include:
•

flora and fauna monitoring (species abundance and diversity);

•

invasive species monitoring (weeds, pests, grazing stock);

•

groundwater quality (heavy metals and AMD);

•

surface water quality (turbidity, heavy metals and AMD); and

•

contaminated sites assessment.

Results of the post‐closure monitoring program will be reported to regulatory authorities on a regular
basis until agreed closure criteria have been met and tenement relinquishment is achieved.
The residual risk from the Project to this factor is therefore considered Low.
8.9.5

Environmental Management Commitments

Commitment 20:
A Conceptual Mine Closure Plan has been developed in alignment with AMEC Mine Closure Guidelines
(2000) and ANZMECC Strategic Framework for Mine Closure (2000). During the life of mine, the plan
will be reviewed and updated as required to ensure information remain current.
Commitment 21:
Twenty‐four months prior to mine closure, a Mine Closure Plan will be finalised in consultation with
the DEC and DMP. The plan will define appropriate closure criteria necessary for the establishment of
safe landforms and self sustaining ecosystems, and set out procedures for monitoring in order to meet
compliance with the closure criteria.
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9

STAKEHOLDER CONSULTATION

SMC is committed to a transparent approval process. SMC has consulted with regulators and key
stakeholders to ensure that any potential concerns are raised and addressed.
The principal objectives of the stakeholder consultation program to date have been to:
•

Identify and consult with interested and affected parties to understand the nature of their
stakeholder interests in the Project.

•

Ensure that local communities and government are properly informed about the Project and its
progress, and that these stakeholders have adequate and timely opportunities to provide input
into the environmental assessment and approval process, and to express any relevant concerns
they may have.

•

Minimise the risk of delays to the Project by ensuring that issues or concerns are dealt with in
advance of and during the environmental assessment and approval process rather than after
submission of the required documentation.

•

Ensure that the relevant regulatory requirements are being anticipated and met with regards to
appropriate stakeholder input into the process.

•

Provide the basis for ongoing consultation through construction, operation and mine closure.

Stakeholders are individuals, parties or communities that potentially influence or are potentially
influenced by the Project. Since December 2007, SMC has consulted with a range of organisations and
individuals regarding the Project. Table 9.1 lists the key stakeholders and the method of contact used by
SMC.
Table 9.1 – Community Consultation Timeline
Stakeholder Group

Contact Method

Date

Council meeting/presentation

December 2007

Pastoral landholders

Individual meetings

Ongoing 2007

Non‐Government Agencies

Individual meetings

December 2007

Public meeting

Planned for 2010

Ongoing

Quarterly

Cue Shire Council

Public ‐Town of Cue
Traditional Landholders

SMC has designated an Approvals Manager to be the nominated point of contact for all stakeholders.
Consultation with key stakeholders will continue to be undertaken for the life of the Project to ensure
due consideration of all project‐related opportunities and concerns.
9.1

GOVERNMENT STAKEHOLDERS

The following government stakeholders have been contacted in relation to the issues or opportunities
related to the Project:
9.1.1

Local Government Authority – Shire of Cue

Discussions with the Shire of Cue have included planning approvals for the camp, location of the airfield
and an overview of the general operations. Future discussions will focus on these issues as well as
potential benefits for the local area, including employment opportunities, local businesses, etc.
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9.1.2

State Government Agencies

Table 9.2 lists the state government agencies that have been contacted:
Table 9.2 – State Government Agencies
Consultation

Key Issues Raised
-

Department
of
Environment and
Conservation (DEC)

Environmental
Protection
Authority (EPA)

-

Disposal of saline water from
dewatering;
Visual impact of removing
vegetation.
Impacts on groundwater
dependent vegetation.
Dust impacts and monitoring.
Power generation licensing.
Impact of mining on the
Shield Back Spider.

Impact of mining on the Shield
Back Spider (Idiosoma nigrum).

Department
of
Indigenous Affairs
(DIA)

-

of

Department
of
Consumer
and
Employment
Protection (DoCEP)

-

-

Avoiding impact through site selection and
engineering controls.
Location of mine and infrastructure to
avoid flood prone areas.
Containing and treating dirty storm water
flowing off mine production areas.
A dust management plan will be
incorporated in the Project Environmental
Management Plan.
Impacted sites will be progressively
rehabilitated.

Management philosophy and actions to avoid
significant impacts to the populations at Weld
Range.
-

-

No impact to Aboriginal Heritage sites will
be made without the consent of the
Wajarri Yamatji people.
Mining agreement.

The commitments within the Project
Environmental Management Plan will be
consistent with the amount of dust expected to
be generated in various aspects of the project
and the environmental, health and social values
to be protected accordingly.

Address mine closure through life
of the Project.

A Conceptual Closure Plan will be developed
throughout planning and operational stages of
the Project.

Submission
of
Project
Management Plan.
Major Hazard Facility.

SMC will ensure that spill response equipment
is readily available in each work area.

-

Department
of
Mines
and
Petroleum (DMP)

DIA Section 18 approvals.
SIA Section 9 & 10 appeals
provisions.

-

Mosquito and standing water
management.
Management of grey water,
re‐use of waste water and
drinking water management.
Dust impact on humans.

Department
Health (DoH)

Mitigation

-

9.2

NON‐GOVERNMENT ORGANISATIONS

9.2.1

Traditional Landowners

A native title claim (6033/98) has been lodged with the federal court by the Wajarri Yamatji People (the
native title claimant). SMC is liaising with the Wajarri Yamatji people represented by the Yamatji Land
and Sea Council to enter into a Mining Agreement for the Project area.

September 2010

204

Weld Range Iron Ore Project
Public Environmental Review

Exploration activity is presently being conducted pursuant to the parties previously agreed Weld Range
Wajarri Yamatji Exploration and Heritage Agreement, 2006. This agreement allows exploration to take
place after heritage surveys have been conducted on proposed exploration areas.
1.
Heritage Agreement (Exploration)
In February 2006, an ethnographic heritage survey was conducted over the Beebyn prospect. The
survey was carried out by a contracted anthropologist, a team representing the Wajarri people
and a representative from SMC. Successful completion of this survey then allowed for exploration
to commence at Beebyn after the Weld Range Wajarri Yamatji Exploration and Heritage
Agreement was signed in April 2006. Since then, three additional surveys were carried out at
Weld Range in 2006.
During 2007 three ethnographic surveys were conducted. They were completed by the Yamatji
Land and Sea Council and conducted with members of the Wajarri people and an SMC
representative. Following this survey, it was recommended that an archaeological survey be
completed on identified lenses (W33‐43, W6, W20 and the northern slopes of both Beebyn and
Madoonga). This archaeological survey was completed during January 2008.
During April, June and August 2009, archaeological and ethnographic surveys were carried out on
several identified lenses at Weld Range. The surveys were coordinated by the Wajarri Consulting
Services who attended the surveys and included representatives from the Wajarri people and
SMC. As a result of these surveys, several archaeological and ethnographical sites have been
recorded. All reports relating to these surveys have been provided to SMC who are able to plan
future mining activities at Weld Range.
Regional heritage surveys have been undertaken by members of the Wajarri Yamatji group to
identify other potential heritage sites within the Project footprint. The results of these and other
surveys (for exploration POWs) have been compiled and will be provided to the DIA for the sites to
be entered on the DIA sites register.
2.

Heritage Agreement (Mining)
SMC is currently negotiating a Mining Agreement, which is required to be finalised in order to
allow the proposed mining activities to proceed.
It is anticipated that the Mining Agreement will encompass various compensation aspects for the
Wajarri Yamatji people, including a royalty rate possibly based on tonnes mined or shipped, or on
the iron ore price achieved for tonnes mined or shipped. This will be complemented with a full
package of benefits including opportunities for indigenous training, direct and indirect business
opportunities.
The Register of Aboriginal Sites maintained by the DIA indicated that five indigenous sites of
heritage value occur on the Project tenements (refer to Table 9.3). The Projects present mining
plans indicates that these sites will not be impacted by mining operations.
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Table 9.3 – Registered Aboriginal Heritage Sites
Aboriginal Heritage Sites
Mining
Tenement

Number
found

ID

Name

Status

Type / Coordinates
Artefacts / scatter

E 20/0208

1

10771

Mindula
Claypan/

Coordinates
ION

Mindoola

542640mE
7013652mN
Zone 50 [Unreliable]

E 20/0474

1

6825

Wilgie
Mia
Bora Ground

Ceremonial, Mythological, Man‐
made structure
PCN

Coordinates
Closed site

E 20/0176

1

6825

Wilgie
Mia
Bora Ground

Ceremonial, Mythological, Man‐
made structure
PCN

Coordinates
Closed site

E 20/0492

1

6825

Wilgie
Mia
Bora Ground

Ceremonial, Mythological, Man‐
made structure
PCN

Coordinates
Closed site

E 20/0492

1

11132

Wilgie Mia

PCN

Mythological,
material/Burial,
Structure, Quarry,
Scatter

Skeletal
Man‐Made
Artefacts /

Coordinates
Closed site

9.2.2

Various Societies / Councils

The following societies and councils have been consulted and discussions conducted about issues raised
in regards to the Project:
•

Conservation Council of WA, in relation to issues of future greenhouse emissions, endemic flora
and consideration of disposal of waste ore in pits.

•

Wildflower Society of WA, in providing their advice on dewatering of groundwater mining below
the groundwater table and dust impacts on flora.

•

North Agricultural Catchment Council, in regard to natural resource management opportunities in
developing the Project.
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9.3

LOCAL SERVICE INDUSTRY

Meetings with the Shire of Cue have taken place. Overall there is positive support from members of the
community who encouraged the economic and employment growth that would be associated with the
Project and associated regional projects.
SMC will address community concerns on the Project and work with key stakeholders to provide
information to ensure a beneficial outcome for the communities of the Midwest, in particular the town
of Cue. Possible management strategies may include:
•

use of local contractors where possible;

•

training and employment for Midwest residents;

•

financial contributions to the Shire of Cue;

•

participation in or sponsorship of community events and initiatives; and

•

provision of a flora information handbook on the priority flora of the Weld Range to the local
library, schools and businesses.

9.4

COMMUNITY SERVICES

Benefits to the community may occur as a result of potential mining in the Midwest region. The Project
has the potential to influence community services such as the assistance of:
•

fire and emergency services;

•

local hospitals;

•

local police;

•

education; and

•

transport infrastructure and maintenance.

Possible management strategies may include participation in, or sponsorship of, community events and
initiatives. SMC will address community concerns and work with particular agencies to provide
information to ensure a beneficial outcome for the communities in the Midwest.
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10

PROJECT ENVIRONMENTAL MANAGEMENT

10.1

PROJECT ENVIRONMENTAL MANAGEMENT SYSTEM

SMC will oversee the development of an Environmental Management System for the Project. The
Project Environmental Management System will be consistent with the principles of ISO 14001, including
provisions for monitoring and continuous improvement of environmental performance. The Project
Environmental Management System will form a component of the broader Project management system
that addresses the occupational health, safety, community, and heritage aspects of the Project. A
supporting Project Environmental Management Plan will be developed to implement the environmental
management and monitoring commitments adopted for the Project.
10.2

PROJECT ENVIRONMENTAL MANAGEMENT PLAN

A Project Environmental Management Plan will be prepared as a component of the Project
Environmental Management System. The Project Environmental Management Plan will detail policies,
procedures and controls that will be implemented by SMC to minimise potential environmental impacts
during design, construction and operation of the project. The objectives of the Project Environmental
Management Plan are to:
•

Define the management structure of the project and the environmental roles and responsibilities
of SMC employees and contractors on the Project.

•

Identify environmental legal requirements relevant to the Project.

•

Identify the environmental risks associated with the major activities that will be undertaken
during the Project.

•

Document Project management controls, procedures and rules to manage the identified
environmental risks and satisfy environmental requirements.

•

Establish objectives and targets for environmental performance.

•

Document monitoring, auditing and reporting requirements.

•

Capture commitments made in this PER as specific measurable actions.

Implementation of the Project Environmental Management Plan will ensure adequate protection and
management of the environmental values which may be impacted upon by the construction and
operation of the Project.
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ENVIRONMENTAL MANAGEMENT COMMITMENTS

SMC’s environmental mitigation and management strategies are proposed as commitments for the Project. They are presented in Table 11.1
Table 11.1 – Environmental Management Commitments for the Project
Aspect

Objective

Action

Timing

Advice

1

Project Construction
and Operation

Provide a framework for continual
improvement and minimise risk of impacts
during construction

Prepare and Implement the Project EMP that:
• identifies activities that may result in environmental impacts;
• identifies controls to reduce the risk of impacts;
• documents procedures for risk control;
• describes communication of procedures; and
• describes monitoring procedures that assess the effectiveness of
controls.

2

Project Construction
and Operation

Provide a framework for continual
improvement and minimise risk of impacts.

Implement the Project EMS that is consistent with the principles of
ISO 14001:2004.

Planning.
Prior to construction

3

Acid Mine Drainage

Identify
and
document
specific
management procedures to minimise short
and long term impacts of mine construction
and operation.

Prepare Acid Mine Drainage Management Plan that:

Planning.
Prior to mine
construction

DEC

Prior to dewatering
activities

DEC, DoW

• sets out procedures to minimise the creation of PAF and AMD;

Prior to Construction

DoW, DEC,
DIA, DMP

DEC

• monitors the effectiveness of control measures; and
• ensures effective rehabilitation can be achieved.

4

Groundwater

Ensure short and long term hydrogeological
impacts of dewatering and surface water
harvesting are adequately managed.

Prepare and develop a Groundwater Management Plan that:
• sets out procedures to model the short and long term

hydrogeological impacts of dewatering;
• sets out a groundwater monitoring program; and
• identifies procedures to minimise impacts to groundwater

aquifers.
• A ground water operating strategy will be developed once bore

licences have been issued.
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Aspect
5

Groundwater

Objective

Action

Ensure short and long term impacts of
disposal of surplus saline dewatered water
to the evaporation pond.

SMC will conduct vertebrate and invertebrate fauna and flora and
vegetation surveys of the proposed evaporation pond location to
assess the area and to determine the potential impacts. This
information will be provided to the EPA prior to release of their
Bulletin.

Timing

Advice

Prior to Approval of
Project

DEC and
EPA

Prior to construction
and mining

DEC, DMP

Surface Water

Ensure surface water quality is adequately
managed.

Prepare and implement a Surface Water Management Plan that will
set out procedures to:
• minimise the human health and environmental impacts of surface
water harvesting;
• minimise the impacts of mining and processing to surface water
quality; and
• monitor the effectiveness of management measures.

Vegetation and Flora

Ensure threatened flora
adequately managed.

Prepare and implement a Threatened Flora and Conservation
Management Plan that will set out procedures to maintain the
abundance, diversity, and distribution and conservation status of
threatened flora species.

Prior to mining
activities

DEC

Vegetation and Flora

Determine
the
population
extent,
distribution and taxonomy of taxa of
interest (Acacia sp. nov. (aff. kochii) and
Hemigenia sp.sp. nov.(aff. exilis)

Following WA Museum taxonomic identification of taxa of interest,
SMC, if required, will undertake further surveys to determine the
population extent, distribution and taxonomy of Acacia sp. nov. (aff.
kochii) and Hemigenia sp.sp. nov. (aff. exilis).

Before construction

DEC

9

Vegetation and Flora

Identify potential groundwater dependent
ecosystems in the Project area.

SMC will identify potentially groundwater dependent ecosystems in
the Project area. SMC will also ensure a baseline and long‐term
monitoring programme is initiated in order to document any effects
on GDE’s resulting from groundwater extraction at Weld Range.

Before operation

DEC

10

SRE

Identify
and
document
specific
management procedures to minimise risks
associated with bushfire.

A Bushfire Management Plan will be developed and implemented
prior to mine construction works. This will ensure that risks of
bushfire are identified and managed.

Prior to construction.

DEC

11

SRE –
nigrum

Adequately manage the short and long
term potential impacts of risks on Idiosoma
nigrum

Develop and implement a dedicated Idiosoma nigrum Conservation
Management Plan to reduce impact on the Idiosoma nigrum
population at Weld Range during construction, development and
active mining.

Life of Mine

DEC

6

7

8
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Aspect

Objective

SRE – Cethegus sp
‘fugax complex’

Adequately manage the short and long
term potential impacts of risks on Cethegus
sp ‘fugax complex’

Develop and implement a dedicated Cethegus sp Conservation
Management Plan to reduce impact on the Cethegus sp ‘fugax
complex’ population at Weld Range during construction,
development and active mining.

Life of Mine

DEC

Prior to construction
of the tailings storage
facility.

DMP
DEC

Action

Timing

Advice

13

Tailings
Storage
Facility (TSF)

Ensure that any potential failure of the TSF
is detected and remedied as soon as
possible.

A TSF Operators Manual will be developed and implemented during
operation that will:
• set out construction parameters;
• set out procedures for disposal of waste materials;
• set out procedures for monitoring;
• ensure that effective rehabilitation can be achieved.

14

Gaseous Emissions

Contribute to Greenhouse Challenge Plus
programme and WA Strategy as required.

SMC will apply to participate in the Greenhouse Challenge Plus
Programme and WA Strategy.

As required

C.Wealth
Gov

15

Gaseous Emissions

Conform to National Pollution Inventory
reporting requirements.

SMC will comply with National Pollution Inventory reporting
requirements for emissions that trigger reporting thresholds.

As required

DEC

Air Quality ‐ Dust

Minimise dust emissions and impacts and
provide a framework for continual
improvement to minimise risk of impacts
during operations.
Monitor dust emissions.

Prior to construction

DEC

Throughout life of
mine

DEC

Prior to disturbance
of sites of significance

DIA, CoA

Print to disturbance
of sites of heritage
significance.

Custodians
DIA

16

Prepare and implement a Dust Management Plan that will:
• identify dust emissions and sensitive receptors;
• outline procedures for dust monitoring at sensitive receptors;
• describe control procedures that to minimise dust emissions.

17

Waste (general and
hazardous)

Prevent and contain spills

Spill response equipment will be readily accessible in each work area,
and spills will be controlled at the source, contained and cleaned up
as soon as they occur. Contaminated material will be removed and
bio‐remediated (if biodegradable) or disposed at a licensed facility.

18

Social and Cultural
Environment

Ensure that no heritage sites are disturbed
without a permit.

Obtain approval relevant to the Heritage of Western Australia Act
1990 and the Aboriginal Heritage Act 1972 for disturbance to
heritage sites.

19

Social and Cultural
Environment

Ensure indigenous and non‐indigenous
heritage values are maintained and
protected.

Prepare a Heritage Site Management Plan that will:
• address indigenous and non‐indigenous heritage sites;
• set out procedures to protect sites from unapproved disturbance;
and
• manage any disturbances to sites in a manner that is aligned with
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Aspect

Objective

Action

Timing

Advice

traditional values.

Prepare and maintain a Conceptual Closure Plan:
20

21

Decommissioning
and Rehabilitation

Decommissioning
and Rehabilitation

September 2010

Maintain a Conceptual Closure Plan.

Establish safe landforms and self sustaining
ecosystems post closure.

• that is aligned with AMEC Mine Closure Guidelines (2000) and

ANZECC Strategic Framework for Mine Closure (2000); and
• review and update the Conceptual Mine Closure Plan as required.
Prepare a finalised Mine Closure Plan 24 months before the mine
closure that will:
• define appropriate closure criteria necessary for the establishment
of safe landforms and self sustaining ecosystems; and
• set out procedures for closure monitoring in order to meet
compliance with closure criteria.
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Project approval.
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DMP

Twenty‐four months
prior to mine closure.

DEC and
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CONCLUSION

The Project will be undertaken in line with the Environmental Protection Authority’s Principles of
Environmental Protection. The objectives and principles set out in S4A of the Environmental Protection
Act 1986 have been incorporated into Project planning and development through:
•

Project design to minimise the environmental footprint.

•

Baseline surveys have been undertaken to assess the environmental values of areas that could be
impacted by the Project.

•

Specialist surveys and modelling to assess the existing projects environment and determine
potential impacts have been conducted.

•

Specific Management Plans will be developed and implemented as part of risk based impact
avoidance and management.

SMC has made a range of formal commitments with respect to the Project to show their commitment to
constructing and operating in an environmentally responsible manner. The formal commitments will be
implemented to the satisfaction of the DEC.
The key environmental issues associated with the development of the mine have been identified as
groundwater and dewatering, vegetation clearing, and impacts to the Priority Flora species and impacts
to Idiosoma nigrum. Management and mitigation measures have been incorporated into the Project to
reduce impacts to as low as reasonably practicable. It is believed that the proposed measures are
sufficient to ensure the Project complies with relevant legislation and does not have significant
environmental impacts.
SMC is committed to minimising and mitigating environmental impacts that cannot be avoided. SMC
will ensure potential impacts associated with construction and operation of the Weld Range Iron Ore
Project will be managed through a range of Environmental Management Plans developed for the
Project. SMC will consult and comply with relevant authorities to achieve improved environmental
standards where practicable.
The development of the Project will provide a number of significant benefits including:
•

Generation of revenues for both state and federal governments.

•

Boosting the regional and State economy through economic multiplier effects.

•

Providing permanent employment (on a fly‐in‐fly‐out basis) for an estimated 860 permanent
employees.

•

Providing local employment opportunities directly and indirectly through outsourcing of services
and supplies.
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