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INVITATION TO MAKE A SUBMISSION
The Environmental Protection Authority (EPA) invites people to make a submission on this
proposal. The environmental impact assessment process is designed to be transparent and
accountable, and includes specific points for public involvement, including opportunities for
public review of environmental review documents. In releasing this document for public
comment, the EPA advises that no decisions have been made to allow this proposal to be
implemented.
Fortescue Metals Group Ltd proposes to expand the Solomon Iron Ore Project footprint to
allow the continuation of mining and to maintain production at the Solomon Mine in the
Pilbara region of Western Australia. In accordance with the Environmental Protection Act
1986, a Public Environmental Review (PER) document has been prepared which describes
this proposal and its likely effects on the environment. The PER document is available for a
public review period of 8 weeks from 14 December 2015, closing on 8 February 2016.
Comments from government agencies and the public will assist the EPA to prepare an
assessment report in which it will make recommendations to government.
Where to get copies of this document
Printed and CD copies of this document may be obtained from Sean McGunnigle (Manager
Environmental Approvals) at Fortescue Metals Group Ltd, Level 2, 87 Adelaide Terrace,
East Perth, WA, 6004 and (08) 6218 8888. Hard copies of the document cost of $10
(including postage); CDs will be provided free of charge.
The PER may also be accessed through the proponent’s website at
http://fmgl.com.au/community/environment/approval-publications/
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 approaches. It is useful if you indicate
any suggestions you have to improve the proposal.
All submissions received by the EPA will be acknowledged with electronic submissions being
acknowledged electronically. The proponent will be required to provide adequate responses
to points raised in submissions. In preparing its assessment report for the Minister for
Environment, the EPA will consider the information in submissions, the proponent’s responses
and other relevant information. Submissions will be treated as public documents unless
provided and received in confidence, subject to the requirements of the Freedom of
Information Act 1992, and may be quoted in full or in part in the report.
Why not join a group?
If you prefer not to write your own comments, it may be worthwhile joining a group or other
groups 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
document or on specific elements. 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 elements in the PER document:


clearly state your point of view;



indicate the source of your information or argument if this is applicable; and



suggest recommendations, safeguards or alternatives.

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


attempt to list points so that issues raised are clear. A summary of your submission is
helpful;



refer each point to the appropriate section, chapter or recommendation in the PER
document;



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



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

Remember to include:


your name;



address;



date; and



whether you want your submission to be confidential.

The closing date for submissions is: 8 February 2016
The EPA prefers submissions to be made at: https://consultation.epa.wa.gov.au.
Alternatively submissions can be:


posted to: Chairman, Environmental Protection Authority, Locked Bag 10, EAST PERTH
WA 6892; or



delivered to the Environmental Protection Authority, Level 8, The Atrium, 168 St
Georges Terrace, Perth.

If you have any questions on how to make a submission, please ring the Office of the
Environmental Protection Authority on 6145 0800.
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EXECUTIVE SUMMARY
Fortescue Metals Group Ltd (Fortescue), as the Proponent, proposes to expand the existing
footprint of the Solomon Iron Ore Mine (“Solomon” or “Solomon Mine”) to allow for the
expansion of mining to maintain production for 35 years from 2016 (the Proposal). Current
predictions forecast that the clearing required to maintain the current rate of mining will be
approaching the disturbance limit, approved under Ministerial Statement 862, of 4,416 ha by
mid-2016 and the new areas will be required to be disturbed to maintain production. Transport
to the Herb Elliott Port will continue to be undertaken using the existing Hamersley Rail Line
infrastructure (referred to as the Solomon Line in the Original Proposal).
This document is a Public Environmental Review (PER) for the Proposal and has been
prepared in accordance with Part IV of the Environmental Protection Act 1986 (EP Act). This
document also satisfies the requirements for assessment under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) in accordance with the Agreement between the
Commonwealth of Australia and the State of Western Australia Relating to Environmental
Impact Assessment.
Environmental principles have been applied throughout the project development process.
Findings from surveys, studies, reviews and stakeholder engagement have been used to
identify impacts, mitigation and management.

Proposal Overview
The Solomon Mine is located in the Pilbara region of Western Australia with the nearest
population centre being Tom Price, located approximately 60 kilometres (km) to the south
(Figure 1). The Solomon Mine is located within active pastoral leases; Mt Florance Station, and
Hamersley Station. The Hamersley Line is located within Mt Florance Station, Hooley Station
and Mulga Downs Station.
This Proposal is for the revision to the original Solomon Mine layout, with an overall increase of
approximately 12,146 hectares (ha) to the footprint required for the:


expansion of existing mining and infrastructure areas



new mining areas (including Castle Valley and Frederick)



supporting infrastructure for the Hamersley Line and the rail spur



external borefields - proposed Lower Fortescue River Borefield and minor expansion
to the Southern Borefield.

All disturbance will now occur within three Development Envelopes as depicted in Figures 2 and
Figure 3:


Mine Development Envelope



Lower Borefield Development Envelope
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Rail Corridor Development Envelope.

In addition to the amended footprint the Proposal also includes the following activities:


tailings storage facilities (TSF) proposed to be located on the eastern edge of the
Millstream Priority 2 Public Drinking Water Supply Area



in-pit tailings above and below the water table.

Key Characteristics
A summary of the Proposal is provided in Table ES1, with key physical and operational
characteristics of the Proposal summarised in Table ES2 and Table ES3.
Table ES1:

Proposal Summary

Item

Description

Proposal Title

Solomon Iron Ore Project – Sustaining Production

Proponent Name

Fortescue Metals Group Ltd

Short Description

Revision of the operating Solomon Iron Ore Project, located approximately 60 km north of
Tom Price in the Central Pilbara. The revised proposal includes:

Table ES2:



Increase in mine pit area at the Firetail, Kings, Queens, Trinity and Zion
Deposits;



Addition of the Castle Valley and Frederick mining areas;



Removal of ephemeral groundwater-fed pools within the Zion pit expansion
(Zalamea Pools)



Increase in disturbance for mine infrastructure including, but not limited to
access, processing facilities, crushing facilities, roads, overland conveyors,
stockpile areas, water infrastructure, train loader and stockyards infrastructure,
tailings storage and waste dumps, workshops;



Tailings storage facilities (TSF) to be located in the Millstream Water Reserve
Priority 2 Public Drinking Water Supply Area



In-pit tailings above and below the water table



Addition of the Lower Borefield to the northeast of the mining area; and
expansion of the Southern Borefield;



Increase in the approved disturbance area within the rail corridor to facilitate rail
maintenance and construction of the rail spur.

Physical Elements

Element

Location

Existing Authorised Extent
(MS 862)

Proposed Extent

Including but not limited to:
Mine pits and associated
infrastructure (for example, ore
processing, waste dumps and
TSF)
Southern Borefield and
associated mine infrastructure
Clearing for previously
approved Rail Spur

Figure 2
and 4

Up to 4,416 ha within the
31,333 ha Project Development
Envelope 1, including not more
than 5 ha disturbance of the
PEC 'Brockman Iron Cracking
Clay Communities'.

Clearing of 11,715 ha within a
36,602 ha Mine Development
Envelope. Total clearing will
be no more than 16,131 ha.

Rail infrastructure, borrow pits
and water infrastructure for
Lower Borefield

Figure 3
and 5

Not more than 1,897 ha total
disturbance within the 29,257 ha
(combined) Rail and rail spur
Corridor. Of the total disturbance

Clearing no more than 277 ha
within a 27,037 ha Rail
Corridor Development
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Element

Location

Lower Borefield and
associated infrastructure

Table ES3:

Existing Authorised Extent
(MS 862)

Proposed Extent

area for the railway, not more
than 764 ha is to be permanent
disturbance and all other
disturbed areas (1,133 ha) are
to be rehabilitated.

Envelope. Total clearing will
be no more than 2,174 ha.

Figure 5

Clearing no more than 154 ha
within a 25,092 ha Lower
Borefield Development
Envelope.

Operational Elements

Element

Location

Existing Approval

Proposed Extent

Water Supply

Figure 5

Dewatering

-

Up to 25 Gigalitres per annum

Up to 25 GL/yr

Dewater disposal

-

Processing and operational water
supply requirements;
Managed aquifer recharge.

Processing and operational water
supply requirements;
Managed aquifer recharge.

Waste rock disposal

-

Firetail - up to 128 Mt disposed in
external waste dumps and remainder
to in-pit backfilling
Kings - up to 245 Mt disposed to
external waste dumps and remainder
to in- pit backfilling.

Up to 2,600 million tonnes (Mt) to be
disposed in external waste dumps.

Backfilling of mine
pits

-

Pits backfilled to an extent that
precludes the formation of pit lakes.

Pits backfilled to an extent that
precludes the formation of pit lakes at
closure. A portion of this backfill will
include tailings.

Tailings disposal

-

Valley fill tailings disposal

Valley fill and in-pit tailings facilities
approximately 193 Mt capacity

Up to 14 Gigalitres per annum (GL/yr)
from the northeast borefield within the
Lower Borefield Development
Envelope.
Up to 12 GL/yr from the Southern
Borefield within the Mine
Development Envelope

Justification for the Proposal
Fortescue has identified a requirement to extend the mine footprint on the basis of an improved
understanding of the extent and nature of the resource, and external demand for iron ore
products. The international demand for iron ore has experienced strong growth in the last ten
years, predominantly driven by increased steel production in China. The long term demand for
iron ore is less certain although it is not likely to change significantly as China and India
continue to urbanise even though the market has contracted in the recent past.
Fortescue believes there will be a continued long term growth in the steel industry,
notwithstanding fluctuations in steel demand.
Implementation of the Proposal provides the opportunity to contribute to the creation of
employment and training opportunities for local and indigenous community members, royalties
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and taxation payments from the sale of iron ore, and supports the development of ancillary
industries in Western Australia.

Stakeholder Consultation
Consultation associated with the development and operation of the Solomon Mine and
Hamersley Rail Line began during scoping for the original mine approval process in 2008. This
involved discussion with stakeholders to inform and gain valuable feedback. This feedback was
also considered during the development of this Proposal.
Fortescue has continued to liaise with key stakeholders throughout the operation of the
Solomon Mine site and Hamersley Line. This includes ongoing consultation with indigenous
groups, pastoralists and government regulators. Limited issues have been raised in consultation
undertaken to date. A summary of stakeholder consultation is discussed in this PER.

Key Preliminary Environmental Factors
Key preliminary environmental factors relevant to the Proposal were identified through the
scoping process undertaken for the Environmental Scoping Document and the outcomes of
environmental studies and investigations undertaken to date. The following key preliminary
environmental factors are addressed in this PER:


flora and vegetation



terrestrial fauna



subterranean fauna



hydrological processes



inland waters environmental quality



rehabilitation and mine closure



offsets.

Additionally, in accordance with the EPBC Act Referral Decision issued by the Commonwealth
Department of the Environment (DoE) (Reference: EPBC 2014/7275), the proposed action is
considered a controlled action and the following controlling provision will also be addressed in
the PER:


Listed threatened species and communities.

Impact Assessment Summary
Fortescue has completed a range of specialist flora and botanical, zoological, hydrological,
hydrogeological and closure related investigations for the Proposal, in accordance with
regulatory guidelines. These investigations have formed the basis for assessing the potential
environmental impacts and risks associated with the Proposal. To manage the potential impacts
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and risks, Fortescue has developed design considerations, avoidance and minimisation
measures and environmental management actions. These measures have been developed so
that the Proposal will continue to be constructed and operated in an environmentally and
sustainably responsible manner.
A summary of the environmental factors, management objectives, potential impacts, proposed
management strategies and predicted environmental outcomes for the Proposal are shown in
Table ES4.

Residual Impacts and Offsets
Based on the assessment of residual risk, the Proposal will result in the following significant
residual impacts:


direct disturbance of approximately 12,146 ha of native vegetation with the following
attributes:
o

a cumulative impact of approximately 3,235 ha of potential habitat for the Northern
Quoll

o

a cumulative impact of approximately 3,235 ha of potential habitat for the Pilbara
Olive Python

o

a cumulative impact of approximately 421 ha of potential foraging habitat for the
Pilbara Leaf-nosed Bat

o

approximately 10,652 ha of native vegetation is in good to excellent condition
across all three Development Envelopes.

Following consultation with the Department of Parks and Wildlife (DPaW) and DoE and in
accordance with current conditions of approval for the Solomon Project, Fortescue has
developed an Offsets Plan. The plan identifies the key threats to EPBC Act listed threatened
species and communities impacted by Fortescue operations and outlines landscape scale
management strategies to address these threats in an area of over 450,000 ha. Key
management actions of the plan include:


feral herbivore control



baiting for feral predators such as cats and foxes



weed management



fire management.

The Plan will be implemented in consultation with other parties including the DPaW,
pastoralists, Rangelands Natural Resource Management (NRM) and other resources
proponents, to support the implementation of consistent management approaches in an efficient
and targeted manner.
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Fortescue proposes to extend these management activities to offset the impacts of this
Proposal. It is proposed that the Proposal will contribute funding for the implementation of the
Offsets Plan. Specific details of the offset strategy for this Proposal are subject to further
consultation and agreement by State and Commonwealth regulators.

Environmental Acceptability
Fortescue believes that the Proposal can be implemented in a manner which will meet the
EPA’s objectives. The avoidance and mitigation measures will ensure that environmental
impacts are kept to the minimum necessary to implement the Proposal and have proposed an
offset strategy to provide for the enhancement of environmental factors impacted by the
Proposal. Fortescue will continue to demonstrate its commitment to environmental compliance
during the implementation of the Proposal.
On the basis of the findings of this PER, the Proposal is considered environmentally acceptable
if implemented in accordance with the management measures and offset commitments made
within the document.
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Table ES4:

Summary of Impacts and Proposed Management Measures

Environmental
Factor

EPA Objective

Relevant Guidance

Existing Environment

Potential Impact

Management Strategies

Predicted Outcomes

Flora and
Vegetation

To maintain
representation,
diversity, viability
and ecological
function at the
species,
population and
community level.

Position Statement No. 2 Environmental Protection of
Native Vegetation in Western
Australia (EPA, 2000)
Position Statement No. 3 Terrestrial Biological Surveys
as an Element of Biodiversity
Protection (EPA, 2002)
Guidance Statement No. 6 Rehabilitation of Terrestrial
Ecosystems (EPA, 2006)
Guidance Statement No. 51 Terrestrial Flora and
Vegetation Surveys for
Environmental Impact
Assessment in Western
Australia (EPA, 2004a)
Cumulative environmental
impacts of development in the
Pilbara region. Advice of the
Environmental Protection
Authority to the Minister for
Environment under Section
16(e) of the Environmental
Protection Act 1986 (EPA,
2014a).

The Solomon Mine, Rail and Borefields lie entirely
within the Fortescue Botanical District of the
Eremaean Botanical Province. The vegetation of
this province is typically open, and frequently
dominated by spinifex, wattles and occasional
Eucalypts.
Vegetation condition within the Solomon region
varies between ‘Very Poor’ to ‘Excellent’ condition.
A total of 83 vegetation communities have been
defined in the Proposal’s Development Envelopes.
Of these, seven communities are considered
partially sheetflow dependent as they contain areas
of banded Mulga species.
One Threatened Ecological Community (TEC) and
one Priority Ecological Community (PEC) have been
recorded within the:

 Direct impacts from the increase
in clearing of native vegetation
including:
o Loss of flora and vegetation
from the clearing for mining
and supporting infrastructure
o Clearing of a portion of the
Brockman Iron Cracking
Clay PEC
o Clearing of riparian
vegetation associated with
creek lines and the Zalamea
Pools

The following management plans and programs will
continue to be implemented in mine, rail or borefield
where relevant to manage potential impacts on flora and
vegetation:

 Clearing of 11,715 ha of native
vegetation including some
priority listed species along with
vegetation communities that are
considered to be locally
significant



State listed (Vulnerable) Themeda grasslands
on cracking clays



Priority 1 Brockman Iron cracking clay
communities of the Hamersley Range
One Groundwater dependent ecosystem (GDE) and
four potential GDEs have been mapped in the
Development Envelopes.
Field surveys have recorded 16 Priority flora
species within the indicative Proposal footprint
comprising two Priority 1, two Priority 2, eight
Priority 3, and four Priority 4 species.

 Indirect impacts on groundwater
dependent vegetation due to
groundwater drawdown as a
result of dewatering pits and
abstraction for water supply
 Indirect impacts on vegetation
dependent on surface water due
to alterations and disruptions to
surface water flows
 Spread and introduction of weeds
through vehicle movements and
earthworks




Solomon Rail Project Mulga Management Plan SOPL-EN-001



Significant Flora and Vegetation Management Plan
45-PL-EN-0017



Surface Water Management Plan 100-PL-EN-1015



Kangeenarina Creek and Zalamea Gorge Riparian
Vegetation Monitoring Program SO-PL-EN-0011 (to
be amended upon removal of Zalamea Pools)



Weed Management Plan 45-PL-EN-0013



Southern Borefield TEC/PEC Management and
Monitoring Plan SO-PL-EN-0013



Emergency Management Sub-Plan: Bushfire
Management 100-PL-EM-0009



Rehabilitation and Revegetation Management Plan
100-PL-EN-0023
Key management measures will include:

 Clearing for proposed mining
activities will directly impact on
168 ha GDE and 41.5 ha of
potential GDEs
 Groundwater abstraction has
the potential to indirectly impact
on 7 ha GDE and
130 ha of potential GDEs
 Clearing of 6 ha within the
Brockman iron Cracking Clay
PEC
 Predicted loss of Priority flora
individuals from seven different
Priority species.

 Avoidance of clearing of the TEC – Themeda
grasslands on cracking clays wherever possible
 Minimisation of clearing of significant flora species
wherever possible
 Maintain groundwater levels in the vicinity of
Kangeenarina and Weelumurra Creeks to minimise
impacts on phreatophytic vegetation
 Monitoring impacts on TEC and PEC
 Monitoring impacts of groundwater drawdown on
GDEs
 Monitoring impacts of surface water flow disruption to
sheetflow dependent vegetation
 Groundwater modelling to ensure that water levels
associated with GDEs are managed appropriately

Terrestrial Fauna

To maintain
representation,
diversity, viability
and ecological
function at the
species,
population and
assemblage level

Position Statement No. 3 Terrestrial Biological Surveys
as an Element of Biodiversity
Protection (EPA, 2002)
Guidance Statement No. 20 Sampling of Short Range
Endemic invertebrate Fauna
for Environmental Impact
Assessment in Western
Australia (EPA, 2009a)
Guidance Statement No. 56 Terrestrial Fauna Surveys for
Environmental Impact
Assessment in Western
Australia (EPA, 2004b)
Technical Guide – Terrestrial
Vertebrate Fauna Surveys for
Environmental Impact
Assessment (EPA, 2010).

Eleven broad fauna habitats have been recorded in
the Solomon Development Envelopes including:


Drainage line/River/Creek (Major)



Gorge/gully



Hilltops/ridges/plateau



Hummock grassland



Plain (alluvial)



Plain (cracking clay)



Plain (stony calcrete)



Plain (stony gibber)



Shrubland (open)



Tussock grassland


Woodland (open eucalypt)
Fauna surveys have recorded a total of 34
mammals, 114 birds, 104 reptiles, 5 amphibians and
4 fish species within the Solomon region.
A desktop assessment identified that there is a
potential for 30 species of conservation significant

 Clearing of vegetation may result
in the loss or fragmentation of
fauna habitat and consequent
displacement of fauna

Potential impacts on conservation significant fauna will
be managed and monitored in accordance with
Fortescue’s Conservation Significant Fauna
Management Plan 100-PL-EN-0022.

 Clearing of 11,715 ha of
potential fauna habitat

 Impacts resulting from alterations
to hydrology including:
o Loss or degradation of
downstream habitat caused
by alterations to surface
water flow and quality
o Alteration or degradation of
groundwater dependent
habitat resulting from
groundwater drawdown
o Loss of groundwater-fed
pools

The following key management controls will be
implemented:

 Habitats at the regional scale
are well represented with >90%
remaining

 Noise/blasting and lighting
causing changes in fauna
behaviour and fauna to avoid the
area thereby reducing use of
habitat

 Clearing of potential fauna habitat, particularly for
conservation significant species, will be avoided
wherever possible
 Borrow pits will be preferentially located in previously
disturbed areas and/or outside of known habitat for
conservation significant species
 Pre-clearing fauna inspections, as and where
required, trapping and relocation will be implemented
for species of conservation significance, in
consultation with DPaW
 Restriction of vehicular movement to predetermined
access roads to minimise mortality of fauna species
and to prevent spread of weeds

 Cumulative clearing of
18,459 ha with existing project

 Disturbance to Drainage
line/river/creek is <2% of
regional habitat type.
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Environmental
Factor

EPA Objective

Relevant Guidance

Existing Environment

Potential Impact

Management Strategies

Department of Water (2009a)
– Pilbara Water in Mining
Guideline: Report No. 34
Cumulative environmental
impacts of development in the
Pilbara region. Advice of the
Environmental Protection
Authority to the Minister for
Environment under Section
16(e) of the Environmental
Protection Act 1986 (EPA,
2014a)
EPA Checklist for documents
submitted for EIA on marine
and terrestrial biodiversity.

vertebrate fauna to occur within the greater
Solomon area. Eighteen of these listed species
have been recorded in the development envelopes
including:

 Heavy vehicle movement leading
to injury or death of individual
fauna

 Direct lighting onto active construction and operational
areas to minimise the potential for light overspill
resulting in fauna disturbance, injuries or deaths.

 Increase in introduced species
potentially increasing predation
pressures on fauna and/or spread
of weeds resulting in the
degradation of habitat

 Fauna habitat fragmentation will be minimised through
progressive rehabilitation



Northern Quoll (Endangered, Schedule 1)



Foraging individuals of Pilbara leaf-nosed Bat
(Vulnerable, Schedule 1)



Olive Python (Pilbara subspecies) (Vulnerable,
Schedule 1)



Long-tailed Dunnart (Priority 4)



Ghost Bat (Priority 4)



Short-tailed Mouse (Priority 4)



Fork-tailed Swift (Migratory, Schedule 3)



Rainbow Bee-eater (Migratory, Schedule 3)



Eastern Great Egret (Migratory, Schedule 3)



Gane’s Blind Snake (Priority 1)



Pilbara Barking Gecko (Priority 1)



Lined Soil-crevice Skink (Priority 1)



Peregrine Falcon (Schedule 4)



Australian Bustard (Priority 4)



Western Pebble-mound Mouse (Priority 4)

 Increase in the risk of fire
damaging habitat.

Predicted Outcomes

 Disturbed areas will be progressively rehabilitated
once they are no longer required for operation.
 Revegetation and rehabilitation activities will be
completed including fauna habitat reconstruction as
per the Conservation Significant Fauna Management
Plan 100-PL-EN-0022 and Solomon Project Mine
Closure Plan SO-PL-EN-0016
 Weed control will be managed in accordance with the
Weed Management Plan 45-PL-EN-0013
 Targeted fauna surveys consistent with EPA Guidance
Statement No. 56 will be undertaken prior to
commencement of mine construction as per the
Conservation Significant Fauna Management Plan
100-PL-EN-0022.


Brush-tailed Mulgara (Priority 4)
14 potential Short Range Endemic (SRE)
invertebrates have been recorded within the
Proposal Development Envelopes.
Matters of
National
Environmental
Significance

EPBC Act
objectives:








Provide for
the protection
of the
environment,
especially
matters of
national
environmental
significance
Conserve
Australian
biodiversity
Control the
international
movement of
wildlife,
wildlife
specimens
and products
made or
derived from
wildlife
Promote
ecologically
sustainable
development
through the
conservation

Matters of National
Environmental Significance –
Significant impact guidelines
1.1 (DotE, 2009).
EPBC Act policy statement
3.25 - Environment Protection
and Biodiversity Conservation
Act 1999 referral guidelines for
the northern quoll, Dasyurus
hallucatus (DSEWPAC, 2011)
Survey guidelines for
Australia’s threatened bats –
Guidelines for detecting bats
listed as threatened under the
Environment Protection and
Biodiversity Conservation Act
1999 (DEWHA, 2010b)
Survey guidelines for
Australia’s threatened
mammals – Guidelines for
detecting mammals listed as
threatened under the
Environment Protection and
Biodiversity Conservation Act
1999 (DSEWPAC, 2011a)
Survey guidelines for
Australia’s threatened reptiles
– Guidelines for detecting
reptiles listed as threatened
under the Environment
Protection and Biodiversity

Based on the results of desktop studies and
previous surveys, eight Threatened species and
nine Migratory species listed under the EPBC Act
have the potential to occur within the proposal and
surrounds including:
Threatened species


Australian Painted Snipe (unlikely)



Greater Bilby (unlikely)



Karkarratul (unlikely)



Night Parrot (unlikely)



Northern Quoll (recorded)



Olive Python (Pilbara subspecies) (recorded)



Pilbara Leaf-nosed Bat (recorded)


Hamersley Lepidium (Potential)
Migratory species


Australian Painted Snipe (unlikely)



Barn Swallow (unlikely)



Cattle Egret (unlikely)



Eastern Great Egret (recorded)



Fork-tailed Swift (recorded)



Oriental Plover (unlikely)



Oriental Pratincole (unlikely)



Rainbow Bee-eater (recorded)



White-bellied Sea-Eagle (unlikely).

 Clearing of vegetation may result
in the loss or fragmentation of
habitat for and consequent
displacement of listed threatened
species
 Alterations to surface water flow
and quality have the potential to
cause loss or degradation of
downstream habitat for listed
threatened species, including the
removal of Zalamea Pools and
associated riparian vegetation

 Heavy vehicle movement leading
to injury or death of individual
listed threatened species
 Noise/blasting and lighting may
cause listed threatened species to
avoid the area thereby reducing
use of habitat and changes in
behaviour of listed threatened
fauna
 Increase in feral fauna species
may potentially increase
predation pressures on listed
threatened species
 Increase in the risk of fire
damaging habitat for listed
threatened species.

Potential impacts on listed threatened or migratory
species will be managed and monitored in accordance
with Fortescue’s Conservation Significant Fauna
Management Plan 100-PL-EN-0022.
The following key management measures will also be
implemented:
 Clearing of potential habitat for Northern Quolls,
Pilbara Leaf-nosed Bats and Olive Pythons (Pilbara
subspecies) will be avoided or minimised wherever
possible
 Preferential location of borrow pits in previously
disturbed areas and/or outside of known habitat for
listed threatened species
 Pre-clearing fauna inspections, and where required
trapping and relocation will be implemented for listed
threatened species including the Northern Quoll,
Pilbara Leaf-nosed Bat and Olive Python (Pilbara
subspecies)
 Anthropogenic activity will be minimised wherever
possible in potential habitat for Northern Quolls,
Pilbara Leaf-nosed Bats and Olive Pythons (Pilbara
subspecies)
 Restriction of vehicular movement to predetermined
access roads to minimise mortality of fauna species
and to prevent spread of weeds
 Direct lighting onto active construction and operational
areas to minimise the potential for light overspill
resulting in fauna disturbance, injuries or deaths.

 Disturbance of 111 ha potential
Northern Quoll denning habitat
(129 ha cumulative)
 Disturbance of 2,702 ha
Northern Quoll foraging habitat
(3,106 ha cumulative)
 Cumulative disturbance of
Northern Quoll habitat with
existing project is 3,235 ha
 Disturbance of 327 ha of
potential Pilbara Leaf-nosed Bat
foraging habitat
 Cumulative disturbance
potential Pilbara Leaf-nosed Bat
habitat with existing project is
421 ha
 Disturbance of 111 ha of
potential Pilbara Olive Python
winter shelter habitat (129 ha
cumulative)
 Disturbance of 2,702 ha of
Potential Pilbara Olive Python
foraging habitat (3,106 ha
cumulative)
 Cumulative disturbance with
potential Pilbara Olive Python
habitat and the existing project
is 3,235 ha.
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Environmental
Factor

EPA Objective
and
ecologically
sustainable
use of natural
resources

Relevant Guidance

Existing Environment

Potential Impact

Management Strategies

Predicted Outcomes

 Fauna habitat fragmentation will be minimised through
progressive rehabilitation on disturbed areas no longer
required for operations.

Conservation Act 1999
(DSEWPAC, 2011b).

 Disturbed areas will be progressively rehabilitated
once they are no longer required for operation. as per
the Conservation Significant Fauna Management Plan
100-PL-EN-0022 and Solomon Project Mine Closure
Plan SO-PL-EN-0016
 Weed control will be managed in accordance with the
Weed Management Plan 45-PL-EN-0013
 Targeted fauna surveys consistent with EPA Guidance
Statement No. 56 will be undertaken prior to
commencement of construction and as per the
Conservation Significant Fauna Management Plan
100-PL-EN-0022.

Subterranean
Fauna

To maintain
representation,
diversity, viability
and ecological
function at the
species,
population and
assemblage level

Environmental Assessment
Guideline No. 12 Consideration of subterranean
fauna in environmental impact
assessment in WA (EPA,
2013c)
Guidance Statement No. 54a Sampling Methods and Survey
Considerations for
Subterranean Fauna in
Western Australia (EPA,
2007).

Stygofauna
At least 150 stygofauna species belonging to 14
higher taxonomic groups have been recorded in the
wider Solomon area. The groups collected include
flat worms, nematodes, rotifers, gastropods,
aphanoneurans, oligochaetes, mites, ostracods,
copepods, syncarids, amphipods, isopods and
beetles.
Ten of these are known only from the proposed
borefield of which the majority are within the
drawdown area of less than 2 m.
Troglofauna
In total, 81 troglofauna species are known from the
Kings; (includes Castle Valley) Queens and Zion
mining areas and 45 from Firetail. Eleven (13%)
species from Kings (Castle Valley, Queens and
Zion) and 3 (7%) species from Firetail are known
only from the mine pits or proposed mine pits. This
is typical of the ratio of restricted troglofauna
species at approved mine pits and represents a
substantial drop in the ratio of restricted species
from the time of the PER for the Original Proposal.

 Ground disturbance and mining
may remove habitat and provide
barriers to subterranean fauna
movement
 Groundwater drawdown of the
Channel Iron Deposit (CID)
aquifer and the Southern and
Lower Borefields have the
potential to alter or degrade
habitat
 Percussion from blasting may
damage habitat due to collapse of
voids, rock fragmentation and
transient increases in water
turbidity
 Presence of waste dumps and
stockpiles has the potential to
reduce infiltration of ambient
rainfall and organic material

Key management and mitigation measures to be
implemented include:
 Drawdown in the borefields is temporary and will
recharge at the closure of the borefield. This will result
in only a short term loss of stygofauna habitat
 Blasting is managed to minimise disturbance to pit
walls for geotechnical stability. Any effects of blasting
are likely to dissipate rapidly with distance from the pit
and are not considered to be a significant risk to either
stygofauna or troglofauna outside the proposed mine
pits
 Minimisation of groundwater contamination by
engineering management practices to contain
hydrocarbon products
 Infrastructure such as waste dumps will be designed
to retain water which will assist in promoting the
opportunity for carbon and nutrients within waste
dumps and in the longer term potentially create new
habitat for subterranean fauna.

 Aquifer recharge with poor quality
water may increase
sedimentation if not well managed
 Dewatering below troglofauna
habitat has the potential to reduce
the quality of troglofauna habitat

To maintain the
hydrological
regimes of
groundwater and
surface water so
that existing and
potential uses,
including
ecosystem
maintenance, are
protected

Guidance Statement No. 33 –
Environmental Guidance for
Planning and Development
(EPA, 2009b)
National Water Quality
Management Strategy:
Guidelines for groundwater
protection in Australia
(ARMCANZ and ANZECC,
1995)
National Principles for the
Provision of Water for
Ecosystems (ARMCANZ and
ANZECC, 1996)

Surface Water Hydrology
The Solomon Mine site is wholly located within the
Lower Fortescue River sub-catchment of the
Fortescue River. The Fortescue River basin has a
catchment area of 4,971,000 ha.
Flows in the ephemeral watercourses in the
Solomon area are very infrequent and occur over
short durations. They respond to intense rainfall
events typically associated with tropical cyclones
and or large low pressure systems, with streams
peaking and receding quickly. There are three main
catchments in the Solomon mine area:
Kangeenarina Creek, Weelumurra Creek and
Zalamea Creek. Available data indicates that the
watercourses around the Solomon area are losing

 Impacts to natural surface water
flows as a result of placement,
design and operation of new or
expanded mine pits and
associated infrastructure
 Alterations to groundwater
hydrology during mining,
dewatering and abstraction for
water supply which may reduce
the water availability for GDEs
and pools
 Removal of the Zalamea Pools
 Groundwater modelling predicts
an unmitigated drawdown of 1 m
beneath Hamersley Gorge after

 Three species are known only
from within the proposed Zion
mine pits (the schizomid
Draculoides sp. SCH033, beetle
Zuphiini sp. SOLOMON and
centipede Cryptops sp.
SOLOMON 2). While all three
species were represented by
single animals and there is
some uncertainty about their
distributions, it is considered
probable that they also occur in
the CID outside the pits.
Consequently, it is considered
there will be little threat to
troglofauna at Zion.
 Unlikely to disturb subterranean
fauna habitat in rail corridor.
 Potential impacts in Lower and
Southern Borefields are unlikely
to be significant.

 Groundwater may be
contaminated by hydrocarbons if
not well managed.
Hydrological
Processes

 Impacts on subterranean fauna
due to this expansion are
anticipated to be 900 ha in new
mining areas, as the CID will be
dewatered as planned. The
residual impacts of the
expansion are not considered to
be significant.

The following management plans will be implemented to
manage potential impacts on hydrological processes:


Surface Water Management Plan 100-PL-EN-1015



Kangeenarina Pools Supplementation Plan 600SO00018-RP-HY-0003
Key management controls that will be implemented
include:
 Divert significant surface water flows around pits and
mining infrastructure where practicable and necessary
to minimise impact on hydrologic regime
 Maintenance of Kangeenarina groundwater fed pools
at levels in accordance with MS 862.

 Drawdown of the CID aquifer for
at least the duration of mining:
35 years. Monitoring will be
thorough and ongoing providing
an early warning system of
potential adverse impacts.
 Minor impacts on infrequent,
ephemeral surface water flows.
 Modification to surface water
flows may remain at closure due
to changes in elevations from
pits and waste dumps and some
drainage lines may not be
reinstated, however regional
surface water modelling shows
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Environmental
Factor

EPA Objective

Relevant Guidance

Existing Environment

Pilbara Regional Water Supply
Strategy (DoW, 2013b)
Australian Standard: Water
quality – Sampling – Guidance
on sampling of groundwater
(AS/NZS 5667.11:1998).

streams (i.e. significant volume of flow is lost to
infiltration as it travels downstream). The floodplains
overlying channel iron deposits have been observed
to have high infiltration losses.
Pool and Wetland Systems

Potential Impact
30 years of abstraction from the
Southern Borefield.

Management Strategies
 Development of Groundwater Operating Strategy to
include triggers regarding water levels in Hamersley
Gorge.
 Monitoring of drawdown in the Southern Borefield to
keep below trigger levels and to prevent impacts in the
Hamersley Gorge

The main creeks in the area support freshwater
pools that are fed from groundwater flow from CID
aquifers which are in turn recharged from major
sporadic rainfall events in the summer. There are
three pool systems supporting riparian vegetation,
one in Kangeenarina Creek, outside of the proposed
disturbance area and downstream of the mining
area, one along the Weelumurra Creek outside the
proposal disturbance area and one at in Zion in
Zalamea Gorge.
There are no expressions of the groundwater table
(standing pools of water) in the valley of the
proposed Solomon CID pits apart from Zalamea
Creek where semi-permanent pools are located
within the proposed pit area.
Groundwater Hydrogeology

Predicted Outcomes
the changes in surface drainage
at Solomon will have a minimal
downstream effect
 Removal of Zalamea Pools.

 Managing abstraction between the Lower and
Southern borefields to avoid impacting the Hamersley
Gorge
 Backfilling of pits to avoid the formation of pit lakes at
closure and to facilitate continued groundwater flows
through the CID aquifer.

There are two large regional groundwater supplies
surrounding the Solomon Project; these are the
Lower Fortescue and the Southern Fortescue
basins.
Groundwater flow is a subdued reflection of
topography, flowing from areas of high elevation to
low elevation. The water table is generally between
5 to 30 m below ground level (mbgl) corresponding
to elevations of approximately 600 to 580 mAHD in
the Southern Fortescue area. Groundwater flow
within the alluvial aquifer is in a westerly direction to
northerly direction discharging to the west and
through a number of small drainages that flow to the
north. The most significant of these are Hamersley
Gorge (Southern Fortescue River) and Weelumurra
Creek.
Inland Waters
Environmental
Quality

To maintain the
quality of
groundwater and
surface water,
sediment and
biota so that the
environmental
values, both
ecological and
social, are
protected

Water Quality Protection
Guidelines for Mining and
Mineral Processing (Water and
Rivers Commission, 2000)
National Water Quality
Management Strategy
(ARMCANZ & ANZECC 1995)
Pilbara Regional Water Supply
Strategy (DoW 2013b).

Groundwater
Water abstracted at the Solomon mine is of high
quality (Total Dissolved Solids [TDS] <700 mg/L).
Salinity does not vary with depth suggesting that the
aquifers are interconnected. Sampling from the
Solomon area indicates groundwater types are
NaMgHCO3Cl to MgNaClHCO3 waters.
Groundwater quality analysis from the Southern
Borefield indicates that the measured TDS
concentration of the aquifer is between 406 and 661
mg/L indicating fresh water. The pH ranges between
7.62 and 8.36, indicating slightly alkaline conditions.
Major ion concentrations are low and based on the
relative ratios of major ions the water type can be
classified as Ca-Mg-Cl type. The water chemistry
and geological setting indicates that the major
process controlling water quality is weathering of the
calcrete and Dolomite formations.
The concentration of dissolved metals is below the
relevant standard (ISO/IEC 17025) and no
hydrocarbons have been detected.

 Without appropriate management
of waste dumps containing at-risk
material (material with potential
for acid or metalliferous
drainage), there is the potential
for contamination of surface water
and groundwater
 Queens TSF and in-pit tailings
creates potential risk of
contaminating the Millstream
Water Reserve
 In pit tailings below water table
has the potential to change
groundwater quality
 Fuels, hydrocarbon and chemical
spills leading to contamination of
groundwater or surface water
 Contamination leading to
reduction of surface water quality
 Exposure of Potentially Acid
Forming (PAF) material leading to
acid drainage and contamination

The following Management Plans will be implemented to
manage potential impacts on inland water quality:
 Surface Water Management Plan 100-PL-EN-1015
 Rehabilitation and Revegetation Management Plan
100-PL-EN-0023
 Kangeenarina Pools Supplementation Plan 600SO00018-RP-EN-0003
 Chemical and Hydrocarbon Management Plan 100PL-EN-0011
 Waste Management Plan 45-PL-EN-0014
 Mine and Rail Dust Management Plan 45-PL-EN-0030
 Surface Water Management Plan 100-PL-EN-1015
The following key management measures will be
implemented:
 Groundwater abstracted to dewater pits will not be
discharged into natural watercourses unless part of a
supplementation plan


 Dewatering in the water supply
borefields will be managed
carefully with recharge of the
bores between uses. Residual
impact is therefore expected to
be low to negligible. Monitoring
will be thorough and ongoing
providing an early warning
system of adverse impacts.
 Contamination expected to be
avoided with residual impact
minimal. Management is
expected to be sufficient to
prevent significant impacts
relating to contamination.
 No PAF material detected to be
a risk so residual impact
expected to be minimal and
sufficiently mitigated through
management.
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Environmental
Factor

EPA Objective

Relevant Guidance

Existing Environment

Potential Impact

Management Strategies

Fortescue has an extensive groundwater monitoring
network that focuses on regular, routine sampling of
groundwater levels and quality around the mine,
borefield and processing operations.
Surface Water

 Evaporation of water in pit lakes
potentially causing concentration
of chemicals and change in
groundwater quality.

 Any discharge of intercepted flood water to creek will
be in accordance with Solomon Part V, EP Act
Licence

Available information on surface water quality is
limited due to the inherent difficulty in sampling
ephemeral watercourses and very infrequent
occurrence of flows at Solomon.
Creeks within the Solomon area have high bed
loads in their natural state. There is also evidence of
significant erosion on existing stream banks and
notable areas of instability in the natural
environment.

 Backfilling of pits to an extent that precludes the
formation of pit lakes at closure, to prevent
evaporation and possible salinisation of groundwater
 Minimisation of dust lift-off by using watercarts, only
clearing when necessary and undertaking progressive
rehabilitation
 Supplementation of Kangeenarina Creek via releasing
groundwater directly into local reaches of the
watercourse and through aquifer reinjection.

Predicted Outcomes
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Definitions and Acronyms
Term

Definition

Solomon or Solomon Mine

Solomon Iron Ore Mine

Original Proposal

The Solomon Iron Ore Project originally referred to EPA under Part IV of the EP
Act on 19 July 2010.

Fortescue

Fortescue Metals Group Ltd

Lower Borefield

Lower Fortescue River Borefield

Lower Borefield Development
Envelope

Lower Fortescue River Borefield Development Envelope

Southern Borefield

Southern Fortescue River Borefield

Firetail

Firetail North and South mining areas

Kings

Valley of the Kings mining area

Queens

Valley of the Queens mining area

Main Line; Stage A

Fortescue’s North-South Railway

Acronym / Abbreviation

Full wording

ABA

Acid-base accounting

ADWG

Australian Drinking Water Guidelines

AEP

Annual Exceedance Probability

ANCOLD

Australian National Committee on Large Dams

ANZECC

Australian and New Zealand Environment and Conservation Council

ARMCANZ

Agriculture and Resource Management Council of Australia and New Zealand

BAM Act

Biosecurity and Agricultural Management Act 2007

BID

Bedded Iron Deposits

BOM

Bureau of Meteorology

CALM Act

Conservation and Land Management Act 1984

CAMBA

China-Australia Migratory Bird Agreement

CID

Channel Iron Deposits

DAA

Department of Aboriginal Affairs

DEC

Department of Environment Conservation

DER

Department of Environment Regulation

DHA

Designated Hazardous Area

DID

Detrital Iron Deposits

DMAs

Decision-making authorities

DMP

Department of Mines and Petroleum

DoE

Department of the Environment

DoL

Department of Lands

DoW

Department of Water

DPaW

Department of Parks and Wildlife

DPMP

Dry Processing Mining Operations and Minor Works MP

EAG 1

Environmental Assessment Guideline for Defining the Key Characteristics of a
Proposal Environmental Protection Act 1986
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Term

Definition

EAG 12

Environmental Assessment Guideline 12: Consideration of subterranean fauna
in environmental impact assessment in WA

EAG 13

Environmental Assessment Guideline 13: Consideration of environmental
impacts from noise

EAG 16

Environmental Assessment Guideline 16: Referral of a proposal under s38 of the
EP Act

EAG 8

Environmental Assessment Guideline 8 – Environmental factors and objectives

EAG 9

Environmental Assessment Guideline 9 - Application of a significance framework
in the EIA process

EC

electrical conductivity

EFA

Ecosystem Function Analysis

EIA

Environmental Impact Assessment

EMS

Environmental Management System

EOMP

Early Ore Mining and Infrastructure Development MP

EP Act

Environmental Protection Act 1986

EPA

Environmental Protection Authority

EPBC Act

Environment Protection and Biodiversity Conservation Act 1999

ESD

Environmental Scoping Document

FPMP

Full Production Mining Operations MP

GAI

Global Abundance Index

GDE

Groundwater Dependent Ecosystem

GHG

Greenhouse Gas

IBI

Index of Biotic Integrity

IBRA

Interim Biogeographical Regionalisation Areas

IDMP

Infrastructure Development Stage 2 MP

ITV

Investigation Trigger Values

JAMBA

Japan-Australia Migratory Bird Agreement

Karijini

Karijini National Park

LAA

Land Access Agreement

mAHD

Elevation in metres with respect to the Australian Height Datum.

mbgl

Meters below ground level

MCP

Mine Closure Plan

MDS

Multi-dimensional Scaling

Mining Act

Mining Act 1978

MNES

Matters of National Environmental Significance

MPs

Mining Proposals

MS862

Ministerial Statement 862

Mtpa

Million tonnes per annum

NAF

Non-acid forming

NAG

Net acid generation

NATA

National Association of Testing Authorities
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Term

Definition

NES

National environmental significance

NGER

National Greenhouse and Energy Reporting

NGOs

Non-Government Organisations

NT Act

Native Title Act 1993

OEPA

Office of the Environmental Protection Authority

OPF

Ore Processing Facilities

PAF

Potentially Acid Forming

PEC

Priority Ecological Communities

PER

Public Environmental Review

PRI

Pilbara Regional Inventory

ROKAMBA

Republic of Korea- Australia Migratory Bird Agreement

ROM

Run of Mine

SEM

Scanning Electron Microscope

SEWPaC

Commonwealth Department of Sustainability, Environment, Water, Population
and Communities

SLIP

Shared Land Information Platform

SRE

Short Range Endemic

SWI

Safe Working Instruction

TDS

Total Dissolved Solids

TEC

Threatened Ecological Communities

TSF

Tailings storage facilities

TSF1

Tailings Storage Facility No. 1

TSF1ECMP

Tailings Storage Facility No. 1 Embankment Construction and Unrelated Minor
Works MP

UCL

Unallocated Crown Land

VIA

Visual Impact Assessment

VTEC

Vocational Training and Employment Centre

WC Act

Wildlife Conservation Act 1950

WONS

Weeds of National Significance
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1.

INTRODUCTION

Fortescue Metals Group Limited (Fortescue) proposes to expand the Solomon Iron Ore Project
mining footprint (the Proposal) and extend the life of the existing operating mine, located in the
Pilbara, Western Australia (Figure 1). The Proposal has the potential to extend the mine life by
approximately 35 years from 2016.

1.1

Proposal Overview

The Solomon Iron Ore Project consists of the Solomon Iron Ore Mine (“Solomon” or “Solomon
Mine”) and the Hamersley Line and is located in the Pilbara region of Western Australia. The
nearest population centre to the Solomon Mine is Tom Price, located approximately 60
kilometres (km) to the south (Figure 1). The Solomon Mine is located within active pastoral
leases; Mt Florance Station and Hamersley Station. The Hamersley Line is located within Mt
Florance Station, Hooley Station and Mulga Downs Station.
The Solomon Iron Ore Project was originally referred to the Environmental Protection Authority
(EPA) under Part IV of the Environmental Protection Act 1986 (EP Act) on 19 July 2010. This is
referred to as the Original Proposal. Similar to this Proposal, the EPA set a Public
Environmental Review (PER) level of assessment. The EPA approved the Original Proposal in
April 2011, via the release of Ministerial Statement 862 (MS 862) (EPA, 2011).
The Original Proposal was also assessed by the Commonwealth Department of Sustainability,
Environment, Water, Population and Communities (DSEWPaC, now the Department of the
Environment [DoE]) under the Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act) and was approved in April 2011.
Solomon currently consists of several mining areas (including Firetail (North and South), Valley
of the Kings (Kings), Valley of the Queens (Queens), Trinity, and Zion) and processing hubs
with associated support infrastructure. In this PER, the mining areas will be referred to as the
‘Solomon Mine’ and individual mining areas will be discussed where necessary to assist with
location of specific environmental values or impacts. The majority of the mining areas comprise
of Channel Iron Deposits (CID), with some Bedded Iron Deposits (BID) and Detrital Iron
Deposits (DID), while the Firetail Deposit consists of a blend of predominantly BID and DID.
The Hamersley Line connects the Solomon Mine to Fortescue’s North-South Railway (known as
the Main Line; Stage A). It is approximately 125 km in length and was constructed as a part of
the Original Proposal for the Solomon Project (previously referred to as the Solomon Line),
approved as Ministerial Statement 862 (MS 862) (EPA, 2011).
The current project also includes a water supply from pit dewatering and a borefield located to
the south of the mine, known as the Southern Fortescue River Borefield (Southern Borefield).
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The estimate of the footprint for the Original Proposal was 5,500 hectares (ha) (4,400 ha for
mining operations (recently amended to 4,416 ha) and 1,100 ha for rail infrastructure (amended
to 1,897 ha) and was based upon feasibility study factors, many of which have now been
refined through the completion of more detailed studies. As the geological resource drilling,
mine planning and construction phases progressed, the understanding of resource, site
conditions and requirements for infrastructure placement have improved, as well as the
identification of additional resource areas, allowing for a more accurate footprint definition.
This Proposal is for the revision to the Original Proposal layout, and includes an overall increase
of approximately 12,146 ha to the footprint required for the approved mining areas, the rail
corridor, and the addition of the Castle Valley and Frederick mining and infrastructure areas. It
also includes a new borefield; the Lower Fortescue River Borefield (Lower Borefield), and minor
expansion to the Southern Borefield. Development Envelopes are depicted in Figure 2 to 5.
The increased disturbance footprint can be broadly attributed to:


Expansions to the previously defined mine pit areas as a result of new resource drilling.



New mining areas at Castle Valley and Frederick.



New infrastructure corridors to access new mining areas.



Revised definition of waste dumps as a result of detailed mine scheduling and
sequencing requiring additional footprints required for storage.



An expansion of the water supply infrastructure including a new borefield.



Expansion to the footprint for a new tailings storage facility as a result of more detailed
mine planning and tailings volumes.



Inclusion of expanded footprints for key infrastructure to allow for firebreaks and asset
protection/management.



Inclusion of expanded footprints for safety purposes, such as separate roads for light
vehicle, automated heavy vehicle and manned heavy vehicle.



Increased footprint of disturbance to support the operation and maintenance of the rail
infrastructure.



Topographic and terrain constraints encountered during construction and early mining
activities have required Fortescue to reallocate some of the existing approved clearing
budget.

The estimate of the footprint for this Proposal is based on information from the completion of a
35 year mine plan that takes into consideration the life of the known resources for Solomon as
well as a reasonable reflection of the potential for additional development based on exploration
results.
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Mine Development Envelope
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Location
The Proposal is located in the Pilbara region of Western Australia with the nearest population
centre being Tom Price located approximately 60 km to the south (Figure 1). The Proposal is
located within active pastoral leases; Mt Florance, and Hamersley (Figure 6).
The existing Solomon Mine is connected to the Herb Elliott Port by the Hamersley Line and the
Main Line Rail which also connects to Fortescue’s Cloudbreak and Christmas Creek mines.
The Solomon Mine and the western portion of the Hamersley Line corridor are located within
the Shire of Ashburton. The eastern extent of the rail corridor crosses the Shire of East Pilbara
and terminates in the Town of Port Hedland.
The Proposal is spread across multiple tenements held by FMG Pilbara Pty Ltd
(ACN 106 943 828) and The Pilbara Infrastructure Pty Ltd (ACN 103 096 340), which are wholly
owned subsidiaries of Fortescue Metals Group Limited.
Proposed activities will occur across Mining Leases and Miscellaneous Licenses (Table 1),
most of which are located on Unallocated Crown Land (UCL). The rail infrastructure will be
located within Special Rail Licence - L1S4 and the tenure for the Lower Borefield will be
miscellaneous licences.
Table 1: Existing Tenure
Tenure Type

Tenure Numbers

Mining Lease

M47/1409, M47/1410, M47/1411, M47/1413, M47/1431, M47/1453, M47/1466, M47/1474,
M47/1475, M47/1493

Miscellaneous
Licence

L47/293, L47/294, L47/296, L47/301, L47/351, L47/360, L47/361, L47/362, L47/363,
L47/367, L47/381, L47/382, L47/391, L47/392, L47/397, L47/471, L47/472

Special Rail Licence

L1SA

1.2

Identification of Proponent

The Proponent for this Proposal is: Fortescue Metals Group Limited:
ABN: 57 002 594 872
Level 2, 87 Adelaide Terrace
East Perth Western Australia 6004
The key contact for the Proposal is:
Sean McGunnigle, Manager, Environmental Approvals
Level 2, 87 Adelaide Terrace
East Perth WA 6004
Phone: 08 6218 8415
Email: smcgunnigle@fmgl.com.au
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1.3

Purpose of Document

The Proposal was referred to the EPA in accordance with s38 of the EP Act on 21 July 2014.
On 18 August 2014 the EPA determined the level of assessment for the Proposal as PER with a
six week public review period (EPA Assessment No. 2019).
The Proposal was also referred to the DoE in accordance with the EPBC Act on 21 July 2014
(EPBC 2014/7275). The Proposal was determined to be a Controlled Action with the following
controlling provision:


Listed threatened species and communities.

The Proposal will be assessed under the existing bilateral agreement between the
Commonwealth and the State of Western Australia where the Commonwealth has endorsed the
State’s environmental impact assessment (EIA) process, effectively delegating the responsibility
of assessing the project to the State.
This PER has been prepared in accordance with the EP Act Environmental Impact Assessment
Administrative Procedures 2012 and associated environmental assessment guidance
documents. The purpose of the PER is to assess the impacts of the proposal on the preliminary
key environmental factors as outlined in the Environmental Scoping Document (ESD)
(Appendix 1). These impacts will be assessed in accordance with various relevant EPA policy
position statements and guidance documents.
Once completed, the EPA will review the draft PER and when satisfied that the PER adequately
addresses the requirements set out in the ESD, the EPA will approve the PER document to be
released for a six week public review period. Following the public review period, the EPA will
provide to the Proponent summaries of all submissions received.
The matters raised in the submissions will be addressed by the proponent to the satisfaction of
the EPA. The EPA will then assess the PER document, submissions received, the Proponent’s
response to submissions, and then prepare its report and recommendations to the Minister for
the Environment.
The PER must address all elements of the ESD, prepared by the EPA. The Commonwealth
has, through bilateral agreements, delegated to the State the responsibility for conducting
assessments consistent with the provisions of the agreement. The EPA will expect Fortescue to
consult with interested members of the public and relevant stakeholders, and to ensure that any
other environmental factors which may be of interest to the public and stakeholders are
addressed. The PER should document the results of all consultation undertaken.
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The PER includes:


a description of the proposal outlining its location, the proponent, a justification, the
legal framework and any alternatives considered. The key characteristics of the
proposal will be outlined as per EAG1 as discussed in Section 4.1



a description of the receiving environment, referring to the key ecosystem processes,
biodiversity and regional context, particularly threatened species and habitats, site
condition and any potential fatal flaws



an outline of the potential impacts of the proposal on factors of the environment.
These will be discussed factor by factor and will discuss the impact of the proposal on
these values and how these relate to the EPA objectives



the proposed avoidance, minimisation and management strategies to ensure the key
environmental factors are appropriately protected and an evaluation of the significance
of the residual impact



response to the principles of environmental protection. These include the
precautionary principle, the principle of intergenerational equity, the principle of the
conservation of biological diversity and ecological integrity, improved valuation, pricing
and incentive mechanisms and waste minimisation



justification that demonstrates that the proposal should be determined by the EPA to
be environmentally acceptable.

Schedule
The schedule for this PER and proposed future milestones for the assessment of the proposal
is shown in Table 2.
Table 2: Schedule and Milestones for the Assessment of the Proposal
Key Stage of Proposal

Agreed Timeframe

EPA Approval of ESD Document

December 2014

Proponent submits first adequate draft of PER Document

May 2015

OEPA provides comment on first draft of PER Document

6 weeks

Proponent submits adequate revised draft PER Document

4 weeks

EPA authorises release of PER Document

2 weeks

Proponent releases approved PER Document

1 week

Public Review of PER Document

6 weeks

EPA provides summary of submissions

3 weeks

Proponent provides adequate Response to Public submissions

4 weeks

OEPA reviews Response to Submissions

4 weeks

OEPA assesses proposal for consideration by EPA

7 weeks

Preparation and finalisation of EPA Report (including 2 weeks consultation
on draft conditions with proponent and key Government agencies)

5 weeks
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1.4

Previous Approvals
EP Act

The Solomon Project PER (SO-RP-EN-0003) (Fortescue, 2010a) for the Original Proposal and
associated rail infrastructure was published in November 2010. The proposal was given
conditional approval under Statement 862, Report 1386 by the then Minister for Environment;
Water, which allowed for commencement of Fortescue’s current mine operations for the
Solomon Project including a rail line to support these new sites.
Following ministerial approval, a number of amendments in accordance with s45C of the EP Act
were submitted to the EPA. Table 3 provides a summary of these amendments.
Table 3: Summary of Amendments to MS 862 in Accordance with s45C of the EP Act
Amendment

Date

MS862: Request to Change the Proposal under s45c of the EP Act -Additional Rail Disturbance

July 2011

MS862: Request to Change the Proposal under s45c of the EP Act - Southern Borefield (PEC),
Dewatering Rate and Minor Changes

November
2013

MS862: Request to Change the Proposal under s45c of the EP Act - Southern Borefield
Extension –Environmental Impact Assessment

October 2014

A Compliance Assessment Report (100-RP-EN-9604) (Fortescue, 2013a) addressing Ministerial
Statement 862 – Solomon Iron Ore Project was completed for 2 periods:


1 January 2013 to 21 December 2013



1 January 2014 to 21 December 2014.

This report provides a summary of compliance associated with the Ministerial Statement 862
(MS 862) (EPA, 2011) for the period which includes the Solomon Mine and Hamersley Line.
There were no non-compliances and/or potential non-compliances reported at this time.
Additional Licences and Works Approvals granted under the EP Act are outlined in Table 4.
Table 4: Licences and Works Approvals Currently in Operation at Solomon
Approvals

Date

purpose

Licence L8454/2012/1

October 2010

Processing of ore, sewage facility and bulk storage of chemicals.

W4645/2010/1

April 2010

Works approval for construction of Castle Camp WWTP

W4846/2010/1

March 2011

Works approval for Castle Camp upgrade to category 54

W4881/2011/1

November 2011

Works approval for Dally Camp WWTP

W4900/2011/1

June 2011

Works approval for Direct Shipping Ore Processing Plant

W4930/2011/1

August 2011

Works approval for Mobile Crushing Plant

W4932/2011/1

August 2011

Works approval for Stockyard Mobile Crushing Plant

W4940/2011/1

August 2011

Works approval for Ellie Camp WWTP

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production
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Approvals

Date

purpose

W5088/2011/1

February 2012

Works approval for Kangi Camp WWTP and waste transfer station

W5110/2011/1

November 2011

Works approval for Processing plant and tailings facility

W5192/2012/1

July 2012

Works approval for Bulk fuel facility

W5246/2012/1

November 2012

Works approval for Central Facilities Infiltration trench

W5407/2013/1

July 2013

Works approval for an additional Ore Mobile Crushing Facility

W5429/2013/1

August 2013

Landfill and Waste Transfer Station

W5690/2014/1

September 2014

Works approval for construction of three Ore Processing Facilities
(OPF) (two at Kings and one at Firetail)

EPBC Act
Approval for the original Solomon Proposal was issued by the Federal Minister for the
Environment on 28 April 2011 (EPBC 2010/5567). Since this approval, subsequent
amendments (Table 5) have been approved by the DoE (previously DSEWPC).
Table 5: Summary of Amendments to EPBC 2010/5567
Amendment

Approval Date

Variation of Condition 4 of EPBC Approval 2010/5567

April 2012

Variation of Conditions 4, 6,14,& 15 of EPBC Approval 2010/5567

November 2012

Variation of Condition 1,2,15, of EPBC Approval 2010/5567

December 2013

Variation of Condition 17 & 18 of EPBC Approval 2010/5567

July 2014

Mining Act 1978
A number of additional supporting documents are associated with the Solomon Project:


Ten mining proposals, including a Full Production Mining Operations Mining Proposal
(Fortescue, 2013b) were assessed and subsequently approved under the Mining Act
1978 (Mining Act) in August 2013 (Table 6).



In 2011, the original Solomon Project Mine Closure Plan SO-PL-EN-0002_Rev 0 was
approved by the Department of Mines and Petroleum (DMP) and OEPA, in accordance
with the requirements of Condition 14 of MS 862 and the Mining Act. Subsequent
revisions have been submitted and the most recent version (SO-PL-EN-0002_Rev 8)
was approved by DMP and the OEPA on 14 November 2013 (DMP Registration ID
41729) (Fortescue, 2013d).

Table 6: Summary of Mining Proposal and Mine Closure Plan Amendments
Mining Proposal

Additional Documents

Date

Castle Camp Expansion and Borrow Pit MP (Reg ID
27183)

NA

Jul-10

Castle Camp Expansion MP (Reg ID 29025)

NA

Jul-11
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Mining Proposal

Additional Documents

Date

Dally Camp MP (Reg ID 29717)

NA

May-11

Early Ore Mining and Infrastructure Development MP
(EOMP) (Reg ID 30496)

NA

Jul-11

Infrastructure Development Stage 2 MP (IDMP) (Reg
ID 31835)

Solomon Project – Early Ore and
Infrastructure Development Mine Closure
Plan (SO-PL-EN-0002_Rev 0)

Oct-11

Tailings Storage Facility No. 1 (TSF1) Embankment
Construction and Unrelated Minor Works MP
(TSF1ECMP) (Reg ID 33382)

Solomon Project Early Ore Mining and
Infrastructure Development Mine Closure
Plan (SO-PL-EN-0002_Rev 3)

Jul-12

Dry Processing Mining Operations and Minor Works
MP (DPMP) (Reg ID 34022)

Solomon Project Mine Closure Plan (SOPL-EN-0002_rev 5)

Jul-12

Full Production Mining Operations MP (FPMP) (Reg
ID 39002)

Solomon Project Mine Closure Plan (SOPL-EN-0002_Rev 6)

Aug-13

Tailings Storage Facility No. 1 Operations Mining
Proposal (TSF1OMP) (Reg ID 41729)

Solomon Project Mine Closure Plan (SOPL-EN-0002_Rev 8)

Nov-13

Minor Infrastructure MP (Reg ID 47543)

Solomon Project Mine Closure Plan (SOPL-EN-0002_Rev 8)

Aug-14

BID/DID OPFs MP (Reg ID 48342)

Solomon Project Mine Closure Plan (SOPL-EN-0002_Rev 8)

Sep-14

Southern Borefield Extension Mining Proposal
(pending approval)

Solomon Project Mine Closure Plan (SOPL-EN-0002_Rev 8)

Mar-15

Rights in Water and Irrigation Act 1914
Several Groundwater Operating Strategies have been prepared as management tools for the
use and abstraction of groundwater under various 5C Groundwater Well Licenses (GWLs)
(Table 7). These provide strategies and action plans for potential groundwater abstraction
impact management, water use efficiency and contingency planning, whilst defining Fortescue’s
responsibility with respect to these aspects. It should be noted that these strategies, as listed in
Table 7, have been merged into an overarching (site-wide) Solomon Groundwater Operating
Strategy, which has been submitted to the DoW and is currently being reviewed. Pending
approval of this strategy, management of all GWLs will be undertaken through this document.
Table 7: Water Licences
Licence
Reference

Description

Groundwater Operating Strategy

Expiry Date

GWL177110(1)

Potable Water from Hamersley
Fractured Rock Aquifer

GWL included in the Solomon
Groundwater Operating Strategy
(approval pending).

05/05/2023

GWL174095(6)

Lower Fortescue (Stockyards)
water from the Wittenoom Aquifer

Solomon Stockyard/Camp 4
Groundwater Operating Strategy

26/02/2024

GWL176913(1)

Supplementation/Injection from
the Hamersley Fractured Rock
Aquifer

GWL included in the Solomon
Groundwater Operating Strategy
(approval pending) recently submitted to
the DoW.

30/06/2016
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Licence
Reference

Description

Groundwater Operating Strategy

Expiry Date

GWL175139(1)

Dewatering Licence from the
Hamersley Fractured Rock
Aquifer

Dewatering Groundwater Operating
Strategy

22/12/2018

GWL177976(1)*
GWL177974(1)*

Southern Borefield from the
Hamersley and Wittenoom
Aquifers

Solomon Remote Borefield Groundwater
Operating Strategy

12/10/2023

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production
SO-PL-EN-0104

This page has been left blank intentionally

Page 16

SECTION 2
Rationale for the Proposal and Alternatives Considered

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production
SO-PL-EN-0104
Rport

This page has been left blank intentionally

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 17

SO-PL-EN-0104
Rport

2.

RATIONALE FOR THE PROPOSAL AND ALTERNATIVE
CONSIDERED

The Proposal is significantly larger than the Original Proposal in terms of the area required for
new and larger pit footprints and associated mining and processing infrastructure. The Proposal
will extend the mine life for approximately 35 years from 2016.

2.1

Proposal Justification

The Proposal would result in community benefits for Australia and Western Australia through:


royalties and taxation payments from the sale of iron ore products



employment and training opportunities



encouragement in the growth of ancillary industries in WA.

The Proposal is anticipated to provide contractual and full-time employment opportunities to
local communities. Further employment opportunities would be created by the flow-on effects to
service industries and other sectors of the economy.
Fortescue is committed to providing jobs and employment to local indigenous people through
its’ Vocational Training and Employment Centre (VTEC) developed as part of Land Access
Agreement negotiations between Fortescue and Native Title Groups. VTEC works by identifying
employment opportunities within Fortescue, and with contractors who work with Fortescue, then
developing courses using TAFE and other training organisations to provide indigenous people
in the Pilbara with the necessary skills for those jobs.

2.2

Proposal Alternatives

Fortescue has considered a number of options relating to the Proposal during the feasibility
design stage. The assessment of each option has taken into consideration environmental
constraints and where possible, the Proposal has been designed to minimise potential impacts
on the environment. Alternatives considered included the following:

Water supply
The Original Proposal suggested an additional water supply be supplied from Sheila Valley. In
response to detailed hydrogeological investigations Fortescue has identified two borefield
development opportunities in close proximity to the mine site. The current Proposal will result in
less impact on Weelumurra Creek by avoiding the need to clear a path for a pipeline across the
creek and reduce clearing in general as the borefields are located in close proximity to the mine
site.
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Additionally having two borefields instead of one allows Fortescue to better manage its potential
environmental impacts by having the option of altering the abstraction rates as required to meet
the demand of the mine and avoid impacting protected areas such as Hamersley Gorge.
The layout of the Lower Borefield has been carefully considered in an attempt to minimise
disruption to the Mt Florance Station Owners. Originally the borefield and pipelines were
proposed to be spread out with the main trunkline parallel to the eastern edge of the Hamersley
ranges. Successful groundwater exploration drilling has identified the option to amend the
layout such that the main trunkline is proposed to be located in close proximity and parallel to
the rail corridor. This has resulted in a smaller footprint and therefore impacting a smaller
portion of the station.

Minimising impacts on Priority Ecological Communities (PEC)/Threatened
Ecological Communities (TEC)
A large body of groundwater is located under the PEC/TEC. The PEC and TEC are not
groundwater dependant vegetation and therefore are unlikely to be impacted by the proposed
drawdown of the Southern Borefield. In order to access this water supply, Fortescue has
proposed minimal clearing within the PEC which is to be undertaken in accordance with the
Southern Borefield TEC/PEC Management and Monitoring Plan – Construction SO-PL-EN-0010
(Fortescue, 2013f) and Southern Borefield TEC/PEC Management and Monitoring Plan –
Operation – Solomon Project SO-PL-EN-0013 (Fortescue, 2014a). The majority of the Southern
Borefield is proposed to be located outside the PEC and no clearing is proposed within the
TEC.

Waste rock disposal options
Waste disposal options considered included the use of traditional waste dumps, in-pit disposal
and use in the construction of infrastructure such as roads, embankments and the TSF. The use
of waste rock as pit backfill material will assist in the prevention the formation of pit lakes, and
reduce overall clearing.

Tailings disposal
A number of tailings storage options have been considered, in accordance with the objectives of
avoiding unnecessary clearing, avoiding pit lakes and minimising impacts on the Station
Owners by designing the placement of large infrastructure within the Mine Development
Envelope.
The benign geochemistry of the tailings make in-pit tailings an appropriate storage option for the
following reasons:


increases operational flexibility in managing waste materials



reduces (or delays) capital expenditure
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assists with managing the backfill requirements and/or commitments



potentially decreases the disturbance footprint as less area will be required to be
cleared for Tailings Storage Facilities.

However, given that pit voids are required to do this, valley fill tailings storage facilities are likely
to be required to be used in conjunction with in-pit tailings storage.

Option to Not Conduct the Proposal
The Solomon Mine is currently providing employment for approximately 2000 staff and
contractors and is a major contributor to the employment of indigenous people in Western
Australia. As a business, it also provides substantial revenue to the State.
The current mine plan indicates that the clearing required to maintain the current rate of mining
will be close to the approved disturbance limit of 4,416 ha by mid-2016. Fortescue is therefore
seeking approval for the expansion to maintain compliance with current legislation and to
continue operations as usual.
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3.

PRINCIPLE LEGISLATION

This PER has been developed in accordance with the EPA’s guidelines for proponents
including:


Guidelines for Preparing a Public Environmental Review



Environmental Impact Assessment Administrative Procedures 2012,



Environmental Assessment Guideline 8 – Environmental factors and objectives
(EAG 8)



Environmental Assessment Guideline 9 - Application of a significance framework in the
EIA process (EAG 9).

Key pieces of environmental legislation are explained in the following sections.

3.1

Commonwealth Legislation

The Proposal has been declared a controlled action by the Federal Minister for Environment
and will be assessed by the DoE according to the terms of the Bilateral Agreement between the
Commonwealth of Australia and the State of Western Australia. The bilateral agreement is
authorised under Section 45 of the Environment Protection and Biodiversity Conservation Act
1999. Under the terms of the bilateral agreement, the EPA will provide its assessment report
and any other assessment documentation, including this PER, to DoE upon completion of its
assessment. DoE considers impacts from the Proposal to Matters of National Environmental
Significance (MNES). For this Proposal, MNES are the Northern Quoll, Pilbara Leaf-nosed Bat
and Pilbara Olive Python.
Other relevant Commonwealth legislation relevant to the Proposal includes:

3.2



Aboriginal and Torres Strait Islander Heritage Protection Act 1984



Australian Heritage Council Act 2003



Native Title Act 1993



National Greenhouse and Energy Reporting Act 2007.

State Legislation

Implementation of the Proposal has the potential to cause impacts to a range of environmental
factors as identified by the EPA in the ESD, discussed in Section 6. These potential impacts,
and the State and Commonwealth legislation that regulate these impacts are documented in
Table 8.
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Table 8: Summary of Applicable State Legislation
Legislation

Responsible Agency

Requirements and Regulations

Aboriginal Heritage Act
1972

Department of Aboriginal
Affairs

The Aboriginal Heritage Act 1972 (AHA) protects all
aboriginal sites, regardless of whether they are
registered or not under Section 5 of the AHA. The
AHA also provides a mechanism for disturbing
Aboriginal sites.

Biosecurity and
Agriculture Management
Act 2007

Department of Agriculture
and Food Western Australia

Provides for the management, control and prevention
of spread of declared pests within Western Australia

Bush Fires Act 1954

Department of Fire and
Emergency

Provides for the prevent and management of bush
fires

Conservation and Land
Management Act 1984

Department of Parks and
Wildlife

Provides for the use, protection and management of
certain public lands and waters, and their associated
flora and fauna

Contaminated Sites Act
2003

Department of Environment
Regulation

Provides for the identification, recording, management
and remediation of contaminated sites

Dangerous Goods Safety
Act 2004 and
Regulations

Department of Mines and
Petroleum

Provides for the management of Dangerous Goods

Environmental Protection
Act 1986

Office of Environmental
Protection Authority &
Department of
Environmental Regulation

Provides for the protection and regulation of impacts
on the environment in Western Australia

Health Act 1911

Department of Health

Health (Treatment of Sewage and Disposal of Effluent
and Liquid Waste) Regulations 1974

Heritage of Western
Australia Act 1990

Heritage Council of Western
Australia

Provides for the conservation of places of significance
to the cultural heritage of Western Australia

Land Administration Act
1997

Department of Lands

Governs the administration of State land in Western
Australia

Mining Act 1978

Department of Mines and
Petroleum

Provides for regulation of mining in Western Australia

Mines Safety and
Inspection Act 1994

Department of Mines and
Petroleum

Provides for the regulation of Safety and Health

Rail Safety Act 2010

Department of Transport

Provides for the regulation of Safety and Health

Railway and Port (The
Pilbara Infrastructure Pty
Ltd) Agreement Act 2004

Department of State
Development

Regulates activities within the Hamersley Line
corridor

Rights in Water and
Irrigation Act 1914

Department of Water

Provides for planning and allocation of water in
Western Australia

Waterways Conservation
Act 1976 and associated
regulations

Department of Water

Provides for the conservation and management of
certain waters and of the associated land and
environment

Wildlife Conservation Act
1950

Department Parks and
Wildlife

Provides for the conservation and legal protection of
flora and fauna, especially rare species

Water Services Act 2012

Economic Regulatory
Authority

Regulation and management of water service
providers in WA.
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3.3

Guidelines, Standards and Policies

The State government, the EPA and other decision-making authorities (DMAs) have developed
a number of guidance and policy statements that are relevant the development of a PER. The
relevant policies and guidelines are listed in Table 9.
Table 9: Relevant Guidance and Policies
Policies
WA Environmental Offsets Policy
Guidance Documents
Environmental Protection Bulletin No. 1: Environmental Offsets – revised August 2014
Environmental Protection Bulletin No. 17: Strategic and derived proposals
WA Environmental Offsets Guidelines – August 2014
EPA & DEC Technical Guide - Terrestrial vertebrate fauna surveys for environmental impact assessment.
EPA Guidance Statement No. 6: Rehabilitation of terrestrial ecosystems
EPA Guidance Statement No. 20: Sampling of short range endemic invertebrate fauna for environmental impact
assessment in Western Australia
EPA Guidance Statement No. 33: Environmental Guidance for Planning and Development
EPA Guidance Statement No. 41: Assessment of Aboriginal Heritage
EPA Guidance Statement No. 51: Terrestrial flora and vegetation surveys for environmental impact assessment in
Western Australia
EPA Guidance Statement No. 54a: Sampling Methods and Survey Considerations for Subterranean Fauna in
Western Australia
EPA Guidance Statement No. 56: Terrestrial fauna surveys for environmental impact assessment in Western
Australia
EPA Position Statement No. 2:Environmental Protection of Native Vegetation in Western Australia
EPA Position Statement No. 3: Terrestrial Biological Surveys as an Element of Biodiversity Protection
EPA Position Statement No. 4: Environmental Protection of Wetlands
EPA Position Statement No. 7: Principles of environmental protection
Matters of National Environmental Significance – Significant impact guidelines 1.1
Environment Protection and Biodiversity Conservation Act 1999 Referral guidelines for the northern quoll,
Dasyurus hallucatus - EPBC Act policy statement 3.25
Survey guidelines for Australia’s threatened mammals – Guidelines for detecting mammals listed as threatened
under the EPBC Act
Survey guidelines for Australia’s threatened bats – Guidelines for detecting bats listed as threatened under the
EPBC Act
Survey guidelines for Australia’s threatened reptiles – Guidelines for detecting reptiles listed as threatened under
the EPBC Act
Australian Standard: Water quality – Sampling – Guidance on sampling of groundwater (AS/NZS 5667.11:1998)
Cumulative environmental impacts of development in the Pilbara region. Advice of the Environmental Protection
Authority to the Minister for Environment under Section 16(e) of the Environmental Protection Act 1986
National Principles for the Provision of Water for Ecosystems
National Water Quality Management Strategy: Guidelines for groundwater protection in Australia (ARMCANZ and
ANZECC, 1995)
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Policies
Pilbara Water in Mining Guideline: Report No. 34
Pilbara Regional Water Supply Strategy
Technical Guide – Terrestrial Vertebrate Fauna Surveys for Environmental Impact Assessment
Water Quality Protection Guidelines for Mining and Mineral Processing
Environmental Assessment Guidelines
Environmental Assessment Guideline 1: Defining the key characteristics of a proposal (EAG1)
Environmental Assessment Guideline 8: Environmental factors and objectives (EAG8)
Environmental Assessment Guideline 9: Application of a significance framework in the environmental impact
assessment process (EAG9)
Environmental Assessment Guideline 12: Consideration of subterranean fauna in environmental impact
assessment in WA (EAG12)
Environmental Assessment Guideline 13: Consideration of environmental impacts from noise (EAG13)
Environmental Assessment Guideline 16: Referral of a proposal under s38 of the EP Act (EAG16)

SECTION 4
Proposal Description
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4.

PROPOSAL DESCRIPTION

4.1

Overview of Key Characteristics

This Proposal is a revised proposal from the Original Proposal. The Original Proposal approved
under MS 862 included disturbance of 4,416 ha within a 31,333 ha Development Envelope
inclusive of the Southern Borefield and a rail spur to the Zion mining area. The Original
Proposal included mining and infrastructure areas for the Firetail, Kings, Queens, Trinity, and
Zion deposits. The Original Proposal also included approval for 1,897 ha of disturbance within a
29,257 ha Railway Corridor.
1

This Proposal seeks approval for an increase of approximately 12,146 ha to the Original
Proposal layout to mine and process the iron ore deposits at Solomon including the addition of
new mining and infrastructure areas (Castle Valley and Frederick). The Proposal occurs within
three Development Envelopes:


Mine Development Envelope



Lower Borefield Development Envelope



Rail Corridor Development Envelope.

The total disturbance including the Original Proposal is proposed to be increased to 18,459 ha
across all three Development Envelopes.
The majority of the expanded mining footprint remains within the Mine Development Envelope
that was previously assessed and is shown in the current MS 862. The change in footprint
generally involves the expansion or widening of previously approved mining and infrastructure
areas (Figure 4).
Mining activities and infrastructure previously approved, includes, but is not limited to:

1



ore processing facilities



waste dumps



tailings storage facilities (TSF)



workshops



water infrastructure (including a hydraulic barrier at the western end of Queens)



overland conveyors



crushing facilities

Includes 116 ha for the approved rail spur which is now located within the mine development envelope
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material stockpile areas (including low grade stockpiles and topsoil stockpiles)



borrow pits



rail spur infrastructure.

These activities will continue to be implemented across the expanded footprint. The Mine
Development Envelope now also includes the rail spur infrastructure that was approved in the
Original Proposal and is also currently shown in MS 862 (EPA, 2011) (Figure 2).
Additional TSF options such as in-pit below water table storage and a TSF proposed within the
Millstream Catchment are also included in the Proposal.
Fortescue is also proposing to increase the permanent footprint within the Rail Corridor
Development Envelope to include additional rail infrastructure, including borrow pits for rail
maintenance and infrastructure associated with the Lower Borefield. The clearing within the Rail
Corridor Development Envelope associated with this Proposal is approximately 277 ha.
Additional area is also required to construct the approved rail spur to Zion which is approved
under MS 862, within the Rail Corridor. The increase in area required for the rail spur within the
rail corridor is 52 ha. The hectares previously allocated to the approved rail spur have been
used for other purposes within the mine and rail footprint.
To support the proposed mine expansion, an external borefield known as the Lower Borefield is
proposed to be developed east-north-east of the Solomon Mine area within the Lower
Fortescue River Valley. The proposed clearing for the borefield is anticipated to be
approximately 314 ha with 154 ha proposed to be located within the Lower Borefield
Development Envelope and 160 ha of borefield infrastructure proposed to be located in the Rail
Corridor Development Envelope (Figure 5). It is anticipated that this borefield will include
approximately 20-25 abstraction bores, paired with a series of monitoring bores and will supply
up to 14 Gigalitres per year (GL/yr) of groundwater for the Solomon mining operations.
An additional five bores are also proposed within the Southern Borefield. This borefield is
located within the Brockman Iron Cracking Clays PEC. These bores will be constructed and
operated in accordance with the Southern Borefield TEC/PEC Management and Monitoring
Plan – Operation – Solomon Project SO-PL-EN-0013 (Fortescue, 2014a), which was developed
and implemented for the previous bores approved to be located in the PEC. The clearing
required for the additional bores is approximately 6 ha. This will increase the clearing within the
PEC to a maximum of 11 ha and will assist in increasing the Southern Borefield supply up to
12 GL/yr of groundwater for the Solomon mining operations.

Changes Since Referral
The clearing calculations determined for the project referral were based on the location of
various infrastructure, (pits, rail, TSF) within clearing envelopes (mine, rail and borefields)
(Table 10). Changes to the proposal footprint description have occurred due to:
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(i)

The referral envelopes overlapped in several places and the OEPA has requested that
Fortescue remove these overlaps. This resulted in a change to the distribution of the
clearing allocation in the clearing envelopes.

(ii)

An amendment to MS 862 in accordance with s45C of the EP Act was approved after
the referral was submitted, resulting in a minor change to the footprint and
Development Envelope positioning.

(iii)

The Lower Borefield water exploration drilling programme was completed and
identified that the clearing required to implement the borefield was less than expected.

(iv)

Minor changes to the mine plan and schedule has occurred since referral of the
Proposal.

The changes since referral have resulted in a reduction of 336 ha from the disturbance footprint
referred to the EPA. The revised disturbance footprint is shown in Table 10.
Table 10:

Proposed Disturbance Footprint as a Result of Changes since Referral

Component

Estimated Disturbance MS 862 (ha)

This Proposal
(ha)

Revised
Cumulative
Disturbance (ha)

Mine
Development
Envelope

4,416
(including not more than 5 ha disturbance of the
Brockman Iron Ore Cracking Clay PEC within a
153 ha Project Development Envelope 2)

11,715
(includes 116 ha
for rail
infrastructure)

16,131

Lower
Borefield
Development
Envelope

N/A

154

154

Rail Corridor
Development
Envelope

1,897
(1,133 rehabilitated)

277

2,174
(1,133 rehabilitated)

Total
Disturbance

6,313

12,146

18,459

4.2

Description of Physical Elements

Progression of resource drilling, detailed design and construction has increased the certainty of
mine resource data and waste volumes. As a result, additional area will be required for mining
and the placement of infrastructure including but not limited to:


Expansions to the previously defined mining pit areas as a result of increased resource
knowledge



The addition of Castle Valley and Frederick mining areas



The addition of waste dumps as a result of detailed scheduling and sequencing



An expansion of the water supply infrastructure
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4.3



Tailings storage as a result of more detailed mine planning and tailings volumes
including, additional tailings storage area in the Millstream Water Reserve in Queens



Infrastructure to allow for fire breaks and asset protection/management



Single use roads, separating light vehicle, automated heavy vehicle and manned heavy
vehicle



Disturbance to support the operation and maintenance of the rail infrastructure



The Zion pit boundary now encompasses the Zalamea Creek Groundwater-fed Pools.

Description of Operational Elements

The Solomon Mining Hub is an operational mine. The Solomon Mine is composed of many
parts including the; mining of open pits, processing of the mined ore and the handling of mined
waste rock, the handling and storage of process waste (tailings), transport of product, water
management and other infrastructure. This section provides details of the operational elements
of the Proposal.

Mining
Mining and processing commenced at the Firetail and Kings deposits and now extends into the
Trinity mining area. This Proposal will deepen and widen the mine pits discussed in the Original
Proposal, and develop new mining areas (Castle Valley and Frederick). To support the
increased depth of mining, the existing pits may need to be widened to ensure pit wall stability
and safety. With widening of the existing pits and mining of new pits, some existing access
roads, infrastructure corridors, waste dumps, stockpiles and drainage structures will have to be
relocated outside of the pit footprints.
Mining will continue to employ conventional open pit methods of drill and blast followed by load
and haul, similar to the methods employed at other open cut mines in the Pilbara. Material will
2
be drilled and blasted on nominally 5 m or 12 m benches for ore and waste, and then mined by
hydraulic backhoe configured excavators, taking into account blast induced swell, into haul
trucks.
Due to the variability of the ore and the terrain, the mining area is to be developed over a
relatively large area. This is to provide flexibility in terms of achieving grade and material type
marketing specifications and also to provide safe working distances between loading equipment
in the restricted working areas.

2

Bench width may change depending on material properties, machinery requirements and/or closure design.
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Ore Production and Processing
Mining will occur at multiple spatially separate pits, each working multiple mining faces
simultaneously. The Run of Mine (ROM) ore from each mining area will be blended at a number
of separate stockpiling areas and crushing hubs to ensure a consistent mix of ore to achieve the
required blend.
Crushing will involve combinations of primary, secondary and tertiary crushing as well as gravity
concentration of the ore combined with the separation of sand and clay waste material. ROM
pads and associated ROM feed bins are proposed at each crushing hub. Ore is currently
carried from the crushing hubs via conveyors to the OPFs at Kings and Firetail.
The Proposal will continue to use wet and dry ore processing facilities and procedures,
including a scrubbing and screening plant, primary crushing facilities and a wet beneficiation
plant for wet processing. Each plant is independently fed from its dedicated stockpiles and
feeds to a dedicated product stockpile. These facilities are currently managed in accordance
with EP Act Part V Licence L8464/2010/1. Approval for any future changes to processing
facilities or additional processing facilities at Solomon will be sought in accordance with Part V
of the EP Act.
Ore throughput is likely to be similar to the Original Proposal but may increase as more
resources are identified.

Waste Dumps
Fortescue has commenced constructing waste dumps in Kings and Firetail mining areas. The
waste dumps have been designed to reflect the natural hillslopes surrounding the Solomon
Mine.
The existing Solomon Mine waste dumps are designed with a combination of features to soften
their visual impact and yet provide suitable drainage, slope stability, and erosion protection. An
example of a waste dump design at Solomon is the Trinity waste dump. The Trinity waste dump
slopes were designed in accordance with recommendations in the document Guidelines for
Mining in Arid Environments (DME 1996), typically involving a series of 10 m wide benches and
inter-bench slopes, each 10 m high and sloped at a 3 (horizontal): 1 (vertical) inclination
(approximately 18°). Benches slope back into the waste dump at 5%. Thus, the overall slope is
approximately 14° (4h: 1v).
The existing waste dumps incorporate surface water management controls as required to meet
closure objectives, the design of which may change and will be informed by monitoring over the
life of the dumps prior to closure.
For the revised proposal, existing waste dumps will be used until pit voids are available for
backfilling. Additional waste dumps will be required when new pits are opened, until the new pit
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voids are available for backfilling. These waste dumps may be permanent or temporary
depending on the amount of material required to backfill pits to an extent that precludes the
formation of pit lakes at closure.
Waste material will also be used for road construction, surface water diversion structures and
the construction of new TSF embankments such as the Queens TSF or backfilled in pit voids
and used to delineate the proposed in-pit tailings storage locations.
All waste dumps will be constructed to accommodate final closure design from the outset in
accordance with Guidelines for Mining in Arid Environments (DME, 1996) and Fortescue’s
Waste Rock Dump Closure Plan for Solomon (SO-PL-EN-0004). As part of the normal mine
planning process, Fortescue will construct each waste dump to ensure the appropriate
placement of waste materials so as to achieve final slope angles with a minimum of waste
material “double-handling”.
The selection of sites for future waste dumps will be based on a range of considerations. These
included finding suitable geologic and topographic settings, obtaining the desired capacity with
minimum earthworks, proximity to proposed mining areas, consideration of the expected waste
rock characteristics and ultimately the likely success of closure of the waste dumps. Further
consideration was given to the existing surface water flow paths within and near the waste
dump footprints.
Beyond the physical and hydrologic considerations, the biota of the valleys was also
considered. Analysis of the various biological surveys completed for the PER demonstrated that
the selected sites presented no greater challenge for site revegetation than any other area
within the region.

Tailings Storage
The existing TSF (TSF1) is located in the Kings mining area and is a valley fill TSF, constructed
across the north western end of a mined-out pit void. The level of the embankment is at
572 mAHD and the facility is designed to hold approximately 11 Million cubic metres (Mm3)
(16.5 Mt at dry density of 1.5 t/m3) of tailings. It is anticipated total tailings output will exceed
current TSF storage capacity in 2017. To ensure sufficient TSF storage capacity before the
current capacity runs out, Fortescue has recently sought approval from the DMP to raise the
TSF embankment to 605 mAHD, enabling an additional 53 Mt of tailings storage.

Tailings Properties
Tailings are a waste product currently produced by the Kings OPF. The physical properties of
the tailings outlined in Table 11. Section 13.7.2 and 13.8.2 discusses the results of the detailed
geochemistry test work that has been undertaken to establish that the tailings material at
Solomon is geochemically benign and are therefore expected to pose a very low level of
environmental and human health risk during operations and closure.
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Table 11:

Tailings Properties

Type

Properties

Slurry density ex-plant

50.6% solids by mass

Particle density

3.8 t/m3

Final tailings Settled Density (average)

1.5 t/m3

Particle size distribution

Coarse (>75 µm): 20%
Fines (<75 µm): 80%
Silt Fraction (75 µm - 2 µm): 63%
Clay Fraction (<2 µm): 16%

Plasticity Index

12%

Hydraulic conductivity

1x10-9 m/s

Tailings beach slope

1%

Tailings Storage Options
A tailings production rate of 8.7 Mtpa has been previously approved. The estimated total
amount of tailings to be stored over the life of the Solomon Project is approximately 193 Mt.
Fortescue is evaluating options for alternative tailings storage methods including:


in-pit tailings below the water table



valley-fill TSFs.

Fortescue originally proposed to backfill mine voids with waste rock only. However Fortescue
now recognises that there is an opportunity to backfill pits using both waste rock and tailings
when it is optimal to do so. Modelling of the hydraulic properties of waste rock backfill and
tailings is discussed in more detail in Section 12.7.8.
Opportunities for in-pit TSF’s will be assessed as part of the mine plan and located within mined
voids when suitable storage capacity is available. These facilities would be located below premining topography and a combination of above and below pre-mining water table. If located in
Firetail it is likely the in-pit TSF’s would be above water table only. Within Kings, Queens (within
the eastern extent of the Millstream Water Reserve Priority 2 Public Drinking Water Source Area
(PDWSA)), Trinity, or Castle Valley, deposition would be above and below pre-mining water
table and limited to a percentage of the pit void width, or depth, to ensure groundwater flow
requirements during operations, and closure, are not negatively impacted. Determination of this
configuration will be based on hydrological modelling for the specific TSF location and
presented within the relevant Works Approvals and/or Mining Proposals submitted the DER and
DMP respectively.
Containment embankments, if required, will be constructed of mine waste rock with tailings
pumped from the OPF via a delivery pipeline with an appropriate number of deposition spigots
within the TSF to control the supernatant pond and ensure the pond is maintained in a suitable
location based on the design detail. Monitoring bore requirements would be included as part of

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 32

SO-PL-EN-0104

the detailed TSF design. A TSF Operating Manual will be developed in accordance with the
DMP’s Guide to Departmental requirements for the management and closure of tailings storage
facilities and based on specific design detail approved via the Works Approval and Mining
Proposal approval processes. On closure, a surface cap of sufficient thickness to prevent
erosion of the tailings will be implemented.
While the mine pits are being developed, Fortescue is proposing to store tailings in valley-fill
TSFs. This Proposal includes constructing a valley-fill TSF in Queens which is located on the
eastern boundary of the Millstream Water Reserve, in the Priority 2 PDWSA. Valley-fill TSFs are
an approved activity in accordance with MS 862 however, the Original Proposal (Fortescue,
2010a) discussed that no tailings facilities or other sources of pollution will be established within
Millstream Water Reserve. Section 13.7 and 13.8 discusses the results of the detailed
geochemistry test work that has been undertaken to establish the waste material and tailings
material at Solomon is geochemically benign and therefore tailings storage in Priority 2 PDWSA
is unlikely to contaminate the Millstream Water Reserve.
The Queens Valley-fill TSF has a similar design and embankment configuration to TSF1.
Queens TSF will have a capacity of approximately 30 Mm3 and covers a surface area of 105 ha.
The iron ore beneath the new TSF will be mined prior to TSF construction.
The Queens TSF embankment is proposed to be constructed in stages using a methodology
similar to TSF1. The floor of the TSF will not be compacted as the mined-out pit floor will
provide a largely impermeable barrier. Additionally, the permeability of the deposited tailings is
very low and hence acts as a barrier to seepage flow. Geochemical testing has confirmed that
the deposited tailings and supernatant water are geochemically benign. As a result of the
design of the TSF and properties of the tailings, seepage volumes will be low and will not
contain any potential contaminants.
The TSF consequence category, and hence design criteria, will be defined as part of the
detailed design in accordance with the following guidelines:


Code of Practice – Tailings Storage Facilities in Western Australia (DMP, 2013)



Guidelines on Tailings Dams – Planning, Design, Construction, Operation and Closure
(ANCOLD, 2012)



Guidelines on the Safe Design and Operating Standards for Tailings Storage (DME,
1999).

Rail Transport
Transport of the ore to port is via the existing Hamersley Line. Most of the borrow pits utilised
for the construction of the rail have been closed and rehabilitated, however, additional borrow
pits will need to be created for ongoing maintenance and contingency areas identified in
preparation for extreme weather events.
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Additionally, the construction of the rail spur approved in MS 862, connecting the Zion mining
area to the Hamersley Line will require an additional 116 ha within the Mine Development
Envelope.
The total area required for additional rail infrastructure within the Rail Corridor Development
Envelope is approximately 117 ha. An additional 160 ha are also required in the Rail Corridor
Development Envelope for the infrastructure associated with the Lower Borefield. Rehabilitated
areas are proposed to remain at 1,133 ha in accordance with MS 862.

Water Infrastructure and Supply
Water supply infrastructure
Currently Solomon operates using two main sources of groundwater:


Pit dewatering (includes future mining areas used to supplement groundwater-fed pools)



Southern Borefield (Phase 1 and 2).

The pits extending below the water table will continue to be progressively dewatered using
production bores and submersible pumps. Sumps may be required to dewater the lower part of
the deposit.
Dewatering supply at Solomon however, is not sufficient to meet the site-wide water demands.
Ore processing water requirements exceed expected dewatering volumes from the Solomon
Mining Area, and although there is potential for short periods of net excess water (when
concurrent dewatering of Kings and Queens may be undertaken), the project operates at a net
water deficit for the majority of the life of the project (Fortescue, 2015a). In order to meet the site
water requirements, Fortescue is proposing to increase abstraction in the Southern Borefield
and construct an additional five production bores. Additionally, Fortescue is proposing to
develop a new borefield located east-north-east of the Solomon mine area within the Lower
Fortescue River Valley.

Southern Fortescue River Borefield
The Southern Borefield has been developed to provide an additional water source for the
Solomon Mine. This borefield is located south of the mine near the Solomon Airstrip (Figure 4)
and has been developed in two phases; water bores south of the airstrip (Phase 1) and water
bores west of the airstrip (Phase 2). The existing borefield includes 21 production bores
connected via two pipelines to the 17 megalitre (ML) Raw Water Storage Facility (RWSF)
located near the Kings OPF.
This Proposal is seeking approval to expand the Southern Borefield to include five additional
production bores in the Phase 1 area (Figure 4) within the PEC and to increase the borefield’s
water supply to 12 GL/yr. The total clearing proposed for this Proposal is approximately 6 ha
and will increase the clearing for borefield infrastructure within the PEC to approximately 11 ha.
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The bores in this area are proposed to be constructed in accordance with the following:


vegetation clearing will be kept to a minimum with drill pads being restricted to
50 x 50 m and access tracks restricted to a maximum width of 4 m



pipelines will be constructed parallel to access tracks, and will require an additional
6 m in width for the pipeline and a firebreak. Final access tracks with pipelines will be
up to 10 m in width.



the pipeline may be buried at intervals to allow sheet flow drainage or access where
required



monitoring bores will be constructed to monitor drawdown within the borefield and the
distance drawdown extends away from the borefield.

The Southern Borefield has limitations in terms of sustainable abstraction and avoiding impacts
to sensitive receptors such as Karijini National Park and Hamersley Gorge. To provide further
water supplies, an additional borefield is proposed east-north-east of the Solomon Mine in the
Lower Fortescue Valley (Lower Borefield).

Lower Fortescue River Borefield
The Lower Borefield is anticipated to include up to approximately 25 abstraction bores and will
supply a maximum 14 GL/yr of groundwater for Solomon. Construction of the Lower Borefield is
yet to commence, therefore Figure 5 shows the indicative area planned for the borefield. The
final footprint may be modified based on drilling results and consultation with relevant
stakeholders, but will be confined to the Lower Borefield Development Envelope.
The infrastructure required for the borefield is similar to the Southern Borefield and includes the
following:


vegetation clearing will be kept to a minimum with drill pads being restricted to
50 x 50 m and access tracks restricted to a maximum width of 5 m



the groundwater will be transported to an approved raw water storage facility via a
pipeline



pipelines will be constructed parallel to access tracks, and will require an additional
5 m in width for the pipeline and a firebreak. Final access tracks with pipelines will be
up to 10 m in width



pipelines will be buried to allow sheet flow drainage or access where required



the main trunkline is proposed to be constructed parallel to the rail to minimise
clearing, and disturbance to pastoral activities



monitoring bores will be constructed to monitor the extent of drawdown.
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Infrastructure for the Protection of Groundwater-fed Pools
Kangeenarina Creek is located at the northern end of Kings. The pools are situated with alluvial
deposits in a drainage line that has incised through the surrounding bedrock. The bedrock
results in the aquifer width narrowing to less than 500 m and this enables the northern section
to be protected with direct supplementation and aquifer recharge.
The supplementation infrastructure for Kangeenarina Creek Pools includes six direct
supplementation pipelines and spigots that can supply up to 90 L/s. Initially the system was
supplying 30 L/s, but this was reduced to 25 L/s after an increase in the pool water levels was
observed. These supplementation lines are connected to the water supply system for site, as
well as an independent system to ensure mine site water shortages cannot impact on the
supplementation programme. If additional supplementation is required, a reinjection system
may be installed between the mine and the pools. This plan will be continually updated to
address changes in the mining schedule. A similar supplementation plan is proposed to be
developed for the Weelumurra Creek Pools located northwest of Queens. This plan will be
developed prior to dewatering related impacts reaching Weelumurra Creek.
In order to protect the pools in Weelumurra Creek, a hydraulic barrier was included in the
Original Proposal and is still the proposed solution to maintain the levels of the groundwater-fed
pools. Mining is not planned to commence in Queens for approximately six years, thus the
infrastructure design is only at feasibility phase, with full design and implementation planned to
be completed in approximately four years’ time.
The hydraulic barrier is planned to be installed across the aquifer (CID, alluvials and weathered
bedrock). It is proposed to be 2 km long and 90 m in depth. Abstraction and injection bores
would be used to replicate the throughflow of the aquifer to the downstream part of the aquifer
where the pools are located. The hydraulic barrier would be used to reduce the hydraulic
connection between the mining area and the pool system so that aquifer reinjection on the
western side of the barrier will maintain the pool levels. This means the barrier does not have to
be completely impermeable as the abstraction and injection bores can recirculate any seepage.
The technologies currently being considered are, grout walls, polymer walls and cut off walls.
Modelling has indicated that an overall permeability of 10-6 m/s would be sufficient to prevent
downstream impacts due to seepage through the barrier.

Water Balance
Mine pit dewatering has been modelled for the mine plan associated with this Proposal. The
predicted annual dewatering volumes range from 0.9 GL/yr to 17 GL/yr, averaging 6.1 GL/yr,
however; it should be noted that the actual dewatering abstraction required to achieve dry pits
during mining also depends on the sequencing and maturity of individual mine pits and
therefore, the total abstraction volume for a given year may vary (above or below) from the
estimated volume. Mine dewatering and TSF return water are the primary sources of water, with
the borefields being developed to provide a water supply when dewatering is insufficient to meet
the mine site requirements.
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The current mine plan estimates between 20 and 25 GL/yr of water will be required for
operation of the Proposal. Water will be supplied from a combination of the following sources:


Mine pit dewatering – up to 24 GL/yr



Lower Borefield – up to 14 GL/yr



Southern Borefield – up to 12 GL/yr



TSF return water supply – up to 2 GL/yr.

The groundwater supply is required for:


Dust suppression



Processing facilities



Groundwater-fed pool supplementation and maintenance of environmental flows



Crushing facilities



Other uses (power station, workshops, laboratory, supporting amenities, potable water
and construction).

Growth Media
Prior to additional construction works being conducted, areas will be cleared of vegetation and
growth media. Some of the alluvial gravels excavated during the mining at Solomon will be set
aside for rehabilitation purposes.
Topsoil will be stored in designated areas until an area has been prepared for rehabilitation.
Topsoil will be stored for extended periods in stockpiles up to 3.5 m high. The location of these
topsoil storage areas will be planned with the intention that the topsoil will not need to be
relocated again prior to use.
Within the Mine Development Envelope, topsoil storage areas will be designed and located with
consideration of the following design features:


Topsoil storage areas will predominantly be located in areas that will not impede
natural drainage patterns. Where this is unavoidable, earthworks will be completed to
redirect the natural water flow and protect the area from flooding, if shown to be
required through hydrological analysis.



The topsoil storage areas will be located as close as practicable to the areas that will
require rehabilitation



The topsoil stockpiles will be clearly demarcated and procedures instigated to ensure
they are only used for rehabilitation activities.
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Fortescue will seek to maximise harvesting of vegetation and topsoil from disturbance areas for
use in rehabilitation. Slopes within mining areas are predominantly rocky outcrops and the
ability to harvest topsoil will be limited in these areas from soil availability and safety aspect of
harvesting.

Other Infrastructure
Supporting infrastructure additional to that previously approved includes:


access tracks, within the borefield areas and mine area



establishment of infrastructure corridors parallel to roads (which may include
conveyors, fuel storage, water pipelines, wastewater pipelines, power, fire breaks and
communications infrastructure as required)



culverts, creek diversions, bunds and stormwater collection ponds.

Haul roads will be required to allow the mining operations at the Solomon Mine. Where
practical, mine haul roads will have a light vehicle road running alongside to ensure that mining
fleet and light vehicle traffic are separated. Road running surfaces will vary in width from
6 to 45 m depending on the type of traffic and topography. Road surfaces will allow for safe
passing of two light vehicles, and wide enough for safe passing of two heavy vehicles to
relevant mining industry practice for passing of mining. Roads will be constructed in accordance
with the relevant Site Traffic Management.

4.4

Timing and Sequence

The Solomon Mine is an operating mine site and the current mine plan indicates that the
clearing required to maintain the current tonnage throughput will be approaching the approved
disturbance limit of 4,416 ha by mid-2016. Fortescue will need access to the Proposal’s
disturbance area to continue mining and to maintain tonnage throughput.
The previous expected operating life was 20 years, which has now extended to approximately
35 years (from June 2016) primarily due to the increase in the resource.
The Solomon Mine is not a staged proposal, strategic proposal or derived proposal.
The expansion of mining activities will require additional infrastructure to maintain operations.
Infrastructure is associated with typical mining and processing infrastructure. In summary, the
infrastructure may include, but is not limited to:


Extension of all services (water, fuel, power supply) to the new mining areas



Local mine service buildings or non-process infrastructure (villages, offices, workshops)



Additional processing and crushing hubs consisting of three crushing streams (CID,
DID and BID ore)
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Independent ore conveying systems transporting CID, DID and BID ore from the
crushing hubs to the larger conveyors and/or OPFs



Access Roads



Material (ore stockpiles, waste, topsoil) storage areas.

4.5

Exclusions

This proposal is for a continuation of an operating mine and rail operation with existing
approvals in place. Therefore, this proposal expands on areas or activities that have already
been approved. The proposal may be considered a revision of the Original Proposal, while
acknowledging that the existing proposal has been approved by the Minister. Previous activities
that have been approved (with conditions) include, but are not limited to:


The Firetail and Kings (including Queens, Trinity and Zion) mining areas and
processing facilities (wet and dry)



Crushing hubs and conveyors



Valley fill TSFs



Waste dumps and topsoil storage



Product stockyard and train loading facilities



The existing Southern Borefield water supply



Water infrastructure (including dewatering, supplementation and the hydraulic barrier at
the western end of Queens)



Power supply



Bulk fuel storage



Airport



Access Roads



Administrative and maintenance hubs



Accommodation camps



Rail infrastructure, rail spur and maintenance borrow pits.

SECTION 5
Stakeholder Consultation
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5.

STAKEHOLDER CONSULTATION

Fortescue has undertaken ongoing stakeholder consultation for the planning, construction and
implementation of the Original Proposal, including discussions with the following Western
Australian regulatory groups:


Office of the Environmental Protection Authority (OEPA)



Department of Environment Regulation (DER)



Department of Parks and Wildlife (DPaW)



Department of Mines and Petroleum (DMP)



Department of Water (DoW)



Department of Lands (DoL)



Department of Aboriginal Affairs (DAA).

The Commonwealth Department of the Environment (DoE) was also consulted for the Original
Proposal and the proposed action. Consultation with the key regulatory agencies will continue
during the PER Bilateral assessment process.
Community consultation associated with the Proposal has commenced and to date has included
the following pastoral lease holders, Native Title Parties and local communities:


Local authorities (Town of Port Hedland, Shire of Ashburton, Shire of East Pilbara,
Town of Karratha)



Pilbara Development Commission



Kariyarra Native Title Group



Eastern Guruma Native Title Holders



Yindjibarndi - Wirlu Murra Native Title Claimants



Yindjibarndi Aboriginal Corporation



Banjima People Native Title Holders



Pastoralists (Mt. Florance, Coolawanyah, Hooley, Mulga Downs and Hamersley
station)



Community (Karratha, Tom Price)



Non-Government Organisations (NGOs; Conservation Council of Western Australia,
The Wildflower Society).
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5.1

Stakeholder Engagement

Fortescue commenced consultation for the proposal in early 2014. This consultation provide
Fortescue with the opportunity to discuss the project with stakeholders and gain valuable
feedback. This feedback was considered during the development of the Proposal.
In order to undertake effective consultation, a consultation program was developed specifically
for this Proposal. The objectives of the consultation program included the following:


to identify and engage key stakeholders



to identify and verify areas of stakeholder concern for social and environmental values



to establish a robust consultation approach and demonstrate that appropriate
consultation has been undertaken



to assess stakeholder issues/concerns so that proposed impacts are minimised to as
low as reasonably practicable.

Key consultation activities included the following:


correspondence to potentially impacted parties providing information on the Proposal,
requesting feedback and offering detailed briefings



meetings with decision making authorities to discuss and obtain feedback on the
Proposal



one-on-one briefings and feedback sessions with specific stakeholders.

5.2

Stakeholder Comments and Proponent Responses

The main common topics/issues raised by stakeholders as part of the stakeholder engagement
program included:


Surface water management



Downstream impacts of Kangeenarina Creek pools supplementation



Placement of pipelines



Location of borrow pits



Potential for impacts on station bores



Mine closure



Ecological value of the groundwater-fed pools



Proposed Reserves.

The issues raised by stakeholders and how they are addressed in this PER are detailed in
Table 12.
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Table 12:

Summary of Consultation and Outcomes

Stakeholder

Date of
Consultation

Topic Discussed

Issues Raised

How Addressed

OEPA

Regular Meetings

Monthly meetings to discuss current and
proposed Fortescue Projects, focus on project
and assessment timelines and scopes.

NA

NA

DoE

Regular Meetings

Weekly – monthly phone meetings to discuss
current and proposed Fortescue projects,
focus on project and assessment timelines,
project scope and ratification of management
plans.

NA

NA

DER

Regular Meetings

Regular meetings to discuss implementation of
existing projects and proposed activities which
could require approval under Part V.

NA

NA

Eastern Guruma
Native Title Group

Meeting 28 July
2014

Provided Proposal overview and invitation to
comment

No issues raised

NA

Mt Florance
Station Owners

Meeting 17 July
2014

Mt Florance
Station Owners

Letter 5 August
2014

Copy of referral documents mailed to Mt
Florance Station Owners

Mt Florance
Station Owners

Email 2 September
2014

Received an email detailing the following:

 Proposed mining of the Zion area
(Zalamea creek system)
 Kangeenarina Creek Supplementary
System
 Proposed Lower Fortescue River Borefield
 Rail expansion involving additional borrow
pits

 Current dewatering and increase in
dewatering

 Potential reduction in surface water flows
onto Mt. Florance and requested
Vegetation monitoring in order to
understand the impact of reduced surface
water flows.
 Flooding near Millers Bore from high flows
from Kangeenarina Creek. Requested a
monitoring bore to be installed near the
outflow area near Millers Bore.
 Potential impacts Mt Florance's station
water supply from Lower Borefield
 Restricted access around the station from
surface laid pipes.
 Discussed no additional borrow pits on the
north side of the rail.
NA
 Ramifications of long term drawdown.
 Vegetation monitoring in groundwater
dependent vegetation.

Impacts to surface hydrology are
discussed in Section 12.
Impacts to groundwater quantity
are discussed in Section 12.
Further discussions held with Mt
Florance regarding location of
borrow pits within the Special
Rail Licence corridor. Borrow pits
may be expanded within agreed
limits whilst maintaining surface
water flow.

NA
Details of groundwater
abstraction are provided in
Section 12.
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Stakeholder

Date of
Consultation

Topic Discussed
 Altered groundwater levels and alteration
of existing surface water drains – Zion
 Lower Borefield
 Borrow pits
 Kangeenarina supplementation
programme

Issues Raised
 Development of sink holes and impacts to
bores from long term dewatering.
 Reliability of modelling.
 Impact of new borrow pits on surface
drainage.
 Flooding near Millers Bore from high flows
from Kangeenarina Creek.
 Impacts on flows in the Southern Fortescue
area.

How Addressed
Impacts to groundwater
dependent vegetation discussed
in Section 8.
Groundwater and surface water
modelling has undergone peer
review.
Supplementation will be
undertaken in accordance with
approved supplementation plans.

DMP

Meeting 4
November 2014

DMP support EPA decision to assess mine
closure.
Will drainage be reinstated?

Requested examples of successful
rehabilitation by Fortescue.

Provided examples of successful
rehabilitation are provided in
Section 14.8.

OEPA

Meeting 23 October
2014

Fortescue raised the issue that surveying all
the pools is impractical and proposed an
ecological evaluation of any new pools found
instead.

OEPA proposed the following changes to the
wording of the ESD:
“Carry out and provide details of a survey of all
groundwater and surface water fed pools in the
project area, along with a description of the
ecological values of each pool and expected
impacts related to both the current proposal
and the cumulative proposal. Particular detail
should be provided regarding the ecological
values of any pool to be removed by the
proposal. The methodology of this survey
should be presented to and agreed with the
OEPA prior to carrying out the survey.”
In this way the methodology can be confirmed
following the finalisation of the ESD.

Results of the pools census are
provided in Section 12.

DoW

Meeting 16
December 2014

General presentation for the Proposal.






Impacts of the proposed activities on
drainage.
Climate predictions.
In pit tailings.
TSF proposed within the edge of Millstream
Water Reserve.

Impacts to surface drainage are
discussed in Section 12.
Fortescue have provided DoW
with further information regarding
the proposed TSF. Details are
provided in Section 12 and 13.
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Stakeholder

Date of
Consultation

Topic Discussed

Issues Raised

DPaW

Meeting 18
December 2014

General presentation for the Proposal





DoW

Letter 27 January
2015

Discussed the following ESD requirements:

Wetlands Assessment for evaluating
ecological values of pools.
Proposed regional monitoring bores in
Karijini.
Proposed reserves.

How Addressed
Proposed regional monitoring
bores in Karijini will need
approval under the CALM Act.

NA

 the scope and timing of pump tests and
surveys to determine geological cross
sections; and
 the scope and timing of each stage of the
modelling
 The modelling should be consistent with
2012 Australian Government National
Water Commission’s Australian
Groundwater Modelling Guidelines.

Pilbara
Development
Commission

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

Response received 12 Febuary 2015, no
issues were raised.

NA

Town of Port
Hedland

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response received.

NA

Shire of
Ashburton

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response received.

NA

Shire of East
Pilbara

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response received.

NA

Town of Karratha

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response received.

NA

Conservation
Council of
Western Australia

Letter 27 January
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response received.

NA

The Wildflower
Society

Letter 10 February
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA
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Stakeholder

Date of
Consultation

Topic Discussed

Issues Raised

How Addressed

Coolawanyah
Station Owners

Meeting 26
February 2015

General discussion for the Proposal and
invitation for further consultation

No response recieved

NA

Mt Florance
Station Owners

Meeting 26
February 2015

Proposal update

No new issues raised

NA

Mulga Downs
Station Owners

Letter 10 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

Hooley Station
Owners

Letter 10 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

Response received 16 March 2015, no issues
were raised

NA

Hamersley Station
Owners

Letter 10 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

DoW

Letter 19 March
2015

Response to Fortescue’s letter dated 27
January

NA

DoW

Email 25 March
2015

Received advice from DoW regarding the
definition of surface features (pools) based on
the occurrence percentage

NA

Pools Census was undertaken in
accordance with DoW advice
and is discussed in Section 12.3.

Eastern Guruma
Native Title Group

Letter 24 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

Banjima Native
Title Group

Letter 24 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

Yindjibarndi Wirlu Murra

Letter 24 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

Yindjibarndi
Aboriginal
Corporation

Letter 24 March
2015

Letter sent to provide an update on the
Proposal and invitation for further consultation

No response recieved

NA

OEPA

Meeting 31 March
2015

Pool Census Methodology
Groundwater and surface water peer review
Mine closure plan

NA

NA

Kariyarra Working
Group

Letter 14 May 15

Letter sent to provide an update on the
Proposal and invitation for further consultation

NA

NA
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Stakeholder

Date of
Consultation

Topic Discussed

Issues Raised

DoW

Meeting 24 August
2015

Comments provided on the draft PER

Draft PER to be updated to
address comments

OEPA

Meeting 25 August
2015

Comments provided on the draft PER

Draft PER to be updated to
address comments

DER

Phone call 26
August 2015

Comments provided on the draft PER

DMP

Meeting 3
September 2015

Comments provided on the draft PER

Draft PER to be updated to
address comments

DoE

Meeting 4
September 2015

Comments provided on the draft PER

Draft PER to be updated to
address comments

DPaW

Meeting 7
September 2015

Comments provided on the draft PER

Karijini National Park
Gompholobium Karijini

Draft PER to be updated to
address comments

OEPA

Meeting 22 October
2015

Presence of low-grade lignite at west end of
Queens

NA

PER updated to discuss
proposed management

DMP

Phone call, followed
by email 26 October
2015

Presence of low-grade lignite at west end of
Queens

NA

PER updated to discuss
proposed management

NA

How Addressed

Draft PER to be updated to
address comments
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5.3

Ongoing Consultation

The Proponent will continue consultation with relevant stakeholders during the environmental
assessment process and through the implementation of the Proposal. In particular (in addition
to the Regulators), the Proponent will continue to consult closely with Traditional Owner groups
(Eastern Guruma, Yindjibarndi and Banjima) and Pastoral Station Owners.

Traditional Owners
The Proposal is located within the Eastern Guruma, Kariyarra, Yindjibarndi #1 and Banjima
Native Title areas.
Fortescue signed a Land Access Agreement with Wintawari Guruma Aboriginal Corporation on
behalf of the Eastern Guruma native title holders (Wintawari LAA) on 15 December 2009. The
Wintawari LAA facilitates Fortescue’s exploration and mining activities within the Native Title
Determination area and contains comprehensive provisions for the protection of cultural
heritage. Fortescue meets and consults regularly with the Eastern Guruma People over all
aspects of the identification, protection and management of their cultural heritage, and complies
with the applicable Aboriginal heritage legislation.
Fortescue conducts regular heritage surveys with the Yindjibarndi People which allows
Fortescue to facilitate exploration and Mining activities within the Native Title Claim area.
Fortescue meets and consults regularly with the Yindjibarndi Traditional Owners over all
aspects of the identification, protection and management of their cultural heritage, and complies
with the applicable Aboriginal heritage legislation.
Fortescue signed a Land Access Agreement with the Martu Idja Banyjima People (MIB LAA) on
the 2 December 2005. The Martu Idja Banyjima People and the IB Banjima Claim Group
combined their native title claims in June 2011 to form the Banjima People native title claim, and
executed a Deed of Covenant agreeing to be bound by the MIB LAA on 14 December 2011.
The MIB LAA facilitates Fortescue’s exploration and mining activities within the Native Title
Determination area and contains comprehensive provisions for the protection of cultural
heritage. Fortescue meets and consults regularly with the Banjima People over all aspects of
the identification, protection and management of their cultural heritage, and complies with the
applicable Aboriginal heritage legislation.
Fortescue signed a Land Access Agreement with the Kariyarra People in October 2005. The
Kariyarra LAA facilitates Fortescue’s exploration and mining activities within the Native Title
Determination area and contains comprehensive provisions for the protection of cultural
heritage. Fortescue meets and consults regularly with the Kariyarra People over all aspects of
the identification, protection and management of their cultural heritage, and complies with the
applicable Aboriginal heritage legislation.
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Figure 7 shows Native Title boundaries (Determined and Claimed) that intersect with the
proposed disturbance envelope. Figure 8 and Figure 9 show land that has been subject to
archaeological survey, current proposed archaeological survey areas and the location of active
archaeological places identified on Fortescue commissioned surveys, plotted against the
proposed disturbance envelope. Figure 10 and Figure 11 show land that has been subject to
ethnographic survey, current proposed ethnographic survey areas and the location of active
ethnographic places identified on Fortescue commissioned surveys, plotted against the
proposed disturbance envelope. Spatial data from the Department of Aboriginal Affairs (DAA)
(‘Registered Sites’ or ‘Other Heritage Places’) is not displayed on the maps provided. This data
is publically available and can be viewed or downloaded from DAA’s website.

Pastoralists
Fortescue has established strong relationships with pastoralists in the Pilbara in particular those
impacted by Fortescue activities. A dedicated liaison team is in regular contact with these
pastoralists. Fortescue will continue to consult with relevant pastoralists throughout the
implementation of the Proposal.
An access agreement is in place with Mt Florance Pastoral Station, which outlines Fortescue’s
responsibilities in preparing for and undertaking works within Pastoral Lease boundaries.
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6.

ENVIRONMENTAL IMPACT ASSESSMENT FRAMEWORK

This section details the preliminary key environmental factors identified by the EPA as relevant
to the Proposal. Details on the preliminary key environmental factors and their assessment are
contained in Sections 8 - 16. The description of each factor discusses why it is relevant to the
proposal and how it will be affected by the proposal. The assessment of each factor is where
the proponent demonstrates that the Proposal meets the environmental objective set for that
factor.
Section 44 of the EP Act requires the EPA to report to the Minister for Environment on the key
environmental factors determined to be relevant to the proposal at the end of the assessment
period, and the conditions and procedures, if any, to which the proposal should be subject. In
addition, the EPA may make recommendations as it sees fit.

6.1

EPA Scoping Document

The preliminary key environmental factors identified by the EPA as likely to be impacted by the
Proposal are as follows:


Flora and Vegetation



Terrestrial Fauna



Subterranean Fauna



Hydrological Processes



Inland Waters Environmental Quality



Rehabilitation and Closure



Offsets.

Other factors to be considered include:


Air quality



Amenity



Heritage.

The ESD details the work required in order for the EPA to undertake their assessment. These
requirements are listed in Table 13.
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Table 13:

Preliminary Key Environmental Factors and Required Work

Preliminary
Key
Environmental
Factor

Work Required

Where
Addressed in
This Proposal

Flora and
Vegetation

1.

Provide a clear set of data that shows the clearing undertaken for the
existing project to date; against the currently approved clearing and
proposed clearing for the expanded proposal.

Section 8.9.1 and
Table 24

2.

Demonstrate how current clearing practices have met the
requirements of MS 862 and application of the mitigation hierarchy,
including:
Condition 6 - Priority Species and Significant Vegetation – Mine
Site
Condition 7 - Priority Species – Rail Corridor
Condition 8 - Weeds
Condition 9 – Rehabilitation
Condition 10 – Surface Water (vegetation elements)

Section 8.10.1
and 8.10.2

3.

Provide an analysis of the potential impacts on the Brockman Iron
Cracking Clay Priority Ecological Community (PEC).

Section 8.9.1

4.

Provide a detailed description of the cumulative impacts associated
with the proposal, including direct impacts from clearing, and indirect
impacts such as groundwater drawdown, altered drainage, changes in
water quality and fragmentation of vegetation.

Section 8.9.1 and
16.1

5.

Provide figures showing the extent of clearing and indirect impact to
vegetation and conservation significant flora species, including but not
limited to threatened and/or priority ecological communities, declared
rare flora, priority flora and new flora species.

Figure 21-32,
Figure 34 and
Figure 37

6.

Consolidate vegetation and flora reports incorporating information
from all relevant previous and new studies, particularly the following
priority species:
Gompholobium karijini;
Aristida jerichoensis var. subspinulifera;
Paspalidium retiglume;
Lepidium (catapycnon); and
Goodenia nuda.

Solomon Hub Flora and
Vegetation
Assessment
(Ecologia
Environment,
2014a)
(Appendix 2)

7.

Carry out Level 2 flora and vegetation surveys in areas not previously
surveyed to Level 2 requirements and that are likely to be directly or
indirectly disturbed as a result of the proposal. Surveys are to be
undertaken in accordance with Guidance Statement 51, and, where
available, species-specific survey guidelines for relevant species listed
under the EPBC Act (obtained from the Australian Government’s
Species Profile and Threats Database at
http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl). Details of
the scope, timing (survey season/s) and methodology for surveys
used must be provided. Follow up targeted surveys may be required
based on the results of the baseline survey for conservation significant
flora and vegetation.

Solomon Hub Flora and
Vegetation
Assessment
(Ecologia
Environment,
2014a)
(Appendix 2)

8.

Analyse the extent of clearing and indirect impacts to assist in the
determination of the significance of impacts at the local and regional
scale, including impacts on:
vegetation units;
threatened and priority ecological communities;
threatened and priority flora;
species identified as significant consistent with Guidance
Statement 51;
vegetation units identified as significant consistent with Guidance
Statement 51; and
groundwater dependent vegetation, including vegetation units
associated with Kangeenarina Creek, Weelumurra Creek and
Zalamea Pools.

Sections 8.9 and
16.1
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Preliminary
Key
Environmental
Factor

Terrestrial
Fauna

Work Required

Where
Addressed in
This Proposal

9.

Figure 35 and 36
(Mine, Rail and
Lower Borefield),
Solomon Hub Flora and
Vegetation
Assessment
(Ecologia
Environment,
2014a)
(Appendix 2)

Undertake baseline mapping of weed affected areas in any area likely
to be directly or indirectly impacted by the proposal.

10. Discuss proposed management, monitoring and mitigation methods to
be implemented.

Section 8.10

11. Demonstrate that all practicable measures have been taken to reduce
both the disturbance area and the area of the Mine Development
Envelope based on progress in the proposal design and
understanding of the environmental impacts.

Section 2.2

12. Demonstrate that the mitigation hierarchy of avoid, minimise, mitigate
has been applied effectively during the mine planning and design
stages of the project.

Sections 2.2, and
8.10

1. Provide information on the fauna required by MS 862 Condition 12 –
Vertebrate Fauna.

Sections 9 and 10

2. Conduct desktop study of information available, including consolidation
of data collected from existing Solomon Iron Ore Project to provide a
comprehensive listing of vertebrate fauna and Short Range Endemic
(SRE) invertebrate fauna known or likely to occur in the habitats
present, and identification of conservation significant fauna species
likely to occur in the area. Consideration should be given to species
listed under both the WA Wildlife Conservation Act 1950 and the
EPBC Act, and species listed by DPaW as Priority Fauna, including:
Northern Quoll;
Pilbara Leaf-nosed Bat;
Night Parrot;
Greater Bilby;
Pilbara Olive Python; and
Mulgara.

Sections 9.3, 9.4
and 10.2; Table
33,
Solomon Hub –
Vertebrate Fauna
Report (Ecologia
Environment,
2014d)
(Appendix 6);
Section 9.5;
Solomon Hub –
Short Range
Endemic Fauna
Report (Ecologia
Environment,
2014c)
(Appendix 7).

3. For each relevant conservation significant species, provide baseline
information on their abundance (including known occurrences),
distribution, ecology, and habitat preferences at both the local and
regional levels.

Sections 9.4 and
10.2;
Solomon Hub –
Vertebrate Fauna
Report (Ecologia
Environment,
2014d)
(Appendix 6)

4. Provide a detailed description of the potential direct, indirect (including
downstream) and cumulative impacts on conservation significant
species as a result of dewatering, alterations and disruptions to
surface water flows and pools, groundwater drawdown and changes in
water quality.

Sections 9.8, 10.7
and 12.7.

5. Conduct a Level 1 reconnaissance vertebrate and SRE invertebrate
fauna habitat survey and mapping of habitats for any areas not yet

Solomon Hub –
Vertebrate Fauna
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Preliminary
Key
Environmental
Factor

Work Required

surveyed and likely to be disrupted by the proposal. Surveys should
include mapping of important, rare or unusual habitat types within
areas to be impacted, in accordance with Guidance Statements 56 and
20. This should also consider other areas outside the proposed impact
footprint to determine whether the most suitable areas have been
chosen for location of infrastructure.

Where
Addressed in
This Proposal
Report (Ecologia
Environment,
2014d)
(Appendix 6);
Solomon Hub –
Short Range
Endemic Fauna
Report (Ecologia
Environment,
2014c)
(Appendix 7)

6. Consider habitat types that provide important ecological function e.g.
riparian vegetation, protected area buffer zones, refugia, important
habitat corridors, wetlands, areas of conservation significance or
geological features which may support unique ecosystems. Analyse
the extent of clearing, including percentages of habitat types to be
cleared or otherwise impacted, to assist in determination of
significance of impacts. Information, including maps, must also
differentiate habitat on the basis of use e.g. breeding habitat, migration
pathways, feeding habitat. Consider whether the remaining habitat has
adequate carrying capacity.

Sections 9.2; 9.5;
9.8.1 10.2 and
10.7.
Figure 43, Figure
44 and Figure 45.

7. Investigate and provide a description of any potential bat populations
in the mine area, including what, if any, impact to Pilbara leaf nosed
bat populations has occurred as a result of existing operations, and
potential impacts from the revised proposal.

Sections 9.1, 9.4
10.2.2, and
10.7.2; Solomon
Hub – Vertebrate
Fauna Report
(Ecologia
Environment,
2014d)
(Appendix 6)

8. Conduct Level 2 fauna surveys in areas not previously surveyed that
are likely to be directly or indirectly impacted as a result of the
proposal. Surveys are to be undertaken in accordance with Guidance
Statements 20 and 56 and, where available, species-specific survey
guidelines for relevant species listed under the EPBC Act. Additional
targeted surveys for conservation significant fauna that are known to or
likely to occupy habitats in the project area may be required based on
the results of the survey.

Sections 9.1 and
9.3;
Solomon Hub –
Vertebrate Fauna
Report (Ecologia
Environment,
2014d)
(Appendix 6)

9. For each relevant conservation significant species, including bat
species and short-range endemics, provide:
information on the conservation value of each habitat type from
a local and regional perspective, including the percentage
representation of each habitat type on site in relation to its local
and regional extent;
if a population of a conservation significant species is present on
the site, its size and the importance of that population from a
local and regional perspective and potential percentage loss of
the conservation significant species locally due to loss of habitat;
and
mapping illustrating the known recorded locations of
conservation significant species and short-range endemic
invertebrates in relation to the proposed disturbance and areas
to be impacted.

Sections 9.4;
9.8.2; 10.2; 10.7;
Solomon Hub –
Vertebrate Fauna
Report (Ecologia
Environment,
2014d)
(Appendix 6)
Figure 40. 41, 43,
44 and 45)
SRE mapping –
Figure 42.

10. Discuss known existing threats to the species, whether or not
attributable to the proposed action, with reference to relevant impacts
from the proposed action (including taking into consideration any
relevant guidelines, policies, plans and statutory provisions).

Section 10.2
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Preliminary
Key
Environmental
Factor

Subterranean
Fauna

Work Required

Where
Addressed in
This Proposal

11. Discuss potential direct/indirect (including downstream) and cumulative
impacts on fauna as a result of the proposal, and provide quantitative
data on impacts of the proposal to species of conservation
significance.

Sections 9.8 and
10.7

12. Where vegetation to be cleared provides habitat for EPBC listed
species, provide an assessment of habitat quality in terms of site
condition and context and species stocking rate, as described in the
EPBC Act Offsets Assessment Guide.

Sections 10.2 and
10.7

13. For all conservation significant species that are not likely to be
impacted by the proposed action, but for which suitable habitat is
present and could be impacted by the proposed action, include
detailed information to demonstrate that an impact on the species will
not or is unlikely to occur.

Sections 9.2 and
10.2

14. Discuss proposed management, monitoring and mitigation methods to
be implemented including an assessment of the effectiveness of the
methods, any statutory or policy basis for the methods.

Sections 9.9 and
10.8

1. Conduct comprehensive Level 2 surveys within areas to be impacted
and in surrounding areas in accordance with Guidance Statement 54a

Section 11.1 and
11.2.2;
Solomon Desktop
Troglofauna
Assessment
(Appendix 10),
Solomon
Stygofauna
Desktop
Assessment
(Appendix 11),
Solomon
Stygofauna
Assessment of the
Northern and
Southern
Borefields
(Appendix 12),
Addendum to
Stygofauna
Assessment of
Northern and
Southern
Borefields
(Appendix 13).

2. Present the consolidated results of the subterranean fauna surveys,
including all surveys conducted during and subsequent to the original
approval (including surveys and habitat predictions for troglofauna
required by MS 862 Condition 13.

Sections 11.2 and
11.3

3. Discuss the potential for direct and indirect impacts on subterranean
fauna including consideration of altered water regimes and nutrient
flows.

Section 11.6

4. Illustrate habitat connectivity through mapping of the extent of
subterranean fauna habitat including the known distributions of species
identified.

Sections 11.2.1
and 11.3.1;
Figures 46, 47,
49, 50, 51 and 52

5. Discuss proposed management, monitoring and mitigation methods to
be implemented.

Section 11.7
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Preliminary
Key
Environmental
Factor

Work Required

Where
Addressed in
This Proposal

Hydrological
Processes

1. Provide a detailed description of the design and location of the revised
proposal with the potential to impact surface water or groundwater.

Sections 4.3.6
and 12.7

2. Provide a comparison of the potential impacts associated with this
proposal relative to the actual and predicted impacts for the currently
approved project. Ensure that the predicted impacts associated with
the currently approved proposal are updated based on the results of
monitoring conducted subsequent to the initial approval.

Section 12.7

3. Carry out and provide details of a survey of all pools in the project
area, along with a description of the ecological values of each pool and
expected impacts related to both the current proposal and the
cumulative proposal. Particular detail should be provided regarding the
ecological values of any pool to be removed by the proposal. The
methodology of this survey should be presented to and agreed with the
OEPA prior to carrying out the survey.

Section 12.3;
Appendix 18

4. Provide an update of the conceptual model of the surface and
groundwater systems incorporating the results of monitoring conducted
subsequent to the initial approval, including the extent of connectivity
between surface and ground water systems.

Sections 12.2,
12.4, 12.7.1,
12.7.2, 12.7.3 and
12.7.4

5. Determine the following in consultation with the Department of Water:
the scope and timing of pump tests and surveys to determine
geological cross sections; and
the scope and timing of each stage of the modelling
The modelling should be consistent with Australian Government
National Water Commission’s Australian Groundwater Modelling
Guidelines (2012).

Section 5.2
Solomon
Hydrogeological
Assessment
Report (Appendix
19)

6. Commission a peer review of the surface water and groundwater
models for the mine area. The peer review should be carried out by a
suitably qualified and experienced person or organisation unconnected
with the previous work conducted on the proposal. The scope of the
peer review should be agreed with the OEPA prior to finalisation.

Appendix 17 and
20

7. Discuss effectiveness of current groundwater and surface water
management actions as required and in addition to that required by
MS 862, including:
Condition 10 – Surface Water
Condition 11 – Groundwater
Provide a comparison of actual operation versus what was predicted
during previous assessments, including a discussion of accuracy. Also
detail any problems with how the management system has operated
and what management and contingency measures have been taken
where it is not operating as expected.

Sections 12.7 and
Section 12.8

8. Investigate groundwater drawdown due to groundwater abstraction
associated with the proposal. Analyse and discuss any impacts on
groundwater levels and flows.

Section 12.7

9. Discuss the proposed management, monitoring and mitigation to
prevent groundwater and surface water impacts as a result of
implementing the proposal.

Section 12.8

1. Undertake a comprehensive review of surface water and groundwater
quality collected from the existing mining operation at the site, and any
additional area to be disturbed by the proposal. Identify any adverse
changes caused by the mining operation and outline avoidance,
minimisation and management methods to be used to prevent further
impacts.

Sections 13.2,
13.3, 13.7 and
13.8

Inland Waters
Environmental
Quality
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Preliminary
Key
Environmental
Factor

Rehabilitation
and Mine
Closure
(Integrating
Factor)

Offsets
(Integrating
Factor)

Work Required

Where
Addressed in
This Proposal

2. Discuss results required by MS 862 Condition 14 for the approved
project, including;
Geochemical and geophysical characterisation of materials,
including tailings, in particular the potential for acid drainage,
metalliferous drainage
Results from static and kinetic testing for materials with potential
to cause acid and/or metalliferous drainage

Section 13.7,
Appendix 14, 21
and 22

3. Complete waste characterisation studies of waste rock and other
materials and carry out an acid and metalliferous drainage risk
assessment for the proposed expansion.

Section 13.7.2,
Appendix 21

4. Provide a description of the design, location and extent of discharges
of any elements of the proposal with the potential to impact surface
water or groundwater quality.

Section 13.7

5. Confirm whether or not pit lakes may form and provide details of
potential backfill options. If pit lakes may form, provide an assessment
of the long term contamination of any pit lakes remaining after mining
and the potential impact on groundwater and surface water quality.

Section 13.7.3
and 14.6.3

6. Discuss proposed management, monitoring and mitigation methods to
be implemented during construction, operation and following closure to
ensure that the EPA’s objective for this factor is met.

Section 13.8

1. Provide waste characterisation work including static and kinetic test
results and water quality monitoring results for drainage from existing
waste storage facilities to enable a thorough assessment of Acid and
Metalliferous Drainage risk posed by the project. If Potentially Acid
Forming (PAF) material is identified, provide mine scheduling detail to
demonstrate that PAF material is not disturbed during mining and/or
that effective strategies will be in place to ensure PAF material is
adequately managed should it be exposed and/or disturbed.

Sections 13.7.2
and 14.7.2

2. Provide the physical and chemical characteristics of the waste
materials and proposed locations and geotechnical design detail
(including slope stability) for waste landforms, Identify proposed
management and monitoring for the waste landforms. Describe
contingencies to make landforms secure and non-polluting in the event
of unexpected or temporary closure.

Section 13.7.2
and 14.7.2 and
the Solomon Mine
Closure Plan
(Appendix 5)

3. Provide the latest approved Mine Closure Plan required by MS 862.

Appendix 5

4. Provide a framework for a revised Mine Closure Plan which includes
all aspects of the current revised proposal consistent with the
Department of Mines and Petroleum (DMP) and EPA Guidelines for
Preparing Mine Closure Plans (2011) or its revisions. A conclusive
discussion on backfill options (including ‘worst case scenario’) is also
required.

Section 14.7,
Appendix 5

5. Discuss proposed management, monitoring and mitigation methods to
be implemented including post-mining land use and areas to be
rehabilitated, including the requirements of MS 862:
Condition 14 – Mine Plan and Conceptual Closure Strategy
Condition 15 - Final Closure and Decommissioning Plan.

Section 14.7;
Appendix 5

1. Identify and quantify (where possible) all residual impacts, relevant
mitigation actions and determine whether these are likely to be
significant.

Sections 8.11,
9.10, 10.9, 11.8,
12.9, 13.9, 14.9
and 15.3

2. Identify residual impacts with regard to MNES and assess the
significance of the impacts.

Sections 10.9,
15.3 and 15.4
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Preliminary
Key
Environmental
Factor

Other

Work Required

Where
Addressed in
This Proposal

3. If significant residual impacts are identified develop a draft program of
environmental offsets that adheres to the relevant policy/guidance
documents listed below.

Section 15.5

4. Include the completed WA Environmental Offsets Template and any
offsets required and proposed in the PER.

Section 15.4

1. Document the stakeholder consultation undertaken and the outcomes,
including any adjustments to the proposal and any future plans for
consultation. This is to be addressed in a specific section of the PER
document and, in addition, key outcomes of consultation are to be
reported against the preliminary key environmental factors as relevant.

Section 5, Table
12

2. Air Quality, including the potential for asbestiform materials to be
encountered and proposed management measures if asbestiform
materials are encountered

Section 16.2

3. Amenity, including any potential impacts on users of the nearby Karijini
National Park

Section 16.3

4. Heritage, including a description of heritage surveys carried out to date
for the existing operations, surveys proposed for the expanded
operations and a description of heritage site management measures
implemented in relation to the current operations with an analysis of
the success of these measures.

Sections 5.3.1,
17.3 and 17.8
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7.

PHYSICAL ENVIRONMENTAL SETTING

This section details the physical environment in which the Proposal is located and includes
sections on Climate, Geology, Landscapes and Bioregions.
The biological setting and the potential impacts posed by the Proposal are discussed in
Sections 8, 9 and 11, whilst hydrological processes and water quality are described in Sections
12 and 13. Matters of National Environmental Significance are discussed in Section 10.

7.1

Climate

The Proposal is located in the Pilbara bioregion of Western Australia. Climatic conditions in the
Pilbara are arid to tropical, characterised by hot, wet summers (October to April) and mild
winters (May to September). Rainfall is generally low throughout the year and is at its greatest
in summer and autumn when storms and off-shore cyclonic activity generate rainfall events
(BoM, 2014); (Van Vreeswyk, Payne, Leighton, & Hennig, 2004).
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The closest operational BOM weather station, established in 1949, is located in Wittenoom
situated approximately 50 km to the east of the Proposal area. A climate summary for
Wittenoom, is presented in Figure 12. The median annual rainfall at Wittenoom is 449.8 mm
with the majority of rainfall occurring between December and March (BoM, 2014). Mean
monthly temperature ranges from 23.6°C in July to 38.3°C in December. Average minimum
temperatures range from 11.5°C in July to 26°C in January. Average maximum temperature
varies between 24.2°C in July to 39.6°C in December (BoM, 2014). Between mid-December
and April, the Pilbara region is susceptible to tropical cyclones, which are capable of producing
damaging winds, heavy rainfall and flooding in inland areas.
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Figure 12:
Climate Data Showing Mean Temperature (oC) and Rainfall (mm) for Wittenoom (Station
5026) 1950 – 2013.
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7.2

Geology

The Proposal is located within the Hamersley Basin, which overlies the older Pilbara Craton.
Geologically, the Pilbara Craton is one of the oldest regions in Australia, formed during the
Archaean (Copp, 2005); (Johnson, 2004). The Hamersley Range extends across the central
Pilbara from the north-west to the south-east. It is a large plateau approximately 400 kilometres
in length, ranging in width from 32 to 64 kilometres. It consists of mostly banded iron formation,
pelite (metamorphosed siltstone), chert and dolomite (Copp, 2005).
The dominant lithology of the hills, plateaux and outcrops in the Proposal area is comprised of
the Brockman Iron Formations. Outcropping geology in the local area consists of the Dales
Gorge, Whaleback Shale and Joffre members of the Brockman Iron Formation, which are
known to host large iron ore deposits within other regions of the Hamersley Ranges. The hill
tops and ridges are dominated by the Joffre Member, which is conformably underlain by the
Whaleback Shale member and the Dales Gorge Member. These erosion‐resistant units are
underlain by the Mt McRae Shale which outcrops at surface within the valley floor of the Firetail
anticline. The Mt McRae shale visible at surface is weathered and is geochemically dissimilar
from potentially acid forming units found at depth. The four members of the Brockman formation
are represented, with the BID ore body formed in‐situ predominantly within the Dales Gorge
Member deposits. Incised into this bedrock geology are large paleochannel systems,
predominantly one to two kilometres in width, and stretching for tens of kilometres (Golder,
2012a).
An isolated area at the western-most edge of Queens at the base of the CID, situated between
clay lenses contains elevated organic material (10 – 17 %) similar to a peat or low-grade lignite.
This lense is unique in the Solomon mining area. The cause of the marsh conditions that would
give rise to a concentration of plant material, could be attributed to the dolerite dyke that
transects the Queens Valley and may have trapped the outflow of water through this largely
impermeable barrier.
During the Tertiary period, weathering and erosion of the Brockman Iron Formation deposited
iron rich materials into these incised channels (Channel Iron Deposits - CID) and this material
has subsequently been buried and preserved. Through Fortescue’s interpretation of drill hole
results, the CID can be subdivided into an upper ‘hard ore CID’ and a lower ‘ochreous CID’.
Clay lenses are observed as semi-discrete bands often several metres thick, sometimes of a
poddy nature although often traceable between drill holes (Golder, 2012a).
The material overlying the CID is of a younger age and has also been eroded from iron rich
material. This overlying clastic material is concentrated into horizons of elevated iron grade
termed Detrital Iron Deposits (DID), which form part of the sequence of overlying later Tertiaryaged alluvials (Golder, 2012a).
The general paleochannel CID stratigraphy within the Solomon Mining area is described below:
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(i)

Alluvial/Colluvial and Detrital Deposits: Valley fill sequence consisting of an
approximately 10 to 60 m thick unit of clay, silt and gravel including iron rich detritals
derived from Bedded Iron Deposits (BID).

(ii)

Oakover Formation: A calcrete and silcrete horizon typically overlies the CID, and varies
in thickness up to several metres.

(iii)

Upper CID: A hard, brown goethite-dominant CID which has been overprinted in places
by a hard cap zone of hydrated goethite up to 15 m in thickness.

(iv)

Lower CID: A vuggy, clay rich ochreous goethite-dominant CID.

(v)

Basal Conglomerate: A basal conglomerate and clay unit present at the base of the CID,
typically within the deepest parts of the paleochannel system.

(vi)

Brockman Iron Formation: relatively flat-lying, predominately barren, but with local
mineralisation occurring on the adjacent valley slopes and margins to the paleochannels.
The Mt McRae Shale commonly occurs adjacent to the outcrops of the Brockman Iron
Formation. Meta-dolerite sills and dolerite dykes are known to cut the Brockman Iron
Formation within the regional Solomon Project area. Integral to the Brockman Iron
Deposit are Banded Iron Formations that form the source material for the BID and DID
valley-fill successions.

The Southern Fortescue region is dominated by valley fill sediments of some 100 m thickness,
which infill a paleovalley formed by east west drainages exploiting weaknesses in the
Wittenoom Formation in comparison to the harder banded iron formations of the Brockman and
Marra Mamba Formations (lying to the north and south respectively). The valley fill consists of:


Upper alluvial deposits consisting of clays, silts, sands, and gravels, typically present
from surface to a depth of approximately 40 m



Lower colluvial deposits comprising cobble-sized detritals within a clay matrix. These
deposits typically occur on the flanks and basal part of the channel.



Calcrete deposits originating from carbonate precipitation at paleo-water tables.

The Archean Wittenoom Formation is part of the Hamersley Group stratigraphic sequence, and
underlies the valley fill deposits in the Southern Fortescue region. The Formation consists (from
north to south) of the Bee Gorge, Paraburdoo and West Angela Members, with the karstic
dolomites of the Paraburdoo Member underlying the majority of the Southern Fortescue
paleovalley.
The Lower Fortescue Valley, lying to the north and east of the Solomon operation, is situated on
a series of alluvial fans that discharge out of the Hamersley Range and consists of a similar
stratigraphic sequence to that of the Southern Fortescue region.
Table 14 details the Geological units of the Proposal area as presented in Figure 13 and
Figure 14.
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Table 14:

Geological Units of the Proposal Area

Code

Description

Qa/Qw

Alluvium, loose clay, silt and gravel

Qc

Colluvium - unconsolidated quartz and rock fragments in soil

Czc

Colluvium, older compacted clay, silt and gravel.

Czk

Oakover Formation. Calcrete and silcrete

Czp

CID. Goethitic granules, clay matrix, basal conglomerate

Czr

Hematite-goethite deposits on banded iron formation and adjacent scree deposits

PLHb

Brockman Iron Formation. Chert; banded iron formation; mudstone; and siltstone; metamorphosed.

AHs

Mount McRae and Sylvia Formations. Mudstone; siltstone; chert; banded iron‐formation, metamorphosed

AHd

Wittenoom Formation. Thin‐ to medium‐bedded dolomite; dolomitic mudstone; chert; and felsic volcanic
sandstone; metamorphosed.

AHm

Chert, banded iron formation and pelite

Afj

Pelite metasandstone, chert, metabasaltic pillow lava and breccia and metamorphosed felsic volcanic
rock; intruded by numerous metadolerite sills

AFjo

Metamorphosed quartzitic sandstone, pelite and chert

AFm

Amygdaloidal metabasaltic flows and breccia
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Homogeneity of the Solomon Deposits
The Hamersley Group is a sequence of chemically deposited cherts, Banded Iron Formation
(BIF’s), shales and carbonates, with deposition beginning at the basal Marra Mamba Iron
Formation, extending through the Brockman Iron Formation and into the Boolgeeda Iron
Formation (Figure 15). The deposition of these units commenced approximately 2,600 Ma and
ended approximately 2,400 Ma. The depositional environment at this time was considered to be
equivalent to a current continental shelf and was a very stable environment. This group
conformably overlies the Fortescue group and is approximately 2.5 km thick. It is remarkably
consistent throughout the platform with many marker horizons like the Bruno’s Band within the
Mount Sylvia Formation able to be correlated throughout the full 400 km extent of the
Hamersley Sequence.

Hamersley Range
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Chichester
Range
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Jeerinah Shale

1
Figure 15:

Regional Geology of the Pilbara

The Solomon deposits have been extensively drilled and accurately modelled. Outcropping
geology in the Solomon Mine area is the Dales Gorge, Whaleback Shale and Joffre Members of
the Brockman Iron Formation. While the valleys consist of DID, Hardcap, Upper CID, Lower CID
and BID.
Figure 16 shows the location of the cross-sections which demonstrate the consistency of the
lithologies across the Solomon deposits. The cross-sections are sourced from the resource
block model and accurately present in situ lithologies.

rr
a
Cr
ee

580,000

585,000

590,000

595,000

600,000

605,000

610,000

rra

7,555,000

um
u

Cre
ek

7,550,000

Queens

7,550,000

We
el

Firetail

7,555,000

Kangeenarina Creek

k

575,000

Castle Valley

Zalamea Creek

Kings

Nanu

tarra

7,545,000

out
h

7,545,000

Zion

Road

Hamer

575,000

LEGEND
Drill Hole Collar Locations
Cross-Sections
Major Road
Drainage

Current & Approved Disturbance to June 2016 (4416 ha)
Proposed Indicative Mine and Rail Footprint

580,000

sley R

d

585,000

590,000

Mine Development Envelope

595,000

Data Sources:
Major Roads, 50K Drainage, Landgate, 2014
All other data, FMG, 2015

Development Envelopes

Rail Corridor
Lower Fortescue Borefield Development Envelope

7,540,000

7,540,000

For
tes
cue

Riv

er S

Fredrick

±

0

1

2

3

Kilometres

4

5

600,000

Requested By: Amy Barker
Drawn By: Sean Costello
Revised By: scostello
Approved By: P. Mastalir
Scale: 1:100,000
Coordinate System: GDA 1994 MGA Zone 50
Document Name: SO_MP_EN_0340.009_r2

Date: 28/10/2015
Size: A3L
Revision: 2
Confidentiality: 0

FMG accepts no liability and gives no representation or warranty, express or implied, as to the
information provided including its accuracy, completeness, merchantability or fitness for purpose.

605,000

Figure 16
Solomon Deposits
Cross-section Locations

610,000

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 69

SO-PL-EN-0104

Frederick and Firetail deposits are both located above the water table and are comprised of
Joffre Member, Whaleback Shale, Dales Gorge and Mt McRae Shale (Figure 17). The
unweathered McRae Shale is located at the base of the deposits and is not proposed to be
mined.
Locally the Frederick Deposit only differs from the Firetail area in that economic mineralisation is
only located in the Dales Gorge Member and the orientation of the units is slightly flatter (Figure
17). Thickness of mineralisation units averages around 20 m, but can extend up to 60 m in
places, with depth to base of mineralisation averaging between 30 to 35 m and extending to
over 100 m depth in places.

Figure 17:

Cross-sections from Firetail and Frederick areas
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As discussed in Section 7.2, Tertiary period weathering and erosion of the generally iron rich
surrounding bedded material, deposited iron rich material into Channel Iron Deposits. This
material has subsequently been buried and preserved. Clay lenses are observed as semidiscrete bands often several metres thick. The material overlying the CID material is of younger
age and has also been eroded from iron rich material. This clastic material is concentrated into
horizons of elevated iron grade termed Detrital Iron Deposits and forms part of the sequence of
overlying late-Tertiary Alluvium. Locally the deposits at Queens, Castle Valley and Zion are
geologically and geochemically similar to the Kings CID with the exception of various amounts
of erosion and thickness of Tertiary Alluvium area compared to the main Kings Valley
(Figure 18).
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Figure 18:

Cross-sections of Channel Iron Deposits from various zones
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7.3

Landscape
Topography and Land Systems

Regional topography is dictated by three main landscape features; the Hamersley and
Chichester Ranges as well as lower areas of flats and undulating plains. The top of the
Hamersley Range plateau is a series of rounded hills and narrower ridges, reaching an
elevation of 1,245 m above sea level at its highest point. It forms the watershed between the
Fortescue River to the north and the Ashburton River to the south. Numerous rivers and
streams have dissected the plateau, forming gorges and broader scree and rubble-filled valleys
(Copp, 2005). The Newman Land System makes up the greatest proportion of the Hamersley
Range and is characterised by rugged plateaus, ridges and mountains supporting spinifex
grassland (Van Vreeswyk, Payne, Leighton, & Hennig, 2004).
The Chichester Range is located to the north of the Fortescue River and runs almost parallel to
the Hamersley Range. The Chichester Range is a narrower plateau with gentler ranges that
reach more than 570 m above sea level becoming hills, breakaways and mesas in some areas.
Tributaries to the Fortescue River drain from the Chichester Range and add sediment to the
vast alluvial plain that lies between it and the Hamersley Range to the south (Copp, 2005).
The Fortescue River alluvial plain is a broad, low-lying valley that lies between the Hamersley
and Chichester Ranges (Copp, 2005). The areas of lower topography throughout the region are
made up of areas of this alluvial plain as well as open and closed flats associated with the
transition into the adjacent ranges.
The Department of Agriculture, as part of the rangeland resource surveys, has comprehensively
described and mapped the biophysical resources of the Pilbara region (Van Vreeswyk, Payne,
Leighton, & Hennig, 2004). As part of this process an inventory of land system units, the Pilbara
Regional Inventory (PRI) was established based on landform, soil, vegetation, drainage
characteristics and condition. According to this mapping, 17 land systems occur within the
Proposal area. The Newman land system makes up the majority of the Proposal area, followed
by the Boolgeeda system, with smaller representation of the remaining land systems. These are
described in Table 15 and illustrated in Figure 19 and Figure 20.
Table 15:

Land Systems in the Solomon Development Envelopes

Land
System

Description

Bonney

Low rounded hills and undulating
stony plains supporting soft
spinifex grasslands

Boolgeeda

Stony lower slopes and plains
below hill systems supporting hard
and soft spinifex grasslands and
mulga shrublands.

Approved Proposed Proposed
Clearing Mine (ha) Lower
MS 862
Borefield
(ha)
(ha)

Proposed
Rail
Corridor
(ha)

110

1,461

Total
Proposed
Clearing
(ha)
110

1,321

68

25

2,875
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Land
System

Description

Brockman

Gilgai alluvial plains with cracking
clay soils supporting tussock
grasslands.

20

Flood plains with weakly gilgaied
clay soils supporting coolabah
woodlands with tussock grass
understorey.

44

Rugged granitic hills supporting
shrubby hard and soft spinifex
grasslands

27

27

Alluvial clay plains supporting a
mosaic of snakewood shrublands
and tussock grasslands

8

8

Hardpan plains and alluvial tracts
supporting mulga shrublands with
tussock and Spinifex grasses.

88

Macroy

Gently undulating stony plains;
generally not degraded or eroded

149

149

McKay

Hills, ridges, plateau remnants
and breakaways of meta
sedimentary and sedimentary
rocks supporting hard Spinifex
grasslands.

131

131

Rugged jaspilite plateau, ridges
and mountains supporting hard
spinifex grassland.

1,881

7,044

Dissected slopes and raised
plains supporting hard spinifex
grasslands.

1,633

2,759

4,393

Active flood plains and major
rivers supporting grassy eucalypt
woodlands, tussock grasslands
and soft spinifex grasslands.

7

1

8

Low limonite mesas and buttes
supporting soft spinifex (and
occasionally hard spinifex)
grasslands.

12

499

Basalt hills, plateau, lower slopes
and minor stony plains supporting
hard Spinifex (and occasionally
soft spinifex) grasslands

175

Stony plains, alluvial plain and
drainage lines supporting shrubby
soft Spinifex grasslands.

271

White
Springs

Stony gilgai plains supporting
tussock grasslands and hard
Spinifex grasslands

43

43

Wona
System

Basalt upland gilgai plains
supporting tussock grasslands
and minor hard spinifex
grasslands

252

252

Coolibah

Granitic

Hooley

Jurrawarrina

Newman

Platform

River

Robe

Rocklea

Urandy

Approved Proposed Proposed
Clearing Mine (ha) Lower
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(ha)
(ha)
6

2

Proposed
Rail
Corridor
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Clearing
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13

40

22
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5
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13
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The PRI covered 18,172,300 ha, bounded by the Indian Ocean and Roebourne Plains to the
north and west, extending to Broome in the north‐east and the Ashburton River catchment in
the south. The extent of each of the land systems varies greatly, with almost half the area
comprised of just six land systems:


Little Sandy



Macroy



Newman



Nita



Rocklea



Uaroo (Van Vreeswyk et al. 2004).

The land systems located in the central portion of the Proposal area are not preferred by
livestock due to poor or complete inaccessibility or unpalatable vegetation (Van Vreeswyk,
Payne, Leighton, & Hennig, 2004); whereas the southern and northern borefields, as well as the
area to the northwest of the Solomon Mine area are mostly classified as areas of high or
moderate palatability to livestock.

Soils
Fortescue has completed physicochemical characterisation of the growth medium found within
the Solomon Mine Development Envelope and specifically within the footprints of the mine pits
and waste dumps (Tetra Tech, 2011a); (Outback Ecology, 2011).
Across the Solomon area five major soil management units were identified including;


Ridgelines



Scree Slopes



Low Rises



Stony Plains



Drainage Lines.

The soils found in the discontinuous channels in the base of Kings and Firetail were found to be
generally coarse, in a loose state and covered by a hardened, finer silty-soil layer. Tetra Tech’s
(2011a) investigation revealed that approximately 80% of the soils at the site occur on the Kings
and Firetail Valley floors and 15% of the soils occur as slope deposits. The remaining 5%
occurs scattered randomly on ridge slopes. Metal concentrations were low and well below the
ecological investigation levels.
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Bioregions
The Proposal area lies in the Pilbara biogeographic region of the Interim Biogeographic
Regionalisation for Australia (IBRA). The Pilbara biogeographic region incorporates 17,928,700
ha and includes four subregions: Chichester, Roebourne, Hamersley, and Fortescue Plains.
Three regions are associated with the Proposal including:


The Chichester subregion, described by Kendrick and McKenzie (Kendrick &
McKenzie, 2002), is on the northern section of the Pilbara Craton and consists of
undulating Archaean granite and basalt plains with significant basaltic ranges.
Vegetation includes Acacia inaequilatera over Triodia hummock grasslands on the
plains and Eucalyptus leucophloia tree steppe on the ranges. The land use includes
grazing native pastures, Aboriginal lands and Reserves and Unallocated Crown Land
and Crown Reserves



The Fortescue Plains subregion, described by Kendrick (2002a), consists of salt
marsh, Mulga-bunch grass and short grass communities on the alluvial plains in the
east and deeply incised gorge systems in the west (and lower) part of the drainage.
The subregion contains the northern limit of Mulga vegetation communities. Land use
is mostly grazing native pastures and Unallocated Crown Land and Crown Reserves
(Kendrick, P, 2002a).



The Hamersley subregion, described by Kendrick (2002b), consists of a mountainous
area of Proterozoic sedimentary ranges and plateaus dissected by gorges. The
vegetation consists of Mulga low woodland over bunch grasses on valley floors with E.
leucophloia over Triodia on skeletal soils of ranges. Rare features of the subregion
include the Gorges of the Hamersley Range (particularly in Karijini National Park),
Palm Spring and Duck Creek, Themeda grasslands of the Pilbara, and Red Hill Station
Mulga stands in the extreme west of the subregion. Dominant land use includes
grazing, Unallocated Crown Land and Crown Reserve, native pastures, Conservation
and mining.

Conservation Estate
Karijini National Park
The Mine Development Envelope adjoins the north-west corner of Karijini National Park
(Karijini). The closest disturbance associated with this Proposal to Karijini is the Southern
Borefield, where some bores and pipeline infrastructure may be located within close proximity to
the Park’s boundary.
Karijini covers an area of 627,422 ha just north of the Tropic of Capricorn in the Hamersley
Ranges (DPaW, 2015a) (Figure 1). Karijini remains in relatively undisturbed condition and has
only been lightly grazed, although there is evidence of exploration and mining activity at a
number of locations.
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The primary feature of the National Park is the deep, steep-sided gorges that are the focus of
the tourist activity during the cooler months of the year. Karijini is managed by the Department
of Parks and Wildlife (DPaW) and is vested in the Conservation Commission.
Karijini National Park is proposed to be expanded with areas excised from Pastoral Leases to
be included within the park’s boundaries. This includes an area south of the Rail Corridor
Development Envelope and Nanutarra Road that was previously a part of Mt Florance Station
and is currently classified as Unallocated Crown Land.

SECTION 8
Key Environmental Factor
Flora and Vegetation
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8.

FLORA AND VEGETATION

The Solomon region has been subject to numerous flora and vegetation assessments
undertaken for the Solomon Project with additional work conducted for this Proposal. The
purpose of the flora and vegetation assessments was to define the ecological values of the
Solomon region and identify significant environmental factors within the survey area.
In 2014, a comprehensive Level 2 flora and vegetation survey was undertaken by Ecologia
Environment (Appendix 2) within and extending outside the Development Envelopes. The
results of previous surveys from the surrounding region were amalgamated into one
comprehensive survey report. The amalgamation of the flora and vegetation assessments has
provided a robust dataset that accurately represents the receiving environment.

8.1

Project Surveys

Collectively, 19 flora and vegetation assessments have been conducted for the Solomon Project
and the Proposal, incorporating 792 quadrats. A consolidation of results of the relevant flora and
vegetation assessments was undertaken by Ecologia (2014a) to verify existing mapping and
survey any gaps identified. This has enabled a detailed understanding of existing vegetation
and flora of the Solomon region.
For the purposes of this section, the Solomon region refers to the Ecologia (2014a) study area,
defined as an area of 183,201 ha. The Development Envelopes refer to the Mine, Lower
Borefield and Rail Corridor Development Envelopes as defined by Fortescue (Figure 2 and
Figure 3).
The information for this Proposal was derived from the consolidation of the flora and vegetation
assessments completed by Ecologia (2014a).
The studies included for defining the existing environment for the Proposal include:


Vegetation and Flora Survey of the Proposed FMG Stage A Rail Corridor (Biota
Environmental Sciences, 2004a).



Vegetation and Flora Survey of the Proposed Stage B Rail Corridor, Christmas Creek,
Mt Lewin, Mt Nicholas and Mindy Mindy Mine Areas (Biota Environmental Sciences,
2004b).



Flora and Vegetation Assessment, Solomon Project and Investigator (Coffey
Environments, 2010).



Level 2 Flora and Vegetation Assessment, Solomon Rail Project (Coffey Environments,
2010a).



Level Two Flora and Vegetation Assessment, Firetail Mining Area (Ecoscape, 2010a).



Solomon Project Airstrip Flora and Vegetation Assessment (Ecoscape, 2010b)
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8.2



Solomon Project Rail Re-alignment Flora and Vegetation Assessment (Ecoscape,
2010c).



Numerical analysis of floristic data form the FMG Solomon Rail project area with data
from surrounding Pilbara Bioregion (EA Griffin and Associates with ME Trudgen and
Associates, 2010).



Solomon Project: Kings - Flora and Vegetation Assessment (ENV Australia, 2010).



Mt McLeod Project Vegetation and Flora Assessment (Western Botanical, 2011).



Robe Pisolite Assessment and Targeted Gompholobium Karijini (P2) Survey, Solomon
Mine Project (Coffey Environments, 2011).



Results of the Baseline Riparian Vegetation Survey of a Portion of the Kangeenarina –
Solomon Project Area (Coffey Environments, 2011a).



Central Pilbara Project Rail Vegetation and Flora Assessment (Ecologia Environment,
2012).



Central Pilbara Project Level 2 Flora and Vegetation Assessment (Ecoscape, 2012).



Investigator Project Vegetation and Flora Assessment (Ecologia Environment, 2013a).



Mt MacLeod Flora and Vegetation Assessment (Ecologia Environment, 2013b).



Stingray Flora and Vegetation Assessment (Ecologia Environment, 2013c).



Solomon Hub Flora and Vegetation Assessment (Ecologia Environment, 2014a).



Pilbara Wetlands Assessment (Ecologia Environment, 2014b).

Vegetation
Beard Vegetation

The Solomon Mine, Rail and Borefields lie entirely within the Fortescue Botanical District of the
Eremaean Botanical Province as defined by Beard (1975). The vegetation of this province is
typically open, and frequently dominated by spinifex, acacias and occasional Eucalypts. The
Natural Resources Management, Shared Land Information Platform (SLIP) provides state-wide
coverage of the Pre-European extent of vegetation within Western Australian at the scale of
1:250,000. This dataset is based on the work of Beard, supplemented where necessary to give
a uniform standard of mapping detail. Table 16 details the vegetation units mapped by Beard
(1975) within the Proposal Development Envelopes.
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Table 16:

Beard (1975) Vegetation Units Mapped within the Solomon Development Envelopes

Vegetation Association

Subregion

Pre-European
Extent (ha)

Current State-wide
Remaining
(ha and %)

Current Pilbara
IBRA
Remaining (%)

18 - Acacia open shrubland. Low
woodland, mulga (Acacia aneura)

Hamersley

19,892,304.84

19,890,275.39
(99.99%)

100

29 - Acacia isolated clumps. Sparse
low woodland, mulga, discontinuous
in scattered groups

Fortescue
Valley

7,903,991.46

7,903,991.46
(100%)

100

82 - Eucalyptus open
woodland/Senna mixed sparse
shrubland/Triodia open hummock
grassland

Hamersley

2,565,901.28

2,565,901.28
(100%)

100

93 - Triodia open hummock
grassland. Hummock grasslands,
shrub steppe, kanji over soft Spinifex

Chichester
Plateau

3,044,308.21

3,044,249.00
(100%)

100

762,963.54

762,963.54
(100%)

100

111 - Eucalyptus sparse mallee
shrubland/Triodia open hummock
grassland. Hummock grasslands,
shrub steppe, Eucalyptus gamophylla
over hard Spinifex

Fortescue
Valley

151 - Eucalyptus open
woodland/Triodia open hummock
grassland. Sedgeland, sedges with
open low trees, coolibah over various
sedges

Fortescue
Valley

154,352.88

154,273.35
(99.95%)

100

173 - Acacia sparse shrubland/Triodia
open hummock grassland. Hummock
grasslands, shrub steppe, kanji over
soft Spinifex and Triodia wiseana on
basalt

Chichester
Plateau

1,421,375.74

1,421,375.74
(100%)

100

175 - Aristida tussock grassland.
Short bunch grassland –
savanna/grassplain (Pilbara)

Chichester
Plateau

526,206.13

524,861.08
(99.74%)

99.99

562 - Acacia woodland. Mosaic. Low
woodland, mulga in valleys/Hummock
grasslands, open low tree steppe,
snappy gum over Triodia wiseana

Fortescue
Valley

103,606.82

103,606.82
(100%)

100

565 - Eucalyptus open
woodland/Triodia open hummock
grassland. Hummock Grasslands, low
tree steppe, bloodwood over soft
Spinifex

Hamersley

143,438.92

143,438.92
(100%)

100

619 - Eucalyptus woodland. Medium
woodland, river gum (Eucalyptus
camaldulensis)

Chichester
Plateau

119,158.56

119,088.71
(99.94%)

100

645 - Hummock Grasslands, shrub
steppe, bloodwood over soft Spinifex.
Kanji and snakewood over soft
spinifex and Triodia Wiseana

Hamersley

84,970.25

84,970.25
(100%)

100

The Proposal area lies predominantly within the Hamersley subregion, which is described as
Mulga low woodland over bunch grasses in valley floors and Eucalyptus leucopholia over
Triodia on the ranges (Ecologia Environment, 2014a).

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 82

SO-PL-EN-0104

The majority of the vegetation mapped by Beard (1975) within the Solomon Development
Envelopes is described as Vegetation Association 82:


Eucalyptus open woodland / Senna mixed sparse shrubland / Triodia open hummock
grassland.

Vegetation Communities
Detailed vegetation mapping has been undertaken over several years from 2008 to 2014. A
Flora and Vegetation Survey was undertaken in 2014 (Ecologia Environment, 2014a) to
consolidate previous mapping and to survey previously unsurveyed areas. This report is
available in Appendix 2. This involved reviewing the previous survey efforts and developing a
consolidated vegetation map for the mine area. A total of 58 vegetation communities have been
recorded in the Proposal Development Envelopes (Ecologia Environment, 2014a) (Ecologia
Environment, 2014h). These communities are described in Table 17 and illustrated in Figure 21
to Figure 26.
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Table 17:

Vegetation Communities within the Development Envelopes

Code

Description

AaAbTe

Acacia aneura and Acacia pruinocarpa tall sparse shrubland over Acacia bivenosa and Acacia atkinsiana mid sparse shrubland
over Triodia epactia hummock grassland

AaAbTt

Acacia aneura tall sparse shrubland, over Acacia bivenosa and Acacia pruinocarpa mid sparse shrubland, over Triodia epactia
open hummock grassland and Themeda triandra tussock grassland

AaAbTw

Acacia aneura and Acacia pruinocarpa tall sparse shrubland, over Acacia bivenosa mid sparse shrubland, over Triodia wiseana
open hummock grassland

AaAvCc

Acacia aneura, Acacia pruinocarpa and Hakea lorea subsp. lorea tall sparse shrubland over Acacia victoriae and Senna
artemisioides subsp. oligophylla mid sparse shrubland over *Cenchrus ciliaris tussock grassland

x

x

AaElCf

Acacia aneura tall shrubland over Eremophila lanceolata, Sida sp. verrucose glands (F.H. Mollemans 2423) and Solanum
lasiophyllum mid sparse shrubland over Chrysopogon fallax and Aristida contorta sparse tussock grassland

x

x

AaElfTe

Acacia aneura and Acacia pruinocarpa tall open shrubland over Eremophila latrobei subsp. filiformis and Dodonaea petiolaris mid
sparse shrubland over Triodia epactia hummock grassland

x

x

AaImTe

Acacia aneura and Acacia pruinocarpa tall shrubland, over Acacia ancistrocarpa and Eremophila longifolia mid sparse shrubland,
over Indigofera monophylla and Sida sp. verrucose glands (F.H. Mollemans 2423) low sparse shrubland, over *Cenchrus ciliaris
tussock grassland

x

Acacia aneura, Acacia pruinocarpa and Grevillea berryana tall open shrubland over Psydrax latifolia and Sida sp. verrucose
glands (F.H. Mollemans 2423) mid sparse shrubland over Aristida contorta and Enneapogon polyphyllus sparse tussock grassland
and Triodia epactia hummock grassland

x

AaPlAc

Rail

Borefield

Mine

x
x
x

x

x

x

AaPsCf

Acacia aptaneura tall open shrubland, over low Abutilon otocarpum sparse shrubland, over Pterocaulon sphacelatum and Ptilotus
obovatus open herbland, over open Chrysopogon fallax tussock grassland

x

x

x

AaSfAl

Acacia aptaneura tall open shrubland, over low Sida fibulifera sparse shrubland, over Aristida latifolia and Chrysopogon fallax
tussock grassland

x

x

x

AaSvCc

Acacia aneura tall open shrubland over Sida sp. verrucose glands (F.H. Mollemans 2423) and Sclerolaena cornishiana mid sparse
shrubland over Abutilon otocarpum, *Malvastrum americanum and Boerhavia coccinea sparse herbland and *Cenchrus ciliaris
tussock grassland and Triodia epactia sparse hummock grassland

x

x

AaVfTH1

Acacia aneura tall sparse shrubland, over mid *Vachellia farnesiana sparse shrubland, over Chrysopogon fallax and Themeda sp.
Hamersley Station (M.E. Trudgen 11431) tussock grassland

AaVfTH2

Acacia aneura tall shrubland, over mid *Vachellia farnesiana sparse shrubland, over Chrysopogon fallax and Themeda sp.
Hamersley Station (M.E. Trudgen 11431) tussock grassland

x

x

AcCmnTe

Acacia citrinoviridis open shrubland over Crotalaria medicaginea var. neglecta mid sparse shrubland over Triodia epactia sparse
tussock grassland

x

x

x
x
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Code

Description

Rail

Borefield

AhGwTe

Atalaya hemiglauca low open woodland over Grevillea wickhamii and Acacia pyrifolia mid open shrubland, over Corchorus
lasiocarpus, Indigofera monophylla and Tephrosia rosea var. Fortescue creeks (M.I.H. Brooker 2186) low open shrubland over
Triodia epactia hummock grassland and *Cenchrus ciliaris tussock grassland

x

x

AiGwTp

Acacia inaequilatera and Acacia ancistrocarpa tall sparse shrubland over Grevillea wickhamii mid sparse shrubland over Senna
artemisioides subsp. oligophylla low sparse shrubland over Triodia pungens hummock grassland

x

x

ApAaTe

Acacia pruinocarpa and Hakea lorea subsp. lorea tall sparse shrubland over Acacia atkinsiana mid sparse shrubland over Hibiscus
sturtii and Senna glutinosa subsp. glutinosa low sparse shrubland over Triodia epactia hummock grassland

x

x

CddAdTw

Corymbia deserticola subsp. deserticola and Corymbia hamersleyana low sparse woodland over Hakea chordophylla tall isolated
shrubs over Acacia dictyophleba mid sparse shrubland over Acacia tumida var. pilbarensis low sparse shrubland over Triodia
wiseana open hummock grassland

Mine
x

x

x

ChAaTw

Corymbia hamersleyana and Eucalyptus leucophloia subsp. leucophloia low sparse woodland, over Acacia arida and Grevillea
wickhamii mid sparse shrubland, over Acacia adoxa var. adoxa low sparse shrubland, over Triodia wiseana hummock grassland

x

ChAdTe1

Corymbia hamersleyana low sparse woodland, over Acacia dictyophleba mid sparse shrubland, over Triodia epactia hummock
grassland

x

ChAiTw1

Corymbia hamersleyana low open woodland over Acacia inaequilatera, Hakea lorea subsp. lorea and Eremophila longifolia mid
sparse shrubland over Triodia wiseana hummock grassland

x

ChAiTw2

Corymbia hamersleyana and Eucalyptus leucophloia subsp. leucophloia low sparse woodland over Acacia inaequilatera and
Grevillea wickhamii tall sparse shrubland over Triodia wiseana hummock grassland

x

ChAiTw3

Corymbia hamersleyana low sparse woodland over Acacia inaequilatera tall sparse shrubland over Senna glutinosa subsp.
glutinosa and Acacia bivenosa mid sparse shrubland over Triodia wiseana hummock grassland

x

x

ChAiTw4

Corymbia hamersleyana low sparse woodland, over Acacia inaequilatera tall sparse shrubland over Senna glutinosa subsp.
glutinosa mid sparse shrubland over Triodia wiseana hummock grassland

x

x

ChAoCf

Corymbia hamersleyana low woodland over Tall Acacia aptaneura open shrubland, over low Abutilon otocarpum sparse
shrubland, over Pterocaulon sphacelatum and Ptilotus obovatus open herbland, over open Chrysopogon fallax tussock grassland

x

x

ChApTe1

Corymbia hamersleyana low sparse woodland, Acacia pyrifolia and Acacia tumida var. pilbarensis mid sparse shrubland over
Triodia epactia closed hummock grassland

x

x

ChApTe2

Corymbia hamersleyana low sparse woodland over Acacia pyrifolia tall sparse shrubland over Triodia epactia hummock grassland

x

ChApTe3

Corymbia hamersleyana low open woodland over Acacia pyrifolia mid sparse shrubland, over Gossypium australe low sparse
shrubland, over Themeda triandra open tussock grassland and Triodia epactia open hummock grassland

x

x
x

x
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Code

Description

ChApTt

Corymbia hamersleyana low open woodland over Acacia pyrifolia mid sparse shrubland, over Tephrosia rosea var. Fortescue
creeks (M.I.H. Brooker 2186) low sparse shrubland, over Themeda triandra open tussock grassland and Triodia epactia open
hummock grassland

ChAtpTw

Corymbia hamersleyana low open woodland over Acacia tumida var. pilbarensis, Acacia pyrifolia, Acacia monticola and Grevillea
wickhamii mid sparse shrubland over Triodia wiseana sparse hummock grassland and Themeda triandra sparse tussock grassland

EcApCa

Eucalyptus camaldulensis and Melaleuca argentea low woodland over Acacia pyrifolia tall sparse shrubland over Tephrosia rosea
and Corchorus crozophorifolius mid sparse shrubland over Cymbopogon ambiguus open tussock grassland

EgAaTe1

Eucalyptus gamophylla low, open woodland, over mid Acacia atkinsiana, Acacia bivenosa and Senna artemisioides subsp.
oligophylla sparse shrubland, over low Keraudrenia nephrosperma sparse shrubland, over Triodia epactia and Triodia wiseana
open hummock grassland

EgAaTe2

EgAaTe3

Rail

Borefield

Mine
x

x

x
x

x

x

Eucalyptus gamophylla low open woodland, over Acacia atkinsiana, Acacia bivenosa and Senna artemisioides subsp. oligophylla
mid sparse shrubland, over Keraudrenia nephrosperma low sparse shrubland, over Triodia epactia and Triodia wiseana open
hummock grassland

x

Eucalyptus gamophylla and Eucalyptus leucophloia subsp. leucophloia low sparse woodland, over Acacia atkinsiana and Senna
glutinosa subsp. glutinosa mid sparse shrubland, over Keraudrenia nephrosperma and Acacia spondylophylla low sparse
shrubland, over Triodia epactia open hummock grassland

x

EgAaTe4

Eucalyptus gamophylla low sparse woodland over Acacia atkinsiana and Acacia tumida var. pilbarensis mid sparse shrubland over
Triodia epactia hummock grassland and Themeda triandra tussock grassland

EgAaTw

Eucalyptus gamophylla low open woodland, over Acacia aneura and Acacia atkinsiana mid sparse shrubland, over Triodia
wiseana open hummock grassland

x

EllAaTw1

Eucalyptus leucophloia subsp. leucophloia low sparse woodland, over Acacia arida, Acacia bivenosa and Senna glutinosa subsp.
glutinosa mid sparse shrubland, over Triodia wiseana open hummock grassland

x

EllAbTw1

Eucalyptus leucophloia subsp. leucophloia low open woodland, over Acacia bivenosa and Senna glutinosa subsp. glutinosa mid
sparse shrubland, over Triodia wiseana closed hummock grassland

EllAbTw3

Eucalyptus leucophloia subsp. leucophloia low sparse woodland over Acacia bivenosa mid sparse shrubland over Triodia wiseana
hummock grassland

EllAbTw4

Eucalyptus leucophloia subsp. leucophloia low open woodland, over Acacia bivenosa and Senna glutinosa subsp. glutinosa mid
sparse shrubland over Triodia wiseana closed hummock grassland

EllAbTw5

Eucalyptus leucophloia subsp. leucophloia low open woodland, over Acacia bivenosa and Senna glutinosa subsp. glutinosa mid
sparse shrubland, over Triodia wiseana closed hummock grassland

x

EllAdTw1

Eucalyptus leucophloia subsp. leucophloia low sparse woodland over Acacia dictyophleba, Acacia tenuissima and Acacia
cowleana mid sparse shrubland over Acacia adoxa var. adoxa over Triodia wiseana hummock grassland

x

x

x

x

x

x
x

x

x
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EllAdTw2

Eucalyptus leucophloia subsp. leucophloia and Corymbia hamersleyana low open woodland, over Acacia dictyophleba, Senna
glutinosa and Indigofera monophylla mid sparse shrubland, over Acacia adoxa var. adoxa low sparse shrubland, over Triodia
wiseana open hummock grassland

x

Eucalyptus leucophloia subsp. leucophloia and Corymbia hamersleyana low sparse woodland over Acacia inaequilatera tall sparse
shrubland over Acacia bivenosa and Senna glutinosa subsp. glutinosa mid sparse shrubland over Ptilotus calostachyus low sparse
shrubland over Triodia wiseana open hummock grassland

x

EllAiTw

Rail

Borefield

Mine
x

x

x

EllApTw1

Eucalyptus leucophloia subsp. leucophloia and Eucalyptus gamophylla low sparse woodland over Acacia pruinocarpa and Acacia
pyrifolia tall sparse shrubland Corchorus lasiocarpus mid sparse shrubland over Triodia wiseana hummock grassland

x

EllApTw2

Eucalyptus leucophloia subsp. leucophloia low open woodland, over Acacia pruinocarpa mid sparse shrubland, over Triodia
wiseana open hummock grassland and isolated Eriachne mucronata tussock grasses

x

EllGwTw1

Eucalyptus leucophloia subsp. leucophloia and Corymbia hamersleyana low sparse woodland over Grevillea wickhamii tall sparse
shrubland over Acacia monticola mid sparse shrubland over Corchorus lasiocarpus low sparse shrubland over Triodia wiseana
open hummock grassland and Cymbopogon ambiguus sparse tussock grassland

x

EllGwTw2

Eucalyptus leucophloia subsp. leucophloia low open woodland over Grevillea wickhamii mid sparse shrubland over Triodia
wiseana hummock grassland

x

EllHcTw1

Eucalyptus leucophloia subsp. leucophloia and Corymbia hamersleyana low sparse woodland over Hakea chordophylla mid
sparse shrubland over Acacia hilliana, Acacia adoxa var. adoxa and Dampiera candicans low sparse shrubland over Triodia
wiseana hummock grassland

x

EllHcTw2

EllHcTw3

Eucalyptus leucophloia subsp. leucophloia and Corymbia hamersleyana low sparse woodland over Hakea chordophylla mid
sparse shrubland over Acacia hilliana and Acacia adoxa var. adoxa low sparse shrubland over Triodia wiseana hummock
grassland

x

x

Eucalyptus leucophloia subsp. leucophloia and Corymbia deserticola subsp. deserticola low sparse woodland over Hakea
chordophylla and Acacia dictyophleba tall sparse shrubland over Acacia tenuissima and Senna glutinosa subsp. glutinosa mid
sparse shrubland over Acacia adoxa var. adoxa and Gompholobium oreophilum low sparse shrubland over Triodia wiseana
hummock grassland

x

EllHcTw4

Eucalyptus leucophloia subsp. leucophloia low sparse woodland over Hakea chordophylla tall sparse shrubland over Senna
glutinosa subsp. glutinosa mid sparse shrubland over Triodia wiseana closed hummock grassland

x

EllHllTw

Eucalyptus leucophloia subsp. leucophloia low sparse woodland over Hakea lorea subsp. lorea tall sparse shrubland over Acacia
atkinsiana, Acacia bivenosa and Acacia maitlandii mid sparse shrubland, over Ptilotus calostachyus low sparse shrubland over
Triodia wiseana closed hummock grassland

x

x

Eucalyptus victrix low closed woodland Acacia aneura and Acacia citrinoviridis tall sparse shrubland over Acacia victoriae mid
sparse shrubland over *Cenchrus ciliaris tussock grassland

x

x

EvAcCc

x

x
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EvAcEa

Eucalyptus victrix mid open woodland, over Acacia citrinoviridis tall sparse shrubland, over Atalaya hemiglauca and Acacia
tetragonophylla mid sparse shrubland, over Eriachne benthamii and Eulalia aurea open tussock grassland

EvAtpTe

Eucalyptus victrix low open woodland over Acacia tumida var. pilbarensis, Acacia pyrifolia and Gossypium robinsonii mid sparse
shrubland over Triodia epactia hummock grassland and Themeda triandra tussock grassland

x

ExApTw

Eucalyptus xerothermica low open woodland over Acacia pruinocarpa tall sparse shrubland over Senna artemisioides subsp.
oligophylla low sparse shrubland Triodia wiseana hummock grassland and Chrysopogon fallax tussock grassland

x

HllAvCf

Hakea lorea subsp. lorea and Atalaya hemiglauca tall sparse shrubland over Acacia victoriae mid sparse shrubland over
Chrysopogon fallax and Eulalia aurea tussock grassland

Total

Rail

Borefield
x

Mine

x

x

x

30

27

43
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Vegetation Condition
Six hundred quadrats in the Solomon region have reliable vegetation condition data. Of these
600 quadrats, 161 (27%) quadrats were considered to be in ‘Excellent’ condition, with no
disturbance recorded, 289 (48%) quadrats were in ‘Very Good’ condition, 97 (16%) were in
‘Good’ condition, 48 (8%) were in ‘Poor’ condition and 9 (1.5%) were in very poor condition
(Ecologia Environment, 2014a). The disturbances most commonly recorded were the presence
of weeds and evidence of cattle and grazing.
Fortescue has vegetation condition recorded across all three Development Envelopes.
Vegetation condition within the Development Envelopes is described in Table 18.
Table 18:

Vegetation Condition within the Development Envelopes

Condition

Mine (ha)

Lower Borefield (ha)

Rail Corridor (ha)

Excellent

16,940

2140

3029

Very Good

14,012

13633

4520

Good

1,299

3690

953

Poor

1,168

4246

959

94

1367

177

3,039

16

808

Very Poor
Completely Degraded

8.3

Vegetation of Significance

Communities of Conservation Significance include TECs and PECs, regionally significant
vegetation communities and locally significant vegetation communities. Vegetation communities
in Western Australia are described as TECs if they have been endorsed by the Western
Australian Minister for Environment following recommendations made by the Threatened
Species Scientific Committee.
Possible threatened ecological communities that do not meet survey criteria are added to the
PEC list under Priority 1, 2 or 3. Ecological communities that are adequately known, are rare but
not threatened, or meet criteria for “Near Threatened”, or that have been recently removed from
the threatened list, are placed in Priority 4. Conservation dependent ecological communities are
placed in Priority 5.
TECs that are listed to be of State conservation significance in Western Australia are
considered to be Environmentally Sensitive Areas (ESA) under Part V of the EP Act.

Threatened and Priority Ecological Communities
A desktop assessment identified one State-listed TEC and six State-listed PECs that occur
within 50 km of the Solomon region (Ecologia Environment, 2014a) (Table 19). Of these seven
communities identified, one TEC (Themeda Grasslands on Cracking Clays) and one PEC
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(Brockman Iron Cracking Clay Communities of the Hamersley Range) have been recorded
within the Development Envelopes.
No TECs listed under the EPBC Act were identified as occurring in the Solomon region and
none were recorded during field surveys. Conservation significant communities, including those
of local and regional significance, are shown in Figure 27 to Figure 32.
TEC’s and PEC’s within 50 km of the Development Envelopes

Table 19:
Description

Status

Distance/Location

Themeda grasslands on cracking
clays

TEC - State
listed as
Vulnerable

Recorded within the Mine Development Envelope.

Brockman Iron cracking clay
communities of the Hamersley
Range

Priority

Recorded within the Mine Development Envelope.

Coolibah ‐ Lignum Flats: sub type 3.
Coolibah woodland over lignum
over silky browntop (Mt Bruce flats)

Priority 1

36 km east of the Mine Development Envelope.
Outside Development Envelopes

Four plant assemblages of the
Wona Land System (previously
‘Cracking clays of the Chichester
and Mungaroona Range’)

Priority 1

Two locations within the vicinity of the study area approx.
40 km east of Investigator along Great Northern Highway
and approximately 50 km north of the Mine Development
Envelope along Roebourne Wittenoom Road.
Outside Development Envelopes

Freshwater claypans downstream of
the Fortescue Marsh ‐ Goodiadarrie
Hills on Mulga Downs Station

Priority 1

3 km east of the Lower Borefield Development Envelope.
Outside Development Envelopes

Coolibah ‐ Lignum Flats: sub type 1.
Coolibah woodland over lignum
over silky browntop (Mt Bruce flats)

Priority 3

41 km southeast of the Mine Development Envelope.
Outside Development Envelopes

Invertebrate assemblages
(Errawallana Spring type)
Coolawanyah Station

Priority 4

35 km north

Themeda Grasslands on Cracking Clays – State: Vulnerable
The Themeda Grasslands on Cracking Clays TEC is described as grassland plains dominated
by the perennial Themeda spp. grass (Kangaroo Grass) and numerous annual herbs and
grasses. The Themeda grasslands TEC was mapped by DPaW in 2011 as demonstrated in
Figure 29 and Figure 30. The extent of the community mapped by DPaW was 4,736.8 ha.
Surveys to date by Fortescue have increased the known area of the TEC to 5,270.2 ha. The
TEC community is represented by vegetation codes TH and VfTH (Ecologia Environment,
2014a):


TH: Panicum decompositum and Themeda sp. Hamersley Station (M.E. Trudgen
11431) tussock grassland.



VfTH: *Vachellia farnesiana sparse shrubland, over Eriachne benthamii, Dichanthium
sericeum and Themeda sp. Hamersley Station (M.E. Trudgen 11431) tussock
grassland.
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Ecologia’s mapping of the Themeda grasslands TEC represents an extension over the
previously mapped extent. 196 ha of these two communities occur within the Mine
Development Envelope.
The Themeda grasslands TEC is considered to be under threat from grazing of stock, weed
invasion, changed fire regimes and changed hydrology (Kendrick, P, 2002b).

Brockman Iron Cracking Clay Communities of the Hamersley Range – State:
Priority 1
The Brockman Iron Cracking Clay PEC of the Hamersley Range is a tussock grassland
dominated by Astrebla lappacea (though not every site has presence of Astrebla). The PEC is
characterised by tussock grassland on cracking clays derived in valley floors and depositional
floors. The PEC is represented by vegetation code AaVfTH1 and extends over 7,546.2 ha
within the Ecologia study area (Ecologia Environment, 2014a).


AaVfTH1: Tall Acacia aneura sparse shrubland, over mid Vachellia farnesiana sparse
shrubland, over Chrysopogon fallax and Themeda sp. Hamersley Station (M.E.
Trudgen 11431) tussock grassland.

This PEC is known from near West Angeles, Newman, Tom Price and boundary of Hamersley
and Brockman Stations (DPaW, 2014). According to DPaW the community extends over
12,405 ha in the Pilbara region. AaVfTH1 appears to provide favourable habitat for three
Priority flora species including the Priority 1 species Euphorbia inappendiculata var.
queenslandica, where 90% of populations occur in this community. In addition, the Priority 3
species Astrebla lappacea and Swainsona thompsoniana display a high specificity to AaVfTH1
with 99.8% and 86.4% of their individuals located within this community respectively.

Regionally Significant Vegetation
Vegetation communities were mapped by Ecologia (2014a) within and beyond the development
envelopes. Statistical analysis of floristic data collected within the Development Envelopes was
compared to floristic data collected outside the envelopes. Dendrogram analysis and a visual
aerial imagery analysis was conducted to identify vegetation communities that are restricted to
the Solomon region and/or Development Envelopes.
Vegetation communities from Ecologia (2014a) were assessed over aerial imagery and existing
regional vegetation mapping to discern whether or not they are likely to be present outside of
the Proposal Envelopes. For this analysis, data from previous surveys in the vicinity of the
Development Envelopes was used to calculate the areal extent of vegetation communities
matching floristic data from the current survey to those from the previous surveys. Vegetation
communities were matched in two ways:
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where vegetation communities from previous surveys abutted the Development
Envelopes, they could be visually aligned to the adjacent vegetation community from
the current survey;



where the distance from the Development Envelopes increases to a point that
vegetation units can no longer be matched with confidence, vegetation communities
were matched based on quadrat data present within vegetation communities from
previous surveys.

The analysis showed that CddAdTw (Triodia wiseana hummock grassland) has not been
recorded outside the Proposal Envelopes and may be regionally significant Figure 27, Figure 28
and Figure 30. To date, 343 ha of CddAdTw have been recorded. CddAdTw is described as:


Corymbia deserticola subsp. deserticola and Corymbia hamersleyana low sparse
woodland over Hakea chordophylla tall isolated shrubs over Acacia dictyophleba mid
sparse shrubland over Acacia tumida var. pilbarensis low sparse shrubland over
Triodia wiseana open hummock grassland

The Solomon dataset used for the analysis indicates that CddAdTw has a restricted regional
distribution. This conclusion is limited by the dataset used for the analysis. Further
investigations conducted by Ecologia (2015a) included distribution modelling of areas with
suitable environmental attributes similar to those of CddAdTw to identify other areas which
share similar environmental conditions and therefore represent potentially suitable habitat. The
modelling identified three areas with potentially suitable environmental conditions for the
presence of CddAdTw. One of these areas is immediately north of the Mine Development
Envelope and is the most prospective. The target area in this location is 477 ha in size. The
other two potentially areas are located further away, near the eastern boundary of Karijini
National Park, and are 3,026 ha and 954 ha in size.

Locally Significant Vegetation
Vegetation is considered to be of local significance if it plays a role in providing habitat for
Threatened or Priority Flora, or large populations representing a significant proportion of the
local to regional total population (EPA, 2004a).
Vegetation communities that provide habitat for conservation significant flora within the
Development Envelopes include AaVfTH1 and EllHcTw1 (Figure 27 to Figure 30). AaVfTH1
represents the Brockman Iron Cracking Clay community and is therefore not discussed further
in this section.
EllHcTw1 provides habitat for Indigofera sp. Gilesii (M.E. Trudgen 15869) (Priority 3) and
Eremophila magnifica subsp. magnifica (Priority 4). These species show a high level of
specificity to EllHcTw1 with 144 (57.4%) and 196 (75.1%) of their individuals within this
vegetation community respectively.
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Sheetflow Communities
Mulga communities are not specifically protected under State or Federal legislation; however,
mulga communities are considered to be of regional significance within the Pilbara due to their
vulnerability to changes in surface drainage and their role in nutrient capture (Coffey
Environments, 2010a).
Two Mulga species capable of forming sheetflow dependent vegetation communities include
Acacia aneura and Acacia aptaneura. These species have roots which are adapted to taking
water from thin surface soils as they have no tap roots for absorbing groundwater.
Consequently, the distribution and abundance of mulga is primarily influenced by soil moisture
and patterns of surface drainage. Areas subject to sheet flow supports banded Mulga
vegetation.
Visual assessment using aerial imagery, overlayed with vegetation data identified seven
vegetation communities within the Lower Borefield Envelope and Rail Corridor Development
Envelope (Figure 33) that are considered partially sheet flow dependent due to the banded
formation of the communities. The aerial imagery clearly shows presence or absence of
banding and this imagery indicates that some mulga communities in the Development
Envelopes are not banded mulga communities.
Vegetation communities that were identified as partially sheet flow dependent included:


AaElCf



AaElfTe



AaImTe



AaPlAc



AaPsCf



AaSfAl



AaSvCc.

590,000

600,000

610,000

620,000

630,000

640,000

7,560,000

en

ar

7,560,000

in

a

C

re

ek

7,570,000

580,000

7,570,000

570,000

Ka
n

ge

Roebourne-W ittenoom

Rd

Kangeenarin a Creek

R oe
bou
rne-W
it te n
oom

Zalam ea Creek

7,550,000

7,550,000

W
ee

lu

m

ur

ra

Cr
e

ek

Rd

e
esc u
Fort outh
rS
Rive

tarr a

Rd

H

am

R

e- W
u rn

Rd

eb o

le y

7,540,000

ey
sl
er

ers

Ro

H am

Weelum urra

7,540,000

Creek

it te

no

om

Rd

N an u

d

Sheetflow Vegetation Units
570,000

580,000

590,000

600,000

610,000

LEGEND
Major Road

Development Envelopes

Creek

Rail Corridor Development Envelope

Major Drainage

Lower Fortescue Borefield Development Envelope

Current & Approved Disturbance to June 2016)
Proposed Indicative Mine and Rail Footprint

Mine Development Envelope

620,000

±

Data Sources:
Major Roads and 50K Drainage, Landgate, 2014
All other data, FMG, 2014
0

1

2

3

Kilometres

4

5

630,000

Date: 29/10/2015
Requested By: Amy Barker
Size: A3L
Drawn By: Bridget Ralebala
Revision: 5
Revised By: scostello
Confidentiality: 0
Approved By: Undraa George
Scale: 1:200,000
Coordinate System: GDA 1994 MGA Zone 50
Document Name: SO_MP_EN_0308.018_r5_Sheetflow
FMG accepts no liability and gives no representation or warranty, express or implied, as to the
information provided including its accuracy, completeness, merchantability or fitness for purpose.

640,000

Figure 33
Sheetflow Vegetation

7,530,000

7,530,000

LEGEND - Sheetflow Vegetation Units

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 106

SO-PL-EN-0104

Groundwater Dependant Ecosystems
Groundwater Dependent Ecosystems (GDE) at Solomon is represented by the vegetation
community EcApEa. EcApEa is restricted to Weelumurra Creek, Kangeenarina Creek and
Zalamea Creek (Figure 34). These vegetation communities are dominated by Eucalyptus
camaldulensis which is a noted groundwater dependent species (Loomes & Braimbridge, 2010)
(Loomes, 2010b). Eucalyptus camaldulensis has a bimorphic root system (surface lateral roots
and a tap root) which enables the species to access both groundwater and water stored in the
unsaturated, vadose zone above the water table (Loomes & Braimbridge, 2010). Although
E. camaldulensis is capable of being able to sink tap roots in response to groundwater decline,
drawdown over a prolonged period may cause irreversible stress.
Hamersley Gorge is located adjacent to the Solomon Project but is outside of the development
envelopes and the managed borefield drawdown zones. Hamersley Gorge also has vegetation
communities that are dominated by Eucalyptus camaldulensis and include the following
communities EcAcEu, EcEvAcTw and EcMaMlCv.
Surveys have also identified potential GDE vegetation within the Development Envelopes,
represented by vegetation community EvApTe (Figure 34). In both instances, the presence of
Eucalyptus victrix in the overstorey identifies the vegetation as a potential GDE.
The drawdown from the Southern and Lower borefields extend outside of the Development
Envelopes. Vegetation community EvAcCc and EvVfCc are located within the drawdown area
and similarly have Eucalyptus victrix in the overstorey and therefore also identifies the
vegetation as a potential GDE (Figure 34).
There is differing opinion as to whether E. victrix is a true groundwater dependent species.
Batini (2009) states that within the Mt Bruce flats, E. victrix relies on soil water and grows where
no groundwater is available. Similarly, Muir Environmental (in Batini (2009)) noted that the
species is considered primarily a vadophyte, that is, a species that primarily utilises the water
held in the vadose zone and, though it may occasionally use available groundwater, it is not a
species that is dependent on the water table for survival. E. victrix a species that is tolerant to
long periods without flooding or rainfall. Other studies have shown that where E victrix occurs in
areas where depth to groundwater is less than 10 m, the species is likely to exhibit some
dependence on groundwater (Loomes & Braimbridge, 2010).
Potential impacts to GDEs from groundwater drawdown is discussed in Section 8.9.5.
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8.4

Flora

A total of 671 vascular flora taxa were recorded from the mine area and surrounds during the
2014 surveys (Ecologia Environment, 2014a). This consisted of 229 genera from 68 families.
The most frequently recorded genera were Acacia (47 taxa) and Ptilotus (19 taxa). The most
frequently recorded families were Fabaceae (peas; 119 taxa), Poaceae (grasses; 114 taxa) and
Malvaceae (hibiscus; 65 taxa). The families and genera represented are considered typical of
vegetation recorded within the Pilbara.

Survey Methods
The 2014 surveys were undertaken in accordance with the methodologies described in EPA
Guidance Statement 51. The level 2 survey was conducted by sampling within 281 quadrats
that were 2,500 m2 in area. The quadrat based sampling was supplemented by targeted
significant flora searches and opportunistic collections.
The targeted survey involved identifying Priority Flora taxa from database searches which had a
likelihood of; possible, likely or highly likely to occur in the study area. Locations of previous
records combined with aerial imagery was used to identify suitable habitat.
The targeted flora searches in the field involved a series of transects which were traversed on
foot to target flora of conservation significance, introduced flora and to provide opportunistic
collections of taxa not recorded within the quadrats. Transects were undertaken in areas
considered habitat for flora of conservation significance and crossed all major landforms and
vegetation types to maximise the diversity of flora observed.
Both methods in combination contributed to the delineation of vegetation units at an appropriate
scale and a comprehensive floristic inventory of the study area.

8.5

Flora of Conservation Significance

Conservation significant flora is defined as species listed under the EPBC Act, the WC Act, or
Priority species identified by DPaW as requiring further protection (DPAW, 2015b). A desktop
assessment was undertaken by Ecologia (2014a) which identified 97 Threatened and Priority
flora species occur within 50 km of the Solomon Proposal. Two of these species were both
listed as Threatened under the EPBC Act and WC Act:


Lepidium catapycnon listed as Vulnerable under the EPBC Act and the WC Act
considered a possible occurrence in the Proposal Envelopes based on the presence of
suitable habitat.



Thryptomene wittweri listed as Vulnerable under the EPBC Act and WC Act. A review
of species habitat and known occurrences was conducted for this species. It is
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considered unlikely to occur in the Proposal Envelopes. This species is not discussed
further.
Neither of these species, however, were recorded within the Proposal Development Envelopes.
Of the remaining 95 conservation significant species, only 18 priority species were recorded in
the Development Envelopes. Sixteen of these species are described in Table 20. Priority 4
species, Bulbostylis burbidgeae and Priority 2 species Paspalidium retiglume are not discussed
in Table 20 as they are located within the Rail Corridor Development Envelope but are located
over 40 km east of the Proposal area. The locations of Priority species recorded in the
development envelopes and the surrounding region are shown in Figure 27 to Figure 32.
Table 20:

Conservation Significant Flora Species Recorded in the Development Envelopes

Taxa

Aristida jerichoensis
var. subspinulifera

Teucrium
pilbaranum

Euphorbia australis
var. glabra

Cons.
Code

P1

P1

P2

Habitat

Occurrence

Hardpan plains.

Recorded 767 individuals on cracking clay.
Widespread across the study area. 4 records in
development envelopes. 11 records on
Florabase.

Crab hole plain in a river
floodplain, margin of calcrete
table.

Recorded at 16 locations, 6 records in the
eastern edge of the Lower Borefield
Development Envelope, one record in the Rail
Corridor east of the Lower Borefield and one
record in the Southern Borefield drawdown
area.
44% of known records are within the
Development Envelopes. 1% of known
individuals in conservation estate.

Sump, low in landscape, alluvial
cracking clay loamy soil, red
clay loam

Recorded 40 plants from seven widely
dispersed locations across the Study area. 2
records within the Mine Development Envelope
and 1 record on the eastern edge of the Lower
Borefield Development Envelope. 4 records on
Florabase.

Gompholobium
karijini

P2

Coarse, loose, very pebbly
surface, pebbly red-brown loam.

Recorded. 8,447 individuals. 61 populations
recorded 46% of known populations are in the
Development Envelopes. 0.4% of known
individuals in conservation reserves. See
discussion Section 8.9.2.

Acacia daweana

P3

Stony red loam soils. Low rocky
rises, along drainage lines.

Recorded. 14 records on Florabase. Recorded
from a single location in the Mine Development
Envelope.

Acacia effusa

P3

Stony red loam. Scree slopes of
low ranges.

Recorded. 24 locations on Florabase.
Represented in the Mine Development
Envelope by 30 records with 408 individuals.

P3

Clay, loam.

Recorded from 1 location representing 5000
individuals within the Southern Borefield. A
further 13,306 individuals have been recorded
outside of the Development Envelopes.

P3

Black clayey sand. Along
drainage depressions in
crabhole plains on river
floodplains.

Recorded. 53 locations with survey area, 10
records within the development envelopes.
1,284 individuals in the grasslands within the
Study area. 3% of known individuals in
conservation estate. 10 records in Florabase

Astrebla lappacea

Glycine falcata
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Taxa

Grevillea saxicola

Indigofera sp.
Gilesii (M.E.
Trudgen 15869)
Themeda sp.
Hamersley Station
(M.E. Trudgen
11431)
Triodia sp.
Millstream (A.A.
Mitchell PRP207)

Cons.
Code

Habitat

Occurrence

P3

Hill crest of low foothill below
main range. Steep scree slope.

Recorded from five locations representing 26
individuals in the Study area. One location
57 km south of the Mine Development
Envelope. 27 locations on Florabase.

P3

Gorge, gullies. Red brown
skeletal. Continuous ironstone
pebbles, rocky ironstone
hillslopes.

P3

Red clay. Clay pan, grass plain.

Recorded 53 locations representing380
individuals. 17 records on Florabase.

Recorded 84 locations representing 415,523
individuals. There are 31 records on Florabase.

A recently recognised taxon, not yet
represented by any specimens on Florabase.
Recorded from 7 locations within the
Development Envelopes and on 8 locations
outside the Development Envelopes.

P3

No description available.

Eremophila
magnifica subsp.
magnifica

P4

High in landscape, summit of
hill, skeletal red brown soil over
massive ironstone, Brockman
Iron Formation.

Recorded 22 locations representing 261
individuals. 36 locations on Florabase.

Goodenia nuda

P4

Stony red sandy loam. Flats
plains, floodplains, sometimes
semi-saline, clay flats.

Recorded 82 locations representing 397
individuals. 69 locations on Florabase.

Ptilotus mollis

P4

Stony hills and screes.

P4

Pebbly, shingly coarse sand
amongst boulders. Banks of
flow line in the mouth of a gully
in a valley wall.

Rhynchosia
bungarensis

Recorded Two sites in the Mine Development
Envelope, representing 100 individuals. Known
from 22 records from Florabase.
Recorded 65 locations representing 622
individuals. 70 locations in Florabase.

Ecologia Environment’s 2014 flora and vegetation assessment also identified three flora species
that represent range extensions and locally endemic species. Two of these are significant range
extensions on a regional scale (Triodia microstachya and Sporobolus caroli), and one on a local
scale (Tricoryne sp. Hamersley Range) (Table 21).
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Table 21:

Other Species with Range Extensions

Species

Distribution Map

Triodia microstachya populations recorded in the Solomon region are considered
range extensions. Prior to the Ecologia Environment 2014 survey the nearest
record of Triodia microstachya (recorded at three locations in the Solomon region)
was 600 km north-east of the Development Envelopes near Broome in the
Dampierland bioregion.
Known in the Proposal Envelopes.

Sporobolus caroli was recorded at one location near the east end of the Lower
Borefield during Ecologia Environment’s 2014 survey. This represents a 400 km
range extension north-west from its nearest vouchered record from the Gascoyne
bioregion.
Known in the Solomon region.

Tricoryne sp. Hamersley Range was recorded at one location and is restricted to
the Hamersley subregion of the Pilbara bioregion.
Known in the Solomon region.

8.6

Introduced Flora

At a national level, there are 32 introduced flora species listed as Weeds of National
Significance (WONS). The National Weeds Strategy: A National Strategy for Weed
Management in Australia (Natural Resource Management Ministerial Council, 2006) describes
broad goals and objectives to manage these species. Of these species, three are currently
recorded within the Pilbara, but not in the Proposal area:


Mesquite (*Prosopis spp.)



Athel pine (*Tamarix aphylla)



Parkinsonia (*Parkinsonia aculeata).
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Furthermore, weeds that are classified as having a High Environmental Weed rating in the
Environmental Weed Strategy for Western Australia (CALM, 1999) due to their high impact on
biodiversity that are known from the local area include:


Kapok Bush (*Aerva javanica)



Buffel grass (*Cenchrus ciliaris)



Birdwood Grass (*Cenchrus setiger)



Mimosa Bush (*Vachellia farnesiana).

One Declared Pest (Mexican Poppy) listed under the Biosecurity and Agricultural Management
Act 2007 (BAM Act) has been recorded within the Development Envelopes. This species is
listed as C3 in the Shire of Ashburton. Pests species will be assigned to this category if they are
established in WA but it is feasible, or desirable, to manage them in order to limit their damage.
Control measures can prevent a C3 pest from increasing in population size or density or moving
from an area in which it is established into an area which currently is free of that pest.
No Weeds of National Significance for the Shire of Ashburton were recorded in the
Development Envelopes. A total of 34 introduced species were recorded within 50 km of the
Proposal area (Table 22) (Figure 35 and Figure 36) (Ecologia Environment, 2014a). Of these,
five species are considered to have a ‘High’ environmental rating under the WA Weed Strategy
(CALM, 1999).
Table 22:

Weeds and their Environmental Rating (derived from CALM 1999)

Taxon

Common Name

Rating

*Acetosa vesicaria

-

Unknown

*Aerva javanica

Kapok Bush

High

*Alternanthera pungens

Khaki Weed

Low

*Argemone ochroleuca subsp. ochroleuca

Mexican Poppy

Declared Pest

*Bidens bipinnata

Bipinnate Beggartick

Unknown

*Cenchrus ciliaris

Buffel Grass

High

*Cenchrus echinatus

Mossman River Grass, Burrgrass

High

*Cenchrus setiger

Birdwood Grass

High

*Chenopodium album

Fat Hen

Low

*Chloris virgata

-

Unknown

*Citrullus colocynthis

Linnaea

Low

*Citrullus lanatus

Pie Melon

Low

*Conyza bonariensis

Flaxleaf Fleabane

Low

*Crotalaria juncea

Sunn hemp

Low

*Cucumis melo subsp. agrestis

Native Cucumber

Not assessed

*Cyperus polystachyos

Bunchy Sedge

Moderate

*Cynodon dactylon

Couch

Low
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Taxon

Common Name

Rating

*Datura leichhardtii

Boxing Glove or Coral Cactus, Jumping Cholla

Low

*Digitaria ciliaris

Summer Grass

Low

*Echinochloa colona

Awnless Barnyard Grass

Mild

*Eragrostis minor

Smaller Stinkgrass

Low

*Euphorbia hirta

Asthma Plant

Moderate

*Flaveria trinervia

Speedy Weed

Not assessed

*Lactuca serriola

Prickly Lettuce

*Lysimachia arvensis

Scarlet Pimpernel

-

*Malvastrum americanum

Spiked Malvastrum

Moderate

*Portulaca oleraceae

Purslane

Not assessed

*Setaria verticillata

Whorled Pigeon Grass

Low

*Sigesbeckia orientalis

Indian Weed

Moderate

*Solanum nigrum

Black Berry Nightshade

Low

*Sonchus oleraceus

Common Sowthistle

Low

*Trianthema portulacastrum

Giant Pigweed

-

*Tribulus terrestris

Caltrop

Low

*Vachellia farnesiana

Mimosa Bush

High
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8.7

Management Objective

The EPA objective for terrestrial flora and vegetation as per EAG8 is:
To maintain representation, diversity, viability and ecological function at the species, population
and community level.
Legislation relevant to the protection and conservation of flora and vegetation and ecological
communities includes:


Wildlife Conservation Act 1950 (WC Act)



Conservation and Land Management Act 1984 (CALM Act)



Environmental Protection Act 1986 (EP Act)



Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

8.8

Guidelines Policy and Frameworks

The following EPA guidance statements are relevant to this factor:


EPA (2000) Position Statement No. 2 – Environmental Protection of Native Vegetation
in Western Australia



EPA (2002) Position Statement No. 3 – Terrestrial Biological Surveys as an Element of
Biodiversity Protection



EPA (2006) Guidance Statement No. 6 – Rehabilitation of Terrestrial Ecosystems.



EPA (2004a) Guidance Statement No. 51 – Terrestrial Flora and Vegetation Surveys
for Environmental Impact Assessment in Western Australia.



EPA (2014b) Cumulative environmental impacts of development in the Pilbara region.
Advice of the Environmental Protection Authority to the Minister for Environment under
Section 16(e) of the Environmental Protection Act 1986.

8.9

Potential Impacts

Activities that may potentially cause direct impacts on flora and vegetation include:


An increase in clearing of up to 12,146 ha of native vegetation including:
o

Loss of conservation significant flora and ‘good to excellent’ condition vegetation
from the clearing for mine and supporting infrastructure

o

Clearing of <6 ha of the Brockman Iron Cracking Clay PEC

o

Clearing of riparian vegetation associated with creek lines and the Zalamea pools
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Indirect impacts of flora and vegetation include:


Indirect impacts on groundwater dependent vegetation due to groundwater drawdown
as a result of dewatering pits and abstraction for water supply



Indirect impacts on vegetation dependent on surface water due to alterations and
disruptions to surface water flows



Spread and introduction of weeds through vehicle movements and earthworks.

The main potential cumulative impact on vegetation and flora is the combined effect of clearing
from the Proposal and the Original Proposal. These have been addressed in the subsequent
sections by discussing the Proposal footprint, Original Proposal footprint and the total footprint.

Clearing of Vegetation
Regional Context
Where clearing of native vegetation is proposed to occur, from a biodiversity perspective and
not taking into account any other land degradation issues present, there are now several key
criteria being applied to clearing. The criteria are outlined in the Western Australia EPA (2000)
Position Statement No. 2, Environmental Protection of Native Vegetation in Western Australia:
Clearing of native vegetation, with particular reference to the agricultural area. The objective of
the position statement is to help reverse the long-term decline in the quality and extent of
Australia’s native vegetation cover and applies to all areas of native remnant vegetation in the
state. The criteria are as follows:


the “threshold level” below which species loss appears to accelerate exponentially at
an ecosystem level is regarded as being at a level of 30% of the pre-clearing extent of
the vegetation type



a level of 10% of the original extent is regarded as being a level representing
“endangered”



clearing which would put the threat level into the class below should be avoided



from a biodiversity perspective, stream reserves should generally be in the order of at
least 200 m wide.

The status of remaining vegetation can be delineated into five different classes:


presumed extinct: Probably no longer present in the bioregion



Endangered: <10% of pre-European extent remains



Vulnerable: 10-30% of pre-European extent exists



Depleted: >30% and up to 50% of pre-European extent exists



least concern: >50% pre-European extent exists and subject to little or no degradation
over a majority of this area, or
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a combination of depletion, loss of quality, current threats and rarity gives a
comparable status.

The threshold level of 30% is based on the pre-European vegetation mapping conducted by
Beard (1975). Subsequently this dataset has been digitised and reinterpreted by the
Department of Agriculture and Food to provide an estimate of current representations of these
vegetation units within Western Australia (Shepherd, Beeston, & Hopkins, 2001). This dataset
can be used to broadly compare the representation of vegetation units within the Proposal
Envelopes and within the state. All the Beard vegetation communities that occur in the Proposal
Envelopes have more than 30% of their original extent remaining. It can therefore be concluded
that, at this scale, the vegetation present in the Development Envelopes are in the ‘least
concern’ category (Ecologia Environment, 2014a).
The regional impacts of clearing native vegetation were assessed at the Land System scale.
Land Systems of the Pilbara were mapped by Van Vreeswyk et al. (2004) at a 1:250,000 scale.
The regional impacts on Land Systems have been assessed using the extent of the Land
System and percentage change (Table 23). The biggest percentage change will occur in the
Platform land system. This land system extends over 157,000 ha, of which 4,363.06 ha is
proposed to be cleared in the Mine Development Envelope resulting in 1.78% of change.
Impacts from direct clearing are highest in the Newman land system which extends over
145,800 ha of which 8,990.30 ha is proposed to be cleared within the Development Envelopes,
resulting in a 0.49% change.
None of the Land Systems are listed in Section 16e of the EP Act Advice on Cumulative
Environmental Impacts in the Pilbara (EPA, 2014a). The large extent of the Pilbara Land
Systems and the Proposals impact on less than 2% of any particular Land System would
indicate that the impact will not be significant at a regional scale. The Hamersley Region is also
well represented in the formal Conservation Reserve System with 12.88% of the area
represented.
Table 23:
Land
System

Impact Areas by Land System
Total Area
in Pilbara
(ha)

Approved
mine and rail
footprint (ha)

Proposed
Mine
Footprint
(ha)

Proposed
Lower
Borefield
(ha)

Proposed
rail
footprint
(ha)

Total
Footprint
(ha)

%
Change

Bonney

75,500

109.9

0.0

0.0

0.0

110

0.00

Boolgeeda

774,800

1460.5

1321.1

67.0

24.8

2,873

0.18

Brockman

73,500

19.8

5.3

6.3

0.0

31

0.02

Coolibah

101,400

44.3

0.0

23.3

0.0

68

0.02

Granitic

409,050

27.2

0.0

0.0

0.0

27

0.00

Hooley

59,000

7.9

0.0

0.0

0.0

8

0.00

Jurrawarrina

66,400

88.3

2.9

47.2

0.0

138

0.08

1,335,400

149.2

0.0

0.0

0.0

149

0.00

Macroy
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Land
System

Total Area
in Pilbara
(ha)

Approved
mine and rail
footprint (ha)

Proposed
Mine
Footprint
(ha)

Proposed
Lower
Borefield
(ha)

Proposed
rail
footprint
(ha)

Total
Footprint
(ha)

%
Change

McKay

420,200

131.0

0.0

0.0

0.0

131

0.00

Newman

408,800

1,881.1

7,093.4

0.0

12.7

8,987

1.74

Platform

86,500

1,633.3

2,784.1

0.0

0.0

4,417

3.22

River

131,100

7.0

0.9

0.0

0.0

8

0.00

Robe

66,400

12.4

499.1

0.0

17.9

529

0.78

Rocklea

2,893,600

174.6

0.0

0.0

0.0

175

0.00

Urandy

157,000

270.9

8.1

169.9

62.0

511

0.15

White
Springs

26,560

43.3

0.0

0.0

0.0

43

0.00

Wona

194,820

251.5

0.0

0.0

0.0

252

0.00

Local Context
The Proposal will require clearing of approximately 12,146 ha for mining, rail and Lower
Borefield activities and infrastructure including but not limited to pits, ore processing facilities,
waste dumps, tailings storage facilities, workshops, water infrastructure, overland conveyors,
crushing facilities, stockpile areas, roads, pipelines, water bores, borrow pits and rail
infrastructure.
Vegetation disturbance will significantly impact the extent of the vegetation on a local scale. The
disturbance is confined to an envelope slightly larger than that of the Original Proposal and the
impacts are more extensive, but not different from the impacts of the Original Proposal. The
direct clearing impact is not expected to significantly affect the regional representation of
vegetation communities as they are widespread throughout the Pilbara (see Section 8.9.1).
The Proposal will require the direct clearing of 11,715 ha of native vegetation within the Mine
Development Envelope. This includes approximately 6 ha of the Brockman Iron Cracking Clay
Community. The Lower Borefield will require the direct clearing of approximately 154 ha of
native vegetation and 277 ha will be cleared in the Rail Corridor Development Envelope.
With the addition of the previously approved 6,313 ha, the cumulative footprint of the Solomon
Project (inclusive of this Proposal) will be 18,459 ha. In accordance with EPA Position
Statement No. 2 (EPA, 2000), a proposal should demonstrate that the loss of vegetation would
not compromise any vegetation type by taking it below the “threshold level” of 30% of that preclearing extent of the vegetation type. The cumulative impact of clearing of native vegetation for
this Proposal has been assessed incorporating the approved Solomon footprint and the
proposed footprint. A percentage loss for each vegetation community was calculated using the
total clearing footprint compared to the extent of each vegetation community within the greater
Solomon area (Table 24) (Ecologia Environment, 2014a) (Ecologia Environment, 2014h).
The biggest change will be in community CddAdTw where 81% of this vegetation type found in
the study area will be removed.
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Vegetation community CddAdTw has been identified as potentially regionally significant, being
only previously recorded within the Proposal Development Envelopes and the majority of the
community is growing over a high grade ore deposit in Queens. Fortescue is proposing to clear
81% of the known community. Further investigations conducted by Ecologia Environment
(2015a) to identify other areas which share similar environmental conditions to CddAdTw,
identified three areas where CddAdTw is likely to occur. One of these areas is immediately
north of the Mine Development Envelope and is the most prospective. The other two potentially
larger occurrences are located further away, near the eastern boundary of Karijini National Park
(Appendix 3).
Vegetation community EllGwTw2 was not mapped extensively beyond the Development
Envelopes, and had previously been mapped from only 86.9 ha (Ecologia Environment, 2014a).
Additional floristic analysis undertaken in 2015 has been successful in locating a further
217.9 ha of this vegetation type approximately 23 km south west of Solomon, outside of the
Development Envelopes (Ecologia Environment, 2015a). Combined with the original 86.9 ha
mapped by Ecologia Environment (2014a), this now represents a mapped representation of
304.8 ha of community EllGwTw2. The proposed removal of 80.8 ha of this community
represents a loss of 26% of this vegetation type. As a result, this vegetation community is not at
risk.
As demonstrated by community EllGwTw2, the restricted nature of CddAdTw is likely to be an
artefact of the mapping of the study area, rather than the community being geographically
restricted. It is highly likely that CddAdTw would be located in suitable environmental and
landscape conditions as proposed by Ecologia Environment (2015a).
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Cumulative Impacts on Vegetation Communities
Approved MS 862

Community

Significance

Study
Area (ha)

Mine (ha)

3

Rail (ha)

This Proposal

Total (ha)

Mine (ha)

Lower
Borefield

Rail (ha)

Cumulative
Total
(ha)

Total area to
be cleared
(ha)

Study
Area
remaining

Study
Area
Loss

AaAbTe

5,476.5

0.0

25.4

25.4

0.0

20.9

0.0

20.9

46.3

99%

1%

AaAbTt

5,300.0

0.0

0.0

0.0

1.1

0.0

0.0

1.1

1.1

100%

0%

AaAbTw

5,602.7

158.8

0.0

158.8

54.8

0.0

0.0

54.8

213.6

96%

4%

AaApAl

38.8

0.0

3.4

3.4

0.0

0.0

0.0

0.0

3.4

91%

9%

AaAtAc

66.1

0.0

12.5

12.5

0.0

0.0

0.0

0.0

12.5

81%

19%

AaAtAl

73.2

0.0

9.3

9.3

0.0

0.0

0.0

0.0

9.3

87%

13%

AaAvCc

852.2

0.0

20.8

20.8

0.0

7.4

0.0

7.4

28.1

97%

3%

AaElCf

Partially
4
SDM

4,550.3

0.2

6.3

6.5

0.2

1.6

0.0

1.8

8.3

100%

0%

AaElfTe

Partially
SDM

2,055.5

0.0

13.0

13.0

0.0

7.4

0.0

7.4

20.4

99%

1%

AaImTe

Partially
SDM

5,243.1

8.5

34.5

43.0

20.1

0.0

0.0

20.1

63.1

99%

1%

AaPlAc

Partially
SDM

3,754.6

0.0

0.0

0.0

0.0

3.6

0.0

3.6

3.6

100%

0%

11,947.3

0.0

14.5

14.5

0.0

0.0

0.0

0.0

14.5

100%

0%

AaPsCf
AaSfAl

Partially
SDM

3,479.1

1.5

12.6

14.1

1.9

5.9

0.0

7.8

21.9

99%

1%

AaSvCc

Partially
SDM

9,270.8

0.0

5.7

5.7

0.0

26.9

0.0

26.9

32.6

100%

0%

3

The Solomon Hub Flora and Vegetation Assessment does not cover all of the existing rail corridor, thus additional vegetation units are sourced from the Coffey (2010), Flora And Vegetation Assessment
Solomon Rail Vegetation Mapping Recoding report (Ecologia Environment, 2014h)
4

SDM – Sheet flow Dependent Mulga
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AaVfTH1

Cumulative

7,533.4

5.0

0.0

5.0

5.3

0.0

0.0

5.3

10.3

100%

0%

AaVfTH2

2,835.9

5.0

5.6

10.6

0.4

0.0

0.0

0.4

10.9

100%

0%

AbAsTe

1,093.6

0.0

28.4

28.4

0.0

0.0

0.0

0.0

28.4

97%

3%

AbHcTw

1,400.9

0.0

90.5

90.5

0.0

0.0

0.0

0.0

90.5

94%

6%

111.3

0.0

0.1

0.1

0.0

0.0

0.0

0.0

0.1

100%

0%

AhGwTe

2,888.5

14.6

35.4

50.0

167.0

17.3

3.1

187.4

237.5

92%

8%

AiGwTp

23,889.9

0.0

9.4

9.4

0.0

2.2

0.0

2.2

11.6

100%

0%

AiSaoTw

3,369.8

0.0

124.8

124.8

0.0

0.0

0.0

0.0

124.8

96%

4%

AoAbTl

295.8

0.0

34.5

34.5

0.0

0.0

0.0

0.0

34.5

88%

12%

ApAaTe

16,056.1

0.8

362.2

363.1

6.8

147.4

34.0

188.2

551.3

97%

3%

ApDpTe

56.3

0.0

5.5

5.5

0.0

0.0

0.0

0.0

5.5

90%

10%

AtTl

70.5

0.0

0.6

0.6

0.0

0.0

0.0

0.0

0.6

99%

1%

AxAvAl

529.8

0.0

32.5

32.5

0.0

0.0

0.0

0.0

32.5

94%

6%

1,076.5

0.0

75.5

75.5

0.0

0.0

0.0

0.0

75.5

93%

7%

AxSahTw

177.1

0.0

6.7

6.7

0.0

0.0

0.0

0.0

6.7

96%

4%

AxSaoTl

95.4

0.0

0.6

0.6

0.0

0.0

0.0

0.0

0.6

99%

1%

CddAdTw

343.0

32.5

0.0

32.5

245.3

0.0

0.0

245.3

277.8

19%

81%

ChAaTw

5,976.7

629.9

0.0

629.9

1695.4

0.0

1.4

1696.7

2326.6

61%

39%

ChAcTe

164.1

0.0

3.3

3.3

0.0

0.0

0.0

0.0

3.3

98%

2%

ChAdTe1

9,617.3

0.0

0.2

0.2

0.0

0.0

0.0

0.0

0.2

100%

0%

ChAiTw1

29,052.1

554.9

0.0

554.9

376.0

0.0

0.0

376.0

930.9

97%

3%

ChAiTw2

4,371.3

131.7

109.2

241.0

831.9

0.0

0.0

831.9

1072.9

75%

25%

ChAiTw3

2,235.6

0.0

0.0

0.0

0.5

0.0

0.3

0.8

0.8

100%

0%

ChAiTw4

2,911.2

160.1

109.2

269.3

76.0

0.0

5.2

81.2

350.5

88%

12%

ChAoCf

1,114.8

0.0

3.4

3.4

0.0

0.0

0.0

0.0

3.4

100%

0%

AbTb

AxEx

PEC

This Proposal
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This Proposal

Cumulative

ChApTe1

2,749.9

64.7

4.3

69.1

201.2

2.0

0.0

203.1

272.2

90%

10%

ChApTe2

2,446.4

16.2

35.7

52.0

70.3

0.0

0.0

70.3

122.3

95%

5%

ChApTe3

4,522.7

16.8

0.0

16.8

158.9

0.0

0.0

158.9

175.7

96%

4%

ChApTt

1,757.1

168.1

0.0

168.1

105.4

0.0

0.0

105.4

273.5

84%

16%

ChAtpTw

1,490.7

65.1

0.0

65.1

105.3

0.0

2.6

107.9

173.0

88%

12%

ChGplTe

729.8

0.0

67.1

67.1

0.0

0.0

0.0

0.0

67.1

91%

9%

1,909.0

34.3

9.0

43.3

133.9

0.0

0.0

133.9

177.2

91%

9%

EgAaTe1

3,354.6

0.0

0.0

0.0

0.0

6.9

0.0

6.9

6.9

100%

0%

EgAaTe2

2,729.1

6.6

0.0

6.6

24.2

0.0

0.0

24.2

30.7

99%

1%

EgAaTe3

10,975.0

0.0

98.5

98.5

0.0

0.0

0.0

0.0

98.5

99%

1%

EgAaTe4

2,570.9

0.1

85.1

85.2

21.6

11.0

0.2

32.8

117.9

95%

5%

EgAaTw

5,412.5

32.1

0.0

32.1

77.0

0.0

0.0

77.0

109.1

98%

2%

EllAaTw1

16,524.0

8.4

0.0

8.4

75.2

0.0

0.0

75.2

83.6

99%

1%

107.9

0.0

0.0

0.0

0.0

0.0

0.7

0.7

0.7

99%

1%

EllAbTw1

6,312.1

246.3

0.0

246.3

320.1

0.0

0.0

320.1

566.4

91%

9%

EllAbTw3

2,573.7

3.9

0.0

3.9

128.8

0.0

0.0

128.8

132.7

95%

5%

EllAbTw4

34,628.1

0.0

0.0

0.0

46.4

0.0

0.0

46.4

46.4

100%

0%

EllAbTw5

14,166.2

83.6

0.0

83.6

244.4

0.0

0.0

244.4

328.1

98%

2%

EllAdTw1

1,808.6

3.1

0.0

3.1

22.6

0.0

0.0

22.6

25.7

99%

1%

EllAdTw2

1,755.3

277.4

0.0

277.4

367.0

0.0

11.6

378.6

656.0

63%

37%

EllAiTw

12,426.6

178.6

119.1

297.7

77.2

7.9

28.7

113.9

411.5

97%

3%

EllAmTe

711.7

0.0

32.7

32.7

0.0

0.0

0.0

0.0

32.7

95%

5%

EllApTw1

2,244.2

66.1

0.0

66.1

251.3

0.0

7.8

259.2

325.3

86%

14%

EllApTw2

6,306.5

1.0

0.0

1.0

41.8

0.0

2.2

44.0

45.0

99%

1%

EllAxTp

1,550.2

0.0

4.8

4.8

0.0

0.0

0.0

0.0

4.8

100%

0%

EcApCa

EllAbTe

GDE
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Cumulative

EllGwTw1

1,571.6

105.0

11.4

116.5

119.6

0.0

0.0

119.6

236.1

85%

15%

EllGwTw2

304.8

4.0

0.0

4.0

76.8

0.0

0.0

76.8

80.8

74%

26%

EllHcTw1

49,651.7

430.2

0.0

430.2

3173.1

0.0

0.0

3173.1

3603.3

93%

7%

EllHcTw2

5,779.8

624.5

2.3

626.8

1483.4

0.0

0.0

1483.4

2110.2

63%

37%

EllHcTw3

9,579.2

181.9

0.0

181.9

519.9

0.0

0.0

519.9

701.8

93%

7%

EllHcTw4

11,900.4

91.4

13.8

105.2

347.5

0.0

19.7

367.2

472.4

96%

4%

EllHllTw

14,074.4

0.0

61.6

61.6

0.0

9.1

0.0

9.1

70.7

99%

1%

EoApAl

1,650.8

0.0

74.2

74.2

0.0

0.0

0.0

0.0

74.2

96%

4%

EvAcCc

Potential
GDE

2,837.3

0.0

34.9

34.9

0.0

0.0

0.0

0.0

34.9

99%

1%

EvAcEa

Potential
GDE

3,365.6

0.0

4.6

4.6

0.0

0.0

0.0

0.0

4.6

100%

0%

EvAcpCv

329.1

0.0

21.6

21.6

0.0

0.0

0.0

0.0

21.6

93%

7%

EvAppTt

484.4

0.0

11.3

11.3

0.0

0.0

0.0

0.0

11.3

98%

2%

5,074.1

2.3

0.0

2.3

39.2

0.0

0.0

39.2

41.5

99%

1%

ExAaCv

43.3

0.0

1.8

1.8

0.0

0.0

0.0

0.0

1.8

96%

4%

ExAcpTe

62.3

0.0

2.4

2.4

0.0

0.0

0.0

0.0

2.4

96%

4%

HllAvCf

5,195.4

0.0

2.5

2.5

0.0

36.3

0.0

36.3

38.8

99%

1%

VfAl

10,629.5

0.0

2.3

2.3

0.0

0.0

0.0

0.0

2.3

100%

0%

Total

438,970

4,416

1,897

6,313

11,715

314

118

12,146

18,459

96%

4%

EvAtpTe

Potential
GDE
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Brockman Iron Cracking Clay Community
The cumulative impact to the Brockman Iron Cracking Clay PEC within the Mine Development
Envelope is approximately 11 ha (Table 25). The clearing within the PEC is required for the
installation of approximately 5 abstraction bores and associated infrastructure. Clearing within
the PEC has been minimised where possible by installing more bores in the Lower Borefield
Development Envelope.
The PEC occupies approximately 12,405 ha in the Pilbara bioregion (Ecologia Environment,
2014a), 7,546 ha of which occurs in the Ecologia Environment 2014 survey area. The proposed
clearing of the PEC will result in a 0.08% change in the community on a local scale (i.e. within
the Study area) and 0.04% on a regional scale. This is considered a negligible impact.
The direct clearing within this PEC has been minimised where possible by:


Only proposing to clear 6 ha for an additional 5 water bores with the majority of the
abstraction bores located outside of the PEC



Strict clearing practices minimising the opportunity for unapproved clearing



Simultaneous development of the Lower Borefield.

Table 25:

Direct Clearing of Brockman Iron Cracking Clay PEC

Community

PEC Brockman Iron Cracking
Clay Community

Approved
Mine
Footprint
5 ha

Proposed
Mine
Footprint
6 ha

Solomon Hub
Survey (Ecologia
2014a)

Pilbara
Bioregion

% Loss (Local/
Regional)

7,546 ha

12,405 ha

0.08% / 0.04%

The cumulative impact of clearing on this PEC will be approximately 11 ha. Potential indirect
impacts as a result of the Proposal include smothering by dust. During operation the borefield
will be attended to daily by technicians to ensure the borefield is operating correctly and periodic
maintenance will be undertaken utilising a small number of vehicles. The small number and
frequency of vehicle movements will result in minimal dust generation. Wheel generated dust
will be minimised by enforcing a suitable speed limit for vehicles within the borefield and
ensuring vehicles only travel on defined tracks.
Fortescue developed the Southern Borefield TEC/PEC Management and Monitoring Plan Operations (SO-PL-EN-0013) in consultation with DPaW. Section 5.2.4 of the plan concludes
that “vegetation in the area is adapted to naturally high ambient dust levels, and is not
anticipated to be impacted by the minor increase in dust emissions due to access tracks and
pads”.
The PEC is not considered groundwater dependent or partially groundwater dependent
therefore no indirect impacts are expected as a result of groundwater drawdown.
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Groundwater Dependent Ecosystems
Direct clearing for the Proposal will impact on 168 ha of GDEs and 41.5 ha of potential GDEs in
the Study area (Table 26).
The vegetation surrounding the Zalamea Pools is described by Ecologia Environment (2014a)
as Groundwater Dependent Vegetation Community - EcApCa:


Eucalyptus camaldulensis and Melaleuca argentea low woodland over Acacia pyrifolia
tall sparse shrubland over Tephrosia rosea and Corchorus crozophorifolius mid sparse
shrubland over Cymbopogon ambiguus open tussock grassland

Seventy hectares of this vegetation community is proposed to be cleared for mining when the
Zion Pit is mined and the Zalamea Pools in the vicinity of the pit will be removed. The removed
vegetation comprises a cumulative loss of 10.6 % of vegetation unit EcApCa and therefore
there is unlikely to be a decline of the vegetation community as the remaining regional extent
remains well above the 30% threshold required for the longevity of the community. Similarly,
the cumulative loss of vegetation type EvAtpTe will be 0.9%. This is considered to be a
negligible impact.
Table 26:

Potential Impact to Groundwater Dependant and Potentially Groundwater Dependent
Ecosystems

Community

Study Area
(ha)

Approve Mine
Footprint (ha)

Mine (ha)

Rail (ha)

Lower
Borefield (ha)

% Loss

1,909

34.32

168.2

0

0

10.6%

EvAcCc

2,837.3

0

0

0

0

-

EvAtpTe

5,074.1

2.30

41.5

0

0

0.9

EvVfCc

111

0

0

0

0

-

11,277

2.30

41.5

0.00

0.00

0.4%

GDE
EcApCa
Potential GDE

Total Potential GDE

The Hamersley Gorge GDE vegetation communities are not proposed to be cleared as a part of
this proposal.

Direct Loss of Conservation Significant Flora
No Threatened flora listed under the EPBC Act or the WC Act will be affected by the Proposal.
Based on vegetation communities and landforms present, it is unlikely that any Threatened
Flora exists within the Development Envelopes. This is supported by extensive searches for
L. catapycnon within the Study area, which have not recorded this species and therefore no
losses are anticipated.
This Proposal will directly impact on individuals of seven Priority flora species as a result of
vegetation clearing. These seven Priority species are all represented in the Solomon region
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and, with the exception of the Priority 2 species Gompholobium karijini, are well represented in
the greater Pilbara region. It is therefore considered that the removal of these species is unlikely
to result in a significant decline in their regional representation and as such would not be
considered significant.
Vegetation clearing will impact upon G. karijini where 5,691 of 8,447 individuals will be cleared,
comprising 67% of the known individuals. This percentage however is likely to be an artefact of
sampling as the Original Proposal required targeted sampling to be undertaken to prove the
Original Proposal will not have a significant impact on G. karijini. The targeted sampling was
undertaken within the development envelope but outside of the Original Proposals footprint, in
close proximately to the known locations. While the 2014 Level 2 flora and vegetation
assessment (Ecologia Environment, 2014a) used a quadrat sampling system and shows a
greater range of the species in terms of population’s locations but was not targeted to
G. karijini and therefore less individuals were identified.
When the individuals of G. karijini are grouped into populations using a 500 m separation
distance as per the DPaW Project Threatened and Priority Flora Report Form - Field Manual
(DEC, 2010), there are 61 populations of which 33 are located outside of the development
envelopes. Figure 37 shows the population distribution of G. karijini. The population distribution
in Figure 37 shows a trend extending along the Hamersley Range.
Given the likely trend along the Hamersley Range, Fortescue commissioned Ecologia to
undertake distribution mapping to determine potential habitat where G. karijini is likely to be
found. The program MaxEnt (version 3.3.3) was used to model G. karijini habitat using the
following environmental variables:


368 records of G. karijini



Geology (1:250;000)



Land systems (Van Vreeswyk et al. 2004)



Digital Elevation Model (DEM) (Shuttle Radar Topography Mission (SRTM) derived
DEM Version 1), approximately 90 x 90 m pixel size



Regolith Depth (Wilford et al. 2014)



Topographic Position Index (Gallant and Austin 2012)



Multi-resolution Valley Bottom Floor (MrVBF) (Gallant et al. 2012).

The MaxEnt model covered an area of approximately 450 km by 160 km, centred on the
Solomon Mine, plus an area across northern part of Karijini National Park which was
approximately 50 km by 220 km.
The model identified that potential habitat for G. karijini is over 13,000 ha (Ecologia
Environment, 2015b) and trends northwest to southwest along the Hamersley Range. The
potential locations are shown on Figure 37.
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Given that the results of the 2014 Level 2 flora and vegetation assessment has almost doubled
the range of the previously known extent of the G. karijini’s populations at Solomon, and that
sampling targeted to Ecologia’s distribution mapping’s potential habitat is likely to further extend
the range southwest across Karijini National Park, it is unlikely that this Proposal will have a
significant impact on the species, G. karijini.
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Figure 37
Mapped distribution of
Gompholobium karijini
and its Prospective Habitat
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The Original Proposal received approval for disturbing seven Priority species. There will be no
further impact to three of these species. An additional two species not previously disturbed are
proposed to be cleared for this Proposal. These are:


Aristida jerichoensis var. subspinulifera (Priority 1)



Eremophila magnifica subsp. magnifica (Priority 4).

No Priority Flora populations will be impacted by the Lower Borefield or Rail.
Cumulative impacts to priority species are presented in Table 27.
Table 27:

Impact on Threatened and Priority Flora Individuals

Taxa

5

Con.
Status

State

Approved
Footprint
(MS862)

Proposed Cumulative Cumulative
Footprint
Impact
Impact
(%)

Aristida jerichoensis var.
subspinulifera

P1

1,124

0

8

8

0.71

Gompholobium karijini

P2

8,447

1,803

3,888

5,691

67.37

Acacia daweana

P3

56

1

0

1

1.79

Acacia effusa

P3

1,058

230

249

479

45.27

Indigofera sp. Gilesii (M.E.
Trudgen 15869)

P3

384

14

19

33

8.59

Triodia sp. Millstream (A.A.
Mitchell PRP207)

P3

414,070

22,000

0

22,000

5.31

Eremophila magnifica subsp.
magnifica

P4

1,021

0

238

238

23.31

Goodenia nuda

P4

6,200

55

37

92

1.48

Rhynchosia bungarensis

P4

1,328

1

0

1

0.08

Other Significant Flora Species
There are three species that represent significant range extensions recorded in the Proposal
area according to Ecologia Environment (Ecologia Environment, 2014a). Of these, only Triodia
microstachya will be directly impacted by the Proposal (Table 28).
One population of Triodia microstachya was recorded in the Proposed Mine Footprint. This
species was recorded at three locations in the Solomon region. The WA Herbarium have 25
records of this species however whether this represents individuals or populations is unknown.
It is unlikely that the clearing of T. microstachya at Solomon will have an impact on the longterm survival of the species.

5

Data sourced from FloraBase, DPaW database searches, Fortescue database and all surveys listed in Section 8.1.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 132

SO-RP-EN-0104

Table 28:

Impact on Other Significant Flora
Taxa

Triodia microstachya

Approved Mine

No. Populations in Mine
Development Envelope

0

No. Populations
Study Area

State

3

25

1

6

Fragmentation of Vegetation
Fragmentation of vegetation may result in the decline of vegetation community health. Edge
effects from adjacent infrastructure are considered vectors for the spread of weeds and can
lead to increased signs of disturbance in vegetation previously considered in ‘Very Good’
condition. If the gap between populations is too large then it is possible that the area may
become genetically isolated. Fragmentation of vegetation communities may degrade an area to
such an extent that it becomes unsuitable habitat for local flora and fauna species.
The Proposal footprint will result in the local geographical isolation of several areas of native
vegetation from adjacent vegetation. This will lead to quite large local islands of vegetation that
can provide protected pockets of remnant vegetation. The smallest island is approximately
50 ha in size and is surrounded by mine pits and infrastructure. The communities located in
these islands include:


EllHcTw1



EllHcTw2



EllHcTw3



ChAaTw.

These communities extend over 5,000 ha beyond the Development Envelopes. It is possible
that some of these fragmented areas will degrade over time due to edge effects, but it is not
anticipated that the isolation of these communities within the Development Envelopes will have
a significant impact on these communities. In addition, progressive rehabilitation will act to reestablish ecological linkage of isolated islands of vegetation with the surrounding environment.

Indirect Impacts to Sheetflow Dependent Vegetation
Mulga communities can be impacted by impedance or diversion of surface drainage leading to
water starvation of the tree roots. Mulga communities retain surface flow and encourage water
infiltration. Impacts on Mulga communities can result in increased soil erosion and increased
downstream flood levels.

6

Denotes DPaW records only and are likely to represent populations rather than individuals
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Mulga communities that may be impacted by altered hydrology have been identified and
mapped in the Lower Borefield and the Rail Corridor Development Envelopes.
There are a number of drainage lines in this vicinity which have potential to be interrupted by
roads and pipelines. Roads will be constructed at ground level and pipes will be buried at
locations of drainage lines to minimise impact on natural drainage.
The Lower Borefield Development Envelope and the Rail Corridor Development Envelope
contain approximately 7,076 ha of sheet flow dependent vegetation. The rail is an existing and
operating rail. Direct and indirect impacts on sheetflow communities have been addressed as
part of the Original Proposal. The impact to sheetflow dependent vegetation as a result of this
Proposal is not likely to be any greater than for the Original Proposal.

Indirect Impacts to Groundwater Dependent Vegetation
This section discusses impacts to groundwater dependent vegetation and potential groundwater
dependent vegetation. Indirect impacts to groundwater pools from groundwater abstraction is
discussed in Section 12.
Mine dewatering is required to enable mining of ore below the water table. Drawdown in the
Mine Development Envelope will be restricted to the CID aquifer as this part of the stratigraphy
comprises the main aquifer in the mine site area. Dewatering will result in a cone of depression
around the pits, confined to the CID unit during mining and for the duration of the aquifer
recharge after closure. The CID aquifer within the mine area was predicted to be fully
dewatered for the Original Proposal and it is expected that the cone of depression in the mine
area will be largely unchanged in comparison to the original PER. However, drawdown will
extend further south than originally predicted, through the Castle Valley in response to mining in
this region. This drawdown will not impact on identified environmental receptors. Any
vegetation, including GDE and potential GDE vegetation in Zalamea Creek in the CID
drawdown area will be directly impacted through clearing.
Indirect impacts to GDE vegetation may occur as result of abstraction lowering the water table.
The key factors that relate to potential for groundwater dependent vegetation to be affected is
the vegetation species, depth to water table, seasonal variations in the water table, magnitude
of the drawdown, climatic conditions and the rate at which drawdown occurs. As discussed in
Section 8.3.5 vegetation types and associations considered sensitive to groundwater drawdown
are EcApCa, EvAcCc, EvAtpTe and EvVfCc. As previously discussed, EvAcCc, EvAtpTe and
EvVfCc are potential GDEs dominated by Eucalyptus victrix.
In DoW’s publication Determining water level ranges of Pilbara riparian species, the DoW noted
that E. victrix had a mean maximum depth to groundwater of 4 m from the surface but was
found in areas where depth to groundwater was as great as 8.55 m (Loomes, 2010b). Many
studies (Batini, 2009); (Astron, 2009), draw attention to E. victrix having an extensive root
system in the first 2 m of soil from which it obtains its water and nutrients and are less likely to
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send down deep roots to source water at depth, although deeper rooting adaptation to arid
conditions has been observed in this species.
Considering that E. victrix is more likely to draw water from soil moisture in the first 2 m of soil
and that they have been observed in areas where depth to groundwater is approximately
8.55 m, Fortescue has used Loomes (2010b) depth to groundwater of 9 m as a cut-off at which
it is unlikely that E. victrix would access groundwater, if they do so at all. Therefore, any
drawdown created by groundwater abstraction that lowers the water table below 9 m is
considered for the purpose of this impact assessment as an impact which may affect the health
of E. victrix if the species is accessing groundwater. That is, where E. victrix is dependent on
groundwater, they are able to cope with a lowering in groundwater provided the groundwater
level does not fall below 9 m from surface over prolonged periods.
In the same publication, DoW identified E. camaldulensis’s maximum groundwater depth was
approximately 9.21 m (Loomes, 2010b). Based on this study, it is assumed dewatering that
reduced depth to groundwater to greater than 9 m over a prolonged period may potentially have
an impact on the health of E. camaldulensis.
Figure 38 demonstrates the 2014 (pre abstraction) depth to groundwater where the water table
is approximately 9 mbgl in the area surrounding the Fortescue River on the edge of the Lower
Borefield. It is noted that vegetation type EvAcCc occurs within the 9 m contour, that is, that
depth to groundwater beneath EvAcCc is less than 9 m.
Figure 38 also demonstrates the depth to groundwater in the same area after 25 years of
groundwater abstraction. After 25 years, the 9 m contour has moved closer to the area mapped
as EvAcCc and intercepts a small area to the south-east. This area is on the boundary of
Fortescue’s Lower Borefield Groundwater Model and therefore a conservative estimate of
approximately 110 ha has been calculated as the potential area in which there may be impacts
to the health of EvAcCc, if E. victrix is dependent on groundwater.
However, noting the many references to E. victrix as a vadophyte (obtaining water from soil
moisture) and that the vegetation in this area occurs within the Fortescue River system which is
likely to experience regular surface water inundation in most years, it is more likely that the E.
victrix in this area is utilising available soil moisture in the first 2-3 m of soil rather than sending
deeper tap roots down to obtain its water from the water table.
Figure 39 shows the 2014 water levels in the area surrounding the Southern Borefield and
illustrates that prior to abstraction the vegetation community EcApEa and EvVfCc are located
within the 9 m depth to groundwater contour. Figure 39 also demonstrates the 9 m groundwater
contour after 25 years of groundwater abstraction. The majority of vegetation community’s
EcApEa and EvVfCc remain within the 9 m contour, with approximately 7 ha of EcApEa and
20 ha of EvVfCc, located where groundwater drawdown is predicted to be greater than 9 m.
These areas will potentially experience a 1-3 m change in drawdown as a result of the
abstraction from the Southern Borefield. This is not considered significant as a water level
change between 1-3 m is within the natural range of groundwater fluctuations in the Pilbara.
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Additionally, the area of vegetation community’s EcApEa and EvVfCc shown on Figure 39 that
is outside of the 9 m groundwater contour are located where the groundwater has a depth of up
to 12 mbgl prior to the borefield commencing abstraction and therefore the predicted drawdown
from the Southern Borefield in Weelumurra Creek is unlikely to cause a significant impact to
vegetation types EcApEa and EvVfCc.
Batini (2009) noted in his study of impacts of groundwater drawdown at Hope Downs that
reductions in the groundwater table over 2.5 years by up to 19 m as a result of dewatering at
Hope Downs 1 have not lead to a substantial decline in E. victrix and E. camaldulensis foliage
cover. The predicted drawdown expected at the Lower and Southern Borefields, beneath
potential GDE’s, are only half the levels observed at Hope Downs and other sites where rapid
rises and falls in groundwater in response to flood events and extended periods of drought have
not impacted the health of E. victrix (Batini, 2009).
Indirect impacts to GDE vegetation communities within Hamersley Gorge is not expected as
groundwater drawdown from the Southern Borefield will be managed outside of Karijini National
Park such that it does not impact on groundwater level within Hamersley Gorge.
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8.10

Proposed Management

Fortescue will continue to implement comprehensive management measures in order to
minimise potential impacts on flora and vegetation, significant flora species and the locally
significant vegetation communities identified within the Development Envelopes.

Effectiveness of Current Management – Flora and Vegetation
Vegetation management techniques have been effective, particularly with regard to the results
of the 2014 rehabilitation monitoring. Obligations under MS 862 require management of direct
and indirect impacts to vegetation and further investigations regarding conservation significant
vegetation and flora. Compliance reporting for MS 862 included the following specifics:


Two new weed species have been identified within mine development envelope.
These plants have been removed and the locations are now monitored in accordance
with the Weed Management Plan (45-PL-EN-0013) (Fortescue, 2011c) (Appendix 4).



Weed reference sites have been selected and submitted to the OEPA for approval,
and baseline and biennial weed surveys have been completed.



The 2014 Compliance Assessment Report (CAR) for Solomon stated that 36.4 ha of
rehabilitation has been undertaken (within the mine development envelope) for the
following; airstrips, the old Fly Camp; borrow pits for mining areas and linear
disturbance such as access tracks. The 2014 CAR also reported that 1025.25 ha of
the Rail Corridor Development Envelope has been rehabilitated to date.



A survey of the Robe Pisolite vegetation unit and the priority species Gompholobium
karijini was completed and the survey report was published on Fortescue’s website in
2011.



Additional flora and vegetation surveys undertaken following the 2011 Robe Pisolite
Assessment and Targeted Gompholobium karijini (P2) Survey, Solomon Mine Project
(Coffey Environments, 2011) have identified that only 46% of the known populations of
G. karijini are located with the development envelopes and therefore Fortescue is
unlikely to have a significant adverse impact on the conservation of G. karijini.
Furthermore, the 2014 Solomon Hub Flora and Vegetation Assessment was
significantly larger than the previous surveys and did not identify any vegetation units
that were restricted to the Robe Pisolite geological unit.



Targeted Priority flora surveys were completed prior to any ground disturbing activities
to avoid impacts and the survey reports were published on Fortescue’s website in
2011.



Developed the Significant Flora and Vegetation Management Plan (45-PL-EN-0017)
(Fortescue, 2012a) (Appendix 4) to minimise impacts to priority flora.



The alignment of Rail Corridor was adjusted to avoid the Wall Creek Waterhole.
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Vegetation within Kangeenarina Creek and Zalamea Creek have been monitored in
accordance with the Kangeenarina Creek and Zalamea Gorge Vegetation Monitoring
Program (SO-PL-EN-0011).

Measures Proposed
Table 29 outlines avoidance, minimisation and mitigation measures for vegetation and flora.
Table 29:

Mitigation Measures for Vegetation and Flora

Category

Mitigation

Avoidance

Clearing of the TEC – Themeda grasslands on cracking clays will be avoided.
Clearing of sheetflow dependent vegetation and groundwater dependant vegetation will be
avoided where possible.
Lowering the water table below GDEs within Hamersley Gorge will be avoided.

Minimisation

Minimise vegetation clearing of non-essential activities to those areas considered absolutely
necessary for safe construction and operation.
Minimise clearing of significant flora species outlined in Section 8.5 wherever possible.
Southern Borefield clearing will be restricted to 6 ha (a total of 11 ha when including areas
currently approved in accordance with MS 862) within the Brockman Iron Cracking Clays
PEC.
Where possible, minimise disruption to drainage patterns, in particular to the sheet flows that
are important to the banded Mulga vegetation types.
Maintain Kangeenarina and Weelumurra groundwater-fed pools in accordance with current
management plans to minimise impacts on phreatophytic vegetation.

Management

All rehabilitation and revegetation work will be conducted in accordance with the
Rehabilitation and Revegetation Management Plan 45-PL-EN-0023 (Fortescue, 2013e)
(Appendix 4) and the Solomon Mine Closure Plan SO-PL-EN-0016 (Fortescue, 2013d)
(Appendix 5).
Sheetflow Dependent Ecosystems will be managed in accordance with the Solomon Rail
Project Mulga Management Plan SO-PL-EN-0001 (Fortescue, 2010b) (Appendix 4),
Significant Flora and Vegetation Management Plan 45-PL-EN-0017 (Fortescue, 2012a)
(Appendix 4) and the Surface Water Management Plan 100-PL-EN-1015 (Fortescue, 2012b)
(Appendix 4).
Direct and indirect impacts on conservation significant flora and vegetation will be managed
under the Significant Flora and Vegetation Management Plan 45-PL-EN-0017 (Fortescue,
2012a) (Appendix 4).
Surface water management will be implemented in accordance with the Surface Water
Management Plan 100-PL-EN-1015 (Fortescue, 2012b) (Appendix 4).
Groundwater Dependent Ecosystems in Kangeenarina creek north will be managed under
the Kangeenarina Pools Supplementation Plan – Northern Pools 600SO-00018-RP-HY-0003
(Fortescue, 2014b).
The indirect impacts associated with the spread of weeds will be managed in accordance
with the existing Weed Management Plan 45-PL-EN-0013 (Fortescue, 2011c) (Appendix 4).
The TEC and PEC will be managed and monitored in accordance with the Southern Borefield
TEC/PEC Management and Monitoring Plan Operations SO-PL-EN-0011 (Fortescue, 2014a)
(Appendix 4).
The Emergency Management Sub-Plan: Bushfire Management 100-PL-EM-0009 (Fortescue,
2014c) (Appendix 4) outlines fire prevention protocols during construction and operation.
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Category

Mitigation

Research and
Modelling

Monitor impacts of groundwater drawdown on GDEs in Kangeenarina Creek North in
accordance with the Kangeenarina Pools Supplementation Plan – Northern Pools 600SO00018-RP-HY-0003 (Fortescue, 2014b) (Appendix 4).
Monitor surface water flow to identify potential impacts to sheetflow dependent vegetation
Continue hydrogeological modelling to ensure that water levels associated with the GDEs are
managed appropriately

Direct Clearing
Direct clearing of native vegetation for the Proposal is unavoidable. Clearing will be limited to
areas necessary for the operation and expansion of the Solomon Mine, Lower Borefield and
Rail infrastructure.
Areas no longer required for mining activities will be rehabilitated as per the Rehabilitation and
Revegetation Management Plan (100-PL-EN-0023) (Fortescue, 2013e) (Appendix 4) and the
Solomon Project Mine Closure Plan (SO-PL-EN-0016) (Fortescue, 2013d) (Appendix 4).

Brockman Iron Cracking Clay PEC
Fortescue will minimise clearing in the PEC by ensuring all clearing within the PEC is
undertaken in accordance with the Southern Borefield TEC/PEC Management and Monitoring
Plan – Operation (SO-PL-EN-0011) (Fortescue, 2014a) (Appendix 4) and will be limited to less
than 6 ha (in addition to the approved 5 ha).
A Borefield management plan for both construction and operation have been devised following
advice from DPaW for the management and monitoring of the Southern Borefield where it
occurs within the PEC.
The management plan applies to installation of pipelines and operation of the Southern
Borefield and has been successful in minimising impacts on the PEC. A DPaW site visit in 2014
confirmed compliance with the plan.
Key management actions specific to managing impacts in the PEC and TEC include:


A dedicated environmental officer will be on site at all times during works conducted
within the PEC and will be responsible for the implementation of environmental
management measures, supervision of contractors and staff.



Access will be minimised to the extent required for installation and ongoing maintenance
and monitoring of the borefield. No unauthorised access to the borefield will be
permitted.



As far as practicable, any access to the PEC will be restricted to dry soil conditions in
order to minimise impacts relating to changes in overland water flows, erosion, and risks
of the introduction and spread of weeds.
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As far as practicable, activities within the PEC will be undertaken during the late dry
season in order to minimise the length of time that the soils remain bare and prone to
erosion before the onset of the wet season rains.



Sumps are required for the collection of water from drilling, airlifting and pump testing of
the bores, such that the fines can be allowed to settle from the water before discharge of
the water off the pad.



All disturbed areas will be progressively rehabilitated and made safe, stable, nonpolluting and have demonstrated capacity to support a self-sustaining ecosystem similar
to the surrounding natural environment



Monitoring sites have been established within the TEC and PEC. Although direct
disturbance to the TEC is not proposed, monitoring sites are proposed to be located
within the TEC to assess any indirect impacts (Southern Borefield TEC/PEC
Management and Monitoring Plan – Operations SO-PL-EN-0013 (Fortescue, 2014a)
(Appendix 4).

Threatened and Priority Flora
Priority flora located within the Proposal Envelopes will be managed under the Significant Flora
and Vegetation Management Plan (45-PL-EN-0017) (Fortescue, 2012a) (Appendix 4). The
management plan requires each of Fortescue’s operations to prepare and implement sitespecific management and monitoring programs.
The objective of the management plan is to minimise direct and indirect impacts of Fortescue’s
operations on significant flora. The plan is inclusive of Priority flora and other significant flora
species as identified in Section 8.5.
The Significant Flora and Vegetation Management Plan 45-PL-EN-0017 (Fortescue, 2012a)
(Appendix 4) outlines a series of environmental management objectives to mitigate
environmental impacts that can be caused by construction, operation, and decommissioning,
including:


Minimise impacts to the condition and regional conservation status of significant flora
and vegetation within the Fortescue Operations Area.



Ensure occurrences of significant flora and vegetation within the Fortescue Operations
Area are documented, and measures to minimise potential impacts to the
conservation values of these taxa are implemented.



Develop significant flora and vegetation monitoring programs to detect any impacts
caused by Fortescue’s construction, operation and decommissioning activities.



Develop management thresholds, triggers and responses in order to protect
vegetation and flora conservation values.
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Management actions have been developed for each objective to ensure that appropriate
monitoring, reporting and corrective actions are implemented to support the successful
implementation of the management actions.

Riparian Vegetation
A Riparian Vegetation Monitoring Program has been developed to address Condition 11 of
MS 862 as part of the Original Proposal. Vegetation health monitoring will be undertaken in
accordance with the Kangeenarina Creek and Zalamea Gorge Vegetation Monitoring Program
SO-PL-EN-0011, which addresses both the Kangeenarina Creek and Zalamea Creek
vegetation monitoring program.
Riparian vegetation from Zalamea Creek is proposed to be cleared for mining as a result of the
Proposal, thus monitoring of Zalamea vegetation is proposed to cease and will be removed from
the Vegetation Monitoring Program.
The plan has been prepared in accordance with the requirements of Fortescue’s Flora and
Vegetation Assessment Guidelines (100-GU-EN-0005), Significant Flora and Vegetation
Monitoring Guidelines (45-GU-EN-0001) and Geographic Information Systems and Raw Data
Guidelines (100-GU-EN-0009) as well as the requirements of the (then) DEC’s guidance on
Designing a Monitoring Program for Significant Native Flora (Harding & Williams, 2010).
Management of riparian vegetation within the Proposal Envelopes are included in the Significant
Flora and Vegetation Management Plan (45-PL-EN-0017) (Fortescue, 2012a) (Appendix 4).
Regular monitoring of groundwater levels and quality, as well as surface water quality is
necessary under the Significant Flora and Vegetation Management Plan (45-PL-EN-0017)
(Fortescue, 2012a) (Appendix 4) to ensure there are no negative impacts on this type of
vegetation.
GDEs are managed under Fortescue’s Significant Flora and Vegetation Management Plan (45PL-EN-0017) (Fortescue, 2012a) (Appendix 4). Site-specific management plans will be
prepared in accordance with the Significant Flora and Vegetation Management Plan (45-PL-EN0017) (Fortescue, 2012a) (Appendix 4) and include management objectives that have been
developed to mitigate environmental impacts on GDEs.
Due to the highly variable nature of rainfall in the Pilbara, a degree of variation in the health and
cover of riparian vegetation is expected between seasons and between years. Vegetation
health is expected to directly correlate to regional inter-annual and decadal rainfall trends, albeit
with some delay to account for response time. As such, management actions associated with
trigger values will initially instigate further investigation including comparison of vegetation data
with groundwater monitoring data, comparison with regional rainfall trends and an increase in
monitoring frequency. Continued decline in health and cover will result in implementation of
more significant management techniques.
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Sheet flow Vegetation
To minimise impacts on sheet flow dependent vegetation, the main trunkline is proposed to be
located adjacent and parallel to the rail, and buried where it intersects with drainage lines or
access tracks. Additionally, the pipelines and access tracks connecting the main trunkline to the
water bores will be buried where necessary. Periodic pipe raises will be included in the pipeline
design as necessary to minimise impact to sheet flow.
The main trunkline of the Lower Borefield will be constructed adjacent and parallel to the
Hamersley Line and therefore management of sheet flow dependent vegetation will be in
accordance with the Solomon Rail Mulga Management Plan (SO-PL-EN-0001) (Fortescue,
2010b) (Appendix 4), the Significant Flora and Vegetation Management Plan (45-PL-EN-0017)
(Fortescue, 2012a) (Appendix 4) and the Surface Water Management Plan (100-PL-EN-1015)
(Fortescue, 2012b) (Appendix 4). The plan provides a management framework to avoid and
minimise impacts on mulga communities, including providing prescriptive monitoring programs.
The monitoring program objectives are:


Monitor condition of Mulga and other significant vegetation communities within and
adjacent to the Fortescue Operations Area



To the extent possible, establish if changes in these vegetation communities are
occurring as a result of Fortescue’s activities



If changes are caused by Fortescue’s activities, and are impacting or threaten to
impact vegetation conservation values, develop management strategies to mitigate or
minimise these impacts/threats



Where incomplete knowledge constrains the development and implementation of
management strategies, an adaptive management approach will be adopted.

Weeds
Weeds have the potential to directly and indirectly impact on flora and vegetation. Historically,
weeds in the Pilbara have been introduced through pastoral activities for domestic purposes
(EPA, 2014a). The modification of landscapes and movement of soil has the potential to
increase the spread of weeds.
The control of weeds will be managed under Fortescue’s existing Weed Management Plan (45PL-EN-0013) (Appendix 4). The overarching weed management plan aims to use a combined
integrated approach of weed control, hygiene, prevention and rehabilitation.

8.11

Predicted Residual Outcome

The Proposal will result in the unavoidable clearing of 12,146 ha (in addition to the approved
6,313 ha) of native vegetation including some priority listed species and vegetation communities
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that are considered to be locally significant. Table 30 summarises residual impacts expected
after mitigation measures are applied.
Table 30:

Summary of Residual Impacts for Flora and Vegetation after Management and Mitigation

Potential Impact

Residual Impact after
Management

Regional Significance

Removal of vegetation in Mine
Development Envelope

Initial impact 11,715 ha,
rehabilitation of some areas postclosure.

Vegetation at the regional scale is
well represented with >90%
remaining.

Removal of vegetation in Rail
Corridor Development Envelope

Potential loss of up to 277 ha,
rehabilitation of some areas postclosure.

Vegetation communities are well
represented

Removal of vegetation in Lower
Borefield Envelope

Potential loss of 154 ha,
rehabilitation of some areas postclosure.

Vegetation communities are well
represented

Groundwater abstraction impact on
GDEs

Potential degradation of 7 ha
potential GDE

The additional impacts on GDEs is
in addition to, but not significantly
different from, the Original Proposal.

Changes in surface water impact on
sheetflow dependent Mulga

No direct loss of sheet flow
dependent Mulga

Impact is not expected to change
from the Original Proposal.

Impact on Brockman Iron Cracking
Clay PEC

Clearing of 6 ha in Brockman Iron
Cracking Clay PEC (11 ha
cumulative impact)

Community extends over 12,405 ha
therefore no local or regional impact
anticipated.

Impacts on Threatened or Priority
Flora

Potential loss of Priority flora from
seven Priority species.

All Priority species are well
represented on a local and regional
scale apart from G. karijini which will
be have 46% of known populations
impacted within the Development
Envelopes.

Potential introduction of weed
species

No new weed species introduced

No significant impact

Impacts from Clearing
The Proposal will result in the permanent loss of 12,146 ha (in addition to the approved
6,313 ha) of native vegetation. Fortescue has implemented the Ground Disturbance Permits
(GDP) Procedure (100-PR-EN-004). The procedure is an internal process to ensure all
approvals and in place (environment, heritage, land access, land tenure etc.) and management
measures implemented to ensure the land can be disturbed in accordance with statutory
approvals and without resulting in unacceptable impacts. The site environment team review all
GDP applications, and prior to approving a GDP application, the proposed disturbance area is
assessed for impacts to significant flora and vegetation. If an unacceptable impact to flora and
vegetation is proposed, the area to be disturbed is altered or conditions imposed on the GDP
approval to protect significant flora and vegetation as required.
Additionally rehabilitation and progressive rehabilitation during mining and post-closure will
attempt to restore functioning ecosystems in disturbed areas. The permanent loss of 12,146 ha
of vegetation is considered to be a significant impact. Refer to Section 15 for consideration of
offsets.
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Impacts to Conservation Significant Vegetation
Combined with the Original Proposal, the cumulative total loss of the Brockman Iron Cracking
Clay PEC is 11 ha. Considering the known extent of this community (12,405 ha), this is not
considered to be a significant impact.

Impacts to Groundwater Dependent Vegetation
Fortescue considers that whilst there is a potential for a decline in vegetation health within
approximately 110 ha of EvAcCc and 20 ha of EvVfCc, this is unlikely given E. victrix is more
likely to be obtaining water from soil and other studies have demonstrated that E. victrix is
capable of coping with large falls in groundwater levels. A system of monitoring bores will be
located within the footprint of the Lower Fortescue and Southern Borefield and this will identify
changes in groundwater levels. Monitoring frequency will be detailed in any groundwater
operating strategy submitted to the DoW in support of a RIWI Act, Section 5C Licence
Application.

Impacts to Conservation Significant Flora
The cumulative impact of the Proposal will directly impact on individuals of seven Priority flora
species as a result of vegetation clearing. These seven Priority species are all represented in
the Solomon region and, with the exception of G. karijini, are well represented in the greater
Pilbara region. It is therefore considered that the removal of these species is unlikely to result in
a significant decline in their regional representation and as such would not be considered
significant.
Priority 2 species G. karijini is known only from within and adjacent to the Mine Development
Envelope. This proposal is likely to clear approximately 46% of the known populations of
G. karijini. Figure 37 shows the population distribution of G. Karijini and clearly demonstrates
that there are 61 populations of which 33 are located outside of the development envelopes and
approximately 0.4% occur within Karijini National Park (conservation estate). Therefore it is
unlikely that G. karijini will be significantly impacted by this Proposal.
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Terrestrial Fauna
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9.

TERRESTRIAL FAUNA

The Solomon region has been subject to numerous fauna assessments undertaken for the
Solomon Project with additional work conducted for this Proposal. The purpose of the fauna
assessments was to define the ecological values of the Solomon region and identify significant
environmental factors within the survey area.
In 2014, a comprehensive Level 2 terrestrial fauna survey was undertaken by Ecologia (2014d)
over the Development Envelopes. The results of this survey and previous surveys from
Solomon and the surrounding region (within approximately 100 km of the Proposal) were
amalgamated into one comprehensive survey report. This has enabled a detailed understanding
of existing fauna and fauna habitats of the Solomon region.

9.1

Project Surveys

Collectively, 17 fauna investigations have been considered including targeted fauna studies,
comprehensive Level 2 assessments, and fauna monitoring programs. The habitats within the
Proposal Envelopes support a range of fauna species, including several that are endemic to the
region and/or listed for protection under State and Commonwealth conservation legislation.
The studies included for defining the existing environment for the Proposal include:


Level 2 Terrestrial Vertebrate Fauna Assessment for the Solomon Project (Coffey
Environments, 2008).



Solomon Project: Kings Area – Vertebrate Fauna Assessment (Ecologia Environment,
2010).



Solomon Project Airstrip Fauna Assessment (Ecoscape, 2010d).



Vertebrate Fauna and Fauna Habitat Assessment for the Firetail Project (Ecoscape,
2010e).



Solomon Project – Firetail, Short-Range Endemic Invertebrate and Habitat Assessment
(Ecoscape, 2010f).



Level 1 Vertebrate Fauna Assessment – Solomon Rail Project (Coffey Environments,
2010b).



Short Range Endemic Invertebrate Survey of Solomon Project: Kings Area and
Reference Sites (Phoenix Environmental Sciences, 2010).



Central Pilbara Project – Mine: Targeted Conservation Significant Fauna Survey
(Ecologia Environment, 2011).



Targeted surveys – Northern Quolls, Mulgara and Pilbara Olive Pythons: Solomon Rail
Project (Coffey Environments, 2011b).
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Targeted surveys – Northern Quolls and Pilbara Leaf-Nosed Bats: Solomon Project
(Coffey Environments, 2011c).



Solomon Mine Annual Conservation Significant Fauna Monitoring Report 2012
(Ecologia Environment, 2013d).



Solomon Mine Annual Conservation Significant Fauna Monitoring Report 2013
(Ecologia Environment, 2014e).



Fortescue Metals Group Ltd Proposed Gas Pipeline – Targeted Threatened Fauna
Survey (Outback Ecology (MWH Australia Pty Ltd), 2013).



Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d)
(Appendix 6).



Solomon Hub Short Range Endemic Fauna Report (Ecologia Environment, 2014c)
(Appendix 7).



Solomon Iron Ore Project - Rail Conservation Significant Fauna Monitoring 2012
(Ecologia Environment, 2013e).



Solomon Rail Annual Monitoring – Conservation Significant Fauna Monitoring Report
2013 (Ecologia Environment, 2014f).

The outcomes of these studies have been used to inform the impact assessment for Proposal.
Key findings, particularly for species of conservation significance, are described in the following
sections (Section 9.2).

9.2

Vertebrate Fauna Habitat

Three broad habitats and eleven sub units were recorded in the Proposal development
envelopes. These include:




Drainage:
o

Major drainage lines/river/creek

o

Gorges and gullies

Plains
o

Cracking clay plain

o

Stony gibber plains, including lower slopes and midslopes

o

Alluvial plains

o

Stony calcrete plains

o

Hummock grassland

o

Tussock grassland (on loam/clay)
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o

Open eucalypt woodland

o

Open shrubland



Hills
o

Hills/ranges/plateau

The fauna habitat types are detailed in Table 31 and their spatial distribution shown in
Figure 40 and Figure 41.
Table 31:

Fauna Habitats of the Solomon Development Envelopes

Habitat Type

Description

Habitat Extent
(within 30 km of
development
envelopes) (ha)

Drainage
line/River/Creek
(Major)

This habitat supports mature Eucalyptus victrix trees with patches of
dense mixed Acacia spp. shrubs and tussock grasses such as Themeda
triandra, Chrysopogon fallax and/or Cenchrus ciliaris lining the banks. The
trees contain varying sized hollows and create an abundance of woody
debris and leaf litter on the banks. The substrate of the major drainage line
is a clay‐loam on the banks and a continuous bed of smooth river pebbles
in the larger creek beds (Ecologia Environment, 2014d).

12,005

Gorges and
gullies

The gorge and gully habitat type is limited to areas adjacent to the hilltops,
hillslopes, ridges and cliffs habitat type. The sheltered nature of this
habitat creates a microclimate that is slightly cooler and often more humid
than the surrounding open areas of hillslopes and plains. It therefore acts
as a refuge for a number of specialised vertebrate and invertebrate fauna
species. Further, the rocky cliffs and breakaways associated with gorges
and gullies create crevices and caves in this habitat that can provide
shelter for a range of fauna species. The vegetation of the gorge and gully
habitat is broadly described as Eucalyptus leucophloia subsp. leucophloia,
and/ or Acacia citrinoviridis low woodland over Acacia bivenosa and other
Acacia spp. tall scattered shrubs to high open shrubland over
Cymbopogon ambiguus and Eriachne mucronata very open tussock
grassland and Triodia wiseana very open hummock grassland on areas of
large boulders, outcropping and bedrock, with skeletal red‐brown sandy
clay loam soils (Ecologia Environment, 2014d).

6,679

Hilltops/ridges/
plateau

Cliffs existed along the side of ridges and hills where hillslopes break
away into sheer rock faces. The crevices and caves which occur in cliff
faces can provide shelter for a range of fauna species. Vegetation in this
habitat was dominated by Triodia wiseana open hummock grasslands,
with Eucalyptus leucophloia subsp. leucophloia scattered low trees and
occasional shrubs including Acacia bivenosa, Acacia hamersleyensis and
subspecies of Senna glutinosa on a continuous layer of bedrock and
scattered pebbles and stones (Ecologia Environment, 2014d).

60,045

Hummock
grassland

The vegetation of Hummock grasslands is characterised by isolated trees
of Eucalyptus leucophloia subsp. leucophloia and Acacia aptaneura over
sparse to medium dense Acacia/Senna spp. shrubs over Triodia
epactia/pungens hummock grassland. These often undulating plains
consist of firm, red, fine clay‐sands with numerous loose rocks. The
amount of leaf litter and woody debris is usually low within these habitats
(Ecologia Environment, 2014d).

22,964

Plain (alluvial)

The floodplains are characterised by Mulga open woodland to woodland,
occasionally with Acacia citrinoviridis, over Acacia spp. scattered shrubs
to high open shrubland over Chrysopogon fallax and Eragrostis spp.
tussock grassland and/or spinifex very open hummock grassland. There
were patches of Triodia epactia open hummock grassland with Acacia
xiphophylla (Snakewood) scattered tall shrubs and isolated low trees. The

135,774
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Habitat Type

Description

Habitat Extent
(within 30 km of
development
envelopes) (ha)

substrate of this habitat is firm, red‐brown, loamy clay, with some surface
crust and cracks with common ironstone gravel of pebbles and stones or
occasionally with calcrete stones. Areas of Mulga woodland have fairly
sparse leaf litter accumulated under shrubs/trees and moderate wood litter
(Ecologia Environment, 2014d).
Plain (cracking
clay)

This is a unique habitat type that contains little to no overstorey and is
often dominated by one or two tussock grass species. The vegetation is
described as isolated shrubs of Sida spinosa and/or Vachellia farnesiana
located amongst dense tussock grassland dominated by Chrysopogon
fallax, Themeda sp. Hamersley Station (P3) and/or Astrebla pectinata
grass species. The soils are characterised by firm cracking clays that
contained many cracks and crevices. Rocks/stones/pebbles, leaf litter and
woody debris is almost entirely lacking from this habitat type (Ecologia
Environment, 2014d).

70,763

Plain (stony
calcrete)

The two areas of stony calcrete plains are adjacent to major drainage
lines. Vegetation of the stony calcrete plains was described as Eucalyptus
victrix and/or Corymbia hamersleyana isolated low trees over Acacia
wanyu, A. synchronicia, Hakea lorea and Melaleuca sp. scattered shrubs
to high open shrubland over Triodia epactia hummock grassland,
occasionally with *Cenchrus ciliaris open tussock grassland. The substrate
of this habitat is firm red‐brown clay‐loam with a 30‐70% cover of pebble
gravel and only sparse leaf litter or woody debris (Ecologia Environment,
2014d).

10,460

Plain (stony
gibber)

The stony Spinifex plains habitat is the third most elevated of the habitat
types following the hilltop habitat type and the gorge and gully habitat
type. This habitat consisted of a very open to open shrubland of Acacia
aptaneura, Acacia pruinocarpa, Acacia bivenosa and Senna glutinosa
over Triodia wiseana hummock grassland on a continuous layer of
bedrock and scattered pebbles and stones. Wood litter and leaf litter is
generally sparse in this habitat (Ecologia Environment, 2014d).

710,269

Shrubland
(open)

The vegetation of this habitat was dominated by a mixed shrubland to high
shrubland of Acacia spp., including Acacia aptaneura, Acacia atkinsiana,
Acacia synchronicia and other Acacia spp. over spinifex hummock
grassland and occasionally with Corymbia hamersleyana or Acacia
aptaneura isolated trees. Soils in this habitat were firm, red‐brown loamy
clay with continuous ironstone pebble gravel. This habitat contained only
minimal woody debris and leaf litter, mostly accumulated under the larger
shrubs and trees (Ecologia Environment, 2014d).

14,351

Tussock
grassland (on
loam/clay)

The tussock grassland borders the Mulga woodlands, sometimes creating
large ecotones between the two habitat types. The vegetation within the
tussock grasslands is dominated by Eragrostis spp., Themeda spp., and
Astrebla spp., with sparse Acacia sp. and *Vachellia farnesiana shrubs
and occasional Eucalyptus sp. and Acacia sp. trees. The ground is
relatively bare and there is almost no leaf litter or woody debris in the
soils. Soils vary from weakly formed cracking clays to firm clay‐loam. This
habitat is heavily grazed by cattle (Ecologia Environment, 2014d).

5,803

Woodland
(open Eucalypt)

This habitat type consists of moderately dense Eucalyptus leucophloia
subsp. leucophloia and Acacia aptaneura trees over Acacia spp. shrubs
over mixed tussock and hummock grasslands on loam or clay soils with
pebbles present. Wood litter is usually sparse to moderately dense. Leaf
litter can build up over time in denser areas which have not been subject
to fire, such as the Acacia thickets (Ecologia Environment, 2014d).
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9.3

Terrestrial Vertebrate Fauna

Fauna surveys have been conducted in the Solomon Mine and Rail development areas since
2008. A recent survey report (Ecologia Environment, 2014d) consolidated data from previous
surveys. Surveys undertaken include:


detailed fauna surveys over the Mine and Lower Borefield Development Envelopes



targeted surveys of threatened and protected species



Short Range Endemic invertebrate species.

The consolidation component of the 2014 study (desktop study), which reviewed database
searches and previous fauna surveys, indicated that a total of 42 native and eleven introduced
mammal species, 157 bird species, 112 reptile species, eight amphibian species and seven fish
species have the potential to occur within the Development Envelopes and surrounds (Ecologia
Environment, 2014d). This report can be found in Appendix 6.
Extensive fauna surveys have been undertaken in the project area in accordance with Guidance
Statement 56, Terrestrial Fauna Surveys for Environmental Impact Assessment in Western
Australia (EPA, 2004b). These fauna investigations were completed to:


define fauna species, assemblages and habitats



identify conservation significant fauna and fauna habitats



determine the potential impacts of the proposed project on relevant fauna species,
assemblages and associated habitats



develop management and mitigation strategies to avoid, minimise and mitigate impacts
on fauna.

The vertebrate fauna surveys undertaken within and around the Proposal Envelopes have been
extensive and have used the following techniques:


pitfall traps



funnel trap



Elliot trap



cage trap



bird surveys



diurnal opportunistic surveys



bat recordings analysed



nocturnal opportunistic surveys
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motion cameras.

A summary of total terrestrial fauna species identified in the desktop assessment or recorded
during the surveys using the methodologies listed above is provided in Table 32. A
comprehensive listing of all species can be found in Appendix 6 (Ecologia Environment, 2014d).
Table 32:

Vertebrate Fauna Identified as Potentially Occurring and Recorded within Development
Envelopes

Fauna Group
Mammals

Desktop Assessment

Number of Species Recorded

53 (11 introduced species)

34 (3 introduced species

Birds

157

114

Reptile

112

104

Amphibian

8

5

Fish

7

4

Total

337

261

Mammals
The most commonly captured mammal species within the Solomon fauna survey area (the Mine
and Lower Borefield Development Envelopes and a buffer) include the little red kaluta
(Dasykaluta rosamondae), Pilbara ningaui (Ningaui timealeyi), stripe-faced dunnart
(Sminthopsis macroura) and the sandy inland mouse (Pseudomys hermannsburgensis). During
the 2014 fauna survey undertaken for the Proposal (Ecologia 2014b), the most commonly
captured species were the Pilbara ningaui, little red kaluta and the desert mouse (Pseudomys
desertor). The remains of two black flying-foxes (Pteropus alecto) were also found near the
Southern Borefield area during the most recent fauna survey. Three introduced mammal
species have been recorded, including the house mouse (Mus musculus), feral cat (Felis catus)
and cattle (Bos taurus).

Avian Fauna
The number of birds that have been recorded within the Solomon fauna survey area is relatively
high for surveys within the Pilbara region. During the most recent survey for the proposal
(Ecologia Environment, 2014d), several observations were made of birds occurring near the
edges of their known distribution. This included records of the Flock Bronzewing (Phaps
histrionica; occurring south of its typical range), Australian Pratincole (Stiltia isabella; 12 km
south of the Southern Borefield), and White-backed Swallow (Cheramoeca leucosterna).

Herpetofauna
The 109 species of herpetofauna recorded within the Solomon fauna survey area have
comprised 104 reptile species and five amphibians. The species of herpetofauna most
commonly recorded within the Solomon area include the Pilbara Toadlet (Uperoleia saxatilis),
Main’s Frog (Cyclorana maini), Ctenotus inornatus, Ctenotus superciliaris, Leopard Ctenotus
(Ctenotus pantherinus) and Carlia munda. The most commonly captured species during the

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 155

SO-RP-EN-0104

most recent fauna survey undertaken for the proposal were the Leopard Ctenotus, Carlia
munda, the Central military Dragon (Ctenophorus isolepis) and the Fat-tailed Gecko
(Diplodactylus conspicillatus).

Fish
Four species of freshwater fish have been recorded by fauna surveys for the Solomon Project.
These species include the Spangled Perch (Leiopotherapon unicolor), Barred Grunter
(Amniataba percoides), Hyrtl’s Tandan (Neosilurus hyrtli) and Western Rainbowfish
(Melanotaenia australis).

9.4

Fauna of Conservation Significance
7

The 2014 fauna assessment (Ecologia Environment, 2014d) identified 28 vertebrate fauna
species, listed as either conservation significant (EPBC Act, WC Act Schedule 1) or Priority
fauna (DPaW Priority list), that could potentially occur within the fauna survey study area
(Ecologia Environment, 2014d):


nine mammal species



fifteen bird species



four reptile species.

Sixteen of these species have been recorded across the Solomon survey study area (Ecologia
Environment, 2014d). One species was assessed as having a high likelihood of occurrence and
one species as having a medium likelihood of occurrence. The remaining ten species are
considered to have a low likelihood of occurrence and have been discussed briefly in Table 33
and excluded from further consideration in this Chapter.
Those species assessed as known or likely to occur within the Proposal Envelope are also
listed in Table 33 and described further in the following sections. Recorded locations of fauna
of conservation significance are demonstrated in Figure 40 and Figure 41.

7

Since the issue of Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d), two bird species (Bush Stone
Curlew and Flock Bronzewing) have been deleted from the DPaW priority lists. As such the number of vertebrate species has been
reduced from 30 to 28.
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Rport
Table 33:

Conservation Significant Fauna Species Potentially Occurring within Proposal Envelope

Species

Conservation Status
Cwlth

State

Endangered

Endangered

8

Habitat

Distribution

Ecology

Likelihood of Occurrence

In the Pilbara, most
common on dissected
rocky escarpments, but
also found in open
eucalypt woodland within
200 km of the coast. It
favours rocky areas with
suitable denning sites and
utilises gullies and
drainage lines.
Surveys and fauna
assessments have
determined that:

The Northern Quoll
occurs in five regional
populations across
Queensland, the
Northern Territory and
Western Australia both
on the mainland and on
offshore islands (DotE,
2014).

Northern Quolls have a short
life span (1 – 3 years).
Breeding habits make this
species highly vulnerable to
extinction.
Juveniles suffer high mortality
once leaving the pouch. The
species is an opportunistic
omnivore, with a varied diet.
Females occupy home ranges,
with males appearing to a
roving strategy to enable them
to monitor the onset of oestrus
(DotE, 2014).

Recorded. Northern Quolls
have been recorded during
numerous targeted surveys
undertaken between 2010
and 2014.
Surveys and fauna
assessments have
determined that:

Mammals
Northern Quoll
(Dasyurus hallucatus)

 Gorges and Gullies
habitat type is used for
denning and foraging.
 Drainage
line/River/Creek
(Major) is considered
suitable habitat for
dispersal and foraging.
 Hilltops/ridges/plateaux
habitat is considered
suitable for dispersal
and foraging.
Greater Bilby
(Macrotis lagotis)

8

Vulnerable

Vulnerable

Variety of habitats on soft
soil including spinifex
hummock grassland,






Bilby populations are
restricted predominantly
to the Tanami Desert,

Source: Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d) (Appendix 6)

The species is in general a
solitary animal, nocturnal and
can breed throughout the year.

Gorges and Gullies
habitat type is used for
denning and foraging.
Drainage
line/River/Creek (Major)
is considered suitable
habitat for dispersal and
foraging.
Hilltops/ridges/plateaux
habitat is considered
suitable for dispersal
and foraging.

Low. Low quality habitat
present with lack of
confirmed records close by
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Species

Conservation Status
Cwlth

Pilbara Leaf-nosed
Bat
(Rhinonicteris
aurantia (Pilbara
form))

Vulnerable

Distribution

Ecology

Likelihood of Occurrence

acacia shrubland, open
woodland and cracking
clays.

Northern Territory, the
Great Sandy and Gibson
Deserts, Western
Australia, and an outlying
population between
Boulia and Birdsville in
south-west Queensland
(DotE, 2014).

Females can commence
breeding at six months, and
life span in captivity is greater
than five years. The Greater
Bilby is an opportunistic
omnivore with a diverse diet.
The species is highly mobile,
with large foraging ranges
(DotE, 2014).

the Proposal footprint.
Secondary evidence
recorded during two
previous surveys within
30 km of Solomon. Not
recorded during any surveys
of the Hamersley Line or
Solomon Mine.
The Bilby was recorded in
the Fortescue Rail Corridor
80 km east of the Proposal
footprint.

Roost in caves with high
humidity (95%) and
temperature (32°C).
Forage along water bodies
with fringing vegetation.
Surveys and fauna
assessments have
determined that:

The Pilbara form of the
species is restricted to
the Pilbara region and
has been recorded from
three discrete
subpopulations: eastern
Pilbara mines and
granite, Hamersley
Range, Upper Gascoyne
(DotE, 2014).

Females mature after about
seven months, and males at
about 16 months. Life
expectancy is approximately
10 years. Feeding is expected
to favour moths and beetles,
with some utilisation of insects
such as termites. Colony size
and location appears to be
linked to availability of water,
and environmental conditions
with some recorded
permanent colonies (DotE,
2014).

Recorded (foraging
individuals only).
Surveys for the Original
Proposal and the Proposal
have recorded eight foraging
individuals in the area
surrounding the Solomon
Mine in the gorges and
gullies and drainage
line/river/creek (major)
habitat. No roost caves have
been recorded or are
expected to occur within the
area.

Spectacled Hare‐
wallabies were once
widely distributed across
the lower latitudes of
northern Australia from

Spectacled Hare‐wallabies
have such efficient kidneys
that they do not need to drink.

Medium. One confirmed
previous record within 20 km
of the Proposal. Distribution
and status of species
currently poorly understood

State

Vulnerable

 Gorges and Gullies
habitat type is used for
denning and foraging.
 Drainage
line/River/Creek
(Major) is considered
suitable habitat for
dispersal and foraging.
 Hilltops/ridges/plateaux
habitat is considered
suitable for dispersal
and foraging.
Spectacled Harewallaby
(Lagorchestes
conspicillatus)

NA

8

Habitat

Priority 3

Inhabits grasslands, open
forests, open woodlands
and tall shrublands and
shelters during the day
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Species

Conservation Status
Cwlth

8

Habitat

Distribution

Ecology

Likelihood of Occurrence

under tussocks of Triodia
spp.

eastern Queensland,
through the Northern
Territory to the Pilbara
and Kimberley in
Western Australia, with a
subspecies on Barrow
Island off the northwest
coast.

They rely on water
metabolized from their food.

within the Pilbara. One
NatureMap record from
1966 near Mt Sheila (20 km
east of the Proposal); two
further records from
Chichester Range from
1979.

State

Long-tailed Dunnart
(Sminthopsis
longicaudata)

N/A

Priority 4

Rocky hills, ranges and
escarpments with spinifex.

The species is largely
found in rocky country in
the western arid zone of
Australia. It occasionally
occurs in open country
with a gravel or stony
mantle. The Long-tailed
Dunnart is rarely
encountered in Western
Australia where it is
known to occur in the
Pilbara, north-eastern
Goldfields, Murchison,
Ashburton and Gibson
Desert regions.

It is a small, carnivorous
marsupial and feeds on
beetles, ants, spiders,
cockroaches, grasshoppers,
centipedes and larvae.
Little is known about the
species including threats to its
survival. Threatening
processes may include altered
fire regimes, habitat
modification as a result of
grazing and associated
invasion by Buffel grass as
well as predation by foxes and
feral cats.

Recorded. Recorded from
on a previous survey within
the Proposal Envelopes
from two locations in
Hills/Ranges/plateau habitat
(Ecologia Environment,
2014d). Recorded from six
regional locations to the
west of the Proposal
Envelopes.

Brush-tailed Mulgara
(Dasycercus blythi)
Note: D. blythi is now
accepted as distinct
from D. cristicauda
(Vulnerable,
Schedule 1), following
a molecular study of
the genus
Dasycercus (Woolley
2005).

N/A

Priority 4

Sand plains and gibber
plains with moderately
dense spinifex with
‘runways’ between clumps.

The Brush-tailed Mulgara
is endemic to Australia,
where it is widely
distributed in arid regions
of the central and
western parts of the
country. Records of
Mulgara in Western
Australia are generally
accepted to be
associated with D. blythi.
As the separation of D.
blythi and D. cristicauda
has occurred relatively

It is generally a solitary
species that hunts at night,
although it is not strictly
nocturnal (DoE 2014).
The species maintains
complicated, extensive
burrows with multiple
entrances. Burrows are
predominantly located on the
eastern side of dunes, with
latrines located near the
entrance. Life span in the wild
is likely to be 2- 3 years, with
litters of up to eight recorded in

Low. No typical suitable
habitat exists within or near
the Proposal footprint.
Previous records occur to
the north east between the
Chichester Range and the
Coast.
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Species

Conservation Status
Cwlth

Habitat

Distribution

Ecology

recently, the identity of
museum specimens must
be re-checked before the
true range limits of both
species can be
determined (DotE, 2014).

August and September. The
species is an opportunistic
carnivore. It is thought that the
species is probably sedentary
(DotE, 2014).

8

Likelihood of Occurrence

State

Ghost Bat
(Macroderma gigas)

N/A

Priority 4

Roost in caves, rock piles
and abandoned mines. Will
travel 2 km from roost to
hunt.

This species is endemic
to Australia, being found
in WA, the Northern
Territory and Queensland
in separate colonies
distributed across
northern tropical and
subtropical coastal and
inland regions

The Ghost Bat is Australia’s
only carnivorous bat, with diet
including large insects, frogs,
lizards, birds, small mammals
and other bats. Prey is often
captured on the ground, and
consumed at an established
feeding site (rock overhang or
small cave) (DotE, 2014).

Recorded. Recorded during
three previous surveys from
locations within and
adjacent to the Proposal
Envelopes. Although
suitable hunting and
potential roosting habitat is
present in
Hills/Ranges/plateau habitat,
no roosting sites have been
identified within the Proposal
Envelopes.

Short-tailed Mouse
(Leggadina
lakedownensis)

N/A

Priority 4

Occurs in spinifex and
tussock grassland on
cracking clays. Also Acacia
shrubland, samphire,
woodlands, and stony
ranges.

This species is endemic
to northern Australia, and
is found from Cape York
in the east to the Pilbara
in WA.

The Northern Short-tailed
Mouse is nocturnal, with a
gestation of approximately 30
days. Populations apparently
fluctuate dramatically (DotE,
2014).

Recorded. Recorded in
Plain (Cracking Clay) and
Tussock Grassland (on
loam/clay) habitat during the
2014 fauna survey. Multiple
records also exist from four
previous surveys within the
Solomon area (Ecologia
Environment, 2014d).

Western Pebblemound Mouse
(Pseudomys
chapmani)

N/A

Priority 4

Foot slopes of rocky
ranges and rocky hills
where the ground has
continuous small pebbles
and is vegetated by
spinifex.

This species is endemic
to the non-coastal,
central and eastern parts
of the Pilbara. It occurs
throughout the central
and southern Pilbara
region and extends into
the lower ranges of the
Little Sandy Desert.

Mounds of the Western
Pebble-mound mouse cover
areas of 0.5 – 9.0 m2 and are
lasting structures which may
contain more than one nest
(DotE, 2014). A single active
mound can contain up to 25
mice. The species breeds
throughout the year and

Recorded. Active and
inactive mounds recorded
during the 2014 fauna
survey for the Proposal as
well as on previous surveys
in the Solomon area. Utilises
Hills/Ranges/plateau, Plain
(stony gibber) habitat.
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Species

Conservation Status
Cwlth

Habitat

Distribution

Ecology

8

Likelihood of Occurrence

State
females produce several litters
of four young each year.

Avian Fauna
Night Parrot
(Pezoporus
occidentalis)

Endangered

Critically
Endangered

Mostly ground-dwelling;
spinifex grasslands or
samphire and chenopod
shrublands.

The distribution of the
Night Parrot is very
poorly understood, with a
small number of
confirmed records from
arid and semi-arid
regions of Queensland,
South Australia, Western
Australia and the
Northern Territory (DotE,
2014). There have also
been a number of
unverified reports from
across Australia,
including on recent
unconfirmed sighting in
Queensland.

The expected generation
length of this species is 10
years. Loose nests are
constructed at the end of a
tunnel within Triodia tussock or
small bush; or within a cave.
Diet is expected to contain
green herbage, grass seeds,
roots and tubers (DotE, 2014).

Low. Biology and habitat
utilisation not fully
understood. No chenopod
habitats within study area.
Listed in the EPBC
Protected Matters Search
only, with no specific record
information.

Fork-tailed Swift
(Apus pacificus)

Migratory

Schedule 3

Nomadic, almost entirely
aerial lifestyle over a
variety of habitats;
associated with storm
fronts.

The Fork-tailed Swift is
found across all states
and territories of
Australia, and globally in
Asia, New Zealand, the
UK and North America.

The Fork-tailed Swift does not
breed in Australia. The species
has been recorded eating
small bees, wasps, termites
and moths. This species is an
aerial eater, which feeds in
flocks of 10 – 1000 birds
(DotE, 2014).

Recorded. This species is
nomadic and almost entirely
aerial over a variety of
habitats. It has been
previously recorded in the
vicinity of the Solomon area
and was also recorded
during the 2014 fauna
survey for the Proposal.

Rainbow Bee-eater
(Merops ornatus)

Migratory

Schedule 3

Open country, most
vegetation types, dunes,
banks; prefer lightly
wooded, preferably sandy,
country near water.
Suitable habitat in the form

The species is found
throughout mainland
Australia, and globally
across Asia.

The breeding season extends
from August to January. The
species feeds on insects, and
occasionally other animals
such as earthworms and
tadpoles. Cane Toads are a

Recorded. Recorded from
53 locations within the
Proposal Envelopes and in
the Greater Solomon area.
The Drainage
line/River/Creek (Major) is
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Species

Conservation Status
Cwlth

Habitat

Distribution

8

Ecology

Likelihood of Occurrence

known threat to this species,
due to nests being located on
the ground (DotE, 2014).

considered suitable foraging
and nesting habitat for this
species.

State
of open forests and
woodlands, shrublands
and in various cleared or
semi-cleared habitats is
available within the
Proposal Envelopes. The
Drainage line/River/Creek
(Major) is considered
suitable foraging and
nesting habitat for this
species.

Eastern Great Egret
(Ardea modesta)

Migratory

Schedule 3

Wide range of wetland
habitats, including
floodwaters, rivers,
shallows of wetlands,
intertidal mudflats.

The Eastern Great Egret
is found across all states
and territories of
Australia, and globally in
Asia and New Zealand.

The breeding season for this
species is variable (November
– April), depending to some
extent on rainfall. Nesting
occurs in colonies. Diet and
foraging behaviours are
diverse. Pairs will defend a
small nest territory within the
colony. Threats to the species
include loss or degradation of
foraging and breeding habitat
(DotE, 2014).

Recorded. This species has
been commonly recorded
across the Pilbara in the
presence of suitable wetland
habitat where surface water
is present. The species has
been previously recorded
from one location within the
Proposal Envelopes. It is
likely to utilise the Drainage
line/River/Creek (Major)
habitats when surface water
is present.

Grey Falcon
(Falco hypoleucos)

NA

Vulnerable

Generally open inland
plains and woodland.

The species is rare,
nomadic and is sparsely
distributed across much
of arid and semi-arid
Australia. It is restricted
to the northern half of
Western Australia where
it is found in a variety of
habitats including
wooded drainage
systems, open
woodlands, Acacia
shrubland, low

The Grey Falcon feeds
predominantly on birds
including parrots and pigeons,
and also eats reptiles and
mammals. The species lays its
eggs in the nests of other birds
of prey or ravens during
winter; usually in tall
Eucalyptus trees adjacent to
water.

High. This species has been
recorded on a number or
previous surveys within the
region, but not within the
Solomon area. It has the
potential to occur in all
habitats within the Proposal
Envelope (Ecologia
Environment, 2014d).
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Species

Conservation Status
Cwlth

Habitat

Distribution

8

Ecology

Likelihood of Occurrence

State
shrublands and
grasslands. It can also be
found around swamps
and waterholes, which
attract its prey.

Peregrine Falcon
(Falco peregrinus)

NA

Schedule 4

The Peregrine Falcon is
widespread in Australia
and may utilise a range of
habitat types within the
Proposal Envelope.
Suitable foraging and
nesting habitat (cliff faces)
is present within study
area.

It is a nomadic or
sedentary falcon,
widespread in many
parts of Australia except
for most of its deserts.
The Peregrine Falcon is
considered to be
relatively common in the
Stirling Range,
uncommon in the
Kimberley, Hamersley
and Darling Ranges, and
scarce or rare in other
places. It is found most
commonly near cliffs
along the coast, rivers,
ranges, and around
wooded watercourses
and lakes.

The species feeds largely on
birds, particularly parrots and
pigeons. It lays its eggs mainly
in September in nests that it
builds on cliff ledges, granite
outcrops and in quarries. It
sometimes also nests in tree
hollows around wetlands.

High. Recorded adjacent to
the Proposal Envelope and
surrounding region during
previous surveys. This
species was recorded in the
Drainage line/River/Creek
(Major) habitat which is likely
to provide drought refuge
and suitable foraging
material. The Peregrine
Falcon is widespread in
Australia and may utilise a
range of habitat types within
the Proposal Envelope

Australian Bustard
(Ardeotis australis)

N/A

Priority 4

Open grasslands,
chenopod flats and low
heathland.

Its distribution occurs
across the whole of
Australia where it utilises
a range of open habitats
such as open or slightly
wooded grasslands,
chenopod flats,
heathlands and plains
(Ecologia Environment,
2014d). The Australian
Bustard is nomadic and
ranges over large
expanses.

Its abundance varies locally
and seasonally between
scarce and common
depending on rainfall and food
availability. The species feeds
on grasses, fruit, seeds,
insects and small vertebrates.
Although the abundance of
Australian Bustards across
Australia is still substantial,
historically their numbers have
declined as a result of hunting,
habitat degradation by stock,

Recorded. Commonly
recorded within open plains
habitat both within the
Proposal Envelope and
surrounding region. This
includes habitat types; Plain
(stony gibber), Plain
(cracking clay), Hummock
grasslands, Plain (alluvial),
Shrubland (open), Plain
(stony calcrete), and
Tussock grassland (on
loam/clay).
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Species

Conservation Status
Cwlth

Habitat

Distribution

Ecology

8

Likelihood of Occurrence

State
rabbits, and predation by cats
and foxes.

Cattle Egret
(Ardea ibis)

Migratory

Eastern Osprey
(Pandion cristatus)

Migratory

White-bellied SeaEagle
(Haliaeetus
leucogaster)

Migratory

Schedule 3

Schedule 3

Grassy habitats, shallow
wetlands and water bodies,
particularly damp pastures.

The Cattle Egret is found
across all states and
territories of Australia,
and globally in Africa,
Europe, Asia and North
and South America.

Cattle Egret breeds in
colonies, utilising artificial
situations and urban areas as
well as wooded swamps. The
species requires the
availability of food for nestlings
at nest sites. Colonial breeding
has been noted as a factor
which inherently makes this
species vulnerable, due to the
relatively small number of
satisfactory sites available
(DotE, 2014).

Low. Typical habitat is
absent within the study area
and there is lack of records
during surveys.
Recorded from EPBC
Protected Matters Search
only with no specific record
information.

Coastal and near coastal
water bodies, along river
systems. Inhabits most
types of habitats except
closed forest.

The breeding range of
the Eastern Osprey
extends around the
northern coast of
Australia (including many
offshore islands) from
Albany in Western
Australia to Lake
Macquarie in NSW.

Eastern Ospreys typically
breed in monogamous pairs
and can live up to 25 years.
Eastern Ospreys mainly feed
on fish, especially mullet
where available, and rarely
take molluscs, crustaceans,
insects, reptiles, birds and
mammals.

Low. Absence of typical
habitat.

Coastal and near coastal
water bodies, along river
systems. Inhabits most
types of habitats except
closed forest.

The species is found
along the coastline of
mainland Australia and
Tasmania, and globally
across Asia.

This species first breeds at
approximately six years. Life
span is up to 30 years, with
pairs breeding in solitary and
monogamous pairs that mate
for life. The species is an
opportunistic feeder. Breeding
adult birds are generally
sedentary, with territories
located close to bodies of
water. Home ranges may be
up to 100 km2 (DotE, 2014).

Low. Absence of typical
habitat.
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Conservation Status

8

Habitat

Distribution

Ecology

Likelihood of Occurrence

Cwlth

State

White-winged Black
Tern
(Chlidonias
leucopterus)

Migratory

Schedule 3

Wetlands and inland
waterbodies.

The species is a nonbreeding migrant to
Australia, where it is
widespread and common
along south-western,
northern and centraleastern coasts, with only
scattered records of
small numbers along the
coasts elsewhere in
southern Australia.

White-winged Black Terns first
breed at two years of age
(DotE, 2014).
White-winged Black Terns
normally breed only in the
Northern Hemisphere and the
species does not breed in
Australia.

Low. Typical habitat absent
within study area with lack of
previous records. Single
NatureMap record within
100 km of study area.

Glossy Ibis
(Plegadis falcinellus)

Migratory

Schedule 3

Typically shallows and
adjacent flats of freshwater
lake and swamps, but it is
also found in river pools,
flooded samphire and
sewage ponds

Within Australia, the
Glossy Ibis is generally
located east of the
Kimberley in Western
Australia and Eyre
Peninsula in South
Australia. The species is
also known to be patchily
distributed in the rest of
Western Australia.

Glossy Ibis breed from mid
spring to the end of summer.
Reproduction may extend to
September to April if there are
persistent food resources at
breeding sites.

Low. Scattered records
throughout the Pilbara. No
typical habitat for this
species within the Proposal
Envelopes. Recorded from
Birdata and three records
from NatureMap within
100 km.

Oriental Plover
(Charadrius veredus)

Migratory

Schedule 3

Open plains, including
samphire; bare rolling
country; bare claypans;
open ground near inland
swamps.

The species occurs
across Australia, in
coastal and inland areas,
mostly in northern
Australia, and globally
across Asia.

The Oriental Plover does not
breed in Australia, however
the entire population is thought
to winter in Australia from midSeptember to March. The
species diet is not well known,
but includes insects such as
termites, beetles,
grasshoppers, crickets and
bugs (DotE, 2014).

Low. Typical habitat absent
within study area with lack of
previous records. Recorded
from Protected Matters
Search only with no specific
record information.
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Distribution
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Likelihood of Occurrence

Cwlth

State

Common Sandpiper
(Actitis hypoleucos)

Migratory

Schedule 3

Coastal and inland
wetlands, with varying
levels of salinity; mostly
found on muddy margins
or rocky shores; rarely
mudflats.

Found along all
coastlines of Australia
and in many areas
inland, the Common
Sandpiper is widespread
in small numbers. The
population when in
Australia is concentrated
in northern and western
Australia.

Generally the species forages
in shallow water and on bare
soft mud at the edges of
wetlands; often where
obstacles project from
substrate.

Low. Typical wetland habitat
absent within study area.
One location record within
vicinity of the Proposal.

Star Finch (western)
(Neochmia ruficauda
clarescens)

N/A

Priority 4

This species prefers
grassland with sparse
vegetation, and is likely to
occur within proximity to
permanent water bodies
during the dry season.
Suitable reed bed
microhabitats have been
recorded within the
Drainage line/River/Creek
(Major) habitat type
present within the Proposal
Envelope.

It occurs across northern
Australia. In the Pilbara
its distribution is patchy
with occasional
concentrations occurring
at Exmouth and
Millstream.

The species’ diet consists
mostly of small grass seeds
and also spiders, flying ants,
termites and other small
insects. The species generally
occurs in pairs or small flocks
and breeds from February to
October.

High. The species has
previously been recorded
within 5 km of the Solomon
area.

Vulnerable

Vulnerable

Watercourses and areas of
permanent water in rocky
gorges, escarpments and
gullies, particularly rock
pools.
Surveys and fauna
assessments have
determined that:

The species is restricted
to ranges within the
Pilbara Region, including
the Hamersley Ranges
and the islands of the
Dampier Archipelago
(DotE, 2014). Recent
research/surveys in the
region have found that
Olive Python (Pilbara
subspecies) individuals

The breeding season for this
species occurs from June to
August, with males roving long
distances in search of females.
Sheltered areas such as caves
are utilised for breeding. The
species are adept at swimming
and utilising water holes to
hunt (DotE, 2014).

Recorded. The Olive
Python (Pilbara subspecies)
has been recorded within
Original Proposal area and
suitable habitat is present
within the Proposal
Envelope.

Herpetofauna
Pilbara Olive Python
(Liasis olivaceus
barroni)

 Gorges and gullies
habitat type used for
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Conservation Status
Cwlth

Habitat

Distribution

winter shelter and
foraging.
 Drainage
line/River/Creek (Major)
is considered suitable
habitat for dispersal and
foraging.
 Hilltops/ridges/plateaus
habitat is considered
suitable for dispersal
and foraging.

are usually in close
proximity to water and
rocky outcrops that
attract suitable sized prey
species (i.e. euros, fruit
bats, birds) (Pearson,
2006). The species has
also been found in
neighbouring spinifex
grasslands (DotE, 2014).

8

Ecology

Likelihood of Occurrence

State

Gane’s Blind Snake
(Ramphotyphlops
ganei)

N/A

Priority 1

Variety of habitats; thought
to prefer moist gorges.

Little is known about the
species due to its
fossorial lifestyle.
Although rarely
observed, the species
has previously been
recorded within the
Pilbara between
Newman and
Pannawonica.

Blind snakes are insectivorous
and it is believed that Gane’s
Blind Snake feeds on ants and
termites as well as their pupae
and eggs by burrowing into
their colonies. It is believed
that Gane’s Blind Snake
prefers subterranean habitats
in close proximity to moist
gullies and gorges.

Recorded. The species has
previously been recorded
within the Proposal
Envelopes and greater
Solomon area in the
Gorges/gullies habitat.

Pilbara Barking
Gecko
(Underwoodisaurus
seorsus)

N/A

Priority 2

Rocky upland habitats
including hills, plateaus
and ranges.

This species is found
exclusively on ridge tops
and in rocky gorges
associated with the
Hamersley range.

Little is known in relation to the
ecology of the species but it is
predicted to be a nocturnal
ground dweller that feeds
primarily on insects and
smaller geckos.

Recorded. Previously
recorded within the Proposal
Envelope. This species
occurs on tops of hills and
ridges found within the
Hills/Ranges/Plateau
habitat.

Lined Soil-crevice
Skink
(Notoscincus butleri)

N/A

Priority 4

Associated with spinifex
dominated areas near
creek and river margins.

Its distribution is limited
to the arid north-west
near-coastal portion of
the Pilbara region;
extending from the
Dampier district to
Harding River dam.

Little is known about the
ecology of the species. It is a
secretive species but readily
basks in sunshine. The Lined
Soil-crevice Skink lays eggs
and feeds on invertebrates.

Recorded. Recorded within
the greater Solomon area
during previous surveys in
Hummock grassland and
Plain (stony calcrete)
habitat.
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EPBC Act Listed Species
Three species listed under the EPBC Act as threatened fauna (and under the WC Act as
Schedule 1) were recorded from within the Proposal Envelope:


Northern Quoll (Dasyurus hallucatus)



Pilbara Leaf-nosed Bat (Rhinonicteris aurantia (Pilbara form)); foraging individuals
only)



Pilbara Olive Python (Liasis olivaceus barroni).

The following listed migratory species were also recorded within the Proposal Envelope during
fauna surveys:


Eastern Great Egret (Ardea modesta)



Fork-tailed Swift (Apus pacificus)



Rainbow Bee-eater (Merops ornatus).

A description of these species including information on their abundance, distribution, ecology
and habitat preferences is provided in Section 10.
The ESD also referred to the following:


Night Parrot (Pezoporus occidentalis)



Greater Bilby (Macrotis lagotis)



Mulgara (Dasycercus blythi).

The Night Parrot and Greater Bilby are unlikely to occur in the Solomon Proposal Envelopes as
suitable habitat is not present and surveys have not detected any individuals or populations
within 30 km. There is also no suitable habitat for Mulgara within the Proposal Envelopes.

9.5

Short Range Endemic Invertebrates

Short Range Endemic Fauna (SRE) species are those that due to isolation to distinct habitats
become differentiated and specialised. The level of differentiation is most frequently determined
by limited dispersal, low growth rates, low fecundity and reliance on discontinuous habitats.
SRE populations in the Pilbara often have lineages linking back to historically wetter periods
and often persist in habitats slightly damper than their surrounds.
Several SRE invertebrate surveys have been conducted in the Proposal Envelopes and the
surrounding region since 2010, including a comprehensive 2014 field survey, comprising:


950 wet pit traps open for 423 days (38,198 trap-days)



1,110 dry pit traps open for seven nights (7,770 trap-nights)
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260 hours of opportunistic foraging



411 m2 of leaf litter collected.

The SRE survey effort and results from 2010 to 2014 have been combined in a comprehensive
report by Ecologia (Appendix 7) and a summary of results are provided below and depicted in
Figure 42.
A total of 115 epigean species identified as confirmed, or potential SREs were determined
through the literature review as likely to occur within the surveyed area (Ecologia Environment,
2014c). This included:


54 arachnids (including 30 spiders, four harvestmen, six scorpions and 19
pseudoscorpions)



29 isopods



10 snails



17 centipedes



five millipedes.

Of these, 49 taxa which are considered to be potential SRE invertebrates (summarised in
Table 34) have been recorded. Of these, ten are potentially restricted to the Development
Envelopes and nine species are also found in the proposed indicative footprint. No confirmed
SREs were recorded (Ecologia Environment, 2014c).
Table 34:

Potential SRE Species Recorded in the Region and Development Envelopes

Potential SRE
Aganippe `MYG085`

Outside Development
Envelope

Proposal Footprint

Recorded

Recorded

Recorded

Recorded

Recorded

Aname ‘MYG168'
Aname 'MYG404-DNA'

Recorded

Aname sp.

Recorded

Aname sp. indet.

Recorded

Anidiops sp. B02

Recorded

Aops 'Pilbara 1'
Armadillidae New genus
‘sp. 3’

Development Envelope

Recorded

Aurecocrypta 'MYG237'

Recorded

Austrochthonius sp. B07

Recorded

Austrohorus sp.

Recorded

Austrohorus sp. B06

Recorded

Beierolpium ‘sp. 7/3’

Recorded

Beierolpium ‘sp. 8/2’

Recorded

Beierolpium ‘sp. 8/3’

Recorded
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Potential SRE

Outside Development
Envelope

Development Envelope

Proposal Footprint

Recorded

Recorded

Recorded

Recorded

Lychas 'rex'

Recorded

Recorded

Mecistocephalidae sp.

Recorded

Recorded

Recorded

Recorded

Synothele sp. (female)

Recorded

Recorded

Synothele sp. (juv.)

Recorded

Recorded

Beierolpium ‘sp. 8/4 small’

Recorded

Beierolpium ‘sp. 8/4’

Recorded

Beierolpium 8/4 sp. B12

Recorded

Beierolpium 'sp 8/4 small'

Recorded

Buddelundia '75'

Recorded

Buddelundia '76'

Recorded

Buddelundia '79'

Recorded

Buddelundia sp.

Recorded

Buddelundia sp. indet.

Recorded

Buddelundiinae 'EE1340'

Recorded

Cethegus sp.

Recorded

Euryolpium sp.

Recorded

Euryolpium sp. B06

Recorded

Geophilomorphae ‘sp.
indet’
Idiommata `MYG382`

Recorded

Kwonkan ‘MYG169'
Kwonkan ‘MYG325-DNA’

Recorded

Lychas 'kings'

Recorded

Mecistocephalus sp. B08

Recorded

Quistrachia sp. nov.
'cancellate'

Recorded

Sepedonophilus sp. B05

Recorded

Succinea sp.

Recorded

Synothele sp. B07

Recorded

Tyrannochthonius sp. B33

Recorded

Tyrannochthonius sp.
indet.

Recorded

Urodacus ‘hamersley
black'

Recorded

Urodacus sp.

Recorded

Yilgarnia ‘MYG327-DNA’

Recorded

Aurecocrypta 'sp female'

Recorded
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Of the 11 general fauna sub-habitat types recorded in the area, all were similar with regards to
their SRE assemblage (Ecologia Environment, 2014c) and all habitats extend beyond the
disturbance area.
Variability of habitats has been linked strongly with invertebrate species richness and
composition. Therefore, the classification and distribution of habitat types in the landscape, and
the species utilising them, provides critical information on species distribution (Ecologia
Environment, 2014c). Statistical analysis was undertaken to find a relationship between species
richness/composition and habitat type, assuming higher species richness/different species
composition in moister habitats. Multi-dimensional Scaling (MDS) results suggest there is no
significant difference between habitats and the SRE fauna assemblage associated with them
(Ecologia Environment, 2014c) and that invertebrates were found in all habitats.

9.6

Management Objective

The EPA objective for terrestrial fauna as per EAG8 is:
To maintain representation, diversity, viability and ecological function at the species, population
and assemblage level
Legislation relevant to the protection and conservation of terrestrial fauna includes:


Wildlife Conservation Act 1950 (WC Act)



Conservation and Land Management Act 1984 (CALM Act)



Environmental Protection Act 1986 (EP Act)



Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

9.7

Guidelines, Policies and Frameworks

Relevant State policies and guidance that specifically relate to this factor include:


Position Statement 3 - Terrestrial Biological Surveys as an Element of Biodiversity
Protection (EPA, 2002).



Guidance Statement No. 20 - Sampling of Short Range Endemic Invertebrate Fauna
for Environmental Impact Assessment in Western Australia (EPA, 2009a).



Guidance Statement No. 56 - Terrestrial Fauna Surveys for Environmental Impact
Assessment in Western Australia (EPA, 2004b)



Technical Guide - Terrestrial Vertebrate Fauna Surveys for Environmental Impact
Assessment (EPA, 2010)



Pilbara Water in Mining Guideline: Report No. 34 (DoW, 2009a)
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Cumulative environmental impacts of development in the Pilbara region. Advice of the
Environmental Protection Authority to the Minister for Environment under Section 16(e)
of the Environmental Protection Act 1986 (EPA, 2014a)



EPA Checklist for documents submitted for EIA on marine and terrestrial biodiversity.

The DoE publishes a range of policy statements as well as recovery plans, survey guidelines
and threat abatement plans for species listed under the EPBC Act. Those relevant to this
proposal are listed in Section 10 (MNES).

International Agreements
Australia is party to the Japan-Australia (JAMBA), Republic of Korea- Australia (ROKAMBA),
China-Australia (CAMBA) Migratory Bird Agreements and the Convention on the Conservation
of Migratory Species of Wild Animals.
JAMBA and CAMBA require the parties to protect migratory birds by:


limiting circumstances under which migratory birds are taken or traded



protecting and conserving important habitats



exchanging information



building cooperative relationships.

The ROKAMBA agreement provides a basis for collaboration on the protection of migratory
shorebirds and their habitat.

9.8

Potential Impacts

The following aspects of the Proposal may affect terrestrial fauna values:


Habitat removal due to vegetation clearing



Restriction or removal of access to breeding habitat, foraging habitat or water sources



Indirect impacts may occur through;
o

Altered fire regimes

o

Groundwater draw-down

o

Altered water regimes

o

Increases in vehicle strikes

o

Changes to feral animal populations

o

Introduction or spread of weed species
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o

Dust, light and noise.

Impacts similar to those above were assessed for the disturbance required for the Original
proposal. Impacts as a result of this Proposal will be similar, but will increase the footprint and
therefore the extent of habitat disturbance from 6,313 ha to 18,459 ha. Most of the disturbance
will be within the Mine Development Envelope. Disturbance in the rail corridor will be limited to
borrow pits for rail maintenance, rail spur and the borefield infrastructure. Disturbance in the
Lower Borefield Development Envelope will be limited to access tracks, water bore sites and
pipelines.

Habitat Removal due to Vegetation Clearing
Progressive clearing of vegetation for mining and rail operations will result in the direct loss of
habitat for fauna. Loss of habitat can result in fauna mortality or force the relocation of local
individuals. The maximum area of each fauna habitat type that will be disturbed by the proposal
is quantified in Table 35, including a cumulative assessment of fauna habitat loss considering
the Original Proposal.
Table 35:

Maximum Fauna Habitat Loss for this Proposal.

Habitat
within
30 km of
Study Area
(ha)

Habitat
within
Study

Drainage
line/ River/
Creek
(Major)

12,005

Gorge/
gully

Proposed
Rail (ha)

Cumulative
Disturbance
in Study
Area
(ha and %)

Cumulative
Disturbance
within 30 km
of Study
Area (ha and
%)

Approved
Disturbance
(ha)

Proposed
Mine (ha)

Proposed
Lower
Borefield
(ha)

3,867

127

212

3

0

342
(9%)

342
(3%)

6,679

1,712

25

111

0

0

136
(8%)

136
(2%)

Hilltops/
ridges/
plateaux

60,045

22,698

479

2,486

0

1

2.966
(13%)

2,966
(5%)

Hummock
grassland

22,964

10,723

6

0

10

0

16
(<1%)

16
(<1%)

Plain
(alluvial)

135,774

20,369

102

21

46

0

169
(1%)

169
(<1%)

Plain
(cracking
clay)

70,463

18,443

159

5

20

0

184
(1%)

184
(1%)

Plain
(stony
calcrete)

10,460

5,447

0

0

0

0

0

0

Plain
(stony
gibber)

710,269

84,585

4445

8,859

114

49

13,467
(16%)

13,467
(2%)

Habitat
Type

9

Area
(ha)

9

Refers to study area in - Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d)
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Habitat
within
30 km of
Study Area
(ha)

Habitat
within
Study

Shrubland
(open)

14,351

Tussock
grassland

Proposed
Rail (ha)

Cumulative
Disturbance
in Study
Area
(ha and %)

Cumulative
Disturbance
within 30 km
of Study
Area (ha and
%)

101

64

1,026
(11%)

1,026
(7%)

0

0

0

61
(50%)

61
(1%)

69

0

20

3

92
(2%)

92
(<1%)

6,313

11,715

314

117

18,459

18,459

Proposed
Mine (ha)

Proposed
Lower
Borefield
(ha)

840

21

123

61

19,543

5,972

1,068,355

183,177

Approved
Disturbance
(ha)

9,240

5,803

Woodland
(open
eucalypt)
Total Area

Habitat
Type

Area
(ha)

9

A total of up to 12,146 ha of vegetation will be removed for the Proposal. Of the 496,596 ha of
maximum potential fauna habitat that occurs within Ecologia’s study area (Ecologia
Environment, 2014d), 6,313 ha has been approved for clearing under MS 862 and 12,146 ha is
anticipated to be cleared for this Proposal. The cumulative impact is the highest within the Plain
(stony gibber) and Hilltop/ridges/plateau habitat types (13,464.47 ha (8.2%) and
2,966.56 ha (9.77%) respectively). An assessment of the regional significance of clearing of
fauna habitat estimates that the greatest impact is to the hilltop/ridge/plateau habitat where
9.8% of the habitat will be removed for the Proposal. All other habitat types will have an impact
of less than 8.5%.

Impacts on Fauna of Conservation Significance
As discussed in Section 9.4, sixteen fauna species of conservation significance have been
recorded within or in the vicinity of the Proposal. Section 10 assesses the potential impacts of
the Proposal on the species listed as Matters of National Environmental Significance (MNES)
under the EPBC Act as well as migratory species. The remaining species not listed under the
EPBC Act, but either listed under the WC Act or ranked as priority fauna species by DPAW are
discussed in this section.
The clearing of fauna habitat has the potential to impact of fauna species of conservation
significance. The largest area of habitat clearing will occur in Western Pebble-mound Mouse
habitat. This is approximately 11,532 ha. While the area of disturbance is large it represents
less than 0.1% of the available habitat in the Pilbara for these species. In addition, the Western
Pebble-mound Mouse is widespread throughout the Pilbara with its range extending into the
Little Sandy Desert.
The Brush-tailed Mulgara habitat is located at the eastern end of the Rail Corridor, where it
connects with the North-South Railway. No further disturbance is planned in this location as a
part of this proposal, therefore no impacts are anticipated. Neither Mulgara species will be
discussed further in the impact assessment section of the PER.
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Conservation significant fauna habitat clearing is shown in Table 36, including a cumulative
assessment considering the Original Proposal.
Table 36:

Significant Fauna Habitat Clearing

Species

Total
Mapped
Habitat
(ha)

Approved
Disturbance
MS 862 (ha)

Mine
Envelope
(ha)

Borefield
Envelope
(ha)

Rail
Envelope
(ha)

Total
Proposed
Clearing
(ha)

Cumulative
Disturbance
(ha)

Australian Bustard

412,092

5,612

8,906

291

113

9,309

14,921

Eastern Great
Egret

27,886

127

212

3

0

215

342

Gane's Blind snake

6,701

25

111

0

0

111

136

Ghost Bat

30,374

479

2,486

0

1

2,487

2,967

Grey Falcon

47,429

196

212

23

3

239

435

Lined Soil-crevice
skink

18,348

6

0

10

0

10

16

Long-tailed
Dunnart

30,374

479

2,486

0

1

2,487

2,967

Peregrine Falcon

27,886

127

212

3

0

215

342

Pilbara Barking
Gecko

30,374

479

2,486

0

1

2,487

2,967

Rainbow Bee-eater

421,791

5,587

9,113

293

116

9,522

15,109

Short-tailed Mouse

32,285

221

5

20

0

26

246

Star Finch

27,886

127

212

3

0

215

342

Western Pebblemound mouse

214,062

4,991

11,345

133

54

11,532

16,523

Impacts on Short-range Endemic Species
No confirmed SRE species have been recorded within the Solomon study area. Based on
survey results, there is unlikely to be any impact to confirmed SRE species from the Proposal
(Ecologia Environment, 2014c).
A total of 49 potential SRE invertebrate taxa were recorded in the Solomon Region with ten taxa
recorded in the Development Envelopes. Nine of these species were recorded from within the
proposed footprint and may be impacted by the development of the mine. One of the remaining
two species, Synothele sp. (female) was found in 2 locations; one location inside the proposed
footprint and one outside of the proposed footprint and the other species, Aurecocrypta
'MYG237' was found outside of the footprint in the Mine Development Envelope and is unlikely
to be impacted.
Statistical analysis of species habitat preference indicates that overall all habitats are similar in
regards to their potential SRE assemblage. The 11 broad habitats are present beyond the
development area and this suggests that a similar density and diversity of species will be
present outside the Development Envelopes.
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Habitat disturbance and loss will occur during clearing and earthmoving activities and
alterations to hydrological processes may lead to alterations in the shade cover and moisture
within habitats. The disturbance footprint will be much smaller than the Development Envelope
reducing the extent of the impact on potential SRE species.

Restriction or Removal of Access to Habitat
Clearing of fauna habitat can also lead to associated impacts including habitat fragmentation
and edge effects geographically isolating individuals and/or populations from moving between
habitat areas. Fragmentation can lead to the isolation of one habitat patch from another.
Particularly in the case of linear infrastructure such as roads required for the mine,
fragmentation can act as a barrier to fauna movement between isolated patches of habitat.
Fragmentation of habitat may result in the decline of fauna usage. Edge effects from adjacent
infrastructure are considered vectors for the spread of weeds and can lead to increased signs of
disturbance in vegetation previously considered in ‘Very Good’ condition. Fragmentation of
habitat may degrade an area to such an extent that it becomes unsuitable habitat for fauna
species.
Fragmentation has the potential to increase predation events as individuals have to move
across cleared areas, or isolate a gene pool to an extent that leads to the decline in species
population health and viability.
The presence of contiguous habitat within and surrounding the Proposal area is expected to
mitigate the significance of habitat fragmentation impact. Fragmentation of habitat will be further
minimised through progressive rehabilitation.

Indirect Impacts
Altered Fire Regimes
A change in fire regimes is often associated with increased human activity, leading to
degradation of natural ecosystems. Fire suppression over a long period may alter natural
processes that are essential to the long term survival of fauna in local areas. Altering fire
regimes (i.e. more or less frequent, higher or lower intensity) changes habitat conditions which
can affect the long-term survival of species at a local scale.
Fauna that occur within Fortescue controlled sites have been shown to be directly impacted by
fire. It is thought that Northern Quoll will move away from burnt areas to forage elsewhere.
Thompson and Thompson (2007) concluded that recent burning of Spinifex is not sufficient to
shift Mulgara out of an area, despite their distribution being mainly confined to habitats
dominated by mature Spinifex (Ecologia Environment, 2014d).
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Altered Water Regimes
Modification of existing surface water flows to accommodate mine and associated infrastructure
has the potential to cause changes in fauna habitat. A portion of Zalamea Creek will be mined,
removing 70 ha of riparian vegetation and the semi-permanent Zalamea Pools. Zalamea Creek
is habitat for reptiles and bird species. It is expected that highly mobile species will move away
from these areas to suitable habitat nearby during mining.
Groundwater abstraction activities within the borefield areas may affect fauna habitat value in
areas where vegetation associated with that habitat is dependent of groundwater. As discussed
in Section 8.9, there will be direct clearing of 168 ha of groundwater dependent vegetation,
41.5 ha of potential groundwater dependent vegetation and loss or degradation of sheet flow
vegetation. Groundwater abstraction can also affect the water levels of groundwater-fed pools.
Fortescue has developed and implemented a supplementation plan for the protection of
Northern Kangeenarina Creek Pools, whilst a similar plan will be developed for the Weelumurra
Creek Pools.
Supplementation however, may have the opposite effect to drawdown. Supplementation may
remove the natural variation in water levels and has the potential to change intermittent
seasonal flowing systems to permanently flowing systems and could significantly change the
ecology of a drainage line. Supplementation is only a temporary practice and needs to be
managed such that it aligns with the variations in natural rainfall seasons.

Increased Vehicle Strikes
Vehicle and plant movements during both construction and operation may result in the death or
injury of individual fauna as a result of vehicle strike.
It is likely that there will be unintentional fauna death or injury implementation of the proposal,
primarily as a result of:


clearing of fauna habitat



collision with vehicles and machinery.

The significance of this impact on a particular species will vary. In general, rare, long-lived and
slow breeding species of fauna will suffer a greater impact from the loss of individuals than
more common faster breeding species.
During operation, the proposal presents an ongoing risk to fauna as a result of direct strike from
vehicles using the mine roads. This risk is highest for vertebrate fauna that forage on road-kill
and vegetation that establishes along the side of the road, as well as fauna that have their home
range bisected by roads. Reptiles may be particularly vulnerable to this impact because they
are slow-moving and may seasonally access multiple habitats to complete their life cycles.
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Changes to Feral Animal Populations
Predation by feral cats and wild dogs has been a contributor to the decline in the critical-mass
range mammal species in some parts of their geographic distribution and on an array of other
terrestrial reptiles and mammals (Cowardine, et al., 2014). This impact may be increased by
inappropriate fire regimes and vegetation clearing exposing these native taxa to high levels of
predation. In addition, donkeys, camels, goats and rabbits also present within the Pilbara,
damage the vegetation and soils, and degrade fauna habitat.
Introduced predators, such as cats, wild dogs, are recorded as being a major threat to the
survival of a number of conservation significant species. Often human activity and habitat
disturbance contributes to an increase in these feral predator populations through an increase in
available food and water. Introduction of weeds into Fortescue controlled sites can also impact
on conservation significant fauna habitat resulting in habitat loss or fragmentation and alteration
in fire regimes.

Introduction or Spread of Weeds
The introduction of weeds can alter some habitats, but there is a long history of altered
landscapes due to the introduction of pastoral grasses. These can be beneficial to herbivores,
but can also lead to changes in fire susceptibility, induce competition with endemic/native
species for soil nutrients and potentially cause significant changes in the floristic composition,
density and diversity of the native vegetation within the area.

Dust, Light and Noise
Noise and vibration associated with blasting and vehicle movement as well as dust generation
may deter fauna from using habitat in the general area of the Proposal. These impacts will not
be substantially greater than those already assessed for the Original Proposal and it is
considered that they can be adequately managed by the existing Port and Rail Noise
Management Plan (45-PL-EN-0021) (Appendix 4) and Mine and Rail Dust Management Plan
(45-PL-EN-0030) (Fortescue, 2011e) (Appendix 4).
Artificial night lighting is required to enable continuous mining activities and may result in local
scale disturbance of animal behaviour. The impacts of artificial night lighting will not be
considerably greater than those already assessed for the Original Proposal. It is therefore
considered that any impacts on fauna associated with lighting can be adequately managed by
the existing Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue,
2014d) (Appendix 4) for the Original Proposal.

9.9

Proposed Management

The Solomon Project operates under a Conservation Significant Fauna Management Plan (45PL-EN-0022) (Fortescue, 2014d) (Appendix 4). This plan was developed to meet conditions
under MS 862 and EPBC Approval 2010/5567.
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Effectiveness of Current Management
Compliance reporting for MS 862 focuses on the implementation of the Solomon Project
Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue, 2014d)
(Appendix 4). This included:


Undertaking targeted threatened species surveys over two seasons



Trapping of feral cats and dogs



Rehabilitation of Borrow Pits along the rail corridor



All water sources related to construction activities have been removed in order to
discourage feral animal propagation within the Project Area



Ecosystem Function Analysis (EFA) monitoring is scheduled to commence for the mine
component of MS 862 in 2015.



Reporting on the results of the surveys



Preparing a Fauna Handling, Relocation and Rehabilitation Procedure 100-PR-EN0026 and relocating snakes.

With respect to the fauna surveys described above in MS 862, Condition 12.3.2, the survey
results over three years indicate that there has been no decrease in conservation significant
fauna populations at impacts sites as a result of mining activities. Further information is
provided in Section 10.8.1.

Proposed Measures
The potential impacts on fauna and their habitat is in addition to, but not significantly different
from, the Original Proposal. It is therefore anticipated that the current management plans will be
directly applicable to the Proposal.
Table 37 outlines avoidance, minimisation and mitigation measures for fauna.
Table 37:

Mitigation Measures for Terrestrial Fauna

Category

Mitigation

Avoidance

Clearing of potential fauna habitat, particularly for conservation significant species, will be
avoided wherever possible.
No clearing is proposed in Mulgara habitat.

Minimisation

Vegetation clearing will be minimised to those areas considered absolutely necessary for
safe construction and operation.
Clearing of potential habitat of significant fauna species will be minimised, particularly with
regards to borrow pits where location can be relatively flexible. Preference will be to locate
borrow pits in previously disturbed areas and/or outside of known habitat for conservation
significant species.
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Category

Mitigation
Prior to the commencement of any clearing, fauna inspections will be conducted for the
presence of native fauna, particularly species of conservation significance. A trapping and
relocation program will be implemented by a suitably qualified fauna handler where any
species of conservation significance are detected. Trapped individuals will either be
released in a safe area of suitable habitat, or held temporarily and re-released in suitable
habitat nearby once clearing has stopped.
Anthropogenic activity in potential habitat for any species of conservation significance will
be minimised, wherever possible.
Vehicular movement will be restricted to predetermined access roads to minimise mortality
of fauna species and to prevent spread of weeds.
The use of artificial lighting onsite will be minimised wherever possible.
Fauna habitat fragmentation will be minimised through progressive rehabilitation.
The Solomon Project Conservation Significant Fauna Management Plan (100-PL-EN-0022)
(Fortescue, 2014d) (Appendix 4) will be implemented

Management

Revegetation and rehabilitation activities will be completed as per the Conservation
Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue, 2014d) (Appendix 4)
and Mine Closure Plan (SO-PL-EN-0016) (Fortescue, 2013d) (Appendix 5).
Supplementation of Weelumurra Creek and Kangeenarina Creek (major creek line habitat)
will be undertaken in accordance with approved supplementation plans (or as amended).
Prior to conducting ground disturbance activities, ensure known locations of
environmentally sensitive areas to be retained and protected from disturbance are identified
on the ground by appropriate signage, fencing or flagging in accordance with the Marking
Out Environmentally Sensitive Areas Procedure (E-EN-PP-1102).
Conduct clearing in accordance with a permit issued under the Ground Disturbance Permit
Procedure (100-PR-EN-0004) and/or the Vegetation Clearing and Topsoil Management
Procedure (45-PR-EN-0013).
Manage waste materials in accordance with the Waste Management Plan (45-PL-EN-0014)
(Fortescue, 2011d) (Appendix 4) to minimise potential impacts on fauna and the likelihood
of increases in feral animal numbers.
Design and locate borrow pits to minimise the potential impact on conservation significant
fauna and associated habitat in accordance with the Borrow Pit Management Plan (45-PLEN-0018) (Appendix 4).
Develop and implement measures (e.g. fauna egress, buoyancy rings, fencing) at open
sumps and transfer, settlement and storage ponds to prevent feral animal access and
minimise potential impacts on fauna.
Where there are known populations of conservation significant fauna species in the
proposal area, fauna monitoring will be conducted in accordance with the Solomon Project
Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue, 2014d)
(Appendix 4).
Disturbed areas will be progressively rehabilitated once they are no longer required for
operation of the proposal. Rehabilitation will be conducted according to the Rehabilitation
and Revegetation Management Plan (100-PL-EN-0023) (Fortescue, 2013e) (Appendix 4).
Vegetation clearing will only proceed following issuing of a Fortescue internal ground
disturbance permit to ensure that clearing is restricted to approved boundaries.
Surface water management will be implemented in accordance with the Surface Water
Management Plan (100-PL-EN-1015) (Fortescue, 2012b) (Appendix 4).
Undertake targeted fauna surveys that are consistent with the EPA’s Guidance for the
Assessment of Environmental Factors No.56 – Terrestrial Fauna Surveys for Environmental
Impact Assessments in Western Australia (EPA, 2004b), to determine distribution of
conservation significant fauna.

Research and
Modelling

Captive Breeding and Assisted Reproductive Technologies in the Western Pebble-mound
Mouse.
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Category

Mitigation
Additional modelling will be undertaken for the Lower Fortescue, the Southern Fortescue
and the Mining areas, as additional information is available and also to support licence
applications to abstract groundwater.

9.10

Predicted Residual Outcome

Fortescue has identified a range of management measures to minimise impacts on vertebrate
fauna. Following these measures, the residual impact on fauna as a result of the Proposal is not
likely to be significant. The Proposal will not conflict with the WC Act, as no terrestrial vertebrate
or invertebrate fauna species is likely to cease to exist as a result of the Proposal.
The Proposal will result in the unavoidable disturbance of 12,146 ha of native vegetation, some
of which provides habitat or potential habitat for conservation significant fauna species. The
fauna habitats recorded within the Proposal Envelopes are not considered unique to the impact
area.
Given the linear nature of the rail corridor and distribution of similar fauna habitats in adjacent
areas to the rail, the proposed rail infrastructure is not considered likely to have a significant
impact on fauna or fauna habitat on a local or regional scale.
Consistent with EPA objectives, the abundance, species diversity, geographic distribution and
productivity of terrestrial fauna at species and ecosystem levels will be maintained, thereby
conserving regional biological diversity. The fauna surveys undertaken by Fortescue and
implementation of the proposed management measures will ensure that direct disturbance to
important fauna habitat is kept to that which is necessary and that fauna and fauna habitat are
protected from indirect disturbance as far as practicable.
A summary of residual impacts expected after mitigation measures are applied, is provided in
Table 38.
Table 38:

Summary of Residual Impacts for Fauna after Mitigation Measures

Potential Impact

Residual Impact after
Management

Regional Significance

Removal of fauna habitat

Initial impact up to 12,146 ha

Habitats at the regional scale are
well represented with >90%
remaining.

Loss or degradation of habitat due
to alterations to hydrology

Potential disturbance of 130 ha of
potential GDE, however, 110 ha is
located within a surface water
system (Fortescue River) and
therefore should not result in a
significant impact.

Disturbance to this habitat type
(Drainage line/river/creek) <2% of
habitat type.

Dust, light and noise changing
fauna behaviours

Impact similar to existing mine

Not likely to be significantly different
than current operations

Vehicle movements leading to loss
of individuals

Impact similar to existing mine

Vehicle movement similar in
numbers to existing, but in different
areas
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Potential Impact

Residual Impact after
Management

Regional Significance

Introduced species displacing fauna
from habitat or predating upon
species

Impact similar to existing mine

Impact similar to existing operations

Altered fire regimes changing
habitat values

Impact difficult to quantify due to
random nature of natural fires

Impact unlikely to be significant

SECTION 10
Matters Of National Environmental Significance
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10.

MATTERS OF NATIONAL ENVIRONMENTAL SIGNIFICANCE

The EPBC Act is administered by the Commonwealth Department of the Environment (DoE)
and provides a legal framework for the protection and management of nationally and
internationally important flora, fauna, ecological communities and heritage places, which are
referred to as matters of national environmental significance (NES). Specifically, the EPBC Act
protects the following nine matters of NES:


world heritage properties



national heritage places



wetlands of international importance



listed threatened species and ecological communities



migratory species



Commonwealth marine areas



the Great Barrier Reef Marine Park



nuclear actions



a water resource, in relation to coal seam gas development and large coal mining
development.

Pursuant to the EPBC Act, any proposed action that has or is likely to have a significant impact
on a matter of NES requires approval from the Commonwealth Minister for the Environment.
The Proposal identified the presence of listed threatened species and therefore the proposal
was referred to the Commonwealth DoE in July 2014. In August 2014, the proposal was
determined to be a ‘controlled action’ under the EPBC Act, with the same controlling provision
identified as listed threatened species (sections 18 of the EPBC Act). The proposal therefore
requires formal assessment and approval under the EPBC Act. Following this assessment, the
proposal will require separate approval by the Commonwealth Minister for the Environment. For
the purpose of consistency with the other chapters in this PER, the ‘controlled action’ is also
referred to as the Proposal within this chapter.
This section of the PER provides a summary of the matters of NES that have the potential to be
impacted by the proposal. Potential impacts of the proposal on matters of NES are identified
and assessed. Measures to manage and mitigate these potential impacts are identified as well
as the subsequent residual impacts on each matter of NES.

10.1

Project Surveys

Ecological surveys conducted for the Original Proposal and current proposal have informed the
likelihood of occurrence and suitability of habitat for each of these species. Ecological surveys
that have been undertaken across the Solomon project area include:
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Level 2 Terrestrial Vertebrate Fauna Assessment for the Solomon Project (Coffey
Environments, 2008)



Flora and Vegetation Assessment, Solomon Project and Investigator (Coffey
Environments, 2010)



Flora and Vegetation Assessment, Solomon Rail Project (Coffey Environments, 2010a)



Solomon Project: Kings Flora and Vegetation Assessment (ENV Australia, 2010)



Level Two Flora and Vegetation Assessment, Firetail Mining Area (Ecoscape, 2010a)



Solomon Project Airstrip Flora and Vegetation Assessment (Ecoscape, 2010b)



Solomon Project Rail Re-alignment Flora and Vegetation Assessment (Ecoscape,
2010c)



Level 1 Vertebrate Fauna Assessment – Solomon Rail Project (Coffey Environments,
2010b)



Solomon Project: Kings Area – Vertebrate Fauna Assessment (Ecologia Environment,
2010)



Solomon Project – Airstrip Fauna Assessment (Ecoscape, 2010d)



Vertebrate Fauna and Fauna Habitat Assessment for the Firetail Project (Ecoscape,
2010e)



Mt McLeod Project Vegetation and Flora Assessment (Western Botanical, 2011)



Targeted surveys – Northern Quolls, Mulgara and Pilbara Olive Pythons: Solomon Rail
Project (Coffey Environments, 2011b)



Targeted surveys – Northern Quolls and Pilbara Leaf-Nosed Bats: Solomon Project
(Coffey Environments, 2011c)



Central Pilbara Project – Mine: Targeted Conservation Significant Fauna Survey
(Ecologia Environment, 2011)



Central Pilbara Project Level 2 Flora and Vegetation Assessment (Ecoscape, 2012)



Central Pilbara Project Rail Vegetation and Flora Assessment (Ecologia Environment,
2012)



Investigator Project Vegetation and Flora Assessment (Ecologia Environment, 2013a)



Mt MacLeod Flora and Vegetation Assessment (Ecologia Environment, 2013b)



Stingray Flora and Vegetation Assessment (Ecologia Environment, 2013c)



Fortescue Metals Group Ltd Proposed Gas Pipeline – Targeted Threatened Fauna
Survey (Outback Ecology (MWH Australia Pty Ltd), 2013)
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Solomon Hub – Flora and Vegetation Assessment (Ecologia Environment, 2014a)
(Appendix 2).



Solomon Mine – Annual Conservation Significant Fauna Monitoring Report 2013
(Ecologia Environment, 2014e)



Solomon Rail Annual Monitoring – Conservation Significant Fauna Monitoring Report
2013 (Ecologia Environment, 2014f)



Solomon – Vertebrate Fauna and SRE Invertebrate Fauna Survey: Summary Report
(Ecologia Environment, 2014g)



Solomon Hub – Vertebrate Fauna Report (Ecologia Environment, 2014d) (Appendix 6).

EPBC Act Protected Matters Search Tool
A search of the DoE EPBC Act Protected Matters Search Tool was conducted in 2010 for the
Original Proposal (Fortescue, 2010a). In order to include the expanded footprint comprising the
current proposal, a supplementary search was conducted in May 2014 (Appendix 8). These two
Protected Matters searches have collectively identified nine EPBC Act listed threatened
species. Table 39 lists the eight listed threatened species that were identified by the most recent
EPBC Act Protected Matters Search Tool and Table 40 lists the nine migratory species
potentially or likely to occur within the vicinity of the proposal. Fortescue (2010a) also identified
the potential presence of the Crest-tailed Mulgara (Dasycercus cristicauda).
The Original Proposal (Fortescue, 2010a) also identified the presence of suitable habitat in the
area surrounding the Mining areas and Rail Corridor for the Crest-tailed Mulgara (Dasycercus
cristicauda), which is listed as Vulnerable under the EPBC Act. Coffey Environments (2011b)
captured a Mulgara in the far north-eastern extent of the Rail Corridor Development Envelope
that was considered likely to be a Crest-tailed Mulgara, pending further analysis of genetic
material. Since the writing of these two documents, taxonomic investigations have revealed that
the Brush-tailed Mulgara (Dasycercus blythi) has often been misidentified as the Crest-tailed
Mulgara in the Pilbara region and that the Crest-tailed Mulgara distribution does not actually
extend into Western Australia (DotE, 2014). For this reason, it is considered unlikely that the
Crest-tailed Mulgara exists within the Proposal Envelope.
The Fork-tailed Swift is almost entirely nomadic. It is not associated with any particular habitat in
the Solomon area however will occasionally overfly the area but not utilise it directly (Ecologia
Environment, 2014d).
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Table 39:

Listed Threatened Species Potentially Occurring in the Vicinity of the Proposal

Species

10

EPBC Act Status

Likelihood of
Occurrence

Records in the Vicinity of the Proposal

Night Parrot
(Pezoporus occidentalis)

Endangered

Unlikely

The most recent published sighting in WA of the Night Parrot was on the northern side of the Fortescue
Marsh approximately 12 km to the west of the Cloud Break mine site and over 100 km from the Solomon
Project. Subsequent species specific searches in the vicinity of Cloud Break mine have failed to detect its
presence.

Australian Painted Snipe
(Rostratula australis)

Endangered/
Migratory Wetland/
Marine

Unlikely

This species generally inhabits shallow terrestrial freshwater (occasionally brackish) wetlands, including
temporary and permanent lakes, swamps and claypans. Habitats within the proposed action footprint are
not ideal for this species and no records have been made within the vicinity of the Solomon Project.

Northern Quoll
(Dasyurus hallucatus)

Endangered

Known

A number of Northern Quolls have been recorded during numerous targeted surveys undertaken during
2010 to 2014 for both the Original Proposal and this Proposal. Habitat suitable for the Northern Quoll is
associated with gorges and gullies, drainage lines and areas of hills, ranges and plateau.

Greater Bilby
(Macrotis lagotis)

Vulnerable

Unlikely

Greater Bilby distribution is now largely restricted to the inland sandy deserts in two broad habitat types;
mulga woodlands with lateritic red earth and spinifex grassland with high fire frequency, again with the
red earth. Populations exist in the Pilbara bioregion including the Hamersley Range area, along the
Fortescue River and north-east to Shay Gap.
This species has not been recorded in the broader Solomon Project area or within the footprint of the
proposal. Due to the presence of low quality habitat within the area surrounding the Solomon project and
the lack of confirmed records close by, it is unlikely that this species occurs within the proposal footprint.

Karkarratul, Northern
Marsupial Mole
(Notoryctes caurinus)

Endangered

Unlikely

The Northern Marsupial Mole lives underground, primarily in sand dunes and sandy soils along river flats.
Habitat within the proposed action footprint is not ideal and this species has not been recorded within the
Solomon Project area. The nearest existing record for the species is located approximately 385 km to the
east of the Solomon Project. For these reasons, it is considered unlikely that this species occurs within
the proposal footprint.

WA Pilbara Leaf-nosed Bat
(Rhinonicteris aurantia
(Pilbara form))

Vulnerable

Known

Surveys for the Original Proposal and the current proposal have recorded eight foraging individuals in the
area surrounding the Solomon mine. No roost caves have been recorded or are expected to occur within
the area.

Avian Fauna

Mammals

Reptiles

10

Source of occurrence information based on results of reports sourced in Ecologia Environment (2014a) and Ecologia Environment (2014d)
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10

Species

EPBC Act Status

Likelihood of
Occurrence

Records in the Vicinity of the Proposal

Pilbara Olive Python
(Liasis olivaceus barroni)

Vulnerable

Known

Recent research/surveys in the region have found that Olive Python (Pilbara subspecies) individuals are
usually in close proximity to water and rocky outcrops that attract suitable sized prey species (i.e. euros,
fruit bats, birds). The species has also been found in neighbouring spinifex grasslands.
The Olive Python (Pilbara subspecies) has been recorded within Original Proposal area and suitable
habitat is present within the proposed action footprint.

Vulnerable

Potential

The flora species Lepidium catapycnon is known to occur in the vicinity of the Solomon Project, with the
closest known record located approximately 11 km from the Solomon Project. Lepidium catapycnon is
typically found on stony hillslopes of the Hamersley Range. However, this species has not been recorded
within the area surrounding the Solomon mine by any of the previous flora surveys of the area.

Flora
Hamersley Lepidium,
(Lepidium catapycnon)

Table 40:

Listed Migratory Species Potentially Occurring in the Vicinity of the Proposal
11

Species

EPBC Act Status

Likelihood of
Occurrence

Records in the Vicinity of the Proposal

Eastern Great Egret
(Ardea modesta)

Migratory Wetlands/
Marine

Known

This species has been commonly recorded across the Pilbara in the presence of suitable wetland
habitat where surface water is present. The species has been previously recorded from one location
within the proposal area. The species is likely to utilise the Drainage line/River/Creek (Major)
habitats when surface water is present.

Fork-tailed Swift
(Apus pacificus)

Migratory Marine/
Marine

Known

This species is nomadic and almost entirely aerial over a variety of habitats. It has been previously
recorded in the vicinity of the proposal and was also recorded during the most recent fauna survey
for the proposal.

White-bellied Sea-Eagle
(Haliaeetus leucogaster)

Migratory Terrestrial/
Marine

Unlikely

This species is known from coastal habitats especially those close to the seashore as well as any
habitat characterised by the presence of large areas of open water (larger rivers, swamps, lakes,
and the sea). Habitat within the proposed action footprint is not suitable for this species.

Barn Swallow
(Hirundo rustica)

Migratory Terrestrial/
Marine

Unlikely

There are no previous records of this species within at least 180 km of the Solomon Project.
Additionally, the species is typically restricted to coastal areas. The Barn Swallow is therefore not
expected to occur within the vicinity of the Solomon Project or the surrounding region.

Rainbow Bee-eater
(Merops ornatus)

Migratory Terrestrial/
Marine

Known

Suitable habitat in the form of open forests and woodlands, shrublands and in various cleared or
semi-cleared habitats is available within the strategic proposal area. This species has been

11

Source of occurrence information based on results of reports sourced in Ecologia Environment (2014a) and Ecologia Environment (2014d).
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Species

EPBC Act Status

Likelihood of
Occurrence

Records in the Vicinity of the Proposal

11

recorded within the proposal footprint and is likely a seasonal visitor to the area surrounding the
proposal.
Cattle Egret
(Ardea ibis)

Migratory Wetlands/
Marine

Unlikely

Typical habitat for this species (shallows of freshwater wetlands, flooded pasture, mudflats, lakes) is
absent within the proposal area and no previous records exist.

Oriental Plover, Oriental
Dotterel
(Charadrius veredus)

Migratory Wetlands/
Marine

Unlikely

The Oriental Plover is a non-breeding visitor to Australia, where the species occurs in both coastal
and inland areas, mostly in northern Australia. Typical habitat for this species (open plains including
samphire, bare rolling country, bare claypans) is absent within the proposal area and no previous
records exist.

Oriental Pratincole
(Glareola maldivarum)

Migratory Wetlands/
Marine

Unlikely

There are no previous records of this species within at least 120 km of the Solomon Project. It is
therefore not expected to occur within the vicinity of the Solomon Project or the surrounding region.

Australian Painted Snipe
(Rostraluta australis)

Refer to Table 39
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10.2

Threatened Fauna

The EPBC Act Protected Matters Search tool for the proposal identified nine listed threatened
fauna species as potentially, likely or known to occur within the vicinity of the proposal. Three of
these EPBC Act listed threatened fauna species have been observed or recorded from
secondary evidence within the Proposal Development Envelopes and identified as occurring
within or periodically using the proposal area:


Northern Quoll (Dasyurus hallucatus)



Pilbara Leaf-nosed Bat (Rhinonicteris aurantia (Pilbara form)); foraging individuals
only)



Pilbara Olive Python (Liasis olivaceus barroni).

The listed threatened fauna species known or considered to be likely to occur within the project
area are discussed in more detail below.

Northern Quoll
The Northern Quoll (Dasyurus hallucatus) is listed as Endangered under the EPBC Act.
Although the species once commonly occurred across northern Australia, it is now restricted to
the Pilbara and northern Kimberley regions in Western Australia, with a few discrete populations
remaining across the Northern Territory and eastern Queensland. Northern Quolls are
opportunistic omnivores and feed on a wide range of invertebrates, small vertebrates including
frogs, bird eggs, fruit and nectar (Ecologia Environment, 2014d).
Extensive survey effort within the area surrounding the Original Proposal and Proposed Action
has recorded twenty five Northern Quoll individuals and a small number of observed records
such as scats or digging. This is indicative of small local populations which may potentially
utilise the habitat located within and adjacent to the proposed action footprint. A number of
individuals have been recorded within or close proximity to the development envelopes during
previous fauna surveys (Figure 43). These records are shown in Figure 43 and include:


Four individuals were captured during the 2014 annual monitoring survey



Three individuals observed during the 2013 monitoring program within the
Kangeenarina Creek system near Kings



During the 2013 rail monitoring survey;



o

Four individuals (three males, one female) were captured at rail impacts sites and
one additional male was captured at another trap site

o

Eight individuals were recorded by motion cameras

One individual was recorded on camera outside the impact area during the 2012 mine
monitoring program
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In 2012, one male was recorded from a rail monitoring site



A single individual captured from a rocky ledge above a pool of water within the
Solomon Project rail corridor



A single individual was observed in the western section of Kings and a single scat from
a Northern Quoll was recorded in the Trinity area



A single individual captured on three separate occasions along the Sapling Creek Area
(Kangeenarina Creek) within the Original Proposal survey area. A Northern Quoll scat
was recorded from the Firetail mining area during the same survey



A single individual was captured while spotlighting for the level two terrestrial vertebrate
fauna assessment



One male Northern Quoll was trapped in a potential denning and foraging habitat along
the rail (same location as previous record from Coffey Environments’ 2011 survey).
Potential tracks were recorded from an impact site and may represent secondary
evidence of the individual trapped.

In addition to captures or sightings, surveys have also recorded observations of Northern Quoll
within the broader Solomon Project area. This includes records of fresh scats from caves and
overhangs along the creek walls, as well as other observations from the Original Proposal area.
Ecologia Environment undertook a Level 2 fauna survey and targeted fauna survey in 2014.
The survey area covered 183,201 ha over the Solomon Mine and Lower Borefield development
envelopes. It also covered an area to the north of the Solomon Mine and the Southern Borefield
drawdown area. During the 2014 survey, no Northern Quolls were recorded in the development
envelopes. Outside of the development envelopes, the survey recorded two Northern Quolls
captures and 32 records from 10 locations were obtained from camera traps (Ecologia
Environment, 2014d).
Two distinct populations are present: one in the northern edge of the Mine Development
Envelope along Kangeenarina Creek and one in the eastern end of the rail corridor. Capture
rates were low in the Mine Development Envelope with the majority of captures/recordings from
the rail corridor. According to the most recent rail monitoring survey, the occupancy has
increased in habitats along the rail corridor. Similarly, three additional individuals were recorded
in Kangeenarina Creek near the northern edge of the Mine Development Envelope (near Kings)
during the 2013 monitoring programme.
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Habitat
In the Pilbara, the Northern Quoll is most commonly found on dissected rocky escarpments,
which provides denning habitat with surrounding vegetated habitat used for foraging. The
National Recovery Plan for the Northern Quoll (prepared by the Northern Territory, Western
Australian, Queensland and Commonwealth environment departments) reiterates that rocky
areas provide prime habitat for Northern Quolls (Hill & Ward 2010).
The Northern Quoll has been recorded from three habitat types within the study area (Ecologia
Environment, 2014d), including:


Gorges/Gullies



Drainage line/River/Creek (Major)



Hills/Ranges/Plateau.

The Gorges and Gullies habitat type represents suitable denning and foraging habitat for the
Northern Quoll and is considered to be important denning habitat for the species.
The Drainage line/River/Creek (Major) as well as the Hills/Ranges/Plateau habitat types are
considered to be suitable dispersal and foraging habitat for the Northern Quoll (Ecologia
Environment, 2014d). Areas of suitable habitat for the Northern Quoll are illustrated in
Figure 43.
The Northern Quoll species is not considered to have highly specific habitat requirements,
occurring in a variety of habitats across their range. Habitat critical for the survival of the
Northern Quoll is defined as habitat where Northern Quolls are least exposed to threats or least
likely to be in the future (Hill and Ward 2010). The key habitat categories that meet this
requirement are rocky areas and offshore islands.

Threats
As Northern Quolls are susceptible to cane toad toxins, the spread of cane toads therefore
presents the main threat to the Northern Quoll nationally (Hill & Ward, 2010). In areas where
cane toads have not yet reached, such as the Pilbara region of Western Australia, additional
threats to the species include competition and direct predation by feral foxes and cats,
inappropriate fire regimes, habitat degradation and destruction, weed invasion, population
isolation, hunting and disease.

Conservation
The main conservation effort for Northern Quolls in Western Australia involves the preparation
and implementation of Cane Toad management measures by DPaW. The Cane Toad Strategy
for Western Australia: 2009-2019 (DEC 2009c) includes:


strengthening toad quarantine and abatement measures
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identifying potential refuge areas for native fauna potentially affected by cane toads



identifying high value biodiversity assets and potential locations for targeted
conservation programs.

State government funding has also been provided to the Kimberley Toad Busters, to prevent the
spread of toads through the Kimberley and into the Pilbara.
The National Recovery Plan for the Northern Quoll aims to minimise the rate of decline of the
Northern Quoll in Australia, such that viable populations remain in each of the major regions of
distribution in the future. The nine main objectives of the Plan include:


protect Northern Quoll populations on offshore islands from invasion and
establishment of Cane Toads, cats and other potentially invasive species



foster the recovery of the Northern Quoll sub-populations in areas where the species
has survived alongside the Cane Toad



halt declines in areas not yet colonised by the Cane Toad



halt declines in areas recently colonised by Cane Toads



maintain secure populations and source animals for future reintroductions/
introductions, if they become appropriate



reduce the risk of Northern Quoll populations being impacted by disease



reduce the impact of pastoral land management practices on the Northern Quoll



raise public awareness of the plight of the Northern Quoll and the need for biosecurity
of islands and Western Australia.

Pilbara Leaf-nosed Bat
The Pilbara Leaf-nosed Bat (Rhinonicteris aurantia (Pilbara form)) is listed as Vulnerable under
the EPBC Act. Its distribution is restricted to the Pilbara region and colonies of the species are
found in three discrete locations: abandoned mines of the eastern Pilbara, small colonies
scattered throughout the Hamersley Range, and in a small number of significant colonies
located in sandstone formations to the south of the Hamersley Range (DotE, 2014). Pilbara
Leaf-nosed Bat have also been more recently recorded from new mining developments in the
eastern Pilbara (Bat Call WA, 2013).

Habitat and Behaviour
The Pilbara Leaf-nosed Bat is known to roost in abandoned underground mines and areas of
high relief with gorges and watercourses but is unlikely to roost in shallow ‘breakaway’ caves
that are associated with mesas and strike ridges (Ecologia Environment, 2014d). The species is
known to roost in caves with stable, very hot (28-32 oC) and very humid (96-100%)
microclimates (Bat Call WA, 2013). At dusk, the bat emerges from its roosting site to forage for

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 194

SO-PL-EN-0104

insects in gorges, small gullies and along large watercourses (van Dyk & Strahan, 2008). Bat
Call WA (2013) have also identified that all known roosting colonies occur within close proximity
to permanent water sources.
Recording of Pilbara Leaf-nosed Bat calls is typically undertaken using AnaBat SD2 units and
Song Meter SM2BAT+ full spectrum ultrasonic recorders. The relative abundance and timing of
recorded calls gives an indication of whether the area is utilised for roosting, foraging or transit
between foraging areas (Ecologia Environment, 2014d). Recorders are often placed in areas of
suitable habitat for roosting and foraging to give the best chance of recording individuals.
Two fauna habitat types that occur within the Proposal area are considered to represent
suitable foraging habitat for the Pilbara leaf-nosed Bat (Ecologia Environment, 2014d),
including:


Drainage Line/River/Creek (Major). This habitat type constitutes large drainage lines
and major rivers and creeks in the survey area. Bats typically forage in these areas as
they attract small flying insects over open water or more dense vegetation. Bats will
also drink from open water sources.



Gorges/Gullies. This habitat types may host breakaways and caves that attract small
flying insects due to the cooler, more humid conditions. Gorges are also more likely to
hold water in pools, whether permanent, semi-permanent or intermittent.

The location of potential Pilbara Leaf-nosed Bat habitat is shown on Figure 44.
Roosting habitat can be characterised as either ‘diurnal roosts’ or ‘nocturnal roosts’ (Cramer, et
al., n.d.). Nocturnal roosts are often described as foraging roosts. Diurnal roosts are likely to
have ideal roosting conditions for the species (high humidity and temperature) and are occupied
by the species during daylight hours. Pilbara Leaf-nosed Bats may breed within diurnal roosts
during the breeding season (maternity roosts). Nocturnal roosts are utilised by Pilbara Leafnosed Bats during the night for foraging and resting/refuge.
The use of ultrasonic recorders outside a potential roost cave can give an indication as to
whether it is being used as a diurnal roost or a foraging roost. Bats typically exit a diurnal roost
within 5-10 minutes of dusk and return after foraging (Cramer, et al., n.d.). Therefore, a pattern
of calls for a diurnal roost will demonstrate a peak of activity immediately after dusk and there
may be a smaller peak just before dawn as bats return after foraging. A pattern of calls for a
foraging roost will typically demonstrate a peak of activity sometime after dusk, depending on its
distance from the diurnal roost with the number of calls tailing off after midnight.
It is important to note that the volume of calls recorded is not an indicator of population size.
High call numbers may indicate multiple flight passes for catching small insects rather than a
large population size. This may occur over open water sources or cave entrances where small
flying insects congregate. In these instances a small numbers of bats may result in potentially
thousands of calls. Again, the timing of the calls will indicate whether the area is in close
proximity to a diurnal cave. For instance recording 1,000 calls outside a cave might raise
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suspicion that the cave is a being used as a diurnal roost, but if the calls are recorded from
8.30 pm, then the cave is almost certainly a foraging roost only.
Pilbara Leaf-nosed Bat susceptibility to desiccation in the hot, dry Pilbara climate restricts the
species foraging range. The Pilbara Leaf-nosed Bat is described as generally having a home
range from its diurnal roost of approximately 20 km during the dry season and ranges
nomadically during the wet season when climatic conditions allow it to use tree hollows as
roosts (Bat Call WA, 2013). This extends the species home range during the wet season to
approximately 40 km, before contracting back to its dry season range.

Threats
The DoE (2014) identifies the main threats to the species as heat and water loss due to their
poor ability to maintain a heat and water balance, collapse or flooding of mines that are
occupied by the bat, predators, mine development such as blasting which may cause
evacuation of roost sites, human entry to roost sites, road kills and rehabilitation of old mine
shafts.
Recovery objectives and management and research actions for the Pilbara Leaf-nosed Bat
were outlined in the Research Priorities for the Pilbara Leaf-nosed Bat (Rhinonicteris aurantia
Pilbara form) (Cramer, et al., n.d.), with the primary research objectives including:


Clarify the number and distribution of day roosts



Characterise natural roosts



Characterise and map foraging habitat



Understand landscape connectivity between roosts



Population and colony size and social behaviour.

Presence at Solomon
Nine fauna surveys and monitoring programmes including targeted searches for the Pilbara
Leaf-nosed Bat have been undertaken within the proposed footprint and surrounding areas from
2008 to 2014. The 2014 targeted survey for the species was also undertaken for the proposed
extension (Ecologia Environment, 2014d). Targeted surveys included both hand held and fixed
AnaBat SD2 units and Song Meter SM2BAT+ full spectrum ultrasonic recorders, with recordings
taken within areas of suitable foraging habitat. A summary of all recorded calls within the
Solomon study area during the 2014 survey and previous surveys is as follows and shown in
Figure 44:


In 2011, a single call was recorded in Weelumurra Creek (Ecologia Environment,
2011). This is outside of the Mine Development Envelope.



In 2012, a single call within Weelumurra Creek was recorded during annual fauna
monitoring required under MS 862 (Ecologia Environment, 2013d). This is not within
the Mine Development Envelope.
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In 2012, a single call within the Queens Valley was recorded during annual fauna
monitoring required under MS 862 (Ecologia Environment 2013). This call is located
within the Mine Development Envelope.



In 2014, a single call from a foraging individual was recorded as part of the Solomon
South Project surveys undertaken by Outback Ecology (Outback Ecology, 2014). This
location is within the Mine Development Envelope.



In 2014, a single call was recorded in a valley east of Weelumurra Creek during
annual fauna monitoring required under MS 862 (Ecologia Environment, 2015c). This
location is outside of the Mine Development Envelope.



A single call was recorded in the upper part of the same valley several days later
during the same fauna monitoring conducted in 2014 (Ecologia Environment, 2015c)



A single call was recorded in Kangeenarina Creek downstream of the Mine
Development Envelope during the 2014 survey (Ecologia Environment, 2014d)



A single call was recorded in the upper reaches of Weelumurra Creek during the 2014
survey (Ecologia Environment, 2014d). This location is outside of the Mine
Development Envelope.

The location of all recorded bat calls in relation to locations where ultrasonic recorders have
been located is demonstrated in Figure 44. According to Ecologia Environment (2014d), all
calls were recorded between 9:50 pm and 11:30 pm, indicating individual bats utilising these
areas either in transit between foraging areas or as foraging habitat.
Call patterns recorded from areas that contain Pilbara leaf‐nosed Bat diurnal roost caves
typically consists of a high number of calls with a correlation between the distance to the diurnal
roost and the time of the recording (Cramer, et al., n.d.). Despite the large numbers of hours
(3,244 hrs) of recordings at Solomon date, this call pattern has not been collected within the
study area indicating that no diurnal roost cave exists within the study area (Ecologia
Environment, 2014d). The timing and singular nature of the calls within the survey area is a key
indicator that the area surveyed is utilised by Pilbara Leaf-nosed Bats for foraging on a very
limited basis and is likely on the edge of its foraging range. It would be expected that if a diurnal
roost cave/s was located within the Development Envelopes, the volume of bats calls recorded
during the nine surveys/monitoring programmes undertaken to date would be orders of
magnitude higher.
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Figure 44
Pilbara Leaf-nosed Bat Habitat & Records
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Based on the timing of the calls, their flight speeds (6.1 metres per second – (McKenzie &
Bullen, 2009)) and the terrain in the surrounding areas, it is likely that the diurnal roost cave/s
occupied by these bats occurs approximately 20 km to the south or east.
Table 41 outlines the area of suitable foraging habitat available to the Pilbara Leaf-nosed Bat
within the Development Envelopes and surrounding area (Ecologia Environment, 2014d).
Table 41:

Pilbara Leaf-nosed Bat Foraging habitat extents

Habitat Type

12

Extent within envelopes

Extent outside of
envelope

Drainage Line/River/Creek (Major)

502

16,627

17,129

Gorges/Gullies

588

6,929

7,517

1,090

23,556

24,646

Total

Total extent

Analysis of fauna habitat mapping and aerial imagery has identified that the two recorded
locations within the Mine Development Envelope occur in habitat mapped as Stony Gibber
Plains, but are in close proximity to Gorges/Gullies habitat that may host foraging roosts. Other
recorded locations outside of the development envelope show a high correlation with Drainage
Line/River/Creek habitat.
Discussion of potential impacts to Pilbara Leaf-nosed Bat is discussed in Section 10.7.2.

Conservation
A number of priority recovery and threat abatement actions are recommended to support the
recovery of the Pilbara Olive Python (DoE 2008), including the following:

12



Identify populations of high conservation value and monitor to identify key threats



Ensure any development and maintenance activities in areas where the Pilbara leafnosed bat occurs do not adversely impact known populations



Monitor any recovery and conservation actions to measure effectiveness and adapt
actions where necessary



Protect known roost sites to ensure mine remain suitable for roosting, including
possible reinforcement supports in tunnels and chambers and drainage devices to
control flowing ( (Threatened Species Scientific Committee , 2001))



Manage changes to hydrology to minimise impacts to water table levels, run off,
sedimentation and pollution



Raise awareness of the Pilbara leaf-nosed bat within the community.

Source: Fortescue’s GIS database
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Pilbara Olive Python
The Pilbara Olive Python (Liasis olivaceus barroni) is listed as Vulnerable under the EPBC Act
and only occurs within the ranges of the Pilbara region of Western Australia (Threatened
Species Scientific Committee, 2008). The species inhabits areas close to watercourses and
rock outcrops, preferring escarpments, gorges and water holes (DotE, 2014) (Wilson & Swan,
2003).
The Pilbara Olive Python was not recorded during the 2014 fauna survey for the Proposal
(Ecologia Environment, 2014d), however a number of recent records of the species exist within
the surrounds of the Solomon Development Envelopes. Extensive baseline survey effort within
the Original Proposal and subsequent monitoring program has recorded six Pilbara Olive
Python individuals. This may be indicative of a small or scattered local population which may
potentially utilise the habitat located within and adjacent to the proposed action footprint;
however, it is likely that the abundance of the species in the area is low (Coffey Environments,
2011b).
Current and previous records of the Pilbara Olive Python within or in close proximity to the
proposal area (Ecologia Environment, 2014d) are shown in Figure 45 and listed below:


Two individuals were recorded during the 2013 monitoring program within the proposed
action footprint, one in the Queens mining area and one located within the Zion mining
area similar to the 2010 location



One Pilbara Olive Python was recorded during the 2012 mine annual monitoring
program



One individual at Kangeenarina Creek located approximately 500 m outside of the
proposed action footprint



A juvenile within the proposed action footprint located at the Zion mining area and a
second juvenile was recorded crossing a track in the Trinity area



The Fortescue significant fauna database has two additional records of the species.

Estimating population size for this subspecies is difficult due to the cryptic nature of the python.
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Figure 45
Pilbara Olive Python Habitat & Records

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 201

SO-PL-EN-0104

Habitat
The current Pilbara Olive Python distribution is ranges within the Pilbara region, Western
Australia. The Pilbara Olive Python is known to occur at 21 locations within the Pilbara including
populations at Pannawonica, Millstream, Tom Price and Burrup Peninsula (Ecologia
Environment, 2014d).
The Pilbara Olive Python prefers deep gorges and water holes in the ranges (DoE 2008).
The following habitat types that occur within the proposal area are considered to be suitable
habitat for the Pilbara Olive Python:


Gorges/Gullies



Drainage line/River/Creek (Major)



Hills/Ranges/Plateau.

The Gorges/Gullies habitat type is considered to provide winter shelter and foraging habitat for
the Pilbara Olive Python. Both the Drainage line/River/Creek (Major) and Hills/Ranges/Plateau
habitat types are considered to be suitable dispersal and foraging habitat for the species. The
Pilbara Olive Python is likely to use all three habitats to forage during the hot, wet summer
period. During winter, the species would seek refuge in the Gorge/Gully habitats to hibernate
and lay eggs (Ecologia Environment, 2014d). Areas of habitat suitable for the Pilbara Olive
Python are illustrated in Figure 45. The Pilbara Olive Python is also known to inhabit Karijini
National Park.

Threats
The main identified threats to the species have been identified by the DoE (DotE, 2014) as
being destruction of habitat by development of mining infrastructure, predation by feral species
including cats (Felis catus) and foxes (Vulpes vulpes), predation of food sources by foxes and
major fire events. Mining can directly affect habitat for the Pilbara Olive Python through
vegetation clearing and habitat loss and it can also alter prey availability and increase deaths of
the species from road impacts. Introduced foxes and feral cats are known to prey on juvenile
Pilbara Olive Pythons and their food sources.
The main potential threats appear to be the loss of suitable prey species, road kill (deliberate
and accidental) and death when the python is misidentified as a poisonous brown snake.
(Pearson, 2006) (Swan, 2007).

Conservation
A number of priority recovery and threat abatement actions are recommended to support the
recovery of the Pilbara Olive Python (DoE 2008), including the following:


Implement Threat Abatements plans for the control of foxes and cats
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10.3



Identify populations of high conservation priority



Ensure any development and maintenance activities in areas where the Olive Python
occurs do not adversely impact known populations



Manage changes to hydrology to minimise impacts to water table levels, run off,
sedimentation and pollution



Raise awareness of the Pilbara Olive Python within the community and road users
including through the use of road signage where the python is known to inhabit.

Migratory Species

Nine migratory fauna were identified by the EPBC Act Protected Matters Report as potentially,
likely or known to occur within the vicinity of the proposal. Fauna surveys across the site for this
proposal and the Original Proposal have identified three listed migratory species within the
proposal area:


Eastern Great Egret (Ardea modesta)



Fork-tailed Swift (Apus pacificus)



Rainbow Bee-eater (Merops ornatus).

The Eastern Great Egret primarily inhabits shallow fresh and saline waterbodies. The species
occurs across a large portion of Western Australia including the Pilbara (DotE, 2014). A single
record of this species was recorded within the proposal area as part of the 2012 Solomon Mine
annual conservation significant fauna monitoring program. The species is considered likely to
be an occasional visitor during times when sufficient rainfall creates suitable patches of habitat
within the Solomon Project area.
The Fork-tailed Swift is a small, insectivorous species with a distribution spanning from central
Siberia, through Asia and into Australia. The species breeds in Asia and winters in Australia,
arriving in the Pilbara region in November. The species is considered to be uncommon to
moderately common near the western, north-western and south-eastern coasts of Australia;
common in the Kimberley and considered to be rare or scarce elsewhere (DotE, 2014). The
species rarely lands, living almost exclusively in the air where it feeds entirely on aerial insects.
A number of records for the species exist within the proximity of the Proposal. Records are of
overflying individuals as the species is almost entirely aerial while in Australia (Ecologia
Environment, 2014d). The Fork-tailed Swift is expected to be a regular but erratic summerautumn visitor to the proposal area (Ecologia Environment, 2014d).
The Rainbow Bee-eater occurs scarcely too commonly throughout most of Western Australia. In
Western Australia the species occurs either as a resident, breeding visitor, passaging migrant or
winter visitor. The species nests in burrows that are dug in flat ground, sandy banks or cuttings
and often along the side of vehicle tracks (DotE, 2014). Numerous records of the species exist
throughout the Solomon Project and surrounds, in a variety of habitats. The Rainbow Bee-eater
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is commonly recorded in a range of habitats that support trees where the species can perch to
feed on insects.

10.4

EPBC Act listed Threatened Flora and Ecological Communities

The EPBC Act Protected Matters Search undertaken for the proposal identified one plant
species, Hamersley Lepidium (Lepidium catapycnon), as potentially occurring in the project
area (Appendix 8). The EPBC Act Protected Matters Search Tool did not identify the potential
presence of Mountain Thryptomene (Thryptomene wittweri), listed as Vulnerable under the
EPBC Act, within the vicinity of the proposal. A search of the DPaW Threatened and Priority
Flora List, however, identified that the species has previously been recorded in the Pilbara
Bioregion, although specific location information is not available for the previous record.
The closest known location of Hamersley Lepidium is at least 11 km from the proposal. The
species was not recorded during the most recent flora and vegetation survey undertaken for the
proposal (Ecologia Environment, 2014a). Flora and vegetation surveys undertaken for the
Solomon Project have not identified any flora species listed under the EPBC Act within, or in
close proximity to the Solomon Development Envelopes (Ecologia Environment, 2014a).
No Threatened Ecological Communities (TECs) protected under the EPBC Act were identified
by the EPBC Act Protected Matters Search Tool as having the potential to occur within the
Solomon Development Envelopes. Furthermore, no TECs listed under the EPBC Act have been
recorded within the Solomon Development Envelopes during flora and vegetation surveys of the
area (Ecologia Environment, 2014a).

10.5

Management Objectives

The EPBC Act objectives relevant to matters of NES are listed in the Environment Protection
and Biodiversity Conservation Act 1999 – Guide to the EPBC Act (DEWHA, 2010a) and include:


Provide for the protection of the environment, especially matters of national
environmental significance



Conserve Australian biodiversity



Control the international movement of wildlife, wildlife specimens and products made or
derived from wildlife



Promote ecologically sustainable development through the conservation and
ecologically sustainable use of natural resources.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 204

SO-PL-EN-0104

10.6

Guidelines, Policies and Frameworks

The DoE publishes a range of policy statements providing guidance on practical application of
the EPBC Act. Policy statements with relevance to this proposal include:


Matters of National Environmental Significance – Significant Impact Guidelines 1.1
(DotE, 2009)



EPBC Act Policy Statement 3.25 - Environment Protection and Biodiversity
Conservation Act 1999 referral guidelines for the northern quoll, Dasyurus hallucatus
(DSEWPAC, 2011)



Survey guidelines for Australia’s threatened bats – Guidelines for detecting bats listed
as threatened under the EPBC Act (DEWHA, 2010b)



Survey guidelines for Australia’s threatened mammals – Guidelines for detecting
mammals listed as threatened under the EPBC Act (DSEWPAC, 2011a)



Survey guidelines for Australia’s threatened reptiles – Guidelines for detecting reptiles
listed as threatened under the EPBC Act (DSEWPAC, 2011b).

10.7

Potential Impacts

The following aspects of the proposal have the potential to affect matters of NES:


Clearing of vegetation resulting in the loss or fragmentation of habitat, providing
barriers to movement for and consequent displacement of listed threatened species



Alterations to surface water flow and quality causing loss or degradation of downstream
habitat for listed threatened species, including the removal of Zalamea Pools and
associated riparian vegetation



Heavy vehicle movement leading to injury or death of individual listed threatened
species



Noise/blasting and lighting causing listed threatened species to avoid the area thereby
reducing use of habitat and changes in behaviour of listed threatened fauna



Increase in feral fauna species potentially increasing predation pressures on listed
threatened species



Increase in the risk of fire damaging habitat for listed threatened species.

Impacts similar to those listed above were assessed for the disturbance required for the existing
Solomon Mine. Impacts as a result of this expansion will be similar, but will increase the
footprint and therefore the extent of habitat disturbance from 6,313 ha to 18,459 ha. Most of the
disturbance will occur in the vicinity of the Mine Development Envelope. Disturbance in the rail
corridor will be limited to borrow pits for rail maintenance, water infrastructure and the approved
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rail spur. Disturbance in the Lower Borefield Development Envelope will also be limited to
access tracks, bore sites and pipelines.
Assessment of potential impacts has only been undertaken for those species that have been
identified as known or likely to occur within the proposal area.

Impacts to Northern Quoll
Clearing of Habitat
Progressive clearing of vegetation for mining operations will result in the direct loss of denning
(gorges and gullies), dispersal and foraging habitat (Drainage line/River/Creek (Major) and
Hilltops/ridges/plateaus) for the Northern Quoll. The area of potential Northern Quoll habitat that
will be disturbed by the Proposal is detailed in Table 42, including a cumulative assessment with
the Original Proposal. The cumulative area represents the total area of Northern Quoll habitat
mapped within the 30 km of the 2014 Ecologia Environment (2014d) study area.
Loss of potential habitat, particularly denning habitat, may result in mortality or force the
relocation of local individuals.
Table 42:

Potential Habitat Loss for the Northern Quoll

Habitat
Type

Area within
30 km of
Study Area
(ha)

Area
within
13
Study Area
(ha)

Approved
Disturbance
- MS 862
(ha)

Additional
Proposed
Disturbance
(ha)

Denning
Foraging

6,672
72,050

1,712
28,031

18
404

111
2,702

129 (7.5%)
3,106 (11.1%)

129 (1.9%)
3,106 (4.3%)

Total

78,722

29,743

422

2,813

3,235 (10.9%)

3,235 (4.1%)

Cumulative
within Study
Area
(ha and %)

Cumulative within
30 km of Study
Area
(ha and %)

Clearing of vegetation can also lead to associated impacts including habitat fragmentation and
edge effects. Fragmentation can lead to the isolation of one habitat patch from another.
Particularly in the case of linear infrastructure such as roads required for the mine,
fragmentation can act as a barrier to fauna movement between isolated patches of habitat.
Fragmentation also leads to an increase in edge effects, which are impacts that occur at the
boundary of a disturbed area. The edges of cleared vegetation are at increased risk of invasion
by weeds due to the lack of competition and increased water runoff in these areas. Edge effects
can reduce quality of fauna habitat adjacent to disturbed areas.
Figure 43 shows all of Fortescue’s Northern Quoll records since 2010. This figure shows the pre
mining (i.e. pre 2012) records and the post mining records (i.e. records from 2012 onwards) and
the survey locations for prospective habitats within the mine development envelope and
adjacent areas have been extensively searched for Northern Quolls.

13

Refers to study area in Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d)
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No Northern Quoll were recorded within development envelopes during the 2014 Solomon Hub
Vertebrate Fauna Assessment, however, during the 2014 monitoring programme (undertaken in
July), three individual male Northern Quolls were recorded from one monitoring impact site in
Kangeenarina Creek (site NQ I2) and one young male was recorded from another site on the
northern edge of the Firetail mining area (site NQ I1). The Annual Conservation Significant
Fauna Monitoring Report 2014/2015 (Ecologia Environment, 2015c) concludes the “Although
statistical analysis is currently inconclusive due to insufficient data [only 2 years], the eight
records of Northern Quoll (three individuals at NQ I2 in 2014, one individual at NQ I1 in 2014
and three individuals recorded from NQ I2 in 2013) are from within 50-500 m of construction
and operational mining activity. This suggests that the construction and operation of the
Solomon Mine is not impacting this species”.
Additionally, the 2014 Solomon Hub Vertebrate Fauna Assessment recorded two Northern
Quolls captures in Kangeenarina Creek (north) and 32 records from 10 locations were obtained
from camera traps (Ecologia Environment, 2014d) also located north of the mine development
envelope. These records are located outside of the Proposal development envelopes and will
not be impacted by the Proposal. It also shows that Kangeenarina Creek is an important habitat
for Northern Quolls and supplementation of this habitat will assist in minimising impacts from the
Proposal.

Alteration to Surface Water
Modification of existing surface water flows to accommodate mine and associated infrastructure
may lead to changes in fauna habitat. Reduced surface water flows are unlikely to impact
Northern Quoll habitat within the Mine Development Envelope as the location in which surface
water flows may be reduced is within the proposed mine footprint and therefore the habitat will
be impacted by direct clearing rather than reduced surface water flows. Also given the variability
in rainfall and small catchment area of the proposed mine footprint relative to the downstream
catchment, the proposal is unlikely to have a significant impact on Northern Quoll habitat
downstream. Supplementation of Weelumurra Creek and Kangeenarina Creek during the life of
mine will also assist in reducing impacts downstream of the proposed mine footprint.

Vehicle Movement and Noise/Blasting
Vehicle and plant movements during both construction and operation may result in the death or
injury of individual Northern Quolls as a result of vehicle strike. Noise and vibration associated
with blasting and vehicle movement as well as dust generation may deter Northern Quolls from
using habitat in the general area of the proposal. These impacts will not be substantially greater
than that already assessed for the Original Proposal and it is considered that they can be
adequately managed by the existing Mine and Rail Noise Management Plan (100-PL-EN-0028)
(Appendix 4) and Mine and Rail Dust Management Plan (45-PL-EN-0030) (Appendix 4) that
have been developed for the Solomon Project.
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Feral Predators
Establishment or increase in the number of feral predators can be considered as a potential
impact to this species. Existing management strategies including trapping and baiting programs
to control feral animals are established at Solomon, and will continue in order to control feral
animal populations. General housekeeping practices including effective storage and handling of
putrescible waste is also undertaken to reduce attraction of feral animals to the operations. As a
result of the existing management strategies in place to control feral animals, the risk to this
species associated with the establishment or increase in number of feral predators is
considered to be low.

Inappropriate Fire Regimes
The Proposal has the potential to increase the frequency of fires in proximity to the mine area.
This can lead to a reduction of foraging habitat or a reduction in cover resulting in increased
predation of Northern Quolls. Fires may be caused by:


sparks from grinding or welding



inappropriate disposal of cigarette butts



ignition of flammable vegetation through sparks or radiated heat from vehicle
exhausts.

Appropriate controls will be implemented as per the Emergency Management Sub-Plan
Bushfire Management Plan 100-PL-EM- 0009 (Fortescue, 2014c) (Appendix 4) to ensure
indirect impacts to the Northern Quoll are eliminated. With these controls implemented on site,
the risk of fire resulting from Proposal related activities will be minimised.

Cumulative Impact
Of the 78,722 ha of maximum potential habitat for the species that occurs within 30 km of the
Project Development Envelope, 422 ha has been approved for clearing under the Original
Proposal and an additional 2,813 ha is anticipated to be cleared for this expansion. The
cumulative clearing footprint will be 3,235 ha of clearing within Northern Quoll habitat, leading to
a loss of 4.1% of regional habitat and 11 % of local habitat for this species. Section 10.8
discusses the proposed mitigation and management measures that will be implemented in order
to minimise the potential impacts of the proposal on the Northern Quoll. Residual impacts
following implementation of the proposed mitigation measures are described in Section 10.9.
Although disturbance of Northern Quoll habitat is likely to increase local impacts on the species,
the Northern Quoll is not restricted to the Solomon Project area but occurs widely throughout
the region. The project does not represent a high risk of a significant impact to this species as
the potential habitat to be disturbed is widely represented in the Pilbara and the disturbance will
only remove a small proportion of habitat in the area. The majority of the disturbance is located
near existing mining operations. Furthermore, evidence from other active mining areas has
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demonstrated that Northern Quolls are able to adapt to disturbed environments and the
presence of permanent water will assist their survival rate during dry seasons.

Assessment against Criteria
A summary of the assessment of the Proposal against the Significant Impact Guidelines 1.1
(DotE, 2009), is provided in Table 43. Given there are a number of Northern Quolls inhabiting
gorges and drainage lines north of the development envelopes and that monitoring has shown
there are Northern Quolls inhabiting Kangeenarina Creek with 500 m of mining activities, it is
not expected to be any significant impacts to this species as a result of the Proposal.
Table 43:

Assessment of Impacts on the Northern Quoll as a result of the Proposal

Significant Impact
Criteria

Assessment of Significant Impact

Lead to a long-term
decrease in the size
of a population

The proposed action will result in the removal of approximately 129 ha of suitable denning
habitat and 3,106 ha of potential suitable foraging habitat. This is approximately 1.9 % of
suitable denning habitat and 4.3 % suitable foraging habitat mapped by Ecologia within 30
km of the development envelopes for the proposed action.
The proposed action may result in short to medium-term impacts on individuals of the local
Northern Quoll population within the proposed mining areas, either through mortality or
forced relocation from habitat destruction. However, the ongoing presence of Northern
Quolls at monitoring site in Kangeenarina Creek over the last two years of monitoring (2013
and 2014) as well as one additional capture at site on the northern edge Firetail suggest
that the Northern Quoll population has persisted within the mine development envelope.
Additionally, the 2014 Solomon Hub Terrestrial Fauna Assessment captured 2 Northern
Quolls approximately 5 km north of the mine development envelope and recorded 32
sightings of Northern Quolls via 10 cameras locations in gorges and drainage lines between
5 km and 10 km north of the mine development envelope.

Reduce the area of
occupancy of the
species

Possible, but localised in extent. Significant impact at species level is unlikely.
According to the 2013 rail monitoring survey, the occupancy has increased in habitats
along the rail corridor. Similarly, three additional Northern Quolls were recorded in
Kangeenarina Creek near the northern proposed action development envelope boundary
(near Kings) during the 2014 monitoring programme. As well as captured 2 Northern Quolls
approximately 5 km north of the mine development envelope and recorded 32 sightings of
Northern Quolls via 10 cameras locations in gorges and drainage lines between 5 km and
10 km north of the mine development envelope during the 2014 Solomon Hub Terrestrial
Fauna Assessment. Additionally Northern Quolls are likely to inhabit active mining areas
where there is access to permanent water.

Fragment an
existing population
into two or more
populations

The disturbance required for the proposed action will occur adjacent to either existing
operations (mine pits and processing infrastructure) or existing approved disturbance. Due
to the condensed nature of the disturbance footprint, the proposed action is unlikely to
result in additional habitat or population fragmentation to the Original Proposal. The two
distinct populations are widely separated and to the north of the project area. If these
populations do interact they will not be impeded by new infrastructure.

Adversely affect
habitat critical to the
survival of a
species.

Possible, but significant impact at species/population level unlikely.
Disturbance to gorge and gully habitat may affect potential denning areas, but large areas
of similar habitat in the near vicinity of the project will not be disturbed providing suitable
habitat for relocation if necessary.

Disrupt the breeding
cycle of a
population

Rocky creek lines located within the proposed action footprint may represent suitable
denning habitat for the species, but extensive survey effort has not found a breeding
population in the development envelopes.

Modify, destroy,
remove, isolate or
decrease the
availability or quality
of habitat to the

Areas of potential denning habitat will be destroyed, but no breeding population has been
recorded despite nine surveys in the area.
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Significant Impact
Criteria

Assessment of Significant Impact

extent that the
species is likely to
decline
Result in invasive
species that are
harmful to a
critically
endangered or
endangered species
becoming
established in the
endangered or
critically
endangered habitat

Management will include procedures to avoid introduction of invasive weed species and
feral animals into the area. It is unlikely that the proposed action will result in the
introduction of invasive species to the detriment of Northern Quoll or the quantity and
quality of suitable habitat adjacent to the proposed action. Feral Species control is
undertaken regularly.

Introduce disease
that may cause the
species to decline.

Management measures have been put in place to reduce the risk of invasive species being
introduced. This management will include procedures to avoid introduction of feral animals
which may bring disease into the area.

Interfere with the
recovery of the
species.

Potential breeding habitat will be disturbed by the Proposal, but only 1.9 % of the denning
habitat within the region and therefore is unlikely to interfere with the recovery of the
species.

Impacts to Pilbara Leaf-nosed Bat
Clearing of Habitat
The Pilbara Leaf-nosed Bat has been recorded from two locations within the Mine Development
Envelope and sporadically from adjacent areas following a numbers of surveys and monitoring
events (Figure 44). At these two locations within the Mine Development Envelope, the
individual is likely traversing areas of Stony Gibber Plain habitat to forage in Drainage
Line/River/Creek or Gorges/Gullies habitat. As demonstrated in Section 10.2.2, Table 41, whilst
this type of habitat exists within the Mine Development Envelope there is far greater foraging
areas in the surrounding, largely undisturbed, areas. The foraging habitat located within the
Mine Development Envelope is therefore not considered significant habitat for the species.
As stated in Section 10.2.2, all records within the study area have consisted of single calls
between 9:50 pm and 11:30 pm, indicating individual bats utilising areas for foraging only and
no evidence exists to suggest that there is a diurnal roost cave within close proximity to the
Proposal. This species is almost certainly utilising the area for foraging only and given the
timing (both time of night and time of year) and very low number of calls, it is likely that the area
within the Mine Development Envelope is on the edge of the individuals foraging range, further
evidence that the foraging habitat found within the Mine Development Envelope is not
significant habitat. Habitat found closer to the diurnal roost is likely to be of much greater
importance to the population than marginal habitat located within the Mine Development
Envelope.
Zalamea Pools are the only ephemeral water sources that are proposed to be impacted by the
Proposal. Figure 44 shows survey sites for the Pilbara Leaf-nosed Bat. The survey sites have
included Zalamea Pools and despite many attempts at recording their presence, no Pilbara
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Leaf-nosed Bats have been recorded in Zalamea Gorge, therefore Zalamea Pools do not
appear to be significant habitat for the Pilbara Leaf-nosed Bat.
Potential foraging habitat has been disturbed through the development of the Solomon Project
under MS 862 and additional areas will be impacted by clearing for the continued mine
development under this Proposal. The cumulative area of potential foraging habitat (habitat
within 20 km of records) for the species that will be disturbed following the implementation of
this Proposal is summarised in Table 44.
Table 44:

Potential Foraging Habitat Loss for the Pilbara Leaf-nosed Bat
Local
Mapped
14
Extent (ha)

Approved
Disturbance MS 862 (ha)

Approved for
Disturbance
(%)

Additional
Proposed
Disturbance (ha)

Cumulative
Disturbance
(ha and %)

Drainage
Line/River/Creek (Major)

17,129

72.7

0.4

216.3

289 (1.7%)

Gorges/Gullies

7,517

23.2

0.3

110.8

134 (1.8%)

Total

24,646

95.9

0.4

327.1

421 (1.7%)

Habitat Type

Therefore, considering:


a diurnal roost does not occur within the Mine Development Envelope or immediate
surrounds



the area occurs on the edge of the population’s home range



the area is visited by few individuals



the large area of foraging habitat found within the surrounding areas that are not
subject to development



the paucity of permanent water within the Mine Development Envelope.

The cumulative loss of 421 ha of foraging habitat is not a significant impact.

Alteration to Surface Water
Alteration to surface water flows is unlikely to have a significant impact on the Pilbara Leafnosed Bat, as key roosting habitat for this species is located outside the Development
Envelopes. Also surface water flow in suitable foraging habitat (drainage lines) outside of the
clearing footprint will not be significantly impacted.

Vehicle Movement
Though only a small number of Pilbara Leaf-nosed Bats have been recorded in the Mine
Development Envelope, there is the potential for road traffic strike fatalities. Pilbara Leaf-nosed
Bats are known to forage close to the ground and may be more susceptible to vehicle strikes

14

Source: Fortescue GIS database
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between dusk and dawn. Given the low number of Pilbara Leaf-nosed Bats identified in the
Mine Development Envelope, it is anticipated that vehicle strike would be limited and would not
significantly affect the regional population of the species.

Noise/Blasting
Noise and vibration associated with blasting and general operation of the mining activities may
deter the Pilbara Leaf-nosed Bat from using foraging habitat in the general area of the proposal.
Noise and vibration impacts will not be substantially greater than that already assessed for the
Original Proposal and it is considered that they can be adequately managed by the existing
Mine and Rail Noise Management Plan 100-PL-EN-0028 (Appendix 4) for the Solomon Project.

Inappropriate Fire Regimes
Uncontrolled fires are not expected to affect the Pilbara Leaf-nosed Bat as roosting habitat is
not located within the Development Envelope.

Cumulative Impact
Of the 24,646 ha of potential foraging habitat for the species that occurs within the region
surrounding Solomon, 421 ha is proposed to be cleared. Section 10.8 discusses the proposed
mitigation and management measures that will be implemented in order to minimise any
potential impacts of the proposal on the Pilbara Leaf-nosed Bat. Residual impacts following
implementation of the proposed mitigation measures are described in Section 10.9.
Assessment against Criteria
Table 45 provides a summary of the assessment of the proposal against the Significant Impact
Guidelines 1.1 (DotE, 2009). There are not expected to be any significant impacts to this
species as a result of the Proposal.
Table 45:

Assessment of Impacts on the Pilbara Leaf-nosed Bat as a result of the Proposal

Significant Impact
Criteria

Assessment of Significant Impact

Lead to a long-term
decrease in the size of
a population

There are no diurnal/maternal roost caves in the Proposal area therefore no roosting or
breeding habitat will be disturbed. Only small amounts of foraging habitat will be
disturbed compared to regional extents. There is not likely to be a decrease in the local
population.

Reduce the area of
occupancy of the
species

Bats continue to forage in the wider area although noise impacts may keep them from
the mining areas.

Fragment an existing
population into two or
more populations

As there are no diurnal roosts within the project area, and the foraging habitat is on the
edge of the population’s home range, disturbance is highly unlikely to result in the
fragmentation of an existing Pilbara Leaf-nosed Bat population.

Adversely affect habitat
critical to the survival of
a species.

The proposed action will not affect habitat critical to the survival of the species as no
breeding/roosting habitat is present in the area. The small amount of foraging habitat to
be disturbed is not critical habitat for the species.
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Significant Impact
Criteria

Assessment of Significant Impact

Disrupt the breeding
cycle of an important
population

No breeding/roosting populations are located within the Development Envelopes and
therefore the proposal will not disrupt the breeding cycle of any Pilbara Leaf-nosed Bat
populations or individuals.

Modify, destroy,
remove, isolate or
decrease the
availability or quality of
habitat to the extent
that the species is likely
to decline

Extensive areas of foraging habitat is available to the species in the surrounding areas.
Clearing as a result of this project will not significantly reduce the area of foraging
habitat and there will be no decline of the species as a result of the proposed
disturbance.

Result in invasive
species that are
harmful to a vulnerable
species becoming
established in the
habitat

The proposal will be implemented in line with the Conservation Significant Fauna
Management Plan (100-PL-EN-0022) (Appendix 4), with measures put in place to
reduce the risk of invasive species being introduced. Note, introduction of feral
predators is not considered to be a threat to this species.

Introduce disease that
may cause the species
to decline.

No domestic animals will be permitted on site, minimising the risk of introducing disease
to the area. Note, disease is not listed as a threat to this species.

Interfere substantially
with the recovery of the
species.

Management actions critical for the recovery of this species are listed in Section 10.7.2,
in particular, identification and protection of maternity roosts. The proposal does not
include any maternity roosts for this species and the small amounts of foraging habitat
to be disturbed will not interfere with the recovery of this species.

Impacts to Pilbara Olive Python
Clearing of Habitat
On a regional scale, potential impacts on the Pilbara Olive Python are expected to be minor.
Clearing of vegetation for the proposal will result in direct removal of 111 ha of potential winter
shelter habitat (gorges and gullies) and 2,702 ha of dispersal and foraging habitat (drainage
line/river/creek (major) and hilltops/ridges/plateaus) for the Pilbara Olive Python. The area of
potential habitat for the species that will be cleared for the proposal is provided in Table 46,
including a cumulative assessment considering the Original Proposal. The Pilbara Olive Python
is also likely to forage around groundwater-fed pools and the water levels in Northern
Kangeenarina Creek and Weelumurra Creek Pools will be maintained in accordance with
respective supplementation plans.
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Table 46:

Potential Habitat Loss for the Pilbara Olive Python

Habitat Type

Area within
30 km of
study area
(ha)

Area within
15
Study Area
(ha)

Approved
Disturbance
- MS 862
(ha)

Additional
Proposed
Disturbance
(ha)

Cumulative
within
Study Area
(ha and %)

Cumulative
within 30 km of
the study area
(ha and %)

Winter shelter
and foraging

6,672

1,712

18

111

129
(7.5%)

129
(1.9%)

Dispersal and
foraging

72,050

28,031

404

2,702

3,106
(11.1%)

3,106
(4.3%)

Total

78,722

29,743

422

2,813

3,235
(10.9%)

3,235
(4.1%)

On a local scale, the Pilbara Olive Python has been recorded during several monitoring surveys
(2012 and 2013) near the ephemeral pools within Zalamea Creek in Zalamea Gorge. The
proposed mining activities at Zion will result in the removal of the semi-permanent Zalamea
Pools. The Pilbara Olive Python was not recorded during the 2014 monitoring programme and
Ecologia Environment (2015c) has suggested this may be due to the lack of surface water. The
Pilbara Olive Python is a mobile species and is known to have a home range of 87.76 ha to
449.26 ha (DotE, 2015) and may be able to relocate to new habitats further downstream in the
Zalamea Gorge outside of the mine footprint. Figure 55 demonstrates that surface water will
continue to flow through Zalamea Gorge, outside the proposed mining footprint, during mining
and after closure.
Figure 45 shows that Pilbara Olive Pythons have also been recorded in Kangeenarina Creek,
Hamersley Gorge, Kings, Queens and near the Solomon site access road. This figure shows
the pre mining (i.e. pre 2012) records and the post mining records (i.e. records from 2012
onwards) and that the area has been extensively searched for the Pilbara Olive Pythons, by
showing all of the monitoring and survey sites used in and adjacent to the development
envelopes. This figure also shows potential winter shelter habitat (gorges and gullies) and
potential foraging habitat which includes the groundwater-fed pools within Kangeenarina Creek
(north) and Hamersley Gorge which are not proposed to be impacted as a part of this proposal.

Noise/Blasting
The Pilbara Olive Python is therefore expected to move away from areas of disturbance. With
respect to noise and vibration impacts associated with the proposal, it is anticipated that these
will not be substantially greater than those already assessed for the Original Proposal and it is
considered that these impacts can be adequately managed by the existing Mine and Rail Noise
Management Plan (100-PL-EN-0028) (Appendix 4) for the Solomon Project.

Vehicle Movement
The Pilbara Olive Python is prone to vehicle strike associated with road traffic and there is
potential for individual pythons to be injured or killed through collisions with vehicles on roads.

15

Refers to study area in Solomon Hub Vertebrate Fauna Assessment (Ecologia Environment, 2014d)
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The number of deaths that could be expected to result from vehicle strike would however not be
anticipated to significantly affect the regional population of the species.

Feral Predators
Feral predators may impact Pilbara Olive Python populations through direct predation and
competition for prey. The main feral predators of concern is the feral cat and foxes, (Threatened
Species Scientific Committee, 2008). Feral cats may actively hunt Pilbara Olive Pythons,
particularly juveniles and this combined with competition for prey species (such as quolls and
rock wallabies) may lead to a decline in the Pilbara Olive Python population where these feral
predators are present.
The 2014 survey of the survey area recorded evidence of feral cats (Ecologia Environment,
2014d) in the survey area. Feral cats may be attracted to the mine area through the presence of
permanent water and alternative food sources if waste is incorrectly disposed.
Feral animals are managed in accordance with the Conservation Significant Fauna
Management Plan (100-PL-EN-0022) (Appendix 4) and therefore the potential for impacts to the
Pilbara Olive Python as a result of this proposal is considered to be low.

Inappropriate Fire Regimes
Increased fire frequency can modify the structure of vegetation and results in reduced cover for
the Pilbara Olive Python, thereby increasing the risk of predation, either by native or introduced
predators. Increased fire frequencies may also lead to a reduction in the number of food
sources as prey animals may also be reduced. Through these mechanisms, frequent fires in
areas of Pilbara Olive Python habitat can decrease their numbers and lead to a localised
decline of the species.
The highest risk areas for fires are associated with the mine area. Frequent fires, particularly in
relation to vegetation associated with water pools and gorges, are likely to reduce the number of
Pilbara Olive Pythons in the area surrounding the mine. Management measures are in place to
minimise the risk of fires associated with the proposal. The potential for impacts to the Pilbara
Olive Python is therefore considered to be low.

Cumulative Impact
Of the 78,722 ha of potential habitat for the species that occurs within 30 km of the Proposal’s
Development Envelopes, the cumulative footprint will result in the removal of 3,106 ha of
potential Pilbara Olive Python foraging habitat, representing 4.3 % of the habitat for this species
and approximately 129 ha of critical habitat (winter shelter) is proposed to be impacted which is
approximately 1.9 % of the gorge/gully habitat available. Section 10.8 discusses the proposed
mitigation and management measures that will be implemented in order to minimise the
potential impacts of the proposal on the Pilbara Olive Python.
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Assessment against Criteria
Table 47 provides a summary of the assessment of the proposal against the Significant Impact
Guidelines 1.1 (DotE, 2009). There are not expected to be any significant impacts to this
species as a result of the Proposal.
Table 47:

Assessment of Impacts on the Pilbara Olive Python as a Result of the Proposal

Significant Impact
Criteria

Assessment of Significant Impact

Lead to a long-term
decrease in the size of a
population

While some potential winter shelter and foraging habitat will be removed it is
considered unlikely to adversely affect the Pilbara Olive Python at a population
scale.

Reduce the area of
occupancy of the species

The proposed action will result in the removal of potentially suitable foraging habitat
and winter shelter habitat and therefore a reduction in the local occupancy of
scattered individuals either through mortality or forced relocation from habitat
destruction may occur. The proposed action however, is unlikely to be detrimental to
the regional or broader occupancy of the species.

Fragment an existing
population into two or more
populations

The proposed disturbance is unlikely to result in additional habitat or population
fragmentation to the Original Proposal.

Adversely affect habitat
critical to the survival of a
species.

The proposed action will result in the removal of gorges and small ephemeral pools
in Zalamea Gorge which includes suitable foraging habitat for the Pilbara Olive
Python. Other similar habitat is being maintained by groundwater supplementation.
The Proposal may result in a small amount of the regionally and locally available
habitat being disturbed through clearing or dewatering, but this area is unlikely to be
significant to the survival of the species.

Disrupt the breeding cycle
of an important population

Gorges and gullies suitable for breeding are likely to be impacted by the proposal
however there is gorges and gullies habitat also available adjacent to the proposed
footprint (Figure 45).

Modify, destroy, remove,
isolate or decrease the
availability or quality of
habitat to the extent that
the species is likely to
decline

The proposed action will result in the removal of gorges and small ephemeral pools
in the Zalamea Gorge which includes suitable foraging habitat for the Pilbara Olive
Python. Other similar habitat such as Kangeenarina Creek Pools are being
maintained by supplementation. The clearing required for the Proposal is only likely
to affect a small number of locally occurring individuals and unlikely to result in a
decline in the species.

Result in invasive species
that are harmful to a
vulnerable species
becoming established in
the habitat

The Proposal will be implemented in line with the Conservation Significant Fauna
Management Plan (100-PL-EN-0022) (Appendix 4), with measures put in place to
reduce the risk of invasive species being introduced.

Introduce disease that may
cause the species to
decline.

No domestic animals will be allowed on site therefore minimising the risk of
introducing disease to the area.

Interfere substantially with
the recovery of the
species.

The loss of a small amount of habitat in Zalamea Gorge is unlikely to adversely
affect Pilbara Olive Pythons. Approximately 6,500 ha of gorges and gully habitat
(suitable breeding habitat) is located outside of the Proposal footprint and therefore
proposal is unlikely to interfere with the recovery of the species within the region.

Listed Migratory Species
The Rainbow Bee-eater and Fork-tailed Swift have regularly been recorded within the Solomon
Project area. These species are both nomadic with large distributions in Australia. The Forktailed Swift does not breed in Australia and is an almost entirely aerial species when in
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Australia. As a result, this species is not predicted to be impacted by the proposal. Given the
wide distribution and general habitat requirements of the Rainbow Bee-eater, the proposal is
also not expected to have a significant impact on this species.
The Eastern Great Egret is considered likely to be an occasional visitor to the Solomon Project
area during times when sufficient rainfall creates suitable patches of habitat within the proposal
area. Clearing of areas of suitable habitat or changes in water levels of local wetlands therefore
have the potential to impact on the species. Although there are small areas of habitat within the
Solomon Project area, they are not proposed to be disturbed.

10.8

Proposed Management

Fortescue has developed a Conservation Significant Fauna Management Plan 100-PL-EN-0022
(Fortescue, 2014d) (Appendix 4) with the aim of maximising the ongoing and long term
protection of conservation significant fauna associated with the Solomon Project. This Plan
identifies potential impacts on conservation significant fauna species, such as EPBC Act listed
threatened fauna species, and addresses subsequent management issues. The Northern Quoll,
Pilbara Leaf-nosed Bat and Pilbara Olive Python are all included within this plan. This fauna
management plan and its management actions will apply to the proposed extension.
The specific mitigation and management measures proposed to address impacts on MNES are
summarised in Table 48.
Table 48:

Mitigation Measures for MNES

Category

Mitigation

Avoidance

Clearing of potential habitat for Northern Quolls, Pilbara Leaf-nosed Bats and Pilbara Olive
Python will be avoided, wherever possible, particularly for the following habitat types:


denning habitat for the Northern Quoll.



winter refuge habitat for the Pilbara Olive Python.

Known locations of northern Quoll, Pilbara Leaf-nosed Bat and Pilbara Olive Python will be
mapped and access to these areas restricted as far as practicable.
Access to groundwater-fed pools will be restricted to authorised personnel only.
Minimisation

Vegetation clearing will be minimised to those areas considered absolutely necessary for safe
construction and operation.
Clearing of the potential habitat of significant fauna species will be minimised, particularly with
regards to borrow pits where location can be relatively flexible. Preference will be to locate pits in
previously disturbed areas and/or outside of known habitat for listed threatened species.
Prior to the commencement of any clearing, fauna inspections will be conducted for the presence
of listed threatened species including the Northern Quoll, Pilbara Leaf-nosed Bat and Pilbara
Olive Python. A trapping and relocation program will be implemented by a suitably qualified
fauna handler where any of these species are detected. Trapped individuals will either be
released in a safe area of suitable habitat, or held temporarily and re-released in suitable habitat
nearby once clearing has stopped.
Anthropogenic activity in potential habitat for Northern Quolls, Pilbara Leaf-nosed Bats and
Pilbara Olive Python will be minimised, wherever possible.
Vehicular movement will be restricted to predetermined access roads to minimise mortality of
fauna species and to prevent spread of weeds.
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Category

Mitigation
The use of artificial lighting onsite will be minimised wherever possible.

Management

Fortescue’s Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue,
2014d) (Appendix 4) will be implemented.
Supplementation of Weelumurra Creek and Kangeenarina Creek (major creek line habitat) will
be undertaken in accordance with approved supplementation plans (Kangeenarina Pools
Supplementation Plan – Northern Pools Addendum (600SO-00018-RP-HY-0003) (Fortescue,
2014b)) or as amended.
Information on MNES relevant to the Proposal and employee/contractor/visitor responsibilities
will be included as part of the site induction plan.
Revegetation and rehabilitation activities will be completed including fauna habitat reconstruction
as per the Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue,
2014d) (Appendix 4) and Mine Closure Plan (SO-PL-EN-0016) (Fortescue, 2013d) (Appendix 5).
Where listed threatened species are recorded within the project footprint, mitigation measures
will be developed in consultation with DPaW, including the relocation of fauna.
Lighting will be kept to that required for the safe construction and operation of the Proposal and
for the welfare of personnel.
the Weed Management Plan (45-PL-EN-0013) (Appendix 4) will continue to be implemented that
includes:





targets weed species, and any specific control procedures
inspection and washdown procedures for all vehicles/machinery moving in and out of the
Solomon mine area and particularly those that will be leaving designated vehicle tracks
any ongoing monitoring requirements
restriction of vehicular movement to predetermined access roads to prevent the introduction
and spread of weeds

Disturbed areas will be progressively rehabilitated once they are no longer required for operation
of the proposal. Rehabilitation will be conducted according to the Rehabilitation and
Revegetation Management Plan (100-PL-EN-0023) (Fortescue, 2013e) (Appendix 4).
Vegetation clearing will only proceed following issuing of a Fortescue internal ground disturbance
permit to ensure that clearing is restricted to approved boundaries.
Surface water management will be implemented in accordance with the Surface Water
Management Plan (100-PL-EN-1015) (Fortescue, 2012b) (Appendix 4).
Vehicle speed limits will be enforced for all Project roads and tracks. Off road driving will be
prohibited unless authorised or in emergency situations or in accordance with specific area
management plans.
Outside of the active mine site, driving at dawn, dusk or night will be minimised as much as
practicable.
Injured fauna will be reported to the site officer who will determine the appropriate course of
action.
Any deaths of fauna species protected under the EPBC Act will be reported to DPaW and DoE.
Manage waste materials and on-site landfill facilities in accordance with the Fortescue’s Waste
Management Plan (45-PL-EN-0014) to minimise potential impacts on fauna and the likelihood of
increases in feral animal numbers.
No pets will be allowed on site, including at the accommodation camp.
Monitoring

Undertake targeted fauna surveys that are consistent with the EPA’s Guidance for the
Assessment of Environmental Factors No.56 – Terrestrial Fauna Surveys for Environmental
Impact Assessments in Western Australia, to determine distribution of conservation significant
fauna including listed threatened species.
Where there are known populations of conservation significant fauna in the proposal area, fauna
monitoring will be conducted in accordance with the Conservation Significant Fauna
Management Plan (100-PL-EN-0022) (Fortescue, 2014d) (Appendix 4).
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Effectiveness of Current Management
A summary of the fauna survey monitoring for EPBC Act listed species are as follows (Ecologia
Environment, 2015c):


In 2014, three individual male Northern Quolls were recorded from one monitoring
impact site (NQ I2, Kangeenarina Creek) and one young male was recorded from
another site (NQ I1, northern edge of Firetail). In 2013, three males were recorded at
NQ I2. In 2012, no Northern Quolls were captured from this site, although one
individual was previously caught at this location in 2011 (Coffey 2011). The ongoing
presence of Northern Quolls at monitoring site NQ I2 over the last two years of
monitoring (2013 and 2014) with increased capture success and one additional
capture at site NQ I1 suggest that the Northern Quoll population has persisted within
the impact zone. This result indicates that despite the increased impact by traffic (light
and heavy vehicles) and mining-related activities (ore processing facilities and
maintenance facilities) within 50-500 m of the monitoring site, the operation of the
Solomon Mine Project has not impacted the local population significantly.



In 2014, no Pilbara Leaf-nosed Bat calls were recorded from the impact monitoring
sites. During the two previous years of monitoring, one foraging call has been
recorded from within the impact zone (BAT I5). The record was located in the Queens
which is in proximity to Weelumurra Creek. These records suggest that a population of
Pilbara Leaf-nosed Bats is present within 20 km, south-west of the Solomon Mine
which is likely to occasionally forage along Weelumurra Creek and adjacent flyways
and may occasionally hunt within the west of the impact zone. Given the low number
of records (shown in Figure 44) during previous years of monitoring and surveying the
Pilbara Leaf-nosed Bat recorded within the impact zone is considered an occasional
visitor.



During the 2014 Pilbara Olive Python summer monitoring event, no surface water was
recorded from impact sites POP I3 and POP I4 (Zalamea Pools), whereas pools were
previously present in 2012 and 2013. Weather data recorded from the Solomon Mine
and Wittenoom (BoM 2014) show that rainfall events in January 2013 resulted in a
total of 339.87 mm recorded by Fortescue’s weather stations and 430.6 mm recorded
by the Bureau of Meteorology. The following year, a total of 94.2 mm of rainfall was
received at the Solomon Mine (214.6 mm at Wittenoom), which then decreased to a
total of 95 mm of rainfall recorded during January 2015 (67.2 mm at Wittenoom). This
decrease in rainfall is likely to have resulted in the reduction of surface water and
water pools at the Zalamea Pools.



During the 2014 survey, no Pilbara Olive Pythons were recorded from the impact
search sites, but one Pilbara Olive Python was recorded during road spotting from
within the impact zone of the mine. The location of the Pilbara Olive Python sighting is
not in the vicinity of the monitoring search sites and no water pools were present
within the vicinity of the record; this record may represent a travelling/dispersing
individual. In 2013, one single Pilbara Olive Python was recorded which was observed
at POPI4, in a densely vegetated area of a creekline which contained surface water. In
2012, one juvenile was also recorded from POPI4. In 2010, a juvenile Pilbara Olive
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Python was recorded at POPI3, at a small water pool. This waterhole however, was
dry during the monitoring events in 2013 and 2014. During the 2012 summer
monitoring event, another juvenile was recorded near a water pool at POPI4. The size
differences between individuals recorded Zalamea Creek, and the time between
records suggest that these records involve three different individuals. This in turn
suggests that the Zalamea Pools (POPI3 and POPI4) may support a local population
of Pilbara Olive Pythons. Dry conditions experienced during the 2013 and 2014
monitoring event may have resulted in a decrease in records of the species due to the
lack of water in the pools.

10.9

Predicted Residual Outcome

The Proposal will result in the unavoidable disturbance of 12,146 ha of vegetation.
Approximately 27% of this disturbance area provides known or potential habitat for MNES.
Nonetheless, the fauna habitats recorded within the Solomon Mine, borefields and rail borrow
pits are not considered to be unique to the impact area.
Given that monitoring demonstrates that populations of Northern Quolls and Pilbara Olive
Pythons are able to persist in areas in close proximity to mining and that there is a large
distribution of similar habitats in adjacent areas, the proposed infrastructure is not considered
likely to have a significant impact on MNES or their habitat on a local or regional scale. In
addition, Fortescue has identified a range of management measures to minimise impacts on
listed threatened and/or migratory species (refer to Section 10.8).
The predicted residual impacts of the proposal on MNES are summarised in Table 49.
Table 49:

Summary of Residual Impacts for MNES after Mitigation Measures

Potential Impact

Residual Impact after
Management

Regional Significance

Habitat disturbance –
Northern Quoll

3,106 ha of foraging habitat
129 ha potential denning
habitat

Less than 11% of local habitat and insignificant
regionally

Habitat disturbance –
Pilbara Leaf-nosed Bat

421 ha of potential foraging
habitat

Less than 10% of local habitat and insignificant
regionally

Habitat disturbance –
Pilbara Olive Python

3,106 ha of potential foraging
habitat
129 ha potential winter
shelter habitat

Less than 11% of local habitat and insignificant
regionally

Removal of
Groundwater-fed pools

Removal of Zalamea Pools.
Kangeenarina and
Weelumurra pools
supplemented to maintain
pool water levels.

Pools are on tributaries flowing into large creeks that join
the Fortescue River.
Kangeenarina and Weelumurra pools will be maintained
in accordance with supplementation plans.
According to DoWs classification, Zalamea is a small
semi-permanent pool (see section 12.3).
Zalamea Pools in Zalamea Gorge (Zion) do not appear
to be significant habitat for Pilbara Leaf-nosed Bat or
Northern Quoll, despite many attempts at recording their
presence.
The Pilbara Olive Python has been recorded on 3
occasions (2010, 2012 & 2013) near the Zalamea Pools,
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Potential Impact

Residual Impact after
Management

Regional Significance
this population may be impacted by the proposal
however additional gorge and drainage habitat is present
outside of the proposed mine footprint in Zion,

Vehicle impacts

Loss of some individuals

Low significance to the species survival

Unplanned fire regimes

Fire can destroy habitat, but
the species are adapted to
take advantage of fire

Low significance to the species survival

Potential introduction of
feral species

Unlikely

Low

SECTION 11
Key Environmental Factor
Subterranean Fauna
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11.

SUBTERRANEAN FAUNA

This section describes the potential impacts, proposed management and predicted outcomes
associated with the subterranean fauna values potentially occurring within the Proposal
Envelope.
Subterranean fauna are animals that inhabit underground habitats, and include troglofauna and
stygofauna. Troglofauna are terrestrial fauna that inhabit air chambers in underground caves or
small, humid air-filled voids. Stygofauna are groundwater-dwelling aquatic fauna that inhabit a
range of groundwater systems. Both require moisture to survive. Both troglofauna and
stygofauna exhibit a high level of endemism and the Pilbara is considered a globally important
region particularly for stygofauna with species density greater than anywhere other than the
Dinaric karst of Europe (Bennelongia Environmental Consultants, 2014a).

11.1

Project Surveys

Studies completed for the Proposal relevant to subterranean fauna include:


Solomon Project: Kings Deposits Subterranean Fauna Survey and Assessment
(Subterranean Ecology, 2010).



Troglofauna Assessment for the Solomon Project: Firetail Deposits (Bennelongia
Environmental Consultants, 2010)



Solomon Iron Ore Project: Troglofauna Survey at Zion Deposit (Bennelongia
Environmental Consultants, 2013) (Appendix 9)



Solomon Iron Ore Project: 30 Month Troglofauna Report at Kings Mine (Bennelongia
Environmental Consultants, 2013a)



Solomon Life of Mine: Troglofauna Desktop Assessment (Bennelongia Environmental
Consultants, 2014a) (Appendix 10)



Solomon Life of Mine: Stygofauna Desktop Assessment (Bennelongia Environmental
Consultants, 2014b) (Appendix 11)



Solomon Stygofauna Assessment of Northern and Southern Borefields (Bennelongia
Environmental Consultants, 2014c) (Appendix 12)



Addendum to Solomon Stygofauna Assessment of Northern and Southern Borefields
(Bennelongia Environmental Consultants, 2014d) (Appendix 13)

The extent of the survey areas of stygofauna and troglofauna is shown in Figure 46. This figure
also shows whether stygofauna or troglofauna were recorded at each sampling site.
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11.2

Stygofauna

Stygofauna are groundwater-dwelling aquatic fauna that inhabit a range of groundwater
systems. Stygofauna is made up predominantly of many kinds of crustaceans but includes
worms, snails, insects, other invertebrate groups, and in Australia, two species of blind fish.
Most species spend their entire lives in groundwater. Stygofauna occur in an array of different
groundwater habitats including porous, karstic and fractured-rock aquifers, springs and the
hyporheos of streams (Eberhard, et al., 2009). Calcrete and alluvium are typically considered to
be the most productive habitats for stygofauna, although mafic volcanics may support rich
stygofauna communities, stygofauna abundance in banded iron formation is usually much less
(Halse, et al., 2014). Stygofauna inhabit fissures and voids in groundwater aquifers, and there is
a correlation between transmissivity and the suitability of the aquifer for stygofauna (Danielpol,
Griebler, Gunatilaka, & Notenboom, 2003). Both lateral and vertical connectivity of fissures and
voids are important. Lateral connectivity enables species to move across subterranean habitat,
while vertical connectivity through to the surface enables recharge of carbon and nutrients to
the stygofauna community.

Stygofauna Habitat
Stygofauna generally occurs in calcrete and/or alluvium habitats and this is no different for
Solomon. Figure 47 demonstrates the continuous nature of the geology at Solomon and the
area surrounding Solomon.
The Southern Borefield is located on an alluvial plain (Unit Qa in Figure 47) at the upper
reaches of the South Fortescue River and Weelumurra Creek. The borefield lies within a
palaeovalley settings, and consisting of:


bedrock filled with sequences of Tertiary sediments forming groundwater reservoirs



areas of calcrete formed by carbonate precipitation within the Tertiary sediments



the Paraburdoo Member of the Wittenoom Formation (Wittenoom Dolomite)
(Bennelongia Environmental Consultants, 2014).

The Lower Borefield lies in the Lower Fortescue Valley. Within the vicinity of the borefield there
are numerous geological units, these units are similar to the Southern Borefield. Groundwater
occurrence is associated with palaeovalley units:


unconsolidated sediments comprised of alluvial (Unit Qa in Figure 47), colluvial and
detrital deposits associated with the valley-fills.



calcrete deposits originating from carbonate precipitation at palaeo water tables.



the Paraburdoo Member of the Wittenoom Formation (Wittenoom Dolomite) underlying
the valley-fill deposits (Bennelongia Environmental Consultants, 2014c).
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The primary aquifer in the valleys of the Solomon mining area (includes Firetail, Kings, Queens,
Castle Valley and Zion) is an unconfined aquifer in the palaeovalley. The aquifer lies in two
main units:


An upper variably porous Tertiary alluvial deposits comprising silts, sands, clays, and
gravels (Qa in Figure 47).



A lower variably porous zone within and below the CID, comprising ochreous goethite,
clays and limonite. The CID varies in thickness from approximately 10 to 20 m and is
almost entirely below the water table except where it outcrops at Zion.

Both the unconsolidated Tertiary sediments and CID units of the aquifer are prospective for
stygofauna.
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Species Significance
At least 150 stygofauna species belonging to 14 higher taxonomic groups have been recorded
in the Mine Development Envelope and the area surrounding Solomon (Bennelongia
Environmental Consultants, 2014b). The main stygofauna habitats at Kings (includes Castle
Valley) are the CID and unconsolidated Tertiary sediments.
The groups collected during previous surveys included flat worms, nematodes, rotifers,
gastropods, aphanoneurans, oligochaetes, mites, ostracods, copepods, spelaeogriphacids,
syncarids, amphipods, isopods and beetles. Of the 150 species, 126 (84%) were crustaceans
belonging to Amphipoda (17 species), Copepoda (42 species), Isopoda (9 species), Ostracoda
(30 species), Spelaeogriphacea (1 species) and Syncarida (27 species). Two additional groups
were represented by multiple species: Oligochaeta (11 species) and Acariformes (7 species).
The remaining groups, Turbellaria and Nematoda, are probably represented by multiple species
but their taxonomy is too poorly developed in the Pilbara for species level identification and they
were treated as single taxa. Rotifera, Gastropoda, Aphaneura and Coleoptera were all
represented by single species (Bennelongia Environmental Consultants, 2014b). Prior to
undertaking the Lower and Southern borefield survey assessment, the following five stygofauna
species were known only from Kings (Queens, Trinity, and Zion) mining area.


Enchytraeidae sp. SOLOMON 1



Enchytraeidae sp. SOLOMON 2



Naididae sp. SOLOMON



Parabathynellidae sp. SOLOMON



Bathynellidae sp. SOLOMON 1.

However, it was concluded by Subterranean Ecology (2011) that it was unlikely that these
species were restricted to the drawdown area as:


Enchytraeid oligochaetes are known to include terrestrial, aquatic, and amphibious
species in the Pilbara (Pinder et al. 2010).



Parabathynellids, bathynellids and oligochaetes are unlikely to be range-restricted
where the habitat is broadly distributed throughout the landscape.

A Level 2 survey followed by a targeted survey was undertaken in 2014 in the Lower and
Southern Borefields in 2014 (Bennelongia Environmental Consultants, 2014c). The Level 2
survey collected a total of 2,439 stygofauna specimens comprising 70 species. Survey results
suggest that the Lower Borefield is richer in stygofauna than the Southern Borefield with 48
compared to 34 species and almost twice the number of species per bore (4.37 versus 2.33).
A total of 761 stygofauna specimens belonging to at least 41 species were collected during the
targeted survey. These comprised Nematoda (2 species), Rotifera (treated as 1 species),
Gastropoda (1), Aphanoneura (1), Oligochaeta (3), Ostracoda (9), Copepoda (12),
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Spelaeogriphacea (1), Syncarida (1), Amphipoda (7) and Isopoda (3). The targeted survey
brought the total number of stygofauna specimens collected from the proposed borefields and
surrounds to 3,153, which represents at least 83 species. The majority of species have been
collected from the Kings mining area, the Fortescue Valley upstream of the Lower Borefield and
to the east and south-west of the Southern Borefield at South Fortescue River, Serenity and
Shelia Valley. Figure 46 shows the extent of subterranean fauna sampling undertaken and the
locations where stygofauna were present.
The results of the targeted survey was based on an estimation of the extent of potential
drawdown of the borefields prior to the completion of the borefield groundwater modelling. The
results of the targeted survey indicated that only nine of the species collected in the Level 2
survey areas have not been demonstrated to occur outside the potential areas of groundwater
drawdown associated with the Southern or Lower Borefields. However, following the completion
of the groundwater modelling, Figure 48 shows that the following six species were found only
from the borefields:


Areacandona sp. BOS400



Candoninae sp. BOS402



Elaphoidella sp. CP1



Bathynella sp. B16



Billibathynella sp. HOL



Paramelitidae sp. B41.
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11.3

Troglofauna

Troglofauna are air-breathing subterranean animals that occur in voids in the underground
matrix. They are typically highly adapted to a subterranean existence and have pallid
colouration, no (or much reduced) eyes, elongate body, long slender appendages and well
developed sensory setae.

Troglofauna Habitat
Troglofauna habitat is usually considered to occur from the lower layers of soil at the ground
surface down to the interface with groundwater (Juberthie, Delay, & Bouillon, 1981).
Troglofauna occur widely in mineralised iron formations of the Pilbara, but these results are a
function of survey effort as most of the sampling has occurred in these areas. Surveys are
tending to sample outside mining areas for context and are finding suitable habitats in
surrounding areas, particularly when geology connecting habitats is similar.
The geology of the valley flanks and foothills around the Solomon Mine deposits (includes
Kings, Queens, Castle Valley and Zion) contains some CID that is not currently of commercial
grade but the profile is largely comprised of Hardcap (weathered Banded Iron Formation and
shale), DID, alluvium, colluvium and non-mineralised Brockman Iron Formation (Dales Gorge
Member). Troglofauna collected from the mine pits occur in the unsaturated portion of CID and
the overlying alluvium and colluvium (Subterranean Ecology, 2010). The alluvium, colluvium
and residual CID outside the mines represent the same habitat as that of the mine pits. Capture
rates and the occurrence of species demonstrated that habitat connectivity exists between the
potential mine pits and areas outside them. Furthermore, it appears that better troglofauna
habitat occurs outside the potential mine pits than within them (Bennelongia Environmental
Consultants, 2014a). Similar to the cross sections provided in Section 7.2, Figure 49 shows the
continuous nature of the geology across the Solomon Mine.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 230

SO-PL-EN-0104

Figure 49:
Schematic diagram of the Geology within Solomon (Bennelongia Environmental
Consultants, 2014a) (Appendix 9)

All Orders of troglofauna and almost all species collected within the mine pits at Solomon Mine
have been collected in the surrounding undisturbed areas. Most of the specimens collected
outside of the mine pits have been collected on the flanks of the valleys and foothills leading
into the surrounding ranges. This pattern of troglofauna distribution has been observed at other
areas where CID is to be mined. For example, the associated geologies at the Blacksmith
tenements located 24 km west of the Solomon Mine, are the same as at Kings and Queens,
and sampling at Blacksmith suggested that Hardcap, DID and BID on valley flanks are likely to
be better troglofauna habitat than the valley-infill (CID, alluvium and colluvium) being mined at
Kings (Bennelongia Environmental Consultants, 2014b).

Species Significance
Following approval of the Original Proposal, Troglofauna were sampled biannually within the
Solomon mining area (spring 2011, autumn 2012, spring 2012 and autumn 2013) in accordance
with EPA Guidance Statement 54a (EPA, 2007). The biannual surveys yielded a total of 670
animals of eight Classes, 17 orders and 55 species during the four rounds of sampling.
Altogether 68 species have been recorded from both the Kings (includes Castle Valley) and the
Queens deposits, with 40 and 47 species being recorded at the respective deposits. In both
cases, more species have been recorded from outside disturbance footprints compared with
inside the mine pits (12 inside and 29 outside at Kings; 15 and 41 at Queens).

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 231

SO-PL-EN-0104

All Orders of troglofauna and almost all species collected within the mine pits at Kings and
Queens have been collected in the surrounding undisturbed areas. Capture rate in the
surrounding area was more than twice that in the mine pit at Kings (1.91 specimens per sample
versus 0.95). Capture rate in the reference area around Queens was also notably higher than in
the mine pit (1.26 specimens per sample versus 0.94). Troglofauna habitat not only extends
from the mine pits into adjacent areas but the adjacent areas appear to provide better habitat for
troglofauna.
Surveys at Zion have recorded 27 troglofauna species belonging to 14 Orders. The patterns of
troglofauna species distribution observed at Zion were similar to those at Kings and Queens. All
but three of the 17 species recorded from potential mine pits have also been recorded in
surrounding undisturbed areas and other deposits at Solomon or in the wider Pilbara. Also
almost half of the troglobitic species found at Zion had Solomon-scale distributions. This
indicated that there is considerable habitat connectivity for troglofauna in the geology
surrounding the potential mine pits at Zion (Bennelongia Environmental Consultants, 2013)
(Appendix 9)
In total, 81 troglofauna species are known from the Kings (includes Castle Valley) Queens and
Zion mining areas and 45 from Firetail. Eleven (13%) species from Kings (Castle Valley,
Queens and Zion) and 3 (7%) species from Firetail are known only from the mine pits or
proposed mine pits and include the following (Figure 50):


Anillini sp. SOLOMON 1



Cryptops sp. SOLOMON 1



Cryptops sp. SOLOMON 2



Curculionidae Genus 1 sp. B04



Draculoides `SCH033`



Japygidae `DPL008`



Japygidae `DPL033`



Japygidae sp. SOLOMON 2



Linyphiidae sp. B02



Parajapygidae sp. SOLOMON 1



Parajapygidae sp. SOLOMON 2



Pauropoda sp. B01 (=Pauropoda sp. SOLOMON1)



Projapygidae sp. B04



Zuphiini sp. SOLOMON.
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Bennelongia (2014a) concluded that this ratio is typical of ‘restricted’ troglofauna species at
approved mine pits and represents a substantial drop in the ratio of restricted species at the
time of the Original Proposal (previously 68%). The monitoring program has, therefore, both
improved knowledge of troglofauna populations in the region and demonstrated that wider
habitat connectivity exists, as required by Condition 13.1 of MS 862. Consequently, it is
considered there will be little threat to troglofauna as a result of the additional mining proposed
(Bennelongia Environmental Consultants, 2014a).
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11.4

Management Objective

EPA Objective:
To maintain representation, diversity, viability and ecological function at the species, population
and assemblage level.
As described in detail in Section 9.6, the protection of fauna, including subterranean fauna, is
covered by the following statutes:


Wildlife Conservation Act 1950



Environmental Protection Act 1986



Environment Protection Biodiversity Conservation Act 1999.

11.5

Guidelines, Policies and Frameworks

The following EPA position and guidance statement set the framework for identification and
assessment of impacts to subterranean fauna:

11.6



Consideration of subterranean fauna in environmental impact assessment in WA.
Environmental Assessment Guideline 12 (EPA, 2013c)



EPA Guidance Statement No.54a Sampling Methods and Survey Considerations for
Subterranean Fauna in Western Australia (EPA, 2007).

Potential Impacts

The EPA requires that an impact assessment of subterranean fauna is undertaken when
assessing mine developments because subterranean fauna have limited ranges. Small ranges
make subterranean species particularly vulnerable to extinction as a result of anthropogenic
activities (EPA, 2013c). The following aspects of the Proposal have the potential to have a
direct impact on subterranean fauna:


direct mortality and loss of habitat through sub-surface disturbance



abstraction of groundwater in the CID aquifer, Southern Borefield and Lower Borefield
resulting in alteration or degradation of habitat



indirect impacts from blasting and placement of infrastructure.

Impacts similar to those listed above were assessed for the disturbance required for the Original
Proposal. Impacts as a result of this expansion will be similar, but will increase the footprint and
therefore the extent of habitat disturbance from 3,630 ha to 4,886 ha. Most of the disturbance
will be in the vicinity of the mining areas. Disturbance in the rail corridor will be limited to borrow
pits for rail maintenance, the rail spur and pipelines, and these are unlikely to affect Troglofauna
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or Stygofauna. Disturbance in the Southern and Lower Borefield is likely to occur as a result of
drawdown of groundwater.

Direct Mortality and Ground Disturbance Impacts
Stygofauna
The Original Proposal (Fortescue, 2010a) established that there is low risk to stygofauna from
the development of the area for the original Solomon Mine approved in MS 682. This proposal
included pits in Kings, Queens, Trinity, Firetail and Zion. This proposal includes approximately a
7% expansion of the area approved for mine pits and therefore is unlikely to alter the approved
risk to stygofauna.
Furthermore, habitat connectivity is evident across the mine by the composition of similar
Orders of stygofauna found across the different deposits and borefields. For example, the
Original Proposal identified five stygofauna species found only within the proposed pit, and the
conclusion to the study was that the species are unlikely to be restricted to the proposed pit as it
is more likely a result of the majority of the sampling opportunities being within proposed pits
due to access to drill holes. This concept is supported by the 2014 borefield surveys which have
identified additional locations of Enchytraeidae sp. SOLOMON 2 and Bathynellidae sp.
SOLOMON 1, resulting in only three species that are now found only within the proposed pit
areas:


Enchytraeidae sp. SOLOMON 1



Naididae sp. SOLOMON



Parabathynellidae sp. SOLOMON.

As stated in section 11.2.2, it was concluded by Subterranean Ecology (2011) that it was
unlikely that Enchytraeidae species are restricted to the drawdown area as Enchytraeid
oligochaetes are known to include terrestrial, aquatic, and amphibious species in the Pilbara
and unlikely to be range-restricted where the habitat is broadly distributed throughout the
landscape.
Naididae sp. SOLOMON is also unlikely to restricted as it was was found in Kings and Queens,
separated by more than 10 km (Figure 48). This also supports the concept that similar to the
other species in Solomon that Naididae sp. SOLOMON is likely to be found outside of the
Solomon pit area.
In regards to the new mining area in Castle Valley, the regional subterranean fauna assessment
undertaken by Subterranean Ecology in 2011 included the southern portion of Castle Valley’s
proposed pits. This survey did not identify any restricted species in the Castle Valley Deposit.
Bennelongia (2014) has further advised that even though it is likely that a moderately rich or rich
stygofauna community may occur around the proposed pits, the stygofauna community within
the proposed Castle Valley Deposit is likely to be similar to the Kings and Queens’s community
because of the similar geology and landscape to the Kings, Queens and Zion deposits.
Figure 18 and Figure 47 highlights this by showing the similar nature of the continuous geology
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and therefore continuous habitat at Solomon. This is further supported by, Paramelitidae sp.
SOLOMON 1 which was one of the species recorded in Castle Valley. This species is very
common and was also found in Firetail, Kings, Queens, Zion, Sheila Valley, Serenity, the
Southern Borefield and the Lower Borefield (Figure 51).
The proposed pits at Fredrick have not been included in any stygofauna surveys as the
Frederick Deposit is located above the water table and therefore is unlikely to impact on
stygofauna.
Bennelongia (2014) mentions that drawdown in the Weelumurra and Kangeenarina creeks is
likely to represent a potentially significant increase in the cumulative impact of mining on
stygofauna in the Solomon area. Fortescue however is not proposing to impact Weelumurra
Creek or the Northern Kangeenarina Creek stygofauna habitat as supplementation will be
provided as a mitigation and management measure. This is discussed further in 12.8.2.
As discussed in Section 11.2.1, given the likely habitat connectivity shown in Figure 18,
Figure 47 and Figure 51) it is concluded that the risk to stygofauna from the expansion of the
mine pits at Solomon is not significant.
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Troglofauna
Impacts due to mining are determined partially by the distribution of species and their
abundance outside the impact area and partly by the rarity of the individual species. Having an
extensive distribution suggests that troglofauna species have moderately high dispersal ability,
either through inhabiting well connected subterranean habitats in which they migrate or through
possessing a surface dispersal phase in their life cycles. Troglofauna sampling results
demonstrated clearly that the mine pits do not represent isolated troglofauna habitat within the
Kings survey area. All orders and almost all species collected within the Kings and Queens
mine pits have been found in the surrounding reference areas or further afield (Bennelongia
Environmental Consultants, 2014a).1
A total of 81 species of troglofauna have been collected from the Mine Development Envelope.
This represents a regionally rich troglofauna community. However, only 14 species were found
only from within the mine pits or proposed mine pits within the Solomon Mine (five at Kings,
three at Queens, three at Zion and three at Firetail). These 14 species represent 17% of the
species list from the Mine Development Envelope.
The proposed increase in area of mine pits at Solomon is approximately 863 ha. The discussion
regarding the increase in pit area is divided into the following four components (Bennelongia
Environmental Consultants, 2014a):
(i)

expansion of the potential Kings (includes Queens) pits assessed in the Original
Proposal

(ii)

additional southern pits at Kings - Castle Valley and Frederick

(iii)

expansion of the potential pits at Zion assessed in the Original Proposal and Condition
13 surveys

(iv)

expansion of the potential Firetail pits assessed in the Original Proposal.

Based on a large survey effort at Kings and Queens, and the subsequent understanding of
distributions of troglofauna species present in the area, it is likely that a modest increase in pit
size at Kings would do little to alter the position of low risk to troglofauna established by the
surveys undertaken to fulfil Condition 13 of MS862. These surveys demonstrated that there is a
connection for troglofauna species between habitats within the potential mine pits at Kings and
habitat outside the pits. It is likely that species occurring in the valleys at Kings also occur on the
flanks of surrounding ranges and in those ranges and this has been demonstrated for many
species at Solomon.
The proposed pit expansion to Castle Valley (approximately 611 ha) and Fredrick
(approximately 45 ha) is approximately 13% and <1%, respectively, of the total pit area at
Solomon. Castle Valley was sampled during the regional subterranean fauna assessment
undertaken by Subterranean Ecology in 2011. This survey did not identify any restricted species
in the Castle Valley Deposit. Additionally, the geology of the potential mine pits in Castle Valley
and Frederick is similar to that at Firetail, Kings, Queens and Zion (Figure 17, Figure 18 and
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Figure 47). The alluvial and colluvial sediments of the valleys extend well beyond the areas to
be mined, indicating that there is likely to be habitat connectivity along the valleys for any
troglofauna in the sediments (Figure 50 and Figure 52). This is supported by the range of
Nocticola sp. S3. Figure 52, shows that Nocticola sp. S3 was found in Zion, Queens and Sheila
Valley. Similarly, there is also likely to be good connectivity from the alluvial deposits and DID
on valley flanks into the BIF and hardcap of surrounding ranges. Although no troglofauna survey
has been conducted in the Fredrick Deposit, by analogy with the troglofauna community at
Kings and Firetail, it is considered that the threat to the troglofauna species occurring in these
areas is likely to be low.
It was concluded in the Original Proposal that there was little threat to troglofauna at Zion
because 36% of outcropping CID would remain unmined. It is now proposed to increase the
area to be mined at Zion by up to 68% (from 258 to 434 ha), which will remove the majority of
unmined CID within Zion. However, re-evaluation of the resource has identified additional CID
around the proposed mine pits. It is estimated that about 60% of the CID at Zion and its
immediate surroundings will be outside the proposed pits. Three species are known only from
within the proposed Zion mine pits (the schizomid Draculoides sp. SCH033, beetle Zuphiini sp.
SOLOMON and centipede Cryptops sp. SOLOMON 2). While all three species were
represented by single animals and there is some uncertainty about their distributions, it is
considered probable that they also occur in the CID outside the pits. Consequently, it is
considered there will be little threat to troglofauna at Zion as a result of the additional mining
proposed.
The proposed expansion of mine pits at Firetail is relatively small in comparison to Kings and
Queens and it has already been demonstrated that there is habitat connectivity for troglofauna
between the pits and surrounding areas. Also given that the proposed area of mining occurs in
close proximately to the original footprint, it is concluded that mining of the proposed pits is
unlikely to threaten troglofauna.
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Abstraction of Groundwater
Mining of the CID deposits require dewatering of the aquifer to allow dry mining. Dewatering of
the aquifer and mining of the CID deposit will result in the removal of habitat for stygofauna and
troglofauna. Consistent with the Original Proposal, groundwater abstraction for the Proposal will
result in localised impacts on subterranean fauna throughout the duration of groundwater
abstraction. In areas where the soil profile is not being disturbed (the Southern and Lower
Borefields), it is likely that the subterranean habitat will become viable following cessation of
groundwater abstraction.

Stygofauna
After the Level 2 survey, it was thought that there were 18 species that were found only in the
proposed drawdown areas of the borefields and that only three of these were considered
potentially restricted to the borefields (Figure 48). Subsequent to the Level 2 survey being
completed, the groundwater models for the Southern and Lower Borefields have been updated.
Seven species were located outside or near the edge of the borefield drawdown areas, where
the drawdown is predicted to change 1-2 m (commencing after year 25 for the Lower Borefield
and year 20 for the Southern Borefield). This is within the natural variation in the water table
(Loomes, R, 2010a) and therefore is unlikely to significantly impact on the following species:


Hydrobiidae sp. B06



Areacandona sp. BOS394



Elaphoidella sp. B04



Candoninae sp. BOS406



Candoninae sp. BOS407



Paramelitidae sp. B42



Harpacticoida sp. CP1

The remaining ten species were only found in the mine and borefields drawdown area include:


Elaphoidella sp. CP1



Billibathynella sp. HOL



Areacandona sp. BOS400



Bathynella sp. B16



Candoninae sp. BOS402



Paramelitidae sp. B41
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Enchytraeidae sp. SOLOMON 1



Naididae sp. SOLOMON



Parabathynellidae sp. SOLOMON



Bathynellidae sp. SOLOMON 1.

The results of the targeted survey however suggest that none the ten species are likely to be
restricted to the borefields for the following reasons:


The targeted sampling showed a wider distribution of one of the potentially restricted
species (Hydrobiidae sp. B06) – 64 additional specimens were found over 36 km
(Bennelongia Environmental Consultants, 2014d).



Bathynellidae sp. SOLOMON 1 were previously only known only from the pit area but
was found during the targeted survey in the Southern Borefield drawdown area



Elaphoidella sp. CP1, may be the same as Elaphoidella sp. B07, but the specimen
lodged with the Crustacea collections of the Western Australian Museum could not be
located (Bennelongia Environmental Consultants, 2014d).



Ostracods Candoninae sp. BOS406 and Candoninae sp. BOS407 and the copepod
Harpacticoida sp. CP1 were found to have wider distributions due to improved
identifications (Bennelongia Environmental Consultants, 2014d)



Additional specimens showed that the ostracod species Candoninae sp. BOS406 and
Candoninae sp. BOS407 are conspecific with Areacandona sp. BOS387, which is a
widespread species with a linear range of 44 km (Bennelongia Environmental
Consultants, 2014d)



After comparing specimens with Subterranean Ecology it was determined that
Harpacticoida sp. CP1 was the same species as Australocamptus sp. B11, which has
been collected 29 km away at Mt MacLeod (Bennelongia Environmental Consultants,
2014d)



Naididae sp. SOLOMON is unlikely to restricted as it was was found in Kings and
Queens mining areas, separated by more than 10 km (Figure 48)



it was concluded by Subterranean Ecology (2011) that it was unlikely that
Enchytraeidae species are restricted to the drawdown area as Enchytraeid
oligochaetes are known to include terrestrial, aquatic, and amphibious species in the
Pilbara and unlikely to be range-restricted where the habitat is broadly distributed
throughout the landscape.



The number of species known only from the proposed areas of groundwater
drawdown was reduced by at least 31% after targeted sampling and that represented
only 22% of all sampling effort in the vicinity. Based on the fact that the previously
restricted species (now shown to be widespread) have linear ranges of up to 45 km, it
appears that all ten species known only from the drawdown areas are likely to have
ranges extending beyond the mine, Lower and Southern Borefield. Perhaps most
significantly, no species known from two or more bores is restricted to the proposed
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areas of groundwater drawdown, which strongly suggests that apparently restricted
ranges are an artefact of sampling (Bennelongia Environmental Consultants, 2014d).

Troglofauna
All Orders of troglofauna and almost all species collected within the mine pits at the Kings and
Queens have been collected in the surrounding undisturbed areas (Bennelongia Environmental
Consultants, 2014a). This clearly demonstrates habitat connectivity between mine pits and
surrounding undisturbed terrain. Most of the specimens collected outside of the mine pits have
been collected on the flanks of the valleys and foothills leading into the surrounding ranges
(Bennelongia Environmental Consultants, 2014a). This habitat connectivity indicates that
populations of troglofauna dwell beyond the boundaries of the area to be mined. It is also
possible that during times of groundwater drawdown, Troglofauna may be able to migrate into
areas where habitat remains suitable.
Drawdown of the water table associated with the Southern and Lower Borefields is unlikely to
threaten troglofauna species. Groundwater drawdown may reduce troglofauna habitat by
decreasing humidity of troglofauna habitat as the water table is lowered. However, because
small pools of water remain perched in voids as the water table is lowered, lowering the water
table will have little effect on humidity of troglofauna habitat. In fact, lowering of the water table
may often increase the amount of troglofauna habitat available. Therefore, dewatering is likely
to be a secondary impact on troglofauna (Bennelongia Environmental Consultants, 2014a)
(Appendix 10).

Indirect Impacts
Mining activities that may result in secondary impacts to subterranean fauna include:


Vibration from blasting



Placement of Infrastructure



Aquifer recharge with poor quality water.

Vibration from Blasting
Impacts on both stygofauna and troglofauna may occur through the physical effect of vibration
from explosions. Blasting may also have indirect effects by altering underground structures
(such as rock fragmentation and collapse of voids) and transient increases in groundwater
turbidity (Bennelongia Environmental Consultants, 2014). There is, however, little data to
challenge or corroborate these observations and these types of impacts would generally be
localised and have not been known to be related to ecological impacts. Any effects of blasting
are likely to dissipate rapidly with distance from the pit and are not considered to be a significant
risk to either stygofauna or troglofauna outside the proposed mine pits (Bennelongia
Environmental Consultants, 2014).
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Placement of Infrastructure
The positioning of infrastructure such as waste dumps, may cause localised reduction in rainfall
recharge and associated inflow of dissolved organic matter and nutrients because rainfall may
run off waste dumps rather than infiltrating through them and into the underlying ground. The
effects of reduced carbon and nutrient input are likely to be expressed over many years and are
likely to be greater for troglofauna than stygofauna (because lateral movement of groundwater
should bring in carbon and nutrients). The extent of impacts on troglofauna will largely depend
on the importance of chemoautotrophy in driving the subterranean system compared with
infiltration-transported surface energy and nutrients. Artificial landforms such as waste dumps
however are unlikely to cause species extinctions, although population densities of species may
decrease under them.

Changes in Water Quality
Groundwater quality has the potential to decline during mining activities due to contamination.
Sources of contamination include hydrocarbons and other chemicals, and acid, metalliferous
and/or saline drainage from waste dumps and TSFs. Impacts from hydrocarbons and chemicals
are reduced by appropriately bunding fuel depots and chemical storage facilities as well as
having effective spill clean-up equipment available and therefore is not considered a significant
risk. Contamination of groundwater from acid or metalliferous drainage is not anticipated at
Solomon, further information regarding this, is provided in Section 13.7.2.The salinity of the
tailings supernatant is slightly higher than the groundwater down gradient of TSF1, however it is
not expected to have a significant impact on groundwater quality as it is similar to the average
salinity across the mine site. This is discussed further in Section 13.7.2 and Appendix 14.

11.7

Proposed Management

Management and mitigation of impacts on subterranean fauna are detailed in Fortescue’s
Groundwater Management Plan (100-PL-EN-0029) (Fortescue, 2013c) as well as the Solomon
Groundwater Operating Strategy (SO-00018-RP-HY-0001) (Fortescue, 2015) was prepared and
implemented. Other management actions include those listed in Table 50.
Table 50:

Mitigation Measures for Subterranean Fauna

Category

Mitigation

Avoidance

Limit groundwater abstraction in borefields to that which is needed for water supply

Minimisation

Limit dewatering profile to that which is necessary for mining and supplementation of
groundwater-fed pools
Minimise contamination of groundwater by engineering management practices to contain
hydrocarbon products

Management

Implement Groundwater Management Plan (100-PL-EN-0029) (Fortescue, 2013c)
(Appendix 4) and Solomon Groundwater Operating Strategy (SO-00018-RP-HY-0001)
(Fortescue, 2015).
Vegetation clearing will only proceed once an internal vegetation clearing permit has been
issued. Clearing will be restricted to approved boundaries.
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Category

Mitigation
Clearing zones will be clearly marked on a map prior to clearing and demarcated in the field
to ensure clearing only in designated areas.
Waste rock landforms to be designed in accordance with the Waste Rock Landform Design
Guide (100-GU-EN-0042)

Research and
Modelling

Ongoing groundwater monitoring and modelling will be undertaken for the mine and
borefields throughout the mine life

Direct Mortality and Ground Disturbance
Subterranean fauna habitat will be removed during mining. This habitat forms part of the CID
orebody, which is also an aquifer connected continuously through the Solomon Project
deposits. This continuous geological horizon extends beyond the economically viable areas to
provide habitat for subterranean fauna that will provide an unmined refuge.

Abstraction of Groundwater
Groundwater abstraction will alter the hydrological conditions in the subterranean habitat. Water
levels will drop, potentially increasing habitat for Troglofauna, but reducing habitat for
Stygofauna. Populations of subterranean fauna outside the impact area will not be affected and
therefore the species will survive beyond the impact area.
Drawdown in the borefields is temporary and will recharge at the closure of the borefield. This
will result in only a short term loss of stygofauna habitat.

Indirect Impacts
Blasting is managed as efficiently as possible to minimise disturbance to pit walls for
geotechnical stability. Any effects of blasting are likely to dissipate rapidly with distance from the
pit and are not considered to be a significant risk to either stygofauna or troglofauna outside the
proposed mine pits (Bennelongia Environmental Consultants, 2014).
Infrastructure such as waste dumps are designed to retain water which will assist in promoting
the opportunity for carbon and nutrients within waste dumps and in the longer term potentially
create new habitat for subterranean fauna. Future waste dumps will be designed in accordance
with the Waste Rock Landform Design Guideline (100-GU-EN-0042).
Contamination of stygofauna habitat is not anticipated to be significant at Solomon.
Hydrocarbons and chemicals will be managed in accordance with the Chemical and
Hydrocarbon Management Plan (100-PL-EN-0011) (Fortescue, 2011a) (Appendix 4). The
following management actions are examples of chemical and hydrocarbon management at
Solomon:


Diesel storage facilities are designed and constructed in accordance with the Standard
Engineering Specification Diesel Storage and Handling (100-SP-ME-0044)
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appropriate types and quantities of spill response equipment are to be maintained and
are proportionate to the volume of chemicals and hydrocarbons stored



Where a chemical or hydrocarbon spill has occurred, manage the spill including any
contaminated material, in accordance with the Chemical and Hydrocarbon Spills
Procedure (45-PL-EN-0014) and investigate and report the incident in accordance with
the Incident Event Management Procedure (100-PR-SA-0011)



Conduct periodic inspections of chemical and hydrocarbon storage areas to confirm
compliance with Licence conditions and applicable Australian Standards as outlined in
the Hazardous Materials Management Procedure (45-PR-SA-0051)



Divert potentially contaminated water, including stormwater that has come into contact
with potential sources of contamination, into an oily water separator for treatment or
take potentially contaminated water offsite by a licenced controlled waste contractor.
Sample treated water prior to reuse or discharge to confirm hydrocarbon
concentrations meet specified Licence requirements.

Any potential groundwater contamination from acid, metalliferous or saline drainage is not
anticipated to be significant and is discussed in more detail in Section 13.8.2.

Effectiveness of Current Management
Compliance reporting for MS 862 focused on improving the understanding of troglofauna and
their habitat with a 30 Month Troglofauna Monitoring Program. The surveys undertaken by
Bennelongia in spring 2011, autumn 2012, spring 2012 and autumn 2013, has both improved
knowledge of troglofauna populations in the region and demonstrated that wider habitat
connectivity exists for all of the deposits at Solomon including Zion (Appendix 9) and has met
the requirements of MS 862, Conditions 13.1 - 13.6 (Appendix 15).

11.8

Predicted Residual Outcome

It was identified that the Original Proposal was likely to have a minor localised, long-term impact
on local subterranean fauna due to drawdown of the CID aquifer (Fortescue, 2010a). The
Original Proposal was not considered to have a significant impact on the viability of
subterranean species locally or regionally. Impacts on subterranean fauna due to this expansion
are anticipated to be additional due to new mining areas, but not different from the original
proposal, as the dewatering of the CID will incur the same aquifer drawdown impact.
Three troglofauna species are known only from within the proposed Zion mine pits (the
schizomid Draculoides sp. SCH033, beetle Zuphiini sp. SOLOMON and centipede Cryptops sp.
SOLOMON 2). While all three species were represented by single animals and there is some
uncertainty about their distributions, it is considered probable that they also occur in the CID
outside the pits particularly given the results for other species have demonstrated habitat
connectivity. Consequently, it is considered there will be little threat to troglofauna at Zion as a
result of the additional mining proposed (Bennelongia Environmental Consultants, 2014a).
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Ten of the stygofauna species collected in the survey areas have not been demonstrated to
occur outside the extent of potential areas of groundwater drawdown associated with the mine,
Southern or Lower Borefields..
Previous surveys indicated that 18 species had restricted ranges, but further surveys have
demonstrated that seven of the restricted species found in the Level 2 Survey are now shown to
be widespread, having linear ranges of up to 45 km. Therefore it appears likely that all ten
species known only from the mine and borefields are likely to have ranges extending beyond
the mine and borefields. Most significantly, no species known from two or more bores is
restricted to the proposed areas of groundwater drawdown. The range strongly suggests that
the apparently restricted ranges are an artefact of sampling and that all of the species known
only from the proposed areas of groundwater drawdown are unlikely to be restricted to these
areas of drawdown (Bennelongia Environmental Consultants, 2014d).
Consistent with EPA objectives, the abundance, species diversity, geographic distribution and
productivity of terrestrial fauna at species and ecosystem levels will be maintained, thereby
conserving regional biological diversity. The zoological surveys undertaken by Fortescue and
implementation of the proposed management measures will ensure that direct disturbance to
important fauna habitat is kept to that which is necessary and that subterranean fauna habitat is
protected from indirect disturbance as far as practicable. Summary of residual impacts for
subterranean fauna is shown in Table 51.
Table 51:

Summary of Residual Impacts for Subterranean Fauna after Mitigation Measures

Potential Impact

Residual Impact after
Management

Regional Significance

Removal of CID habitat in Mine
Development Envelope

Initial impact 3,630 ha to 4,493 ha
of mine pits

Habitats at the regional scale are
well represented with >99%
remaining.

Removal of habitat in Rail Corridor
Development Envelope

Unlikely to disturb subterranean
fauna habitat in this location

Impact unlikely to be significant.

Impacts due to abstraction in
Borefields drawdown areas

Potential impact of drawdown
across Lower Borefield Southern
Borefield

Impact unlikely to be significant.
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Hydrological Processes
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12.

HYDROLOGICAL PROCESSES

Hydrological processes refer to the natural flow and recharge regimes of surface water and
groundwater systems. Surface water and groundwater are valuable resources that sustain
many ecological and social functions. Modifications to hydrological processes can occur through
a number of activities such as groundwater abstraction or dewatering, surface water diversions
bulk earthworks construction and mining. This chapter describes the surface water and
groundwater systems which are potentially impacted by the Proposal and should be read in
conjunction with the associated section on Inland Waters Environmental Quality (Section 13).

12.1

Project Surveys and Studies

The following additional environmental investigations were undertaken to understand the
hydrological processes and assess potential environmental impacts associated with dewatering
activities:


Solomon and Investigator Project Tenements: Factual Report - Field Programme
(Golder, 2008)



Hydrogeological Assessment of the Solomon Project (MWH, 2010a)



Solomon Flood Management (MWH, 2010b)



Solomon Project Groundwater Modelling (NTEC, 2010/2012)



Baseline Riparian Vegetation Survey of a Portion of the Kangeenarina Creek (Coffey
Environments, 2011a)



Aquatic Assessment of Kangeenarina Creek, Solomon Project (Coffey Environments,
2011d)



Riparian Vegetation Assessment of Kangeenarina Creek (Coffey Environments, 2011e)



Kangeenarina Creek Pools Hydrogeological Assessment (URS, 2011).



Baseline Aquatic Assessment and Aquatic Fauna Survey of Kangeenarina Creek
(Coffey Environments, 2012)



Fortescue Solomon H3 Hydrogeological Assessment for the Solomon Project Report
(Golder, 2012a)



Dewatering and Injection Drilling Program (Golder, 2012b)



H3 Assessment – Solomon Remote Borefield (Fortescue, 2013g)



Groundwater Operating Strategy SO-00018-RP-HY-0001 (Fortescue, 2015)



Solomon Project Kangeenarina Pools Supplementation Plan – Northern Pools
Addendum (600SO-00018-RP-HY-0003) (Fortescue, 2014b)



Solomon Hydrogeological Assessment Report (Fortescue, 2015a)



Solomon Surface Water Strategy (Fortescue, 2015b).
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12.2

Surface Hydrology
Regional Surface Hydrology

The majority of the Proposal lies within the highly undulated topography of the Hamersley
Range, with the rail traversing the Fortescue and Chichester bioregions. Stream flows are a
direct response to rainfall and are highly seasonal and variable. Most runoff occurs during the
period from January to March with typically less runoff during December and April. Rainfall
patterns leave rivers and creeks dry for most of the year with occasional persistent pools where
springs occur along watercourses. Drainage is associated with numerous gullies that dissect the
ridgelines and low hills, feeding into minor creek beds along valley floors that converge and
discharge through alluvial fans onto the wide floodplains of the Lower Fortescue River
(Fortescue, 2015b).
The Fortescue River Catchment has an area of 4,971,000 ha. The Fortescue River catchment
can be divided into the Upper Fortescue (2,975,200 ha) and Lower Fortescue sub-catchments
(1,860,700 ha). The Upper Fortescue discharges into the Fortescue Marsh, a terminal wetland
located upstream of the proposed action. The Lower Fortescue Catchment is fairly flat with
poorly defined river channel up to Gregory’s Gorge, but further downstream, river channels are
better defined. The main branch of the Lower Fortescue River drains in a north westerly
direction and discharges into the Indian Ocean at Diver Inlet. The proposed action is contained
wholly within the Lower Fortescue sub-catchment (upstream of Gregory’s Gorge). The
Fortescue River Catchment is illustrated in Figure 53.
The following tributaries of the Lower Fortescue River are located within the Proposal area:
Kangeenarina Creek, Zalamea Creek, Weelumurra Creek and a number of unnamed creeks
(including Queens). The catchments area of these tributaries are illustrated in Figure 54 and
described further in Section 12.2.2.
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Millstream Water Reserve
The western portion of the proposal area is situated within the Millstream Water Reserve
(Figure 54), which is a Priority 2 PDWSA. The Millstream Water Reserve is used as a source of
water for the West Pilbara water supply scheme, subject to the Millstream Water Reserve
Drinking Water Source Protection Plan (DoW, 2010b).
The Millstream Water Reserve overlies a section of the western part of the Lower Fortescue
River valley. The valley lies between the Chichester Range to the north and the Hamersley
Range to the south. These major features lie along an east-west axis and rise up in a series of
steps from the coastal plains (DoW, 2010b).
The Millstream area is characterised by a system of permanent pools and wetlands that are
predominantly fed by groundwater discharge from the Millstream Dolomite and seasonal flows
from the Fortescue River. Water has been extracted from the Millstream aquifer since 1968-69.
Since the construction of Harding Dam, the use of Millstream water has dropped significantly.
Currently it is used as a secondary source when the water quality in Harding Dam deteriorates
at low dam levels.
The Millstream area is proposed to be nominated as a Wetland of National Importance under
the RAMSAR Convention (DoW, 2010b).

Project Surface Hydrology
The Solomon Mine is located in the headwaters of three separate creek systems that all
independently drain into the Lower Fortescue River namely: Kangeenarina Creek, Zalamea
Creek and an unnamed Weelumurra Creek tributary in Queens. The unnamed tributary in
Queens flows into the Fortescue River via Weelumurra Creek.


Kangeenarina Creek is the largest drainage system within the mine area. It flows north
through the Solomon Mine and then north east for approximately 14 km before
discharging to the Lower Fortescue River floodplain through an alluvial fan. The
Kangeenarina Creek Catchment contains the Kings, Trinity, Castle Valley and Firetail
mining areas. There is a soft (indistinct) catchment divide between Kangeenarina and
Zalamea Catchments, at the top of Kings. There is another similar soft catchment
divide with Kangeenarina and Weelumurra Catchments at the top of Queens. In these
areas, flow paths are not distinct and there is no clear demarcation of flow boundaries.



Zalamea Creek is located in the eastern extent of the mine area and flows in a north
easterly direction prior to discharging onto the Lower Fortescue River floodplain
through an alluvial fan. The Zion and Frederick mining areas are located in the
Zalamea Creek Catchment, along with a portion of the Kings mining area.



The main branch of Weelumurra Creek flows outside of, but adjacent to the southern
and western project boundaries. The main channel flows in a north westerly direction
before discharging onto Lower Fortescue River floodplain through an alluvial fan. The
Weelumurra Creek Catchment is significantly larger than the Kangeenarina Creek and
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Zalamea Creek catchments. The Airport and Southern Borefield are located on the
plains of the Weelumurra Creek catchment.


An unnamed tributary from the Queens mining area (Queens Catchment) contributes
to the main branch of the Weelumurra Creek system through culverts under the Rio
Tinto railway. This is denoted as Unnamed Weelumurra Tributary in Figure 54.



There is an area of catchment upstream of the railway with a number of unnamed
drainage lines which contribute directly to the Lower Fortescue Floodplain, directly
adjacent to the Zalamea Creek alluvial fan. This is denoted as Unnamed Lower
Fortescue Tributary in Figure 54.

Catchments within the mine area are illustrated in Figure 54.
Drainage within the Mine Development Envelope is associated with numerous gullies that
dissect the ridgelines and low hills, feeding into minor creek beds along valley floors that
converge and discharge through alluvial fans onto the wide floodplains of the Lower Fortescue
River. Surface water flow in the Solomon area consists of channel flow (Mine Development
Envelope) and sheet flow (Rail Corridor and Lower Borefield Envelopes). Channel flow is the
convergent flow to large creek channels and adjacent floodplains. Sheet flow includes overland
flow that occurs in a broad shallow front.
Channel flows occur throughout the Solomon Mine over short durations responding to discrete
rainfall events, rising and receding quickly. Episodic rainfall patterns result in ephemeral rivers
and creeks, which are dry for most of the year with some surface expressions of groundwater
occurring around the Kangeenarina, Zalamea and Weelumurra pool systems. Pits, waste
dumps and the majority of existing infrastructure are located in the Kangeenarina, Zalamea and
Queens Catchments, which all exhibit channel flow.
Sheet flow occurs where overland flow moves down-slope maintaining a broad and shallow
front. Sheet flow occurs on relatively flat areas with shallow contours that can expand over a
large area. The Airport and Southern Borefield are located within the Weelumurra Creek
Catchment. The remainder of existing infrastructure and the proposed Lower Borefield are
located within the Lower Fortescue River Catchment. Sheetflow and channel flow are
observable in these catchments. The catchment areas of the Solomon Mine are shown in
Figure 54 and Figure 55.
Table 52 details the area of the catchments in the Solomon Mine area and the portion of each
catchment located upstream of the proposed mining area (Lower Fortescue River). The Lower
Fortescue Catchment has an area of 1,860,700 ha, of which 366,000 ha are located within the
Mine Development Envelope. A total of 382,000 ha are located upstream of the proposed
mining area, which equates to a total of 2.05% of the Lower Fortescue Catchment.
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Table 52:

Solomon Surface Water Catchment Areas

Catchment

Area
(sq. km)

Area (ha)

18,607

1,860,700

Lower Fortescue River
Total catchment area
Area of Lower Fortescue Catchment within Mine Development Envelope

366

366,000

Area of Lower Fortescue Catchment located upstream of proposed mining areas

382

382,000

Proportion of Lower Fortescue Catchment located upstream of proposed mining areas

2.05%

Kangeenarina Creek
Total catchment area (upstream of Alluvial Fan)

367

36,700

Area of Lower Fortescue Catchment within Mine Development Envelope

151

15,100

Area of Kangeenarina Creek Catchment located upstream of proposed mining areas

248

24,800

Total Weelumurra Catchment area

2295

229,500

Area of Weelumurra Creek Catchment within Mine Development Envelope

108

10,800

Area of Weelumurra Creek Catchment located upstream of proposed mining areas

59.5

5,950

Total catchment area (upstream of Alluvial Fan)

74.3

7,430

Area of Zalamea Creek Catchment within Mine Development Envelope

74.3

7,430

Area of Zalamea Creek Catchment located upstream of proposed mining areas

74.3

7,430

Weelumurra Creek

Zalamea Creek

The Kangeenarina, Weelumurra and Zalamea Creek catchments have been split into a number
of sub catchments based on logical subdivision of the catchments around significant tributaries
and indicative pit boundaries. These sub catchments are illustrated in Figure 55 and catchment
areas are provided in Table 53.
Table 53:

Solomon Surface Water Subcatchment Areas

Sub-Catchment

Area
(sq. km)

Kangeenarina – Upper

57.6

5,760

Kangeenarina – Queens

10.7

1,070

Kangeenarina – Trinity

117.8

11,780

Kangeenarina – Kings

20.8

2,080

Kangeenarina – TSF1

5.7

570

Kangeenarina - Firetail

24.2

2,420

Kangeenarina – Lower

11.6

1,160

Queens (Unnamed Weelumurra Tributary) – South East

12.3

1,230

Queens (Unnamed Weelumurra Tributary) – South West

8.5

850

Queens (Unnamed Weelumurra Tributary) – Central

15.4

1,540

Queens (Unnamed Weelumurra Tributary) – North

11.2

1,120

Queens (Unnamed Weelumurra Tributary) – Lower

12.2

1,220

Area (ha)
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Sub-Catchment

Area
(sq. km)

Zalamea – South East

9.3

930

Zalamea – South West

16.8

1,680

Zalamea – Kings

12.4

1,240

Zalamea – Central

11.2

1,120

Zalamea – Lower

24.5

2,450

Lower Fortescue – Unnamed Creeks upstream of rail

45.0

4,500

Area (ha)

Monitoring data has been collected over the duration of operations from a network of rainfall
and creek level monitoring sites, the locations of which are illustrated in Figure 55.

560,000

580,000

600,000

el
We

a

7,560,000

C

n geenarin

a Cr e

Kangeenarina
Pools

Queens
North

Weelumurra Creek
Pools

Ka

ek

u rr

Kangeenarina
Trinity

k

7,560,000

um

r ee

Kangeenarina
Firetail

!

ek

Kangeenarina
TSF1

ea
Cr
e

!

l
Za

Kangeenarina
Kings

!

Zalamea
Kings

!

Queens
South East

!

!

!

Queens
South West

Kangeenarina
Queens

!

Queens
Central

!

am

!

!

Queens
Lower

!

!

!

!

Kangeenarina
Lower

Zalamea
Central

Zalamea
Pools

!
!

Kangeenarina
Upper

Zalamea
South West

Zalamea
Lower

Zalamea
South East

LEGEND - Drainage Basins
Fortescue River Catchment

7,540,000

7,540,000

Regional Catchment

Solomon Catchments

Kangeenarina Creek

Unnamed Lower Fortescue tributary (upstream of the rail)
Unnamed Weelumurra tributary (Queens)
Zalamea Creek
Weelumurra Creek

GOV Public Drinking Water Source Areas (PDWSAs)
Millstream Water Reserve (Priority Two)

560,000

LEGEND

Major Road

FMG Rail Alignment
Drainage
Pools

Flow Direction

580,000

DIWA Significant Wetlands

Development Envelopes
Rail Corridor Development Envelope
Lower Fortescue Borefield Development Envelope
Mine Development Envelope

Data Sources:
Locality, Pools, Major Roads, 50K Drainage, Landgate, 2014
Hydrographic catchments, Dept. of Water, 2014
DIWA Significant Wetlands, Aust. Gov. Dept. of the Environment, 2014
All other data, FMG, 2015

600,000

±
0

1

2

3

Kilometres

4

5

Requested By: R. Warrington
Drawn By: J. Burke
Revised By: rslevin
Approved By: Bridget Ralebala
Scale: 1:150,000
Coordinate System: GDA 1994 MGA Zone 50
Document Name: SO_MP_EN_0343_r5

Date: 29/10/2015
Size: A3L
Revision: 5
Confidentiality: 1

FMG accepts no liability and gives no representation or warranty, express or implied, as to the
information provided including its accuracy, completeness, merchantability or fitness for purpose.

Figure 55
Surface Water Subcatchments
in the Solomon Project Area
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Stream hydrographs, plotted against rainfall data from the 2013, 2014 and 2015 wet season are presented in
1617

Figure 56, Figure 57 and Error! Reference source not found. respectively. Rigorous
analysis of the monitoring data, supplemented with field investigations, has drawn the following
conclusions with regard to site hydrology:


Occurrences of streamflow are limited to intense rainfall events, typically associated
with tropical cyclones and large low pressure systems



Creeks respond rapidly to rainfall and with flows peaking and receding quickly



The creeks have generally been observed to be losing streams (i.e. significant volume
of flow is lost to infiltration as it travels downstream)



Undisturbed stream beds and floodplains in the mining areas have been observed to
have high infiltration rates, resulting in rapid recharge to the underlying aquifer (as
shown in Figure 59), which supplies the downstream groundwater pool systems. Once
disturbed by mining activities infiltration is reduced due to compaction



Erosion is a naturally occurring processing within the catchments.

Figure 56:

16
17

Surface Water Monitoring Hydrographs - 2013 Wet Season

Surface water monitoring locations are shown in Figure 6 of Appendix 16.

Note that number of the small spikes (i.e. < 0.5 m) recorded by a single gauge only are likely to be instrument error as they
correlate poorly with timing of rainfall, but they have not been removed from the plot in order to show a complete record.
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Figure 57:

Surface Water Monitoring Hydrographs – 2014 Wet Season

Figure 58:

Surface Water Monitoring Hydrographs – 2015 Wet Season
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Figure 59:

Groundwater Response to Rainfall

Based on the conclusions summarised above, which have been drawn from rigorous analysis of
monitoring data, infiltration loss rates have been estimated to be significantly higher than values
in published and proprietary literature (Flavell 2006). However the short period of record (in
hydrological terms) does not provide enough confidence in these estimates for application to
impact assessment scenarios. With this limited data record the two-dimensional hydraulic
modelling of the catchments undertaken for baseline, current and proposed scenarios, has used
direct rainfall inputs with infiltration rates from Flavell (2006), which is an extension of work
originally presented in published literature (Flavell & Belstead 1986). Based on the observed,
the extent of flooding shown in this modelling is considered to be highly conservative based on
understanding of site hydrology.
The analysis of monitoring data and hydraulic modelling parameters are described in
Appendix 16. An independent peer review of the analysis and modelling concluded that “all
hydrologic and hydraulic methodologies presented (in Appendix 17) appear to be in keeping
with current industry practice. In many cases the customised approaches exceed typical levels
of analysis and the expected level of confidence that would be achieved by assigning published
methodologies.” Modelling outputs from regional models with baseline scenarios are presented
18
in Figure 60 to Figure 62 for a 1% Annual Exceedance Probability (AEP ), 10% AEP, and 50%
AEP flood scenarios. Modelling outputs from site models under current conditions (September
2014) are presented in Figure 603 to Figure 65.

18

The probability that a given rainfall total accumulated over a given duration will be exceeded in any one year (BOM, 2015)
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Figure 60:

Regional Baseline Hydraulic Modelling - 1% AEP Event

Figure 61:

Regional Baseline Hydraulic Modelling - 10% AEP Event
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Figure 62:

Regional Baseline Hydraulic Modelling - 50% AEP Event

Figure 63:

Solomon 2014 Hydraulic Modelling - 1% AEP Event
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Figure 64:

Solomon 2014 Hydraulic Modelling - 10% AEP Event

Figure 65:

Solomon 2014 Hydraulic Modelling - 50% AEP Event
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Surface Water Geomorphology
A baseline geomorphology report was prepared in 2012 to identify the key creek characteristics
of Kangeenarina Creek (Lesleighter, 2013). The report highlights important considerations for
the diversion of the creek lines and although the focus is on Kangeenarina Creek, the landform
and topography characteristics are generally of a similar nature to those of the Proposal area.
These comparable characteristics include:

12.3



Streams can effectively be considered dynamically stable. There is no indication that
the planform is migratory, while flows can reach some distance out of the main
channel, the creek is morphologically stable, albeit with a highly mobile bed.



Generally, the vegetation on the creek bed shows no tendency for being undermined
and it is thought that the creek bed as well as the vegetative cover will remain stable
for most floods (including rare floods).There are however, areas around site with
notable areas of natural bank erosion in undisturbed areas.



A key aspect of the creeks is their ability to transport large quantities of sediment.
There is a ready supply of gravel type sediment from the fragmentary nature of the
rock in the catchments. Bed material in both creeks is loose, flat and abundant and is
no doubt in motion in even the smallest of flood events.



An estimation of bed loads for floods of various return periods would be very
approximate at best. Numerical modelling of the sediment loads carried by these
streams is of little value because existing methods simply do not apply to such
variable streams, and results would be unreliable.

Pools

A number of pools occur within the Mine Development Envelope and within the predicted
drawdown zone for the Lower and Southern Borefields. Fortescue has conducted a census of
all pools within this study area to determine their permanent status according to the DoW’s
hierarchy and their ecological value (Appendix 18).
The census identified that pools are only found within areas where GDE or potential GDE
vegetation has been mapped by Ecologia Environment (2014a) (Fortescue, 2015c). A dataset
provided by the DoW for its regional pool assessment was found to be of little value for the
census. No points within the DoW dataset fell within mapped GDE/potential GDE vegetation
and closer interrogation of aerial imagery identified that the DoW locations did not correspond
with any surface water feature. Indeed, many DoW pool locations were on the top of hills and
ranges.
The census studied available aerial imagery between the years 2004 and 2014 to determine the
extent of pools over the period. In this way, the surface area covered by pools was logged over
the census period and conclusions as to the pool’s permanent status were drawn. From this,
the pool’s ecological value was considered (Fortescue, 2015c).
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The pools census identified that pools are located in the following locations (Fortescue, 2015c):


Weelumurra Creek (upper and lower)



Kangeenarina Creek



Zalamea Creek



Hamersley Gorge



Powellina Pools.

Pool locations are provided in Figure 66 to Figure 69. These pools are discussed in the
following sections.

Weelumurra Pools
The pools census has demonstrated that there are permanent pools in the lower reaches of
Weelumurra Creek downstream of Valley of the Queens (Fortescue, 2015c). However, many
pools tend to migrate upstream or downstream with movement of creek bed sediments. Pools
often join up in some years and are separate in others. There are a few pools that are large
enough and deep enough to remain constant throughout the census period. However, overall,
there has been a trend for less pool surface area between 2004 and 2013. Pools mapped in
2004 covered a surface area of 4.6 ha, whereas pools mapped in 2013 covered a surface area
of 1.13 ha (Fortescue, 2015c). Most notable is the loss of pools in the upper reaches of the
creek, which are completely absent in 2013. Therefore, the majority of pools within Weelumurra
Creek would be considered either semi-permanent or intermittent, with permanent pools located
downstream of the Queens. Pool extents in 2013 in comparison to 2004 are demonstrated in
Figure 66.

Kangeenarina Pools
The pools census has demonstrated that there are permanent pools within Kangeenarina
Creek, although smaller pools and waterholes are semi-permanent or intermittent (Fortescue,
2015c). Total pool surface area in Kangeenarina Creek has reduced from August 2004 to
November 2013 and it is considered that this is a product both of reduced rainfall and mine
dewatering higher in the catchment. Direct comparison of surface area of pools in hectares is
difficult given the lack of aerial coverage for the lower reaches of the creek for most years.
However, for the two years where consistent coverage is available (2004 and 2013), surface
water area in Kangeenarina Creek is approximately 10.4 ha in 2004 and 4.9 ha in 2013
(Fortescue, 2015c). It should be noted that pool supplementation commenced as reinjection
bores in 2013 and as surface supplementation in mid-2014. Pool extents in 2013 in comparison
to 2004 are demonstrated in Figure 67 and Figure 68.
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Zalamea Pools
The pools within Zalamea Gorge are not considered to be permanent pools. Pools present in
2004 were no longer present in 2014 (Fortescue, 2015c). New pools identified in 2010 were
also not present in 2014, after experiencing a reduction surface area over the intervening years.
Based on the DoW’s definition, the Zalamea Pools are considered to be semi-permanent.
However, there is a clear trend over the 10 years of the study suggesting pools in Zalamea
Gorge are contracting and may become intermittent in the coming years. This may be
dependent on future rainfall. Pool extents in 2014 in comparison to 2004 and 2010 are
demonstrated in Figure 69.

Hamersley Gorge
Aerial imagery is only available over Hamersley Gorge for years 2004, 2013 and 2014. It is
considered that Hamersley Gorge is a permanent pool and there has been no noticeable
change in pool size in the intervening 9 years (Fortescue, 2015c) with the pools remaining at
2.6 ha.

Powellina Pool
Analysis has determined that the pools located at Powellina are clay pan type billabongs that
are present immediately after rainfall but are likely to quickly dry out (Fortescue, 2015c) and are
not groundwater-fed. The absence of the pools in August 2004, their presence in November
2010 and absence in December 2014 is evidence of their intermittent status.

Impact of Declining Rainfall
Fortescue has analysed the historical annual average rainfall from regional gauges to identify
regional rainfall trends (Fortescue, 2015b). Given that there is a large spatial variability of
rainfall in the Pilbara, a number of regional gauges have been considered. These gauges are all
within the vicinity of the Hamersley Ranges, on pastoral stations surrounding Solomon and also
considers recent rainfall recorded at Solomon since late 2010.
Regional rainfall gauges at Hamersley, Mt Florance, Mulga Downs, Wittenoom and
Coolawanyah stations, which encompass an area in excess of 250 000 ha, have been reviewed
over 107 year period from 1907-2014. In numerous years prior to 1950, there is missing data
from some of the stations, most notably Coolawanyah (missing 1926 – 1949) and Hamersley
(missing 1927-1933). Wittenoom records do not begin until 1952. These stations have an
annual average rainfall between 350 mm – 450 mm over the period in between 1911 – 2011
(Charles, et al., 2013). The available results for the annual totals for the five rainfall stations
were averaged in order to attempt to remove the effect of localised spatial variability.
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The following sets of results were analysed (Fortescue, 2015b):


Long term – Average annual total rainfall from Hamersley, Mt Florance and Mulga
Downs stations between 1907 and 2014. Assessed using a 10 and 15 year moving
average (Figure 70)



Medium term – Average annual total rainfall from Hamersley, Mt Florance, Mulga
Downs, Coolawanyah and Wittenoom stations between 1950 and 2014. Assessed
using a 5 and 10 year moving average.

The data was filtered where there was no rainfall records or where outliers were exerting
significant influence on the average from other stations. Observations from the data were as
follows (Fortescue, 2015b):


The annual average up to the 1960s was between 300-350 mm



There was an apparent step change in the 1960s increasing annual average to 350 –
450 mm. The average for this period is consistent between medium term and long terms
records. This increase in annual average total rainfall appears to be due to the apparent
increase in the frequency of wet years (with rainfall well above average)



The period from the mid-1990s to the mid-2000s is the wettest period on record. There
are significant spikes in all trend lines. Averages range between 400 mm – 600 mm for
the 10 and 15 year averages. The 5 year average peaks at over 650 mm. These spikes
recede near to present records, although it is unclear where the present average is as
the trend lines do not yet converge.
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Figure 70:

Annual Rainfall Moving Averages 1907 - 2014

Analysis of the rainfall data shows that pool levels observed in the 2004 aerial imagery are likely
to be at their highest levels as groundwater resources are likely to be fully saturated (Fortescue,
2015c). It has been observed that rainfall averages for the last five years have fallen and as a
result groundwater resources feeding the pools have not received the same amount of
recharge. This is likely to account for the reduction in pool sizes observed from 2004 to 2014,
particularly at Weelumurra Creek and Zalamea Creek, where pools observed in 2004 and 2010
are no longer present during the dry season (Fortescue, 2015c).

Ecological Values
The presence of permanent pools within Weelumurra Creek, Kangeenarina Creek and
Hamersley Gorge will attract fauna to the area for foraging. This includes Pilbara Olive Python,
Northern Quoll and Pilbara Leaf-nosed Bat, which have all been recorded from Kangeenarina
Creek (Ecologia Environment, 2014d), as well as migratory fauna such as the Eastern Great
Egret and other waterbirds. The pools would also be important water sources for other fauna.
In comparison, the semi-permanent and intermittent pools at Zalamea Creek and Powellina
Pools have less fauna habitat value. Pools that regularly dry out are less likely to attract fauna,
particularly in the drier months prior to the wet season. In addition, the pools at Powellina occur
in the grazing lands of the Lower Fortescue Valley and experience degradation from cattle.
More specifically, the Northern Quoll and Pilbara Leaf-nosed Bat have not been recorded in the
vicinity of Zalamea Pools even though Figure 43 and Figure 44 shows Zalamea Pools have
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been included in several surveys. The Pilbara Olive Python however, has been recorded during
three fauna surveys (2010, 2012 and 2013) near the ephemeral pools within Zalamea Gorge.
The Pilbara Olive Python was not recorded during the 2014 monitoring programme and
Ecologia Environment (2015c) has suggested this may be due to the lack of surface water
present at the time of the survey. The Pilbara Olive Python is a mobile species and is known to
have a home range of 87.76 to 449.26 ha (DotE, 2015) and may be able to relocate to new
habitats further downstream in the Zalamea Gorge outside of the mine footprint or in nearby
gorges. Section 12.7.1 demonstrates that mined areas may have reduced surface water flow
but sections of Zalamea Creek in Zalamea Gorge outside of the mine footprint area likely to still
flow during rainfall events. Even though the Pilbara Olive Python may visit the Zalamea Pools,
the Weelumurra Creek, Kangeenarina Creek and Hamersley Gorge pools are considered to be
of higher fauna habitat value than Zalamea and Powellina pools (Fortescue, 2015c). Figure 45
shows that Pilbara Olive Pythons have also been recorded in Kangeenarina Creek and
Hamersley Gorge. Hamersley Gorge in particular occurs within a rocky gorge and is likely to
support denning habitat for Northern Quoll and is suitable winter shelter habitat for Pilbara Olive
Python and Kangeenarina Creek provides suitable habitat for Northern Quolls. The
groundwater-fed pools within Kangeenarina Creek (north) and Hamersley Gorge are not
proposed to be impacted as a part of this proposal.
The Southern Borefield groundwater abstraction modelling predicts an unmitigated impact of
1 m drawdown at Hamersley Gorge (Section 12.4, Figure 34), however, Fortescue commits to a
Groundwater Operating Strategy and a supplementation plan (if required) which includes
constructing monitoring bores between the Southern Borefield and Hamersley Gorge to detect
changes in groundwater levels. As a result of management strategies proposed, there will be
no impact to Hamersley Gorge water levels as a result of the Proposal.

12.4

Hydrogeology

The valley floor of the Solomon Project Area is characterised by colluvium, Robe Pisolite and
alluvium. As described by Fortescue (Fortescue, 2010a), the Solomon Project is situated on
CID which occurs within palaeochannels incised into relatively flat lying Brockman Iron
Formation.
The primary aquifer in the Solomon area is interpreted to be associated with secondary porosity
and transmissivity of the ochreous goethite Lower CID. The enhancement of secondary porosity
and transmissivity is predominantly linked to the occurrence of interconnected vuggy and cavity
fabrics within altered and weathered Lower CID.
Groundwater in the Solomon Project Area is also associated with:


Alluvium, colluvium and detrital deposits including the BID and DID succession within
Tertiary palaeochannel successions which overlie the CID. Commonly the BID and DID
successions occur above the water table.
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Deposits of calcrete in historical and current water table settings within the Tertiary
palaeochannel successions. The occurrence, extent and thickness of calcrete deposits
are widely variable.



Upper CID which overlies the Lower CID and is interpreted to be typically characterised
by comparatively low-transmissivity. There may be increased transmissivity and
groundwater flow at the contact between the Upper and Lower CID.

The weathered bedrock and overlying CID are partially connected.
Within the Southern and Lower Fortescue areas, groundwater occurrence is dominantly within
palaeovalley settings, where palaeo-drainage incised into the bedrock have been filled with a
sequence of tertiary sediments forming groundwater reservoirs. The alluvial aquifer beneath the
Southern Fortescue Catchment extends over approximately 40 km with the main part of the
aquifer developed along bedding within the underlying Hamersley Group.
In addition to the alluvial aquifer, the Archean Paraburdoo Member of the Wittenoom Formation
(or Wittenoom Dolomite), which underlies the alluvial aquifer, can form a significant aquifer
where weathering processes have been extensive. The Dolomite from the Wittenoom Formation
is highly variable and range from a highly transmissive and high yielding aquifer in karstic areas
through to fresh, undeformed bedrock, with very limited groundwater potential. Groundwater
levels tend to be deep and quality is generally fresh.
Water quality is classified as fresh to marginal, with total dissolved solids (TDS) ranging from
200 mg/L to 1,000 mg/L. Individual bore yields are variable, ranging from 50 L/s to 2,500 L/s
reflecting the interfingering relationship between the alluvium and colluvium.
Groundwater flow is a subdued reflection of topography, flowing from areas of high elevation to
low elevation. The water table is generally between 5 mbgl to 30 mbgl corresponding to
elevations of approximately 600 to 580 mAHD in the Southern Fortescue area.
Groundwater flow within the alluvial aquifer is in a westerly direction to northerly direction in the
Southern Fortescue area, discharging to the west and through a number of small drainages that
flow to the north. The most significant of these are Hamersley Gorge (Fortescue River South)
and Weelumurra Creek. Groundwater flows within the Lower Fortescue are likely west and
north with discharge to the Lower Fortescue River.
Vertical flow gradients are generally downward. The valley fill deposits are recharged through
direct rainfall recharge and stream flow, whilst recharge to the underlying Wittenoom Formation
occurs through vertical infiltration from the valley fill deposits and direct recharge at outcrop
zones, particularly where this unit is weathered or fractured.
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Mine Hydrogeology
This section discusses the hydrogeology within Kings, Queens, Trinity, Zion and Castle Valley
mining areas. Firetail and Frederick mining areas are not discussed as they are above the water
table.
The Solomon iron ore resource comprises of CID, DID and BID. The majority of CID resource
identified at Solomon is located below the water table and therefore dewatering will be required
during mining.
Groundwater in the Solomon mining area is associated with four major aquifer units. In
descending stratigraphic order these units include (Figure 71):
i.

Alluvial, colluvial and detrital deposits within the palaeochannels which overlie the
CID. The alluvial deposits can also include calcrete and silcrete deposits at palaeo
water tables

ii.

An Upper CID unit which generally has low permeability

iii.

An ochreous goethite rich Lower CID unit which generally has high permeability from
secondary porosity and is considered to be the primary aquifer in the project area

iv.

Weathered bedrock at the base and walls of the palaeochannel valley which may
have limited groundwater storage and/or permeability.
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Figure 71:

Generalised Cross Section Representation of CID Geology in the Hamersley Range
(Fortescue, 2010a)

It is believed that the Alluvial and Upper CID unit have relatively homogeneous hydraulic
properties, but the Lower CID may have a large spatial variability in permeability due to the
heterogeneity of secondary permeability.
Baseline groundwater elevations ranged from 580 m AHD in the southern (upstream) reaches
of Kangeenarina Creek to 510 m AHD in both the northern portion of Kangeenarina Creek
(where discharge to the surface pools occurs) and the western outlet to Weelumurra Creek.
Groundwater flow reflects topography, with flows from ridge crests to valley floors.
Mapping of baseline groundwater flow indicates that groundwater discharges at three locations,
coincident with ‘pools’ within present day surface water drainages. A groundwater divide in
Trinity drives groundwater flow both west through Queens discharging into Weelumurra Creek
and northeast through Trinity following the Kangeenarina Creek outlet and discharging to the
Kangeenarina Creek Pools. A third groundwater system flows through Kings and eventually
follows Kangeenarina Creek outlet forming an area of groundwater confluence in Trinity.
Groundwater monitoring data collected over a three year period indicate that these groundwater
divides are dynamic, in that they respond quite significantly to the amount of recharge and
abstraction occurring.
Recharge to the Solomon Mine groundwater system is considered to be primarily via rainfall
runoff reporting to the scree slopes and weathered bedrock along the flanks of the valley walls,
which are in direct hydraulic connection with the alluvial aquifer and the CID. Recharge to the
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alluvial aquifer also occurs from direct infiltration from rainfall, as well as, localised infiltration
from the creeks and their tributaries during infrequent flow events.
The estimated pre-mining groundwater storage is about 71.46 GL.
The groundwater quality in the Solomon mining area is considered to be fresh with TDS values
ranging from 48 to 758 mg/L, whilst pH measurements indicate neutral to slightly alkaline
groundwater conditions (Fortescue, 2015a).
The actual dewatering rates are similar to that previously predicted by the modelling (Table 54).
Table 54:

Predicted vs Actual Dewatering Rates
Year

Predicted (kL)

Actual (kL)

2013

4,900,000

2,271,768

2014

4,750,000

4,905,296

As typical of arid areas, groundwater recharge is highly episodic which makes quantitative
assessment of average recharge rates extremely difficult. According to Magee (2009), unlike
most palaeovalley aquifer systems in arid and semi-arid regions, recharge rates are potentially
quite large. Pilbara region recharge rates are generally expected to lie in the range of 2-10% of
rainfall and an average regional evaporation rate of 3 m per year is applicable to the area.
NTEC (2010/2012) assumed that only rainfall events of greater than 180 mm/month result in
recharge to the groundwater environment. Analysis of monitoring data suggests that the actual
figure may be lower, as any large rainfall event with low intensity has potential to provide some
recharge.
Groundwater discharge is through evapotranspiration and discharge of groundwater to the pool
systems at Kangeenarina Creek Pools, Weelumurra Pools and Zalamea Pools.

Southern and Lower Borefields
There are two large regional groundwater sources surrounding the Solomon Project; these are
the Lower Fortescue and the Southern Fortescue basins.

Southern Borefield
The Southern Fortescue Valley is characterised as having hilltops and upper slopes of
outcropping Marra Mamba (to the South) and Brockman Iron Formation (to the North), and a
broad valley between comprising Alluvial/Colluvial valley fill succession overlying the Wittenoom
Formation. The key hydrostratigraphic layers in terms of abstraction impacts from the Southern
Borefield are the Alluvium/Colluvium and Wittenoom Formation.
Seven distinctive stratigraphic units are identified in the Alluvial/Colluvial deposits, including;
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(i)

Tertiary Alluvials comprising mostly gravely clays from ground surface up to
60 mbgl, but typically to a depth of 45 mbgl

(ii)

A semi-continuous Calcrete Clay unit was typically encountered from within a few
metres below surface to a maximum depth of 25 mbgl

(iii)

Tertiary Detritals (Colluvials) underlying the Alluvial and Calcrete units

(iv)

Lacustrine type Plastic Clays from approximately 30 to 70 mbgl and varying from 30
to 40 m in thickness. This layer is considered to have a low hydraulic conductivity
and possibly represents a regionally extensive aquitard

(v)

A thin Silcrete unit from about 70 mbgl of approximately 10 m thickness, and
thickening slightly to the east

(vi)

A CID from approximately 90 mbgl and varying from 12 to 18 m in thickness

(vii)

Basal Quartz Sands from approximately 110 mbgl, and varying from 4 to 18 m in
thickness. The sands do not appear to be laterally extensive.

Aquifer testing results and monitoring data obtained during borefield operation indicate the
lacustrine type Plastic Clay unit acts as an aquitard.
The Wittenoom Formation comprises three distinct members; the Bee Gorge, Paraburdoo and
West Angelas Members. The Dolomite of the Paraburdoo Member commonly underlies the
main valleys in the Hamersley Range. The dolomitic aquifers in the Wittenoom Formation are
considered the primary aquifer in the area, especially where it has been previously exposed and
subjected to Karst development resulting in the formation of cavernous areas. Drilling within the
vicinity of the borefields has indicated Karst development to be highly variable.
The water table is interpreted to reflect topography, with peak elevations generally associated
with topographical highs. Depths to water generally range from 10 to 30 mbgl, corresponding to
elevations of approximately 600 to 580 m AHD. Groundwater flow is westerly through all
aquifers, under a relatively gentle hydraulic gradient. Downward vertical flow gradients are
interpreted, with recharge to the underlying Wittenoom Formation aquifer from the alluvial
sediments.
Groundwater levels fluctuate throughout the year with seasonal high water levels typically
recorded towards the end of February and seasonal low levels recorded towards the end of
November to early December.
Groundwater recharge to the alluvial aquifer system is through either direct rainfall infiltration or
infiltration from stream flow. Recharge to the Wittenoom Formation aquifer is largely through
vertical flow from the overlying alluvial aquifer, or from direct rainfall infiltration where the unit
outcrops. As typical of arid areas, groundwater recharge is highly episodic which makes
quantitative assessment of average recharge rates difficult.
Groundwater evaporation is expected to be negligible due to depth to groundwater being
generally over 15 m in the model area.
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Groundwater quality, determined through laboratory analyses and field quality readings during
the respective drilling programmes, indicates groundwater of near neutral to slightly alkaline pH
and fresh to marginal salinity.

Lower Borefield
The geology of the Lower Fortescue Catchment is dominated by the Jeerinah Formation, Bee
Gorge Member, Paraburdoo Member, West Angelas Member, Marra Mamba Formation, and
the Mt Syliva and Mt McRae Shale Formations. These formations have been incised/eroded,
forming a palaeovalley filled by unconsolidated sedimentary sequence comprised of alluvial,
colluvial and detrital deposit.
Field investigations have identified the following hydrogeological units (in stratigraphic order):
(i)

Alluvium

(ii)

Colluvium

(iii)

Calcrete/Silcrete

(iv)

Palaeochannel Sediments

(v)

Weathered Bedrock (predominantly weathered dolomite)

(vi)

Unweathered Bedrock.

Groundwater flow is a subdued reflection of topography, with localised patterns driven also by
recharge. The dominant flow pattern is east to west, coincident with the flow path of the
Fortescue River. Groundwater levels are also elevated near the ranges (both Hamersley and
Chichester), particularly in the vicinity of large drainage features.
Groundwater elevations ranged from 388 to 399 mAHD throughout the domain, with little
difference in elevation between aquifers. The hydraulic gradient is relatively flat, although
steepens to the north of the study area.
Recharge occurs via throughflow and infiltration mechanisms, with the latter consisting of both
direct rainfall infiltration and infiltration of runoff.
Infiltration of runoff is conceptualised to occur in the channels and alluvial fan systems of
several creeks that discharge into the area from origins in the Hamersley and Chichester
Range.
Evapotranspiration occurs in those areas where the water table is close to the surface. Aside
from periods of flooding, where ponded water may be widespread, the majority of
evapotranspiration occurs in the topographically depressed area associated with the Fortescue
River.
Groundwater quality measurements indicate groundwater of near neutral to slightly alkaline pH
and fresh to marginal salinity.
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12.5

Management Objective

The EPA Objective for Hydrological Processes as per EAG8 is:
To maintain the hydrological regimes of groundwater and surface water so that existing and
potential uses, including ecosystem maintenance, are protected.
Legislation relevant to the protection and conservation of flora and vegetation and ecological
communities includes:


12.6

Rights in Water and Irrigation Act 1914

Guidelines, Policies and Frameworks

The following Guidance, Policy and Standards are relevant to the impact assessment on
hydrological processes quality


EAG8 – Environmental Factors and Objectives EPA (EPA, 2013d)



EPA Guidance Statement 33 – Environmental Guidance for Planning and Development
(EPA, 2009b)



Western Australian Water in Mining Guideline (DoW, 2013a)



Pilbara Regional Water Supply Strategy (DoW, 2013b)



National water quality management strategy: guidelines for groundwater protection in
Australia (ARMCANZ and ANZECC, 1995)



National Principles for the Provision of Water for Ecosystems (ARMCANZ and
ANZECC, 1996)



The Australian Drinking Water Guidelines (NHMRC, 2011)



Field Sampling Guidelines - a Guideline for Field Sampling for Surface Water Quality
Monitoring Programs (DoW, 2009b)



Australian Standard: Water quality - Sampling - Guidance on Sampling of Groundwater
(AS/NZS 5667.11:1998).



Water Quality Protection Guidelines (Nos. 1 – 11), Mining and Mineral Processing,
(Water and Rivers Commission, 1999).

12.7

Potential Impacts

Alterations to surface and groundwater hydrology can result in deterioration in the natural
function of a watercourse, wetland or groundwater system. Environments supported by these
systems can be impacted by a reduction in the volume and frequency of water inflows. Potential
impacts on hydrological processes resulting from the Proposal include:
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impacts to natural surface water flows as a result of placement, design and operation of
new or expanded mine pits and associated infrastructure



alterations to groundwater hydrology during mining, dewatering and abstraction for
water supply which may reduce the water availability for groundwater dependent
ecosystems and pools



the removal of the Zalamea Pools



alteration of sub-surface flows through abstraction may reduce the water availability for
groundwater dependent ecosystems and pools.

This section reviews impacts on hydrological functions. Impacts on the water quality and
ecological function are discussed in Section 13.

Alterations to Surface Hydrology
The existing and proposed pits are located within the Kangeenarina Creek Catchment, Zalamea
Creek Catchment and the Queens sub-catchment of Weelumurra Creek, all of which drain into
the Lower Fortescue River. The Trinity sub catchment of Kangeenarina Creek is the only
external contribution to proposed pit areas, all other pits have the headwaters of their
contributing catchments within the Mine Development Envelope. This Proposal does not include
mining or infrastructure in new catchment areas that were not included in the original proposal.
There has been significant study of the hydrology of site catchments undertaken subsequent to
the Original Proposal. This study includes analysis of monitoring data events in order to
understand the frequency, magnitude and duration of streamflow events, and this analysis is
documented in Fortescue (2015b). The investigations have highlighted exceptionally high
infiltration rates, which show the dominant process in the catchments is infiltration to subsurface
and underlying aquifer, with very short duration, infrequent occurrences where streamflow is
generated over the CID. These investigations have shown that impacts of the proposal will be
limited to infrequent and brief occurrence of stream flows in the area. The surface water
management approach has been adapted based on the results of this hydrological investigation
and subsequent mine planning.
The impacts on surface hydrology for this Proposal will not be significantly different from those
predicted for the Original Proposal, as the additional disturbance is occurring within the same
catchments. Although the proposed disturbance footprint within the catchment has increased,
the overall catchment area has not changed significantly. This is because the downstream
extent of pits in the Kings, Zion and Queens’s mining areas are almost identical in the original
and the current proposal. Because the downstream extents are very similar, the catchment
areas have not changed significantly and as such the quantity of flow that has potential to be
impacted is the same. Water quality impacts are discussed in Section 13. However it is worth
noting that the production activities and rate of production are not significantly different to the
Original Proposal, therefore the potential for water quality impacts are similar, despite the
increase in disturbance area over which they may occur.
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The principal potential impact of mining at Solomon on hydrological processes is a reduction of
quantity of surface water flows from pre-development levels. This is likely in areas where pits or
modifications to topography create areas of detention for surface water flow. These areas of
detention are likely to result in increased infiltration into the superficial CID aquifer and a
possible minor increase in evaporation. These hypotheses are based on the observations
around high infiltration losses and connection to groundwater described in Section 12.2.2. In
the event that significant volumes of flood water are intercepted in pits which do not infiltrate
(e.g. when mining the lower pit benches closer to groundwater), the water will be discharged to
a creek in accordance with the Solomon’s Part V, EP Act Licence (L8454/2012), following the
event.
Due to disruption of flow paths in the mine area, there is potential for a reduction of downstream
inundation extent during flood events. The relative impact of this is expected to be minor since
monitoring data shows that stream flows are very infrequent and short in duration and
consequently, any inundation is expected to be infrequent. The infrequent nature of streamflow
is highlighted in Figure 72.
Hydraulic modelling has been used to determine the area that has potential to be impacted on a
regional scale, particularly on the Lower Fortescue Floodplain (Fortescue, 2015b). A number of
scenarios were modelled, which include:


maximum disturbance



likely disturbance during operations



potential disturbance at closure.

Note that maximum disturbance does not reflect the proposed development plans, but instead
has been prepared to illustrate the relative significance of project catchments on a regional
scale (i.e. showing the effect if project catchments did not contribute any streamflow to
downstream environment).
Although hydraulic modelling can be used to show differences between scenarios for different
events, it is the frequency of the large and rare events, and the associated groundwater
recharge, which are driven by climatic trends, that are likely to have the most significant impact
on vegetation. It is therefore hypothesised that the greatest potential for impacts created by the
mining activities are related to events with a higher recurrence frequency, as these provide a
more regular source of flow and inundation.
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Figure 72:

Hydraulic Modelling - Likely Impact Scenario - 50% AEP

Figure 73:

Hydraulic Modelling - Maximum Impact Scenario - 50% AEP
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Therefore, the focus of the impact assessment has been on the 50% AEP event, which has a
high probability of multiple occurrences throughout the life of the project. It was found that
change in inundation on a regional scale was minimal for the 50% AEP event. Modelling results
which show this impact are presented in Figure 72 and Figure 73. It is also important to note
that the modelling shows the maximum extent of inundation, which only occurs for a short
duration at the peak of a flood. Areas where flooding is affected by changes to Solomon
catchments will still receive direct rainfall and local catchment contribution. Monitoring data has
demonstrated that events capable of generating streamflow in Solomon catchments correlate to
significant regional rainfall totals on the lower floodplain. Consequently, it is expected the impact
on vegetation will be negligible since direct rainfall will supplement any changes in floodplain
inundation. Furthermore, as discussed in 12.2.2, infiltration rates used for the modelling are
considered to be highly conservative and so predicted differences in inundation are expected to
also be conservative.
Assessment of larger events has been included in Appendix 16 in order to demonstrate a range
of scenarios for completeness. However the changes shown in these scenarios should be
carefully considered against their relative frequency, since moderate differences for a 50% AEP
are considered to be more significant than a large difference for a 1% AEP flood. The
differences in inundation shown in larger AEP events generally have a greater extent than the
50% AEP (as can be expected with a larger flood), but the magnitude of these differences are
not considered significant for the reasons outlined below:


large flood events are infrequent as defined by their probability of occurrence



the infrequent nature of these events means they cannot be relied upon to provide a
regular source of water for ecosystem function (Fortescue, 2015b).

Any reduction in the quantity of surface water flow downstream will be caused by interception,
most commonly in the pits. When this water is impounded in the pits, is it likely to infiltrate into
highly permeable CID aquifer which lies below the floodplain areas. This is supported by the
monitoring to date which has highlighted high infiltration rates and rapid response of
groundwater to this infiltration, as noted in Section 12.2.2. As a consequence, there will be an
increased recharge to the aquifers that feed groundwater pools downstream of mining areas.
During operations, in a possible scenario where large volumes are intercepted and they do not
infiltrate due to compaction of the pit base by heavy mining equipment, the intercepted flow will
be discharged to the watercourse after the event via pumps and pipe infrastructure. Intercepted
water will be recycled on site where possible, however it is anticipated that site water demand
will be significantly reduced following major flood events and that recycling options are limited
due to available storage. Consequently it is likely that the majority of intercepted surface water
will be discharged to watercourses. The detention of runoff from disturbed areas in pits will also
provide opportunity for management of water quality if required, prior to discharge to the
environment. This significantly reduces the potential for water quality impacts downstream.
It can be seen from Table 53 that the catchments upstream of the proposed pits constitute a
small percentage of the total Lower Fortescue River Catchment area and the associated
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quantity of flows. Overall, it is expected that there may be some change to the balance
between surface water runoff and infiltration, including some delayed and/or reduced surface
discharge after significant flood events and minor changes to floodplain connectivity, however
the impact of the proposal on regional hydrology is expected to be negligible.
Modification to surface hydrology may remain at closure due to changes to catchment divides
caused by the development of the pits and waste dumps. This is discussed further in
Section 14.

Potential Surface Water Impacts Assessed In the Original Proposal
Potential impacts on surface water addressed for the original proposal and relevant to this
Proposal include:


Changes to natural/existing flow regimes

Table 55 summarises the predicted impacts of the existing Solomon Project and current
observed impact and management.
Table 55:

Impacts and Management of Previously Approved Project

Predicted Impact (MWH,
2010a)

Observed Impact and Management Measures

Modification or interruption of
existing natural drainage
channels and or flows

 Permanent infrastructure has been constructed on raised pads (e.g. OPF)
or on modified topography (e.g. camps) with drainage networks or at ground
level with perimeter bunding. Significant watercourse alignments have been
altered to flow around the raised pads or bunds and through drain networks;

 Surface water flow patterns
are likely to be modified by
the valley pits, diversion
channels, roads, railway and
other associated
infrastructure;
 Capturing, retaining flows and
releasing slowly;
 Catchment area upstream
proposed detention dams will
be inundated; and
 Discharge of excess water
from mine dewatering and
flood waters.

 Pits have been developed across Kings Valley and interrupted flow in
drainage lines which flow into the pit. Mining in Firetail has resulted in loss
of definition of some drainage lines and interruption to a localised area of
catchment, which flows into the pit. Waste dumps and stockpiles have
blocked flow in drainage lines upstream of the current footprint of the dump;
 Retention dams have not been constructed for the purposes of surface
water management, as they were not a preferred management solution due
to risks associated with large water detention structures. TSF1 is the
exception to this. This structure has been designed as a tailings storage
facility, with the capacity for flood storage. This facility has been designed
according to the requirements of ANCOLD. This area represents a
comparatively small catchment area (600 ha) compared to other tributaries
of Kangeenarina Creek. The area immediately downstream of the facility
(where the original drainage line was) is disturbed area for stockpiles,
offices and roads and as such is already impacted. There are no apparent
impacts on Kangeenarina Creek as a result of the TSF1;
 No flood events recorded on site since pits have been developed to an
extent that would capture flow, thus no flood water captured in pits and no
discharge of excess water to date.
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Rail Infrastructure
The railway previously installed, as approved in 2011, traverses areas dominated by sheet flow.
The railway has been constructed with sufficient culverts along its length to maintain this sheet
flow and to minimise impacts on upstream and downstream vegetation and habitats dependant
on this sheet flow. The Proposal will involve disturbance in some areas along the rail alignment
to provide borrow for infrastructure maintenance. These areas will be managed in accordance
with existing management plans to reduce potential impacts to surface water flow.

Alterations to Groundwater Hydrogeology
In the Original Proposal (Fortescue, 2010a) dewatering of the CID pits was planned to be
achieved by a network of bores located both up and down gradient of the proposed mining
areas. The net result was for the predicted removal of approximately 130 GL of groundwater in
the mining area to allow dry mining conditions to occur. Fortescue has undertaken a
hydrogeological assessment of the Proposal (Appendix 19) and the result of the assessment
indicate that the impacts from dewatering for this Proposal will not be significantly different from
those predicted for the Original Proposal. The maximum extent of the predicted drawdown is
shown in Figure 74.
Dewatering will continue to be required to facilitate dry, open pit mining at the Solomon CID
deposits. Dewatering will commence at least six months prior to mining below the static water
table and will be undertaken by pumping from bores installed in both the centre and periphery of
the CID channel. Numerical modelling is used to confirm dewatering borefield configuration to
accommodate the mine plan. The dewatering for the Original Proposal resulted in drawdown in
the CID aquifer reducing groundwater levels in the CID aquifer throughout the areas mined. In
the Trinity area, there is groundwater/surface water interaction in the form of groundwater
discharge to pools, with the Kangeenarina Creek recharges the aquifer at this location.
Groundwater levels in this area are maintained by freshwater supplementation.
The CID in Queens is most likely to be hydraulically connected at the far west to the Mt Sheila
CID system which is recharged by Weelumurra Creek. Any dewatering could potentially impact
on creek flow if there is a groundwater/surface water interaction and a lowering of the regional
water table. Impacts to Weelumurra Creek will continue to be managed in accordance with the
requirements of MS 862 and Fortescue is maintaining its commitment to protect Weelumurra
Creek Pools.
The hydrogeological assessment of the Proposal has been Peer Reviewed and it was
concluded that the assessment “provides an accurate and representative appreciation of the
water resources, and potential impacts associated with the future mining operations”
(Hydroconcept, 2015) (Appendix 20).
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Potential Groundwater Impacts Assessed in the Original Proposal
The potential groundwater impacts assessed for the original proposal were as follows:


Impacts on the volume of flow to the three pool systems through a reduction of flow
and an uncontrolled increase in flow due to discharge of dewatering excess too close
to the pools.



Impacts on water quality due to the mining operations and potential hydrocarbon
spills.

The Original Proposal detailed that there will be no uncontrolled discharge of dewatering excess
directly to the drainage lines in which the pools are located. This management action remains
current and Fortescue proposes the same management action for this Proposal. Only controlled
discharge of water will be released into drainage lines, in accordance with approved Solomon
Project Kangeenarina Pools Supplementation Plan – Northern Pools (600SO-00018-RP-HY0003) (Fortescue, 2013h), the Surface Water Management Plan (100-PL-EN-1015) (Fortescue,
2012b) (Appendix 4) and EP Act Licence - L8454/2012.
Subsequent to the submission of the PER for the Original Proposal in November 2010
(Fortescue, 2010a) and public submissions on the proposal, the EPA requested additional
information relating to water management and groundwater impacts of the project. Fortescue
provided a number of hydrological documents in response to this request. These documents
included a draft Water Management Plan, Groundwater Modelling Report and Peer Review of
the NTEC Modelling Report.
The documents, in conjunction with the PER, described the potential impacts to the
environment and other groundwater users as a consequence of the Original Proposal. For the
Solomon mining area, the key environmental impact of groundwater drawdown was interpreted
to be impacts to water levels and riparian vegetation of three groundwater-fed pools in the
vicinity of the mine. These are Kangeenarina Creek, Zalamea Gorge, and Weelumurra Creek
Pools.
Impacts on these pools are discussed in Section 12.7.5. Impacts on water quality are
discussed in Section 13.

Assessment of Current Impacts of Abstraction against Original Modelled
Predictions
To date dewatering has only occurred in the Kings mining area. The maximum drawdown
resulting from abstraction reaches approximately 20 m in the central portion of Kings (the focal
point of dewatering activities to date). Groundwater elevations in surrounding bores are as low
as 507 m AHD. Maximum drawdown and current groundwater elevations compare favourably to
the original predictions by NTEC, which indicated up to 30 m drawdown in this region and
groundwater levels of 490 to 500 mAHD (Fortescue, 2015a) (Appendix 19).
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Maximum drawdown and current groundwater elevations compare favourably to the original
predictions by NTEC, which indicated up to 30 m drawdown in this region and groundwater
levels of 490 to 500 mAHD (Fortescue, 2015a) (Appendix 19). It is noted however, that
significantly more abstraction was predicted for the first year of mining in the initial assessment
(8.9 GL as opposed to an actual 3.65 GL) (Fortescue, 2015a).
As of August 2014, groundwater drawdown propagated along the CID paleochannel
approximately 3.4 km to the north and 7.5 km to the east/southeast of this central portion of
Kings. The northward extent of this drawdown cone is within that predicted by NTEC
(2010/2012), however surpasses the predicted extent to the east/south east. This extra
drawdown is mostly due to the model using long term average rainfall and the actual recharge
being less. This area of the model has less storage due to the narrower aquifer so the
drawdown propagated further along this area. The drawdown is still confined to the CID and the
long term impacts are still for the CID to be fully dewatered.
Monitoring of Zalamea Gorge indicates a decline in groundwater levels below historical lows,
with drawdowns reaching 5 m at the western extent of the pools and exceeding the original
predictions by NTEC, (Figure 15 of Appendix 19). This drawdown is largely attributed to
reductions in rainfall in recent years. Water levels in monitoring bores indicate that there is still a
groundwater mound between the Kings mining area and Zalamea Gorge, which implies no
direct impacts to Zalamea Gorge from dewatering (Figure 75). In addition to dewatering affects,
the natural groundwater level decline is believed to be only accelerated by dewatering activities
Figure 75). Based on the available data, Fortescue believes a period of historically high rainfall
resulted in historically high groundwater levels during the period when the initial studies were
undertaken for the original proposal. These high groundwater levels resulted in the Zalamea
Pools appearing permanent, masking the true groundwater levels of the pools. Following further
assessment of the data available, groundwater levels recorded in the August 2014 monitoring
period have been determined to more accurately reflect historical long-term averages and thus
Fortescue define Zalamea Gorge Pools as being ephemeral rather than permanent.
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Figure 75:

Long-section of Kangeenarina Creek Pools to Zalamea Gorge Pools

For the Original Proposal, the key environmental impact of groundwater drawdown was
interpreted to be impacts on water levels and riparian vegetation of three groundwater-fed pools
in the vicinity of the mine. These are the Kangeenarina Pools, Zalamea Pools, and Weelumurra
Pools.
Kangeenarina Creek Pools were the first of the pools predicted to be impacted by the mining
activities at Solomon and therefore a supplementation plan has been prepared. The plan
includes details on the method, timing and necessary infrastructure of the supplementation
system, and trigger levels associated with implementing the system and maintaining pool levels.
The objective of the plan is to maintain the pools at a consistent level during operations, and
allow post mine closure water levels to vary in accordance with flow events similar to pre-mining
conditions.
Groundwater levels within the northern reaches of Kangeenarina Creek Pools have remained
consistent to that of pre-mining levels. Monitoring indicates that groundwater levels appear to
have increased slightly from 2011 to 2014, indicating that supplementation has prevented
groundwater levels within the vicinity of the Kangeenarina Creek Pools from declining.
Results from the Kangeenarina Creek and Zalamea Gorge baseline and current riparian
vegetation surveys show no temporal changes in vegetation condition between control sites and
potential impact sites. These survey results suggest no drawdown impacts occurred during the
reporting period.
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In eastern Queens, maximum drawdown of approximately 2.4 m has been observed within the
vicinity of the Kangeenarina Creek supplementation borefield, the observed drawdown is within
that predicted by NTEC (Fortescue, 2015a).
Groundwater level decreases in the order of 0.5 m have been observed to the east of
Weelumurra Creek. A general decline in water levels is seen across the domain, as evidenced
by broad water level decreases in areas away from abstraction points. Given this natural decline
in groundwater levels (which has been observed since 2008), Fortescue considers the observed
levels at Weelumurra Creek to be a natural occurrence, resulting from decreased rainfall.
Dewatering activities have yet to commence in Queens and prior to commencement, a
Weelumurra Creek Supplementation Plan will be prepared and implemented.
There are no cumulative impact assessments required for the mining area or the pool systems
as Zalamea Creek and Kangeenarina Creek are in Kings CID which is disconnected to external
aquifer by low permeability bedrock. Weelumurra Creek is connected to the Southern Fortescue
Palaeochannel aquifer to the south and the Lower Fortescue Palaeochannel aquifer to the
north, but there is currently no known groundwater abstraction in the area that could impact on
the three groundwater-fed pools at Solomon. Further discussion on impacts to groundwater-fed
pools provided in Section 12.7.5.

Assessment of Current Impacts of Abstraction against Current Modelled
Predictions
Comparison of August 2014 monitoring data with August 2014 modelled predictions (Fortescue,
2015a) indicate modelled drawdowns of greater magnitude than observed drawdowns.
Modelled predictions in Kings estimated water levels to be between 490 and 505 mAHD,
compared to observed levels of generally 510 to 520 m AHD. It is noted however, that
predictions were based on a total abstraction of 4.7 GL as opposed to actual abstraction of
3.65 GL.
Modelled predictions in western Queens, Kangeenarina Creek, south eastern Kings towards
Zion, northern Trinity and the intersection of Queens and Trinity are all with ± 1 m from
observed levels. Modelled predictions in central Queens are approximately 2 m higher than that
observed, however the model did not include the 0.87 GL abstraction from the Queens for the
supplementation of Kangeenarina.
Predictions for the Trinity mining area indicate a water level of 530 m AHD, whereas observed
levels were 6 m higher (i.e. 536 m AHD).
August 2014 predicted groundwater levels are shown in Plate 16 of Appendix 19.
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Impacts to Pools
For the Original Proposal, the key environmental impact of groundwater drawdown was
interpreted to be impacts on water levels and riparian vegetation of the Zalamea Pools, and
Weelumurra Pools.
The drawdown observed in Zalamea Creek is largely attributed to the cessation of a relatively
wet period compared to historical rainfall averages. In addition, natural groundwater level
decline is believed to have been accelerated by dewatering activities. Fortescue believes a
period of historically high rainfall resulted in historically high groundwater levels, which in turn,
resulted in the Zalamea Pools appearing permanent during the initial studies, masking true
groundwater levels and exaggerating actual drawdowns. It is believed the August 2014
groundwater levels more accurately reflect historical long-term averages and thus Fortescue
define Zalamea Pools as being semi-permanent rather than permanent (Fortescue, 2015c).
Kangeenarina Creek Pools were the first of the pools predicted to be impacted by the mining
activities at Solomon and therefore a supplementation plan has been prepared. The plan details
the method, timing and necessary infrastructure of the supplementation system, and trigger
levels associated with implementing the system and maintaining pool levels. The objective of
the plan is to maintain the pools at a consistent level during operations, and allow post mine
closure water levels to vary in accordance with flow events similar to pre-mining conditions.
Groundwater levels within the northern reaches of Kangeenarina Creek Pools have remained
consistent to that of pre-mining levels. Monitoring indicates that groundwater levels appear to
have increased slightly from 2011 to 2014, indicating that this has prevented groundwater levels
within the vicinity of the Kangeenarina Creek Pools from declining.
Results from the Kangeenarina Creek and Zalamea Gorge baseline and current riparian
vegetation surveys show no temporal changes in vegetation condition between control sites and
potential impact sites, suggesting no drawdown impacts occurred during the reporting period.
Results from the pools census show that the surface area of pools within Kangeenarina Creek,
Zalamea Gorge and Weelumurra Creek have declined from 2004 levels. As described, above,
this is largely attributed to decreasing rainfall over the study period. The decline of surface area
within Weelumurra Creek where there has not been any dewatering campaign is further
evidence that a decline in surface water pools is largely due to declining rainfall.
The semi-permanent pools located within Zalamea Gorge are located within the expanded mine
footprint and will be removed as a result of this Proposal.

Southern Borefield
Abstraction from the Southern Borefield commenced in September 2013 at a rate of 5.1 GL/yr
and increased to a rate of 8.1 GL/yr from September 2014. Since August 2011, groundwater
levels within the surficial aquifer have declined by between 0.8 to 1.8 m. The cone of depression
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is contained within the borefield, extending approximately 2 km west of the airstrip in the lower
alluvial sequence, and centred on the airstrip in the superficial aquifer.
A calibrated groundwater model was developed for the expansion of the Southern Borefield
groundwater system. Simulation of the proposed abstraction regime (including abstraction of a
maximum 12 GL/yr) was undertaken to assess potential impacts on the environment and other
users. These results were further explored by undertaking uncertainty analysis for a range of
potential hydraulic parameters and recharge conditions. The match between calibrated model
and observed groundwater heads, with a root mean squared (RMS) error of 5.5 m. The scaled
RMS error is 6.3%, based on the observed range of monitoring bore water levels of 87 m. This
RMS error indicates that the model is well calibrated.
No other groundwater abstraction is included in the modelling (e.g. other groundwater users) as
the only users locally are pastoral stations and the volume of use is too low to increase the
drawdown in the area. The closest mining operation in the same aquifer is the Marandoo Mine
site and this is more than 50 km away from the borefield. The maximum extent of modelled
drawdown is around 15 km, so it is highly unlikely that there would be any cumulative impacts.
Drawdown is essentially limited to the alluvial aquifer systems though some depressurisation is
predicted within weathered parts of the Wittenoom Dolomite Formation.
Drawdown is laterally extensive, whilst maximum vertical drawdown reaches 8 m in the vicinity
of the borefield. It is expected that some depressurisation in the deeper Wittenoom Formation
may cause minor drawdown in alluvial drainage channels in the Hamersley Ranges.
After 15 years, the model predicts that drawdown potentially reaches 1 m on the western edge
of Karijini.
After 30 years of abstraction, the model predicts an unmitigated drawdown that potentially
reaches 1 m in the vicinity of Hamersley Gorge (Figure 34), and as a result, baseflow to
Hamersley Gorge would be expected to decline by approximately 12% by the end of the 30 year
abstraction period. Through management and monitoring Fortescue is committed to not
impacting Hamersley Gorge.
A monitoring bore network with two standpipes at each sites, will be installed to enable
monitoring of groundwater levels between the borefield and Hamersley Gorge. These bore will
be located outside of Karijini National Park. Fortescue will develop a supplementation plan that
will devise a set of trigger levels for the monitoring bore network and remedial actions to ensure
the Hamersley Gorge water levels are not impacted by abstraction from the Southern Borefield.
These actions could include, altering the abstraction regime, reducing abstraction, and/or
aquifer reinjection on the western side of the Wittenoom- Nanutarra Road.
The Themeda grasslands TEC and Brockman Cracking Clay PEC are located within the
modelled Southern Borefield drawdown area. Impacts from the groundwater drawdown on the
TEC and PEC are not expected as neither of the communities are groundwater dependent.
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The proposed monitoring program and periodic review will enable early detection and adaptive
management of the operational regime.

Lower Borefield
Groundwater abstraction simulations have been prepared for 14 GL/yr abstraction rates. The
vertical drawdown in the 14 GL/yr simulation extends approximately 25 m at the centre of the
borefield after 25 years abstraction, with the 1 m drawdown cone extending laterally
approximately 20 km (Fortescue, 2015a).
Groundwater use in the vicinity of the Lower Borefield is predominantly for livestock.
Pastoralists access groundwater via bores and wells. Pastoral bores are developed in the
alluvial/colluvial formations, usually at shallow depth. The results indicate that some of the
pastoral bores on the Mt Florance Station are predicted to encounter a maximum of 17.9 m drop
in groundwater level, although for the majority of these bores the drop in level will be less than
2 m. Impacts to pastoral bores will be managed through a Groundwater Operating Strategy
required under the RIWI Act, Section 5C Licence.
Approximately 110 ha of potential groundwater dependant vegetation that may be potentially
impacted by groundwater abstraction within the Lower Borefield near the Fortescue River.
Potential impacts to GDE vegetation is discussed in Section 8.9.4.
Other groundwater users in the vicinity, including Mt Florance Pastoral Station, have existing
bores in a separate aquifer (i.e. the Fortescue Valley Aquifer), with no hydraulic groundwater
connection to the Solomon CID. Groundwater from this aquifer will be sourced for mine water
supply at the rate of 14 GL/yr.

In-pit Tailings
Fortescue is currently investigating in-pit tailings (above and below the water table) as a tailings
storage option for the Solomon Mine, in conjunction with Valley Fill TSFs.
The proposed in-pit tailings disposal regime would use a combination of both waste rock and
tailings, in order to meet the environmental objectives to re-instate the land surface (and
subsequent surface water and groundwater flow paths, where possible, and maintain flows to
the groundwater-fed pools. Given the hydraulic properties of the tailings and waste rock are
significantly different, a modelling assessment will be conducted to determine the maximum
ratio of tailings to waste so as to not impact on groundwater throughflow.
Potential storage locations will be determined using a numerical model of in-pit tailings disposal
assessment simulations constructed from the Solomon groundwater model and using
conservative assumptions for the backfill properties based on existing knowledge. A sensitivity
analysis will also be undertaken to test the impact of possible variations in properties
(Fortescue, 2015e).
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A location was selected in Kings to be used as an example of how the modelling would be used
to determine suitable in-pit tailings locations and what proportion of backfill could be tailings
material. The modelled location was the elbow of the Kings mining area and was a linear length
of approximately 1.2 km along the paleochannel.
The numerical model for the in-pit tailings disposal assessment was based on the Fortescue
Solomon groundwater model (Fortescue, 2014a).The pitshell envelopes of the mine were used
to delineate the horizontal extent of the backfilled areas throughout the life of the mine. In the
backfilled areas, the pre-mining alluvial and CID aquifer materials were replaced with normal
waste rock backfill materials.
The hydraulic properties of the backfill and tailings materials for the assessment simulations
were based on AECOM (2014); BHP (2009) and Gan et al. (2011), and summarised in
Table 56. Conservative values have been estimated based on material properties from
laboratory analysis, whilst a sensitivity analysis was conducted on these values.
Table 56:

Hydraulic properties of the standard backfill and tailings materials.

Materials

Waste rock backfill
Tailings backfill

Horizontal Hydraulic
Conductivity
(Kx or Ky)
(m/d)

Vertical Hydraulic
Conductivity (Kz)
(m/d)

Specific Storage
(1/m)

Specific Yield

10

0.1

1x10-4

0.10

1x10-4

1x10-5

1x10-4

0.01

The extinction depths of phreatic evaporation were set at 3 m in the backfilled areas for the
model simulations. Hydraulic properties and ground surface elevations in the simulated aquifer
areas outside the backfilled extent remain unchanged.
The model simulations include five scenarios representing different discrete proportions of
tailings in the areas of tailings deposition. These tailings proportions are:
i. 0% of pit void filled with tailings
ii. 25% of pit void filled with tailings
iii. 50% of pit void filled with tailings
iv. 75% of pit void filled with tailings
v. 100% of pit void filled with tailings.
The disposal of the low hydraulic conductivity tailings in the in-pit tailings disposal segment
reduces the groundwater throughflow across the segment and results in less water delivered to
the downstream side of the segment compared to the case without tailings in a portion of the
backfill. However, the impact on groundwater levels in the simulated aquifer system is limited
mostly to the immediate vicinity of the tailings disposal area and decreases exponentially within
the decrease in percentage storage of tailings. The simulated drop in groundwater levels at the
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downstream edge of the in-pit tailings disposal segment are less than 0.2 m at up to 50% of the
cross sectional area of tailings in the disposal segment, this reduces to less than 0.01 m at up to
25% tailings disposal of the cross sectional area. The simulation results revealed no significant
mounding upstream of the in-pit tailings disposal segment even at the highest level of tailing
usage. Hence, the assessment simulations predict no significant long-term mounding impacts
upstream of the in-pit tailings disposal segment.
The lowered groundwater levels downstream of the in-pit tailings disposal segment result in
reduced phreatic evaporation losses, which in turn contribute to the “restoration” of throughflow
at downstream locations to the levels without in-pit tailings disposal.
Based on the scenario outlined above, in-pit tailings disposal above 25% (i.e. 50, 75 and 100%
tailings disposal) at the elbow of Kings mining area induces unacceptable groundwater declines
downstream and therefore, for this location, the recommended in-pit tailings disposal be limited
to 25% or less. A modelling assessment will be conducted for each area considered suitable to
store tailings, to determine the maximum ratio of tailings to waste with the objective of
maintaining groundwater throughflow and maintaining flows to the groundwater-fed pools.

12.8

Proposed Management

Fortescue has prepared several management plans to address the minimisation of impacts on
surface hydrology and hydrogeology. These and other management measures are outlined in
Table 57.
Table 57:

Mitigation Measures for Hydrology

Category

Mitigation

Avoidance

Avoid placing borefield infrastructure in areas of groundwater dependent vegetation.
Bury (or raise) pipelines at intersections with drainages line to avoid impacts surface water
flows.

Minimisation

Minimise disturbance to existing hydrologic regime wherever possible.
Divert significant surface water flows around pits and mining infrastructure where
practicable and necessary to minimise impact on hydrologic regime.
Maintain water levels in Northern Kangeenarina Creek and Weelumurra Creek
groundwater-fed pools at levels in accordance with the respective supplementation plans.
Monitor drawdown in the Southern Borefield to keep below trigger levels and to prevent
impacts in the Hamersley Gorge.
Backfill pits to an extent that precludes the formation of pit lakes to facilitate continued
groundwater flows through the CID aquifer at closure
Borrow Pits will be constructed outside of drainage lines and bunded

Management

Groundwater Management Plan (100-PL-EN-0029) (Fortescue, 2013c) (Appendix 4)
Surface water management measures will be implemented in accordance with the Surface
Water Management Plan (100-PL-EN-1015) (Fortescue, 2012b) (Appendix 4).
Dewatering and borefield abstraction will be managed in accordance with approved
Groundwater Operating Strategies.
Kangeenarina Pools supplementation will be managed in accordance with the approved
Solomon Project Kangeenarina Pools Supplementation Plan – Northern Pools (600SO-
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Category

Mitigation
00018-RP-HY-00020 (Fortescue, 2013h) and Addendum (600SO-00018-RP-HY-0003)
(Fortescue, 2014b)
Develop Weelumurra Pools supplementation plan prior to dewatering in areas that may
affect the pools

Research and
modelling

Pool supplementation monitoring
Groundwater barrier trials for protection of Groundwater-fed pools
Undertake further study of the Hamersley Gorge hydrogeological setting to refine the
conceptual hydrogeological model and allow more accurate prediction of impacts
Monitoring of surface water flows to refine understanding of site hydrology
Continue hydrological modelling to compare modelled groundwater prediction with actuals
Ongoing in-pit tailings modelling for each new void proposed for tailing storage

Surface Water Management
Planning and Design Process
As the mine plan evolves, ongoing engineering assessment and design for surface water
controls is required. Strategies and feasibility designs are developed from Life of Mine plans,
and progressed through concept designs for medium term mine planning to detailed designs for
short term mine planning. At a Life of Mine planning level, the sequence includes broad phases
which are too large to allow for the detailed design (e.g. staging design of creek diversions).
However as the mine planning transitions to shorter time horizons, the resolution of the detail
increases significantly, which enable surface water designs to be developed from the strategies
and concepts developed in longer term plans.
There is a risk based approach to assessment and design for surface water management at
Solomon. Designs are assessed against a number of rainfall events and then optimised against
safety, environmental and operational risks. Annual evaluation of risk exposure is required to
ensure changes to the site over the year do not adversely affect surface water management at
the site. This is managed through an ongoing review process for wet season readiness which is
used to identify any additional works required prior to wet season.
Pit flooding is a significant consideration for the Solomon Mine as in many instances, the pits
span the full width of the floodplain. The broad strategy for surface water management around
pits at Solomon is to:


where necessary, and if practicable, divert flows in the first instance



if diversion is not practicable, allow flows to enter pits and manage with pit flood
response infrastructure, conducted in accordance with licence conditions and pit flood
response planning.

Surface water monitoring is currently undertaken at the Solomon to provide an opportunity for
review and improvement of surface water management through adaptive management and not
simply to meet compliance obligations. The monitoring program includes sufficient redundancy
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to allow for equipment failure. The data collected to date has allowed for development of
improved hydrological methodology and as noted by Peer reviewers (Appendix 17). "In many
cases, the customised approach exceed typical level of analysis and the expected level of
confidence that would be achieved by assigning published methodologies".
As monitoring records become longer and model calibrations/flood frequency databases are
refined, it is anticipated that design flows at site will be demonstrated to be sufficiently small that
they are manageable without diversion in many instances. The focus will therefore be on
diversion of significant flows, e.g. those emanating from the Trinity sub catchment of
Kangeenarina Creek.

Life of Mine Strategy
The Life of Mine plan has been assessed against the potential for interruption to drainage lines
in order to develop a plan for surface water management and allow for continuity to flow paths
where practicable and necessary. The proposed surface water management strategy for each
of the mining areas is presented in Figure 76 and Appendix 16, and discussed by area in
subsequent sections. These figures have been developed from the hydraulic modelling output
described in Section 12.2.2. Creek diversions around pits are not intended to act as safety
structures to allow mining to continue during flood events. There are response plans in place in
order to manage the safety risk associated with flooding. They are designed to provide flow
continuity for significant watercourses to minimise hydrological impacts and to manage
operational risk.
The objective of the hydrological investigation summarised in Section 12.2.2 was to develop an
understanding of stream response at Solomon in order to derive credible peak flow estimates.
This helped to establish which watercourses are likely to generate significant streamflow to
enable assessment of environmental and operational risk. This information was used in turn to
determine where creek diversions are likely to be required.
As the Solomon pits extend the full width of the floodplain in many cases, it is not possible to
provide a diversion through the entirety of mine life without sterilisation of significant quantities
of ore. Consequently, there is a staged approach required to the diversion of flows to reflect the
progression of mining across the valley.
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Figure 76:

Solomon Life of Mine Surface Water Strategy - 10% AEP Ebvent

Staging of Diversions
There are no existing diversions at Solomon. Typically diversions will initially be constructed on
one side of the valley to allow mining to commence on the other side of the valley to the
diversion. Backfill is planned to occur behind mining as it progresses across the valley and a
new diversion channel may be constructed over backfill. Temporary interruption of the
watercourse is possible during the process and timing of backfilling.
The first location where diversion may be required is at the confluence of the upper reach of
Kangeenarina Creek with the Trinity sub catchment (relevant sub-catchment boundaries are
shown in Figure 77. An example of this sequencing is provided for the Kangeenarina Creek
confluence with Trinity sub catchment. The initial plan is to excavate a diversion channel to the
north of the existing Kangeenarina Creek channel (upstream of the confluence) to allow for
mining to commence on the southern side of Kangeenarina Creek. When the southern face of
the pit is fully mined, backfilling can commence in this area.
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Trinity Confluence Diversion Stage 1

Trinity Confluence Diversion Stage 3

Figure 77:

Indicative Trinity Diversion Staging Plan

Trinity Confluence Diversion Stage 2

Trinity Confluence Diversion Stage 4
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When the backfill is of a sufficient width and is level with creek inverts upstream and
downstream, a new diversion channel may be established over the backfill. There may be
temporary interruption to flows whilst mining progresses sufficiently to generate the required
backfill material, but the duration of this disruption will be minimised as far as practicable. The
channel over backfill will potentially require some engineered protection to ensure stability and
prevent scouring, this requirement will be evaluated during detailed design. Training
embankments upstream of the pit may be needed to direct flow into the new diversion. A visual
representation of this staging plan is presented in Figure 77. This pit and diversion staging
strategy may be modified as required to suit operational requirements. It is possible that the
diversion over backfill will be kept in place as a permanent diversion; however this will be
revaluated at design stage, which will also include the consideration of closure design.
Additional information is provided in Appendix 16 (Fortescue 2015a).

Environmental Management and Auditing
The companywide Surface Water Management Plan (100-PL-EN-1015) contains a number
environmental management actions, along with performance indicators, reporting, timing and
responsibility. Environmental auditing of performance is conducted against the management
actions in this plan. The actions most applicable to the hydrologic regime at Solomon in current
and future phases are summarised below:


conduct clearing in accordance with permit issued under Ground Disturbance Permits
Procedure and Vegetation Clearing (100-PR-EN-0004) and Topsoil Management
Procedure (100-PR-EN-1042)



conduct risk assessment to determine likelihood of change to surface water regime
that may lead to unacceptable environmental impacts



design to specifications which reflect outcomes of risk assessment



design mine pits to be internally draining. Intercepted rainfall managed via sumps and
discharged directly to drainage lines



bunding to minimise impact to surface water



minimise disruption of natural surface water flow by avoiding excessive ponding
against structures and bunds



manage chemicals and hydrocarbons in accordance with Chemical and Hydrocarbon
Management Plan (100-PL-EN-0011). Provision of appropriate related training and
equipment to personnel



develop and implement a surface water quality monitoring program



protect natural drainage lines from construction impacts where possible so water
quality is minimally impacted



reuse stormwater, where possible
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keep clean and potentially contaminated stormwater separate. Contain and
appropriately manage contaminated stormwater prior to release with the environment



conduct rehabilitation in accordance with Rehabilitation and Revegetation
Management Plan (100-PL-EN-0023) and the Solomon Project Mine Closure Plan
(SO-PL-EN-0016).

Groundwater Management Including Pools
Fortescue proposes to continue to mitigate the potential impacts on the Northern Kangeenarina
Creek and Weelumurra Creek pools as a result of dewatering groundwater by maintaining
strategic injection or surface water supplementation to sustain water flow to the pools.
In accordance with Condition 11 of MS 862, Fortescue must ensure that water levels in
groundwater-fed pools within and adjacent to the project area are maintained by the
implementation of existing and forthcoming pool supplementation plans. Furthermore,
Fortescue must ensure that water is supplied for supplementation of natural features in
preference to mining operations.
The current supplementation for the Northern Kangeenarina Creek Pools is from freshwater
drawn from dewatering bores and delivered via pipeline to the pools. The Original Proposal
identified that a hydraulic barrier may be required to protect this pool system. Groundwater
studies undertaken since the commencement of mining have identified that aquifer reinjection
alone is sufficient and a hydraulic barrier is not currently required. If aquifer reinjection was to
become insufficient, the contingency strategy to protect the pools is to use a combination of
direct supplementation and additional aquifer reinjection to maintain the pool levels. Should
these fail then reducing groundwater abstraction or hydraulic barriers may be considered. The
system is designed to prevent drawdown from mine dewatering progressing to the groundwaterfed pools and is detailed in the Kangeenarina North Supplementation Plan approved by the
OEPA under condition 11-2 of MS862. This plan will be continually updated to address changes
in the mining schedule. A similar supplementation plan is proposed to be developed for the
Weelumurra Creek Pools. This plan will be developed prior to dewatering related impacts
reaching Weelumurra Creek.
The groundwater-fed pools are situated in a drainage system with alluvials overlying the CID
deposit. The extent of the pool system is highly variable, however the closest pools are around
1-1.5 km from the western boundary of the queens mining area. The width of the aquifer at the
end of Queens is over 2 km wide and up to 90 m deep. Due to the close proximity of the pools,
the large cross-sectional area and the high transmissivity, supplementation alone is unlikely to
maintain the levels of all groundwater fed pools. A hydraulic barrier was included in the
approved original proposal and is still the proposed solution to maintain the levels of the
groundwater-fed pools. Mining is not planned to commence in Queens for another six years,
thus the infrastructure design is only at feasibility phase, with full design and implementation
planned to be completed in approximately four years’ time.
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The hydraulic barrier is planned to be installed across the aquifer (CID, alluvials and weathered
bedrock). Abstraction and injection bores would be used to replicate the throughflow of the
aquifer to the downstream part of the aquifer where the pools are located. The hydraulic barrier
would be used to reduce the hydraulic connection between the mining area and the pool system
so that aquifer reinjection on the western side of the barrier will maintain the pool levels. This
means the barrier does not have to be completely impermeable as the abstraction and injection
bores can recirculate any seepage. The technologies currently being considered are, grout
walls, polymer walls and cut off walls. Modelling has indicated that an overall permeability of
10-6 m/s would be sufficient to prevent downstream impacts due to seepage through the barrier.
The hydraulic barrier would remain in place during operations and also in closure until the
groundwater level in the mine area recovers to steady state conditions. The mining area will be
backfilled to an extent that precludes the formation of pit lakes at closure. This backfilled
material will then be recharged through natural processes and potentially aquifer reinjection, if
the opportunity arises to accelerate the process. Using the long term average rainfall in the
groundwater model, it will take approximately 20 years for the system to recover naturally. While
the mine area is recovering the injection system will need to be operated to maintain the level of
the groundwater-fed pools.
Borefields
Fortescue proposes to continue to manage groundwater in the mine area in accordance with
the existing approved groundwater operating strategies and the supplementation plans for the
groundwater-fed pools. There is currently a combined operating strategy that has been
submitted to DoW for approval, this contains the same management approach as the individual
operating strategies but across all groundwater licences. All operating strategies have been
developed in line with the Department of Water’s (DoW) Operational policy 5.08 Use of
operating strategies in the water licensing process (DOW, 2011), in conjunction with the Pilbara
water in mining guideline (DoW, 2009a) and conditions (Conditions 11-1 to 11-7) of MS 862.
The existing approved operating strategy for the dewatering at Solomon includes details of:


the monitoring program



existing groundwater licences



dewatering estimates



reinjection rates



Site wide water balance



Water use efficiency.

A Groundwater Operating Strategy for the Southern Borefield has been developed and includes
monitoring groundwater levels and groundwater quality (Fortescue 2013f). This plan will be
updated to account for changes in abstraction volumes. Fortescue is committed to not impacting
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water levels in Hamersley Gorge and monitoring bores will be installed to ensure the drawdown
from the borefield doesn’t reach Hamersley Gorge. The monitoring bores will be located at
selected sites between the borefield and Hamersley Gorge. These sites will be located outside
of Karijini National Park. A three tier trigger level approach is proposed to be developed and
management and mitigation measures will be assigned to this. Some of the key management
options include a reduction or cessation of groundwater abstraction if drawdown has the
potential to impact on water levels Hamersley Gorge. This can be done by increasing
abstraction on other water sources within the mine area or the Lower Borefield (once
developed). Mitigation measures include aquifer reinjection on the western side of the
Wittenoom- Nanutarra Road. A supplementation plan will be developed that details the system’s
triggers and actions.
Prior to the Lower Borefield being constructed, Fortescue will seek approval for a Section 26D
and a Section 5C licence in accordance with the RIWI Act from DoW. As part of the licence
approval a Groundwater Operating Strategy which will detail the management of the borefield
and will include monitoring and mitigation, such as:


maintaining pastoral station water supply – which may involving providing new bores
to replace bores affected by drawdown



vegetation health monitoring, if required



reporting requirements



monitoring frequency



trigger levels, if required



key responsibilities



contingency program, if required.

Effectiveness of Existing Water Management
Existing water management has been sufficient for Fortescue to remain compliant with MS 862
conditions. These conditions include:


The rail alignment has been designed to avoid disturbance to the Wall Creek
Waterhole, as demonstrated in the document submitted to the OEPA on 28 September
2011 (LS-100-E-2555), confirming the completion of MS 862 conditions 7.1 – 7.3.



Areas of significant vegetation potentially impacted by changes to surface water flows
related to the proposal have been identified and submitted to the OEPA on 19 July
2011 (LS-100 -E-2385). The Fortescue Rail Surface Water Monitoring Program Monitoring Plan R-PL-EN-0032 has been developed to provide guidance for the
development and implementation of a Surface Water Monitoring Program, which
commenced in 2014.
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The Mulga Monitoring Methodology SO-RP-EN-0021 has been developed. In
accordance with the methodology, Ecologia undertook Mulga Monitoring from 21
August to 1 September 2013. The monitoring results indicate that there have been no
detectable impacts on sheet-flow dependent Mulga population health.



Water is abstracted from bores in Queens for pool supplementation, which occurs via
five spigots at various locations along Kangeenarina Creek. This system has a
maximum capacity of approximately 90 L/s. As stated in Section 6 of the Kangeenarina
Creek and Zalamea Creek Riparian Vegetation Monitoring, Solomon Report SO-ASEN-0045, comparisons between baseline and the first monitoring survey suggest there
are no significant impacts on vegetation and flora condition between control and
potential impact sites in Kangeenarina Creek and Zalamea Creek. Future monitoring
will continue to build on these results and provide a better understanding on potential
impacts of water drawdown on riparian vegetation.



Groundwater monitoring has shown there have been no tier 3 trigger breaches.

12.9

Predicted Residual Outcome

Fortescue has an existing supplementation plan for the protection of the Kangeenarina Pools.
This plan has been successful at maintaining pools levels and therefore Fortescue does not
anticipate any significant decline in the ecological values of the pools ecosystem. Similarly
Fortescue will develop a supplementation plan for Weelumurra Creek Pools prior to dewatering
in areas that have the potential to impact on the Weelumurra Pools.
During years where the mining operation is expected to have a water deficit, Fortescue plans to
source groundwater from proposed and existing production borefields, some of which are
currently operational. Fortescue does not anticipate a significant impact on the hydrological
processes, including Hamersley Gorge, and any impacts to Pastoral bores will be mitigated by
Fortescue. Summary of residual impacts for hydrological processes is shown in Table 58.
Table 58:

Summary of Residual Impacts for Hydrological Processes after Mitigation Measures

Potential Impact

Residual Impact after Management

Regional Significance

Dewatering Solomon CID

Residual impact is a drawdown of the
CID aquifer for at least the duration of
mining - 35 years

Residual impact on CID aquifer is
expected to be same at the Original
Proposal. Progressive backfilling of pits
will assist with the maintenance of
groundwater flows

Dewatering Borefields

Dewatering in the water supply
borefields will be managed in
accordance with approved
Groundwater Operating Strategies
including no impacts to Hamersley
Gorge as result of Fortescue’s
Solomon Mining operations

Residual impact is expected to be low

Surface water flows

Minor impacts on local infrequent,
ephemeral surface water flows

Not expected to be of regional
significance, as demonstrated through
hydraulic modelling
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Potential Impact

Residual Impact after Management

Regional Significance

Groundwater-fed pools

Removal of Zalamea Pools

Minor, semi-permanent pools in small
catchment – not of regional significance

Groundwater-fed pools

Impacts to Northern Kangeenarina
Creek Pools and Weelumurra Creek
pools are not expected due to the
supplementation programme.

Pools to be maintained therefore not a
significant impact

Contamination

Contamination expected to be avoided
using existing management measures

Residual impact expected to be minimal

SECTION 13
Key Environmental Factor
Inland Waters Environmental Quality
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13.

INLAND WATERS ENVIRONMENTAL QUALITY

Inland Waters Environmental Quality refers to the quality of water, sediment and biota within
groundwater and surface water systems. Surface water and groundwater are valuable
resources, many of which sustain both ecological and social functions. Modifications to Inland
Waters Environmental Quality can occur through a number of activities such as waste water
discharge, aquifer mixing, nutrient input and dewatering. This chapter describes the quality of
the surface water and groundwater systems intersected by the Proposal and should be read in
conjunction with the associated sections on Hydrological Processes (Section 12).

13.1

Project Surveys and Studies

The following studies were undertaken to understand the risks to Inland Waters Environmental
Quality for the Solomon operations and the Proposal:


Appraisal of Sulphur Occurrences and Implications for Mine-Waste Management Firetail Deposit: Stage-1 Report (GCA, 2010a)



Appraisal of Sulphur Occurrences and Implications for Mine-Waste Management Kings-East Deposit: Stage-1 Report (GCA, 2010b)



Geochemical Characterisation of Mine-Waste and Low-Grade-Ore Samples and
Implications for Material Management - Firetail Deposit: Stage-2 Report (GCA, 2010c)



Geochemical Characterisation of Mine-Waste and Low-Grade-Ore Samples and
Implications for Material Management - Kings-East Deposit: Stage-2 Report (GCA,
2010d)



Independent Review of Geochemistry Assessment Solomon Project: Firetail and Kings
East Deposits (RGS-Terrenus, 2011)



Solomon Project: Geochemical Characterisation of Process-Tailings Samples and
Management Implications (GCA, 2011)



Fortescue Mining Group Solomon Project TSF 1A Closure Plan (Tetra Tech, 2011b)



Geochemical Characteristics of Waste Rock Landform Materials as Appendix B of the
Solomon Project TSF1 Closure Plan Tenements M47/1409 and M47/1413 (Tetra
Tech, 2012a)



Solomon TSF Closure Plan (Brief 3A) Humidity Cell Testing Technical Memorandum
(Tetra Tech, 2012b)



Solomon Mine Closure Planning Characterisation of Waste Rock - Geochemistry
Report (Tetra Tech, 2013a)



Solomon Mine Closure Planning Characterisation of Waste Project - Sampling
Guideline (Tetra Tech, 2013b)
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13.2



Life of Mine Geochemistry Programme - Acid and Metalliferous Drainage Sampling
Plan (Tetra Tech, 2014a)



Solomon Tailings Geochemistry and Potential Impact on Groundwater Technical
Memorandum (Tetra Tech, 2014b)



Life of Mine Geochemistry Programme - Site Specific Trigger Values (Tetra Tech,
2014c)



Life of Mine Geochemistry Programme - First Quarter 2014 Sampling Results (Tetra
Tech, 2014d)



Solomon Waste Rock Kinetic Testing Technical Memorandum (Tetra Tech, 2014e)



Solomon Mine Closure - Geochemistry Summary Technical Memorandum (Tetra
Tech, 2015a)



Life of Mine Geochemistry Sampling Programme - Second Quarter 2014 Sampling
Results (Tetra Tech, 2015b)



Tailings Slurry Geochemical Characterisation - May 2014 Tailings Slurry Samples
(SRK, 2014a).

Surface Water Quality

Water samples of the groundwater baseflow in Kangeenarina Creek Pools have been analysed
and compared against available Pilbara surface water quality data from the DoW’s Water
Information Reporting database (DoW, 2015). The analysis is based on 32 discrete samples of
baseflow from the pools, collected at a quarterly sampling frequency.
The water quality of the quickflow that flows through the pools during flooding is expected to
differ from quality of the groundwater baseflow that forms the pools. As discussed in
Section 12.2 the watercourses at Solomon are seasonal and flow sporadically for short
durations. Passive sampling equipment was installed at site in February 2013 for passive
collection of rainfall runoff (quickflow) samples, however no flood events have occurred at
Solomon since installation. Consequently, the Kangeenarina Creek Pools water quality data,
which is presented in Table 59, is representative for the pool supply from the groundwater
baseflow and not the quickflow from surface water catchment runoff.
As no event data was available for comparison of quickflow, the DoW data has been used to
illustrate the potential range of variation that could be expected under flood event conditions.
All available data from the DoW dataset (up to May 2015) has been presented in Table 59 and
includes the range across all Pilbara watercourses as well as the range within the Lower
Fortescue Catchment.
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Table 59:

Surface Water Quality Data

Parameter

Kangeenarina Pools

Pilbara Wide (DoW)

Lower Fortescue River
(DoW)

Minimum

Maximum

Minimum

Maximum

Minimum

Maximum

pH (pH units)

6.4

7.8

5.2

9.4

6

9.2

EC (µS/cm)

163

1040

3

6090

3

4600

Turbidity (NTU)

1.2

1.4

0.1

3200

0.1

1460

Alkalinity (mg/L)

14

127

3.6

420

6.5

358

TDS (mg/L)

114

744

22

3932

22

3350

Nitrate as N (mg/L)

0.04

2.44

0.05

32

1

4

Hardness (mg/L)

41

76

3.6

1538

6.8

1050

Dissolved Silica (mg/L)

45

57

1

68

1

51

The Creeks within the Solomon area have high bed loads in their natural state (Lesleighter,
2012), which is typical of the ephemeral watercourses in the Pilbara. There is also evidence of
significant erosion on existing stream banks and notable areas of instability in the natural
environment. A key aspect of the creeks is their ability to transport large quantities of sediment.
Bed material in both creeks is loose, flat and abundant and is no doubt in motion in even the
smallest of freshets. Consequently it can be stated that erosion is naturally occurring process
throughout the site, with mobile stream beds being constantly replenished from the ready supply
of gravel type sediment from the fragmentary nature of the rock in the catchments (Lesleighter,
2012). This is fairly typical of the ephemeral Pilbara watercourses and is highlighted by the
range of Turbidity values in the DoW Pilbara and Lower Fortescue data from DoW (2015). This
range of conditions is illustrated in Figure 78 and Figure 79 with examples at Hamersley Gorge
(Southern Fortescue River) and Weeli Wolli Creek.
It should be noted that the quarterly sampling frequency resulted in samples being collected
more than a month after the most recent flood event at Solomon (which occurred in January
2013). Consequently, event conditions are not represented in the Kangeenarina Pools dataset
and it is not expected that the natural range of variation has been captured. The pools were
sampled several months either side of the flood event and the results suggest that flood didn’t
change the overall chemistry of the pool after the event conditions subsided. This suggests that
high turbidity flood flows with large bed loads have little impact on the long term water quality of
the pools. Similar processes are observable at Hamersley Gorge, with the transition between
baseflow-quickflow-baseflow being observed through the photo sequence in Figure 78.
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Hamersley Gorge (31 March 2010)

Hamersley Gorge (23 March 2011)
Figure 78:

Hamersley Gorge (7 May 2011)

Pilbara Turbidity Examples - Hamersley Gorge.

Weeli Wolli Creek (13 January 2012)
Figure 79:

Hamersley Gorge (17 January 2011)

Weeli Wolli Creek (19 January 2012)

Pilbara Turbidity Examples - Weeli Wolli Creek
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13.3

Groundwater Quality

Fortescue has an extensive groundwater monitoring network that focuses on regular, routine
sampling of groundwater levels and quality around the mine, borefields and processing
operations. The existing Solomon Mine has five active groundwater abstraction licences
(GWLs) for dewatering and abstraction, and water supply for mining, processing, dust
suppression, earthworks, construction, exploratory drilling, camp, groundwater-fed pools
supplementation and general mining activities (Golder, 2012a).
The Solomon Groundwater Operating Strategy (SO-00018-RP-HY-001) (Operating Strategy)
(Fortescue, 2015) provides a detailed framework for monitoring groundwater quality at
Solomon. The Operating Strategy is approved for implementation by DoW and is updated as
required. The monitoring program for the Solomon Mine is more detailed than necessary for
compliance with these licences. The monitoring required for the Operating Strategy is
summarised in Table 60.
Table 60:

Groundwater Monitoring Parameters and Frequency

Location

Monitoring Type

Monitoring
Parameters Minimum
Monitoring Frequency

Minimum
Monitoring
Frequency

Southern Borefield & Mine

Dewatering /Abstraction Bores

Field EC and pH

Quarterly

Southern Borefield & Mine

Dewatering /Abstraction Bores

Hydrochemistry

Annually

Southern Borefield & Mine

Monitoring Bores

Field EC and pH

Annually

Southern Borefield & Mine

Monitoring Bores

Hydrochemistry

Annually

Kangeenarina Creek

Selected monitoring bores downstream
towards pools

Field EC and pH

Quarterly

Kangeenarina Creek

Selected monitoring bores downstream
towards pools

Hydrochemistry

Biannually

Fortescue has also commenced collecting baseline water quality information for Weelumurra
Creek. These results will be presented in the supplementation plan for Weelumurra Creek as
required under condition 11-3.2 of MS862.
Water abstracted at the Solomon Mine is of high quality. Groundwater analysis of samples from
the mine area indicates that the measured TDS is fresh and between 48 and 758 mg/L
(Fortescue, 2015a). The pH ranges between 5.8 and 7.9 (average = 7.1), indicating neutral to
slightly alkaline conditions. Salinity does not vary with depth suggesting that the aquifers in the
Solomon mine area are interconnected (Tetra Tech, 2014b)
The concentration of dissolved metals is below the relevant standard (ISO/IEC 17025) and no
hydrocarbons, acid drainage or metalliferous drainage has been detected. Results for
groundwater chemistry from the Solomon Mine are presented in Table 61.
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Table 61:

Summary of groundwater chemistry from the Solomon Mine (2008-2014)
Parameter

Minimum
Sampling Results

Maximum
Sampling Results

Mean
Sampling Results

pH

5.8

7.9

7.1

EC (µS/cm)

20

1240

350

HCO₃ (mg/L)

15

144

84

Hardness

27

262

109

TDS (mg/L)

48

758

223

TSS (mg/L)

2.5

940

58

Al (mg/L)

0.0025

1.41

0.039

As (mg/L)

0.0005

0.019

0.002

B (mg/L)

0.025

0.4

0.15

Ba (mg/L)

0.01

0.45

0.06

Be (mg/L)

0.0005

0.0025

0.00075

Ca (mg/L)

4.0

23

14

Cd (mg/L)

0.00005

0.0005

0.000075

Cl (mg/L)

7.0

326

46

Co (mg/L)

0.0005

0.005

0.0013

Cr (mg/L)

0.0005

0.003

0.00063

Cu (mg/L)

0.0005

0.009

0.00179

F (mg/L)

0.025

0.4

0.2

Fe (mg/L)

0.0025

1

1.27

Hg (mg/L)

0.000025

0.0005

0.000055

K (mg/L)

3.0

12

7

Mg (mg/L)

3.0

49

18

Mn (mg/L)

0.0005

1.6

0.14

Mo (mg/L)

0.0005

0.01

0.00087

Na (mg/L)

6

148

30

Ni (mg/L)

0.0005

0.051

0.0042

NO₃ as N (mg/L)

0.005

3.6

0.88

Pb (mg/L)

0.00005

0.007

0.00093

Sb (mg/L)

0.00005

0.025

0.007436

Se (mg/L)

0.0005

0.01

0.0049

Sn (mg/L)

0.00005

0.025

0.00744

SO₄ (mg/L)

1

72

28

Sr (mg/L)

0.0320

0.09

0.053

U (mg/L)

0.00005

0.00005

0.00005

V (mg/L)

0.0025

0.0050

0.0048

Zn (mg/L)

0.0025

3.870

0.0868

Water quality in the Southern Borefield has been determined from analysis of water samples
from bores located centrally in the borefield. Field quality readings taken during airlift
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development indicate groundwater of near neutral to slightly alkaline pH (7.62 to 8.36) and fresh
to marginal salinity (406 to 923 mg/L TDS). Results for groundwater chemistry from the
Southern Borefield are presented in Table 62.
Table 62:

Summary of groundwater chemistry from the Southern Borefield (2008-2014)

Parameter

Minimum
Sampling Results

Maximum
Sampling Results

Mean
Sampling Results

pH

7.62

8.36

7.92

EC (µS/cm)

729

1490

977

HCO₃ (mg/L)

109.0

312.0

231.5

Hardness

133

453

310

TDS (mg/L)

406

923

565

TSS (mg/L)

3

364

45

Al (mg/L)

0.005

0.010

0.006

As (mg/L)

0.0005

0.001

0.0006

B (mg/L)

0.32

1.62

0.802

Ba (mg/L)

0.001

0.067

0.029

Be (mg/L)

0.0005

0.0005

0.0005

Ca (mg/L)

28

77

57

Cd (mg/L)

0.00005

0.00005

0.00005

Cl (mg/L)

92

226

133

Co (mg/L)

0.0005

0.0005

0.0005

Cr (mg/L)

0.0005

0.004

0.0012

Cu (mg/L)

0.0005

0.01

0.003

F (mg/L)

0.6

1.4

0.8

Fe (mg/L)

0.025

0.34

0.046

Hg (mg/L)

0.00005

0.00005

0.00005

K (mg/L)

10

16

11.5

Mg (mg/L)

15

68

40

Mn (mg/L)

0.0005

0.264

0.0735

Mo (mg/L)

0.0005

0.0005

0.0005

Na (mg/L)

52

102

73

Ni (mg/L)

0.0005

0.011

0.0029

NO₃ as N (mg/L)

0.005

9.4

1.9

Pb (mg/L)

0.0005

0.001

0.0006

Sb (mg/L)

0

0

Se (mg/L)

0.005

0.005

0.005

Sn (mg/L)

0.0005

0.0005

0.0005

SO₄ (mg/L)

11

125

60

Sr (mg/L)

0.093

0.2

0.140

U (mg/L)

0.0005

0.0005

0.0005

V (mg/L)

0.005

0.005

0.005

Zn (mg/L)

0.003

0.392

0.037
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Water quality readings for the Lower Borefield were taken during airlift development. These
readings indicate groundwater of near neutral to slightly alkaline pH (6.53 to 7.96) and fresh to
marginal salinity (74 to 1040 mg/L TDS (Table 63).
Table 63:

Lower Fortescue Groundwater Quality

Parameter

Minimum
Sampling Results

Maximum
Sampling Results

Mean
Sampling Results

pH

6.53

7.96

7.55

EC (µS/cm)

74

1560

767

HCO₃ (mg/L)

30

414

279

Hardness

30

680

352

TDS (mg/L)

74

1040

517.82

TSS (mg/L)

2.5

24

7.85

Al (mg/L)

0.0025

0.02

0.0063

As (mg/L)

0.0005

0.002

0.00072

B (mg/L)

0.025

0.32

0.18

Ba (mg/L)

0.0005

0.136

0.027

Be (mg/L)

0.0005

0.0005

0.0005

Ca (mg/L)

2

132

66

Cd (mg/L)

0.00005

0.0005

0.00012

Cl (mg/L)

15

108

59

Co (mg/L)

0.0005

0.0025

0.0012

Cr (mg/L)

0.0005

0.008

0.0019

Cu (mg/L)

0.0005

0.004

0.0016

F (mg/L)

0.2

0.56

0.44

Fe (mg/L)

0.0025

0.95

0.12

Hg (mg/L)

0.00005

0.00005

0.00005

K (mg/L)

4

14

9

Mg (mg/L)

6

84

45

Mn (mg/L)

0.0005

1.18

0.18

Mo (mg/L)

0.0005

0.01

0.0029

Na (mg/L)

12

82

37

Ni (mg/L)

0.0005

0.007

0.0026

NO₃ as N (mg/L)

0.005

21.25714286

2.74

Pb (mg/L)

0.00005

0.0005

0.00045

Sb (mg/L)

0.00005

0.00005

0.00005

Se (mg/L)

0.003

0.005

0.0047

Sn (mg/L)

0.00005

0.00005

0.00005

SO₄ (mg/L)

11

348

81.30

Sr (mg/L)

0.112

0.275

0.173

U (mg/L)

0.0046

0.0046

0.0046

V (mg/L)

0.0025

0.005

0.0046

Zn (mg/L)

0.0025

0.047

0.017
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13.4

Millstream Water Reserve

The Millstream Water Reserve was proclaimed in 1969 under the Country Areas Water Supply
Act 1947 (WA) for the purpose of public drinking water source protection. By-laws created under
this Act enable the DoW to consider potentially contaminating activities and land uses, and to
inspect premises (DoW, 2010b).
The main source of aquifer recharge to the Millstream Water Reserve is direct infiltration of river
water into the calcrete during flow events. Minor recharge also comes from streams draining
into the Fortescue River valley from the Hamersley and Chichester ranges and directly from
rainfall (DoW, 2010b).
The Millstream wellfield is located 100 km from Karratha and is drilled into the Millstream
Dolomite. This part of the aquifer is vulnerable to contamination from inappropriate land uses.
This is due to the unconfined nature of the aquifer as well as the shallow depth to groundwater
over the dolomite.
The Millstream Water Reserve is split into two areas; Priority 1 PDWSA and Priority 2 PDWSA.
The Priority 1 area is over the wellfield and protects the most vulnerable parts of the aquifer
over and around the Millstream Dolomite and the Priority 2 area protects the outer catchment
(DoW, 2010b).
The western portion (Queens) of the Solomon mine footprint is situated on the edge of the
Priority 2 PDWSA (Figure 54). Fortescue is proposing a valley fill TSF (Queens TSF) and in-pit
tailings storage with the eastern extent of the water reserve. According to the DoW’s Water
Quality Protection note on Land Use Compatibility in PDWSAs, mining is compatible (with
conditions) in P2 areas (Department of Environment, 2004). Tailings storage facilities are also
acceptable with DoW approval (DoW, 2010b).
The Queens TSF and in-pit tailings is discussed further in Section 13.7.

13.5

Management Objective

The EPA Objective for Inland Waters Environmental Quality as per EAG 8 is:
To maintain the quality of groundwater and surface water, sediment and biota so that the
environmental values, both ecological and social, are protected.

13.6

Guidelines, Policy and Frameworks

The following Legislation, Guidance, Policy and Standards are relevant to the impact
assessment on Inland Waters Environmental Quality:


Country Areas Water Supply Act 1947



EAG8 – Environmental factors and objectives (EPA, 2013d)
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Water Quality Protection Guidelines for Mining and Mineral Processing (Water and
Rivers Commission, 2000)



National Water Quality Management Strategy (ARMCANZ and ANZECC, 1995)



Pilbara Regional Water Supply Strategy (DoW, 2013b).

13.7

Potential Impacts

Potential impacts on Inland Waters Environmental Quality from the Proposal may include:


Contamination of surface drainage systems via water run-off from waste dumps,
stockpiles and infrastructure



Potential for acid or metalliferous drainage leading to contamination of ground and
surface water;
o

Alterations in groundwater quality

o

Queens TSF create potential risk of contaminating the Millstream Water Reserve.

o

In-pit tailings above and below water table potential to change the quality of
groundwater

o

Fuels, hydrocarbon and chemical spills leading to contamination of groundwater

Contamination of Surface Drainage Systems
Contamination can occur from pollutants such as hydrocarbons and acid drainage or can also
occur from a change in natural materials such as an increase in sediment or salinity. The
geochemical risk associated with waste dumps and tailings is discussed in Section 13.7.2.
There is potential for surface water quality impacts from mining operations from events such as
a hydrocarbon spill. The ephemeral nature of flow in the watercourses in the region limits the
potential for impact to any during and after flooding when surface water is present. The
infrequent nature of flows means that there is likely to be sufficient opportunity to remediate in
the vast majority of cases.
There is potential for an increase in sediment loads transported from floodplain areas due to
clearing of vegetation. It was noted that the watercourses already have significant bed loads in
their natural state (Lesleighter, 2013) and have the ability withstand large amounts of
suspended material. Furthermore, it should also be noted that Pilbara watercourses have high
turbidity during flooding, and as such it is expected that the potential for impact is quite limited
due to this high natural sediment load and the ability of natural watercourses to withstand this
sediment load.
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Acid or Metalliferous Drainage
Waste Material Types
Fortescue has undertaken numerous studies over several years to determine the risk of
whether the following materials are potentially acid forming (PAF):


Waste rock



Tailings and supernatant



Low grade ore stockpiles.



Pit walls.

Sampling of the following lithologies (discussed in Section 7.2) has been conducted in
proportion to the amount of each waste that will be dewatered, exposed or excavated:


Alluvium



Detritals



CID



Joffre Member



Whaleback Member



Dales Gorge Member



Mt McRae Shale Formation.

Unweathered Mt McRae Shale Formation has been found to be reactive and potentially acid
forming and therefore mine and dewatering plans have been designed to avoid disturbance of
this unit and consequently is not indicated in waste volumes as a result. A small amount
(<0.05%) of weathered and therefore non-reactive, Mt McRae Shale outcropping on the surface
at Firetail will be excavated to waste. Similarly the lense of elevated organic material in the
western-most area of Queens is not indicated as it is below the level of mining and will not be
excavated to waste or dewatered.
Figure 80 (a and b), shows the majority of waste from mining Kings and Queens, is detrital
material. While the majority of waste from the Firetail Deposit is Dale Gorge and Joffre Member
(Figure 80 (c)). Approximately 83% of total waste rock mined at Kings, Trinity and Zion deposits
and 75% of Queen’s, Castle Valley and Frederick deposits waste is proposed to be backfilled
into pit voids.
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Figure 80:

Proportions of Waste Rock and Tailings per Lithologies for each Deposit

The targeted ore lithology is predominantly CID, BID and DID and this is reflected in the
proportions of tailings material shown in Figure 80 (d). No ore grade material (>50% Fe)
contains elevated sulphur concentrations (>0.3%) and there is sufficient neutralising potential
for any minor amounts of sulfidic material present. The ore processed in the Firetail OPF is dry
and therefore no tailings material is produced.
Table 64 summarises the number of samples analysed per lithology to demonstrate that the
acid and metalliferous drainage risk at Solomon is well understood. The locations of the drill
holes sampled for this information is shown in Figure 81. More than one lithology is typically
sampled from each drill hole.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 318

SO-PL-EN-0104

Table 64:

Sampling Programme Detailed by Lithology or Material Type
XRF
Total Total (As,
(multi ABA NAG Full B, Mo, Sb, Dissolved CEC XRD Asbestos
element)
suite
Se)

Rock type

Sulphur
(XRF)*

Alluvium

-

8

85

78

3

89

-

11

1

-

Detritals

11,562

21

176 156 163

10

167

3

26

7

2

CID

7,355

-

34

18

22

10

26

3

3

8

1 25 weeks

Joffre Member

1,080

-

38

38

38

0

38

0

0

0

-

Whaleback Member

1,204

4

44

39

36

3

49

1

6

-

-

Dales Gorge Member
Mt McRae Shale
Formation
Mixed Waste Rock

6,797

14

102

84

83

15

92

2

18

11

13

-

12

12

12

-

12

-

-

-

-

76

Kinetic

25 & 40
weeks

4 40 weeks

-

3

4

4

3

1

4

-

3

1

1 40 weeks

Pit wall
Ore Stockpile

-

-

17
32

17
32

17
32

-

17
32

-

-

-

-

Tailings

-

-

58

58

55

3

56

-

4

3

2 6 weeks
3 40 weeks

Supernatant

-

-

-

-

-

-

54

-

-

-

-

Notes
* GCA, 2010a,b: Prefeasibility resource database sulphur screening - not shown on Figure 81 taken from exploration
drilling database hole positions indicated on Figure 16
XRF - X-ray fluorescence; ABA - Acid-base accounting; NAG - Net acid generation; Total - Acid digestion whole rock
analysis
Dissolved - ASLP/ Water leach testing or supernatant analysis; CEC - Surface cation exchange capacity
XRD - X-ray diffraction, mineralogy; Asbestos - Presence of asbestos minerals by XRD or SEM (scanning electron
microscope)
Kinetic - humidity cell or column leach testing
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The elevated organic material lense in the western-most area of Queens has not been analysed
according to the acid-base accounting method. This material has been assayed by x-ray
fluorescence (XRF) for the routine geological suite of grade control elements and several
samples were sent for analysis of organic carbon. Based on these analyses and observations of
diamond core in the field it was determined that this material is similar to a peat or a low-grade
lignite. Considering the paleo-environment in which such a deposit would form, that of a bog or
marsh, typically a reducing environment, it has been assumed that all the sulphur assayed
occurs as sulfide. Sulphur concentrations of the organic material range from 0.007 – 4.4%
(n=231) with 50% of the assays indicating sulphur greater than 0.5%. As a result of these
factors it is assumed as a precaution that this material will be acid forming.
While the volume of this material would be relatively very low compared to other overburden
units if excavated, elevated sulphur analyses indicate a potential to be reactive, similar to the
unweathered Mt McRae Shale, and as a result this lense will not be dewatered or mined.
Figure 82 shows a cross-section of the occurrence of the elevated organic material, labelled as
low-grade lignite and indicating the intersecting exploration holes. The pit shell does not
intersect this material and a suitable buffer has been included in the pit shell design.

Figure 82:

Cross-section through Lense of Elevated Organic Material Showing Depth below Pit Shell

Waste Characterisation
In early 2015, Tetra Tech undertook an assessment of Solomon’s geochemistry information and
provided a summary document detailing the results. This summary is provided in
Appendix21. The majority of results of the test work listed in Table 65 is provided in
Appendix21, with the exception of the samples collected as a part of the Programme Acid
Metalliferous Drainage Sampling Programme (100-PL-EN-1014) after the Tetra Tech report was
completed.
A summary of the static and kinetic testing undertaken for the Solomon operations is discussed
in the following section. This summary details seven waste material characterisation studies and
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four tailings characterisation studies, of which two have included kinetic test work. In order to
ensure that these preliminary assessments are representative of the Solomon geochemistry,
the Life of Mine Geochemistry Programme has been developed and aims to analyse statistically
relevant numbers of samples of tailings and waste rock.
The Tetra Tech (2015a) Geochemistry Summary highlighted the following:


Waste characterisation assessments conducted at Solomon assessed more than 200
rock samples for acid potential, total elements, leached elements, mineralogy and 7
waste rock samples were subjected to kinetic testing for up to 52 weeks. These
studies indicated that acid forming potential and that metal leaching potential were
both very low (Tetra Tech, 2013a).



Similarly, several tailings samples have also been assessed to ascertain whether
materials will generate drainage that is acidic, saline or metalliferous on weathering.
The tailings studies indicate that the material is non-acid forming (NAF) with very low
amounts of sulfide and low potential to leach metals.



The studies indicated that the whole rock composition of waste rock and tailings
samples can be enriched in arsenic (As), antimony (Sb) and selenium (Se) when
compared to the average geochemical abundance of these elements in the crust. The
whole rock enrichment does not mean there is a cause for concern, but indicates
which elements may leach out under more extreme conditions, such as very low or
high pH or a reducing environment. No arsenic, antimony or selenium concentrations
in leachate water extract have exceeded ANZECC 95% Species Limit of Protection
(SLP) indicating that these elements do not mobilise under normal weathering
conditions and are not considered to be of concern.

The conclusion of Tetra Tech’s (2015a) Geochemistry Summary is as follows:
Based on review of the historical data for this summary report, the available data
indicates that likelihood of acid or metalliferous drainage is low in both waste rock
and tailings.
In order to collect sufficient samples to ensure representivity of geochemical analyses and
assess the impact of other sources of potential contamination such as stockpiles and pit walls
the Life of Mine Geochemistry Programme Acid and/or Metalliferous Drainage Sampling Plan
(100-PL-EN-1014) was established in April 2014. Waste samples are being collected on site in
accordance with a sampling plan, sent for analyses and reported on a quarterly basis. The Life
of Mine Geochemistry Programme aims to ensure sample representivity proportional to
tonnage. To date 331 waste rock samples have been assessed at Solomon and 51 tailings
samples have been collected weekly over the programme. Updated tailings analyses have been
discussed in the Tailings Seepage Report (Fortescue, 2015c). The first quarterly report of the
Life of Mine Geochemical Programme had the following results (Tetra Tech, 2014d):
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Solomon waste rock and tailings material shows very low potential for acid production.
Only 2% (n=2/96) of all samples do not classify as NAF and these have a positive
NAPP values very close to 0 classifying the samples as Uncertain-Unlikely (UCU)



Total element analyses indicate enrichment in arsenic, mercury and selenium,
however these elements are not indicated to leach out.



The groundwater quality at Solomon in the shallow aquifer is relatively fresh. There is
a moderate potential that tailings supernatant may contribute saline drainage to the
groundwater.

The second quarterly report of the Life of Mine Geochemical Programme found the following
(Tetra Tech, 2015b):


Solomon waste rock and tailings material sampled shows low potential for acid
production. Only 7% (n=5/72) of all samples do not classify as NAF; four classify as
Uncertain-Unlikely (UCU), one classifies as Uncertain-Likely (UCL) and one sample
classifies as potentially acid forming – low capacity (PAF-LC). This sample comprised
fresh Mt McRae Shale.



Aluminium and cobalt are indicated to be mobilised into solution from the waste rock,
and titanium and tungsten occur above the provisional Investigation Trigger Values
(ITV) limits. One sample indicated the potential to mobilise elevated mercury and
tungsten.



Arsenic, mercury and selenium are indicated to be enriched with respect to total
element concentration relative to average crustal abundance with one sample
indicating enrichment in bismuth and chloride. No arsenic or selenium leachate
concentrations occur above the ANZECC 95% SLP, while one sample water extract
contains mercury above the SLP.

A tailings seepage quality investigation (Fortescue, 2015d) has indicated that there is a
moderate risk for low salinity (fresh, EC <1,500 µS/cm) drainage, elevated above local
groundwater quality. Comparison of supernatant and kinetic testing with groundwater also
indicates that fluoride, titanium and zinc may leach out above groundwater concentrations. Zinc
concentrations are below the investigative trigger values (ITV), which are set at the ANZECC
95% of SLP modified for the hardness of the water, titanium is non-toxic and fluoride is slightly
elevated above groundwater concentrations but occurs below drinking water guidelines. As a
result the risk posed by potential saline drainage is considered to be low, should seepage come
into contact with groundwater.
No other deposits of elevated organic material of the same size as the lense in the westernmost edge of the Queens valley have been found at Solomon. Should small undiscovered
pockets of this type of material exist, they would be of very small volume relative to the amount
of the waste material, none of which has been indicated to be potentially acid forming. There is
sufficient neutralising potential in carbonates, silicates and alumina minerals to exhaust the acid
generation capacity of any further low-grade lignite lenses. Analyses for organic material are not
routinely part of the geological suite of assays for exploration and grade control drilling. In the
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absence of this data, an analysis of the geochemical profile of the confirmed low-grade lignite
material was conducted and the entire database was searched for signifying characteristics. A
small number of positions in the CID deposits were identified as having the same geochemical
characteristics, and where possible these areas were visually investigated and were not found
to be elevated in organic material. Where it was not possible to confirm the presence or not of
elevated organic material, an assessment of the sulphur concentrations was conducted and
found that sulphur concentrations were low in any areas where further elevated organic material
could occur.

Kinetic testing
Waste rock kinetic testing (Tetra Tech, 2014e) indicated low potential for acid or saline drainage
and risk of metalliferous drainage is indicated to be low to moderate. Most elements analysed
for occurred either below detection limits or below the guideline limits. Individual leaches for pH,
arsenic, barium, boron and copper exceed the ITV. These exceedances occur only slightly
above the limit and in only individual samples and are not considered to be of concern.
Aluminium, arsenic, tin and zinc occur above the ITV guideline in several leaches and may
indicate a potential to leach out of waste rock. Four waste rock samples showed increasing
aluminium leaching to ~250 µg/L at the sixth week of leaching where after concentrations
decreased. The uptake and toxicity of aluminium in freshwater organisms generally decreases
with increasing water hardness under acidic, neutral and alkaline conditions. This accelerated
weathering test indicates that there is a moderate potential for aluminium to exceed the
potential toxicity level for some freshwater fish that decreases to low with time. Lower
weathering rates, an arid environment and the poor infiltration of water into waste rock
landforms reduces the risk of this occurring to be low.
Arsenic is indicated to leach from one waste rock sample, increasing to the 95% SLP guideline
in week 5 and thereafter decreasing from week 15. This indicates a potential to leach out at low
concentrations that are not considered to be of concern.
Tin is indicated to be leaching out of three waste rock samples increasing up to week 20 and
decreasing thereafter. The ITV is higher than the 95% SLP indicating that the regional
groundwater concentrations of tin are elevated. Five leaches of one waste rock sample are
elevated above the ITV indicating a moderate potential for tin to leach from waste rock. Tin
toxicity data are extremely limited and the ANZECC guideline (ANZECC, 2000 Vol 2) low
reliability value of 3 µg/L is highly conservative with a safety factor of 1000 applied to the lowest
indicated toxicity. A more reasonable toxicity of 10 – 35 µg/L is given as an interim value, which
the leachate concentrations fall below.
One sample of shale from the Kings area showed kinetic leachate concentrations consistently at
or slightly above the ITV, indicating a moderate potential to leach zinc. Zinc is indicated to be
elevated in the regional groundwater environment and toxicity of these concentrations maybe
reduced when in contact with natural groundwater with higher hardness. Lower weathering
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rates, an arid environment and the poor infiltration of water into waste rock landforms reduces
the risk of zinc leaching occurring to low.”
Based on the material analysed to date, an assessment of the risk is that potential for
contamination of groundwater from waste rock or tailings surface waste disposal is low.
Table 65 provided a summary of the sampling conducted. For additional information regarding
the summary refer to Appendix 21.
Table 65:

Summary Table – Sample Number and Analysis Performed related to Solomon Geochemical
Characterisation Programme (Tetra Tech, 2015a)

Reference

XRF

Static Testing
Leach
ABA NAG Total Element
Supernatant
Testing

(GCA, 2010a)
(GCA, 2010b)

18,917
9,094

-

6: full suite;
17: As, Sb,
Se, Mo & B
6: full suite;
15: As, Sb,
Se, Mo & B
50

(GCA, 2010c)

-

23

23

(GCA, 2010d)

-

21

21

(Tetra Tech, 2011b)
(Tetra Tech, 2011c)

-

25
43

(Tetra Tech, 2012a)

-

-

-

(Tetra Tech, 2013a)

50

50

(Tetra Tech, 2014d)

-

(Tetra Tech, 2014e)

Asbestos

CEC

Kinetic
Testing

-

-

-

-

-

-

5

-

5

-

5

-

6

-

4

-

4

-

44
49

-

7
-

22

-

-

-

-

-

-

-

50

50

50

-

50

5

-

74

74

74

74

-

-

-

-

-

-

-

-

-

-

-

-

-

(Tetra Tech, 2015b)
(Fortescue, 2015g)
4th Quarter

-

66
81
110

66
81
110

66
81
110

-

-

-

-

2 for 1-25
weeks
5 for 1-33
weeks
5 for 3452 weeks
-

(GCA, 2011)

-

3

3

3

1

2

3

-

-

(Tetra Tech, 2012a)

-

3

3

3

3

-

-

3

-

(Tetra Tech, 2012b)

-

-

-

-

-

-

-

-

-

(SRK, 2014a)
(Tetra Tech, 2014b)
(Tetra Tech, 2014d)
(Tetra Tech, 2015b)
(Fortescue, 2015g)

-

1

1

(Fortescue, 2015d)
4th Quarter

(GCA, 2010c)

(GCA, 2010d)
(Tetra Tech, 2012a)

-

XRD

66
81
110
Tailings

1
1
1
1
(8 samples reported on again in (Tetra Tech, 2014d)
13
13
13
13
13
12
12
12
12
12
13
13
13
13
13
(32 samples reported in (Fortescue, 2015g; Tetra Tech, 2014d; Tetra Tech,
2015b))
13
13
13
13
13
Low-grade Ore
5: full suite; 6:
11
11 As, Sb, Se,
4
1
Mo & B
4: full suite; 3:
7
7
As, Sb, Se,
4
Mo & B

-

-

1

1

1

1

-

-

1

-

2 for 1-6
weeks
3 for 1-8
weeks
3 for 9-17
weeks
-

-

3 for 1840 weeks
-

-

-

-

-

-

1 for 1-8
weeks
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Reference

XRF

Static Testing
Leach
ABA NAG Total Element
Supernatant
Testing

XRD

Asbestos

CEC

(Tetra Tech, 2012b)

-

-

-

-

-

-

-

-

-

(Tetra Tech, 2014d)
(Tetra Tech, 2015b)
(Fortescue, 2015g)
4th Quarter

-

9
6
9
8

9
6
9
8

9
6
9
8

9
6
9
8

-

-

-

-

Kinetic
Testing

1 for 9-40
weeks
-

Mine Waste and Low Grade Ore
In 2010, GCA Ltd undertook four waste characterisation assessments for the Firetail Deposit
and the Kings Deposit (GCA, 2010a) (2010b) (2010c) (2010d). The following summarises
potential geochemical environmental risks posed by the mine waste and low-grade ore during
mining, as well as closure. These assessments included acid-base accounting (ABA) and
salinity, total-elemental analysis, mineralogy, clay-surface chemistry, and water-extraction test
work. Sample collection and corresponding evaluations include (Tetra Tech, 2015a):




Firetail
o

34 samples were collected and tested for total sulphur. The majority of samples
were sampled from within the Firetail pit shell, with the exception of the Mt McRae
shale samples

o

Results showed that all samples (with the exclusion of the McRae Shale samples)
were characterised as NAF. Samples were mildly acidic (pH around 5-6) with low
content of soluble-salts

o

Samples that underwent total-elemental analysis (six total samples) were typically
in the range of recorded values of soils, regolith’s, and bedrocks of the region. As
concentrations of arsenic, antimony, selenium, molybdenum and Boron were
occasionally enriched relative to the Global Abundance Index (GAI) threshold, the
remaining mine waste samples (23 samples) were assayed for arsenic, antimony,
selenium, molybdenum and Boron only. These metals occur as oxyanions in
natural systems; however; their enrichments were described as modest, and these
concentrations were not compared to the GAI

o

Water extraction tests were conducted on four samples to determine the stability of
major and minor elements in the presence of water. Solution extracts were either
below or near their respective detection limits

o

Low-grade ore samples were virtually indistinguishable from the mine waste
sample results

o

Mine-waste management implications based on the results of the GCA (2010c)
study suggest that waste-landform design and rehabilitation should not be
constrained by physicochemical nature of the mine waste.

Kings

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 326

SO-PL-EN-0104

o

28 samples were collected and tested for total sulphur. The large majority of
samples were sampled from within the Kings East pit shell

o

Results showed that mine waste and low-grade ore were characterised as NAF.
Samples were generally circum-neutral (pH values between 6.0-7.2) with low
contents of soluble salts

o

Six samples underwent total-elemental analysis were typically in the range of
recorded values of regional soils, regolith’s, and bedrocks derived from
unmineralised terrain based on the GAI. Concentrations of arsenic, antimony, and
selenium were variously enriched and are with the range of mine-waste units
produced at other iron ore mines across the Pilbara (GCA, unpublished results).
As a result, the remaining mine waste samples (15 samples) were assayed for
arsenic, antimony, selenium, molybdenum and Boron. These metals occur as
oxyanions in natural systems, with their respective concentrations described as
modest; these concentrations were not compared to the GAI

o

Water extraction tests were conducted on six samples to determine the stability of
major and minor elements in the presence of water. Solution extracts were either
below or near the respective laboratory detection limits

o

Low-grade ore samples were virtually indistinguishable from the mine waste
sample results discussed

o

Mine-waste management implications based on the results of the GCA (2010d)
study suggest that waste-landform design and rehabilitation should not be
constrained by physicochemical nature of the mine waste.

RGS-Terrenus (2011) undertook an independent review of the GCA 2010 reports (GCA, 2010a)
(2010b) (2010c) (2010d), regarding the geochemical assessment of mine waste and low-grade
ore at Firetail and Kings East deposits. The findings summarised by Tetra Tech (2015a) include:


The review stated that the sampling, testing, and evaluation complies with recognised
practices, with the studies being ‘fit for purpose’. Furthermore, the number of samples
subjected to total sulphur analysis was very high providing a detailed coverage of the
un-mineralised zones in each of the two deposits



Detailed static testing was determined to be lower relative to total sulphur analyses.
However, it was determined that the samples had very low geochemical and
geological variability within each lithology; thus; results were deemed representative
as a lithological unit as a whole. Therefore, additional static testing would not be
expected to significantly augment the statistical evaluation and variability of the
findings



Mine waste and low-grade ore to be expected pose a very low level of environmental
and human health risk during mining and closure. This independent assessment
believed that no additional testing is required at this ‘approval’ and ‘mine planning’
stage of the project at the time it was written, with FMG being able to manage this
material easily during production and closure. Also, a caveat was stated that additional
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soluble total-elemental testing would provide greater confidence as the project
develops.
RGS-Terrenus (2011) did not believe that kinetic column leaching tests to be essential at the
time of their review as the results would not be expected to provide ‘new’ insight into the
geochemical assessment provided by these four reports.
In 2013, Tetra Tech undertook a waste rock characterisation study for closure planning for
Firetail North and Kings mining areas. The study was designed to assess the likelihood of the
generation of acid mine drainage, metal laden leachate or saline leachate and their effect on the
environment. Sample collection, results, and evaluations have been summarised by Tetra Tech
(2015a):


50 samples were evaluated by ABA, total elemental analysis, leachate potential, and
mineralogy, with ten samples being selected for identification of asbestiform minerals.
Kinetic testing was also conducted on five samples for a duration of 33 weeks at the
time of the finalisation of this report.



ABA results showed that 20% of samples were classified as uncertain, with only one
sample (2% of the total number of samples) being classified as PAF-low capacity
based on (AMIRA, 2002) and (DITR, 2007). Although, sulphide content was low in all
samples (< 0.09 %), neutralising material was also low.



Dissolved elements were tested for metal leaching potential from water-rock
interactions. Analyses of several elements of concern (arsenic, mercury, molybdenum,
phosphorous, antimony, selenium, tin, thorium, and vanadium) were below detection
limits. Several concentrations of aluminium, cadmium, chromium, nickel, uranium, and
zinc exceed the ANZECC Freshwater Guideline 95% of Species Limit of Protection
(SLP) (ANZECC & ARMCANZ, 2000), with only two of the aluminium samples and
one of uranium samples below the limit.



Total elemental analysis showed that minimal exceedances of the GAI of 3 exist in the
samples. Exceedances of this threshold were observed for arsenic, mercury and
cobalt.



No asbestos or sulphides were found in the samples.



Statistical comparison of lithological units from samples in Tetra Tech 2012a and Tetra
Tech 2013 showed that the shale material has the highest capacity for acid generation
and arsenic concentrations. Metal laden leachate was most likely to originate from the
detrital material or Oakover formation.



At the time of the report, the kinetic humidity cell testing had been completed for 33
weeks. Samples consisted of four uncertain samples and one potentially acid forminglow capacity (as per AMIRA, 2002; DITR, 2007) sample. After 33 weeks, all samples
maintained a pH value above 5. Concentrations of aluminium, arsenic, cobalt, copper,
tin, and zinc frequently exceeded the ANZECC 95% limit of protection value (ANZECC
& ARMCANZ, 2000). Of particular concern was the high arsenic values predominantly
found in the Firetail North area. Sn exceeded the ANZECC 95% limit of protection
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value (ANZECC & ARMCANZ, 2000) in all humidity cells and reached a maximum
concentration of 29 µg/L, which is almost 10 times the ANZECC low reliability limit of
3 µg/L. Total dissolved solids were low throughout testing.

Tailings and Tailings Supernatant
Tailings samples have also been analysed to ascertain whether materials will generate drainage
that is neutral, alkaline, or acidic on weathering. They have also been analysed to detect any
other elements that may have a negative impact on the environment if they were to be leached
out of the material. Samples indicate that the material is NAF and that the amount of sulphide
present is very low. A summary of the tailings characterisation test work is provided below.
In 2011, GCA conducted an assessment on tailings samples from BID, DID and CID material
and Jig-Strata-6 streams to determine the geochemical character and management
implications.
Static testing of these three samples included acid-base accounting, total-elemental analysis,
mineralogy and clay-surface chemistry, and water-extraction testing. Kinetic testing of the
samples were based on procedures developed by Campbell (2011) and terminated after six
weeks of testing. Observations from both static and kinetic testing results concluded (Tetra
Tech, 2015a):


all samples being classified as NAF



Modest enrichment in arsenic was shown in total-elemental analyses with
concentrations of 51-130 mg/kg



Samples were dominated by Fe-oxy(hydroxide) minerals



Water-extraction testing of BID/DID-Tailings and CID-Tailings samples, show minor
element concentrations below or near their detection limits typically within the range of
0.1 – 10 µg/L



Very low element leachate concentrations were observed after six weeks of kinetic
testing in the BID/DID-Tailings and CID-Tailings samples. Similarly, leachate from the
pre-rinsing stage of the Jig-Strata-6 sample produced very low minor element
concentrations.

As part of the “Solomon Project TSF 1 Closure Plan” report, a brief geochemical
characterisation study was conducted on three tailings samples and one composite unbeneficiated ore sample through static (total-elemental analysis, ABA, leachate testing, and
supernatant chemistry) and kinetic testing (four samples) methods (Tetra Tech, 2012a). Results
include:


Leachate testing showed approximately 75% of all analyses were below detection
limits. Two Fe concentrations exceeded the Australian Drinking Water Guidelines
(NHMRC, 2011)
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Total-elemental analysis showed slightly elevated concentrations of arsenic, bismuth,
and Tungsten related to the GAI;



Supernatant fluids were relatively low in metal/metalloid concentrations; and



ABA results showed that the tailings samples are all NAF.

Four samples were sent for kinetic testing and at the time of the Tetra Tech (2012b) report,
eight flushes of data had been received. Results showed no increasing trends in metal
concentrations or decreases in pH.
One tailings slurry sample from Solomon was also evaluated as part of a geochemical
characterisation study of tailings slurries across Cloudbreak, Christmas Creek and Solomon.
The relevant objectives of this study was to:


Evaluate acid and metalliferous drainage potential



Compare analytical results to relevant water quality standards and site specific limits.

Test work for the single Solomon tailings sample included; paste pH, ABA, net acid generation
(NAG), total-elemental analysis, water extraction leachate testing and mineralogical
quantification. Supernatant from this sample was also analysed for metal concentrations.
Analytical results and observations related to this sample were as follows (Tetra Tech, 2015a):


The supernatant pH value was slightly alkaline with a value of 7.9. Minor elemental
concentrations were generally low with only two exceedances (boron and copper) of
the ANZECC Freshwater 95% of SLP guideline values (ANZECC & ARMCANZ,
2000);



Paste pH value was neutral (6.9). ABA results suggest the sample was unlikely to
generate acid and is considered a low risk of acid generation. The neutralization
potential ratio value of 2.3 is described as being uncertain in its acid generating
potential; however, both acid potential and neutralization potential values were
considered low and the sample was described as unlikely to generate acid. NAG
testing showed that the sample is NAF (pH of 7) by AMIRA (2002) standards;



Total-elemental analysis showed that potentially enriched concentrations of arsenic
and selenium were elevated relative to the GAI threshold. Minor exceedances
included Fe, Sb, and Te. However, these five elements were not present at detectable
concentrations in the tailings supernatant;



Leachate testing reported neutral pH value (7.6) of the extracted water with a low EC
value (71 µS/cm). Generally, minor elements were present in low concentrations with
a majority below their respective detection limits. Concentrations of Al and Zn were the
only elements that were reported above the ANZECC freshwater 95% guideline values
(ANZECC & ARMCANZ, 2000);

As discussed earlier in this Section, tailings samples were collected and analysed from
Solomon with the aim of evaluating the feasibility for in-pit tailings disposal in a report titled
“Tailings Geochemistry and Potential Impact on Groundwater” (Tetra Tech, 2014b),
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The samples were analysed using ABA, total-elemental analysis, leachate chemistry, in
additional to multi-elemental analysis of the supernatant. The results are summarised by (Tetra
Tech, 2015a) as follows:


ABA results showed that all material is NAF.



Multi-elemental analysis showed low total elemental concentrations with only
occasional values of arsenic, iron, and selenium exceeding the GAI thresholds. These
elements are sparingly soluble at neutral pH and not anticipated to leach out.



Leachate results showed that water extract is slightly below ideal groundwater range;
however, no risk of acidification is anticipated. Most major and minor element
concentrations are low. These low concentrations suggest that solid tailings material is
relatively benign and that the majority of soluble constituents are contained within the
supernatant.



Constituent concentrations in the supernatant are generally low with parameters that
exceed the ITV comprised of major ions and non-toxic elements (boron and
strontium). Selenium concentrations were marginally elevated relative to groundwater.
These indicate that supernatant fluids pose a minimal risk to cause slightly elevated
groundwater salinity.

In summary, the analytical results from these tailings samples suggest that neither acid
generation nor metalliferous drainage is likely to occur.

Castle Valley or Fredrick Deposits
Geochemistry analysis has focused on active mining areas and only a few samples have been
taken outside of the active mining areas. At submission of the PER, no samples have been
collected for geochemistry analysis from Castle Valley or Fredrick deposits. In accordance with
Fortescue’s Life of Mine Geochemistry Programme Acid Metalliferous Drainage Sampling Plan
(100-PL-EN-1014) these future pits will be sampled closer to proposed commencement of
mining. Fortescue believes there is a low risk of these deposit having the potential for acid or
metalliferous drainage as Castle Valley consists of the same lithologies as Kings, and Fredrick
consists of the same lithologies as Firetail. As shown Table 64, significant geochemical analysis
has been undertaken for the lithologies in the Kings and Firetail mining areas and the material is
considered geochemical benign.

Alterations in Groundwater Quality
Evaporation of water in pits
Fortescue is not proposing to create pit lakes at Solomon and therefore this issue is not
discussed further. Pit backfill options are discussed in Section 14.6.3.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 331

SO-PL-EN-0104

Queens TSF within Millstream Water Reserve
The Queens TSF is proposed to be constructed in a valley at the eastern end of Queens, and
be situated above the alluvial and CID aquifers of the Queens Deposit. Drilling results from the
Queens Deposit indicates that the geology below the Queens TSF is likely to consist of up to
30 m of alluvial sediments, approximately 20 m of Upper CID and about 40 m of Lower CID.
The CID is overlying BIF and this has a thin weathered layer at the contact. The Wittenoom
Dolomite is located below the BIF but the depth to it in this area is not known. The BIF prevents
hydraulic connection between the TSF and the Wittenoom Dolomite.
There is potential for seepage from the TSF to enter the alluvial and connected CID aquifers in
the surrounding areas. Seepage is likely to flow under gentle gradient towards Weelumurra
Creek, however, a series of production and dewatering bores should intercept this seepage in
close proximity to the TSF embankment.
Characteristics of tailings material is discussed further below in relation to the storage of tailings
material within mined out pits. Tailings characteristics within the Queens TSF will be the same
as that stored within pit voids.

In-pit Tailings
A study was undertaken by Tetra Tech (2014b) (Appendix 22) to assess the suitability of tailings
material for disposal to in-pit tailings storage at Solomon. The results were as follows:


Groundwater baseline trigger values were determined from four years of monitoring
analyses



The groundwater samples were collected from Kings, Queens, Trinity Castle Valley,
Zion and the airport (Southern Borefield)



The groundwater chemistry of catchment regions (shown in Figure 2 of Appendix 22)
at Solomon were found to be similar enough that a single set of trigger values can be
applied to the entire mining area



A statistically sufficient volume of analyses were provided to determine trigger values
for most of the water quality parameters. For the elements that had not been
frequently analysed, provisional trigger values were determined to be updated with
additional monitoring



Nine tailings samples collected over three months were assessed against these trigger
values and other reference standards



All tailings samples classified as non-acid forming with very low sulphide
concentrations. No samples indicated uncertain or PAF



Tailings material is enriched with respect to average abundance in arsenic, selenium
and antimony. These elements are sparingly soluble at neutral pH values and are not
expected to leach out
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The most soluble parameters; major ions, boron and strontium are indicated to exceed
groundwater ITV in the supernatant. Major ions, boron and strontium are not-toxic and
elevated concentrations pose a risk to salinity only. This indicates a minor risk that
supernatant fluids may result in slightly elevated groundwater salinity



The only heavy metals to exceed the lTV limits were titanium (Ti), thorium (Th)



o

Titanium is not toxic and is not considered to pose a risk

o

The thorium lTV is provisional and under development as the ITV is based on only
eight analyses of the Solomon groundwater, all of which were below detection
limits. Though the results were higher than the Solomon ITV, they were within
natural groundwater ranges for thorium and is not considered to be a concern
(Tetra Tech, 2014b) (Appendix 22).

Dissolved concentrations in the water extract of the solid tailings material indicated
very low concentrations and low potential for leaching.

Tetra Tech (Tetra Tech, 2014b) concluded with:
“Assuming these samples are representative of tailings material to be disposed of to
the in-pit TSF, the potential for geochemical risk to the environment is considered to
be low”.
For further information regarding the assessment, see Appendix 21.
Fortescue is not proposing to expose or dewater the low grade lignite located at the western
end of Queens. As acid generation requires the ingress of oxygen leaving a potentially acid
forming unit in situ, and ensuring it is not exposed or dewatered is the best management
strategy. Should additional small lenses of this material exist in the ore body the volumes would
likely be very small. This, combined with the blended and milled nature of tailings, ensures that
should additional small lenses of acid generating material exists, the low volume and low acid
generating capacity would be neutralised by the abundance of carbonate, silica and alumina
minerals present in ore material.

Low-grade Lignite
Fortescue will ensure that no dewatering of the low-grade lignite unit at the end of Queens takes
place. By ensuring this unit remains within the water table no oxidation can occur and no
adverse impacts to groundwater are likely. This potential risk can be adequately managed in the
same manner as the Mt McRae Shale.
If lenses of this material are found to exist in other locations below or adjacent to the ore body
within the modelled dewatering zones, it is likely that volume would also be small as the
Solomon Project has been extensively drilled and low grade lignite has not been detected.
Similar to the ore body zone, the low volume and low acid generating capacity would be
neutralised by the abundance of carbonate, silica and alumina minerals present in situ.
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Additionally a number of management techniques can be implemented to mitigate the risk of
acid or metalliferous drainage, as described in Section 13.8.2.

Hydraulic Barrier
The proposed hydraulic barrier at the western end of Queens is likely to encounter this low
grade lignite material during construction and operations. The construction of the barrier will
involve drilling or excavating through the low grade lignite. Intrusive activities through this
material are not expected to cause oxidation as there will still be 60 m of groundwater above the
low grade lignite that will displace any air immediately. Once the drilling or excavation is
complete then a grout, geopolymer or similar will be injected. This injection activity is also not
expected to allow oxidation of the low grade lignite material as the grouting will replace the
groundwater with another fluid. This will result in a low risk of acid or metalliferous drainage as
there is not expected to be any oxidation of the low grade lignite due to the construction of the
hydraulic barrier.

Fuels, Hydrocarbons and Chemical Spills
Spills have the potential to contaminate soil and water, and have further impact on the
degradation of vegetation and waterways, damaging flora and fauna habitat. Fortescue uses a
variety of chemicals and hydrocarbons which are managed in accordance with Chemical and
Hydrocarbon Management Plan (100-PL-EN-0011) (Appendix 4).

13.8

Proposed Management

Table 66 summarises the predicted impacts of the existing Solomon Project and current
observed impact and management.
Table 66:

Impacts and Management of Previously Approved Project

Predicted Impact (MWH,
2010a)

Observed Impact & Management Measures

Increased sediment runoff and
scour

No flood events recorded on site since pits have been developed to an extent
that would capture flow, thus no flood water captured in pits to date and
discharge of excess water to date.
Areas of predicted high velocity and depth around infrastructure have been
constructed with rock protection.
Minimal flow out of Kings and Firetail mining area due to intercepted drainage
in pit and by stockpiles and waste dumps.
Pits to provide sedimentation area for runoff should discharge be required.
Some erosion has been observed following Tropical Cyclone Peta (a rare
rainfall event), however observable scour on site is comparable with natural
stream bank scour observed in natural watercourses in undisturbed areas
around site.
Most scour is observed to be contained within existing disturbed areas and has
not observed to propagate to natural watercourses outside of heavily disturbed
areas. As such there have been no reportable incidents of elevated sediment
being transported off site.
It should also be noted that Pilbara watercourses have high turbidity in their
natural state during flood, and as such it is expected that the potential for



Discharge of excess water
from mine dewatering and
flood waters;



Disturbed ground and
stockpiled materials may
increase sediment runoff;



Discharging/pumping water
from the open pits may
have elevated and sediment
loads;
Increased flow velocities from
flood management infrastructure
(channels, culverts) may cause
localised scour and increased
sediment load.
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Predicted Impact (MWH,
2010a)

Observed Impact & Management Measures
impact is quite limited due to this high natural sediment load and the ability of
natural watercourses to withstand this sediment load.

Diminishing water quality of
discharge downstream.
Evaporation of accumulated
surface water within the pit will
likely increase the salinity
concentration.

No flood events recorded on site since pits have been developed to an extent
that would capture flow, thus no flood water captured in pits to date.

Potential contaminant discharge
into the drainage system from
hydrocarbons and hazardous
storage

Procedures for safe storage of hydrocarbon and chemicals on site are also in
place to minimise risk of spills; and
There have been minor spills on site to date, however these have been
managed effectively in accordance with spill response procedures. As such
there has been no contamination of drainage lines or drainage system.

Fortescue has prepared several management plans that address the minimisation of impacts on
Inland Waters Environmental Quality. These and other management measures are outlined in
Table 67.
Table 67:

Summary of Mitigation Measures for Inland Waters Environmental Quality

Category

Mitigation

Avoidance

Groundwater abstracted to dewater pits will not be discharged into natural watercourses unless
part of a supplementation plan.
Water will only be discharged to a creek in accordance with Solomon Mine’s Part V EP Act
Licence.
Pits will be backfill to an extent that precludes the formation of pit lakes at closure to prevent
evaporation and possible salinisation of groundwater.
Segregate natural water courses from disturbed areas and intercept flow from disturbed areas
where practicable.
Avoid exposing the unweathered Mt McRae Shale material that has the potential to generate
acid mine drainage.
Avoid exposing and/or dewatering the peat/low grade lignite material at the west end of
Queens.

Minimisation

Establish drawdown trigger data at levels where impacts where early detection can be
identified.
Monitor and respond to trigger data.
Minimise dust lift-off using watercarts, only clearing when necessary and undertaking
progressive rehabilitation.
Utilise intercepted stormwater on site for process where possible.
Implement the Rehabilitation and Revegetation Management Plan (100-PL-EN-0023)
(Fortescue, 2013e) (Appendix 4) to address the vegetation clearing required for the Solomon
mine.
Complete revegetation and rehabilitation activities within the Proposal area as per the
Rehabilitation and Revegetation Management Plan (100-PL-EN-0023) (Fortescue, 2013e)
(Appendix 4) and Solomon Project Mine Closure Plan (100-PL-EN-0023) (Fortescue, 2013d).

Management

Implement the Kangeenarina Pools Supplementation Plan adaptive management to maintain
levels and quality of groundwater in groundwater-fed pools.
Water, including intercepted floodwater will only be discharged to a creek in accordance with
Solomon’s Part V, EP Act Licence
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Category

Mitigation
Manage Chemical and Hydrocarbon in accordance with the Chemical and Hydrocarbon
Management Plan (45-PL-EN-0011) (Fortescue, 2011a) (Appendix 4).
Manage waste in accordance with the Waste Management Plan (45-PL-EN-0014) (Fortescue,
2011d) (Appendix 4)
Manage Dust in accordance with the Mine and Rail Dust Management Plan (45-PL-EN-0030)
(Fortescue, 2011e) (Appendix 4).
Manage Groundwater in accordance with the Groundwater Management Plan (100-PL-EN0029) (Fortescue, 2013c) (Appendix 4) and RIWI Act Groundwater Operating Strategies.
Operate in accordance with the Surface Water Management Plan (100-PL-EN-1015)
(Fortescue, 2012b)(Appendix 4).
Manage waste characterisation in accordance with the Planning for Closure - Characterisation
of Mineral Waste Rock and Soils (100-GU-EN-0018).
Operate in accordance with the Rehabilitation and Revegetation Management Plan (100-PLEN-0023) (Fortescue, 2013e) (Appendix 4)
Operate in accordance with the Acid and/or Metalliferous Drainage Management Plan (100-PLEN-1016) (Fortescue, 2014) (Appendix 4)

Research and
Modelling

Undertaken regular monitoring of groundwater in accordance with the requirements of
Solomon’s Part V, EP Act Licence and the Solomon Groundwater Operating Strategy.
Undertake surface water monitoring in accordance with the Surface Water Management Plan
(45-PL-EN-0024) (Fortescue, 2012b) (Appendix 4).
Implement the Life of Mine Geochemistry Programme.
Undertaken regular monitoring in accordance with the Kangeenarina Creek and Zalamea
Gorge Riparian Vegetation Monitoring Program (SO-PL-EN-0011) (Fortescue, 2014f) (to be
amended following approval of the Proposal).

Contamination of Surface Drainage Systems
As erosion is a natural process prevalent to the natural environment surrounding Solomon, it is
neither practical nor feasible to prevent erosion in disturbed areas. The philosophy for managing
sediment is to implement controls as necessary to keep transport downstream within the range
of natural conditions. Management measures which can be used to achieve this include, but are
not limited to:


Avoidance of disturbing watercourses wherever possible.



Controlled clearing through ground distance permit process.



Segregation of disturbed areas from uncleared area using measures such as
windrows and bunds.



Capture of stormwater from disturbed areas in pit.



Use of engineered drainage controls, including swales and/or sedimentation basins
should water require treatment before entering natural watercourses.



Discharge to a creek will be in accordance with Solomon’s Part V EP Act Licence and
Surface Water Management Plan (100-PL-EN-1015) (Appendix 4).
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There are several keys areas of focus required with regards to reducing the risk of
contamination to surface water from stormwater on the Solomon Mine site. The highest risk
areas for water quality on the Solomon Mine site are; processing, contaminant stores and
wastewater irrigation areas. Management of contamination is undertaken via the Chemical and
Hydrocarbon Management Plan (45-PL-EN-0011) (Fortescue, 2011a) (Appendix 4), which
includes strategies for procurement, storage, transport and handling, use and disposal.
Stormwater management measures may be implemented in any of the disturbed areas around
the site as required. Management measures which can be used to minimise contamination to
surface water include, but are not limited to:


Dust suppression control measures



Procedures for safe storage of hydrocarbon and chemicals on site



Spill response procedures



Procedures for disposal or treated wastewater and associated monitoring



Bioremediation areas for contamination material



Engineered stormwater controls as required



Sampling and monitoring programs.

After large rainfall events there is expected to be significant capture of surface water runoff
within the pits and in the valley TSF. This flood water should be managed in accordance with
Fortescue’s Surface Water Management Plan (100-PL-EN-1015) (Fortescue, 2012b)
(Appendix 4) and the Life of Mine Surface Water Strategy (SO-03018-RP-WM-0003)
(Fortescue, 2015b). Where possible, this water will be utilised on site (e.g. dust suppression),
however on-site storage is very limited due to the confined topography at Solomon and the only
other feasible disposal option is to discharge into natural creeks. Intercepted water, including
intercepted floodwater, will only be discharged to a creek in accordance with Solomon’s Part V,
EP Act Licence.
TSF facilities (in-pit and valley) will be designed with consideration for flood storage to minimise
impacts on tailings operations from rainfall events. Discharge of flood water from the TSF is only
likely to occur in an emergency situations and will be managed in accordance with TSF
operating manuals.

Acid or Metalliferous Drainage
Ongoing investigations into tailings and waste rock geochemistry has shown that the material is
benign and there is unlikely to be any potential for acid mine drainage or other notable water
quality impacts (Tetra Tech, 2015a).
Groundwater, waste material and tailings will continue to be sampled and analysed in active
and future mining areas for the potential of acid or metalliferous drainage and will be managed
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in accordance with the Acid and/or Metalliferous Drainage Management Plan
(100-PL-EN-1016).
A summary of the Life of Mine Geochemistry Programme Acid Metalliferous Drainage Sampling
Plan (100-PL-EN-1014) (Appendix 2 of the Acid and/or Metalliferous Drainage Management
Plan (100-PL-EN-1016)) is as follows:


Geochemical characterisation aims to identify the distribution and variability of key
geochemical parameters (such as sulphur content, acid neutralizing capacity and
elemental composition) and acid generating and element leaching characteristics.



In order to characterise waste rock, sufficient samples, that are representative of the
various rock types, both in number and spatial distribution, need to be assessed.



Geostatistical methods that are used to define ore bodies may also be applied to the
classification waste rock.



In order to characterise target lithologies, the investigation will be measuring the
variables that describe acid generating potential, metal leaching potential, total
element concentrations and mineralogy. Each area is divided into lithologically similar
sampling units. Samples will be collected from resource definition drilling spoil for ore
to be excavated in the future mining activities.



Samples will be collected in proportion to the volume of waste rock/tailings material
that occurs according to each geological classification.



The distribution of samples depends on:
o

The size of the area available to be sampled

o

The likely heterogeneity of geological units

o

The depth and thicknesses of units

o

The effects of potential degradation processes and oxidation (drilling spoil that has
been exposed on the surface for too long may have been altered by weathering
and will not be representative of a fresh rock sample).

Over 600 waste samples, have been collected and analysed from Solomon and this process is
proposed to be continued for future mining areas.
If any material is identified as having potential for acid or metalliferous drainage it will be
managed and mitigated in accordance with the Acid and/or Metalliferous Drainage Management
Plan 100-PL-EN-1016 (Fortescue, 2014) (Appendix 4). If minor changes in elements can be
detected early, mitigation strategies can be implemented and it will reduce the potential impact
on groundwater quality.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 338

SO-PL-EN-0104

Alterations in Groundwater Quality
Queens TSF on Edge of Millstream Water Reserve
Fortescue is not proposing to line the proposed Queens TSF as the material to be placed within
the TSF has been demonstrated to be benign and will not generate harmful leachates
(Fortescue, 2015d) (Appendix 14). The tailings seepage report investigates the potential impact
tailings will have on the groundwater quality. Acid drainage has not been indicated to be a
concern and metalliferous drainage is unlikely. Leachate that is of a higher salinity
(~450 – 1,300 µS/cm) relative to local groundwater (~120 – 800 µS/cm) is likely, however
regional groundwater has a larger range of salinities (~100 – 1,600 µS/cm) and the impact of
the salinity increase is likely to be low.
With respect to drinking water guidelines, more than 80% of the site specific investigate trigger
values are lower than drinking water limits and are, therefore, more conservative. Only
individual boron and zinc concentrations exceed the most conservative ANZECC 95% SLP
guidelines, while the only drinking water limit exceeded is the aesthetic taste limit for chloride,
indicating that tailings leachate and supernatant is of drinking water quality in terms of inorganic
parameters. The geology of the various Solomon deposits is geochemically similar and it is not
anticipated that the tailings produced for the Queens TSF will differ markedly from the tailings
being currently produced. However, as per Fortescue’s Acid and/or Metalliferous Drainage
Management Plan (100-PL-EN-1016), testing all potential source material will continue
throughout the life of mine.
Furthermore, there is a very low risk that the seepage from the TSF will reach the Wittenoom
Dolomite and as a result there are not expected to be any impact to groundwater quality in the
Millstream Water Reserve.

In-pit Tailings
Mining at Solomon will result in the mine pits extending below pre-mining groundwater levels
through the majority of the valley floor. The current Mine Closure Plan, proposes to use waste
rock to backfill the mine pits to prevent the accumulation of groundwater at the surface.
Sufficient waste material is expected to be available for any backfill requirements based on
planned strip ratios. The objective of the backfill strategy will be to backfill pit voids to prevent
formation of pit lakes.
In addition to this, Fortescue is proposing to use tailings material to assist in backfilling pit voids.
As a part of the in-pit tailings investigation programme, Fortescue will be undertaking studies to
characterise backfill properties of the tailings and waste material to determine an effective
backfill strategy using both materials.
The geochemistry of tailings material was investigated for in-pit disposal by Tetra Tech (2014b).
The study aggregated all groundwater results in the Solomon catchment areas to compare to
tailings supernatant and leachate results to determine whether in-pit tailings disposal would
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impact the groundwater. Dissolved concentrations of leachate and supernatant from tailings
material were below limits of reporting or lower than groundwater concentrations for all metals.
The only parameters to exceed groundwater concentrations were major ions chloride, sodium,
sulphate, and some concentrations of potassium, fluoride, strontium and titanium. This indicates
that tailings leachate has marginally higher salinity, than the receiving environment with respect
to salinity and major soluble ions. Solomon tailings is geochemically benign and is considered
suitable to be stored in pits above and below groundwater.
Even though the tailing are expected to be geochemically benign, in-pit tailings will be managed
in accordance with Fortescue’s Acid and/or Metalliferous Drainage Management Plan (100-PLEN-1016 and appendices) and the Solomon Project Mine Closure Plan (SO-PL-EN-0016). This
plan details the sampling management and monitoring requirements and includes the following:


tailings samples will continue to be collected weekly and sent for analysis monthly
from the Kings OPF



once a suitable location has been selected for in-pit tailings storage, the following
monitoring will be undertaken:



o

existing monitoring bores will be selected around the proposed pit void. If existing
monitoring bores cannot be used, new monitoring bores will be installed

o

monitoring bores should be up gradient and downgradient of the proposed pit void

o

baseline groundwater analysis will be collected from the proposed location for inpit tailings and compared to groundwater trigger values established in the Life of
Mine Geochemistry Programme - Site Specific Trigger Values (45-SY-EN-0001).

o

groundwater will be sampled biannually and the results will be compared with site
specific trigger levels and if any exceedances occur, Fortescue’s Trigger Value
Exceedance Procedure (Appendix 4) will be implemented

monitoring of surface and groundwater will be continued until it can be statistically
proven that leachate containing concentrations above the established trigger values
and closure targets is not occurring and no down gradient receptors are at risk.

Should small volumes of potentially acid forming material be sent for processing, the risk to
tailings and leachate is low. The milled nature of tailings means that any lense of material is
crushed and blended with material with significant neutralising capacity. Tailings continues to be
sampled weekly and no tailings samples have indicated any risk for acid generation.

Waste Material
Material that is likely to pose a risk for acid generation such as unweathered Mt McRae Shale
and the low-grade lignite material found in Queens will be managed by leaving it in situ and not
dewatering it. Should small volumes of previously unknown PAF material be encountered it will
be managed in accordance with the Acid and/or Metalliferous Drainage Management Plan (100PL-EN-1016) and disposed of safely.
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The following contingency actions may be initiated if acid or metalliferous waste or potential
leachates are identified:


Convene Management Team with representatives from Environment, Water, Geology
and Mine Planning to develop a strategy to determine and adopt suitable management
actions such as, but not limited to;
o

backfill in mine voids (above or below the water table)

o

encapsulate in waste rock dumps

o

treatment or blending with neutralising material

o

avoid dewatering the material by;

o



use of sumps in the base of pits to locally target dewatering



use of injection bores to maintain that groundwater levels around the material

if dewatering the material is unavoidable due to the ore being adjacent or below
the PAF material, the dewatered material may be excavated and encapsulated in
waste rock dumps, or blended with neutralising material and stored within a waste
dump or pit void.

Given the extensive amount of drilling undertaken across the Solomon Mine, is it unlikely that
large volumes of unidentified PAF material exist and that if unidentified PAF material is present,
it is likely to be in small volumes relative to the neutralising material volumes at Solomon.

Hydraulic Barrier
As described in Section 13.7.3, intrusive activities through this material as a part of the hydraulic
barrier construction is not expected to cause oxidation, as during construction of the hydraulic
barrier, drilling fluids or water will be used to reduce the potential for exposure to air. Once the
drilling or excavation is complete then a grout, geopolymer or similar will be injected. Similarly,
this injection activity is not expected to allow oxidation of the low grade lignite material as the
grouting will replace the groundwater with another fluid and following completion of the wall
construction, there will still be 60 m of groundwater above the low grade lignite that will displace
any air immediately. Cuttings of this material will also be removed immediately and
encapsulated in waste rock dumps, or blended with neutralising material and stored within a
waste dump or pit void.
During operations the low grade lignite at the western end of Queens will not be dewatered.
This will be achieved by reducing the depth that dewatering bores will be installed to, so that
bores are not screened below the top of the material. Modelling would be used to determine the
safe distance that dewatering bores could be installed to full depth without dewatering the low
grade lignite. An alternative approach that may be considered is the use of injection bores to
maintain that groundwater level around the material.
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Fuels, Hydrocarbon and Chemical Spills
The existing Chemical and Hydrocarbon Management Plan (100-PL-EN-0011) (Fortescue,
2011a) (Appendix 4) has been developed to address this requirement and is applicable to all
sites, including Solomon and this Proposal.

Effectiveness of Current Management
Available information on surface water quality is limited due to the inherent difficulty in sampling
ephemeral watercourses and the very infrequent occurrence of flow at Solomon. Monitoring
infrastructure capable of collecting samples automatically (rising stage samplers) has been
place at site since February 2013; however there have not been any recorded stream flow
events of sufficient volume to trigger the monitors since installation. Prior to this period a
program of manual sampling water has been in place since, however due to the safety issues
associated with access during and following cyclones, it was found that watercourses were not
accessible during the short periods where streamflow was present. Consequently no samples
are available. No flood events recorded on site since pits have been developed to an extent that
would capture flow, thus no flood water captured in pits and no discharge of water to creeks has
occurred from pits to date.
Some erosion has been observed following a rare (<1% AEP) rainfall event, however
observable scour on site is comparable with natural stream bank scour observed in natural
watercourses in undisturbed areas around site. Most scour is observed to be contained within
existing disturbed areas and has not been observed to propagate to natural watercourses
outside of heavily disturbed areas. As such, there have been no reportable incidents of elevated
sediment levels being transported off site. There have been some minor spills on site to date,
however these have been managed effectively in accordance with spill response procedures.
As such, there has been no contamination of drainage lines or drainage system.
No degradation in water quality and/or changes in hydrochemistry were observed within the
Solomon mining area after the first year of mining. Calculated TDS values average
approximately 325 mg/L, whilst pH values range from 6 to 8. Groundwater samples were taken
from selected bores and submitted for hydrochemical analysis in accordance with monitoring
commitments. Hydrochemistry results indicated that there has been little change to water
chemistry after the first year of mining (Fortescue, 2015a).

13.9

Predicted Residual Outcome

Fortescue predicts that there will be no significant impacts to the quality of surface or
groundwater as a result of the Proposal. Existing management actions have demonstrated that
water quality has not been compromised by mining at Solomon and this is expected to continue.
Summary of residual impacts for Inland Waters Environment Quality is shown in Table 68.
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Table 68:

Summary of Residual Impacts for Inland Water Quality after Mitigation Measures

Potential Impact

Residual Impact after Management

Regional Significance

Dewatering Solomon CID

Dewatering from the CID aquifer is not
expected to draw poorer quality water into
the CID aquifer, because the surrounding
geology has low permeability

Residual impact on water quality is
not expected to be significant

Borefields

Dewatering in the water supply borefields will
be managed carefully with recharge of the
bores between uses.

Residual impact is expected to be
low to non-existent

Contamination

Contamination expected to be minimised

Residual impact expected to be
minimal

PAF material

No PAF material has been detected within
the material proposed to be mined

Residual impact expected to be
minimal

Pit Lakes

Pits to be backfilled

No pit lakes expected
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SECTION 14
Key Environmental Factor
Rehabilitation And Closure
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14.

REHABILITATION AND CLOSURE

Fortescue recognises the importance of mine closure to the successful and environmentally
acceptable operation of the Project, and that mine closure together with excellence in managing
environmental responsibilities should be an integral part of mine development and operations.
The purpose of any mine closure plan (MCP) is to provide a strategic planning and
implementation framework to guide current and planned operations, in order to facilitate efficient
closure of the Project.

14.1

Management Objective

Rehabilitation and mine closure is regulated by the EPA under Part IV of the EP Act. The EPA
applies the following objective to the assessment of mine closure and rehabilitation:
To ensure that premises can be closed, decommissioned and rehabilitated in an ecologically
sustainable manner, consistent with agreed outcomes and land uses, and without unacceptable
liability to the state.
Fortescue has previously submitted MCPs for the Solomon Project to accompany Mining
Proposals as required under Section 70(O) of the Mining Act 1978 and as per the requirements
of MS 862. The Mining Proposals and MCP revisions have been staged to meet Fortescue’s
construction scheduling requirements.

14.2

Guidelines, Policy and Frameworks

The following regulatory position and guidance statements set the framework for the
management of rehabilitation and mine closure:

14.3



Guidance Statement No.6 Rehabilitation of Terrestrial Ecosystems (EPA, 2006)



Guidelines for Preparing Mine Closure Plans (DMP, 2011)



Environmental Protection Bulletin 19 (EPA involvement in mine closure) (EPA, 2013b)



Cumulative Environmental Impacts of development in the Pilbara region (EPA, 2014a)



EPA/DMP Guidelines for Preparing Mine Closure Plans (DMP, 2015).

Corporate Requirements

Fortescue’s Environmental Management System (EMS) provides the environmental compliance
framework to determine when environmental approvals are required and then captures
environmental compliance obligations as they are agreed by the business. Compliance against
stakeholder agreed management and monitoring programs within the MCP are monitored
through application of the Self Verification of High Risk Environmental Legal Obligations
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Guideline (100-GU-EN-0030). Where non-conformance issues or opportunities for improvement
are identified these issues are documented and tracked via the Business Management System
(BMS). Each compliance obligation is assessed for its relative risk, and the results are used to
drive first and second party internal auditing functions. Results of risk assessments are also
used to drive continual improvement processes.
Implementation of environmental compliance obligations is undertaken by site environmental
teams, with oversight from the corporate environmental team. Regular review of Fortescue’s
environmental performance by senior management ensures that focus is applied to areas of
concern and that environmental performance is linked to the strategic direction of the business.
All identified Solomon Project mine closure strategies are subjected to a risk assessment in
terms of the Fortescue Risk Management Policy Standards (100-ST-RK-0011 to 0016
inclusive). Adherence to these standards ensures that all environmental and corporate closure
risks are identified early in the design and planning phase so that the most appropriate and
acceptable closure option can be identified and required management controls established to
minimise potential risk and associated impacts.
Fortescue governs rehabilitation and closure planning at a corporate level through:


Fortescue’s Mine Closure Steering Committee



progressive mine rehabilitation incorporated into project development and mine
planning, enabling the reduction of LOM closure costs and overall environmental
liabilities



improving the accuracy of Fortescue’s closure liabilities and annual provisioning
estimates.

These objectives are achieved by requiring that:


the collection of baseline information required for successful mine closure and
rehabilitation is obtained as early as possible in the project design and approvals
process



environmental risks are acknowledged during project design and appropriate
management strategies implemented prior to and during operations



mine closure and rehabilitation liabilities and provisioning are recognised during project
design and feasibility and updated annually reflecting the five year mine plan



mine closure and rehabilitation plans are in alignment with relevant current guidelines
and are regularly reviewed through an integrated, multi-disciplinary approach and these
are recognised in all mine plans and relevant approval documents.
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14.4

Relevant Studies and Investigations

The following studies were undertaken to understand the risks to successful closure for the
Solomon operations and the Proposal:


Appraisal of Sulphur Occurrences and Implications for Mine-Waste Management Firetail Deposit: Stage-1 Report (GCA, 2010a)



Appraisal of Sulphur Occurrences and Implications for Mine-Waste Management Kings-East Deposit: Stage-1 Report (GCA, 2010b)



Geochemical Characterisation of Mine-Waste and Low-Grade-Ore Samples and
Implications for Material Management - Firetail Deposit: Stage-2 Report (GCA, 2010c)



Geochemical Characterisation of Mine-Waste and Low-Grade-Ore Samples and
Implications for Material Management - Kings-East Deposit: Stage-2 Report (GCA,
2010d)



Solomon Project: Geochemical Characterisation of Process-Tailings Samples and
Management Implications (GCA, 2011)



Independent Review of Geochemistry Assessment Solomon Project: Firetail and Kings
East Deposits (RGS-Terrenus, 2011)


Growth Medium: In situ and required quantities and placement design (Tetra Tech,
2011a)



Fortescue Mining Group Solomon Project TSF 1A Closure Plan (Tetra Tech, 2011b)



Geochemical Characteristics of Waste Rock Landform Materials as Appendix B of the
Solomon Project TSF1 Closure Plan Tenements M47/1409 and M47/1413 (Tetra
Tech, 2012a)



Solomon TSF Closure Plan (Brief 3A) Humidity Cell Testing Technical Memorandum
(Tetra Tech, 2012b)



Solomon Mine Closure Planning Characterisation of Waste Rock - Geochemistry
Report (Tetra Tech, 2013a)



Solomon Mine Closure Planning Characterisation of Waste Project - Sampling
Guideline (Tetra Tech, 2013b)



Life of Mine Geochemistry Programme - Acid and Metalliferous Drainage Sampling
Plan (Tetra Tech, 2014a)



Solomon Tailings Geochemistry and Potential Impact on Groundwater Technical
Memorandum (Tetra Tech, 2014b)



Life of Mine Geochemistry Programme - Site Specific Trigger Values (Tetra Tech,
2014c)
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Life of Mine Geochemistry Programme - First Quarter 2014 Sampling Results (Tetra
Tech, 2014d)



Solomon Waste Rock Kinetic Testing Technical Memorandum (Tetra Tech, 2014e)



Solomon Mine Closure - Geochemistry Summary Technical Memorandum (Tetra
Tech, 2015a)



Life of Mine Geochemistry Sampling Programme - Second Quarter 2014 Sampling
Results (Tetra Tech, 2015b)



Geophysical Characteristics of TSF Construction Materials’ (Tetra Tech, 2011b)



Tailings Slurry Geochemical Characterisation - May 2014 Tailings Slurry Samples
(SRK, 2014a)



Geotechnical Characterisation of Coarse – Grained Waste (SO-RP-GE-0007) (SRK,
2014b).

In addition, the biological, hydrological and hydrogeological studies undertaken across the
Solomon Mine provide a repository or closure data to assist with closure planning and
implementation over the life of the Project and into mine closure. Many of these studies have
been outlined in the previous sections of this PER.

14.5

Description of Factor

Closure planning is an ongoing process which requires regular review and development
throughout the life of the project. Regular review of mine closure planning documentation will
capture changes in legal obligations, community expectations, corporate requirements, industry
practice, improvements in technical knowledge, and changes to the Project.
Successful mine closure planning revolves around an understanding of the overall objective of
mine closure and the risks that threaten achievement of closure objectives. At Solomon, the
overall objective of closure is to construct a safe (to humans and animals), stable (physically,
geochemically and geotechnically), non-polluting landform that is capable of sustaining an
agreed post-operational land use. Key to achieving this overall objective is:


Ensure the interests of all relevant stakeholders are considered during all stages of
closure planning



Establish rehabilitation objectives and completion criteria, based on the findings of
monitoring and research, appropriate to the agreed post-operational land use



Where practicable, progressively rehabilitate and revegetate disturbed areas in
accordance with regulatory criteria, Ministerial conditions and commitments to meet
agreed post-operational land use objectives and completion criteria



Construct safe, stable, non-polluting landforms that are geomorphologically and
functionally consistent with the surrounding landscape and capable of sustaining

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 348

SO-PL-EN-0104

agreed post-operational land use. Landforms are not to impact on surrounding
environmental values or uses


Develop indicators to demonstrate when rehabilitation activities meet the established
objectives and completion criteria.

Successful mine closure is measured against completion criteria. The purpose of completion
criteria is to demonstrate that a given area or landform has achieved the rehabilitation
objectives and provide confidence to regulators and post operational land users that these
areas or landforms are capable of sustaining over the long term the agreed post operational
land use, utilising normal management practices.

14.6

Potential Impacts (Risks to Successful Closure)

The following activities, if not managed progressively and effectively, have the potential to
impact on the success of the rehabilitation and closure of the Solomon Mine:


rehabilitation of cleared areas



altered hydrological regimes



backfilled pit voids



poor rehabilitation practices.

Rehabilitation of Cleared Areas
This Proposal includes the clearing of large areas of native vegetation. The aim of mine closure
is to return the landscape to its future intended land use. In the Pilbara, this is largely either
Pastoral Lease or Unallocated Crown Land. In either case, this involves rehabilitation of the
area such that it can sustain native vegetation. The risk to successful closure is that
rehabilitation does not repair the disturbance resulting in loss of ecological values beyond that
considered acceptable by stakeholders (regulators, community, and pastoral lease holders).
Other impacts include increased dusting, erosion, weeds and feral animals.

Altered Hydrological Regimes
The excavation of pits and the placement of waste material in permanent landforms has the
potential to alter surface drainage as outlined in Section 12. At closure, if altered surface
hydrology has not been appropriately managed, the Proposal may have local unmitigated
impacts after closure, which could include; degradation or loss of groundwater-fed pools,
sedimentation of surface drainage, excessive erosion and scouring in the development
envelopes or shadow effects in sheet flow areas.
At closure, some of these surface water drainage changes may become be permanent and
some flow paths may not being reinstated. The downstream impacts of the likely surface water
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closure scenario has been modelled, and does not anticipate any significant change to the
downstream environment.
Groundwater-fed pools at Kangeenarina Creek and Weelumurra Creek are proposed to be
maintained through the mine life and following closure, until the natural groundwater level has
recovered a pool supplementation is no longer required.

Backfilled Pit Voids
Fortescue has committed to backfilling pit voids to an extent that precludes the formation of pit
lakes at closure. In order to do this, Fortescue has considered the following pit backfill options:


Backfill option 1 – waste rock material backfilled in pit voids to an extent that precludes
the formation of pit lakes at closure



Backfill option 2 – combination of waste rock material and tailings material backfilled in
pit void to an extent that precludes the formation of pit lakes at closure.

Backfill option 1 is the existing backfill strategy. This Proposal however, also seeks approval for
backfill option 2, whereby Fortescue is proposing to backfill pit voids with tailings material (in-pit
tailings disposal).
Backfill option 2 involves designated areas for tailings disposal separate to waste rock disposal
areas. In-pit tailings is not proposed for all areas of pit backfill and would be strategically
positioned in suitable locations based on the assessment process described in Section 12.7.8.
Risks associated with backfilled pit voids include:


Suitable volumes of waste material may not be available to backfill to above
groundwater levels to prevent pit lakes from forming.



Backfill material may leach harmful leachates into groundwater



Tailings material may become an impediment to the movement of groundwater
through the pit.

These risks have been assessed and are not considered significant:


Volumes of waste rock material has been assessed and it was concluded that if only
waste rock was backfilled into pit voids, approximately 75% (Firetail, Queens, Castle
Valley and Fredrick) to 83% (Kings, Trinity and Zion) of waste rock available would be
required to backfill the pit voids to an extent that precludes the formation of pit lakes at
closure. The remaining waste will be used for construction activities or stored in waste
dumps. The waste rock volume required is now reduced as tailings is proposed to be
stored in pit voids.



Geochemistry of tailings material is discussed in Section 13.7.2 and is considered to
have a low risk of contaminating groundwater.
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Groundwater movement through tailings has been assessed by Fortescue and can be
managed such as that it doesn’t impede groundwater flow. A summary of these
findings has been provided in Section 12.7.8.

Closure strategies to address the scheduling of backfill material is addressed in the Solomon
Project Mine Closure Plan SO-PL-EN-0016 (Appendix 5). If the Solomon Mine was to require
closure earlier than 35 years, a Care and Maintenance Plan would be developed and the
backfill strategy of backfilling pits to preclude the formation of pit lakes will continue to be
implemented.

Poor rehabilitation practices
Planning for closure is critical to the successful rehabilitation of disturbed sites. Closure
planning needs to consider:


Adequate resources for successful rehabilitation such as topsoil storage and
management, NAF waste rock material for capping, collection and storage of seed and
vegetative material



Final surface hydrology



Management of deleterious material (AMD (acid or alkaline) or dispersive material)



Landform stability and safety



Weed management



Rehabilitation research trials.

Poor rehabilitation outcomes ultimately result in a failure to mitigate the impacts associated with
the Proposal and may result in unacceptable levels of impact to key environmental factors, such
that the EPA’s objectives cannot be met.

14.7

Management of Potential Impacts (Managing Closure Risks)

Fortescue has developed the Solomon Project Mine Closure Plan SO-PL-EN-0016 for the
Solomon Project which considers the overall closure objective and provides completion criteria
against which closure success can be measured (Appendix 5). Given the closure of the
Solomon mine is not projected for another 35 years, and in accordance with the EPA/DMP
guidance in this area, completion criteria are provisional and will become more defined as the
Project nears end of mine life.
The Solomon Project MCP discusses how potential risks to successful closure will be
addressed. The MCP adopts a domain approach to closure planning, with strategies to address
risks specific to each domain.
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Closure Domains
Closure Strategies at Solomon focus on three key closure domains:


Waste Dumps



Mine Voids



Tailings Storage Facilities.

Waste Dumps
Closure strategies include:


ensure that potentially hazardous material is handled and stored according to the
relevant management plan (e.g., Acid and/or Metalliferous Drainage Plan (100-PL-EN1016) (Appendix 4)



minimise the use of ex-pit and maximise the use of in-pit permanent waste dumps
where possible



waste dumps (in-pit or ex-pit) are to be located locally where possible



one-way haulage distance guidance is less than 5 km



progressively handle waste into pit voids so as to meet backfill requirements of pit
voids. Where pit voids are below the water table, voids should be backfilled to an
extent that precludes the formation of pit lakes



minimise post mining rehandle of waste rock to meet backfill requirements



waste dumps (in-pit or ex-pit) will form a basis that allows for successful rehabilitation
post-use



consider potential surface water and groundwater impacts



minimise potential visual amenity impact.

Mine Voids
Fortescue applies a whole of mine life approach to closure of mine pits, commencing from
preliminary stakeholder consultation, background data collection, material movement (backfilling
mine voids with mine waste and/or tailings, rehabilitation and culminating in relinquishment of
the rehabilitated site back to the state.

Tailings Storage Facilities
Strategies to achieve successful closure of TSF include:
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the construction of a cover over the tailings post-completion. The materials to be used
for the closure cover will be sourced from the closure material stockpile and topsoil
stockpiles. The closure cover will be vegetated



the design and construction of surface water control features to control erosion and/or
overtopping. The final design, including the need for and location of a spillway, will
depend on the final TSF height and the tailings and capping surface levels and
topographies.

Waste Characterisation
Geochemical Waste Characterisation
Over the past five years numerous waste mine characterisation assessments, have been
undertaken at Solomon. The findings of the studies indicate that acid forming potential is very
low and that metal leaching potential is also low in both waste rock and tailings. The potential
for saline drainage occurring is very low for waste rock and moderate for tailings. Kinetic testing
indicates a low to moderate potential for metalliferous drainage occurring specifically, for
aluminium, arsenic, tin and zinc leaching from waste rock, and fluoride, titanium and zinc from
tailings material. However, concentrations of waste rock leachates do not greatly exceed
indicated toxicity of these elements and lower weathering rates, an arid environment and the
poor infiltration of water into waste rock landforms reduces the risk of leaching occurring, to low.
See Section 13.7.2 for description of waste characterisation (hard rock and tailings) and Section
7.6 of the Solomon MCP.
Investigations will be carried out over the life of mine to assist the ongoing life of mine planning
for the Proposal. Investigations include, but are not limited to, rehabilitation design and layout,
geochemical characterisation and ongoing monitoring of pit and waste dump stability. The
outcomes of these investigations will be used to refine closure criteria and rehabilitation
strategies.

Physical Waste Characterisation
The physical characteristics of construction materials can influence closure and rehabilitation.
The risk based geotechnical design of waste rock and tailings landform slopes for closure
essentially builds on the safe design of waste rock dump and TSF embankment slopes for the
loading(s) that will be experienced by those structures during construction and operation. The
strength and stability of the slope depends primarily on the geotechnical characteristics and
properties of the waste materials stored, while the loads assessed include earthquake and the
presence of water.
The geotechnical properties and characteristics of the Solomon waste rock materials have been
thoroughly investigated, as well as successfully used in waste dumps and TSF embankments at
Solomon. The waste rock materials have been characterised as very competent rock/soil, with
very little to no geotechnically deleterious material such as weak or swelling clay. The waste
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rock materials in the Castle Valley area (predominantly detrital/alluvial overburden) are
expected to have similar geotechnical properties as the materials encountered to date in the
King/Queens mining area, while the Fredrick mining area waste rocks (predominantly Dales
Gorge Member) are expected to be similar to the Firetail deposits.
The characterisation of the alluvial/detrital waste rock material has been investigated and
quantified during field and laboratory testing programs including investigations for the TSF
design and a detailed mining geotechnical study (SRK, 2014).
The alluvial/detrital material is the dominant waste rock type in the King/Queens area,
comprising well-graded gravel and oversized cobble- to boulder-sized particles. The fines are a
minor fraction and have low plasticity and are characterised as non-dispersive. At low stresses
friction angles range between 300 and 400. The dominant waste material within the Firetail
deposits is from the Dales Gorge Unit. At low stresses friction angles range between 330 and
410.Both waste rock types are durable and erosion resistant given the overall geotechnical
characteristics of these materials, they will facilitate effective closure and rehabilitation.
In developing waste rock dumps and pit backfill designs, the representative geotechnical
properties have been determined from geotechnical characterisation studies. This information is
used to define slope design parameters such as the ranges of friction angle presented above for
the CID and DID materials. Each design is reviewed by a competent geotechnical professional.
Ongoing reconciliation of waste rock material geotechnical parameters is undertaken
throughout the construction of each waste dump. This is to ensure that if any weaker materials
are present, they will be located within the body of the waste dump i.e. they are completely
isolated from the area of the slopes that may impact slope stability.
At closure, the waste rock dump slopes will be pushed down to their final closure landform
design slopes (Figure 83, Figure 84) typically 140 to 180 to facilitate rehabilitation. The coarse
grained waste rock is hard and durable and lends itself to be used as an erosion resistant and
long term geomorphically stable closure cover.
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Figure 83:

Indicative Cross Section - Final Rehabilitated Dump

Figure 84:

Example of Push-down of Dump Slopes to Closure Landform Design (Cloudbreak Mine)
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As the heights of the closure landforms are not large enough to result in any material changes
to the material properties through crushing, with non-complex geometries, very good foundation
conditions and well drained structural zones, it can be intuitively concluded that the long term
closure landform slopes will be very stable when re-profiled to the closure design.
The geotechnical stability of the closure landform slopes must be maintained in the very long
term including under the loading case, where surface water is temporarily ponded near crests
after rain storm events. This is managed by ensuring that the geotechnical design can meet or
exceed the minimum standard slope design criteria (Table 69), by implementing good practice
closure landform construction quality assurance and control, and post-closure geotechnical
inspections. The stability of the waste rock landforms are designed to withstand the Maximum
Credible Earthquake in this region (estimated around Richter 7.5)
Table 69:

Closure Landform Long Term Slope Design Acceptance Criteria
Slope

Long term static
Long term earthquake
Berm with water temporarily behind crest

FoS (minimum) (Static)
1.5
1.1-1.2
1.3

The shear strength of the predominant rock wastes at Solomon exceed at least τ = s’tan 360
after push down, therefore the factor of safety against failure for a typical closure landform slope
of 18 degrees can be simplistically expressed as:
Factor of Safety (FoS) = tan(370)/tan(180) = 2.3 i.e. the factor of safety against overall slope
failure significantly exceeds the minimum required long term factor of safety.
Given that the Solomon Mine is located on mining tenure, detailed geotechnical designs and
stability analyses for future waste dumps and tailings storage facilities must meet the
requirements of leading practice industry standards (e.g. ANCOLD) and be submitted to the
Department of Mines and Petroleum as a component of future Mining Proposals.

Surface Water Management
Mine Voids
Modification to surface hydrology may remain at closure due to changes to catchment divides
caused by the development of the pits and waste dumps. These changes are likely to be limited
to the upper reaches of the catchments. In these areas, the difference in elevation between the
pits being backfilled to an extent that precludes the formation of pit lakes, and the natural
topography, would result in some drainage lines not being reinstated. This is due to a deeper
pre-mining water table in the upper part of the catchments. The pre-mining groundwater level is
very shallow at the downstream end of the Kings and Queens’s mining areas. Consequently
when these areas are backfilled to an extent that precludes the formation of pit lakes, the
downstream end of the backfilled pits is at the same level as natural topography, which will

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 356

SO-PL-EN-0104

result in surface water flows being restored through the main Kings and Queens’s pits, which
encompass the majority of the proposed pit area.
In areas where backfill is below natural topography at the downstream end of the pit, surface
drainage will not be reinstated. In these areas runoff will infiltrate and provide recharge to the
underlying aquifer, which will supply the groundwater-fed pool systems downstream. There is
not expected to be permanent standing water in these areas as the final landform will be
backfilled to a level that precludes the formation of pit lakes. Hydraulic modelling has been
undertaken to assess the impact of modification to catchment boundaries on flood extents. The
modelling output is provided in Figure 85. Discussion around the significance of this modelling is
provided in Section 12.7.1.

Figure 85:

Hydraulic Modelling - Closure Impact Scenario - 50% AEP

Fortescue has developed a guideline for the Chichester operations to be followed when
backfilling pits to reinstate major watercourses, which will plan for backfill to be geomorphically
stable and self-sustaining under similar drainage dynamics that existed before mining
commenced. At Solomon, Fortescue will implement a similar strategy, incorporating site specific
hydrological, hydraulic, geological and geomorphological considerations as well as the potential
for proposed in-pit tailings facilities in a number of mine pits. Designs will be assessed using a
risk based approach which includes a range of storm events up to the PMF. Monitoring data will
be used to refine understanding of site hydrology over mine life in order to further develop this
strategy, with flood frequency analysis becoming more reliable with an increased period of
record.
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Mine closure projects that have historically attempted to re-establish major watercourses by
constructing well-defined, rock-armoured (i.e. engineered) channels are unlikely to be
successful in the longer term. Closure landscapes that incorporate engineered structures in
which the hydraulic forces are greater than those which the pre-mining geomorphology can
accommodate may deteriorate by weathering and fail under concentrated flows associated with
rainfall events from tropical cyclones or large low pressure systems.
Although engineered drainage structures may be required in some circumstances during
operations and at closure, a long-term geomorphically stable post-mining landscape should
attempt to replicate the dynamics of the pre-mining landscape and flow features as closely as
possible in order to accommodate infrequent but severe rainfall events in an analogous fashion
to the original landforms.
Analyses conducted at Fortescue’s Chichester operations indicate that by mimicking the natural
landscape, the flow velocity is kept sufficiently low, allowing the channels to self-armour to an
extent sufficient to prevent uncontrolled erosion. Observation of natural systems also support
this conclusion. The channels can however be expected to move around the surface as streams
do (naturally) when evolving geomorphologically with time.
Pit backfill designs will be assessed using a risk based approach which includes a range of
storm events up to the PMF. Backfill designs needs to be assessed to ensure that the design is
fit for the specific conditions applicable to that pit and includes consideration of the following:


Optimisation of the backfill plan in collaboration with the mine planning team to
achieve the desired landform stability outcomes



Review of the local hydrogeology and the dewatering program to understand how
groundwater level recovery may influence the stability of the operating slopes and/or
settlement of the backfill



Confirmation that the proposed backfill design configuration does not result in
measurable geochemical impacts to surface and/or groundwater quality



Geotechnical considerations during and after backfilling



In-pit tailings disposal



Post-backfill settlement potential



Evaluation of the surface water hydraulics for any planned re-established watercourse
under expected site hydrological conditions, and evaluation of performance under a
range of storm events.

Waste Rock Dumps
The preferred surface water management strategy for closure is retention and infiltration on
berms and the top surface of the waste dumps as detailed in the Waste Rock Landform Design
Guide (100-GU-EN-0042). The storage capacity of the berms and top surface of the waste
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dump is assessed using a risk based approach which includes a range of storm events up to
the PMF. Several methods for retention of storm water will be considered for top surface of the
waste dump. These include, but are not limited to:


retention basins excavated at selected locations on the top surface



paddock dumping of the top surface, which will increase the surface water storage
volume of the top surface by providing depression storage in the top surface.

Given the likelihood of progressive failure of hard engineering features such as batter chutes
due to weak points at interfaces, passive retention is considered to be the most risk averse
method of managing surface water on the waste dumps. Ground level toe drains or toe bunds
may be positioned to act as sediment traps and prevent the wider dispersal of eroded soil and
will be evaluated on a case by case basis using a risk based design approach. Output from
landscape erosion modelling will be used as required to inform the closure design of waste rock
dumps.

Tailing Storage
At closure, the TSF1 facility will have a waste rock landform place on the face of the
embankment, which will be designed in accordance with the Waste Rock Landform Design
Guide (100-GU-EN-0042). The tailings will be covered with a layer of waste rock of sufficient
thickness to not erode tailings. Runoff within the TSF will flow with the slope of the facility and a
spillway out the back of the facility will be constructed if required. Further detail is provided
Solomon TSF1 Raise and Trinity WRD – Closure Plan (SO-PL-IF-0001). At closure, in-pit
tailing storage facilities will have a surface cap of sufficient thickness to not erode tailings would
be implemented. A similar strategy will be developed for closure of all TSF facilities at Solomon.

Groundwater
Mining of the Firetail and Frederick deposits are entirely above groundwater table, while mining
of the Kings, Queens, Trinity, Zion, and Castle Valley deposits will require below water table
mining. In order to satisfy Condition 2 of EPBC 2010/5567, all mine pits will be backfilled to a
level that prevents the formation of pit lakes following closure of the mine. After the mine pits
have been backfilled, the groundwater level will then recover naturally with rainfall recharge, or
via reinjection of excess water from another mining area. This has been modelled to take up to
20 years, using the long term average rainfall rate. During this time, reinjection for the
supplementation of groundwater-fed pools and any hydraulic barriers would need to remain
operational. Once the groundwater level has recovered in the backfilled area then the
reinjection could cease and the hydraulic barrier fractured so that water can flow through it. The
natural groundwater system would then support the groundwater fed pools without
supplementation.
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The water infrastructure such as bores may have asset value and a new owner or user may
wish to retain them. If the reinjection bores, abstraction bores and monitoring bores become
redundant, they will be grouted up and levelled to surface, and pipelines would be removed.

Final Landforms
Whilst the majority of mine waste will be returned to pit voids as backfill, numerous out of pit
waste dumps will remain following mining. As described in Section 13.7.2 waste rock will be
non-acid forming. As a result, key environmental risks are:


geotechnical stability - slumping or mass failure of the waste dumps or batter slopes.
Potential release or dispersion of material into the surrounding environment



erosion - waste dumps slopes are to be battered to required angle to achieve stable
slope as determined by geotechnical modelling



geochemistry



vegetation failure



surface water management.

The design, construction, management and rehabilitation of external waste dumps will be
undertaken in Fortescue’s relevant procedures and guidelines. As more information and
knowledge is collected for the site through ongoing studies and investigations, these dynamic
procedures and guidelines will be appropriately updated.

Rehabilitation
Rehabilitation will be completed in accordance with Rehabilitation and Revegetation
Management Plan (45-PL-EN-0023) (Appendix 4) and Overburden Management Re-Growth
and Waste Procedure (45-PR-EN-0012). The revegetation program will be designed to
establish local provenance vegetation which provides habitat for native fauna.
Fortescue proposes to monitor natural re-colonisation that will occur as a consequence of seed
contained in the recovered topsoils and seed otherwise naturally transported into the affected
area and where required will employ direct broadcast seeding of provenance species.
The Seed Collection and Management Guidelines (45-GU-EN-0007) provides guidance on the
species to be used in seeding and planting programmes and the timing and methodology of
seed collection.
A list of species is included in the Seed Collection and Management Guidelines 45-GU-EN0007. The list have been obtained from baseline flora and vegetation surveys conducted by
various consultants for Fortescue. It is the general intent that revegetation will involve seeding
with native, local provenance seed from a broad vegetation formation or community
representative of the area that has been rehabilitated. Species lists should also be specific to
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landform topography and nature of the soil or growth medium used on the rehabilitated surface
and should include both species and structural diversity (herbs, grasses – tussock and
hummock, shrubs, trees) with consideration given to keystone species.
Seed collection in the Seed Collection and Management Guidelines 45-GU-EN-0007 collectively
refers to the collection of fruit (with subsequent removal of seed) and collection of seed by itself.
This includes capsules, cones, follicles and pods. The flowering and fruiting of many native
species, such as Acacia, are dependent upon rainfall, which is typically unpredictable across
the Pilbara. Although typically occurring in autumn and spring, it is difficult to assign an ideal
time of year for seed collection due to variability in flowering and fruiting times. Typically,
collection of grass species takes place between February and April and the spring season takes
place from September to November. The following factors should be considered when
organising the seed collecting program:


seed should be collected at a time of year when maximum quantities of viable seed
can be collected



monitor rainfall events and make observations on fruiting maturity during the months
after high rainfall events have occurred in the region



opportunistically collect seed, when available, at other times of the year depending on
seasonal conditions



for Acacia aneura and related species, the principal flowering period occurs most often
from autumn to early spring, and pods with mature seed are mostly found in spring.

Appropriate seeding rates will be determined as an outcome of rehabilitation trials and
subsequent learnings from the Solomon Project area as well as from Fortescue’s other Pilbara
operations.
Fauna habitat re-establishment will be aided through replacement of larger tree material
salvaged during initial site preparation within the rehabilitated areas to encourage recruitment
and repopulation of the revegetated landform by vertebrate and invertebrate species in line with
Overburden Management Re-Growth and Waste Procedure (45-PR-EN-0012).
Monitoring the success of rehabilitation and revegetation will be undertaken in accordance with
Rehabilitation and Revegetation Monitoring Procedure (45-PR-EN-0027).

Unplanned or Unexpected Closure
Fortescue understands that given the long life of the project, future changes in economic
environment may result in unplanned or unexpected permanent closure or suspension of
operations under care and maintenance. As these events may represent an appreciable
environmental risk, the DoE, DMP and EPA require that consideration is given in the MCP to
addressing and mitigating any potential impacts to the environment, and which may result in an
unacceptable liability to the State.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 361

SO-PL-EN-0104

Progressive rehabilitation is the best mechanism to protect against unplanned or unexpected
closure or suspension of operations. Through progressive rehabilitation, the area of land left
open and not rehabilitated to an acceptable agreed standard is kept to a practicable minimum,
reducing the potential liability of the site.

Closure Monitoring and Maintenance
Monitoring of rehabilitated areas will be undertaken in accordance with Fortescue’s
Rehabilitation and Revegetation Monitoring Procedure (45-PR-EN-0027) to determine trajectory
towards reference sites and established completion criteria. Areas should be monitored as soon
as possible, in the appropriate season, following completion of earthworks, spreading of topsoil
and any seeding/planting. Ideally, monitoring should be conducted between April and June each
year to capture vegetation growth and establishment following the summer rainfall in the first
months of the year.
The monitoring methodology involves selecting what parameters to monitor and how frequently.
This will depend on what information the parameter will provides, how sensitive its response, its
correlation with known ecosystem processes and predictability, its ease and cost of
measurement and repeatability or degree of subjectivity.
The choice of monitoring parameters is quite extensive but will typically include:


an assessment of surface and slope stability;



the performance of constructed covers (where installed over mine waste or tailings)



properties of the soil or root zone media (chemistry, fertility and water relations)



plant community structural attributes (such as cover, woody species density and
height)



plant community composition (such as presence of desired species, weeds)



selected indicators of ecosystem functioning (such as soil microbial biomass).

Monitoring may also extend, where required, to surveys of selected fauna groups to assess
their colonisation (including mammals and avifauna) or as bioindicators of broader ecosystem
trends (e.g. ants). Fauna monitoring will be completed as per the Conservation Significant
Fauna Management Plan (100-PL-EN-0022) (Appendix 4) during both operations and postclosure.
Monitoring of Fortescue rehabilitation sites will generally involve transects and/or quadrats and
consist of the following parameters:


species richness



species diversity
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species Composition Percentage cover



overstorey species density and percentage cover



erosion



landscape



function Analysis



vegetation Condition.

The frequency of monitoring may to be increased or decreased depending on the outcomes of
specific areas.
Rehabilitation monitoring data are used to inform the development of completion criteria, to
monitor the progress of rehabilitation towards the reference site values and established
completion criteria, and in turn will be used, on an annual basis, to determine priority areas for
remedial works.
Where rehabilitation progress is deemed below standard, (i.e. has not met completion criteria
requirements or is not in a trajectory towards reference site values), it may be necessary to
reassess the area and conduct remedial actions to mitigate the problem. Some of these
activities may include ripping or re-ripping of existing areas, application of soil treatments or
growth media, seeding with local provenance seed, erosion control works and/or weed
management.
A more detailed description of Fortescue’s rehabilitation monitoring methodology is described in
Fortescue’s Rehabilitation and Revegetation Monitoring Procedure (45-PR-EN-0027).

14.8

Rehabilitation and Revegetation Activities Undertaken to Date

Fortescue has undertaken rehabilitation activities across many of Fortescue sites, including
mine and rail areas. The examples below provide a brief summary of the rehabilitation activities
undertaken and the monitoring data available. Fortescue has best practice mine closure
planning systems and processes that are intrinsic to Fortescue’s EMS. This translates into onground actions as described below. These examples demonstrate that Fortescue is developing
an excellent track record of undertaking progressive rehabilitation across its sites.

Solomon Mine
Fortescue has undertaken 36.4 ha of rehabilitation at Solomon to date (Fortescue, 2015h), with
the majority of works estimated to have taken place in 2012 (reported to DMP in 2012 AER) and
some small areas of re-working done in 2013. The rehabilitated areas include rehabilitated
airstrips, the old Fly Camp; borrow pits for mining areas and linear disturbance such as access
tracks.
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Works have included contouring and deep ripping of rehabilitated borrow pits as per Fortescue’s
Borrow Pit Management Plan (45-PL-EN-0018) (Appendix 4). Specific recommendations
provided for the airstrip rehabilitation included contouring to a <5% relief, respreading of topsoil
stockpiles, deep ripping and seeding.
The rehabilitation monitoring program at Solomon commenced for the first time in 2014, with
monitoring conducted as per Fortescue’s Rehabilitation and Revegetation Monitoring Procedure
(45-PR-EN-0027). Photographic monitoring was undertaken at the smaller rehabilitation areas
and linear infrastructure. Parameters recorded included: vegetation (species richness, diversity,
composition, perennial species percentage cover, density) and landscape function analysis
(stability, nutrient cycling, and infiltration) and erosion.
Overall, compared to control sites, rehabilitation sites had a higher percentage of interpatches,
lower infiltration and stability indices, higher nutrient cycling index, higher species richness and
species evenness with a higher proportion of annuals and lower perennial vegetation cover. The
perennial cover of rehabilitation sites tended to be dominated by shrubs (Acacia spp.), whereas
control sites were generally dominated by hummock grasses (Triodia spp.). Monitoring will take
place annually for the first three years according to the procedure then every two years, and
monitoring data will be used to set completion criteria for Solomon.
Proposed future rehabilitation works and revegetation trials include earthworks at a section of
haul road in Kings, to trial a closure profile of 15 degrees and incorporating a bench berm
structure. Part of the slope may also be used as a site for revegetation trials. There are other
laydown/cleared areas throughout the mine which may be available for rehabilitation in the next
12-18 months.
Rehabilitation of large infrastructure such as waste dumps has not yet commenced as the
existing waste dumps are not sufficiently advanced to enable commencement of rehabilitation.
Figure 86 depicts the progress of the Kings waste dump as reported in the 2014 Compliance
Assessment Report and 2014 Annual Environmental Report.

Figure 86:

View of the Kings Waste Dump Looking South-east (1 February 2015)

Backfilling of Kings pits commenced in July 2015. Approximately 5.34 ha has been backfilled
with approximately 688,000 t of waste rock.
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Rail
Fortescue’s rail network includes the Hamersley Line and Mainline. Approximately 2,489 ha of
rehabilitation have been undertaken, comprising mostly of borrow pits, with the majority of
earthworks done in 2008 and 2012.
Borrow pits were rehabilitated as per Fortescue’s Borrow Pit Management Plan (45-PL-EN0018) (Appendix 4) and Railway Corridor Rehabilitation Management Plan (R-PL-EN-0008)
(Appendix 4), which stipulates that rehabilitation works must stabilise the land surface such that
it is safe, stable, erosion resistant over the long term and where practicable, visually similar to
the surrounding landscape, re-establish self-sustaining vegetation that is compatible with
planned end land uses and minimise adverse effects on the environmental values of the
surrounding area.
Rehabilitation monitoring has been conducted in 2013, consisting of landscape function
analysis, photographic monitoring and carbon dioxide flux monitoring. As part of Fortescue’s
Rehabilitation and Revegetation Monitoring Procedure (45-PR-EN-0027), monitoring took place
at the Hamersley Line in 2014.
Transects were installed on a variety of rehabilitation areas (borrow pits, overburden stockpiles,
laydown areas) and topographies ranging from flats to steep slopes and photographic
monitoring.
Given the high volume of sites, and in order to evaluate the progression of rehabilitation, sites
were compared to each other and to their respective control sites, using the maximum and
minimum values of the control sites to set a ‘control range’. Given the early stage of
rehabilitation for all rehabilitation sites, values below the control range were not considered to
specifically indicate poor rehabilitation. Instead, the control range was used to provide a
reference or benchmark for rehabilitation values. Landscape function indices were typically
lower for rehabilitation than those of the control sites, especially the stability index. Landscape
function indices are likely to improve over time with the growth of vegetation. Patch proportions
(areas which capture vital resources such as water and nutrients) were typically higher on the
control sites were they were formed naturally by vegetation and litter. Patches on rehabilitation
sites were primarily comprised of troughs, formed by ripping of the soil surface. Over time it is
expected that the proportion of troughs on rehabilitation will diminish, and the proportion of
vegetation and litter will increase if vegetation is developing along a desired trajectory.
Vegetation results for rehabilitation areas were varied, with only 20 sites displaying total
perennial cover within the control range, yet 41 sites had total perennial density within the
control range. This indicates that the size of plants was generally smaller on the rehabilitation
sites, but there was a large number of plants and therefore potential for increased cover in the
future. Given that Triodia was the dominant genus on 85% of the control sites, its presence on
rehabilitation sites is considered very important. The majority of rehabilitation sites had some
Triodia present, and 28 transects had Triodia cover within the control site range. Two possible
impediments to successful rehabilitation were recorded in 2014. These included the introduced
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grass species *Cenchrus ciliaris (Buffel grass), and erosion features, comprised of rills (<30 cm
deep) and gullies (≥ 30 cm deep). Four rehabilitation transects were considered to be
performing extremely well, and had eight out of eight measured parameters, including
landscape function analysis and vegetation parameters, within or above the range of the control
sites. Monitoring will take place annually for the first three years according to the procedure then
every two years and monitoring data will be used to set completion criteria where relevant for
Rail.

Christmas Creek Mine
Fortescue has conducted 15.39 ha of rehabilitation at Christmas Creek to date (Fortescue
2015). A laydown area and access track totalling 3.58 ha was rehabilitated in 2014, and a
borrow pit of 2.12 ha was rehabilitated in 2011.
Progressive backfilling of mining voids at Christmas Creek commenced in 2012. In March
2015, Fortescue provided the 2014 Chichester Operations (Christmas Creek and Cloudbreak)
Annual Environmental Report (100-RP-EN-9612) to the Department of State Development and
DMP. Within the report, Fortescue detailed that 404 ha of pit voids have been backfilled and
15 ha of other rehabilitation had been undertaken for a total of 421 ha of rehabilitation at
Christmas Creek.
The borrow pit was rehabilitated as per Fortescue’s Borrow Pit Management Plan (45-PL-EN0018) (Appendix 4). Following contouring, the borrow pit was deep ripped but topsoil spreading
and seeding was not undertaken. The borrow pit was monitored for the first time in 2014 as part
of Fortescue’s rehabilitation monitoring program in accordance with Fortescue’s Rehabilitation
and Revegetation Monitoring Procedure (45-PR-EN-0027) (Appendix 4), with parameters
recorded for:




vegetation
o

species richness

o

diversity

o

composition

o

perennial species percentage cover

o

density

landscape function analysis
o

stability

o

nutrient cycling

o

Infiltration.

No measurements for erosion were taken as no recordable rills and gullies were present.
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Monitoring results show that the rehabilitation is performing well when compared to analogue
sites. Species richness, diversity and composition are all similar to the analogue sites. The
overall cover of native perennials is lower than the analogue sites; due mostly to a lack of
spinifex in the ground cover, but the cover of middle-storey and the density of upper storey
species is comparable to remnant vegetation. The landscape function analysis data shows both
the infiltration and nutrient cycling indices of the rehabilitation site are comparable with the
analogues, but that the stability index is below that of remnant vegetation. This is expected to
improve following further development of perennial ground cover.
The airport topsoil storage and laydown area (2.65 ha) was rehabilitated in July 2014. The area
was contoured and reshaped by a grader in order to encourage natural drainage and prevent
the establishment of ponded water. Topsoil from the existing stockpiles was applied over the
entire disturbance area and spread to a depth of 100 cm. The entire surface was deep ripped to
a depth of 100 cm. Additional grub and log mulch was obtained from an existing topsoil
stockpile within the area and spread over the surface and a pile of rocks previously present
when the area was cleared was retained as habitat.
The area was monitored in late 2014. All landscape function analysis parameters at the
rehabilitation area were lower than the analogue sites, as to be expected for a recently
disturbed area, although the nutrient cycling index was similar to one of the analogues. With
favourable conditions and adequate rainfall, it is anticipated that some vegetation will establish
from the seedbank in the topsoil. It is also expected that some vegetation may establish from
surrounding undisturbed areas with existing native vegetation, such as Acacia ancistrocarpa,
A. maitlandii, Corchorus parviflorus, Tephrosia rosea var. Fortescue Creeks and Triodia
basedowii.
The airport access track area (0.93 ha) was also rehabilitated in July, 2014. The area was
contoured and reshaped by a 980 Loader in order to encourage natural drainage and prevent
the establishment of ponded water. Topsoil/vegetation from a nearby stockpile were delivered to
the area and spread to a depth of 100 cm. The area was deep ripped and some areas of
previously existing native vegetation growth were left in place when rehabilitation earthworks
were undertaken.
Photographic monitoring from two photo points was undertaken at this site in 2014. Fourteen
native species were recorded at this area including Acacia and Senna spp. Minor amounts of
erosion were recorded in the area as well as the presence of kapok bush (*Aerva javanica) and
buffel grass (*Cenchrus ciliaris). Monitoring will take place annually for the first three years
according to the procedure then every two years, and monitoring data will be used to set
completion criteria for Christmas Creek. Remedial actions will be undertaken if the levels of
erosion and weeds compromise the success of the rehabilitation works
Future rehabilitation earthworks are planned for 2015/2016, including Flinders Waste Dump,
and the ANFO clearance area adjacent to the explosives magazine. A revegetation trial to
investigate optimum seeding rates is planned for this area, with a seed mix selected as per
Fortescue’s Seed Collection and Management Guidelines 45-GU-EN-0007.
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Cloudbreak Mine
Extensive planning for Cloudbreak’s rehabilitation programme took place between 2011 and
2013, with targeted geotechnical and geochemical research undertaken for closure landforms to
address safety, stability, appropriate hydrology and visual amenity objectives. Bulk rehabilitation
earthworks and initial profiling commenced in 2013 for three waste dumps (Cocos 2, Green and
Brampton 3) and continued throughout 2014, with final slope profiling, surface water
management structures including drains and growth medium application taking place in 2014.
Physical and chemical characterisation of stockpiled topsoil materials from all three dumps was
undertaken in 2014 to determine the suitability of the material as a rehabilitation resource.
All three waste dumps were rehabilitated with a batter bench structure, with batter slopes
ranging from 14 to 20 degrees and 5 degree backsloping berms. The eastern face of Cocos
Waste Dump (12.3 ha), the entire Green Waste Dump (37.28 ha) and the eastern face of
Brampton 3 Waste Dump (26.26 ha) have been rehabilitated.
The rehabilitation monitoring program at Cloudbreak commenced for the first time in 2014, with
monitoring conducted as per Fortescue’s Rehabilitation and Revegetation Monitoring Procedure
(45-PR-EN-0027), with additional bio-indicator monitoring of ants at selected Mulga analogue
sites to address the specific requirements of the Cloudbreak Revegetation Management Plan
(CB-PL-EN-0026). Other parameters recorded included: vegetation (species richness, diversity,
composition, perennial species percentage cover, density) and landscape function analysis
(stability, nutrient cycling, and infiltration) and erosion.
Landscape function indices for all sites were low in comparison to the control sites and reflected
the soft topsoil and absence of a surface crust, as expected due to the recent disturbance and
young age of the rehabilitation area. The sites have not been seeded and as expected due to
the lack of rainfall, no vegetation was present at the time of monitoring. In terms of landscape
organisation, there was a high proportion of troughs at each rehabilitation transect, formed by
ripping of the soil surface, and these will provide areas for retention and accumulation of
resources, such as water and organic material. Monitoring will take place annually for the first
three years according to the procedure then every two years, and monitoring data will be used
to set completion criteria for Cloudbreak.
Future earthworks are planned for Cocos 3 and Long waste dumps, in 2015-2017, with
revegetation planned using a seed mix to be applied mechanically whilst ripping takes place.
The seed mix has been selected specifically for the Ranges, Hills and Hillslopes broad
vegetation community which is the target community for waste dump rehabilitation at
Cloudbreak.

14.9

Predicted Residual Outcome

Predicted Residual outcomes are discussed in Table 70.
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Table 70:

Summary of Residual Impacts for Rehabilitation and Mine Closure after Mitigation Measures
are Applied

Closure Issue

Management

Predicted Outcome

Rehabilitation of Cleared
Areas

Mine Closure Planning
Progressive Rehabilitation

Altered environments are returned to a
functioning ecosystem
Excessive erosion or dusting is not
observed.

Altered Hydrological
Regimes

Surface Water Management Plan (100PL-EN-1015) (Appendix 4)
Mine Closure Planning
Landform Design including surface
hydrology
Continued hydrological monitoring
during operations and closure.

Creeks, drainage lines, pools or sheet flow
areas downstream of rehabilitated areas
will continue to maintain ecological
function.

Final Landform Backfilled Pit Voids

Waste scheduling
Waste characterisation

Pits will be backfilled to preclude the
formation of pits lakes.
Backfilled material will not have adverse
impact on groundwater quality or
flowthrough.

Poor rehabilitation
practices

Topsoil stripping and storage
Seed collection
Weed management
Feral animal control
Waste characterisation
Landform Design

Resources will be available to ensure
closure activities can be undertaken in
accordance with the mine closure plan.
The rehabilitated areas are not a source of
weeds and feral animals
Rehabilitated landforms do not cause
harmful leachates to seep into the
surrounding environment.
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15.

OFFSETS

Environmental offsets are actions that provide environmental benefits which counterbalance the
significant residual environmental impacts or risks of a proposal. Unlike mitigation actions which
occur on-site as part of the proposal and reduce the direct impact of that project, offsets are
undertaken outside of the proposal area and counterbalance significant residual impacts.
Offsets cannot be applied for residual impacts that are clearly not acceptable. They are
applicable where impacts exist after avoidance, minimisation and mitigation actions have been
undertaken.
This section identifies and quantifies residual impacts, relevant mitigation actions and potential
applicable offsets for residual impacts that are considered significant (EPA 2014c).

15.1

Management Objective

The EPA Objective for Offsets as per EAG 8 is:
To counterbalance any significant residual environmental impacts and/or uncertainty through
the application of offsets

15.2

Guidelines, Policy and Frameworks

Relevant legislation and guidance includes:


Environmental Protection Bulletin No 1 – Environmental Offsets – Biodiversity (EPA,
2014b)



Government of WA 2011 WA Environmental Offsets Policy (Government of Western
Australia, 2014a)



Government of WA 2014 WA Environmental Offsets Guidelines (Government of
Western Australia, 2014b)



WA Environmental Offsets Template.

15.3

Residual Impacts

In general, significant residual impacts include those that affect rare and endangered plants and
animals (such as declared rare flora and threatened species that are protected by statute),
areas within the formal conservation reserve system, important environmental systems and
species that are protected under international agreements (such as Ramsar listed wetlands)
and areas that are already defined as being critically impacted in a cumulative context (EPA,
2014a). Impacts may also be significant if, for example, they could cause plants or animals to
become rare or endangered, or they affect vegetation which provides important ecological
functions.
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Residual Impacts from Clearing
The Proposal will result in the permanent clearing of 12,146 ha of vegetation. It is estimated that
approximately 11,900 ha of good to excellent vegetation will be cleared by this Proposal. This is
in addition to the area remaining to be cleared in accordance with MS 862. The cumulative total
area proposed to be cleared is 13,422 ha. The total clearing proposed is less than 16% of the
good to excellent vegetation present within the Proposal Development Envelopes.

Residual Impacts to MNES
Australian Government policy specifies direct offsets should make up at least 90% of the
required offset package (DSEWPaC, 2012). However, deviation from this 90% will be
considered where it can be demonstrated that there will likely be a greater benefit to the
protected matter through increasing the proportion of indirect offsets or where scientific
uncertainty is so high that it is not possible to determine a direct offset likely to benefit the
protected matter.
Based on the results of desktop studies and previous surveys, eight Threatened species and
nine Migratory species listed under the EPBC Act have the potential to occur within the proposal
and surrounds including:

Threatened species


Northern Quoll (recorded)



Pilbara Leaf-nosed Bat (recorded)



Olive Python (Pilbara subspecies) (recorded)



Night Parrot (unlikely)



Australian Painted Snipe (unlikely)



Greater Bilby (unlikely)



Karkarratul (unlikely)



Hamersley Lepidium (potential).

Migratory species


Eastern Great Egret (recorded)



Fork-tailed Swift (recorded)



Rainbow Bee-eater (recorded)



White-bellied Sea-Eagle (unlikely)
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Barn Swallow (unlikely)



Cattle Egret (unlikely)



Oriental Plover (unlikely)



Oriental Pratincole (unlikely)



Australian Painted Snipe (unlikely).

The project will lead to potential impacts including cumulative disturbance of up to:


3,235 ha Northern Quoll denning and foraging habitat



421 ha of potential Pilbara Leaf-nosed Bat foraging habitat



3,235 ha of Potential Pilbara Olive Python foraging habitat.

15.4

Offsets Template

The offsets template (Table 71) is to be used to determine the significance and extent of
potential impacts of the Proposal. According to the Policy significant residual impacts require an
offset and potentially significant residual impacts may require an offset. Impacts that are not
significant do not require an offset.
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Table 71:

Offsets

Solomon Iron Ore Project – Sustaining Production
Existing Environment/
Impact
Mine development
12,146 ha of native
vegetation

Mitigation
Avoid and
Minimise
Cleared land
used where
possible

Clearing of 6 ha of
Brockman Iron Cracking
Clay PEC

Groundwater abstraction
leads to loss of 130 ha of
potential GDE and 7 ha
GDE.
Groundwater abstraction
impacts on pool levels in
Hamersley Gorge

Loss of up to 28,543
(includes 22,000 Triodia
sp. Millstream individuals)
Priority flora individuals
from 7 different species,
including 46% of the
known populations of
G. karijini.
Disturbance of 2,702 of
Northern Quoll habitat
(denning and foraging)
and a cumulative
disturbance of 3,235 ha
Northern Quoll habitat

Rehabilitation Type

Likely Rehab Success

Progressive
rehabilitation as areas
no longer needed.

Can the environmental values be
rehabilitated/evidence?
Fauna habitat values can be reinstated for Northern
Quoll as they are known to frequent mine sites.
Operator experience in undertaking rehabilitation?
Proponent will use skilled operators to undertake
rehabilitation.
What is the type of vegetation being rehabilitated?
Acacia and/or spinifex tussock grassland
Time lag?
10 – 20 years in areas that will be progressively closed.
Mine life is 35 years and some disturbance will remain
for the entire mine life. Other areas will not be cleared
for 10-20 years.
Credibility of the rehabilitation proposed (evidence of
demonstrated success)
Spinifex grassland difficult to rehabilitate, but studies
and trials will be undertaken to improve success rate.

Extent
12,146 ha
Quality
Degraded to excellent
Conservation Significance
Endangered species
Land Tenure
Crown land
Time Scale
According to the agreed significance
framework, residual impact is
considered to be significant because
impacts on PEC and comprises
clearing of a large area that will remain
un-rehabilitated for up to 40 years.

E. victrix is unlikely to be dependent on groundwater.
Monitoring of groundwater levels will provide early
warning of excess drawdown.

No

Pits will be backfilled
Cannot restore full
ecosystem function in
mined areas.

Water
supplementation
back into upper
creek to
maintain pools
Groundwater
Operating
Strategy
includes trigger
values for
drawdown
impacts
Will be avoided
wherever
possible

Areas will be
avoided where
possible and if
necessary
disturbance will
be kept to as
short a time
period as
possible.

Offset Calculation Methodology
Significant Residual Impact

Habitat values
maintained to reduce
impacts

Type
Strategic
conservation
initiative fund

Risk

Likely offset success

Time Lag

Can the values be
defined and measured?
Yes
Operator
experience/Evidence?
Fund will be allocated
by experienced
personnel

Reduces
threats and
improves
habitat in
short 1-3
year
timeframe

Offset
Quantification
$750 per
hectare

What is the type of
vegetation being
revegetated?
N/A
Is there evidence the
environmental values
can be re-created
(evidence of
demonstrated
success)?
Threats are reduced
and habitat improved

Monitoring of groundwater levels at Hamersley Gorge
and adaptive management of the Southern Borefield
will result in no observed impacts to Hamersley Gorge.

Species will be
included in
rehabilitation mix if
possible

Species are generally widely dispersed with populations
both within and outside the Development Envelopes
with potential impacts on species not likely to be
significant. 54% of the known population of
G. karijini is located outside of the development
envelopes and 0.4% is located in conservation estate.

No

Areas will be
progressively
rehabilitated

Can the environmental values be
rehabilitated/Evidence?
Fauna habitat values can be reinstated for Northern
Quoll as they are known to frequent mine sites.
Operator experience in undertaking rehabilitation?
Proponent will use skilled operators to undertake
rehabilitation.
What is the type of vegetation being rehabilitated?
Acacia and/or spinifex tussock grassland
Time lag?
10 – 20 years in areas that will be progressively closed.
Mine life is 35 years and some disturbance will remain
for the entire mine life. Other areas will not be cleared
for 10-20 years.
Credibility of the rehabilitation proposed (evidence of
demonstrated success)

Extent
3,235 ha
Quality
Variable
Conservation Significance
Endangered species
Land Tenure
Crown land
Time Scale
10-20 years
According to the agreed significance
framework, residual impact is
considered to be significant because is
habitat for significant species.

As above with
contribution to fund
made when
disturbance occurs.

Area contained
within area to
be offset
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Solomon Iron Ore Project – Sustaining Production
Existing Environment/
Impact

Mitigation
Avoid and
Minimise

Rehabilitation Type

Offset Calculation Methodology
Likely Rehab Success

Significant Residual Impact

Type

Risk

Likely offset success

Time Lag

Offset
Quantification

Spinifex grassland difficult to rehabilitate, but studies
and trials will be undertaken to improve success
Disturbance of 327 ha of
Pilbara Leaf-nosed Bat
foraging habitat and a
cumulative disturbance of
421 ha Pilbara Leafnosed Bat habitat

Disturbance of 2,702 ha
of Pilbara Olive Python
habitat (winter shelter,
foraging and dispersal)
and a cumulative
disturbance of 3,235 ha
of Pilbara Olive Python
Habitat.

Extent
452 ha
Quality
Variable
Conservation Significance
Vulnerable species
Land Tenure
Crown land
Time Scale
10-20 years
According to the agreed significance
framework, residual impact is
considered to be significant because is
habitat for significant species.
Extent
3,235 ha
Quality
Variable
Conservation Significance
Vulnerable species

As above with
contribution to fund
made when
disturbance occurs.

Area contained
within area to
be offset.

As above with
contribution to fund
made when
disturbance occurs.

Area contained
within area to
be offset.
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15.5

Draft Environmental Offsets

Direct offsets are difficult to implement in the Pilbara due to the shortage of land available to
purchase for inclusion into the conservation estate. Current examples of environmental offsets
in the Pilbara under the EP Act include:


Northern Star Magnetite Project (5,141 ha) where the offset is $750 per hectare paid
in yearly instalments as clearing occurs using an impact reconciliation procedure.



Buckland Project (Iron Ore Holdings) (2,050 ha) where the offset is $750 per hectare
paid in yearly instalments as clearing occurs using an impact reconciliation procedure.

Current examples of recent environmental offsets in the Pilbara under the EPBC Act include:


Buckland Project (Iron Ore Holdings) with 12.83 ha of Northern Quoll denning habitat
was not a controlled action. (Note, Disturbance for the Solomon Proposal is much
larger and is a controlled action.



Turee Syncline (Hamersley Iron) with disturbance to habitat of Northern Quoll, Pilbara
Leaf-nosed Bat and Olive Python has an offset of $750,000 or $750 per hectare to be
paid into a conservation offset fund within two years of commencement of the action
(DoE 2014).

The conservation offset fund is to be used for reducing threats and improving the chances of
recovery for conservation significant species and communities and would be a suitable offset for
this Proposal. Fortescue recommend a draft offset to the sum of $750 per hectare to be paid
into the conservation offset fund for the permanent loss of vegetation in good to excellent
condition. This will also offset the loss of habitat for MNES species.
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16.

OTHER MATTERS

16.1

Cumulative Impact Assessment

The EPA released Strategic Advice to the Minister for Environment regarding cumulative
impacts of development in the Pilbara IBRA region (EPA, 2014a) in August 2014. This advice
refers to the Pilbara IBRA Region (17,000,000 ha), not the Pilbara Geographic region
(50,200,000 ha).
The Strategic Advice includes 11 recommendations to assist and provide context for impact
assessment in the region. It also discusses a proposed strategic conservation initiative and
recommends strategies and actions for a more strategic approach for protection of biodiversity
in the Pilbara.
The ESD requests discussion of cumulative impacts in the contexts of flora and vegetation and
terrestrial fauna, being the key biodiversity components of this impact assessment. It is
proposed to discuss cumulative impacts with reference to this advice from the EPA. Areas of
impact listed in Table 72.
Table 72:

Context of Projects in the Pilbara Region

Location

Area

% of region

Pilbara IBRA region

17,821,300

100

Mining tenements

16,368,100

91.8

Pastoral leases

10,941,300

62.4

1,131,700

6.3

362,300

2.1

3,659,700

20.4

731,400

4.1

Formal Conservation Reserve
Other DPaW Managed Land

19

Unallocated Crown Land (UCL)

20

Aboriginal Reserve

Currently there is a lack of access to data from other mining operations in the Pilbara region, so
generally the cumulative impact assessment has relied on using comparisons for clearing in
Land Systems and in Beard vegetation types, neither of which provide accurate context for the
environmental values being assessed. However, this does address impacts in a regional
context. Cumulative impacts from this Proposal and the Original Proposal on conservation
significant biodiversity values such as PECs, SREs, Subterranean Fauna and MNES are
addressed in the flora and vegetation, fauna and MNES sections of this PER. Some
biodiversity, because of its very nature cannot be addressed in a cumulative way. This includes
species with a restricted geographical extent, such as subterranean fauna and short range
endemic invertebrate species.

19
20

Includes un-gazetted DPaW managed UCL
Excluding DPaW managed UCL
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Particular values of interest to the EPA include, banded iron formations, rehabilitation of mulga
and spinifex communities, weed management (particularly pastoral species), feral animals,
groundwater drawdown and disposal of surplus dewater to waterways.

Cumulative Impact of the Proposal
The EPA assessed 67 projects in the Pilbara between 2008 and 2012 with a further 14 projects
assessed in 2013 for approximately 122,300 ha of clearing. Proposed additional clearing
includes 69,000 ha of mines and 60,000 ha of linear infrastructure. BHP also adds another
120,000 ha of clearing to this total (EPA, 2014a). This total cumulative clearing of 371,300 ha
comprises of 2% of the Pilbara IBRA region. Given the 50 year timeframe of this disturbance, it
is likely that a significant proportion of this will be rehabilitated during this time. This Proposal
adds 12,146 ha to this total comprising approximately 3% of the total proposed clearing.
In the Hamersley IBRA sub-region, 14.27% of the area falls within formal reserve, the highest
proportion in the Pilbara (EPA, 2014a). With the additional Pastoral areas planned for
conservation to be added into Karijini in 2015, this percentage will be increased to 16%.
Mining for the Proposal will be within CID, BID and DID. These deposits comprise iron that has
been transported in ancient riverbeds, concentrated and consolidated to provide an enriched
source of iron ore. Neither of these rock types is a banded iron formation in the form of those
found in the Mid-west. These deposits provide a habitat rich in subterranean invertebrate fauna,
but in the majority of cases the parts of the formation that are not economic remain unmined,
therefore providing continuing habitat for these invertebrates.
Rehabilitation success in arid environments is difficult to define in the short term and should be
given an end date based on the number of growing seasons (with sufficient rain) rather than
number of years. Rehabilitation trials are planned as part of closure planning with the aim of
determining the most successful methods for the climate and materials. Topsoil storage and
reuse and direct seeding are currently accepted to be the most appropriate rehabilitation
methods and these will be assessed as part of closure management.
Pest control, both plant and animal, is included in the Weed Management Plan
(45-PL-EN-0013) (Fortescue, 2011c) (Appendix 4) and the Conservation Significant Fauna
Management Plan 100-PL-EN-0022 (Fortescue, 2014d) (Appendix 4). Pest control reduces
impacts on biodiversity and Fortescue undertakes site pest control as a part of mine site
management. Pest control is used as part of an offset package.
Groundwater management is a carefully considered part of mine planning. Not only is water
abstraction vital to enable mining below the water table, it is also required for processing, dust
control and potable uses. Water abstraction for the Solomon Mine has been modelled to
determine the environmental impacts and to evaluate whether there will be enough water to
sustain the project in the long term.
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A cumulative impact is defined as one where there is a discrete impact on short range
groundwater extent in widely spaced operations or where impacts of one operator are added to
those of another to cause a greater impact within a defined area. The Solomon operation falls
into the first category, with the only cumulative impact being that of additional abstraction in
areas where pastoral bores are located.
Water abstraction in the Pilbara is over 400 GL/yr with 140 GL discharged to surface systems
(EPA, 2014a). Abstraction for the Proposal comprises of a maximum of 26 GL/yr from external
borefields and approximately 24 GL/yr peak dewatering from mining areas, with a likely
maximum demand of 25 GL/yr. Water at Solomon is a limited resource and it is unlikely that any
will be discharged as an excess commodity. However, water is being selectively supplied to
Kangeenarina Creek to maintain ecological values of the northern pools.
Rio Tinto has an established borefield in the south eastern part of the alluvial aquifer system.
This borefield has been used as the water supply to the township of Tom Price and Tom Price
mine. This borefield will not be impacted by the Proposal.

16.2

Air Quality

This section describes the potential air quality impacts associated with pollutants from the
Proposal along with proposed management and predicted residual impacts.

Management Objective
The EPA objective for Air Quality (EPA, 2013d) is:
To maintain air quality for the protection of the environment and human health and amenity.

Guidelines, Policy and Frameworks
The Mines Safety and Inspection Regulations (1995) include some regulations that relate
specifically to asbestos. Other parts of these Regulations may also have to be considered –
atmospheric contaminants and respiratory protection, hazardous substances and health
surveillance.
The Occupational Safety and Health Regulations 1996 require compliance with:


Code of Practice for the Safe Removal of Asbestos [NOHSC: 2002 (2005)].

The following Guidance Statements are relevant to the impact assessment on Air Quality:


Guidance Statement 3 – Separation Distance between Industrial and Sensitive Land
Uses



Guidance Statement 12 – Minimising Greenhouse Gas Emissions.
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Emissions
Air emissions can affect both environmental receptors and human health if not managed
correctly. Current operations at Solomon produce air emissions in the form of dust, Greenhouse
Gas Emissions and potentially asbestos. The main air emission of concern due to the mining at
Solomon is the dust produced from mining and processing operations.

Asbestos
Baseline monitoring of airborne dust and soil samples with respect to the potential presence of
asbestos fibres was undertaken in the region of the Mine Development Envelope (Heggies,
2010). The decommissioned asbestos mine at Wittenoom Gorge was identified as potential
source of contamination where water and wind erosion has potentially transported fibres to the
Solomon Mine Site. Asbestos fibres were below the detection limit (0.01 fibres/mL) within the
Mine Development Envelope in both the soil and air pump samples.

Dust
Dust may be generated at Solomon during mining mainly by mechanical disturbances such as
blasting, earthmoving and road traffic on unsealed surfaces. In dry, windy conditions, particles
can be lifted from open or disturbed areas, resulting in visible dust emissions. In the
assessment of environmental impacts, dust is more conventionally referred to as ‘particulates’
or ‘airborne particulates’.
Particulate Matter less than 50 micrometres (μm) are referred to as Total Suspended
Particulates (TSP), while finer dust particles less than 10 μm and 2.5 μm in diameter are
referred to as PM10 and PM2.5 respectively. Most airborne particulates likely to originate from the
proposed operations are larger than PM10 and are more associated with nuisance than public
health problems21. The larger particles tend to settle back to the ground within a short range
(less than 300 m) from the source (Heggies, 2010).
The closest sensitive receptor to Solomon is the Hamersley Gorge, 5 km southeast of the
Proposal (Zion mining area).

Greenhouse Gas Emissions
The major greenhouse gas relevant to the Proposal is carbon dioxide produced by the
combustion of diesel fuel. Both carbon dioxide (CO2) and methane (CH4) emissions were
estimated for the Original Proposal. The total greenhouse gas emissions estimated to be
produced by the Original Proposal were 608,536 t‐CO2 ‐e. This proposal is likely to be similar
based on current emission modelling. The emissions for this proposal are likely to be similar
based on a similar sized fleet of diesel vehicles. The calculation of both CO2 and CH4 emissions

21

PM10 refers to particulate matter with an equivalent aerodynamic diameter of 10 µm or less.
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has been conducted for the existing Solomon Project in accordance with the emissions factors
and method given by the National Greenhouse and Energy Reporting (NGER) Technical
Guidelines (2009). Other greenhouse gas emissions, such as perfluorocarbons (CFx), sulphur
hexafluoride (SF6), and nitrous oxide (N2O) are estimated to be negligible emissions.

Potential Impacts
Potential impacts to Air Quality from the Proposal may be caused by:


Asbestos



Dust



Greenhouse Gas Emissions.

Asbestos
The impacts of asbestos contamination can be severe, both for environmental and human
health. Heggies (2010) completed air and soil sampling to evaluate the asbestos risks
associated with mining at Solomon. Both Chrysotile and Crocidolite asbestos materials were
detected from soil samples collected from the Wittenoom town site. However, soil sampling
found no evidence to suggest that asbestos was present at any of the proposed mining areas
within proximity to the suspected contamination source (Heggies, 2010). Sites associated with
the Solomon mine and rail operations revealed asbestos concentrations below laboratory
detection limits (0.01 fibres/L).
While asbestos was not detected within the Solomon mine plan pit shell, Fortescue has
developed a procedure for the safe management of asbestos material known as the Asbestos
Management (45-PR-SA-0024).

Dust
Activities associated with the Proposal which may potentially cause dust emissions are similar
to those of the existing Solomon Project and include:


clearing of vegetation



topsoil stripping and placement



blasting



ground disturbance and mining, including removal of overburden and ore



material stockpiling



vehicle movement



ore processing and transport.

These activities can result in impacts to such as reduction in air quality leading to:
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Safety impacts such as reduced visibility when driving



Health impacts from breathing in dust particles



Nuisance build-up of dust on clothing, vehicles and outdoor areas.

Dust may also interfere with physiological processes of flora and vegetation such as:


photosynthesis



transpiration and respiration.

In extreme cases dust can smother and kill vegetation and lead to increased incidence of plant
pests and diseases.
This vegetation damage can result in degradation of fauna habitat leading to loss or
fragmentation of foraging areas and retreats and may expose fauna to increased risk of
predation. This can restrict the movement of animals within their established foraging and
breeding habitat.
Dust management is currently undertaken at Solomon in accordance with the Fortescue Mine
and Rail Dust Management Plan (45-PL-EN-0030) (Appendix 4) and is sufficient to keep dust
lift-off and hazards to an acceptable limit.

Greenhouse Gas Emissions
Fortescue’s Climate Change and Energy Management Policy (100-PO-GH-0001) includes:


recognising the importance of reducing greenhouse gas emissions and continually
improving energy efficiency



meeting all legislative requirements related to greenhouse gas and energy efficiency



Implementing new technologies where feasible.

Fortescue is committed to an ongoing programme of review and reporting of greenhouse gas
abatement measures. It is anticipated that periodic reviews through the life of the proposed
project will identify opportunities to further reduce greenhouse gas emissions over time.
Potential air pollutant (CO2, NO2, SO2) sources associated with the Proposal are:


emissions due to combustion of diesel in mine equipment



emissions due to combustion of diesel (initially) and gas (ultimately) for generation of
electricity for the Proposal.

Fortescue has developed a Greenhouse Gas Emissions and Energy Reporting Management
Plan (100-PR-GH-0001) (Appendix 4) and has adopted a continuous improvement program to
increase energy efficiencies and reduce greenhouse emissions throughout the lifetime of the
Proposal.
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Management and Mitigation Measures
Asbestos
Fortescue has an Asbestos Management Procedure (45-PR-SA-0024) to assist managers to
minimise human exposure to asbestos fibres in all Fortescue workplaces.
Asbestos only presents as a hazard if respirable fibres become airborne in areas where workers
can inhale them. Asbestos does not spontaneously emit fibres; it has to be actively disturbed
(Asbestos Management 45-PR-SA-0024). If asbestos fibres are detected during regular
monitoring a risk assessment will be undertaken and a Safe Working Instruction (SWI) will be
prepared for all future works and the area will be classified as a “Designated Hazardous Area”
(DHA).
Management controls include:


site alerts if asbestos fibres are detected and the DHA defined



access control to the DHA



covering exposed asbestos material as soon as practicable



decontamination of clothing, vehicles and equipment



the use of PPE, particularly respiratory protection as per AS1716:1991



disposal of contaminated material.

Monitoring will consist of control and/or exposure monitoring and must be in accordance with
the Guidance Note on the Membrane Filter Method for Estimating Airborne Asbestos Fibres 2nd
Edition [NOHSC:3003] with the modification for WA mines, where a respirable fibre is
considered to be greater than 5 μm in length and less than 1 μm wide (instead of 3 μm wide).
Analysis is to be conducted by a NATA accredited laboratory. When a sample result is in
excess of the 10 countable fibres the sample should be sent for fibre identification by Scanning
Electron Microscope (SEM).
These management controls will reduce the risk of incidents involving asbestos.
Dust
Fortescue will manage dust as part of standard controls on construction and mining operations
in accordance with the Mine and Rail Dust Management Plan (45-PL-EN-0030) (Appendix 4) so
that it is not a hazard to the human or natural environment.
The Mine and Rail Dust Management Plan (45-PL-EN-0030) (Appendix 4) identifies specific
management measures to minimise dust generation during construction and operation,
including:
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haulage distances will be minimised through the use of overland conveyors to
transport ore to the OPFs and stockyard storage area



the incorporation of dust control measures into project design



the use of water carts on high traffic areas (e.g. access roads, temporary camps and
laydown areas)



progressive rehabilitation of disturbed areas to minimise potential for dust generation



minimisation of vegetation clearing



optimisation of vehicle movements



daily visual inspections of construction areas to ensure dust control management
measures are implemented and effective



ambient dust monitoring where appropriate.

The commitments contained within the Mine and Rail Dust Management Plan (45-PL-EN-0030)
(Appendix 4) are consistent with the amount of dust expected to be generated at various
locations on the mine sites, and the environmental values to be protected in those areas.
In preparing the Mine and Rail Dust Management Plan (45-PL-EN-0030) (Appendix 4),
Fortescue investigated options for the implementation of water efficient dust management
practices and the use of recycled water, or other alternatives for dust suppression to minimise
water abstraction impacts.
Greenhouse Gas Emissions
Fortescue has developed a Greenhouse Gas Emissions and Energy Reporting Management
Plan (100-PR-GH-0001) (Appendix 4) for the existing Solomon Project which allows for
improved greenhouse and energy efficiency data capture. This document will be updated to
cover the potential increases in emissions resulting from the Proposal.

Predicted Residual Outcome
Asbestos
It is possible that naturally occurring asbestos may be encountered during construction and
operations at the Solomon Mine. This may be present in seams in the pit walls or may blow in
from other naturally occurring sources. The risks of impacts due to asbestos will be managed
through the actions and procedures outlined in the Asbestos Management Procedure (45-PRSA-0024). It is expected that these management measures will decrease the risk of asbestos
fibres becoming airborne and resulting in a health hazard.

Dust
Dispersion modelling completed for the project indicates that the concentrations and deposition
rates of all pollutants are predicted to not exceed the Proposal specific assessment criteria at
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the identified sensitive receptor locations (Heggies, 2010). Dust mitigation measures, along with
routine deposition monitoring will enable dust performance to be continually assessed and
management refined where necessary. Dust emissions are not expected to be a significant
impact of the proposed expansion.

Greenhouse Gas Emissions
Fortescue is committed to an ongoing programme of review and reporting of greenhouse gas
abatement measures. It is anticipated that periodic reviews through the life of the proposed
project will identify opportunities to further reduce greenhouse gas emissions over time.

16.3

Amenity

This section describes the potential impacts on visual amenity associated with the Proposal
along with the proposed management and predicted outcomes.

Management Objective
The EPA objective for Amenity (EPA, 2013d) is:
To ensure that impacts on amenity are reduced as reasonably practicable.

Guidelines, Policy and Frameworks
The following Guidelines are relevant to the impact assessment on Amenity:


Environmental Assessment Guideline 13 – Consideration of environmental impacts
from noise



Guidance Statement 3 – Separation Distance between Industrial and Sensitive Land
Uses

Visual Impact
A Visual Impact Assessment (VIA) was completed for the original Solomon Project in April
2010, in accordance with the Visual Landscape Planning Manual (DPI, 2007). The VIA used
viewshed analysis to determine areas potentially visible from locations accessible to the public,
such as public roads and lookouts. Further analysis of potential visual impacts were assessed
using photo montage analysis which provided 3D images of the proposed infrastructure laid
over panoramic photographs. A new VIA has not been completed for this Proposal, because it
is expected that impact on amenity due to the expansion will be similar to that of the original
project.
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Potential Impacts
The visual impact assessment revealed that there are a variety of aspects which may impact on
visual amenity. These include:


Clearing of vegetation



Topsoil stripping and placement



TSFs and waste dumps



Excavation and removal of ore and associated dust lift off



Blasting noise and dust



Physical presence of infrastructure.

Viewshed analysis and 3D modelling completed as part of the VIA indicate that the Firetail
mining area is likely to be hidden from view and will not be visible from any identified key view
locations due to screening from topography (Ecoscape, 2010g).
The proposed Kings mine was expected to be partially visible from three key view locations
within the open flats along Nanutarra‐Wittenoom Road. The visual impact from these viewpoints
was considered to involve a localised, subtle change in the distant ridgeline and a change in
colour from vegetation to exposed rock (Ecoscape, 2010g).
The Hamersley Line is visible from several locations including key views within the Chichester
Range and open flats of the Fortescue Plain. The borrow pits planned along the rail line will not
be visible from public viewpoints. Photo montages for key views indicate that proposed
infrastructure will blend with the surrounding landscape and will not dominate views from key
views within the surrounding landscape (Ecoscape, 2010g).

Management and Mitigation Measures
Fortescue has implemented the following management measures in order to minimise potential
impacts on visual amenity associated with the proposed mines and associated infrastructure:


the siting and design of all elements of the project have considered both visual impacts
and mine closure



clearing has been minimised as far as practicable



cleared and mined areas will be progressively rehabilitated with local native plant
species as they are no longer required



all supporting mine infrastructure will be removed following mine closure and
decommissioning.
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Predicted Residual Outcome
The potential visual impacts associated with the project are expected to be limited to ‘blending’
within the landscape (Ecoscape, 2010g).
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17.

SOCIAL ENVIRONMENT

This section describes the potential impacts, proposed management and predicted outcomes
associated with indigenous heritage and the social environment that have been identified within
the Proposal area.

17.1

Regional Setting

The Pilbara region in which the Proposal area is situated is divided into four local government
authorities. The majority of the Proposal area lies within the Shire of Ashburton local
government area. The eastern extent of the existing rail line lies partially within the Shire of East
Pilbara and the Town of Port Hedland. The major town sites located within the region include
Port Hedland, Karratha, Onslow, Newman, Tom Price and Marble Bar. There are also a large
number of Aboriginal communities present in the region.
The main industries in the area are mining, construction and export with the resources sector
being the key industry within the region (Pilbara Development Commission, 2014). Other
industries include cattle farming, fishing, aquaculture and tourism.
The Proposal is located between Millstream Water Reserve Priority 2 Drinking Water Source
Area to the west and Karijini National Park to the east.
Two areas adjacent to the Proposal area have recently become pastoral station exclusion
areas:


former Mt Florance Pastoral Lease area



former Hamersley Pastoral Lease area.

Additionally, Hamersley Station has also recently entered into an agreement with DPaW for a
portion of the station to be become a Joint Management of Lands in accordance with the
Conservation and Land Management Act 1984.

17.2

Historical and Existing Land Uses

Exploration and Mining
The region’s economy is dominated by the mining and petroleum industry. Approximately 95%
of Australia’s iron ore exports originate in the Pilbara as well as 70% of Australia’s natural gas.
The natural gas reserves are located offshore in the Carnarvon Basin and servicing and
processing occurs onshore from the Pilbara. These industries continue to grow in the region
(Pilbara Development Commission, 2014).
Pastoralism commenced in the 1860s when various European settlers, notably Walter Padbury,
John Wellard and John and Emma Withnell, began arriving with livestock and supplies to
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establish sheep stations on the De Grey River. Pastoralism dominated the Pilbara’s economy
for the next 100 years and continues to provide employment in the region.

Recreation and Tourism
The natural environment of the Pilbara region provides the basis for outdoor tourism activities
including camping, boating and fishing (Pilbara Development Commission, 2014). These land
uses are primarily associated with the natural areas within the region such as Karijini located
adjacent to the Proposal area to the southeast.

17.3

Native Title and Aboriginal Heritage

As discussed in Section 5.3.1, the Proposal is located within the Eastern Guruma and Banjima
Native Title Determination areas and the Yindjibarndi #1, Native Title Registered Claim area.
Fortescue has signed an LAA (Land Access Agreement) with the Eastern Guruma people,
which include comprehensive provisions regarding cultural heritage management. Fortescue
signed an LAA with Wintawari Guruma Aboriginal Corporation, Eastern Guruma’s Prescribed
Body Corporate’ on 15 December 2009, which facilitates Fortescue’s exploration and mining
activities within the Native Title Determination area. Fortescue meets with and consults regularly
with the Traditional Owners over all aspects relating to the identification, protection and
management of their cultural heritage, consistent with Heritage Legislation and the Cultural
Heritage Principles agreed between Fortescue and the Traditional Owners as set out in the
LAA.
Fortescue does not have a signed Land Access Agreement with the Yindjibarndi People.
Fortescue does however carry out regular heritage surveys with the Yindjibarndi People which
allows Fortescue to facilitate exploration and Mining activities within the Native Title Claim area.
Fortescue meets with and consults regularly with the Yindjibarndi Traditional Owners over all
aspects relating to the identification, protection and management of their cultural heritage,
consistent with Heritage Legislation and industry standard Cultural Heritage Principles.
Fortescue signed a Land Access Agreement (LAA) with the Martu Idja Banyjima people on the
2 December 2005, which facilitates Fortescue’s exploration and mining activities within the
Native Title Determination area. Fortescue also engages in regular consultation with the Martu
Idja Banyjima People, to ensure traditional owners remain informed about the progress of
Fortescue projects. This ensures that, under DAA Cultural Heritage Due Diligence Guidelines,
all Fortescue works are conducted consistent with Heritage Legislation and industry standard
Cultural Heritage Principles.
Fortescue signed a Land Access Agreement with the Kariyarra People in October 2005. The
Kariyarra LAA facilitates Fortescue’s exploration and mining activities within the Native Title
Determination area and contains comprehensive provisions for the protection of cultural
heritage. Fortescue meets and consults regularly with the Kariyarra People over all aspects of
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the identification, protection and management of their cultural heritage, and complies with the
applicable Aboriginal heritage legislation.

17.4

Non-Indigenous Heritage

The Proposal area is situated within close proximity to a site previously registered on the
Register of the National Estate for its natural heritage values before the Register was closed in
2007. This site is not currently listed on the National Heritage List. The site was originally
recorded as Hamersley Range National Park, and is now known as Karijini National Park, which
is located immediately to the southeast of the proposed development footprint.
The Proposal’s Development Envelopes are approximately 100 m from the boundary of this
heritage site. The Proposal is not expected to have any significant impacts on the heritage
values of this site. Given the close proximity of the existing and proposed disturbance footprint
to Karijini, management controls will continue to be implemented to ensure that the natural
heritage values of the site are not impacted by the Proposal.

17.5

Management Objective

The EPA objective for Heritage (EPA, 2013d) is:
To ensure that historical and cultural associations are not adversely affected.

17.6

Guidelines, Policy and Frameworks

The following Guidelines are relevant to the impact assessment on


17.7

Guidance Statement 41 – Assessment of Aboriginal Heritage

Potential Impacts
Indigenous Heritage

Archaeological and ethnographic heritage surveys completed for the Solomon Project to date
have identified a large number of sites within the Solomon area. Approximately 700 heritage
sites have been identified since the commencement of heritage surveys in 2005.
Results of these surveys are submitted to the DAA as final archaeological reports are received
from the archaeologists and anthropologists. Of these sites, the majority are classified as
artefact scatters or rock shelters. Also present are ethnographic sites, stone arrangements,
walled niche’s, engravings, grinding patches, scarred trees and occasional burials.

Public Environmental Review – Solomon Iron Ore Project – Sustaining Production

Page 391

SO-RP-EN-0104

The key environmental aspects of the Proposal which may impact on aboriginal heritage
include:


clearing of vegetation



loss or destruction of heritage sites through direct impacts such as ground disturbance



off ‐road driving



increased local population associated with mine construction or operations workforce



increased risk of fire which may result in damage or loss of heritage sites.

Archaeological and ethnographic heritage surveys for the original project have identified a large
number of heritage sites within the wider Solomon area, a number of which occur within the
Proposal’s Development Envelopes. It is likely that some heritage sites located within the
proposed mine footprint will be impacted by mining operations. Where possible, Fortescue will
endeavour to minimise potential impacts on heritage sites through avoidance and/or
management.
The rail corridor has been aligned to minimise potential impacts on heritage sites, with
significant adjustments to the rail corridor adopted to avoid heritage sites where possible.
Disturbance in the rail corridor for the Proposal is restricted to borrow pits for rail maintenance.

Karijini National Park
Karijini is located adjacent to the southeast extent of the Mine Development Envelope
separated by Nanutarra-Wittenoom Road. The Southern Borefield model has predicted an
unmitigated drawdown of approximately 1 m after 30 years of dewatering at Hamersley Gorge.
As discussed in Section 12.8.2, Fortescue is committed to not impacting water levels in
Hamersley Gorge and monitoring bores will be installed to ensure the drawdown from the
borefield doesn’t reach Hamersley Gorge. The monitoring bores will be located at selected sites
between the borefield and Hamersley Gorge. These sites will be located outside of Karijini
National Park. A three tier trigger level approach is proposed to be developed and management
and mitigation measures will be assigned to this.
There will be no direct impacts on the environmental values of the National Park as a result of
the Proposal. Situated upstream from the Proposal it is not anticipated that altered hydrology,
changes in water quality and water drawdown will have any adverse impacts on the national
park.

Former Mt Florance Pastoral Lease
A portion of Mt Florance Station has been excised from the Pastoral Lease for inclusion into
Karijini National Park in 2015. The northern boundary of this excised area was set to the
alignment of the Nanutarra Road. The alignment of this road has since been moved to
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accommodate the Hamersley Line, but the excised area still follows the original alignment
(Figure 87). The rail and associated infrastructure are already located on this excised portion
and will require ongoing access and maintenance, including the excavation of borrow pits. The
current footprint for the rail infrastructure is 107 ha and the impacts in these areas for rail
maintenance will be minor and related to the access and maintenance of the existing
infrastructure.
The Lower Borefield main trunkline is proposed to be located within the Rail Corridor
Development Envelope. The pipeline will require 35 ha of clearing on the northern side of the
rail within the former Mt Florance Pastoral Lease.
To minimise impacts on Mt Florance Pastoral Station, Fortescue is proposing to locate the
abstraction bores as close to Rail Corridor as practicable. The modelled drawdown contours are
shown in Figure 87. The contours are bounded by the bedrock in the Hamersley Ranges. The
bore locations are indicative and the final locations will be developed in consultation with
relevant stakeholders.

Hamersley Station Pastoral Lease
The portion of Hamersley Station that has been excised for conservation and inclusion into
Karijini National Park lies approximately 5 km to the south and east of the existing Solomon
Mine and Southern Borefield. The Mine Development Envelope’s is within approximately 2 km
of this area where the boundary abuts Nanutarra Road and includes the access road into the
mine from Nanutarra Road. After 30 years of abstraction from the Southern Borefield, the
groundwater model predicts an unmitigated drawdown that potentially reaches
1 m in the vicinity of the area proposed for conservation. The drawdown however is likely to be
mitigated by the management strategies proposed to avoid impacts to Hamersley Gorge.
Additionally, there is no groundwater dependent vegetation in this area and therefore, it is likely
that there will be no new impacts in this area.
Hamersley Station has also recently entered into an agreement with DPaW for a portion of the
station to be become a Joint Management of Lands in accordance with the Conservation and
Land Management Act 1984. This area overlays the existing Southern Borefield, the Solomon
Airstrip, part of the camp and a small portion of the proposed Castle Valley mining area.
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Millstream Water Reserve
The western portion of the Solomon Mine footprint is situated on the edge of the Priority 2
PDWSA (Figure 54). Fortescue is proposing a valley fill TSF (Queens TSF) and in-pit tailings
storage on the edge of the water reserve. According to the Water Quality Protection Note on
Land Use Compatibility in PDWSAs, mining is compatible (with conditions) in P2 areas
(Department of Environment, 2004) and TSFs are acceptable with DoW approval.
Geochemical testing has confirmed that the deposited tailings and supernatant water are
geochemically benign. Also the permeability of the deposited tailings is very low and will likely
act as a barrier to seepage flow. As a result of the design of the TSF and properties of the
tailings, seepage volumes will be low and will not contain any potential contaminants (refer to
Section 13.7.2).

17.8

Proposed Management

Disturbance to sites of archaeological or ethnographic significance will be planned and
managed in consultation with Traditional Owners and the DAA as detailed in the Fortescue
Guideline for the Management of Aboriginal Cultural Heritage (45-PL-HE-0002).
Fortescue will continue to consult with the relevant Native Title Groups and obtain approval
under Section 18 of the Aboriginal Heritage Act 1972 as required, prior to the disturbance of any
heritage sites. Heritage Sites will be managed in accordance with the Management of Aboriginal
Cultural Heritage, Fortescue Project Areas, Revision 2 (100-GU-HE-0003).
Fortescue also uses key heritage principles outlined in the existing LAAs for all exploration and
expansion work yet to be finalised with the Traditional Owners, including work in the Solomon
Project area. In addition, Fortescue regularly consults with the Traditional Owners for matters
relating to the protection and management of cultural heritage sites, as well as establishing staff
training and education on Aboriginal heritage and cultural awareness.
Proposed management for the Southern Borefield is discussed in Section 12.8.2.
Proposed management for the tailings proposed to be stored in the Millstream Water Reserve is
discussed in Section 13.8.2 and 13.8.3.

17.9

Predicted Residual Outcome

Fortescue is committed to minimising impacts on Aboriginal heritage sites in all of its project
areas which includes wherever possible, avoidance of impacts on Aboriginal heritage sites with
a high level of significance to Traditional Owners.
It is anticipated that the majority of identified Aboriginal heritage sites within the Proposal
disturbance footprint will be impacted during project development and its operation, however
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every effort will be made to adjust the mine plans which may include re‐alignment and/or re‐
location of rail and supporting infrastructure to avoid impacting significant Aboriginal heritage
sites. For any site that must be impacted, artefactual material contained within those sites will
be removed in accordance with the wishes of the Traditional Owners prior to ground
disturbance. It is anticipated that sites outside the footprint and adjacent to the rail corridor will
remain unaffected due to the implementation of comprehensive heritage management
processes contained within the LAAs between Fortescue and the Native Title groups.
Fortescue will comply with the Aboriginal Heritage Act 1972 and approval conditions set by the
Minister of Aboriginal Affairs at all times during construction and operation of the Proposal.
Management for the Southern Borefield is detailed in Section 12.8.2. Fortescue is committed to
ensuring water levels in Hamersley Gorge do not decline as a result of Fortescue’s Solomon
mining operations.
The proposal is not expected to impact the groundwater quality in the Millstream Water
Reserve. There is only a very low risk that the seepage from the TSF will reach the Wittenoom
Dolomite and even if it does, the tailings are geochemically benign and therefore will not impact
the water quality of the reserve.

SECTION 18
Environmental Management And Controls
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18.

ENVIRONMENTAL MANAGEMENT AND CONTROLS

18.1

Environmental Management System

The mitigation and management measures detailed in this document will be implemented
through the life of the Proposal to ensure potential environmental impacts are minimised. These
measures will be implemented via Fortescue’s Environmental Management System (EMS)
which is guided by Fortescue’s Environmental Policy.
Fortescue’s Environment Policy communicates the following:


Fortescue respects the need to protect the environment in which it operates,
demonstrating a proud history of environmental engagement to minimise, mitigate and
remediate the impacts of its operations.



Fortescue strives to achieve effective and sustainable environmental outcomes through
disciplined environmental management. This includes the consideration of innovative
environmental management techniques in project development, operations and
rehabilitation.



Compliance with all relevant environmental laws and obligations is the minimum
standard to which Fortescue operates and the minimum requirement against which
environmental performance is measured.



The protection of the environment is a cornerstone of Fortescue’s success and
sustainability. This success benefits not just Fortescue but its families, communities
and future generations.

Fortescue’s EMS is broadly based on ISO 14001 – Environmental Management Systems –
Requirements for guidance and use. Under Fortescue’s EMS:


Environmental risks are identified, analysed and evaluated, and controls established.



Responsibility for meeting environmental objectives, targets and obligations, and the
implementation of controls are clearly communicated.



Regular checks are undertaken to determine whether environmental objectives,
targets, obligations and controls are being met.



Environmental performance is monitored and reviewed to ensure continuous
improvement.

18.2

Environmental Management Plans

Management plans are a critical component of Fortescue’s EMS. Their hierarchy within
Fortescue EMS is depicted in Figure 88.
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Figure 88:

EMS Document Hierarchy

The potential impacts of the Proposal and the proposed management measures and
performance standards are detailed in Sections 8 – 17 of this document. Management
measures are primarily based on the implementation existing management plans and
procedures. Management plans that will be implemented to mitigate and manage the potential
impacts are discussed in Sections 8 – 17 and include the following:


Acid and or Metalliferous Drainage Management (100-PL-EN-1016) (Fortescue, 2014)
(Appendix 4)



Borrow Pit Management Plan 45-PLEN- 0018 (Fortescue, 2009) (Appendix 4)



Chemical and Hydrocarbon Management Plan (100-PL-EN-0011) (Fortescue, 2011a)
(Appendix 4)



Conservation Significant Fauna Management Plan (100-PL-EN-0022) (Fortescue,
2014d) (Appendix 4)



Greenhouse Gas Emissions and Energy Reporting Management Plan (100-PR-GH0001) (Appendix 4)



Groundwater Management Plan (100-PL-EN-1009) (Fortescue, 2013c)
Appendix 4)



Mine and Rail Dust Management Plan (45-PL-EN-0030) (Fortescue, 2011e)
(Appendix 4)
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Port and Rail Noise Management Plan (45-PL-EN-0021) (Fortescue, 2011)
(Appendix 4)



Rail Corridor Rehab Management Plan (R-PL-EN-0008) (Fortescue, 2009a)
(Appendix 4)



Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) (Fortescue,
2013e) (Appendix 4)



Significant Flora and Vegetation Management Plan (45-PL-EN-0017) (Fortescue,
2012a) (Appendix 4)



Solomon Rail Project Mulga Management Plan (SO-PL-EN-0001) (Fortescue, 2010b)
(Appendix 4)



Southern Borefield TEC_PEC Management and Monitoring Plan - Construction (SOPL-EN-0010) (Fortescue, 2013f) (Appendix 4)



Southern Borefield TEC_PEC Management and Monitoring Plan - Operation (SO-PLEN-0011) (Fortescue, 2014a) (Appendix 4)



Surface Water Management Plan (00-PL-EN-1015) (Fortescue, 2012b)
(Appendix 4)



Waste Management Plan, (45-PL-EN-0014) (Fortescue, 2011d) (Appendix 4)



Weed Management Plan (45-PL-EN-0013) (Fortescue, 2011c) (Appendix 4).

These management plans may be amended to incorporate conditions of approval, if granted.
Management strategies as described within this document and within Fortescue’s management
plans can be adapted in response to the outcomes of ongoing stakeholder consultation,
changes in government policy, developments to regional management strategies and outcomes
of Fortescue’s ongoing monitoring programs.

18.3

Environmental Monitoring

Environmental monitoring will be undertaken during the implementation of this Proposal as
required by Fortescue’s management plans and approvals. Fortescue’s environmental
guidelines and site specific procedures will provide the specific details of monitoring
requirements including the following:


parameters to be monitored



frequency and timing



review and evaluation.
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18.4

EPA Environmental Principles

Table 73 describes how the Principles of Environmental Protection have been addressed in this
Proposal.
Table 73:

Principles of Environmental Protection

Principle

Consideration given in this Proposal

Precautionary Principle

Fortescue maintains an environmental management
system (EMS) that addresses activities with a potential to
affect the environment. A key element of the EMS
includes assessing risk to identify potential impacts early
in the process to enable planning for avoidance and/or
mitigation.

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 the application of the precautionary principle,
decisions should be guided by:
(i)

(ii)

Careful evaluation to avoid, where practicable,
serious or irreversible damage to the
environment.
An assessment of the risk‐weighted
consequences of various options.

Fortescue has conducted scientific studies to understand
the project area and the potential risks to the
environment.
The proposal has sought to avoid, minimise and mitigate
environmental impacts.
Fortescue acknowledges the sensitivity of the Fortescue
Valley and is proposing to monitor impacts to avoid and
minimise environmental degradation.
The environmental risks associated with the Proposal
have been assessed.

Intergenerational Equity
The present generation should ensure that the health,
diversity and productivity of the environment is
maintained or enhanced for the benefit of future
generations.
Conservation of biological diversity and ecological
integrity
Conservation of biological diversity and ecological
integrity should be a fundamental consideration.

Improved valuation, pricing and incentive
mechanisms
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 or abatement.
The users of goods and services should pay prices
based on the full life cycle costs of providing goods
and services, including the use of natural resources
and assets and the ultimate disposal of any wastes.

The Fortescue proposal meets the principle of
intergenerational equity by ensuring the health of the
environmental values, maintaining ecological functions
for future generations, whilst minimising any impacts on
the environment.
The conservation of biological diversity and ecological
integrity was a fundamental consideration in the
assessment of this proposal. Clearing has been avoided
or minimised wherever possible and infrastructure sited
away from ecologically significant areas, wherever
possible.
Fortescue acknowledges the need for improved
valuation, pricing and incentive mechanisms and
endeavours to pursue these principles when practicable.
For example:


environmental factors have played a role in
determining infrastructure locations.



procedures are in place to ensure that emissions
and discharges are minimised as far as practicable.



the cost of rehabilitation and closure has been
incorporated into the costs of the product from the
commencement of operation.

Environmental goals, having been established, should
be pursued in the most cost‐effective way, by
establishing incentives structures, including market
mechanisms, which enable those best placed to
maximise benefits and/or minimise costs to develop
their own solutions and responses to environmental
problems.
Waste minimisation

Waste management is addressed in construction and
operations management.
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Principle

Consideration given in this Proposal

All reasonable and practicable measures should be
taken to minimise the generation of waste and its
discharge into the environment.

Fortescue’s approach to waste management, in order of
priority is:




avoid and reduce at source
reuse and recycle
treat and/or dispose.
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