
Plan 

 
 

 
 
Christmas Creek Water 
Management Scheme 

Stakeholder Consultation Reinjection 
Management Plan 

8/11/2011 
CC-PL-EN-0006 





Christmas Creek Water Management Scheme – Stakeholder Consultation 
Reinjection Management Plan  

Page 2 of 36 

CC-PL-EN-0006_Rev 0  

 

 

TABLE OF CONTENTS 

1.  INTRODUCTION ............................................................................................................... 4 

2.  STAKEHOLDER CONSULTATION REINJECTION MANAGEMENT PLAN .................. 6 

2.1  Compliance with Condition 10 ........................................................................... 6 

2.2  Stakeholder Consultation ................................................................................... 7 

2.3  Anticipated Reinjection Regime and Impacts ................................................... 7 

2.4  Agreed Monitoring, Trigger Levels and Management Actions ........................ 8 

2.5  Public Availability of the SCRMP ....................................................................... 9 

2.6  Conclusion ........................................................................................................... 9 



Christmas Creek Water Management Scheme – Stakeholder Consultation 
Reinjection Management Plan  

Page 3 of 36 

CC-PL-EN-0006_Rev 0  

 

 

List of Tables 

 

Table 1:  How Fortescue has addressed Condition 10 ............................................... 6 

Table 2:  Fortescue Monitoring Bores .......................................................................... 9 

 

 

LIST OF APPENDICES  
 

Appendix 1: Meeting minutes 

Appendix 2: Review of SCRMP by RHIO 

 

  



Christmas Creek Water Management Scheme – Stakeholder Consultation 
Reinjection Management Plan  

Page 4 of 36 

CC-PL-EN-0006_Rev 0  

 

 

1. INTRODUCTION 

Fortescue Metals Group Limited (ACN 002594872) (Fortescue) is developing the Pilbara Iron Ore 

and Infrastructure Project, which involves a series of iron ore mines in the Chichester Range area 

of the Pilbara region of Western Australia, and associated rail and port infrastructure for export of 

iron ore through Port Hedland.   

The Christmas Creek mine site was approved by the Minister for the Environment on 16 December 

2005 with the release of Ministerial Statement 707.  Mining of iron ore at Christmas Creek 

commenced in 2008 and is ongoing.  To date, the majority of mining at Christmas Creek has been 

undertaken above the water table. 

The Christmas Creek Water Management Scheme (the project) involves increasing the amount of 

mine dewatering and injection of abstracted groundwater within the Christmas Creek project area 

to allow mining of iron ore to continue below the water table. 

Fortescue submitted an application to the Environmental Protection Authority (EPA) under Section 

38 of the Environmental Protection Act 1986 for the project.  An Assessment on Proponent 

Information (API) level of assessment was set and the EPA assessed the API Environmental 

Review document in May 2011.  Ministerial Statement 871 was issued for the project on 1 August 

2011.  Condition 10 of Ministerial Statement 871 requires that: 

10-1 The proponent shall manage the reinjection of surplus water to ensure that it does 

not cause a significant increase in dewatering requirement at other non-proponent 

approved mining operations. 

10-2  To verify that the requirements of condition 10-1 are being met the proponent shall 

prepare a Stakeholder Consultation Reinjection Management Plan, to the 

satisfaction of the Chief Executive Officer of the Office of the Environmental 

Protection Authority prior to groundwater injection into the eastern brackish injection 

zone, as delineated by Australian Map Grid co-ordinates provided in Table 2 of 

Schedule 4, that includes the following: 

1. potential issues resulting from the reinjection of the surplus water on other 
non-proponent mining operations, in consultation with the proponent of those 
affected mines, and proposed outcomes to ensure compliance with condition 
10-1; 

2. strategies, including trigger values, to address the potential issues and 
achieve the outcomes identified in condition 10-2(1) in consultation with the 
proponent of any potentially affected mines; 

3. detailed monitoring program to demonstrate that condition 10-2(2) is being 
met; and 

4. specific management and contingency actions. 
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10-3  The monitoring as required by condition 10-2(3) is to be carried out until such time 

as the Chief Executive Officer of the Office of the Environmental Protection 

Authority determines that monitoring may cease. 

10-4  In the event that monitoring required by condition 10-2(3) indicates an exceedance 

of trigger levels defined by condition 10-2(2): 

1. the proponent shall report such findings to Chief Executive Officer of the Office 
of the Environmental Protection Authority within 7 days of the exceedance 
being identified; 

2. the proponent shall provide evidence which allows determination of the cause 
of the exceedance within 21 days of the exceedances being identified; 

3. if determined by the Chief Executive Officer of the Office of the Environmental 
Protection Authority to be the result of activities undertaken in implementing 
the proposal, the proponent shall submit actions to be taken to address the 
exceedance within 21 days of the determination being made to the Chief 
Executive Officer of the Office of the Environmental Protection Authority; and 

4. the proponent shall implement actions to address the exceedance upon 
approval of the Chief Executive Officer of the Office of the Environmental 
Protection Authority and shall continue until such time the Chief Executive 
Officer of the Office of the Environmental Protection Authority determines that 
the remedial actions may cease. 

10-5  The proponent shall implement the Stakeholder Consultation Reinjection 

Management Plan required by condition 10-2. 

10-6  The proponent shall make the Stakeholder Consultation Reinjection Management 

Plan required by condition 10-2 publically available in a manner approved by the 

Chief Executive Officer of the Office of the Environmental Protection Authority. 

This Stakeholder Consultation Reinjection Management Plan (SCRMP) has been prepared to meet 

the above requirements of Condition 10.  
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2. STAKEHOLDER CONSULTATION REINJECTION MANAGEMENT 
PLAN 

2.1 Compliance with Condition 10 

Table 1 summarises how the SCRMP addresses the various components of Condition 10. 

Table 1: How Fortescue has addressed Condition 10 

Condition How Plan Addresses Condition 

10-1 The SCRMP has been prepared via extensive consultation with the proponent of the only 
current non-Fortescue mining operation that may be impacted by the reinjection of surplus water 
in the project’s eastern brackish reinjection zone – i.e. Roy Hill Iron Ore Pty Ltd (RHIO). In 
implementing the SCRMP, Fortescue shall manage the reinjection of surplus water to ensure 
that it does not cause a significant increase in dewatering requirement at RHIO’s Roy Hill Iron 
Ore Project, which is immediately east of the project area. 

10-2(1) Potential issues resulting from the reinjection of the surplus water have been discussed with 
RHIO.  Reinjection of groundwater within the eastern brackish reinjection zone, given anticipated 
volumes and timing, will not cause a significant increase in RHIO’s dewatering requirements 
(refer to Section 2.3). 

10-2(2) Monitoring strategies, trigger levels and management and contingency actions have been 
agreed with RHIO (refer to Section 2.4). 

10-2(3) A detailed monitoring program has been agreed with RHIO (refer to Section 2.4). 

10-2(4) Management and contingency actions have been agreed with RHIO (refer to Section 2.4). 

10-3 Fortescue will carry out the monitoring as required by condition 10-2(3) until such time as the 
Chief Executive Officer of the Office of the EPA determines that monitoring may cease. 

10-4(1) 
10-4(2) 
10-4(3) 
10-4(4) 

In the event that monitoring required by condition 10-2(3) indicates an exceedance of trigger 
levels defined by condition 10-2(2), Fortescue shall report such findings to Chief Executive 
Officer of the Office of the EPA within 7 days of the exceedance being identified. Fortescue shall 
also provide evidence which allows determination of the cause of the exceedance within 21 days 
of the exceedances being identified. 

If determined by the Chief Executive Officer of the Office of the EPA to be the result of activities 
undertaken in implementing the proposal, Fortescue shall submit actions to be taken to address 
the exceedance within 21 days of the determination being made to the Chief Executive Officer of 
the Office of the EPA. Fortescue shall implement actions to address the exceedance upon 
approval of the Chief Executive Officer of the Office of the EPA and shall continue until such 
time the Chief Executive Officer of the Office of the EPA determines that the remedial actions 
may cease. 

10-5 Fortescue shall implement the SCRMP required by condition 10-2. 

10-6 Fortescue shall make this SCRMP publically available via the Fortescue website (refer to 
Section 2.5). 
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2.2 Stakeholder Consultation 

The only current non-Fortescue mining operation that may be impacted by the reinjection of 

surplus water in the eastern brackish injection zone is the proposed Roy Hill Iron Ore Project, 

currently being developed by Roy Hill Iron Ore Pty Ltd (RHIO). 

Fortescue has held meetings with relevant senior RHIO staff (Bill Lamb – Manager, Mining; and 

Ron Colman – Principal Hydrogeologist) to discuss potential issues resulting from reinjection of 

surplus water in the eastern brackish injection zone and to agree monitoring strategies, trigger 

levels and management and contingency actions.  

Four meetings have been held between Fortescue and RHIO on the following dates: 

 6 September 2011 

 27 September 2011 

 11 October 2011 

 2 November 2011.  

The items discussed and agreed at each meeting were recorded in meeting minutes (see 

Appendix 1).  After each meeting, a draft set of minutes was circulated by Fortescue to RHIO 

attendees for review.  Once the minutes were agreed to by the RHIO attendees, they were then 

finalised. 

The following items were agreed to at these meetings: 

 That reinjection of groundwater within the project’s eastern brackish reinjection zone, 
given anticipated volumes and timing, will not cause a significant increase in RHIO’s 
dewatering requirements.  

 Monitoring strategies, trigger levels and management and contingency actions. 

 That regular Fortescue-RHIO Water Management Working Group meetings will 
continue, in order to review monitoring data, agree required management actions and 
assess on-going synergies. 

RHIO attendees have also reviewed the SCRMP, and have confirmed that RHIO is supportive 

of the document being provided to the Office of the EPA in fulfilment of Condition 10 (see 

Appendix 2).  

2.3 Anticipated Reinjection Regime and Impacts 

During the 6 September 2011 meeting with RHIO, Fortescue reported that reinjection of 

groundwater within the eastern brackish reinjection zone will be for fresh/brackish water, and is 

likely to occur at a rate of 3 to 4 gigalitres per annum (Glpa) for a duration of 18 to 24 months. 

Fortescue also reported that groundwater modelling undertaken for the project indicated that, 

during this period, groundwater flows within the north western area of RHIO tenements may 
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increase (above seasonally dynamic levels) by approximately 7 litres/second.  A map, showing 

potential groundwater mounding (based on modelling undertaken for assessment of the project) 

within RHIO tenements, was tabled at the meeting.  

At the same meeting, RHIO reported they have sought a license for abstraction of 3.7 Glpa for a 

two year period to provide construction water in the north western area of its tenements. The 

timing and volumes of planned RHIO abstraction aligns almost exactly with reinjection of 

groundwater within the eastern brackish reinjection zone. As such, RHIO advised it is 

supportive of Fortescue undertaking reinjection of groundwater within the eastern brackish 

reinjection zone at the volumes and durations proposed [Ref. Item 3 in 6 September minutes].  

As dewatering within the north western area of the RHIO tenements is expected to start in 2014, 

RHIO has requested that Fortescue report target start and finish dates for reinjection of 

groundwater within the eastern brackish reinjection zone at each Fortescue-RHIO Water 

Management Working Group meeting.  This has been agreed [Ref. Item 3 in 11 October 

minutes]. 

2.4 Agreed Monitoring, Trigger Levels and Management Actions  

The following monitoring and management regime has been agreed by Fortescue and RHIO: 

 Data will be collected on a monthly basis from four (new) monitoring bores within 
Fortescue tenements (Table 2) and three (existing) bores within RHIO tenements [Ref. 
Item 6 in 6 September minutes; Item 4 in 27 September minutes]. 

 This data will be tabled at each Fortescue-RHIO Water Management Working Group 
meeting [Ref. Item 4 in 27 September minutes]. 

 If the data were to show: (i) a trend indicating the 1.5 m increase from seasonally dynamic 
levels trigger will be exceeded; or (ii) a specific increase of 1.25 m from seasonally 
dynamic levels, then a revised hydrogeological assessment of reinjection and flows will be 
undertaken by Fortescue for further discussion with RHIO [Ref. Item 4 in 27 September 
minutes].   

 RHIO will provide existing bore data to help assess baseline groundwater conditions in 
order to account for seasonal variation [Ref. Item 4 in 27 September minutes].  

 Fortescue’s monitoring bores shall be installed, with monitoring underway, within two 
months of the start of reinjection of groundwater within the eastern brackish reinjection 
zone [Ref. Item 3 in 11 October minutes].  

 If necessary, RHIO will facilitate access through RHIO tenements for Fortescue staff and 
constractors for construction and monitoring of bores SPM07, 8, 9 and 10 [Ref. Item 3 in 
11 October minutes]. 
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Table 2: Fortescue Monitoring Bores 

Bore 
number 

Location 
Easting 

(GDA94, Zone 50) 

Northing 

(GDA94, Zone 50) 

SPM07 Immediately west of the RHIO 
tenement boundary 

794,829 7,514,733 

SPM08 Immediately north of the RHIO 
tenement boundary 

795,886 7,516,420 

SPM09 Immediately north of the RHIO 
tenement boundary 

798,547 7,516,424 

SPM10 Immediately west of the RHIO 
tenement boundary 

794,780 7,512,137 

 

2.5 Public Availability of the SCRMP 

A copy of the SCRMP will be made available to the public on the Fortescue website.  

 

2.6 Conclusion 

The SCRMP has been prepared via extensive consultation with RHIO, which is the proponent of 

the only current non-Fortescue mining operation that may be impacted by the project’s 

reinjection of surplus water in the eastern brackish reinjection zone.  

In implementing the SCRMP, Fortescue will manage the reinjection of surplus water to ensure 

that it does not cause a significant increase in dewatering requirement at RHIO’s mining 

operations. 

Appropriate monitoring strategies, trigger levels and management and contingency actions have 

been agreed with RHIO, and will be implemented in compliance against Condition 10 over the 

life of the project. 
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Review of SCRMP by RHIO 
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1. INTRODUCTION 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia, with its head office located in Perth. 

Detailed background information regarding the timing and nature of Fortescue’s environmental 

approvals under the Environmental Protection Act 1986 (WA), the Environment Protection and 

Biodiversity Conservation Act 1999 (Cth), current operations and plans for future expansion is 

contained in Appendix 1. 

1.1 Requirement for Management Plan 

A Surface Water Management Plan (this Plan) is required by the Minister for the Environment 

as part of the environmental approval of Fortescue Iron Ore related infrastructure in the Pilbara 

under Ministerial Statements 690, 707 and 899.   

Existing projects and future developments will be required to prepare and implement site-

specific management and monitoring programs to support this Plan. 

Guidance for the development of site-specific monitoring programs has been provided in 

Appendix 4.  

The data flow diagram for this Plan is available in Appendix 2. 

1.2 Objective and Scope 

The objective of this Plan is to minimise the direct and indirect impacts of Fortescue’s 

operations on surface water within Fortescue controlled sites1. More specifically, the aim of this 

Plan is to: 

 Identify key environmental activities that have the potential to cause impacts to surface 

water across Fortescue’s operations 

 Identify potential impacts to surface water caused by contamination, excessive erosion 

and downstream sedimentation resulting from Fortescue activities2, and direct and 

indirect impacts on flora, fauna and vegetation during all stages of Fortescue’s existing 

and proposed Pilbara operations 

 Provide guidance to facilitate robust and consistent use and design of drainage 

infrastructure 

                                                
1
 Fortescue controlled sites means sites that are under the legislative control of Fortescue including 

exploration sites, sites under construction, operational sites (sites that are managed and operated by 

Fortescue and sites that are managed by Fortescue but operated by contractors) and the Perth offices. 
2
 Sedimentation is the physical process of settling of suspended particulates under the force of gravity as 

defined in ANZECC & ARMCANZ 2000. 
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 Provide guidance for site specific monitoring and reporting of water quality, flow and 

drainage infrastructure 

 Describe management actions that when implemented, will minimise environmental 

impacts on surface water.   

This Plan addresses management issues relevant to surface water management within 

Fortescue controlled sites.  

This Plan will replace the Rail Corridor: Surface Water Management Plan (R-PL-EN-0011) and 

the Chichester Operations Surface Water Management Plan (45-PL-EN-0015). 

The Plan was initially developed to meet the requirements of Condition 8 of Ministerial 

Statement 690 and Condition 11 of Ministerial Statements 707 but is intended to provide 

guidance on surface water management across all Fortescue Operations.  The sections of this 

Plan which address these conditions are identified in Appendix 3. 

1.3 Legislation and Regulatory Framework 

Fortescue employees and contractors are obliged to comply with all relevant environmental 

Commonwealth and State legislation. Legislation directly relevant to the management of surface 

water in Western Australia is provided in Table 1 below. 

Table 1: Commonwealth and State Legislation relating to Surface Water Management 

Legislation Application 

Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) 

Protection of environmental matters of national significance such as 
national heritage sites, wetlands of international importance, nationally 
threatened species, and ecological communities and migratory species. 

Environmental Protection Act 1986 (WA) Prevention, control and abatement or pollution, conservation, protection 
and enhancement of environment. 

Fortescue is required to obtain a licence under Part V to discharge to 
the environment at sites defined as ‘prescribed premises’ under the 
Act.  

Environmental Protection (Unauthorised 
Discharges) Regulations 2004 (WA) 

Prevention of direct discharge of sediment or pollutants to the 
surrounding surface waters. 

Rights in Water and Irrigation Act 1914 
(WA) 

Relates to rights in water resources, to make provision for the 
regulation, management, use and protection of water resources, to 
provide for irrigation schemes, and for related purposes. 

Fortescue is required to obtain a permit under Section 17 to obstruct or 
interfere with bed and banks as defined under the Act. 

Soil and Land Conservation Act 1945 (WA) Addresses the conservation of soil and land resources and the 
mitigation of the effects of erosion. 

Wildlife Conservation Act 1950 (WA) Provides for the conservation and protection of wildlife (flora and 
fauna). Special provisions and schedules cover protection and 
management of gazetted rare flora and fauna. 

 

The following standards and guidelines are also of relevance to this Plan: 

 Australian Standard 1940-2004 (The storage and handling of flammable and 

combustible liquids) 
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 Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(ANZECC/ARMCANZ, 2000) 

 EPA Position Statement No. 2: Environmental Protection of Native Vegetation in 

Western Australia 

 Guidelines for Preparing Mine Closure Plans (Department of Mines and 

Petroleum/Environmental Protection Authority, 2011) 

 National Water Quality Management Strategy, No 7: Australian Guidelines for Water 

Quality Monitoring and Reporting, 2000 

 Pilbara Water in Mining Guideline (Department of Water, 2009) 

 Stormwater Management Manual for Western Australia (Department of Water, 2004-

2007). 

1.4 Internal Management Plans and Procedures 

The following Fortescue documents should be read in conjunction with this plan: 

 Bilby Management Plan (45-PL-EN-0008) 

 Borrow Pit Management Plan (45-PL-EN-0018) 

 Chichester Operations Fauna Management Plan (45-PL-EN-0007) 

 Chemical and Hydrocarbon Management Plan (100-PL-EN-0011) 

 Dredging and Reclamation and Monitoring Management Plan (P-PL-EN-0004) 

 Fortescue Marsh Management Plan (45-PL-EN-0009) 

 Ground Disturbance Permit Procedure (100-PR-EN-0004) 

 Levee and Spreader Ditch Procedure (E-EN-PR-1139) 

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

 Night Parrot Management Plan (CB-PL-EN-0005) 

 Port Area Rehabilitation Plan (P-PL-EN-0002) 

 Railway Corridor Disturbance Management Plan (R-PL-EN-0012) 

 Railway Corridor Rehabilitation Management Plan (R-PL-EN-0008) 

 Standard Engineering Specification for Drainage and Flood Protection (100-SP-CI-

0004) 

 Standard Engineering Specification for Road Design of Projects (100-SP-CI-0002) 

 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-0013). 
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2. ROLES AND RESPONSIBILITIES 

All Fortescue employees and contractors are required to comply with the requirements of this 

Plan. 

Accountability for fulfilling the requirements of this Plan is dependent on the stage of project 

development (construction, operations, decommissioning) and the project type (rail or mine).   

During exploration and design, the Group Manager Resource Geology will be accountable for 

ensuring the requirements of the Plan are met. 

During construction stages, whether activities are undertaken by an external service provider or 

internal Fortescue personnel, the Project Director will be accountable for ensuring the 

requirements of this Plan are met. 

During operational, decommissioning and closure stages, the General Manager (Port, Rail or 

Mine) will be accountable for ensuring the requirements of this Plan are met.  

Where responsibilities are delegated, this must be clearly recorded and communicated. 

In Section 6 specific Management Actions have been attributed to the appropriate personnel.  

When site specific Management Programs are developed to support this Plan, the RASCI 

framework should be utilised to delegate roles, responsibilities, and review and approval levels.  

RASCI is used to denote: 

R-Responsible Those who do the work to achieve the task. 

A-Accountable Those who are ultimately accountable for the completion of the 

deliverable or task and the one to whom the Responsible person is 

accountable. 

S-Supportive  Resources allocated to the Responsible person and who will also assist in 

completing the task. 

C-Consulted  Those whose opinions are sought, two-way communication. 

I-Informed  Those whom are kept informed, one-way communication. 
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3. STAKEHOLDER CONSULTATION 

Prior to the original project approvals, Fortescue undertook an extensive stakeholder 

consultation program whereby landowners, regulators and other relevant parties were consulted 

with regard to investigation and design of Cloudbreak, Christmas Creek and Solomon mine 

sites and associated rail and port infrastructure (see Section 7 in Environ 2005a, and Section 6 

in Environ 2005b; Section 6 in Fortescue Metals Group, 2010).   

The Department of Environment and Conservation (DEC) was consulted and approved the final 

content of the Chichester Operations Surface Water Management Plan (45-PL-EN-0015) and 

the Rail Corridor: Surface Water Management Plan (R-PL-EN-0011).  

This Plan was submitted to the Office of the Environmental Protection Authority (OEPA) to 

satisfy the requirements of condition 8-1 of MS 690 and condition 11-1 of MS707 and was 

approved in November 2014 (100-EN-0283.01). 

The OEPA, acting on behalf of Fortescue, sought advice from the Department of Water and the 

Department of Parks and Wildlife in accordance with condition 8-1 of MS 690 and condition 11-

1 of MS707. 
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4. KEY ENVIRONMENTAL ACTIVITES 

Many of the environmental activities3 associated with Fortescue’s construction, operation and 

decommissioning activities have the potential to impact on the environment. In order to manage 

environmental impacts, the activities which have the potential to cause the impact must be 

identified. Identifying the key activities will enable Fortescue’s staff and contractors to have an 

improved understanding of the risks involved in undertaking these activities.  

The key activities undertaken by Fortescue that have the potential to impact on surface water 

flow regimes and water quality across Fortescue’s operations include: 

 Vegetation clearing 

 Ground disturbance 

 Construction and establishment of infrastructure and linear infrastructure 

 Open pit mining 

 Ore processing 

 Stockpiling and waste rock dumps 

 Waste disposal. 

 

                                                
3
 Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by ISO14001. 
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5. POTENTIAL ENVIRONMENTAL IMPACTS 

The potential direct and indirect environmental impacts to surface water arising from 

Fortescue’s activities are presented in Table 2 and include: 

 Alteration of surface water volume and flow regimes 

 Reduction in water quality 

 Fauna and habitat loss 

 Increased turbidity and downstream sedimentation caused by excessive erosion 

 Increased risk of storm surge and flooding. 

 

Table 2: Potential Environmental Impacts Arising from Fortescue’s Activities 

Potential Environmental Impacts Details 

Alteration of surface water volume and 
flow regimes 

Alteration of surface water volume and flow regimes on disturbed or 
degraded lands. 

Alteration of surface water flows due to water pipelines and pipeline 
corridors. 

Changes to upstream vegetation health in the event of excessive ponding. 

Run-off water losses to the Fortescue Marshes. 

Changes to downstream vegetation health from disturbance to surface 
flows. 

Interruption of surface water drainage, with potential impacts on creeks, 
rivers, floodplains, sheet flow, marshes and springs. 

Reduction in water quality Pollution of surface waters from spills and inappropriate disposal of 
wastes. 

Fauna and habitat loss Reduction in water levels and a decline in water quality can impact on 
fauna and fauna habitats. 

Increased turbidity and downstream 
sedimentation caused by excessive 
erosion 

Erosion and sedimentation from high rainfall events on disturbed or 
degraded lands. 

Increase in surface water sediment load from runoff from overburden 
stockpiles. 

Increased sediment load in surface waters entering the Fortescue Marshes 
and other surface water bodies. 

Excessive erosion, siltation, scouring and turbidity. 

Increased risk of storm surge and 
flooding 

Convergence of surface water drainage, with potential impacts on creeks, 
rivers, floodplains, sheet flow, marshes, wetlands and springs. 
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6. ENVIRONMENTAL MANAGEMENT 

A series of environmental management objectives have been developed to mitigate 

environmental impacts on surface water that could potentially be caused by Fortescue’s 

activities (exploration, construction, operation and decommissioning). These are: 

1. Maintain the integrity of flow paths and water quantities to protect surface water dependent 

ecological systems 

2. Minimise excessive turbidity and downstream sedimentation caused by erosion from 

Fortescue activities 

3. Prevent and minimise impacts to surface water quality from Fortescue activities 

4. Minimise impact of storm surge and flooding 

5. Monitor and report sufficiently to demonstrate compliance and enable management to make 

informed decisions that minimise environmental impacts to surface water dependent 

ecological systems. 

For each objective, management actions have been developed to ensure the impacts from 

Fortescue’s operations are managed, and that appropriate monitoring, reporting and corrective 

action functions are implemented to support the successful implementation of the management 

actions.  

The key elements of the environmental management process associated with each objective 

are described in Table 3. 

Table 3: Description of Key Elements of Environmental Management Process to Achieve Identified 
Objectives 

Element Definition/Description 

Objective What is intended to be achieved. 

Management Action Tasks undertaken to enable the objective to be met. 

Performance Indicators Metrics for evaluating the outcomes achieved by Management Actions. 

Reporting Evidence 
Demonstrates that the Management Action has been applied and the 
outcome evaluated. 

Timing Period during which the Management Action should be undertaken. 

Responsibility Accountability for ensuring the Management Action is completed. 

 

The key management actions, performance indicators, evidence, timing and responsibilities for 

each objective are provided in: 

 Haul and access roads (Table 4) 

 Railway infrastructure, including embankments, borrow pits and cut and fill activities 

(Table 5) 
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 Mines, including pits, borrow pits, dumps, flow diversions, ore stockpiles and 

dewatering activities (Table 6) 

 Operational works (Table 7). 
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Table 4: Key Management Actions for Management of Surface Water on Haul and Access Roads 
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1.1 Y Y Y Y Y Y  

Minimise clearing and vegetation disturbance so that flow regimes are 

minimally impacted.  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). 

1,2,

5 

No significant impact on sheet flow 

dependent Mulga communities as a result 

of surface water flow changes  

Incident reports 

Monitoring Program and report 

Exploration/ 

Exploration 

Development/ 

Construction/ 

Operation  

Group Manager Resource 

Geology / Project 

Manager/ Manager 

Mining (CC/ Solomon)/ 

Manager Technical (CB)/ 

Manager Infrastructure 

(Rail)/ Manager Port 

Operations 

Water quality of monitored creeks 

downstream of infrastructure remains 

similar to background levels.  

Monitoring Program and report 

Annual Environment Report 

Ground disturbance permits obtained for 
all clearing. 

Ground disturbance permits 

Clearing within specified GDP boundaries. 
BMS record 

1.2 Y Y Y  Y Y  

Conduct a risk assessment to determine the likelihood of a change to the 
surface water regime, including in areas where sheet flow dependent Mulga 
communities have been identified, that may lead to unacceptable 
environmental impacts.  

1, 3, 
4 

Risk assessment conducted 

Risk assessment outcomes/ report 
Design/ 
Construction/ 
Operation 

Manager Environmental 
Approvals/ Manager 
Hydrogeology/ Project 
Manager/ HSES Manager 

1.3 Y Y Y  Y Y  

Drainage infrastructure location, design, construction and operation to design 
specifications which reflect risk assessment outcomes in minimising 
interference and disruption of natural surface water flows and quality in 
accordance with the Standard Engineering Specification for Drainage and 
Flood Protection (100-SP-CI-0004) and the Standard Engineering 
Specification for Road Design for Projects (100-SP-CL-0002). 

1,2,
3, 4 

Drainage infrastructure to comply with 
design specifications.   

Updated Basis of Design 

Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/Manager 
Technical (CB / 
Solomon)/ Manager 
Infrastructure (Rail)/ 
Manager Port Operations 

Water quality and flow of monitored creeks 
downstream of infrastructure remains 
similar to background levels. 

Monitoring Program and report 

1.4 Y  Y Y Y Y  

Where sheet flow dependent Mulga communities have been identified and 
significant impacts from changes to sheet flow regimes are likely incorporate 
appropriate drainage infrastructure into the project design in accordance with 
the Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004). 

1,2 

No significant impact on sheet flow 
dependent Mulga communities. 

Drainage infrastructure to comply with 
design specifications.   

Updated Basis of Design 

Internal audit or inspection reports 

Monitoring program and report 

Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ Solomon) 

1.5 Y  Y  Y Y  

When culverts are used in areas with sheet flow dependent Mulga 
communities to be protected, install sheet flow redistribution structures 
downstream and immediately upstream of the culverts where sheet flow 
shadowing is unacceptable. 

1 

Audit to check sheet flow redistribution 
structures have been installed downstream 
of culverts in and immediately upstream of 
areas of sheet flow dependent Mulga 
communities. 

Updated Basis of Design 

Internal audit or inspection reports Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining/ Manager Rail 
Infrastructure (Rail) 

1.6 Y  Y  Y Y  
Where possible, align haul/access roads with existing transport corridors or 
approved disturbance corridors so that surface water flow regimes are 
minimally impacted. 

1,2, 
3 

Audit to check haul/access roads aligned 
with rail and have culverts placed at 
intersections with major drainage lines. 
Also check that water flowing parallel to 
the haul/access roads is controlled to 
prevent erosion. 

Updated Basis of Design 

Internal audit or inspection reports 
Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ Solomon)/ 
Manager Infrastructure 
(Rail)  

1.7 Y  Y  Y Y  
Borrow pit location and construction to be designed to design specifications to 
minimise interference and disruption of natural surface water flows and 
quality, and impacts on turbidity. 

1-3 

Borrow pits to comply with design 
specifications (see Borrow Pit 
Management Plan (45-PL-EN-0018)). 

Updated Basis of Design 

Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining/ Manager 
Technical (CB)/Manager 
Infrastructure (Rail)  

Water quality and flow of monitored creeks 
downstream of borrow pits remains similar 
to background levels. 

Monitoring program and report 
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1.8 Y  Y  Y Y  
Manage chemicals and hydrocarbons in accordance with the Chemical and 
Hydrocarbon Management Plan (100-PL-EN-0011). 

3 
Water quality and flow of monitored creeks 
downstream of haul roads remains similar 
to background levels.  

Laboratory results Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation/ 
Decommissioning 

Group Manager Resource 
Geology/ Project 
Manager/ HSES Manager 

1.9 Y  Y  Y Y  
Provide hydrocarbons and chemical spill control training and equipment to 
appropriate Fortescue staff and contractors.  

3 
Audit to ensure appropriate training has 
been provided to relevant staff and 
contractors. 

Training records Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Group Manager Resource 
Geology/ Project 
Manager/ HSES Manager 

1.10 Y  Y  Y Y Y 
Develop and implement a surface water monitoring program, which includes 
the inspection of all drainage infrastructure, in accordance with the Surface 
Water Monitoring Guidelines (100-GU-EN-0037). 

1,2,
3,5 

Prepare and implement site-specific 
surface water monitoring program that 
follows the SWMG. 

Monitoring program and report 

Annual Environmental Report 
Construction/ 
Operation/ 
Decommissioning/ 
Closure 

HSES Manager/ Manger 
Mining (Solomon) 

Site specific water quality reports and 

internal environmental reporting. 

Water quality reports and internal 
environmental reporting 

Annual Environmental Report 

1.11 Y  Y  Y   
Protect natural drainage lines from construction impacts where possible to 
minimise impacts to water quality. 

1,2,
3 

Audit to check natural drainage lines are 
buffered from disturbance footprint.   

Internal audit or inspection reports 

Construction Project Manager 
Water quality and flow of monitored creeks 
downstream of construction activities 
remains similar to background levels. 

Monitoring program and report 

1.12 Y  Y   Y Y 

To ensure erosion, water quality and surface water flow regimes are minimally 
impacted conduct rehabilitation in accordance with the Rehabilitation and 
Revegetation Management Plan (45-PL-EN-0023) or where applicable a Mine 
Closure Plan developed in accordance with the Guidelines for Preparing Mine 
Closure Plans. 

1- 5 

Vegetation in rehabilitated areas will have 
equivalent values as surrounding natural 
ecosystems  

Monitoring program and report 

Annual environmental report 

Decommissioning 
and Closure 

Manager Mining/ HSES 
Manager 

After road removal and rehabilitation, 
water quality of monitored creeks 
downstream of road infrastructure remains 
similar to background levels. No erosion is 
evident. 

Monitoring program and report 

1.13 Y Y Y   Y Y 
Where appropriate, re-establish natural stream and drainage flows where 
practicable to resemble original drainage patterns, including rehabilitation of 
major drainage channels. 

1,2,
3 

Audit rehabilitated areas to determine if 
previously disturbed areas resemble 
undisturbed natural contours immediately 
upstream. 

Audit reports 

Decommissioning 
and Closure 

Manager Mining/ HSES 
Manager 

No significant impact on sheet flow 
dependent Mulga communities as a result 
of surface flow changes. 

Monitoring program and report 

Annual Environmental Report 

Water quality and flow rates of creeks 
downstream of rehabilitated site remain 
similar to background levels. 
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Table 5: Key Management Actions for Surface Water Management on Railway Infrastructure, Including Embankments, Borrow Pits and Cut and Fill Activities 
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1.1 Y  Y Y Y Y  

Minimise clearing and vegetation disturbance so that flow regimes are 
minimally impacted.  Conduct clearing in accordance with a permit issued 
under the Ground Disturbance Permit Procedure (100-PR-EN-0004) and the 
Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-0013). 

1,2,
5 

No significant impact on sheet flow 
dependent Mulga communities as a result 
of surface water flow changes.  

Incident reports 

Monitoring Program and report 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation  

Group Manager 
Resource Geology/ 
Project Manager/ 
Manager Infrastructure 
(Rail)  

Water quality of monitored creeks 
downstream of infrastructure remains 
similar to background levels.  

Monitoring Program and report 

Annual Environment Report 

Ground disturbance permits obtained for 
all clearing. 

Ground disturbance permits 

Clearing within specified GDP boundaries. 
BMS record 

1.2 Y  Y  Y Y  

Conduct a risk assessment to determine the likelihood of a change to the 
surface water regime including in areas where sheet flow dependent Mulga 
communities have been identified, that may lead to unacceptable 
environmental impacts.  

1, 3, 
4 

Risk assessment conducted 

Risk assessment outcomes/ report 
Design/ 
Construction/ 
Operation 

Manager Environmental 
Approvals/ Manager 
Hydrogeology/ Project 
Manager/ HSES 
Manager 

1.3 Y  Y  Y Y  

Drainage infrastructure location, design, construction and operation to 
design specifications which reflect risk assessment outcomes in minimising 
interference and disruption of natural surface water flows and quality in 
accordance with the Standard Engineering Specification for Drainage and 
Flood Protection (100-SP-CI-0004). 

1,2,
3,4 

Drainage infrastructure to comply with 
design specifications.   

Updated basis of Design 

Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon)/ Manager 
Infrastructure (Rail)  

Water quality and flow of monitored creeks 
downstream of infrastructure remains 
similar to background levels. 

Monitoring program and report 

1.4 Y  Y Y Y Y  

Where sheet flow dependent Mulga communities have been identified and 
significant impacts from changes to sheet flow regimes are likely incorporate 
appropriate drainage infrastructure into the project design in accordance with 
the Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004). 

1,2 

No significant impact on sheet flow 
dependent Mulga communities. 

Drainage infrastructure to comply with 
design specifications.   

Updated Basis of Design 

Internal audit or inspection reports 

Monitoring program and report 
Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon)/ Manager 
Infrastructure (Rail)  

1.5 Y  Y  Y Y  

When culverts are used in areas with sheet flow dependent Mulga 
communities to be protected, install sheet flow redistribution structures 
downstream and immediately upstream of the culverts where sheet flow 
shadowing is unacceptable. 

1 

Audit to check sheet flow redistribution 
structures have been installed downstream 
of culverts in and immediately upstream of 
areas of sheet flow dependent Mulga 
communities. 

Updated Basis of Design 

Internal audit or inspection reports Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  

1.6 Y  Y  Y Y  
Where possible, align railway infrastructure with existing transport corridor or 
approved disturbance corridors so that surface water flow regimes are 
minimally impacted. 

1,2, 
3 

Audit to check railways aligned with 
existing transport corridors and have 
culverts placed at intersections with major 
drainage lines. Also check that water 
flowing parallel to the railways is controlled 
to prevent erosion. 

Updated Basis of Design 

Internal audit or inspection reports Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  

1.7 Y  Y  Y Y  
Borrow pit location and construction to be designed to design specifications 
to minimise interference and disruption of natural surface water flows and 
quality, and impacts on turbidity. 

1-3 

Borrow pits to comply with design 
specifications (see Borrow Pit 
Management Plan (45-PL-EN-0018)). 

Updated Basis of Design 

Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  

Water quality and flow of monitored creeks 
downstream of borrow pits remains similar 
to background levels. 

Monitoring program and report 

1.8 Y  Y  Y Y  Locate drainage infrastructure to minimise impact on existing infrastructure. 1,2 
Infrastructure to comply with design 
specifications and have minimal impact on 
existing infrastructure. 

Updated Basis of Design 
Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  
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1.9 Y  Y  Y Y  
Minimise stream flow interruption caused by cut and fill areas of railway 
corridor by placement of culverts at appropriate nexus between major 
drainage lines and rail lines. 

1 
No significant impact on stream flow 
dependent vegetation as a result of 
surface flow changes. 

Updated Basis of Design 
Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  

1.10 Y  Y  Y Y Y 
Minimise disruption of natural surface water flow by avoiding excessive 
ponding against structures and bunds. 

1 
No significant impact on sheet flow 
dependent Mulga communities as a result 
of surface flow changes  

Updated Basis of Design 

Monitoring Program and report 
Design/ 
Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Infrastructure (Rail)  

1.11 Y  Y  Y Y  
Manage chemicals and hydrocarbons in accordance with the Chemical and 
Hydrocarbon Management Plan (100-PL-EN-0011). 

3 
Water quality and flow of monitored creeks 
downstream of haul roads remains similar 
to background levels.  

Laboratory results Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation/ 
Decommissioning 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager 

1.12 Y  Y  Y Y  
Provide hydrocarbons and chemical spill control training and equipment to 
appropriate Fortescue staff and contractors.  

3 
Audit to ensure appropriate training has 
been provided to relevant staff and 
contractors. 

Training records Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager 

1.13 Y  Y  Y Y Y 
Develop and implement a surface water quality monitoring program, which 
includes the inspections of all drainage infrastructure, in accordance with the 
Surface Water Monitoring Guidelines (100-GU-EN-0037). 

1,2,
3,5 

Prepare and implement site-specific 
surface water quality monitoring program 
that follows the SWMG. 

Monitoring program and report 

Annual Environmental Report 
Construction/ 
Operation/ 
Decommissioning/ 
Closure 

HSES Manager 

Site specific water quality reports and 
internal environmental reporting. 

Water quality reports and internal 
environmental reporting 

Annual Environmental Report 

1.14 Y  Y  Y   
Protect natural drainage lines from construction impacts where possible so 
that water quality is minimally impacted. 

1,2,
3 

Audit to check natural drainage lines are 
buffered from disturbance footprint.   

Internal audit or inspection reports 

Construction Project Manager Water quality and flow of monitored creeks 
downstream of construction activities 
remains similar to background levels. 

Monitoring program and report 

1.15 Y  Y   Y Y 

To ensure erosion, water quality and surface water flow regimes are 
minimally impacted conduct rehabilitation in accordance with the 
Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) or 
where applicable a Mine Closure Plan developed in accordance with the 
Guidelines for Preparing Mine Closure Plans. 

1,2,
3,45 

Vegetation in rehabilitated areas will have 
equivalent values as surrounding natural 
ecosystems  

Monitoring program and report 

Decommissioning 
and Closure 

Manager Mining/ HSES 
Manager After rehabilitation, water quality of 

monitored creeks downstream of 
infrastructure remains similar to 
background levels. No erosion is evident. 

Monitoring program and report 

Annual Environmental Report 

1.16 Y  Y   Y Y 
Where appropriate, re-establish natural stream and drainage flows to 
resemble original drainage patterns, including rehabilitation of major 
drainage channels. 

1,2,
3 

Audit rehabilitated areas to determine if 
previously disturbed areas resemble 
undisturbed natural contours immediately 
upstream. 

Audit reports 

Annual Environmental Report 

Decommissioning 
and Closure 

Manager Mining/ HSES 
Manager 

No significant impact on sheet flow 
dependent Mulga communities as a result 
of surface flow changes 

Water quality and flow rates of creeks 
downstream of rehabilitated site remain 
similar to background levels. 
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Table 6: Key Management Actions for Surface Water Management on Mines, including Pits, Dumps, Flow Diversions, Ore Stockpiles and De-watering Activities 
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1.1 Y  Y Y Y Y  

Minimise clearing and vegetation disturbance so that 
flow regimes are minimally impacted.  Conduct 
clearing in accordance with a permit issued under the 
Ground Disturbance Permit Procedure (100-PR-EN-
0004) and the Vegetation Clearing and Topsoil 
Management Procedure (45-PR-EN-0013). 

1,2,5 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface water flow changes  

Incident reports 

Monitoring Program and report 

Exploration/ Exploration 
Development/ 
Construction/ Operation  

Group Manager 
Resource Geology/ 
Project Manager/ 
Manager Mining (CC/ 
Solomon)/ Manager 
Technical (CB) 

Water quality of monitored creeks 
downstream of infrastructure 
remains similar to background levels.  

Monitoring Program and report 

Annual Environment Report 

Ground disturbance permits obtained 
for all clearing. 

Ground disturbance permits 

Clearing within specified GDP 
boundaries. 

BMS record 

1.2 Y  Y  Y Y  
Where a site is classified as a prescribed premise as 
defined under the Environmental Protection Act 1986, 
obtain a licence in accordance with Part V of the Act. 

3, 5 
Audit to confirm licence has been 
obtained. 

Licence 

Annual Environmental Report 
Design 

Manager Environmental 
Approvals 

1.3 Y  Y  Y Y  

Conduct a risk assessment to determine the 
likelihood of a change to the surface water regime, 
including in areas where sheet flow dependent Mulga 
communities have been identified, that may lead to 
unacceptable environmental impacts.  

1, 3,4 Risk assessment conducted 

Risk assessment outcomes/ report 

Design/ Construction/ 
Operation 

Manager Environmental 
Approvals/ Manager 
Hydrogeology/ Project 
Manager/ HSES 
Manager 

1.4 Y  Y  Y Y  

Drainage infrastructure location, design, construction 
and operation to design specifications which reflect 
risk assessment outcomes in minimising interference 
and disruption of natural surface water flows and 
quality in accordance with the Standard Engineering 
Specification for Drainage and Flood Protection (100-
SP-CI-0004). 

1,2,3,4 

Drainage infrastructure to comply 
with design specifications.   

Updated basis of Design 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon) 

Water quality and flow of monitored 
creeks downstream of infrastructure 
remains similar to background levels. 

Monitoring Program and report 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

1.5 Y  Y Y Y Y  

Where sheet flow dependent Mulga communities 
have been identified and significant impacts from 
changes to sheet flow regimes are likely incorporate 
appropriate drainage infrastructure into the project 
design in accordance with the Standard Engineering 
Specification for Drainage and Flood Protection (100-
SP-CI-0004). 

1,2 

No significant impact on sheet flow 
dependent Mulga communities. 

Drainage infrastructure to comply 
with design specifications. 

Updated Basis of Design 

Internal audit or inspection reports 

Monitoring Program and report Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon) 

1.6 Y  Y  Y Y  

When culverts are used in areas with sheet flow 
dependent Mulga communities to be protected, install 
sheet flow redistribution structures downstream and 
immediately upstream of the culverts where sheet 
flow shadowing is unacceptable. 

1 

Audit to check sheet flow 
redistribution structures have been 
installed downstream of culverts in 
and immediately upstream of areas 
of sheet flow dependent Mulga 
communities. 

Updated Basis of Design 

Internal audit or inspection reports 
Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon) 

1.7 Y  Y  Y Y  

Where possible, align haul/access roads with existing 
transport corridor or approved disturbance corridors 
so that surface water flow regimes are minimally 
impacted. 

1,2,3 

Audit to check haul/access roads 
aligned with rail and have culverts 
placed at intersections with major 
drainage lines. Also check that water 
flowing parallel to the haul/access 
roads is controlled to prevent 
erosion. 

Updated Basis of Design 

Internal audit or inspection reports 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon) 

1.8 Y  Y  Y Y  

Borrow pit location and construction to be designed to 
design specifications to minimise interference and 
disruption of natural surface water flows and quality, 
and impacts on turbidity. 

1-3 

Borrow pits to comply with design 
specifications (see Borrow Pit 
Management Plan (45-PL-EN-
0018)). 

Updated Basis of Design 
Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining 
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Water quality and flow of monitored 
creeks downstream of borrow pits 
remains similar to background levels. 

Monitoring program and report 

1.9 Y    Y Y Y 

Design mine pits to be internally draining. Rainfall to 
be managed via sumps and potentially discharged 
directly to the environment.  Where applicable, 
comply with the Dewatering Discharge Contingency 
Procedure (M-PR-EN-0001). 

3, 4 

Audit to check water in mine pits can 
be managed via sumps and 
potentially discharged directly to the 
environment. 

Updated Basis of Design 

Internal audit or inspection reports Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical (CB) 

1.10 Y  Y  Y Y  
Bunding of pits, dumps, and iron ore stockpiles to be 
designed to minimise impact to surface water flow 
volume, flow regimes and turbidity. 

1, 2, 3, 
4 

Drainage infrastructure to comply 
with construction specifications. 

Construction specifications 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical (CB) 

Audit site to ensure compliance to 
design specifications. 

Internal audit or inspection reports 

Water quality and flow rates of 
creeks downstream of all 
infrastructure remains similar to 
background levels. 

Monitoring program and reports 

1.11 Y    Y Y  

Use erosion minimisation strategies, such as 
sediment basins, bunding and vegetated batters, to 
control surface water sediment and water quality from 
ore stockpiles. 

1, 2, 3 

Water quality and flow of monitored 

creeks downstream of iron ore 

stockpiles remain similar to 

background levels. 

Monitoring program and reports 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical (CB) Perimeter bunding and internal 

drainage to comply with design 
specifications. 

Updated Basis of Design 

Design Specifications 

1.12 Y  Y  Y Y Y 
Minimise disruption of natural surface water flow by 
avoiding excessive ponding against structures and 
bunds. 

1, 2,4 

Drainage infrastructure to comply 
with construction specifications. 

Updated Basis of Design 

Design/ Construction/ 
Operation  

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical (CB) 

Audit site to ensure compliance to 
design specifications. 

Internal audit or inspection reports 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

Monitoring Program and report 

1.13 Y  Y  Y Y  
Manage chemicals and hydrocarbons in accordance 
with the Chemical and Hydrocarbon Management 
Plan (45-PL-EN-0011). 

3 
Water quality and flow of monitored 
creeks downstream of haul roads 
remains similar to background levels.  

Laboratory results Exploration/ Exploration 
Development/ 
Construction/ Operation/ 
Decommissioning 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager  

1.14 Y  Y  Y Y  
Provide hydrocarbons and chemical spill control 
training and equipment to appropriate Fortescue staff 
and contractors.  

3 
Audit to ensure appropriate training 
has been provided to relevant staff 
and contractors. 

Training records 
Exploration/ Exploration 
Development/ 
Construction/ Operation 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager 

1.15 Y  Y  Y Y Y 

Develop and implement a surface water quality 
monitoring program, which includes the inspection of 
all drainage infrastructure, in accordance with the 
Surface Water Monitoring Guidelines (45-GU-EN-
0002). 

1,2,3,5 

Prepare and implement site-specific 
surface water quality monitoring 
program that follows the SWMG. 

Monitoring program and report 

Construction/ Operation/ 
Decommissioning/ Closure 

HSES Manager/ 
Manager Mining 
(Solomon) Site specific water quality reports 

and internal environmental reporting. 

Water quality reports and internal 
environmental reporting 

Annual Environmental report 

1.16 Y  Y  Y   
Protect natural drainage lines from construction 
impacts where possible so that water quality is 
minimally impacted. 

1,2,3 

Audit to check natural drainage lines 
are buffered from disturbance 
footprint.   

Internal audit or inspection reports 

Construction Project Manager Water quality and flow of monitored 
creeks downstream of construction 
activities remains similar to 
background levels. 

Monitoring program and report 

1.17 Y  Y  Y Y  
Reuse run off from infrastructure /activity where 
possible to ensure turbid water is not discharged to 
the environment. 

2,3 
Audit to check run-off from 
infrastructure/activity reused as 
much as possible.    

Dust management program 

Internal audit or inspection reports 
Construction and 
Operation 

Project Manager/ 
Manager Mining 
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Water quality and flow rates of 
creeks downstream of all 
infrastructure and activities remain 
similar to background levels. 

Monitoring program and report 

1.18 Y    Y Y  
Keep clean and potentially contaminated stormwater

4
 

separate. 
3 

Audit to check stormwater from 
operational areas is kept separate 
from undisturbed areas. 

Internal audit or inspection reports 
Construction and 
Operation 

Project Manager / 
Manager Mining 

1.19 Y    Y Y  
Contain and appropriately manage contaminated 
stormwater prior to release to the environment. 

3 

Audit to check contaminated 
stormwater is captured and 
managed before release to the 
environment. 

Internal audit or inspection reports 

Construction and 
Operation 

Project Manager / 
Manager Mining Results of monitoring are all within 

the natural variability expected and 
anthropogenic toxicants do not 
exceed guideline values. 

Monitoring program and report 

1.20 Y  Y   Y Y 

To ensure erosion, water quality and surface water 
flow regimes are minimally impacted conduct 
rehabilitation in accordance with the Rehabilitation 
and Revegetation Management Plan (45-PL-EN-
0023) or where applicable a Mine Closure Plan 
developed in accordance with the Guidelines for 
Preparing Mine Closure Plans. 

1,2,3,5 

Vegetation in rehabilitated areas will 
have equivalent values as 
surrounding natural ecosystems  

Monitoring program and report 

Annual Environmental Report 

Decommissioning and 
Closure 

Manager Mining/ HSES 
Manager 

After road removal and rehabilitation, 
water quality of monitored creeks 
downstream of road infrastructure 
remains similar to background levels. 
No erosion is evident. 

1.21 Y  Y   Y Y 
Where appropriate, re-establish natural stream and 
drainage flows to resemble original drainage patterns, 
including rehabilitation of major drainage channels. 

1,2,3 

Audit rehabilitated areas to 
determine if previously disturbed 
areas resemble undisturbed natural 
contours immediately upstream. 

Audit reports 

 

Decommissioning and 
Closure 

Manager Mining/ HSES 
Manager 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

Monitoring program and report 

Annual Environmental Report 

Water quality and flow rates of 
creeks downstream of rehabilitated 
site remain similar to background 
levels. 

 

 

 

 

 

                                                
4
 Stormwater is water flowing over ground surfaces and in natural streams and drains as a direct result of rainfall over a catchment (ARMCANZ and ANZECC, 2000). 
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Table 7: Key Management Actions for Surface Water Management for Operational Works 
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1.1 Y Y Y Y Y Y  

Minimise clearing and vegetation disturbance so that flow 
regimes are minimally impacted.  Conduct clearing in 
accordance with a permit issued under the Ground 
Disturbance Permit Procedure (100-PR-EN-0004) and the 
Vegetation Clearing and Topsoil Management Procedure 
(45-PR-EN-0013). 

1,2,5 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface water flow changes  

Incident reports 

Monitoring Program and report 

Exploration/ Exploration 
Development/ 
Construction/ Operation  

Group Manager 
Resource Geology/ 
Project Manager/ 
Manager Mining (CC/ 
Solomon)/Manager 
Technical (CB)/ Manager 
Infrastructure (Rail) / 
Manager Port 
Operations 

N/A N/A 

Water quality of monitored creeks 
downstream of infrastructure 
remains similar to background 
levels.  

Monitoring Program and report 

Annual Environment Report 4.2, 4.3, 4.4 Section 5 

Ground disturbance permits 
obtained for all clearing. 

Ground disturbance permits 
N/A N/A 

Clearing within specified GDP 
boundaries. 

BMS record 
N/A N/A 

1.2 Y  Y  Y Y  
Where the site is classified as a prescribed premise as 
defined under the Environmental Protection Act 1986, 
obtain a licence in accordance with part V of the Act. 

3, 5 
Audit to confirm licence has been 
obtained. 

Licence 

Annual Environmental Report 

Internal audit or inspection reports 

Design 
Manager, Environmental 
Approvals  

N/A N/A 

1.3 Y  Y  Y Y  

Conduct a risk assessment to determine the likelihood of a 
change to the surface water regime,, including areas where 
sheet flow dependent Mulga communities have been 
identified, that may lead to unacceptable environmental or 
safety impacts.  

1,3,4 Risk assessment conducted 

Risk assessment outcomes/ report 

Design/ Construction/ 
Operation 

Manager Environmental 
Approvals/ Manager 
Hydrogeology/ Project 
Manager/ HSES 
Manager 

4.2, 4.3 N/A 

1.4 Y Y Y  Y Y  

Drainage infrastructure location, design, construction and 
operation to design specifications which reflect risk 
assessment outcomes in minimising interference and 
disruption of natural surface water flows and quality in 
accordance with the Standard Engineering Specification for 
Drainage and Flood Protection (100-SP-CI-0004). 

1,2,3,4 

Drainage infrastructure to comply 
with design specifications.   

Updated basis of Design 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB)/Manager 
Infrastructure (Rail) / 
Manager Port 
Operations 

4.1, 4.2, 4.3, 
4.4, 3 

Section 5 
and 6 

Water quality and flow of monitored 
creeks downstream of infrastructure 
remains similar to background 
levels. 

Monitoring Program and report 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

1.5 Y  Y Y Y Y  

Where sheet flow dependent Mulga communities have been 
identified and significant impacts from changes to sheet 
flow regimes are likely incorporate appropriate drainage 
infrastructure into the project design in accordance with the 
Standard Engineering Specification for Drainage and Flood 
Protection (100-SP-CI-0004). 

1,2 

No significant impact on sheet flow 
dependent Mulga communities. 

Drainage infrastructure to comply 
with design specifications. 

Updated Basis of Design 

Internal audit or inspection reports 

Monitoring program and report Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon)/ Manager 
Infrastructure (Rail)  

4.2, 4.3 N/A 

1.6 Y  Y  Y Y  

When culverts are used in areas with sheet flow dependent 
Mulga communities to be protected, install sheet flow 
redistribution structures downstream and immediately 
upstream of the culverts where sheet flow shadowing is 
unacceptable. 

1 

Audit to check sheet flow 
redistribution structures have been 
installed downstream of culverts in 
and immediately upstream of areas 
of sheet flow dependent Mulga 
communities. 

Updated Basis of Design 

Internal audit or inspection reports 
Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining/ Manager 
Infrastructure (Rail)  

4.2, 4.3 N/A 

1.7 Y  Y  Y Y  
Where possible, align haul/access roads with existing 
transport corridor or approved disturbance corridors so that 
surface water flow regimes are minimally impacted. 

1,2,3 

Audit to check haul/access roads 
aligned with rail and have culverts 
placed at intersections with major 
drainage lines. Also check that water 
flowing parallel to the haul/access 
roads is controlled to prevent 
erosion. 

Updated Basis of Design 

Internal audit or inspection reports 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon)/ Manager 
Infrastructure (Rail)  

4.2, 4.3 Section 6 
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1.8 Y  Y  Y Y  

Borrow pit location and construction to be designed to 
design specifications to minimise interference and 
disruption of natural surface water flows and quality, and 
impacts on turbidity. 

1-3 

Borrow pits to comply with design 
specifications (see Borrow Pit 
Management Plan (45-PL-EN-
0018)). 

Updated Basis of Design 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining/ Manager 
Infrastructure (Rail)  

N/A Section 6 

Water quality and flow of monitored 
creeks downstream of borrow pits 
remains similar to background 
levels. 

Monitoring program and report 

N/A Section 5 

1.9 Y    Y Y Y 

Design mine pits to be internally draining. Rainfall to be 
managed via sumps and potentially discharged directly to 
the environment.  Where applicable, comply with the 
Dewatering Discharge Contingency Procedure (M-PR-EN-
0001). 

3,4 

Audit to check water in mine pits can 
be managed via sumps and 
potentially discharged directly to the 
environment. 

Updated Basis of Design 

Internal audit or inspection reports Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical (CB) 

4 N/A 

1.10 Y Y Y  Y Y Y 
Minimise disruption of natural surface water flow by 
avoiding excessive ponding against structures and bunds. 

1,2,4 

Drainage infrastructure to comply 
with construction specifications. 

Updated Basis of Design 

Design/ Construction/ 
Operation  

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC/ Solomon)/ 
Manager Technical 
(CB)/Manager 
Infrastructure (Rail) / 
Manager Port 
Operations 

N/A N/A 

Audit site to ensure compliance to 
design specifications. 

Internal audit or inspection reports 
N/A N/A 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

Monitoring Program and report 
4.2, 4.4, 3 N/A 

1.11 Y  Y  Y Y  
Where possible, camps and other infrastructure with 
potential to release contaminants into surface waterways 
shall be located away from natural creeks and waterways.  

3 
Infrastructure to comply with design 
specifications. 

Basis of design 

Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager 
Mining (CC)/ Manager 
Technical (CB/ 
Solomon)/ Manager 
Infrastructure (Rail)  

4.4 N/A 

1.12  Y   Y Y  
Where possible, locate facilities and port infrastructure on 
bare mud flats away from main intertidal zones to reduce 
disruption to surface water flow and quality. 

1-4 
Infrastructure to comply with design 
specifications. 

Basis of design 
Design/ Construction/ 
Operation 

Operational Planning 
Manager/ Project 
Manager/ Manager Port 
Operations 

N/A N/A 

1.13  Y Y  Y Y  
Install Port infrastructure located in the intertidal zone on 
trestle type structures to reduce disruption to surface water 
movement. 

1-5 

Water quality and flow rates of 
creeks downstream of infrastructure 
areas remains similar to background 
levels. 

Basis of design 
Design/ Construction/ 
Operation 

Operations Planning 
Manager/ Manager Port 
Operations 

N/A N/A 

1.14 Y Y Y  Y Y  
Manage chemicals and hydrocarbons in accordance with 
the Chemical and Hydrocarbon Management Plan (45-PL-
EN-0011). 

3 

Water quality and flow of monitored 
creeks downstream of haul roads 
remains similar to background 
levels.  

Laboratory results Exploration/ Exploration 
Development/ 
Construction/ Operation/ 
Decommissioning 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager 

N/A Section 5 

1.15 Y Y Y  Y Y  
Provide hydrocarbons and chemical spill control training 
and equipment to appropriate Fortescue staff and 
contractors.  

3 
Audit to ensure appropriate training 
has been provided to relevant staff 
and contractors. 

Training records 
Exploration/ Exploration 
Development/ 
Construction/ Operation 

Group Manager 
Resource Geology/ 
Project Manager/ HSES 
Manager 

N/A N/A 

1.16 Y  Y  Y Y Y 

Develop and implement a surface water quality monitoring 
program, which includes the inspection of all drainage 
infrastructure, in accordance with the Surface Water 
Monitoring Guidelines (45-GU-EN-0002). 

1,2,3,5 

Prepare and implement site-specific 
surface water quality monitoring 
program that follows the SWMG. 

Monitoring program and report 

Construction/ Operation/ 
Decommissioning/ Closure 

HSES Manager/ 
Manager Mining 
(Solomon) 

N/A SWMG 

Site specific water quality reports 
and internal environmental reporting. 

Water quality reports and internal 
environmental reporting 

Annual Environmental report 
N/A Section 9 

1.17 Y  Y  Y   
Protect natural drainage lines from construction impacts 
where possible so that water quality is minimally impacted. 

1,2,3 

Audit to check natural drainage lines 
are buffered from disturbance 
footprint.   

Internal audit or inspection reports 

Construction Project Manager 

N/A Section 6 

Water quality and flow of monitored 
creeks downstream of construction 
activities remains similar to 
background levels. 

Monitoring program and report 

N/A Section 5 
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1.18 Y  Y  Y Y  
Reuse run off from infrastructure /activity where possible to 
ensure turbid water is not discharged to the environment. 

2,3 

Audit to check run-off from 
infrastructure/activity reused as 
much as possible.    

Dust management program 

Internal audit or inspection reports 

Construction and 
Operation 

Project Manager/ 
Manager Mining/ 
Manager Infrastructure 
(Rail)  

N/A N/A 

Water quality and flow rates of 
creeks downstream of all 
infrastructure and activities remain 
similar to background levels. 

Monitoring program and report 

N/A Section 5  

1.19 Y Y   Y Y  
Keep clean and potentially contaminated stormwater

5
 

separate. 
3 

Audit to check stormwater from 
operational areas is kept separate 
from undisturbed areas. 

Internal audit or inspection reports 
Construction and 
Operation 

Project Manager / 
Manager Mining/ 
Manager Port 
Operations 

4.1, 4.2, 4.3, 
4.4 

N/A 

1.20 Y Y   Y Y  
Contain and appropriately manage contaminated 
stormwater prior to release to the environment. 

3 

Audit to check contaminated 
stormwater is captured and 
managed before release to the 
environment. 

Internal audit or inspection reports 

Construction and 
Operation 

Project Manager / 
Manager Mining/ 
Manager Port 
Operations 

4.1 N/A 

Results of monitoring are all within 
the natural variability expected and 
anthropogenic toxicants do not 
exceed guideline values. 

Monitoring program and report 

N/A Section 7 

1.21  Y   Y Y  
Manage dredge spoil deposition areas as directed by the 
Dredging and Reclamation and Monitoring Management 
Plan (P-PL-EN-0004). 

1-5 
Adherence to the Dredging and 
Reclamation and Monitoring 
Management Plan (P-PL-EN-0004). 

Internal audit or inspection reports 
Construction and 
Operation 

Project Manager/ 
Manager Port 
Operations 

N/A N/A 

1.22 Y  Y   Y Y 

To ensure erosion, water quality and surface water flow 
regimes are minimally impacted conduct rehabilitation in 
accordance with the Rehabilitation and Revegetation 
Management Plan (45-PL-EN-0023) or where applicable a 
Mine Closure Plan developed in accordance with the 
Guidelines for Preparing Mine Closure Plans. 

1,2,3,5 

Vegetation in rehabilitated areas will 
have equivalent values as 
surrounding natural ecosystems  

Monitoring program and report 

Decommissioning and 
Closure 

Manager Mining/ HSES 
Manager 

N/A N/A 

After road removal and rehabilitation, 
water quality of monitored creeks 
downstream of road infrastructure 
remains similar to background 
levels. No erosion is evident. 

Monitoring program and report 

Annual Environmental Report 
N/A Section 5 

1.23 Y Y Y   Y Y 
Where appropriate, re-establish natural stream and 
drainage flows to resemble original drainage patterns, 
including rehabilitation of major drainage channels. 

1,2,3 

Audit rehabilitated areas to 
determine if previously disturbed 
areas resemble undisturbed natural 
contours immediately upstream. 

Audit reports 

Decommissioning and 
Closure 

Manager Mining/ HSES 
Manager 

4 N/A 

No significant impact on sheet flow 
dependent Mulga communities as a 
result of surface flow changes 

Monitoring and reports 

Annual Environmental Report Section 4  Section 5 

Water quality and flow rates of 
creeks downstream of rehabilitated 
site remain similar to background 
levels. 

N/A Section 5 

 

 

 

                                                
5
 Stormwater is water flowing over ground surfaces and in natural streams and drains as a direct result of rainfall over a catchment (ARMCANZ and ANZECC, 2000). 
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7. MONITORING GUIDELINES 

Guidelines for monitoring surface water in Fortescue controlled sites can be found in Appendix 

4.  This document provides guidance for the development and implementation of site specific 

Monitoring Programs.  By adopting these guidelines, a consistent monitoring approach can be 

applied across Fortescue controlled sites. 

The objectives of Fortescue’s surface water monitoring programs are: 

1. Determine whether the flow and water quality in significant streams and creeks potentially 

impacted by Fortescue operations are significantly different from background values. 

2. Assess whether turbidity controlling devices are effective in maintaining the turbidity of water 

leaving the site at acceptable guideline values. 

3. Determine if the flow and water quality of water being discharged via drainage infrastructure 

is significantly different from acceptable guideline values. 

Outcomes of Fortescue’s monitoring programs may lead to ongoing refinements to this Plan 

and its management strategies to ensure an adaptive management approach is undertaken 

during Fortescue activities. 
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8. COMPLIANCE 

Fortescue ensures compliance with its legal obligations through first party quality assurance by 

site environment teams with a focus on effective environmental management through the 

corporate Environmental Management System (EMS). 

Fortescue has adopted a risk based approach to monitor compliance with its legal obligations. 

Site environment teams will monitor their compliance with this Plan and the required sites 

specific management and monitoring programs using the Self-Verification of High Risk 

Environmental Legal Obligations Guideline (100-GU-EN-0030). 

Where no-conformance issues or opportunities for improvement are identified these will be 

documented and tracked via the Business Management System (BMS). 
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9. CORRECTIVE ACTIONS 

Contingency actions will be initiated during construction, operation and decommissioning 

activities when monitoring indicates that implemented management actions are not successfully 

mitigating impacts and management objectives are not being achieved. Specifically, 

contingency measures will be triggered when a trigger exceedance of a water quality parameter 

occurs, significant erosion is detected or a significant change in flow regimes is detected over 

four successive sampling events (Table 8). 

Table 8: Contingency Actions 

Trigger Contingency Actions 

Water quality exceedance  Enter the exceedence in BMS and initiate an investigation. 

 Identify reason and if caused by construction, operation or 

decommissioning activities or drainage infrastructure failure, make 

appropriate infrastructure modifications to contain contaminants.  

 Increase monitoring of outlets and natural drainage lines in 

catchments where water quality has been compromised. 

Significant erosion  Enter the exceedance in BMS and initiate an investigation. 

 Identify reason and if icaused by construction, operation or 

decommissioning activities or drainage infrastructure failure, make 

appropriate infrastructure modifications or contain contaminant.  

 Increase monitoring of outlets and natural drainage lines in 

catchments where significant erosion has been detected. 

Significant change to flow 
regime 

 Enter the exceedance in BMS and initiate an investigation. 

 Identify reason and if caused by construction, operation or 

decommissioning activities or drainage infrastructure failure, make 

appropriate infrastructure modifications or contain contaminant.  

 Increase monitoring of outlets and natural drainage lines in 

catchments where significant change to flow regimes has been 

detected. 

These qualitative trigger values should be reviewed after the first and subsequent monitoring 

events and replaced with qualitative values where possible for a robust and effective monitoring 

program. 

Expert opinion will be sought if and when required to guide contingency measures which will 

include further survey work to better understand influences causing those changes in the 

environment. By understanding why certain management strategies or monitoring does not 

work, specialist advice can be used to modify these and develop new mitigation strategies.  

Monitoring programs will be consistent in approach and effort to maintain scientific rigour under 

the analysis of results.  Record keeping will be maintained to enable immediate identification of 

trigger exceedances for contingency measures to be effective. 
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Any incidents resulting from unauthorised activities shall be reported and investigated as per 

Incident Event Management Procedure (100-PR-SA-0011). Causes of incidents will be 

determined and management procedures will be modified, with measures taken (as required) to 

prevent re-occurrence of incidents. 
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10. REVIEW 

It is important that plans and procedures are frequently reviewed and revised as Fortescue’s 

operations change and opportunities for improved management practices are identified. 

This Plan will be reviewed every five years, or when significant additional information comes to 

hand. Upon review, the document will be revised where appropriate and the revision status will 

be updated in accordance with Fortescue’s document control procedures. 
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Figure 1: Christmas Creek Mine Site 

Infrastructure Map 
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Figure 2: Cloudbreak Mine Site Infrastructure 

Map 
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Figure 3: Solomon Mine Site Infrastructure Map 



prpr
pr

pr

r Fly Camp

TSF1

Kings

TSF 2

LV Road 2

LV Road 1

LV Road 3

LV Road 6

Kings OPF

LV Road 5

HV Road 2

LV Road 7

Waste Dump

Ellie Camp

Borrow Pit

FT ROM Pad

Conveyor 2

Conveyor 1

Borrow Pit 3

Borrow Pit 2

Borrow Pit 1
Firetail OPF

Comms Tower 1

Comms Tower 4

Comms Tower 3

Power Station

Firetail South

Firetail North

Refueling Depot

Solomon Airstrip

Temp Anfo Storage

TSF Ore Stockpile
Overland Conveyor

Stockyard Laydown

Airstrip Borrow Pit

Kings Crushing Hub 2

Kings Crushing Hub 1 Firetail HV Workshop

Firetail Crushing Hub

Temp Explosives Storage

Firetail South Waste Dump

Firetail North Waste Dump

Central Facilities Laydown

Central Workshop Facilities

Fortescue River South Bridge 2

Solomon Heli-Pad 3

Camp 4

Dally Camp

The Castle Camp

N
an

u
ta

rr
a 

W
it

te
n

oo
m

 R
o

ad

580,000

580,000

585,000

585,000

590,000

590,000

595,000

595,000

600,000

600,000

605,000

605,000

7,
5

40
,0

00

7,
5

40
,0

00

7,
5

45
,0

00

7,
5

45
,0

00

7,
5

50
,0

00

7,
5

50
,0

00

7,
5

55
,0

00

7,
5

55
,0

00

± Solomon 

Requested By: Olivia Hertsted 

Drawn By: Shumaila Pottachira

Projection:GDA 1994 MGA Zone 50 Confidentiality: 1

Revision: 1

Date: 25/10/2011

Scale 1:70,000 Size: A3L

Doc Name: 100_MP_OP_0025.4
0 1,000 2,000 3,000 4,000500

Meters

Legend

pr Active Camp

pr Proposed Camp

Proposed Solomon Infrastructure

Tracks/Roads

Class

Minor Road

Principal Road

Secondary Road

Track

Drainage

Proposed Solomon Rail



  

  

Rport 

 

Figure 4: Port Infrastructure Map 
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Figure 5: Railway Infrastructure Map  
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Appendix 1: Project Background 
  



  

  

 

 
 

Fortescue Metals Group Background 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia with its head office located in Perth. 

Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project (the 

Project), which consists of several iron ore mines and associated rail and port infrastructure in 

the Pilbara region of Western Australia.  

The Project was granted Major Project Facilitation Status in December 2004 and Fortescue has 

signed two Agreements with the State of Western Australia: 

 The Railway and Port (The Pilbara Infrastructure Pty Ltd) State Agreement for the port 

and rail infrastructure to transport ore from the mines to the port 

 The Iron Ore (FMG Chichester Pty Ltd) Agreement for the iron ore mines. 

The Project has been developed in the following stages: 

 Stage A, consisting of a two-berth iron ore export facility at Port Hedland and a north-

south railway from the central Pilbara to Port Hedland, approved under Ministerial 

Statement 690 

 Stage B, consisting of iron ore mines in the eastern Pilbara (Christmas Creek) and an 

east-west spur rail line connecting to the Stage A railway; approved under Ministerial 

Statement 707. (Note this approval included the Mindy Mindy mine site but this has not 

been developed to date) 

 Cloudbreak iron ore mine west of the Christmas Creek area, approved under 

Ministerial Statement 721 and federal approval under the EPBC Act (EPBC 2005/2205) 

 Port facility upgrade consisting of a third berth at Anderson Point, Port Hedland, 

approved under Ministerial Statement 771 

 Port Facility upgrade of a fourth berth at Anderson Point, Port Hedland, Not Assessed -  

Public Advice Given in 2010 

 Solomon iron ore project consisting of two new mines and a railway connecting to the 

existing Fortescue rail line, approved under Ministerial Statement 862 and federal 

approval under the EPBC Act (EPBC 2010/5567 and 2010/5513) in 2011 

 Additional rail infrastructure between Herb Elliot Port Facility and Cloudbreak Mine Site, 

approved under Minsiterial Statement 690 and 707 and federal approval under the 

EPBC Act (EPBC 2010/5513) 

 Christmas Creek water management scheme to increase the mine dewatering rate and 

to inject surplus water into two brackish and one saline injection zones, approved under 

Ministerial Statement 871 



  

  

 

 
 

 Cloudbreak Life of Mine, approved under Ministerial Statement 899 (supersedes the 

conditions of Ministerial Statement 721) 

 Northstar Hematite Project, Not Assessed - Public Advice Given in 2012 and federal 

approval under the EPBC Act (EPBC 2012/6530). 

Changes to Ministerial Statements 690, 707, 721 and 771 were made and approved under 

Section 45 or 46 of the Environmental Protection Act 1986 (EP Act). 

Fortescue is extending its current operations in the Pilbara by developing the Solomon Project, 

which includes two new mine sites (Firetail and Kings), and a rail line to support the new sites. 

The Solomon Project area (Solomon) is located approximately 60 kilometres (km) north of Tom 

Price and is situated on both sides of the rail line operated by Pilbara Iron (Rio Tinto). Access to 

Solomon is via the public roads running north of Tom Price and also from the Pilbara Iron rail 

access road. 

In addition to the Solomon project, expansion of mining to the west is proposed within the 

Western Hub Project area which contains approximately 10 ore bodies.  Expansion of mining is 

also proposed east of Solomon at Nyidinghu and north east at North Star. 

Fortescue is also conducting drilling programmes to further delineate resources and iron ore 

reserves within tenements surrounding Solomon and in additional locations throughout the 

Pilbara. 

In addition to its wholly owned tenements, Fortescue is party to joint ventures and agreements 

with other tenement holders within the Pilbara region and is the manager of iron ore exploration 

operations upon these tenements.   



  

  

 

 
 

 

Appendix 2: Data Flow Diagram  
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Appendix 3: Cross Reference to State and Federal 

Statutory Requirements  
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ENVIRONMENT   

SURFACE WATER MANAGEMENT PLAN – MINISTERIAL STATEMENT CONDITIONS 

Surface Water Management Plan (45-PL-EN-0024) – Surface Water Related Ministerial Statement Conditions 

Ministerial Statement Condition Requirement or Issue Location in this Plan Location in Referenced Plan or Procedure 

MS 690 Port Facility and North South Railway 

Condition 8-1.1 Establish existing surface flow regimes  Appendix D, Section 1  NA 

Condition 8-1.2 

Identify significant surface water 
dependent ecological systems which 
may be impacted by changes to 
surface water regimes 

 Appendix D, Section 2 

 Figure 5 

 NA 

Condition 8-1.3 
Control excessive turbidity caused by 
erosion directly related to railway 
infrastructure 

 Section 7 Tables 4, 5, 7 

 Ground Disturbance Permit Procedure (100-PR-EN-0004): Section 2, 4 

 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-
0013): Section 1.1, 1.6 

 Rehabilitation and Revegetation Management Plan (100-PL-EN-0023): 
Table 4 Objective 2, 3, 4, 5 

 Surface Water Monitoring Guidelines (45-GU-EN-0002): Section 6, Table 
4, Appendix C Auditing Inspection Checklist for Environmental Drainage 
Infrastructure (45-FR-EN-0008) 

Condition 8-1.4 

Minimise the potential for contaminants 
to enter waterways  Section 7 Tables 4, 5, 7 

 Ground Disturbance Permit Procedure (100-PR-EN-0004): Section 2, 4 

 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-
0013): Section 1.1, 1.6 

 Chemical and Hydrocarbon Management Plan (100-PL-EN-0011): Table 7 
Objective 1, 2, 3 

 Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004): Section 3.4, 4.1, 4.4, 

 Surface Water Monitoring Guidelines (45-GU-EN-0002) and Appendix C: 
Auditing Inspection Checklist for Environmental Drainage Infrastructure 
(45-FR-EN-0008) 

Condition 8-1.5 

Maintain the integrity of flow paths and 
water quantities to protect surface 
water dependent ecological systems 

 Section 7 Tables 4, 5, 7 

 Appendix C 

 Surface Water Monitoring Guidelines (45-GU-EN-0002) and Appendix C: 
Auditing Inspection Checklist for Environmental Drainage Infrastructure 
(45-FR-EN-0008) 

 Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004): Section 4.2, 4.3, 4.4, 4.6, 4.7, 4.8 
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ENVIRONMENT   

SURFACE WATER MANAGEMENT PLAN – MINISTERIAL STATEMENT CONDITIONS 

Surface Water Management Plan (45-PL-EN-0024) – Surface Water Related Ministerial Statement Conditions 

Ministerial Statement Condition Requirement or Issue Location in this Plan Location in Referenced Plan or Procedure 

 Standard Engineering Specification for Road Design for Projects (100-SP-
CL-0002): Section 5, Appendix 1 

 Rehabilitation and Revegetation Management Plan (45-PL-EN-0020): 
Objective 5 

Condition 8-1.6 Monitor and report changes in surface 
water flow regimes caused by 
implementation of the proposal and 
impacts on surface water dependent 
ecological systems 

 Section 8 

 Appendix F 

 Surface Water Monitoring Guidelines (45-GU-EN-0002):  Section 2, 5, 7 
Table 4, Section 9 

Condition 8-4 Develop and implement appropriate 
contingencies in the event adverse 
impacts on surface water dependent 
ecosystems are identified 

 Appendix F, Section 7 

 Surface Water Monitoring Guidelines (45-GU-EN-0002): Section 7, Table 
4 

Ministerial Statement 707 Christmas Creek Mine and East-West Railway 

Condition 11-1.1 
The alignment of the transport corridor 
and the components within it  Figure 1 and 5 

 NA 

Condition 11-1.2 
Locations of infrastructure and 
resources  Figure 1 and 5 

 NA 

Condition11-1.3 
Design considerations and 
management measures used for 
borrow pits 

 Section 7 Table 4-7 

 Borrow Pit Management Plan (45-PL-EN-0018): Section 4.2  

 Ground Disturbance Permit Procedure (100-PR-EN-0004): Section 2, 4 

Condition 11-1.4 

The specifications and locations of 
altered surface drainage mitigation 
measures such as levees and spreader 
ditches 

 Section 7 Tables 4-7 

 Figure 1 and 5 

 Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004): Section 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8,  

 Standard Engineering Specification for Road Design for Projects (100-SP-
CI-0002): Section 5, Appendix 1 
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ENVIRONMENT   

SURFACE WATER MANAGEMENT PLAN – MINISTERIAL STATEMENT CONDITIONS 

Surface Water Management Plan (45-PL-EN-0024) – Surface Water Related Ministerial Statement Conditions 

Ministerial Statement Condition Requirement or Issue Location in this Plan Location in Referenced Plan or Procedure 

Condition 11-1.5 
Ongoing monitoring and management 
measures adopted to minimise the 
impacts described above 

 Section 8 

 Appendix C 

 Appendix F 

 Ground Disturbance Permit Procedure (100-PR-EN-0004): Section 2, 4 

 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-
0013): Section 1.1, 1.6 

 Standard Engineering Specification for Drainage and Flood Protection 
(100-SP-CI-0004): Section 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8,  

 Standard Engineering Specification for Road Design for Projects (100-SP-
CI-0002): Section 5, Appendix 1 

 Surface Water Monitoring Guidelines (45-GU-EN-0002) 

 Chemical and Hydrocarbon Management Plan (100-PL-EN-0011): Table 7 
Objective 1, 2, 3 

 Rehabilitation and Revegetation Management Plan (45-PL-EN-0023):  
Objective 3, 4, 5, 6, 7, Section 7, Section 9 

 Discharge Contingency Procedure (M-PR-EN-0001) 

Condition 11-2 
Review the Surface Water 
Management Plan at intervals not 
exceeding five years 

 Section 10 

 NA 
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1. INTRODUCTION 

Fortescue is committed to minimising the impacts of its activities on surrounding flora, fauna 

and water resources.    

Construction of the Fortescue railway, port and mines could potentially alter existing natural 

drainage patterns including flooding characteristics; scour, erosion and siltation of the drainage 

channels; inundation of upstream areas and water starvation of downstream areas. Poor 

management of chemicals and hydrocarbons onsite could lead to contamination of waterways.  

Appropriate surface water management strategies have been adopted to reduce the potential 

for environmental impact. 

The effectiveness of management strategies will be measured using the results of monitoring. 

Ministerial conditions placed on Fortescue’s developments require them to undertake surface 

water monitoring as part of the Surface Water Management Plan (100-PL-EN-1015).  The 

Surface Water Monitoring Guidelines (100-GU-EN-0037) have been developed to assist sites to 

develop site-specific Surface Water Monitoring Programs.  
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2. OBJECTIVE AND SCOPE 

The overall objective of Fortescue’s surface water monitoring programs is to collect data to 

measure impacts to surface water flow regimes and water quality, and the indirect impacts of 

these on vegetation and fauna.  Impacts are monitored to ensure compliance with Ministerial 

Statements and Part V license requirements related to surface water discharge, management of 

stormwater runoff, water quality monitoring and contamination management.   

The objective of this Guideline is to provide guidance to sites on the development of site specific 

monitoring programs.  The guiding objectives of the site specific monitoring programs are: 

1. Determine whether the flow and water quality in significant streams and creeks potentially 

impacted by Fortescue operations are significantly different from background values. 

2. Assess whether turbidity controlling devices are effective in maintaining the turbidity of water 

leaving the site at acceptable guideline values.  

3. Determine if the flow and water quality of water being discharged via drainage infrastructure 

is significantly different from acceptable guideline values. 

This Guideline will formalise the approach to surface water monitoring across Fortescue’s 

operations and describes how to: 

 select appropriate surface water monitoring parameters, locations and sampling 

frequencies 

 analyse, interpret and report data 

 respond to exceedances of thresholds and triggers.   
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3. SURFACE WATER RISK ASSESSMENT 

During the development of site specific surface water management programs, a risk 

assessment should be conducted to determine potential contaminants and surface water areas 

at high risk of encountering contamination, erosion and surface flow alteration.  As a priority, 

reference and impact sites should be located along drainage lines or creeks in identified high 

risk areas.  Risk assessments should be conducted in accordance with the requirements of the 

Plan. 
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4. CONSTRAINTS AND LIMITATIONS 

The ephemeral watercourses around Fortescue’s operations flow in response to significant 

rainfall events normally associated with tropical cyclones. Flooding of these watercourses 

frequently washes out sections of roads which can cut off access to numerous areas on site, 

limiting vehicle movements.  Risks to health and safety of staff may prevent samples from being 

collected from creeks and watercourses during and immediately after rainfall and flood events.   

Although in situ samplers may be used to collect water samples, cattle and the extreme nature 

of flooding in this region often leads to damage and failure of this equipment. Where in-situ 

equipment is used, locations should be chosen to minimise damage caused by flooding and 

cattle. 



Surface Water Monitoring Guidelines Page 10 of 30 

100-GU-EN-0037_Rev No.0  

Report 

 

5. MONITORING SITE SELECTION 

5.1 Water Sampling Sites 

An effective surface water monitoring program should be based on replicable sampling at 

impact and control (reference) sites.   

Reference and impact monitoring sites should be identified along watercourses and drains 

using the following considerations and guidelines:  

1. The geochemical, hydrological and meteorological properties (slope, soil type, shade/sun, 

depth, etc.) of reference sites must closely match the impact sites being assessed. 

Reference sites may be used for comparison with one or more impact sites on different 

waterways if the site’s physical characteristics and properties are similar.   

2. Reference sites are normally located directly upstream of the potential contaminant source, 

while impact sites are 750 m downstream of the source and past the mixing zone. 

3. Samples from reference and impact sites should be tested for the same water quality 

parameters. 

4. The monitoring sites can be safely accessed under most conditions. 

5. In many instances, creek crossings (the point where waterways or drains cross roads) will 

act as sufficient reference or impact locations taking into account distance from the potential 

contaminant source, distance from the site boundary and locations of additional contaminant 

inputs. 

6. Seasonal variations in climate: 

 The severe flood events that occur annually 

 The episodic and localised nature of the rain events 

 The nature and characteristics of the waterways in the impacted areas e.g. ephemeral, 

flowing occasionally when it rains; year-round spring fed surface flows; yintas. 

7. In situ locations (if required) are established at locations where damage caused by flooding 

and cattle is minimised. 

8. Monitoring costs can be reduced by conducting a common sampling program for collection 

of data on different indicators.   

Each monitoring site should have a unique identifying number against which data and 

observations are recorded. Monitoring sites must be marked and the GPS coordinates recorded 

so that the same site is always used. Markers should be protected from washing away or 

otherwise being removed, to the extent possible. Staff gauges should be installed at monitoring 

points where suitable. 
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5.2 Drainage Infrastructure Sites 

Drainage infrastructure is defined as any man made structure used to transport water offsite.  

This includes stormwater drains, bunds, levees, bridge guide banks, diversions drains, road 

floodway’s, sediment control infrastructure (sediment traps, sedimentation basins), road and rail 

culverts.   

Periodic inspection of all drainage infrastructure should occur as outlined in Appendix 1.  
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6. MONITORING PROGRAM DESIGN  

A monitoring program design may need to be adaptive over time, dependent on the quality and 

quantity of data collected from each site, with innovations in techniques and methodologies 

incorporated over time. 

Aspects for surface water monitoring program design are summarised in Table 1. These 

aspects include major waterways (creeks, rivers, springs and yintas), hydrocarbon storage 

areas (fuel dumps, power plants), major points of surface water discharge from the site 

(drainage infrastructure) and any water treatment facility or structure that can potentially 

contaminate surface water (treatment ponds, tailings dams and waste dump stockpiles).   

Water quality parameters are monitored using one of the three water quality suites outlined in 

Tables 2.  These water quality suites should be used as a general guide such that parameters 

can be added or subtracted depending on the site specific risk assessment and approval 

conditions. 

Approval requirements, including Part V Operating Licence conditions, should also be reviewed 

for site specific monitoring parameters, frequency and triggers. The site specific monitoring 

program should reflect the requirements of the sites Approval requirements. 
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Table 1: Summary of the Surface Water Monitoring Program 

Area/Aspect to be 

monitored 
Parameter Location Frequency 

Responsibility Regulatory 

Requirement 

Treatment ponds, 

sedimentation basins, 

wash down facilities (any 

water treatment or 

containment facility which 

could contaminate surface 

water). 

Water quality 
a
 Discharge point of 

washdown bays and oily 

water ponds 

At least quarterly  

Event based
1
  

Environment 

Superintendent 

MS 690, Condition 8, 

Schedule 2 

MS707, Condition 11, 

Schedule 2  

MS899, Condition 11 

See site specific Part 

V Operating Licence 
Waste landforms, tailings 

dams 

Water quality 
b
 Detention point Quarterly and event based Environment 

Superintendent 

Surface water discharge 

from mine site 

Water quality 
b
 Discharge points on mines Quarterly and event based Environment 

Superintendent 

Hydrocarbon storage 

areas 

Water quality 
c
 Discharge point of oily water 

sump 

Quarterly and event based Environment 

Superintendent 

Major waterways Water quality 
b 

and flow Down and upstream of 

mining and rail infrastructure 

Quarterly and event based Environment 

Superintendent 

Drainage Infrastructure Structural integrity Road and rail culverts Quarterly and event based   Track Maintenance 

Engineer 

MS 690, Condition 8, 

Schedule 2 

MS707, Condition 11, 

Schedule 2  

MS 899, Condition 11 

See site specific Part 

V Operating Licence 

Sediment, vegetation and 

debris accumulation 

Road floodways Quarterly and event based  Track Maintenance 

Engineer 

Sediment, vegetation and 

debris accumulation 

Diversion Drains Quarterly and event based  Track Maintenance 

Engineer 

Sediment, vegetation and 

debris accumulation 

Stormwater Drains Quarterly and event based  Track Maintenance 

Engineer 

                                                
1
 For the purposes of this Guideline, ‘event based’ is defined as rainfall that has resulted in visual stream flow across a floodway or down a designated 

river/creek/stream. 
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Area/Aspect to be 

monitored 
Parameter Location Frequency 

Responsibility Regulatory 

Requirement 

Structural integrity Bunds, levees, bridge guide 

banks 

Quarterly and event based 

inspections  

Track Maintenance 

Engineer 

Sediment levels Sediment control 

infrastructure such as 

sediment traps and 

sedimentation basins 

Quarterly and event based 

inspections  

Track Maintenance 

Engineer 

Vegetation monitoring 

points 

Refer to Significant Flora and 

Vegetation Management Plan 

Vegetation monitoring points Refer to Significant Flora and 

Vegetation Management Plan 

Environment 

Superintendent 

Refer to Significant 

Flora and Vegetation 

Management Plan 

Riparian Vegetation at 

discharge points 

Refer to Significant Flora and 

Vegetation Management Plan 

and the Fortescue Marshes 

Management Plan 

Riverine Vegetation at 

discharge points 

Refer to Significant Flora and 

Vegetation Management Plan and the 

Fortescue Marshes Management 

Plan 

Environment 

Superintendent 

Refer to Significant 

Flora and Vegetation 

Management Plan 

and the Fortescue 

Marshes 

Management Plan 

Drainage lines into the 

Fortescue Marsh 

Refer to the Fortescue 

Marshes Management Plan 

Drainage lines into the 

Fortescue Marsh 

Refer to Fortescue Marshes 

Management Plan 

Environment 

Superintendent 

Refer to Fortescue 

Marshes 

Management Plan 

 
a Water Quality Suite: pH, Electrical Conductivity (EC), Temperature, Total Dissolved Solids @ 180oC,

 
Turbidity, Surfactants, SO4, Total Nitrogen (TN), Total Phosphorus (TP), Metals (Al, Fe, Mn),TPH (C6-C9, C10-C14, C15-28, C29-36), Total TPH 

and PAH, and Monocyclic aromatic hydrocarbons BTEX (e.g. benzene, toluene, ethylbenzene & xylene)   

b Water Quality Suite: pH, Temperature, EC, TDS, Metals (Al, Fe, Mn),Turbidity , SO4, TN and TP 
 

c Water Quality Suite: pH, Temperature, EC, TDS,
 
Turbidity, TPH (C6-C9, C10-C14, C15-28, C29-36), Total TPH and PAH, BTEX (e.g. benzene, toluene, ethylbenzene & xylene)  
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7. METHODOLOGY 

The following section describes monitoring methodologies and techniques to be used to monitor 

surface water monitoring parameters identified in Table 1. These are intended to be used as a 

guide rather than rigid requirements. However, it is important to ensure consistency across all 

monitoring programs to enable the use of standard data analysis methods, comparisons across 

company operations and reporting. These issues should be assessed during the monitoring 

program design phase. 

7.1 Water Quality Methodology 

7.1.1 Field Measurements 

Prior to going into the field, instruments should be calibrated using the instrument user manuals. 

In the field, pH, turbidity, conductivity and temperature will be measured with a calibrated 

instrument which has been rinsed with deionised water.  The probes of the instrument will be 

submerged in the stream. 

If required, a plastic scoop will be rinsed three times and a sample will be collected following the 

third rinse.  

The probes will be submerged in the sample until the results instrument screen stabilises.  The 

results should be recorded in Envirosys. The probes should be rinsed with deionised water.  

When site environmental staff collect physical data in the field, it should be immediately 

checked for sensibility (i.e. check that the readings are within the normal range).  If the readings 

are outside the normal range of variability, then the instrument should be checked by taking 

readings from calibration solutions.  If the instrument is not reading the calibration solutions 

correctly, recalibrate the instrument or use a backup instrument that has been calibrated 

correctly.   

7.1.2 Sample Collection  

Water samples should be collected from flowing waterways, ponded areas, drainage lines or 

surface water bodies.  Water samples may be collected using grab samples and in-situ 

samplers such as rising stage samplers and auto samplers but other collection methods may be 

used where appropriate. 

Water quality suites to be sampled are outlined in Table 2 and include the appropriate sample 

bottles for collection. 
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Table 2: Water Quality Suites and Collection Methods 

Area/Aspect to be Monitored Water Quality Suite Analysis Types Parameter 

Oily water ponds, sedimentation 
basins, wash down facilities 

A Field pH  

Electrical Conductivity (EC) 

Temperature 

Turbidity 

Laboratory (sample bottles required): 

500ml L plastic 

125 ml plastic 

125 ml (HNO3) plastic 

350 mL glass amber  

2 x 40mL vial  

Plus Blanks (three 250ml plastic and one 
of each of the above for every 10 sites ) 
and replicates (two 250 ml plastic) 

Surfactants 

Total Dissolved Solids (TDS) 

Sulfate (SO4)  

Total Nitrogen (TN) 

Total Phosphorus (TP) 

Metals (Al, Fe, Mn) 

TPH 

PAH 

BTEX (benzene, toluene, ethyl benzene and xylene) 

Oil and Grease 

Surface water discharge points 
(from mine site) 

Major Waterways 

Waste landforms 

B Field  pH  

Electrical Conductivity (EC) 

Temperature 

Turbidity 

250 mL plastic 

125 mL plastic  

125 mL (HNO3) plastic 

Plus Blanks (one of each of the above for 
every 10 sites and three 250ml plastic) 
and replicates (two 250 ml plastic) 

SO4  

TDS 

TN 

TP 

Metals (Al, Fe, Mn) 
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Area/Aspect to be Monitored Water Quality Suite Analysis Types Parameter 

Hydrocarbon storage areas C Field pH 

Temperature 

EC 

Turbidity 

250 mL plastic 

350 mL glass amber  

2 x 40mL vial amber glass  

Plus Blanks (one of each of the above for 
every 10 sites and three 250ml plastic) and 
replicates (two 250 ml plastic) 

TDS 

TPH (C6-C9, C10-C14, C15-28, C29-36) 

PAH 

BTEX  
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When collecting water quality samples using the grab sample method the following instructions 

should be followed: 

 The most important factor when sampling is personnel safety.  If the monitoring 

program cannot be carried out in a reasonably safe manner, then alternative options 

should be considered.  Always sample in pairs and have adequate safety equipment 

available.   

 Use non-powdered latex gloves when handling the sample bottles and try not to 

contaminate the sample by touching it with dirty hands or smoking during the sampling 

event. 

 Use an extendable water sampler with a plastic scoop on the end to collect the sample.  

Rinse the plastic scoop three times and collect the sample following the third rinse.  

Before adding the water sample to the bottle, check if the bottle has preservative (acid) 

within it, if it does, do not rinse this bottle. 

 Before filling, rinse the sample bottle out three times with the water being collected, 

unless the bottle contains a preservative.  Fill the sample container to the top so no 

oxygen can enter the bottle. 

 Ensure sample blanks and replicates are collected. 

 All samples should be refrigerated or placed on ice in an esky immediately after being 

collected.   

 Water quality Suite A samples should be submitted for analyses at an NATA accredited 

laboratory within 4 days of collection (to take the holding time for surfactants into 

account); water quality Suite B and C stages should be submitted within 7 days. 

 Complete the necessary freight form and ensure it is attached to the esky. 

 Sample details should be recorded on a Chain of Custody (CoC) form and sample 

bottles should be corresponding labels.  The laboratory copy of the CoC should be 

provided with the samples when they are couriered to the laboratory.   

 Attach both the CoC and the freight form to the esky and then take it to the airport for 

transport on the next plane leaving site. 

 Results and confirmation from the laboratory receiving the samples will be e-mailed to 

the addresses that are put on the CoC 

 Ensure the sample analysis invoice is submitted for processing. 
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Table 3: Chain of Custody Documentation 

Process Step Quality Assurance Procedure Responsibility 

Field sampling  Field register of sample number, site, 
type/technique, time, date, technician, field 
data sheet  

Sampling staff 

Sample storage and 
transport 

Field register of transport container number 
and sample numbers, time, date 

Site  

Laboratory receipt of 
samples 

Laboratory register of transport container 
number and sample numbers, time, date 

Laboratory 

Laboratory storage of 
samples 

Laboratory register of storage location, 
type, temperature, time, date 

Laboratory 

Sample preparation Analysis register of sample (laboratory) 
number, pre-treatment, date, technician 

Laboratory 

Sample analysis  Analysis register of instrument, calibration, 
technician, standard method, date, result 

Laboratory 

When collecting water quality samples using in-situ samplers such as rising stage samplers and 

auto samplers ensure the devices are installed, operated and serviced in accordance with the 

associated manual.   

7.1.3 Preservation and Storage 

All samples should be refrigerated or placed on ice in an esky immediately after being collected.  

Only sample bottles should be kept in the sample eskies as lunches, suncream etc. can 

potentially contaminate the sample bottle contents. 

When transporting the samples on a plane, do not use ice because frequently, the check-in staff 

will not allow the esky on the plane. Use a suitable quantity of frozen bricks to keep the samples 

cold and tape the esky closed to ensure the contents are secure.   

Samples should be analysed by a NATA accredited laboratory.  Ensure one of the replicates is 

sent to a different NATA accredited laboratory for testing of all parameters. A CoC record 

should be completed and provided along with samples when they are couriered to the 

laboratory.   

7.1.4 Quality Assurance and Control 

Sampling staff should complete a Job Safety Analysis form prior to conducting a sampling 

activity. 

All equipment and field instruments should be kept in good working order and calibrated before 

use.  All calibrations, preventative maintenance repairs and any incidents that could affect the 

reliability of the equipment must be recorded. 
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The timing mechanisms of automatic sampling devices must be calibrated to ensure that the 

samples are acquired at the specified intervals.  

In the field, operators should be careful not to make the following major errors: 

 faulty operation of the sampling device 

 changes in the sample before measurement (contamination, chemical or biological 

changes)  

 incorrect sample labelling. 

Operators must fill in a field data sheet or a similar record that describes the samples taken, 

their labels and additional observations.   

Details of collected water samples should be provided in the CoC. 

Transfer of results from the field to Envirosys should be automated where possible. If required, 

there should be provision for handling censored data.  

Contamination of samples may occur during the sample collection process so blank samples 

should be used to detect and measure the contaminant.  During a sampling run in the field, one 

of each of the following blanks should be collected once every 10 sites.   

 Rinse Blanks detect contamination introduced through the container.  Containers of 

each type to be used for sampling (about 1 in 10) are selected at random and filled with 

deionised water and preserved in the same manner as field samples. 

 Equipment Blanks detect contamination introduced through contact with the sampler or 

sampling equipment. Fill any bottle with water or solvent that is used to rinse the 

sampling equipment and preserve in the same manner as field samples. 

 Trip Blanks can be used to assess gross cross-contamination of samples during 

transport and storage.  Fill any bottle with simulated water and preserve in the same 

manner as field samples. Simulated samples are similar to the samples to be collected, 

but in them the substance to be analysed (analyte) is at background or low 

concentrations. 

For further details on the use of blanks read Section 4.6.3 of ANZECC 2000a. 

Replicate samples are two or more samples collected simultaneously to enable testing of 

laboratory accuracy and precision. Fill two bottles of any type with sample water.  One of the 

replicates should be sent to a different NATA accredited laboratory for testing. 

7.2 Drainage Infrastructure Methodology 

Monitoring methodologies for surface water drainage infrastructure are available in Appendix 1. 
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8. CONTINGENCY MEASURES 

Contingency measures will be initiated during construction, operational and decommissioning 

activities when monitoring indicates that implemented management actions are not successfully 

mitigating environmental impacts and management objectives are not being met (Table 4). 

These qualitative trigger values should be reviewed after the first and subsequent monitoring 

events and refined with quantitative values where possible for a robust and effective monitoring 

program. 

Table 4: Contingency Measures 

Trigger Contingency Actions 

Water quality exceedance  Enter exceedence in BMS and investigate. 

 Identify the reason for the exceedance and where it is determined 

to be caused by Fortescue activities or treatment infrastructure 

failure, make appropriate infrastructure modifications while 

ensuring any contaminants are contained and reduced/removed to 

an approved level. 

 Increase monitoring of outlets and natural drainage lines in 

catchments where water quality has been compromised. 

Significant change in flow regime  Enter change in BMS and investigate. 

 Identify the reason for the change and where it is determined to be 

caused by Fortescue activities or a drainage infrastructure failure, 

make appropriate infrastructure modifications. 

 Increase monitoring of outlets and natural drainage lines in 

catchments where water flow/erosion has been compromised. 

Significant erosion detected 

A summary of default trigger values for surface water quality parameters is provided in Table 5 

and is based on existing values identified in: 

 Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 

2000a) 

 Water Quality Protection Note 68 Mechanical Equipment Washdown (DoW 2006). 

The default trigger values in Table 5 should be used as a guide until site specific background 

trigger levels have been developed. Section 7.4.4 of ANZECC (2000a) describes the process 

involved in deriving site based background values. 

Due to the ephemeral nature of waterways in the Pilbara, water samples can only be collected 

following rainfall events. To account for seasonal variation, water samples should be collected 

over a minimum 3 year period before site specific background trigger values can be derived.  

Trigger levels may need to be adjusted to account for seasonal trends. If seasonal medians of 

water quality parameters measured at reference sites are found to fall outside the 20th and 80th 

percentiles for slightly-moderately disturbed ecosystems, discrete data distributions will be used 
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and new percentiles calculated for each discrete time interval (e.g. seasonal) to ensure the 

management trigger levels are matched as closely as possible to the natural environment. 
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Table 5: Surface Water Trigger Values (default)  

Parameter Potential causes and impacts Trigger level (default) 

Metals Many metals occur naturally in soil as well as being produced in the iron ore mining process. Their 
solubility increases in acidic or alkaline water conditions. High concentrations can cause toxicity to 
aquatic organisms (fish and invertebrates) and birds.   

Al ≥ 55 µg/L 
1A

 

Mn ≥ 1900 µg/L 
1A 

Surfactants Surfactants are man-made chemicals that are likely to originate from areas where removal of 
grease, grime, dirt and hydrocarbons is necessary.  These include hydrocarbon storage areas, 
wastewater treatment plants, kitchens and laundries in accommodation areas. Many surfactants 
biodegrade very slowly and persist in the environment. High concentrations can cause toxicity to 
aquatic organisms (fish and invertebrates), and terrestrial vertebrates such as birds and mammals.   

Surfactants = 5 mg/L
3 

Hydrocarbons 
(PAH and MAH) 

Hydrocarbon presence may be due to spillage from leaking vehicles (road runoff), refuelling in 
inappropriate locations or overflow from bunded hydrocarbon storage area.  Increased 
concentrations can cause toxicity to aquatic organisms (fish and invertebrates), and terrestrial 
vertebrates such as birds and mammals.  It can also disrupt the endocrine system which affects 
reproduction and development of aquatic organisms.  High concentrations can cause toxicity to 
aquatic organisms (fish and invertebrates), and terrestrial vertebrates such as birds and mammals.   

Benzene = 950 µg/L 
1A

 

Xylene = 200 µg/L 
1A

 

Napthalene = 16 µg/L
1A

 

TPH (C6-C9, C10-

C14, C15-28, C29-
36) 

Same as Hydrocarbons TPH = 15 mg/L
3 

BTEX (benzene, 
toluene, ethyl 
benzene and 
xylene) 

Same as Hydrocarbons BTEX = 10 µg/L
3 
(cumulative 

total) 

Sulfate(SO4) Sulfate is found in most natural waters as a result of the dissolution of sulfate-bearing minerals in 
soils and rocks. Mine waste waters can contain high concentrations of sulfate.  Adverse effects on 
livestock may occur at concentrations between 1000 and 2000 mg/L, especially in young or 
lactating animals or in dry, hot weather when water intake is high. These effects may be temporary 
and may cease once stock become accustomed to the water. Levels of sulfate greater than 2000 
mg/L may cause chronic or acute health problems in stock. 

SO4 = 1,000 mg/L 
2 

Nutrients  

(TP and TN) 

Phosphorus and nitrogen occurs in ore and soil as well as from wastewater treatment facilities 
(human waste), accommodation areas (fertilisers on gardens), treatment ponds and wastewater 
irrigation areas. High nutrient concentrations can cause eutrophication of waterways thus impacting 
aquatic organisms and animals that rely on them for food.  The components of TN and TP (Nitrate, 
Nitrite, Ammonia, bioavailable phosphorus) can cause toxicity to aquatic organisms. 

TN = 1200 µg/L 
0
 

TP = 50 µg/L
0
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Parameter Potential causes and impacts Trigger level (default) 

pH pH can change significantly if chemicals are released into a waterway. The sources of these 
chemicals include runoff from waste rock piles, waste water treatment plants, treatment ponds, and 
stormwater runoff. Increases or decreases of pH beyond natural variability can cause toxicity to 
aquatic organisms (fish and invertebrates), riparian vegetation and also cause an increase in the 
toxicity of several contaminants possibly present in the water.   

Outside the range pH = 6.0 – 
8.0 

0 
 

Turbidity Most inland Australian waters are highly turbid due to soil and stream bank erosion.  Turbidity 
increases can be caused by increased erosion from vegetation clearing or rain events. Turbidity can 
reduce light penetration in the water column thus impacting primary production.  It can impact 
availability of plant and invertebrate food.  It can also clog fish gills and invertebrate filter feeders 
and smother benthic organisms and their habitats 

Turbidity = 200 NTU 
0 

Electrical 
Conductivity (EC) 

Changes in conductivity beyond natural variability may be due to natural processes such as hotter 
weather (increased evaporation), rain events and increased land salinity.  It may also be due to 
discharge of cooling water from power plants or storage/containment ponds.  Extreme conductivity 
fluctuations can cause direct toxicity of aquatic organisms and modify the species composition of 
the ecosystem by affecting species that provide food or refuge.   

EC = 900 µScm 
0
 

Note: 

A = 95% level of protection 

1 = Moderate reliability ANZECC value 

2 = Livestock drinking water quality ANZECC value 

3 = Indicative wastewater discharge criteria (WQPN 68, DoW) 

0 = The Guideline does not have data available for WA estuaries or rivers.  The trigger is based on wetland values only. 
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9. DATA ANALYSIS AND INTERPRETATION 

The results of chemical and physical data should be analysed every quarter. Values of each 

parameter should be compared against trigger levels to determine if an exceedance has 

occurred. 

Before statistically analysing the monitoring data, the monitoring team should examine the data 

to identify ‘outliers” or ‘aberrant’ observations. These outliers should be removed from the 

analysis if found to be erroneous.  If undetected, these data values can have profound effects 

on subsequent statistical analyses and can lead to incorrect conclusions and flawed decision 

making. 

The results for the blanks should be analysed to determine if there has been contamination of 

the sample from the:  

1. containers (indicated by different concentrations in the rinse blanks)  

2. sampler (indicated by different concentrations in the equipment blanks)  

3. storage esky (indicated by different concentrations in the trip blanks).   

The results of the replicates should be analysed to determine if there is difference between 

laboratory accuracy and precision.  If any blanks appear contaminated or the replicate sample 

indicates laboratory testing differed, then samples may need re-collecting or re-testing.   

Obvious outliers and missing data or data below detection limits (use the numerical value of half 

the detection limit) will need to be considered before statistical analysis.  If more than 25% of 

the data fits the above categories, do not analyse the data for confidence intervals or hypothesis 

testing but simple medians and percentiles are acceptable. 

For annual reports, the median values from monitoring sites should be compared to the 80th 

percentile or default values of relevant reference sites for each parameter.   

Each parameter should be analysed for trends using time series line charts for each parameter.  

Insert the trigger value for each parameter as a line on the graph so that data variances and 

trigger level exceedances can be easily seen. Use scatterplots to determine if there any 

relationships between parameters (plot results of a number of parameters on the one 

scatterplot).  If parameter relationships appear to be present, examine the relationship further.   

Discuss findings of the graphs and exceedances at the end of the report.  If exceedances or 

trends occurred, suggest reasons and support it with evidence if possible. Have the report peer 

reviewed to ensure it has met the objectives of the monitoring program and that errors and 

incorrect assumptions can be minimised. 
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10. REPORTING AND INFORMATION DISSEMINATION 

Monitoring results that have been interpreted and subject to quality assurance processes will 

generally be required to meet Fortescue’s reporting obligations. This could include: 

 Internal reporting to inform management planning and future monitoring program 

designs 

 A summary of findings relating to the monitoring program objectives/results in relevant 

company Environmental Reports 

 Reporting against legislative compliance requirements. 
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11. REVIEW 

This monitoring guideline will be used to develop site-specific monitoring programs.  The trigger 

levels contained within it may change as described in Section 8.  The Guidelines will be 

reviewed as required. 
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ANNUAL DESKTOP REVIEW AND MAINTENANCE 

The majority of Fortescue sites experience episodic rainfall, concentrated within the wet 

season period from December to April.  The maintenance schedule for drainage 

infrastructure should therefore focus on preparation in advance of the wet season each year.  

Prior to the start of November, the following activities should be completed at each site: 

1. Survey of levels for existing drainage assets, excluding culvert inverts.  This 

includes: 

a. picking up road levels across floodways 

b. set out points of bunds 

c. levees and guide banks 

d. sediment build up in sedimentation ponds and drains.   

2. Review of infrastructure layouts and potential drainage impacts.  Development or 

alteration of non-drainage infrastructure (such as building pads, roads, mine pits 

and dumps) may result in changes being required for drainage assets. 

3. Identify cases where drainage assets do not satisfy design requirements either due 

to changing requirements or poor infrastructure condition. 

4. Retrofit appropriate drainage infrastructure as per Standard Engineering 

Specification for Drainage and Flood Protection (100-SP-CI-0004). 

5. Conduct quarterly site inspections to verify known cases and identify any new cases 

of drainage assets not meeting design requirements.    

6. Conduct any necessary remedial action and verify that the drainage assets now 

satisfy design requirements. 

7. Report the outcomes of the previous year’s quarterly inspections and record any 

remedial actions taken. 

QUARTERLY AND EVENT BASED INSPECTION AND REPAIR 

Quarterly inspection should be conducted to monitor drainage asset condition and identify 

cases where remedial action is required.  Each site should develop a drainage infrastructure 

inspection form (template below), specific to the assets present at that site.   

It is recommended that quarterly monitoring should take place: 

 Prior to the wet season (August to September), in conjunction with the annual review 

and maintenance 



 During the start of wet season (October to December), following the first significant 

rains (>30mm in a day) 

 During the height of the wet season (February/March) 

 Towards the end of the wet season (April/May) to determine the cumulative effect of 

small events 

 Following major rainfall events (>100mm) throughout the wet season.  Event based 

inspection can be used to substitute one of the periodic inspections if applicable. 

CULVERT INSPECTION 

Culvert inspections are required to ensure that the culvert performance and therefore the 

performance of the wider drainage system is achieved and maintained throughout the life of 

the project.   

These items relate to the effectiveness of the culvert in meeting the drainage design 

requirements.  For common material defects, a comprehensive description is given in 

Culvert Inspection Guidelines, Main Roads Western Australia, Doc No. 6706-02-2237.  

Culvert inspection should check upstream and downstream ends of the crossings for: 

 Excessive sedimentation 

 Excessive build up of debris against the culvert 

 Damage to culvert barrels (caused by debris or other mechanisms) that reduce the 

culvert capacity 

 Evidence of culvert uplift 

 Evidence of culvert bypass, including piping failure, undercutting or excessive scour 

 Evidence of excessive ponding upstream of the culvert. 

FLOODWAY INSPECTION 

Floodway inspection is primarily to determine the effectiveness of the floodway as a flow 

path and the stability of embankment scour protection.  Floodway inspections should check 

for: 

 Excessive sedimentation 

 Excessive build up of debris on floodway embankment 

 Excessive build up of grader spoil along the edge of the road surface 



 Damage to or mobilisation of rock protection 

 Evidence of excessive ponding upstream of the floodway 

 Evidence of excessive scour on the downstream side of the floodway. 

DRAIN INSPECTION 

Ongoing build-up of sediment is expected in sedimentation basins and other drainage 

infrastructure.  Sediment levels should be inspected regularly and levels of sediment 

accumulation measured and recorded quarterly and also following significant rainfall runoff 

events.  Measurement could be by field survey of designated locations or assisted by using 

fixed staff gauges or similar devices.  The frequency for removing sediment will be site 

specific based on the rate of accumulation and the retained capacity of the structure. 

Drain inspection should check for: 

 Excessive sedimentation 

 Excessive build-up of debris 

 Excessive vegetation 

 Evidence of scour damaging the drain embankments 

 Evidence of scour of the base of the drain including mobilisation of rock protection 

 Evidence of ponding or excessive infiltration. 

BUNDS, LEVEES, GUIDEBANKS 

These elements of the drainage infrastructure typically only require a structural assessment.  

If these are structurally sound, then they are meeting the requirements of the drainage 

design.  However, quarterly and event based inspections are recommended to assess 

whether these structures are  

 Being eroded 

 Causing excessive erosion downstream 

 Subject to seepage or have prolonged periods of ponding against the embankments.  

SEDIMENT CONTROL INFRASTRUCTURE 

Ongoing build up of sediment is expected in sedimentation basins and other control 

infrastructure.  Sediment levels should be recorded quarterly and following significant events 



through use of equipment such as an installed staff gauge.  The cleaning frequency of 

sediment control infrastructure is likely to increase as the size of the infrastructure decreases. 

 



 

Drainage Infrastructure Inspection Data Sheet
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1. INTRODUCTION 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia, with its head office located in Perth. 

Detailed background information regarding the timing and nature of Fortescue’s environmental 

approvals under the Environmental Protection Act 1986 (WA), the Environment Protection and 

Biodiversity Conservation Act 1999 (Cth), current operations and plans for future expansion is 

contained in Appendix 1. 

1.1 Requirement for Management Plan 

The Groundwater Management Plan (this Plan) is required as part of development approval for 

Fortescue’s Iron Ore related infrastructure in the Pilbara under Ministerial Statements 707. 

Existing projects and future developments will be required to prepare and implement site-

specific Groundwater Management Programs to give effect to this Plan or where required a 

Groundwater Operating Strategy in accordance with a licence issued under the Rights in Water 

and Irrigation Act 1914.   

Guidance to develop Groundwater Operating Strategies is available in Operational policy 5.08: 

Use of operating strategies in the water licensing process (Department of Water). 

The data flow diagram for this Plan is available in Appendix 2. 

1.2 Objective and Scope 

The objective of this Plan is to minimise direct and indirect impacts of Fortescue’s groundwater 

management activities on groundwater quality and quantity in Fortescue Controlled Sites1.  

Groundwater management activities include groundwater investigations, groundwater 

monitoring, the construction and operation of infrastructure for purpose of groundwater 

abstraction (supply and use), dewatering/depressurisation and excess water disposal. 

This Plan was initially developed to meet the requirements of Condition 9 of Ministerial 

Statements 707 but is intended to provide guidance on groundwater management across all 

Fortescue Controlled Sites.  The sections of this Plan which address these conditions are 

identified in Appendix 3.  

This Plan will replace the Chichester Operations Groundwater and Bore Management Plan (45-

PL-EN-0005) and the Groundwater Discharge Management Plan (45-PL-EN-0019). 

                                                
1
 Fortescue Controlled Sites are sites under the legislative control of Fortescue including exploration 

sites, sites under construction, operational sites (sites managed and operated by Fortescue and sites 

managed by Fortescue but operated by contractors) and the Perth offices.  
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1.3 Legislation and Regulatory Framework 

Fortescue employees and contractors are obliged to comply with all relevant environmental 

Commonwealth and State legislation. There is a range of legislation that relates to groundwater 

in Western Australia (Table 1). 

Table 1: Commonwealth and State Legislation Relating to Groundwater 

Legislation Application 

Aboriginal Heritage Act 1972 
Provides protection of Aboriginal Heritage Sites.  Requires a 
Section 18 approval under the Act to disturb a registered 
Aboriginal Heritage Site. 

Environmental Protection Act 1986 (WA) 
Prevention, control and abatement or pollution and conservation 
protection and enhancement of the environment. 

Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) 

Protection of environmental matters of national significance such 
as national heritage sites, wetlands of international importance, 
nationally threatened species, ecological communities and 
migratory species. 

Rights in Water and Irrigation Act 1914 (WA) 

Relates to rights in water resources, to make provision for the 
regulation, management, use and protection of water resources, 
to provide for irrigation schemes, and for related purposes.  
Requires proponents to obtain a license under section 5C and 
26D of the Act. 

Wildlife Conservation Act 1950 (WA) 
Provides for the conservation and protection of wildlife (flora and 
fauna). Special provisions and schedules cover protection and 
management of gazetted rare flora and fauna. 

Table 2 outlines the legislative approvals required to undertake groundwater management 

activities and construct supporting infrastructure. 

The following standards and guidelines are also of relevance to this Plan: 

 ARMCANZ 2000, Australian Guidelines for Water Quality Monitoring and Reporting, 

National Water Quality Management Strategy no. 7 

 Department of Mines and Petroleum and Office of Environmental Protection Authority 

(2011).  Guidelines for Preparing a Mine Closure Plan 

 Department of Mines and Petroleum (2002), Guidelines for the Protection of Surface 

and Groundwater Resources During Exploration Drilling 

 Department of Water 2009, Operational policy 5.12 Hydrogeological reporting 

associated with a groundwater well licence 

 Department of Water 2010, Operational policy 1.01 Managed Aquifer Recharge in 

Western Australia 

 Department of Water 2011, Operational policy 5.08 Use of Operating Strategies in the 

Water Licensing Process 

 Department of Water 2009, Pilbara Water in Mining Guidelines. 
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Table 2: Approvals that may be Required to Undertake Groundwater Management Activities and to Construct Supporting Infrastructure 

Approval Requirement Legislation Regulator 

Programme of Works 

(PoW) 

Any activity other than general access to tenements.  These activities include, but 

are not limited to: 

 Construction of turkeys nest dams 

 Clearing and construction of groundwater management infrastructure 

 Construction of access roads. 

Mining Act 1978 Department of Mines 
and Petroleum (DMP) 

Mining Proposal
2
 Mining proposal must be submitted and approved prior to the commencement of 

mining operations on a tenement. 
Mining Act 1978 Department of Mines 

and Petroleum (DMP) 

Detailed Proposal
2
 Detailed proposal must be submitted and approved prior to the commencement of 

mining operations on a tenement. 
Iron Ore (FMG 
Chichester Pty Ltd) 
Agreement Act 2006 

Department of State 
Development (DSD) 

Licence to Construct or 

Alter a Well (Section 26D) 

Any activity (for both minerals and water) to: 

 Commence, construct, enlarge, deepen or alter any artesian well 

 Commence, construct, enlarge, deepen or alter any non-artesian well. 

Rights in Water and 

Irrigation Act 1914 

Department of Water 

(DoW) 

Form 2 (Section 26E) Form 2 is required to be provided 1-month after completion of a non-artesian well 

approved under a 26D licence. 

Rights in Water and 

Irrigation Act 1914 
DoW 

                                                
2
 Dependent on whether the site is subject to the provision of the Iron Ore (FMG Chichester Pty Ltd) Agreement Act 2006. 
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Approval Requirement Legislation Regulator 

Licence to Take Water 

(Section 5C) 

Any activity which involves the taking of water from a watercourse, wetland or 

underground source.  These activities may include, but are not limited to: 

 General camp purposes 

 Dust suppression 

 Construction purposes 

 Dewatering. 

Rights in Water and 

Irrigation Act 1914 
DoW 

Native Vegetation 

Clearing Permit 
Required when clearing native vegetation in an ‘environmentally sensitive area’ (e.g. 

Threatened Ecological Communities). 

Environmental 

Protection Act 1986 

Department of 

Environment 

Regulation (DER) 

Works Approval 

Construction of premises prescribed under Schedules 1 and 2 of the Environmental 

Protection Regulations 1987.  In relation to this Plan a prescribed premises is 

classified as mine dewatering at a production or design capacity greater than 50,000 

tonnes per year. 

Environmental 

Protection Act 1986 
DER 

Operating Licence/ 

Registration 

Operation of prescribed facilities and activities under Schedules 1 and 2 of the 

Environmental Protection Regulations 1987.  In relation to this Plan a prescribed 

activity is classified as mine dewatering at a production or design capacity greater 

than 50,000 tonnes per year.  

Environmental 

Protection Act 1986 
DER 
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1.4 Internal Management Plans and Procedures 

The following Fortescue documents are also of relevance to this Plan: 

 Chemical and Hydrocarbon Management Plan (100-PL-EN-0011) 

 Chichester Operations Fauna Management Plan (45-PL-EN-0007) 

 Christmas Creek Water Management Scheme Fauna Management Plan (CC-PL-EN-

0003) 

 Conservation Significant Fauna Management Plan (100-PL-EN-0022) 

 Dewatering Discharge Contingency Procedure (M-PR-EN-0001) 

 Environmental Consequence Descriptors Matrix (100-MX-EN-0001) 

 Exploration Environmental Management Plan (E-PL-EN-0002) 

 Fortescue Marshes Management Plan (45-PL-EN-0009) 

 Ground Disturbance Permits Procedure (100-PR-EN-0004) 

 Incident Event Management Procedure (100-PR-SA-0011) 

 Rail Construction Environmental Management Plan (R-PL-EN-0015) 

 Rail Corridor: Fauna Management Plan (R-PL-EN-0017) 

 Railway Corridor: Subterranean Fauna Management Plan (R-PL-EN-0009) 

 Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) 

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

 Significant Flora and Vegetation Monitoring Guidelines (45-GU-EN-0001) 

 Site specific Groundwater Operating Strategies as approved by the Department of 

Water 

 Solomon Fauna Management Plan (45-PL-EN-0027) 

 Stakeholder Consultation Reinjection Management Plan (CC-PL-EN-0006) 

 Subterranean Fauna Survey Plan (45-PL-EN-0010) 

 Surface Water Management Plan (45-PL-EN-0024) 

 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-0013) 

 Vegetation Health Monitoring and Management Plan –Cloudbreak (CB-PL-EN-0019) 

 Vegetation Health Monitoring and Management Plan –Christmas Creek (CC-PL-EN-

0004). 

.
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2. ROLES AND RESPONSIBILITIES 

All Fortescue employees and contractors are required to comply with the requirements of this 

Plan. 

Accountability for fulfilling the requirements of this Plan is dependent on the stage of project 

development (construction, operations, decommissioning) and the project type (port, rail or 

mine).   

During exploration and design, the Group Manager Technical Services and the Group Manager 

Resource Geology will be accountable for ensuring the requirements of this Plan are met. 

During construction and operations stages, whether activities are undertaken by an external 

service provider or internal Fortescue personnel, the Project Director or the General Manager 

(Port, Rail or Mine) will be accountable for ensuring the requirements of this Plan are met. 

During decommissioning and closure stages, the General Manager (Port, Rail or Mine) will be 

accountable for ensuring the requirements of this GMP are met.  

Where responsibilities are delegated, this must be clearly recorded and communicated. 

In Section 6 specific Management Actions have been attributed to the appropriate personnel.  

When site specific groundwater management programs and operating strategies are developed 

to support this Plan, the RASCI framework should be utilised to delegate roles, responsibilities, 

and review and approval levels.  RASCI is used to denote: 

R-Responsible Those who do the work to achieve the task. 

A-Accountable Those who are ultimately accountable for the completion of the 

deliverable or task and the one to whom the Responsible person is 

accountable. 

S-Supportive  Resources allocated to the Responsible person and who will also assist in 

completing the task. 

C-Consulted  Those whose opinions are sought, two-way communication. 

I-Informed  Those whom are kept informed, one-way communication. 
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3. STAKEHOLDER CONSULTATION 

Fortescue has undertaken an extensive stakeholder consultation program whereby landowners, 

regulators and other relevant parties have been consulted with regard to investigation and 

design of the mine sites and rail infrastructure through the environmental approvals process 

(see Section 7 in Environ 2005a, and Section 6 in Environ 2005b, Section 6 in Fortescue Metals 

Group, 2010). 

The Department of Environment Regulation (DER) was consulted and approved the final 

content of the original Chichester Operations and Bore Management Plan (45-PL-EN-0005). 

This plan will be submitted to the Office of the Environmental Protection Authority (OEPA) in 

accordance with condition 9 of Ministerial Statement 707.  
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4. KEY ENVIRONMENTAL ACTIVITIES 

Many of the groundwater management activities3 associated with Fortescue’s exploration, 

construction, operation and decommissioning phases have the potential to impact on the 

environment.  

The key groundwater management activities undertaken by Fortescue which have the potential 

to impact on groundwater and groundwater dependent ecosystems are described in Appendix 4 

and include: 

 Vegetation clearing 

 Ground disturbance 

 Groundwater drilling and bore construction and testing 

 Construction and establishment of groundwater management infrastructure 

 Groundwater management activities 

 Groundwater injection. 

                                                
3
 Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by ISO14001. 
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5. POTENTIAL ENVIRONMENTAL IMPACTS 

The potential direct and indirect impacts to groundwater and groundwater dependent 

ecosystems arising from Fortescue’s groundwater management activities are presented in 

Table 3. 

Table 3: Potential Environmental Impacts Arising from Fortescue’s Activities 

Potential Environmental Impact Details 

Groundwater contamination 

Contamination of groundwater from release of hydrocarbons and chemicals 
during groundwater management activities.  Spills can continue to impact on 
groundwater quality if not properly remediated. 

Impact local and regional groundwater quality through changes to the 
hydrogeological regime (such as saline intrusion), transfer and injection of 
contaminated groundwater and exposure of groundwater to evapo-concentration 
and other geochemical processes (such as pit lakes) 

Effects on phreatophytic 
vegetation  

Expose vegetation to waterlogging, where elevated watertables intersect 
vegetation root systems. In waterlogged soils biological activity rapidly uses the 
available oxygen, retarding oxygen and water uptake and restricting root and 
plant growth.  

Elevated water levels also have the potential to transport and/or concentrate 
salts in soil profiles. 

Interfere with the availability of water in the soil profile accessible to 
phreatophytic vegetation. 

Loss of stygofauna/ fauna habitat  

Lowering the water table sufficiently can dry out the zone which some 
subterranean species live.  A change in water quality can impact upon 
stygofauna species. 

Impact volume of flow into groundwater fed pools through reduction of flow and 
uncontrolled increase in flow from discharge of dewater close to pools. 

Soil erosion Erosion can result in modified soil infiltration characteristics. 

Turbidity 
Localised increase in turbidity resulting from dewatering and ground disturbance 
activities. 
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6. ENVIRONMENTAL MANAGEMENT 

A series of environmental management objectives have been developed to mitigate 

environmental impacts on groundwater and groundwater dependent ecosystems that could 

potentially be caused by Fortescue’s groundwater management activities during exploration, 

construction, operation and decommissioning phases. These are: 

1. Minimise the potential environmental impacts associated with the development of 

groundwater management infrastructure. 

2. Minimise the potential environmental impacts associated with groundwater management 

activities. 

3. Minimise the potential impacts to phreatophytic vegetation and any other groundwater-

dependent ecosystems. 

4. Minimise the potential impacts to station bore supply within the area of groundwater 

drawdown. 

5. Monitor and report sufficiently to demonstrate compliance and enable management to make 

informed decisions that minimise environmental impacts to groundwater dependent 

ecological systems. 

For each objective, management actions have been developed to ensure the impacts from 

Fortescue’s activities are managed, and that appropriate monitoring, reporting and corrective 

action functions are implemented to support the successful implementation of the management 

actions.  

The key elements of the environmental management process associated with each objective 

are described in Table 4. 

Table 4: Description of Key Elements of Environmental Management Process to Achieve Identified 
Objectives 

Element Definition/Description 

Objective What is intended to be achieved. 

Management Action Tasks undertaken to enable the objective to be met. 

Performance Indicators Metrics for evaluating the outcomes achieved by Management Action. 

Reporting/Evidence Demonstrates that the Management Action has been applied and the 
outcome evaluated. 

Timing Period during which the Management Action should be undertaken. 

Responsibility Accountability for ensuring management action is completed.  The 
responsible role is dependent on project timing. 

The key management actions, performance indicators, evidence, timing and responsibilities for 

each objective are provided in Table 5. 
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Table 5: Key Management Actions for Management of Groundwater Management Activities in Fortescue Controlled Sites 

Objective 1 Minimise the potential environmental impacts associated with development of groundwater management infrastructure
4
 

Reference Management Actions Performance indicators Reporting/ Evidence Timing Responsibility 

1.1 

Obtain the required approvals outlined in Table 2 prior to ground 
disturbance for groundwater management infrastructure.  Where 
necessary, undertake environmental surveys as outlined in the 
Significant Flora and Vegetation Management Plan (45-PL-EN-0017), 
Conservation Significant Fauna Management Plan (100-PL-EN-0022) 
and the Subterranean Fauna Survey Plan (45-PL-EN-0010). 

 PoW/licence/permit/works approval submitted 

and approved 

 Surveys undertaken when required 

 Pow/licence/permit/works approval 
Exploration/ Exploration 
Development/ Design/ 
Construction 

Manager Environmental 
Approvals/ Manager 
Environmental Studies 

1.2 

Prior to undertaking groundwater management activities and 
constructing supporting infrastructure, conduct a risk assessment to 
identify high risk areas.  Develop and implement management 
strategies that reflect risk assessment outcomes. 

 Risk assessment conducted 

 No significant impacts to significant flora, 

vegetation, fauna or fauna habitat 

 Management strategies developed 

 Risk assessment 

 Internal audit and inspection reports 

Exploration/ Exploration 
Development/ Design/ 
Construction 

Exploration and Design - 

Manager Exploration/ Manager 
Hydrogeology/ 

Construction - Manager 

Projects 

1.3 
Ensure infrastructure location, design, construction and operation 
reflects risk assessment outcomes (determined in Action 1.2) in 
minimising environmental impacts. 

 Management measures implemented in high risk 

areas 

 Project design reflects risk assessment 

outcomes 

 Project design 

 Monitoring program and report 

Exploration/ Exploration 
Development/ Design/ 
Construction/ Operation 

Exploration, Design and 
Construction - Manager 

Exploration/ Manager 
Hydrogeology/ Manager 
Projects  

Operation –Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon) 

1.4 

Where dewatering infrastructure may significantly impact on surface 
water flows in areas of sheet flow dependent Mulga communities to be 
protected from disturbance, ensure appropriate drainage infrastructure 
(defined in Action 1.2) is incorporated into the project design in 
accordance with the Surface Water Management Plan (45-PL-EN-
0024). 

 No significant impact on sheet flow dependent 

Mulga communities protected from disturbance 

 Compliance with Management Plan 

 Project design Design 
Manager Hydrogeology/ 
Manager Projects 

1.5 

Complete a GDP Application in accordance with the Ground 
Disturbance Permits Procedure (100-PR-EN-0004).  Where an 

environmentally sensitive area, significant species
5
 and/or an Aboriginal 

Heritage Site is identified, relocate the groundwater management 
infrastructure, where possible.  If the infrastructure is unable to be 
relocated comply with the: 

 Requirements of the Significant Flora and Vegetation 
Management Plan (45-PL-EN0017), the Conservation 
Significant Fauna Management Plan (100-PL-EN-0022) and 
the Fortescue Marsh Management Plan (45-PL-EN-0009) 

 Conditions of the applicable Land Access or Heritage 
Agreement. 

 No impacts to aboriginal heritage or significant 

flora, vegetation, fauna or fauna habitat 

 Compliance with Procedure 

 Compliance with Land Access and Heritage 

Agreements 

 Internal audit and inspection reports 

 GDP application and permit 

Exploration/ Exploration 
Development/ Design/ 
Construction/ 
Operations 

Exploration and Design - 

Manager Exploration/ Manager 
Hydrogeology/ 

Construction - Manager 

Projects 

Operations – Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon) 

1.6 

Minimise clearing and vegetation disturbance to ensure significant flora 
and vegetation are protected.  Conduct vegetation clearing in 
accordance with the Significant Flora and Vegetation Management Plan 
(45-PL-EN-0017) and a permit issued under the Ground Disturbance 
Permits Procedure (100-PR-EN-0004). 

 No significant impact on significant flora or 

vegetation 

 Ground disturbance permits obtained 

 Clearing within specified GDP boundaries 

 Ground disturbance permits 

 BMS record 

 Incident reports 

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager 

Exploration 

Construction - Manager 

Projects/ Manager 
Hydrogeology 

Operation – Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon) 

 

                                                
4
 Groundwater management infrastructure may include bores, sumps and associated pumps, transfer ponds, power sources, interconnected pipelines, settlement ponds and direct conveyance pipelines. 

5
 Significant species as defined in the Significant Flora and Vegetation Management Plan (45-PL-EN-0017) and the Conservation Significant Fauna Management Plan (100-PL-EN-0022). 
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Reference Management Actions Performance indicators Reporting/ Evidence Timing Responsibility 

1.7 

When conducting excavations or trenching activities, develop and 
implement measures such as exclusion methods, exit structures, 
shelter and/or excavation/trench inspections to minimise potential 
impacts on conservation significant fauna in accordance with 
Conservation Significant Fauna Management Plan (100-PL-EN-0022) 
and the Christmas Creek Water Management Scheme Fauna 
Management Plan (CC-PL-EN-0003). 

 Impact to fauna in excavations or trenching is 

minimised 

 Compliance with the Management Plan 

 Internal audit and inspection 

reports 

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager Exploration/ 

Manager Hydrogeology 

Construction - Manager Projects 

Operations – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

1.8 

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 in 
accordance with the Rail Corridor: Fauna Management Plan (R-PL-EN-
0017), Chichester Operations Fauna Management Plan (45-PL-EN-
0007), Conservation Significant Fauna Management Plan (100-PL-EN-
0022), Solomon Fauna Management Plan (45-PL-EN-0027) and the 
Christmas Creek Water Management Scheme Fauna Management 
Plan (CC-PL-EN-0003). 

 No mortality of conservaiton significant fauna in 

active sumps 

 No significant increase in feral animal records 

from sightings and road transect counts. 

 Intenal audit and inspection 

reports 

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager Exploration/ 

Manager Hydrogeology 

Construction - Manager Projects 

Operations – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

1.9 
When constructing or altering bores subject to soil erosion or adjacent 
to sensitive receptors, implement management measures to reduce 
discharge rates and prevent scouring.   

 No significant soil erosion 

 Impacts to significant flora, vegetation, fauna or 

fauna habitat are minimised 

 Internal audit and inspection 

reports 

Exploration/ Exploration 
Development/ Design/ 
Construction/ Operation 

Exploration and Design - Manager 

Exploration/ Manager Hydrogeology  

Construction - Manager Projects 

Operations – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

1.10 
Contain generators/pumps used for test pumping to reduce the risk of a 
hydrocarbon spill and potential soil and groundwater contamination. 

 No soil or groundwater contamination 

 Generators/pumps are contained 

 Internal audit and inspection 

reports 

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager Exploration/ 

Manager Hydrogeology 

Construction - Manager Projects 

Operations – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

1.11 

Once bore construction and test pumping activities are finalised and the 
water within the sumps has evaporated, backfill with stockpiled soil and 
progressively rehabilitate.  Where the bore is for reinjection purposes 
AND located in an active mining area, the sump may be retained to 
mitigate potential spills during future bore development and test 
pumping activities. 

 Rehabilitation of sumps 

 Where applicable, retention of sumps when it is 

a reinjection bore and located in an active 

mining area 

 Internal audit and inspection 

reports 

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager Exploration/ 

Manager Hydrogeology 

Construction - Manager Projects 

Operations – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

Objective 2 Minimise the potential environmental impacts associated with groundwater management activities
6
 

Reference Management Action Performance indicators Reporting/ Evidence Timing Responsibility 

2.1 

When a groundwater management activity requires a 5C licence under 
the Rights in Water and Irrigation Act 1914, conduct a hydrogeological 
assessment in accordance with the parameters outlined in the 
Operational policy no. 5.12 Hydrogeological reporting associated with a 
groundwater well licence (DoW).  

 Hydrogeological assessment report developed 

and approved by DoW 

 Compliance with Operational policy no.5.12 

Hydrogeological reporting associated with a 

groundwater well licence (DoW) 

 Hydrogeological assessment 

report 

 Correspondence with the DoW 

Feasibility/ Design 
Manager Hydrogeology/ Manager 
Projects 

                                                
6
 Groundwater management activities include groundwater investigations, groundwater monitoring, the construction and operation of infrastructure for purpose of groundwater abstraction (supply), dewatering/depressurisation and excess water 

disposal. 
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Reference Management Actions Performance indicators Reporting/ Evidence Timing Responsibility 

2.2 

Where a subterranean fauna survey (conducted in Action 1.1) indicates 
a risk of loss of subterranean species or communities, and those 
species or communities are deemed significant due to their restricted 
distribution within the project area, develop a Subterranean Fauna 
Management Plan as required under the Subterranean Fauna Survey 
Plan (45-PL-EN-0010). 

 Plan developed 

 No loss of significant subterranean species or 

communities 

 Relevant stakeholders consulted and approval 

obtained 

 Plan 

 Monitoring report 

 Stakeholder consultation 

Design Manager Environmental Studies 

2.3 

When required as a condition of a licence issued under the Rights in 
Water and Irrigation Act 1914, develop and implement a Groundwater 

Operating Strategy in accordance with the Operational policy 5.08: Use 
of operating strategies in the water licensing process (DoW).  

 Groundwater operating strategy developed, 

approved and implemented 

 Compliance with Licence conditions 

 Groundwater operating strategy 

 Licence  

 Internal reports 

 Groundwater monitoring reports  

Design/ Construction/ 
Operation/ 
Decommissioning/ 
Closure 

Design - Manager Hydrogeology 

Construction - Manager Projects 

Operation, Decommissioning and 
Closure – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

2.4 

Establish monitoring bores to monitor and where necessary mitigate the 
effects of dewatering and injection on subterranean fauna in 
accordance with an applicable Subterranean Fauna Management Plan 
(developed in Action 2.2). 

 Monitoring bores are established 

 Monitoring requirements are included in the site 

specific Groundwater Operating Strategy 

 Groundwater Operating Strategy 

 Groundwater monitoring reports  

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager 

Hydrogeology 

Construction - Manager Projects 

Operation – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

2.5 

When groundwater management activities may result in impacts on 
other stakeholders, including other mining operations, consult with 
those potentially affected and where necessary develop and implement 
measures to mitigate the identified impacts. 

 The Groundwater Operating Strategy is updated 

 Relevant stakeholder groups are consulted 

 Groundwater Operating Strategy 

 Records of stakeholder 

consultation (i.e. emails, letters, 

meeting minutes) 

Design/ Construction/ 
Operation 

Design and Operation - Manager 

Hydrogeology 

Construction - Manager Projects 

2.6 

Where required, monitor the effects of dewatering and injection on 
subterranean fauna and where monitoring results indicate a risk of loss 
of significant subterranean fauna species, implement mitigation 
strategies to mitigate or minimise the effects of dewatering and injection 
on subterranean fauna in accordance with an applicable Subterranean 
Fauna Management Plan (developed in Action 2.2). 

 Monitoring conducted, where required 

 Mitigation measures implemented, where 

necessary 

 Compliance with the Management Plan 

 Internal reports 

 Annual Environment Reports 

(may include Compliance 

Assesssment Report, Annual 

Environmental Monitoring 

Report) 

Construction/ Operation 
Construction - Manager Projects 

Operation - HSE Manager 

2.7 
Where possible, utilise water from dewatering for onsite activities, such 
as dust suppression and OPF operations. 

 Dewater reused as much as possible 

 Groundwater Operating Strategy is updated  
 Audit report Construction/ Operation 

Construction - Manager Projects 

Operation - Manager Mining 

2.8 
When injecting excess dewater into a compatible aquifer utilise 
methods outlined in the Operational Policy 1.01 Managed Aquifer 
Recharge in Western Australia (DoW). 

 Groundwater Operating Strategy updated  

 Excess dewater injected according to approved 

methods 

 Groundwater Operating Strategy 

 Audit Report 
Construction/ Operation 

Construction - Manager Projects 

Operation - Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 

2.9 

When construction or maintenance activities results in dewatering 
volumes in excess of what can be disposed of in accordance with the 
applicable Groundwater Operating Strategy, adopt temporary 
alternative disposal options as outlined in the Dewatering Discharge 
Contingency Procedure (M-PR-EN-0001).   

 Compliance with Procedure and Groundwater 

Operating Strategy 

 Dewatering Discharge 

Contingency Application Form 

 Groundwater monitoring review 

Construction/ Operation 

Construction - Manager Projects 

Operation – Manager Operational 

Projects/ Manager Mine Services or 
Site Manager Mining (Solomon) 
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Reference Management Action Performance indicators Reporting/ Evidence Timing Responsibility 

2.10 
Ensure chemicals and hydrocarbons are managed in accordance with 
the Chemical and Hydrocarbon Management Plan (100-PL-EN-0011) to 
reduce the risk of soil or groundwater contamination. 

 Compliance with the Management Plan 

 Water quality and flow of groundwater remains 

similar to background levels 

 Appropriate training has been provided to 

relevant staff and contractors 

 Laboratory records 

 Audit reports 

 Training registers 

Exploration/ Exploration 
Development/ 
Construction/ Operation/ 
Decommissioning/ 
Closure 

Exploration - Manager 

Exploration  

Construction - Manager Projects 

Operation, Decommissioning 
and Closure – Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon)/ HSE Manager 

2.11 

When an uncontrolled release of water has occurred as a result of 
Fortescue activities and the release has caused or is likely to cause 
pollution or environmental harm as defined in the Environmental 
Consequence Descriptors Matrix (100-MX-EN-0001), investigate and 
report the incident in accordance with the Incident Event Management 
Procedure (100-PR-SA-0011). 

 Incident reported in BMS 

 Incident investigated according to Procedure 

 Incident reported to Regulator within the 

specified legislative timeframe, where required 

 Incident Report in BMS 

 Correspondence with relevant 

Regulator 

 Regulator notification 

Exploration/ Exploration 
Development/ 
Construction/ Operation/ 
Decommissioning/ 
Closure 

Exploration - Manager 

Exploration  

Construction - Manager Projects  

Operations, Decommissioning 
and Closure – Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon) 

External Reporting - Manager, 

Environment Governance and 
Sustainability 

2.12 

To ensure erosion, water quality and groundwater flow regimes are 
minimally impacted conduct progressive rehabilitation in accordance 
with the Rehabilitation and Revegetation Management Plan (45-PL-EN-
0023) or where applicable a Mine Closure Plan developed in 
accordance with the Guidelines for Preparing Mine Closure Plans. 

 Comparison post mining monitoring data and 

closure objectives 

 Compliance with the Management Plan/ 

Guideline 

 Post closure hydrogeological 

reporting 

 Mine Closure Plan 

Construction/ Operation/ 
Decommissioning/ 
Closure 

Construction - Manager Projects  

Operation, Decommissioning 
and Closure – Manager 

Operational Projects/ Manager 
Mine Services or Site Manager 
Mining (Solomon) 

Objective 3 Minimise impacts to phreatophytic vegetation and any other significant groundwater dependent ecosystems 

Reference Management Action Performance indicators Reporting/ Evidence Timing Responsibility 

3.1 

Establish monitoring bores to monitor and where necessary mitigate the 
effects of dewatering and injection on phreatophytic vegetation in 
accordance with the Significant Flora and Vegetation Management Plan 
(45-PL-EN-0017), the Vegetation Health Monitoring and Management 
Plan – Christmas Creek (CC-PL-EN-0004), Vegetation Health 
Monitoring and Management Plan – Cloudbreak (CB-PL-EN-0019) and 
the Fortescue Marshes Management Plan (45-PL-EN-0009). 

 Monitoring bores are established 

 Monitoring requirements are included in the site 

specific Groundwater Operating Strategy 

 Groundwater Operating Strategy 

 Groundwater monitoring reports  

Exploration/ Exploration 
Development/ 
Construction/ Operation 

Exploration - Manager 

Hydrogeology 

Construction -Manager Projects 

Operations – Manager 

Operational Projects/ Manager 
Mine Services or Manager 
Technical Services (Solomon) 

3.2 

Where required, monitor the effects of dewatering and injection on 
phreatophytic vegetation in accordance with the Significant Flora and 
Vegetation Management Plan (45-PL-EN-0017), Vegetation Health 
Monitoring and Management Plan – Christmas Creek (CC-PL-EN-
0004), Vegetation Health Monitoring and Management Plan – 
Cloudbreak (CB-PL-EN-0019) and the Fortescue Marshes Management 
Plan (45-PL-EN-0009). 

 Monitoring conducted, where required 

 Mitigation measures implemented, where 

necessary 

 Compliance with the Management Plan 

 Internal reports 

 Annual Environmental Reports 

(may include Compliance 

Assessment Report, Annual 

Environmental Monitoring 

Report) 

Construction/ Operation 
Construction - Manager Projects 

Operation - HSE Manager 

3.3 

Where required, monitor groundwater conditions in groundwater 
dependent pools to be retained and protected from disturbance to 
detect and where necessary mitigate any changes arising from 
groundwater dewatering and injection activities. 

 Water levels of retained groundwater dependent 

pools managed within defined target range 

 Monitoring requirements included in the site 

specific Groundwater Operating Strategy 

 Internal reports 

 Groundwater monitoring reports  

 Annual Environmental Reports 

(may include Compliance 

Assessment Report, Annual 

Environmental Monitoring 

Report) 

 Groundwater Operating Strategy 

Construction/ Operation 

Construction - Manager 

Hydrogeology/ Project Manager 

Operation - Manager Mine 

Services or HSE Manager 
(Solomon) 
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Objective 4 Minimise the potential impacts to station bore supply within the area of groundwater drawdown  

Reference Management Action Performance indicators Reporting/ Evidence Timing Responsibility 

4.1 

Establish water usage rates and baseline water data for existing station 
bores.  Where dewatering drawdown may affect the station bore, 
develop a contingency plan in consultation with the station manager/ 
lease owner to manage potential impacts to supply, including 
identification of alternative water supplies. 

 Contingency plan for pastoral water supply 

developed where potential for impact is identified 

through hydrogeological assessment 

 Committments made in the contingency plan are 

met 

 Groundwater Operating Strategy Feasibility/Design 
Manager Exploration / Manager 
Hydrogeology 

Objective 5 Monitor and report sufficiently to demonstrate compliance and enable management to make informed decisions that minimise environmental impacts to groundwater dependent ecological systems 

Reference Management Actions Performance indicators Reporting/ Evidence Timing Responsibility 

5.1 

Develop and implement a groundwater monitoring program in 
accordance with an approval, license or works approval issued under 
the Environmental Protection Act 1986, an approval under the 
Environment Protection and Biodiversity Conservation Act 1999, a 
licence issued under the Rights in Water and Irrigation Act 1914 and 
where applicable a Groundwater Operating Strategy developed in 
accordance with the Operational policy 5.08: Use of operating 
strategies in the water licensing process (DoW).   

 Monitoring program developed and implemented 

 Trigger levels and monitoring strategies 

developed 

 Water levels of retained groundwater dependent 

pools managed within defined target range 

 Monitoring requirements included in the site 

specific Groundwater Operating Strategy 

 Groundwater monitoring reports 

 Groundwater Operating Strategy 

 Compliance Document 

 Annual Environmental Reports 

(may include Compliance 

Assessment Report, Annual 

Environmental Monitoring 

Report) 

Construction/ Operation/ 
Decommissioning/ 
Closure 

Construction (Develop) - 

Manager Hydrogeology and 
Manager Environmental 
Approvals 

Construction (Implement) - 

Manager Projects 

Operation, Decommissioning 
and Closure (Implement- Mine) 

– Manager Operational Projects/ 
Manager Mine Services/ Manager 
Technical Services or HSE 
Manager (Solomon) 

Operation, Decommissioning 
and Closure (Implement- Port 
and Rail) - HSE Manager 

5.2 

Comply with the reporting requirements outlined in an approval, licence 
or works approval issued under the Environmental Protection Act 1986, 
an approval under the Environment Protection and Biodiversity 
Conservation Act 1999 and a license issued under the Rights in Water 
and Irrigation Act 1914.  Reporting under a 5C Licence issued under the 
Rights in Water and Irrigation Act 1914 should be in accordance with 
Operational policy no. 5.12 Hydrogeological reporting associated with a 
groundwater well licence (DoW). 

 Reporting requirements fulfilled 

 Compliance with the approval/license/works 

approval conditions 

 Compliance Document 

 Annual Environmental Reports 

(may include Compliance 

Assessment Report, Annual 

Environmental Monitoring 

Report) 

 Groundwater monitoring reports  

Exploration/ Exploration 
Development/ Design/ 
Construction/ Operation 

Reporting under Rights in Water 
and Irrigation Act 1914 - Manager 
Hydrogeology 

 

Reporting under Environmental 
Protection Act 1986/Environment 
Protection and Biodiversity 
Conservation Act 1999 -  

Manager Environmental 
Approvals/ Manager Environment 
Governance and Sustainability 
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7. AUDIT 

Fortescue ensures compliance with its legal obligations through first party quality assurance by 

site environment teams with a focus on effective environmental management through the 

corporate Environmental Management System (EMS). 

Fortescue has adopted a risk based approach to monitor compliance with its legal obligations.  

Site environment teams will monitor their compliance with this Plan and the required site 

specific management and monitoring programs using the Self-Verification of High Risk 

Environmental Legal Obligations Guideline (100-GU-EN-0030). Corporate environment teams 

will monitor business-wide compliance with this Plan through EMS Management Reviews (100-

PR-EN-1014). 

Where non-conformance issues or opportunities for improvement are identified these will be 

documented and tracked via the Business Management System (BMS). 
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8. REVIEW 

It is important that plans and procedures are frequently reviewed and revised as Fortescue’s 

operations change and opportunities for improved management practices are identified. 

This Plan will be reviewed every five years, or when significant additional information comes to 

hand. Upon review, the document will be revised where appropriate and the revision status will 

be updated in accordance with Fortescue’s Document Governance Standard (100-ST-DC-

0002). 
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Appendix 1: Project Background 
  





  

  

 

 

Fortescue Metals Group Background 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia with its head office located in Perth. 

Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project (the 

Project), which consists of several iron ore mines and associated rail and port infrastructure in 

the Pilbara region of Western Australia.  

The Project was granted Major Project Facilitation Status in December 2004 and Fortescue has 

signed two Agreements with the State of Western Australia: 

 The Railway and Port (The Pilbara Infrastructure Pty Ltd) State Agreement for the port 

and rail infrastructure to transport ore from the mines to the port 

 The Iron Ore (FMG Chichester Pty Ltd) Agreement for the iron ore mines. 

The Project has been developed in the following stages: 

 Stage A, consisting of a two-berth iron ore export facility at Port Hedland and a north-

south railway from the central Pilbara to Port Hedland, approved under Ministerial 

Statement 690 

 Stage B, consisting of iron ore mines in the eastern Pilbara (Christmas Creek) and an 

east-west spur rail line connecting to the Stage A railway; approved under Ministerial 

Statement 707. (Note this approval included the Mindy Mindy mine site but this has not 

been developed to date) 

 Cloudbreak iron ore mine west of the Christmas Creek area, approved under 

Ministerial Statement 721 and federal approval under the EPBC Act (EPBC 2005/2205) 

 Port facility upgrade consisting of a third berth at Anderson Point, Port Hedland, 

approved under Ministerial Statement 771 

 Port Facility upgrade of a fourth berth at Anderson Point, Port Hedland, Not Assessed -  

Public Advice Given in 2010 

 Solomon iron ore project consisting of two new mines and a railway connecting to the 

existing Fortescue rail line, approved under Ministerial Statement 862 and federal 

approval under the EPBC Act (EPBC 2010/5567 and 2010/5513) in 2011 

 Additional rail infrastructure between Herb Elliot Port Facility and Cloudbreak Mine Site, 

approved under Minsiterial Statement 690 and 707 and federal approval under the 

EPBC Act (EPBC 2010/5513) 

 Christmas Creek water management scheme to increase the mine dewatering rate and 

to inject surplus water into two brackish and one saline injection zones, approved under 

Ministerial Statement 871 

 Cloudbreak Life of Mine, approved under Ministerial Statement 899 (supersedes the 

conditions of Ministerial Statement 721) 



  

  

 

 

 Northstar Hematite Project, Not Assessed - Public Advice Given in 2012 and federal 

approval under the EPBC Act (EPBC 2012/6530). 

Changes to Ministerial Statements 690, 707, 721 and 771 were made and approved under 

Section 45 or 46 of the Environmental Protection Act 1986 (EP Act). 

Fortescue is extending its current operations in the Pilbara by developing the Solomon Project, 

which includes two new mine sites (Firetail and Kings), and a rail line to support the new sites. 

The Solomon Project area (Solomon) is located approximately 60 kilometres (km) north of Tom 

Price and is situated on both sides of the rail line operated by Pilbara Iron (Rio Tinto). Access to 

Solomon is via the public roads running north of Tom Price and also from the Pilbara Iron rail 

access road. 

In addition to the Solomon project, expansion of mining to the west is proposed within the 

Western Hub Project area which contains approximately 10 ore bodies.  Expansion of mining is 

also proposed east of Solomon at Nyidinghu and north east at North Star. 

Fortescue is also conducting drilling programmes to further delineate resources and iron ore 

reserves within tenements surrounding Solomon and in additional locations throughout the 

Pilbara. 

In addition to its wholly owned tenements, Fortescue is party to joint ventures and agreements 

with other tenement holders within the Pilbara region and is the manager of iron ore exploration 

operations upon these tenements.   

  

 



  

  

 

 

 

Appendix 2: Data Flow Diagram 
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Appendix 3: Cross Reference to State and Federal 

Statutory Requirements 
 

  





  

  

 

 

Ministerial 
Statement 

Requirement or Issue Location in 
this Plan 

MS 707 The layout and specifications of appropriate monitoring sites 
Table 5, 
Objective 3, 5 

MS 707 
Protocols and procedures for monitoring and quantitatively assessing the 
salinity and effects of water abstraction and dewatering on phreatophytic 
vegetation and any other groundwater-dependent ecosystems. 

Table 5, 
Objective 3 

MS 707 
Threshold levels to be used to determine if and when action is to be taken 
to protect phreatophytic vegetation and any other groundwater-dependent 
ecosystems 

Table 5, 
Objective 3 

MS 707  

The actions (including an immediate reduction in the rate of bore water 
abstraction from affected bores) which will be taken to address the increase 
in salinity or adverse effects if monitoring reveals that salinity in the 
production or monitoring wells is increasing and/or if abstraction is affecting 
phreatophytic vegetation and other groundwater-dependent ecosystems. 

Table 5, 
Objective 2, 3, 
5 

MS 707 
Contingency plans for an alternative source if insufficient water is available 
from this borefield at sustainable levels of abstraction to meet demand. 

Table 5, 
Objective 2, 3, 
4, 5 

MS 707 Reporting requirements 
Table 5, 
Objective 5 

MS 707 Closure procedures 
Table 5, 
Objective 1, 2 

 

  





  

  

 

 

 

Appendix 4: Key Activities 

  



  

  

 

 

 



  

  

 

 

Key Activities Description 

Vegetation clearing  

Causing substantial damage to native vegetation. This includes: 

 the killing or removing of native vegetation 

 the severing or ringbarking of trunks or stems 

 the draining or flooding of the land 

 the burning of vegetation 

 the grazing of stock 

 any other activity that kills or damages native vegetation. 

A guide to clearing permits under the Environmental Protection Act 1986. 

The definition includes all types of native vegetation, including those found 
in aquatic and marine environments. It includes all native grasses, shrubs 
and trees but does not include intentionally sown native vegetation. 

Ground disturbance  

Disturbance of the topsoil or surface rock layer of the ground, or a 
waterway, by machinery in the course of grading, excavating, digging, 
dredging or deep ripping. 

Includes: 

 Top soil removal  

 Growth medium recovery 

 Earthworks. 

Water Bore Drilling Drilling for water. 

Construction/ establishment of 
infrastructure 

Construction and establishment of groundwater management infrastructure 

Construction/ establishment of 
linear infrastructure 

Construction and completion of linear groundwater management 
infrastructure 

Groundwater abstraction and 
distribution 

Removal of ground water from underground aquifer. 

Groundwater injection  Re-injection of previously abstracted groundwater to underground aquifer. 
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1. INTRODUCTION 

Fortescue Metals Group Ltd (Fortescue) is an integrated business comprised of mine, rail and 

port operations based in the Pilbara region of Western Australia, with its head office located in 

Perth. 

Detailed background information regarding the timing and nature of Fortescue’s environmental 

approvals under the Environmental Protection Act 1986 (WA) (EP Act), the Environment 

Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act), current operations and 

plans for future expansion is contained in Appendix A. 

1.1 Requirement for Management Plan 

The Chemical and Hydrocarbon Management Plan (this Plan) is required as part of the 

environmental approval of Fortescue’s Iron Ore related infrastructure in the Pilbara under 

Ministerial Statement 690 (Anderson Point Port and North - South Rail) and 707 (East - West 

Rail and Christmas Creek Mine). Subsequent applications for approval under Part V of the EP 

Act and the Mining Act 1978 (WA) across Fortescue Projects and Operations have also made 

reference to implementation of the Plan as a strategy to control the potential impacts associated 

with chemicals and hydrocarbons. 

All existing operations and future developments will be required to prepare and implement site-

specific management programs to achieve the objectives of this Plan. 

1.2 Objective and Scope 

The objective of this Plan is to identify the potential direct and indirect impacts of chemical and 

hydrocarbons and develop management measures to minimise the potential environmental 

impacts associated with chemical and hydrocarbon transport, storage, handling and disposal. 

This Plan was originally developed to meet the requirements of Ministerial Statements 690 and 

707 but is intended to provide guidance on chemical and hydrocarbon management across all 

Fortescue controlled sites. 

1.3 Definitions 

Bund means an embankment or wall which may form part or all of the perimeter of a compound 

(AS1940). 

Chemicals and hydrocarbons in this Management Plan refers to acids, alkalis or chemicals 

with the potential to cause pollution or environmental harm when discharged to the 

environment. 

Compound is an area bounded by ground contours or by a bund, and intended to retain 

spillage or leakage. This is inclusive of the floor of the compound (AS 1940). 
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Dangerous goods are substances and items classified as dangerous goods under Section 2 of 

the Australian Code for the Transport of Dangerous Goods by Road and Rail 7th Edition (the 

Code) or classified as dangerous goods using the classification criteria of the Code. 

Environmentally Hazardous Materials as defined in the Licence issued under Part V of the 

EP Act means material (either solid or liquid) which if discharged into the environment from 

within the premises may cause pollution or environmental harm. 

Fortescue controlled sites are sites under Fortescue’s legal control including exploration sites, 

project sites, operational sites (sites that are managed and operated by Fortescue and sites that 

are managed by Fortescue but operated by contractors) and the Perth offices. 

Intermediate bulk container (IBC) is a rigid or flexible portable packaging that is intended for 

the transport of dangerous goods and meets the requirements of regulation 34 of the 

Dangerous Good Safety (Road and Rail Transport of Non-explosives) Regulations 2007. 

Manifest quantity means a quantity of dangerous goods greater than the quantity specified in 

relation to those goods in Schedule 1 of the Dangerous Goods Safety (Storage and Handling of 

Non-explosives) Regulations 2007. 

Minor storage means storage of dangerous goods, in various locations, in quantities 

conforming to the criteria specified in Section 2 of Australian Standard 1940-2004 (AS1940), 

Australian Standard 3833-2007 (AS3833) and Australian Standard 3780-2008 (AS3780). 

Road means any highway, road or street open to, or used by, the public and includes every 

carriageway, footway, reservation, median strip and traffic island thereon as described in the 

Road Traffic Act 1974. 

Safety Data Sheet (SDS), previously referred to as a Material Safety Data Sheet, is a 

document that provides information on the properties of hazardous chemicals, how they affect 

health and safety in the workplace and how to manage the chemicals in the workplace as 

described in the Code of Practice on Preparation of Safety Data Sheets for Hazardous 

Chemicals. 

1.4 Legislation and Regulatory Framework 

Fortescue employees and contractors are obliged to comply with all relevant Commonwealth 

and State legislation. Legislation directly relevant to the management of chemicals and 

hydrocarbons in Western Australia is provided in Table 1. 

Table 1: Commonwealth and State Legislation relating to Chemical and Hydrocarbon Management 

Legislation Application 

Contaminated Sites Act 2003 Protection of human health and prevention of environment harm 
by requiring owners, occupiers and polluters to report known or 
suspected contaminated sites and introduce a hierarchy of 
responsibility for remediation. 
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Legislation Application 

Contaminated Sites Regulations 2006 Outlines the process for assessing potentially contaminated sites. 

Dangerous Goods Safety Act 2004 Provides the requirements for safe storage, handling and 
transport of dangerous goods. 

Dangerous Goods Safety (Storage and 
Handling of Non-Explosives) Regulations 2007 

Provides procedures for storage and handling of non-explosive 
dangerous goods.  

Dangerous Good Safety (Road and Rail 
Transport of Non-explosives) Regulations 2007 
and Dangerous Goods Safety (Road and Rail 
Transport of Non-explosives) Amendment 
Regulations 2010 

Provides procedures for road and rail transport of non-explosives 
dangerous goods. 

Environment Protection and Biodiversity 
Conservation Act 1986 (Cth) 

Protects environmental matters of national significance. 

Environmental Protection Act 1986 Prevention, control and abatement of pollution, conservation 
protection and enhancement of the environment. 

Fortescue is required to obtain a licence under Part V to 
discharge to the environment at sites defined as ‘prescribed 
premises’ under the Act. 

Environmental Protection (Controlled Waste) 
Regulations 2004 

Obligations relating to the transportation and disposal of 
‘controlled’ wastes. Controlled wastes are listed in Schedule 1 of 
the Regulations. 

Environmental Protection Regulations 1987 Definition and licencing of prescribed premises and control of 
pollution generally. 

Environmental Protection (Unauthorised 
Discharges) Regulations 2004 

Prevention of direct discharge of pollutants to the surrounding 
environment. 

Pollution of Water by Oil and Noxious 
Substances Act 1987 

Empowers the Port Hedland Port Authority to manage oil pollution 
within its area of responsibility. 

Road Traffic Act 1974 Covers licensing requirements for transport vehicles. 

 

Table 2 outlines the legislative approvals required to construct or operate chemical and 

hydrocarbon storage facilities. Table 3 outlines other approvals that may be required to use 

restricted chemicals on Fortescue controlled sites. 

The following standards and guidelines are also relevant to this Plan: 

 Australian Code for the Transport of Dangerous Goods by Road and Rail 7th Edition 

2011 

 Australian Standard 1940-2004 (AS1940) The Storage and Handling of Flammable and 

Combustible Liquids 

 Australian Standard 3780-2008 (AS3780) The Storage and Handling of Corrosive 

Substances 

 Australian Standard 3833-2007 (AS3833) The Storage and Handling of Mixed Classes 

of Dangerous Goods, in Packages and Intermediate Bulk Containers 
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 Code of Practice on Preparation of Safety Data Sheets for Hazardous Chemicals (Safe 

Work Australia 2011) 

 Code of Practice for the Storage and Handling of Dangerous Goods (Department of 

Mines and Petroleum 2010) 

 Contaminated Sites Management Series – Bioremediation of hydrocarbon-contaminated 

soils in Western Australia (Department of Environment, 2004) 

 SAA/SNZ HB 76: 2010 Dangerous Goods – Initial Emergency Response Guide. 

1.5 Internal Management Plans and Procedures 

The following Fortescue documents should be read in conjunction with this Plan: 

 Chemical and Hydrocarbon Spills Procedure (45-PR-EN-0014) 

 GHG Emissions and Energy Reporting Management Plan (100-PR-GH-0001) 

 Groundwater Management Plan (100-PL-EN-1009) 

 Hazardous Materials Evaluation and Risk Assessmnet Tool (45-TE-SA-0001) 

 Hazardous Materials Management Procedure (45-PR-SA-0051) 

 Incident Event Management Procedure (100-PR-SA-0011) 

 Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) 

 Standard Engineering Specification Diesel Storage and Handling (100-SP-ME-0044) 

 Surface Water Monitoring Guidelines (45-GU-EN-0002) 

 Team Based Risk Assessment Procedure (100-PR-RK-0004) 
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Table 2: Approvals that may be required to construct and operate Chemical and Hydrocarbon Storage Facilities 

Approval Requirement Legislation Regulator 

Works Approval Construction of prescribed premises under Schedule 1 and 2 of the Environmental 
Protection Regulations 1987.  In relation to this Plan, a prescribed premises is 
classified under Category 73 as bulk storage of chemicals in a quantity of 1,000 
cubic metres (or above) in aggregate. 

Environmental Protection 
Act 1986 

Department of 
Environment Regulation 
(DER) 

Mining Proposal
1
 Mining proposal must be submitted and approved prior to the commencement of 

mining operations on a tenement. 

Mining Act 1978 Department of Mines and 
Petroleum (DMP) 

Detailed Proposal
1
 Detailed proposal must be submitted and approved prior to the commencement of 

mining operations on a tenement. 
Iron Ore (FMG 
Chichester Pty Ltd) 
Agreement Act 2006 

Department of State 
Development (DSD) 

Building Licence Construction, alteration, addition to, repairs, demolishing, or underpinning a building. Local Government 
(Miscellaneous 
Provisions) Act 1960 

Local Government 
Authority 

Native Vegetation Clearing Permit Required when clearing native vegetation not approved through another legal 
instrument (e.g. Ministerial Statement, Programme of Works, Firebreak Notice etc.).  

Environmental Protection 
Act 1986 

DER 

Operating Licence/ Registration Operations of prescribed facilities and activities under Schedule 1 and 2 of the 
Environmental Protection Regulations 1987.  In relation to this Plan, a prescribed 
activity is classified under Category 73 as bulk storage of chemicals in a quantity of 
1,000 cubic metres (or above) in aggregate. 

Environmental Protection 
Act 1986 

DER 

Dangerous Goods Site Licence Storage and handling of dangerous goods that exceed manifest quantities are 
required to be licensed. 

Dangerous Goods Safety 
(Storage and Handling of 
Non-explosives) 
Regulations 2007 

DMP 

 

Table 3: Other approvals that may be required to use restricted chemicals on Fortescue Controlled Sites 

Approval Requirement Legislation Regulator 

Restricted Chemical Product Risk 
Assessment Permit 

Required to possess and use registered1080 bait for the management of animal 
pest control on Leasehold, Freehold, Crown lands or Conservation Estate. 

Poisons Act 1964  Department of Agriculture 
and Food 

                                                
1
 Dependent on whether the site is subject to the provision of the Iron Ore (FMG Chichester Pty Ltd) Agreement Act 2006. 
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2. ROLES AND RESPONSIBILITIES 

All Fortescue employees and contractors are required to comply with the requirements of this 

Plan. 

Accountability for fulfilling the requirements of this Plan is dependent on the stage of project 

development (construction, operations, decommissioning) and the type of operation (port, rail or 

mine). Table 4 outlines the roles accountable for implementation of this Plan. 

Table 4: Roles Accountable for Implementation of the Chemical and Hydrocarbon Management Plan 

Project Stage Accountable Role 

Exploration  Group Manager Resource Geology 

Construction Project Director 

Operation General Manager 

Decommissioning and Closure General Manager 

Where responsibilities are delegated, this must be clearly recorded and communicated. 

In Section 6, specific management actions have been attributed to the appropriate personnel.  

When site specific Implementation Programs are developed to support this Plan, the RASCI 

framework should be utilised to delegate roles, responsibilities, and review and approval levels.  

RASCI is used to denote: 

R-Responsible Those who do the work to achieve the task. 

A-Accountable Those who are ultimately accountable for the completion of the 

deliverable or task and the one to whom the Responsible person is 

accountable. 

S-Supportive  Resources allocated to the Responsible person and who will also assist in 

completing the task. 

C-Consulted  Those whose opinions are sought, two-way communication. 

I-Informed  Those whom are kept informed, one-way communication. 
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3. STAKEHOLDER CONSULTATION 

Fortescue undertakes an extensive stakeholder consultation program through the 

environmental approvals process whereby landowners, regulators and other relevant parties are 

consulted regarding the investigation and design of operational sites and associated rail 

infrastructure. 

Fortescue is committed to continue this stakeholder consultation process throughout the life of 

operations (see Section 6), increasing engagement closer towards closure and 

decommissioning.   

Stakeholders will be project specific but may include State and Federal Regulators, Pastoralists, 

Native Title Groups and Internal stakeholders relevant to chemical and hydrocarbon 

management activities.   

Previous versions of this Plan have been submitted to DER for their feedback and to the Office 

of the Environmental Protection Authority (OEPA) for their approval in accordance with the 

applicable Ministerial Statements. 
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4. KEY ENVIRONMENTAL ACTIVITIES 

Many of the activities2 associated with Fortescue’s exploration, construction, operation and 

decommissioning activities have the potential to impact on the environment.  

The key activities undertaken by Fortescue that involve the transport, storage, handling and 

disposal of chemicals and hydrocarbons that have the potential to impact on the environment 

include: 

 Open pit mining 

 Ore processing 

 Materials handling 

 Vehicle movement 

 Vehicle/ equipment servicing and refuelling 

 Power generation 

 Construction/establishment of infrastructure/linear infrastructure 

 Drilling 

 Waste management 

 Groundwater abstraction and distribution 

 Transfer and distribution of bulk chemicals and hydrocarbons 

 

                                                
2
 Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by ISO14001. 
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5. POTENTIAL ENVIRONMENTAL IMPACTS 

The potential direct and indirect environmental impacts associated with chemical and 

hydrocarbon management which may arise from Fortescue’s activities are presented in Table 5. 

Table 5: Potential Environmental Impacts Arising from Fortescue’s Activities 

Potential Environmental Impacts Details 

Soil contamination Soil contamination from chemical and hydrocarbon spills and the 
inappropriate use and disposal of hydrocarbons and chemicals. 

Groundwater contamination Contamination of groundwater and a reduction in water quality from spills 
and inappropriate use and disposal of hydrocarbons and chemicals. 

Surface water contamination Contamination of surface water and reduction in water quality from spills and 
inappropriate use and disposal of chemicals and hydrocarbons. 

Effects on native vegetation  Reduction in water quality can impact on native vegetation. Spillage to 
ground or inappropriate use or disposal can cause direct impacts to native 
vegetation. 

Loss of fauna/fauna habitat Reduction in water quality can impact on fauna and fauna habitat. Spillage 
into water ways or inappropriate use or disposal of hydrocarbons and 
chemicals may cause direct impacts to fauna (i.e. hydrocarbon covered 
feathers or fur). 

Loss of subterranean fauna/ habitat Reduction in water quality and soil contamination can impact on 
subterranean fauna and subterranean fauna habitat. 
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6. ENVIRONMENTAL MANAGEMENT 

A series of environmental management objectives have been developed to mitigate potential 

environmental impacts of chemical and hydrocarbon management. These are: 

1. Minimise environmental impacts associated with chemical and hydrocarbon storage and 

handling practices. 

2. Minimise environmental impacts associated with chemical and hydrocarbon transport.  

3. Minimise environmental impacts associated with chemical and hydrocarbon disposal. 

4. Report greenhouse gas emissions associated with the use of chemical and hydrocarbons in 

an accurate, complete, transparent and auditable manner. 

For each objective, management actions have been developed to ensure the impacts from 

Fortescue’s activities are managed, and that appropriate monitoring, reporting and corrective 

actions are implemented to support the successful implementation of the management actions.  

The key elements of the environmental management process associated with each objective 

are described in Table 6. 

Table 6: Description of Key Elements of Environmental Management Process to Achieve Identified 
Objectives 

Element Definition/Description 

Objective What is intended to be achieved. 

Management Action Tasks undertaken to enable the objective to be met. 

Performance Indicators Metrics for evaluating the outcomes achieved by Management Actions. 

Reporting Evidence 
Demonstrates that the Management Action has been applied and the 
outcome evaluated. 

Timing Period during which the Management Action should be undertaken. 

Responsibility Accountability for ensuring the Management Action is completed. 

 

The key management actions, performance indicators, evidence, timing and responsibilities for 

each objective are provided in Table 7.   
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Table 7: Key Management Actions for Chemical and Hydrocarbon Management on Fortescue Controlled Sites 

Objective 1 Minimise environmental impacts associated with chemical and hydrocarbon storage and handling practices 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

1.1 Obtain the necessary approvals outlined in Table 2, other than a 
Dangerous Goods Site Licence, prior to the construction or operation of 
chemical and hydrocarbon storage areas. 

 Works Approval/Licence/Mining Proposal 

approved 

 Compliance statement submitted under a works 

approval prior to commissioning and operation 

 Licence or Works Approval or 

Mining Proposal 

 Compliance statement 

Design/ 
Construction/ 
Operation 

Manager, Environmental Approvals 

1.2 Prior to constructing new chemical and hydrocarbon storage facilities that 
have the potential to significantly impact on the environment, conduct a 
risk assessment in accordance with the Team Based Risk Assessment 
Procedure (100-PR-RK-0004).  New chemical and hydrocarbon storage 

locations, design and construction shall be to design specifications which 
reflect risk assessment outcomes in minimising environmental impacts. 

 Risk assessment conducted 

 Location, design and construction of chemical and 

hydrocarbon storage areas align with design 

specifications 

 Risk assessment 

outcomes/report 

 As built construction 

drawings 

Design/ 
Construction/ 
Operation 

Design/ Construction – Project Manager 

Operation – HSE Manager 

1.3 When diesel storage areas are required to be licensed under the 
Environmental Protection Act 1986 and/or the Dangerous Goods Safety 
(Storage and Handling of Non-explosives) Regulations 2007, ensure the 
facilities are designed and constructed in accordance with the Standard 
Engineering Specification Diesel Storage and Handling (100-SP-ME-

0044). 

 Compliance with Engineering Standard 

 Compliance with Works Approval/Operating 

Licence conditions 

 Risk assessment conducted 

 Risk assessment outcomes/ 

report 

 As built construction 

drawings 

 Compliance assessment 

Design/ 
Construction/ 
Operation 

Design/Construction – Project Manager 

Operation – Project Manager  

1.4 Obtain a Dangerous Goods Site Licence (see Table 2) when storage 
quantities of dangerous goods exceed manifest quantities as defined 
under the Dangerous Goods Safety Act 2004. 

 Licence submitted and approved  Licence  Design/ 
Construction/ 
Operation 

Manager Infrastructure 

1.5 Ensure relevant personnel and contractors involved in chemical and 
hydrocarbon handling and storage activities are provided with the 
appropriate training and equipment as outlined in the Chemical and 
Hydrocarbon Spills Procedures (45-PR-EN-0014) and the Hazardous 
Materials Management Procedure (45-PR-SA-0051). 

 Chemical and hydrocarbon management included 

in induction program 

 Chemical and hydrocarbon management included 

in toolbox delivery 

 Specialist training programs conducted 

 All personnel and contractors completed relevant 

induction programs 

 Site inductions and toolbox 

meeting minutes 

 Training records 

 Site inspection/audit reports 

All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 

1.6 Conduct a risk assessment for each chemical or hydrocarbon product 
introduced for use on site in accordance with the Hazardous Materials 
Evaluation and Risk Assessment Tool (45-TE-SA-0001).  

 Risk assessment conducted  Risk assessment 

outcomes/report 

 ChemAlert 

 Site inspection/audit reports 

Construction/ 
Operation 

Construction – Project Manager 

Operation – HSE Manager 

1.7 Maintain a stock register and site holdings for all stored chemicals and 
hydrocarbons as required by the Hazardous Materials Management 
Procedure (45-PR-SA-0051). 

 Stock register and site holdings maintained  ChemAlert 

 Site inspection/audit reports 

Construction/ 
Operation 

Construction – Project Manager 

Operation – HSE Manager 

1.8 When registered1080 bait is proposed to be used for animal pest control, 
obtain a permit (see Table 3) in accordance with the Poisons Act 1964. 

 Licence submitted and approved  Licence  Operation HSE Manager 
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Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

1.9 Chemicals and hydrocarbons should be stored in accordance with AS 
1940, AS 3833 or AS 3780 to minimise the potential for environmental 
harm. Storage should only be in designated areas and within the limits 
specified in applicable Licence conditions under the EP Act (see Table 2). 

 Compliance with storage requirements of AS 

1940, AS 3833 and AS 3780 

 Chemicals and hydrocarbons only stored in 

designated areas 

 Safety Data Sheets (SDS) available for all stored 

goods 

 Site inspection/audit reports 

 Available SDSs 

All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 

1.10 Store chemicals and hydrocarbons in accordance with Licence conditions 
under the EP Act. Where a storage facility is not required to be licenced, 
store chemicals and hydrocarbons, other than goods classified as minor 
storage, in bunded compounds with a capacity of 110% of the volume of 
the largest vessel and at least 25% of the total volume in accordance with 
AS 1940, AS 3833 and AS 3780.  

 Storage in bunded facility 

 Spills reported as an incident 

 Site inspection reports 

 Incidents reported in BMS 

All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 

1.11 Ensure appropriate types and quantities of spill response equipment are 
maintained and are proportionate to the volume of chemicals and 
hydrocarbons stored and the risks identified in Action 1.2 to improve spill 
response time and effort and minimise the potential for environmental 
harm in accordance with the Chemical and Hydrocarbon Spills Procedure 

(45-PL-EN-0014). 

 Appropriate type and quantitiy of spill response 

equipment 

 Spill response equipment is maintained according 

to Procedure  

 Site inspection/audit reports All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 

1.12 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). 

 Incident reported in BMS 

 Incident investigated according to Procedure 

 Spills and contaminated material managed 

according to Procedure  

 Incident reported to Regulator per specified 

legislative or licensing conditon, where required 

 Incident Report in BMS 

 Correspondence with 

relevant Regulator 

All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 

1.13 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). 

 Periodic inspections conducted 

 Compliance with the Licence conditons, applicable 

Australian Standards and Procedure 

 Site inspection/audit reports Construction/ 
Operation 

Exploration – Manager Exploration 

Construction – Project Manager 

Operation/Decommissioning/ Closure – 

HSE Manager 

1.14 Where required, monitor groundwater quality in potential high risk areas 
identified in Action 1.2, to meet requirements of a Licence or Works 
Approval issued under the EP Act and in accordance with the 
Groundwater Management Plan (100-PL-EN-1009).  

 Monitoring program developed and implemented 

 Compliance with Licence or Works Approval 

conditions  

 Monitoring reports 

 Compliance statement 

Construction/ 
Operation/ 
Decommissioning/ 
Closure  

Construction - Manager Hydrogeology/ 

Project Manager 

Operation/ Decommissioning/ Closure – 

Manager Mine Services (CB and CC)/ 
HSE Manager (Port and Rail)/ HSE 
Manager (Solomon) 

1.15 Where required, monitor surface water quality in potential high risk areas 
identified in Action 1.2, to meet requirements of a Licence or Works 
Approval issued under the EP Act and in accordance with the Surface 
Water Monitoring Guidelines (45-GU-EN-0002).  

 Monitoring program developed and implemented 

 Compliance with Licence or Works Approval 

conditions 

 Monitoring reports 

 Compliance statement 

Construction/ 
Operation/ 
Decommissioning/ 
Closure 

Construction – Project Manager 

Operation/ Decommissioning/ Closure – 

HSE Manager 
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Objective 2 Minimise environmental impacts associated with chemical and hydrocarbon transport  

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

2.1 Ensure chemicals and hydrocarbons transported on roads
3
 open to or 

used by the public are in accordance with the Australian Dangerous 
Goods Code (ADGC) and the Hazardous Materials Management 
Procedure (45-PR-SA-0051). Ensure chemicals and hydrocarbons are 
appropriately stowed and restrained to prevent any movement which may 
result in a leak or spill. 

 Chemicals and hydrocarbons stowed and 

restrained during transport 

 Transport chemicals and hydrocarbons on roads 

open to or used by the public according to ADGC  

 Site inspection/audit reports All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ 
Closure –Manager Infrastructure/ 

Manager Supply Chain Operations 

2.2 When transporting chemicals or hydrocarbons by road
2
 in a container with 

a capacity greater than 500 L or with more than 500kg of a dangerous 
good in a container, ensure a licensed contractor is engaged in 
accordance with the Dangerous Goods Safety (Road and Rail Transport 
of Non-explosives) Amendment Regulations 2010. 

 A licensed contractor is used when required  Site inspection/ audit reports All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ 
Closure –Manager Infrastructure 

Objective 3 Minimise environmental impacts associated with chemical and hydrocarbon disposal 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

3.1 Divert potentially contaminated water, including stormwater that has come 
into contact with potential sources of contamination, into an oily water 
separator for treatment.  Sample treated water prior to reuse or discharge 
to confirm hydrocarbon concentrations meet specified Licence 
requirements. 

 Sample treated water prior to reuse or discharge 

 Water retained until reuse or discharge 

 Compliance assessment 

 Laboratory results 

Construction/ 
Operation 

Construction – Project Manager 

Operation – HSE Manager 

3.2 Dispose of any waste materials contaminated with chemicals or 
hydrocarbons, including water contaminated with hydrocarbons, in 
accordance with the Chemical and Hydrocarbon Spills Procedure (45-PR-
EN-0014), Licence requirements under the EP Act and where required the 
Environmental Protection (Controlled Waste) Regulations 2004. 

 Compliance with the Regulations 

 Compliance with the Procedure 

 Controlled Waste tracking 

forms 

 Site inspection/audit reports 

All phases Exploration – Manager Exploration 

Construction – Project Manager 

Operation/ Decommissioning/ 
Closure –Manager Infrastructure 

3.3 Manage bioremediation facilities to ensure compliance with applicable 
Licence conditions and in accordance with the DER’s Contaminated Sites 
Management Series - Bioremediation of Hydrocarbon Contaminated Soils 
in Western Australia (2004). 

 Compliance with licence conditions 

 Compliance with Guideline 

 Site inspections 

 Laboratory results 

Construction/ 
Operation/ 
Decommissioning/ 
Closure  

Construction – Project Manager 

Operation/ Decommissioning/Closure 

– Manager Infrastructure (CB)/ HSE 
Manager (CC and Solomon) 

3.4 Remediate any area declared contaminated as defined under the 
Contaminated Sites Act 2003 in accordance with the DER’s Contaminated 
Sites Management Series – Assessment Levels for Soil, Sediment and 
Water (2011) and the Rehabilitation and Revegetation Management Plan 
(45-PL-EN-0023). 

 Compliance with the Guideline and Management 

Plan 

 Laboratory results Decommissioning/ 
Closure 

General Manager 

Objective 4 Report greenhouse gas emissions associated with chemical and hydrocarbon use in an accurate, complete, transparent and auditable manner 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

4.1 Develop and implement a greenhouse gas reporting system to ensure 
emissions data associated with chemical and hydrocarbon use is 
accurate, complete, transparent and auditable in accordance with the 
Greenhouse Gas Emissions and Energy Reporting Management Plan 
(100-PR-GH-0001) and to meet reporting requirements under the National 
Greenhouse and Energy Reporting Act 2007. 

 Reporting processes, controls and systems 

adopted 

 Compliance with Management Plan 

 Site audit reports All phases Manager, Environment Governance and 
Sustainability 

                                                
3
 Road means any highway, road or street open to, or used by, the public and includes every carriageway, footway, reservation, median strip and traffic island thereon as defined in the Road Traffic Act 1974. 
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7. COMPLIANCE 

Fortescue ensures compliance with its legal obligations through first party quality assurance by 

site and corporate environment teams with a focus on effective environmental management 

through the implementation of the Fortescue wide Environmental Management System (EMS). 

Fortescue has adopted a risk based approach to monitor compliance with its legal obligations.  

Site environment teams will monitor their compliance with this Plan and the required site 

specific management and monitoring programs using the Self-Verification of High Risk 

Environmental Legal Obligations Guideline (100-GU-EN-0030). Corporate environment teams 

will monitor business-wide compliance with this Plan through EMS Management Reviews (100-

PR-EN-1014). 

Where non-conformance issues or opportunities for improvement are identified these will be 

documented and tracked via the Business Management System (BMS). 
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8. CORRECTIVE ACTIONS 

Contingency actions will be triggered when monitoring indicates management objectives are not 

being achieved.  An exceedance of a water quality trigger associated with chemical and 

hydrocarbon management should be recorded and investigated to identify the cause and to 

enable management measures to be implemented or changed, where necessary. 

Management triggers applicable to this Plan are outlined in Table 8. 

Table 8: Management Triggers 

Trigger Contingency Actions 

Exceedance of surface water quality parameters See Surface Water Monitoring Guidelines (45-GU-EN-0002) 

and/or applicable licence conditions under the Environmental 

Protection Act 1986 

Exceedance of groundwater quality parameters See site specific Water Management Scheme, Groundwater 
Operating Strategy and/or applicable licence conditions 
under the Environmental Protection Act 1986 

Monitoring programs will be consistent in approach and effort.  Data management will be 

maintained to enable immediate identification of trigger exceedances for contingency measures 

to be effective. 

Any incidents involving chemicals and hydrocarbons, including an exceedance of water quality 

trigger levels or a non-compliance with objectives in this Plan, shall be investigated and 

reported as per the Incident Event Management Procedure (100-PR-SA-0011).  Causes of 

incidents will be determined and management procedures will be modified, with measures taken 

(as required) to prevent re-occurrence of incidents. 

Outcomes of Fortescue’s inspections, audits and monitoring programs may lead to ongoing 

refinements to this Plan and its management strategies to ensure an adaptive management 

approach is undertaken to improve environmental performance. 
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9. REVIEW 

It is important that plans and procedures are frequently reviewed and revised as Fortescue’s 

operations change and opportunities for improved management practices are identified. 

This Plan will be reviewed every five years, or when significant additional information comes to 

hand. Upon review, the document will be revised where appropriate and the revision status will 

be updated in accordance with Fortescue’s Document Governance Standard (100-ST-DC-

0002). 
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Appendix 1: Project Background 
  





  

  

 

 

 

Fortescue Metals Group Background 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia with its head office located in Perth. 

Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project (the 

Project), which consists of several iron ore mines and associated rail and port infrastructure in 

the Pilbara region of Western Australia.  

The Project was granted Major Project Facilitation Status in December 2004 and Fortescue has 

signed two Agreements with the State of Western Australia: 

 The Railway and Port (The Pilbara Infrastructure Pty Ltd) State Agreement for the port 

and rail infrastructure to transport ore from the mines to the port 

 The Iron Ore (FMG Chichester Pty Ltd) Agreement for the iron ore mines. 

The Project has been developed in the following stages: 

 Stage A, consisting of a two-berth iron ore export facility at Port Hedland and a north-

south railway from the central Pilbara to Port Hedland, approved under Ministerial 

Statement 690 

 Stage B, consisting of iron ore mines in the eastern Pilbara (Christmas Creek) and an 

east-west spur rail line connecting to the Stage A railway; approved under Ministerial 

Statement 707. (Note this approval included the Mindy Mindy mine site but this has not 

been developed to date) 

 Cloudbreak iron ore mine west of the Christmas Creek area, approved under 

Ministerial Statement 721 and federal approval under the EPBC Act (EPBC 2005/2205) 

 Port facility upgrade consisting of a third berth at Anderson Point, Port Hedland, 

approved under Ministerial Statement 771 

 Port Facility upgrade of a fourth berth at Anderson Point, Port Hedland, Not Assessed -  

Public Advice Given in 2010 

 Solomon iron ore project consisting of two new mines and a railway connecting to the 

existing Fortescue rail line, approved under Ministerial Statement 862 and federal 

approval under the EPBC Act (EPBC 2010/5567 and 2010/5513) in 2011 

 Additional rail infrastructure between Herb Elliott Port Facility and Cloudbreak Mine 

Site, approved under Minsiterial Statement 690 and 707 and federal approval under the 

EPBC Act (EPBC 2010/5513) 



  

  

 

 

 

 Christmas Creek water management scheme to increase the mine dewatering rate and 

to inject surplus water into two brackish and one saline injection zones, approved under 

Ministerial Statement 871 

 Cloudbreak Life of Mine, approved under Ministerial Statement 899 (supersedes the 

conditions of Ministerial Statement 721) 

 Northstar Hematite Project, Not Assessed - Public Advice Given in 2012 and federal 

approval under the EPBC Act (EPBC 2012/6530). 

Changes to Ministerial Statements 690, 707, 721 and 771 were made and approved under 

Section 45 or 46 of the Environmental Protection Act 1986 (EP Act). 

Fortescue is extending its current operations in the Pilbara by developing the Solomon Project, 

which includes two new mine sites (Firetail and Kings), and a rail line to support the new sites. 

The Solomon Project area (Solomon) is located approximately 60 kilometres (km) north of Tom 

Price and is situated on both sides of the rail line operated by Pilbara Iron (Rio Tinto). Access to 

Solomon is via the public roads running north of Tom Price and also from the Pilbara Iron rail 

access road. 

In addition to the Solomon project, expansion of mining to the west is proposed within the 

Western Hub Project area which contains approximately 10 ore bodies.  Expansion of mining is 

also proposed east of Solomon at Nyidinghu and north east at North Star. 

Fortescue is also conducting drilling programmes to further delineate resources and iron ore 

reserves within tenements surrounding Solomon and in additional locations throughout the 

Pilbara. 

In addition to its wholly owned tenements, Fortescue is party to joint ventures and agreements 

with other tenement holders within the Pilbara region and is the manager of iron ore exploration 

operations upon these tenements.   

  



  

  

 

 

 

 

Appendix 2: Data Flow Diagram  
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Appendix 3: Cross Reference to State and Federal 

Statutory Requirements  



  

  

 

 

 

 

  



  

  

 

 

 

Ministerial 
Statement 

Condition Location in 
this Plan 

MS707 

Schedule 2/ 

MS690 
Schedule 2 

Spill prevention Table 7, 
Objective 1, 2 

Identification of the level of risk posed from contamination by hydrocarbons in the 
area of operations which includes: 

 Identification of sensitive areas and measures to protect them 

 Likely types and volumes of hydrocarbons 

Table 7, 
Objective 1 

Appropriate procedures to allow rapid assessment of a spill and the mobilisation of 
response 

Table 7, 
Objective 1 

Appropriate procedures to control fuel handling and contamination Table 7, 
Objective 1, 3 

Appropriate clean up procedures on site according to the level of risk proposed Table 7, 
Objective 1, 3 

A first strike response capability maintained in the event of a spill, which includes the 
following: 

 Equipment appropriate to the level of risk 

 On-site personnel trained in spill response and management 

 Appropriate on-site arrangements for the disposal of oily waste 

 Systems in place to monitor and report spills 

 Systems to continually monitor and reduce contamination 

Table 7, 
Objective 1, 3 
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1. INTRODUCTION 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia, with its head office located in Perth. 

Detailed background information regarding the timing and nature of Fortescue’s environmental 

approvals under the Environmental Protection Act 1986 (WA), the Environment Protection and 

Biodiversity Conservation Act 1999 (Cth), current operations and plans for future expansion is 

contained in Appendix 1. 

1.1 Requirement for Management Plan 

The Acid and/or Metalliferous Management Plan (AMD MP) is required by the Minister of the 

Environment as part of the development approval of Fortescue related infrastructure in the 

Pilbara under Condition 12-3 Ministerial Statement 899 (Cloudbreak1), but will be applicable for 

all current and future Fortescue mine sites across all departments and for all stages. 

Existing projects and future developments will be required to prepare and implement site-

specific Management and Monitoring programs to support this Plan. 

1.2 Objectives 

The objective of AMMP is to assess the risk to the environment from the disturbance and 

exposure of the earth through mining activities. 

The principals of assessing this risk follow a model used for contamination assessments of 

characterising the source, pathway and receptor to determine risk. Only when a source is in 

contact with a pathway, such as air or water that can transport potentially harmful substances to 

an environmental receptor, is there a risk of harm Table 1. Sources in this document refer to 

waste rock, tailings, tailings supernatant, ore stockpiles and pit walls. As waste rock and tailings 

material is heterogeneous, these materials should be constantly assessed to reduce 

uncertainty, in line with the level of detail required.

                                                

1
  EPA 2012, 'Statement that a Proposal May be Implemented - Cloud Break Life of Mine, Pilbara', Ministerial Statement No. 

899, Office of the Environmental Protection Authority, Government of Western Australia, 5 June 2012, Pp. 132. 
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Figure 1: Risk Assessment Conceptual Site Model 

 

 
 

1.3 Management of work 

The following is addressed in this AMD MP: 

 The required structured actions and deliverables for each stage of mining and that refers 

directly to the Global Acid Rock Drainage (GARD) Guide2 and the 2007 Managing AMD 

Department of Industry Tourism and Resources (DITR) publication3: 

o Exploration; 

o Pre-Feasibility, feasibility and planning; 

o Construction and operations; and 

o Decommissioning and post-closure. 

The following strategies and actions required are described should specific events be triggered: 

 Monitoring; 

 Long-term prevention; 

                                                
2
  INAP 2009, 'Global Acid Rock Drainage Guide', International Network for Acid Prevention. http://www.gardguide.com/ 

3
  DITR 2007, 'Managing Acid and Metalliferous Drainage', Department of Industry Tourism and Resources, Australian 

Government Leading Practice Sustainable Development Program for the Mining Industry, No. 8, Government of Western 
Australia, Pp. 107. 

Pathway Source 

Receptor 

Risk 

http://www.gardguide.com/
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 Contingency; and 

 Remediation.  

This document assumes the reader has a working knowledge of AMD geochemistry and/or will 

refer to other more detailed documents. Technical details have been excluded and descriptions 

are condensed in this plan. A detailed glossary is included at the end of this plan to aid user 

comprehension, and the decision process for each mining stage has been presented as flow 

diagrams for ease of consultation. The management action matrix for each stage is given in  

Table 1and indicated throughout the Figures. 

Table 1: Management Actions 

Stage Actions 

Exploration 

Solid sample collection and analyses 

 preliminary water quality sample collection 

Assessment of receptors and conceptual site model 

Pre-Feasibility 

Sample waste material, classify and predict drainage 

Surface & groundwater regime and baseline sample collection  

Design WRL to account for potentially harmful wastes 

Include findings and prevention measures in environmental approvals 

Feasibility  refine surface & baseline regime and baseline sample collection 

Construction and 
Operations 

Continue material classification 

Establish water baselines and trigger values, Install source specific monitoring bores, 
continue baseline sampling, conduct groundwater flow & pit lake modelling 

Monitor sources for exceedances, receptors for deterioration. 

Manage Contingency Actions 

Schedule waste from all sources to required final locations  and demarcate material storage 
areas 

Decommissioning 
and Closure 

Validate and recalibrate hydro geologic and pit lake models 

Conduct contamination assessment, measure conditions against long-term closure 
objectives 

Cover and close WRLs 

The deliverable reports and data collected per stage are given in Table 2. All reports must be 

document controlled and registered as per FMG’s document control procedures (100-PR-DC-

0002).
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Table 2: Information Requirements 

Stage Deliverables 

Exploration Solid sample analyses reports  

 Initial Groundwater Samples 

AMD potential report 

Conceptual site model 

Pre-Feasibility Solid sample analyses  

Waste classification and drainage prediction report 

Groundwater flow regime  

WRL plan & design 

Environmental Approval documentation, including AMD assessments 

Feasibility Waste classification and drainage prediction report 

Construction  

and Operations 

Solid  sample analyses reports 

Classification of growth medium and construction material report, and ongoing waste 
classification 

Water Geochemistry baselines and trigger values report, Surface water samples and 
monitoring bores around sources and pit lake modelling reports (if required) 

Monitoring reports & Trigger value exceedance reports 

Waste deposition and schedule reports 

Decommissioning 
and Closure 

Solid sample analyses  reports 

Validate and maintain water models 

Conduct contamination assessment, establish vegetation & rehabilitate 

1.3.1 Site Specific Trigger Values 

Fortescue is finalising site specific baseline trigger values for its Cloudbreak, Christmas Creek 

and Solomon Operations. These will be adopted in accordance with this plan in 2015, following 

the approval of the Chief Executive Officer of the OEPA. 

2. EXPLORATION 

2.1 Information Required 

Figure 2 shows the procedure to follow during the exploration stage. During prospecting and 

exploration include sulphur and calcium oxide (CaO) in the list of elements being analysed for 

by x-ray fluorescence (XRF) screening for all samples tested. Where the geology of the deposit 

is known, static tests should be conducted for several representative samples of each key 

material type of ore and waste rock.  Initial analyses of surface- and groundwater should include 

pH, electrical conductivity (EC), alkalinity, major ions and common toxic elements. Quality 

assurance/quality control (QA/QC) samples should be included to assess sampling techniques 

and laboratory quality. Refer to Acid Metalliferous Drainage Sampling Plan (100-PL-EN-1014) 

for detailed methods 
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Figure 2: Exploration Stage Procedure 
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2.2 Deliverables 

2.2.1 Geology 

By the end of the resource definition phase or exploration stage, there should be adequate 

geochemical information to characterise the AMD potential of the ore body (high and low 

grade), although further test work will normally be required to characterize the AMD potential of 

waste rock and tailings. 

2.2.2 Hydrogeology –  

A water quality sampling programme to establish characteristics of surface and groundwater 

catchments, and aquifers should be instituted.  

2.2.3 Environmental  

All potential sources, pathways and receptors should be described and a conceptual site model 

(CSM) constructed. The CSM should be updated through each stage and expanded when more 

detailed information is available. 

3. PRE-FEASIBILITY, FEASIBILITY, MINE PLANNING AND DESIGN 

3.1 Information required 

These stages should represent the peak of characterisation efforts and sufficient waste rock 

samples should undergo static testing to identify placement of potential AMD material using the 

geologic block model. Kinetic and long-term leach testing of the different rock types should be 

conducted to inform geochemical models and disposal options. Figure 3 shows the prefeasibility 

stage procedure. 

Sampling of surface and groundwater should commence and continue through the construction 

phase Figure 4 summarises the approach to establish baseline, low risk trigger values (LRTV) 

and investigative trigger values (ITV).  

3.2 Long-term prevention 

In order to prevent the long-term generation of acid and metalliferous drainage from mining 

activities, the lithology’s most at risk must be disposed of carefully to prevent either the ingress 

of oxygen and/or water. The position of potentially harmful lithotypes must be determined, and 

the mine schedule must include planning to store and dispose of these wastes appropriately as 

they are excavated. Leach testing will determine whether backfilling in mine voids (above or 
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below the water table), encapsulation in waste rock landforms, or blending with neutralising 

material, is required to prevent environmentally harmful drainage. Exposure of reactive 

formations should be avoided during any activity including mining, bore placement, and 

construction. Figure 5 displays the procedure to classify mine waste material.  See Glossary for 

an explanation of acronyms. 

Planning for decommissioning and closure should be commenced at  the feasibility stage. If 

mine voids are planned to remain after closure, groundwater and geochemical modelling will be 

required to predict pit lake water quality and to evaluate whether the void will become a source 

connected via a preferential pathway to a down gradient receptor. Leach testing of potentially 

harmful material should provide information as to the most effective method of disposal. The 

Environment and Mine Planning teams should then use this information to determine whether 

this material can be: backfilled above or below the water table, blended with neutralising 

material, left in situ, blended with benign waste, encapsulated or disposed of in a dedicated, 

lined cell. 

If appreciable seepage is expected from waste rock landforms (WRL) or tailings storage 

facilities (TSF), then fate and transport modelling will be required for contaminants of concern. 

3.3 Deliverables 

A resource block model will be developed to locate lithology’s that may result in potentially acid 

or metalliferous drainage. 

The mine schedule specifically plans at what stages potential AMD generating material will be 

excavated and how it will be stored and disposed. If necessary, lined storage areas may be 

required to be constructed prior to excavation and must be included in mine scheduling. Figure 6 

shows how to plan waste rock landforms. Sufficient surface and groundwater samples should 

have been collected the completion of the feasibility stage to establish baseline and trigger 

values for compliance monitoring. It is worth noting that the baseline and trigger values may not 

necessarily be the same. If changes to surface and groundwater quality are unavoidable as a 

result of mining, dewatering and reinjection, then the maximum tolerance of the system should 

be determined and established as the trigger values in consultation with regulators.
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Figure 3: Prefeasibility, Feasilbity, Mine Planning and Design Procedure 
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Figure 4: Establishing Trigger Values Procedure 
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Figure 5: Waste and Groundwater Analyses and Classification Procedure 
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Figure 6: Waste Rock Landform Planning Procedure 
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4. CONSTRUCTION AND OPERATIONS 

4.1 Sampling 

All material to be used for construction should be, at a minimum, tested for acid potential. This 

material may only be used if it is classified as non-acid forming or acid consuming. .Figure 7 

shows the procedure for construction stage activities. Figure 8 displays the procedure for 

operation stage activities. 

4.2 Monitoring 

Monitoring bores should be situated around all waste sources, such as fuel storage areas, 

WRLs, TSFs, landfills and domestic sewage and waste sites.  

Analyses according to source type should be conducted. For example, if no petroleum is used 

on site then only diesel range organic analyses are necessary, and at sewage treatment plants 

only nutrient and bacterial analyses are required.  

Surface and groundwater quality should be compared to baseline and trigger values established 

during the prefeasibility stage. Information gathered from up gradient sampling points can be 

included to improve baseline seasonal variation over the life of mine, as long as these positions 

are not affected by dewatering and mining activities. Figure 9 shows the trigger value 

exceedance procedure. 

Other receptors affected by surface or groundwater quality should be monitored for 

deterioration.
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Figure 7: Construction Stage Procedure 
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Figure 8: Operations Stage Procedure 
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Figure 9: Trigger Value Exceedance Procedure 
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5. CONTINGENCY 

The contingency actions that will be initiated if metalliferous waste or leachates are identified 

during this stage are shown in Table 3. 

Table 3: Contingency Actions 

Trigger Contingency Actions 

Confirmed water quality 
exceedance 

 Enter exceedance in BMS and investigate (Figure 9) . 

 Where it is determined to be caused by Fortescue activities 

convene Management Team with representatives from 

Environment, Water, Geology and Mine Planning to develop a 

strategy to determine suitable management actions, measures 

while ensuring any contaminants are contained and 

reduced/removed to an approved level. 

 Increase monitoring of down gradient ground water and natural 

drainage lines in catchments where water quality has been 

compromised. 

Material or waste with the potential 
to generate Acid and or 
Metalliferous drainage is 
inadvertently exposed or 
encountered during operations. 

 Enter change in BMS and investigate  

 Convene Management Team with representatives from 

Environment, Water, Geology and Mine Planning to develop a 

strategy to determine and adopt suitable management actions 

(examples being, but not limited to:  backfilling in mine voids 

(above or below the water table), encapsulation in waste rock 

landforms, treatment or blending with neutralising material, is 

required to prevent environmentally harmful drainage.(Figure 6) 

 The chosen option should ensure long term environmental 

impacts and financial liabilities are minimised  

 Mine Plans and schedules should be amended to estimate acid  
material or waste volume production and compare to inert waste 
availability to ensure that sufficient material will be available for 
chosen management option. 

 

 Increase monitoring and inspections to ensure that material or 

wastes is transported to the correct locations and placed as 

required. 

Where possible situate surface sources on low permeability material (e.g. clay) to reduce 

likelihood of contamination pathways. Where temporary storage of metaliferous materials may 

be required, situate areas on clay formations and/or in bunded areas, and not on highly 

permeable material, or in surface drainage channels. 

While some disturbance of water quality may be unavoidable, elevated concentrations of some 

toxic elements may not be tolerable to the system. If metalliferous leachate occurs, remediation 

may be required.  Treatment of waste and/or water will be less costly to implement during the 

operations stage and if detected early, prevention measures can be instituted.   
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With additional detailed information gathered at each mining stage, predictive groundwater and 

geochemical models should be validated to existing conditions and recalibrated, if necessary. 

6. DECOMMISSIONING AND POST CLOSURE 

6.1 Remediation  

Contaminated land assessments are required for all source areas that are planned to be 

demolished in accordance with National Environment Protection Measures (NEPM) and 

contaminated sites legislation. Samples should be compared to baseline concentrations in order 

to determine the presence of elevated concentrations. Figure 10 shows the decommissioning 

and closure procedures.  

6.2 Rehabilitation 

Waste rock landforms should be closed and capped, according to plans to reduce geochemical 

alteration of harmful materials, and rehabilitated to conform to the surrounding landscape. 

Benign material must be used for construction. Growth medium should be spread as a final 

cover and vegetation re-established.  

6.3 Long-term monitoring 

Long-term monitoring of surface and groundwater should 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.
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Figure 10: Decommissioning, Rehabilitation and Post Closure Procedure 
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7. GLOSSARY 

95% SLP – ANZECC Guidelines 95% of Species, Limit of Protection water quality guideline 

AC - acid consuming- Material that contains a large proportion of carbonate minerals 

Acid-base accounting (ABA) – An analytical technique applied to mine wastes and geologic 

materials that determines the potential acidity from sulphur analysis versus the neutralization 

potential. It is used to predict the potential of that material to be acid producing or acid 

neutralizing. 

Acid generating – Refers to ore and mine wastes that contain sulphur or sulphides, which 

produce acid when oxidized. Acid can also be present as acid sulphates or generated by their 

weathering, produced originally from oxidation of sulphides. 

Acid potential (AP) – The ability of a rock or geologic material to produce acid leachates; may 

also be referred to as acid generation potential or AGP. 

Acid rock drainage (ARD) – A low pH, metal-laden, sulphate-rich drainage that occurs during 

land disturbance where sulphides are exposed also known as acid and/or metalliferous 

drainage (AMD) when it originates from mining areas. 

AHD - Australian Height Datum – Elevation above sea level in metres above mean sea level 

Alkalinity – The titratable alkalinity, using a standard acid titrant, reported as milligrams per litre 

as calcium carbonate (mg CaCO₃/L). 

AMIRA – Australian Mineral Industries Research Association 

ANC - acid neutralising capacity – neutralising potential determined by titration expressed as 

kg H₂SO₄/t 

Anion – An ion with a negative charge. 

ANZECC Guidelines – Australian and New Zealand Environmental and Conservation Council 

and Agriculture and Resources Management Council of Australia and New Zealand Guidelines 

for Fresh and Marine Water Quality. Volumes 1 & 2: The Guidelines; Chapters 1-8. National 

Water Quality Management Strategy: Document 4. 

Aquifer – A geologic formation, group of formations, or part of a formation that contains 

sufficient saturated permeable material to yield significant quantities of water to springs and 

wells. 

AS – Australian Standard 

ASLP – Australian Standard Leaching Procedure 
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ASTM – American Standard Testing Method 

ARMCANZ – Agriculture and Resources Management Council of Australia and New 

Zealand 

Backfill – Geologic materials returned to an open pit or placed back into an underground mine, 

after desirable minerals have been removed, to bring a surface mine back to original contour, 

partially refill an open pit, or to improve stability of underground workings. 

Baseline – A baseline measurement represents concentrations measured at some point in time 

and may or may not represent the true background. Baseline concentrations are typically 

expressed as a range, not as a single value. 

Blending – Mixing materials either to dilute or neutralise potentially harmful leachate 

Bore / monitoring well – The generalised term for any narrow shaft drilled in the ground, either 

vertically, horizontally, or inclined that reaches the water table. 

Carbonates – A class of rocks containing calcium (Ca) and/or magnesium (Mg) carbonate, 

such as limestone and dolomite. 

Catchment / Watershed – The land area that drains into a stream. The watershed for a major 

river may encompass a number of smaller watersheds that ultimately combine at a common 

point. 

Cation – An ion with a positive charge. 

COC - Chain of Custody – A document signed by all personnel handling environmental 

samples to guarantee no tampering and sample integrity. 

Conceptual site model – A representation of a site and its environment that represents what is 

known or suspected about contaminant sources as well as the physical, chemical and biological 

processes that affect contaminant transport to potential environmental receptors. 

Contaminant – Any physical, chemical, biological, or radiological substance or matter that has 

an adverse effect on human and ecological receptors as well as environmental media (e.g., air, 

water, soil, sediment). 

DITR - Department of Industry, Tourism and Resources – Government of Western Australia 

DMP - Department of Mines and Petroleum – Government of Western Australia 

EC - electrical conductivity – Indicates the concentration of ionized constituents in a water 

sample or soil matrix. 

EPA - Environmental Protection Agency – Government of Western Australia 
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GAI - Geochemical abundance index – Calculation to compare the total rock concentration of 

an element to the global average abundance to determine relative enrichment 

GARD guide - Global acid rock drainage – http://www.gardguide.com/ 

Groundwater – Water in the zone below the surface of the earth where voids are filled with 

water. This is in contrast to surface water. 

Groundwater parameters – List of analyses required may include: pH, EC, TDS, alkalinity, 

major ions, and metals/metalloids. 

Hardness – Water hardness is a measure of the soluble, divalent, metallic cations (positive ions 

having a valence of 2) mostly calcium (Ca) and magnesium (Mg), although strontium, 

aluminium, barium, iron, manganese, and zinc also cause hardness in water, they are not 

usually present in large enough concentrations to contribute significantly to total hardness. 

Originally hardness was defined as the capacity of water to precipitate soap and cause scale. 

Hardness is calculated as the sum of Ca & Mg in mmolc/L, or meq/L, and expressed as mg 

CaCO₃/L. It is an important modifier when estimating the toxicity of cadmium, chromium, copper, 

nickel lead and zinc. 

HMTV - Hardness modified trigger value – Calculation from ANZECC Guidelines (Volume 2) 

adjusting the trigger values for cadmium, chromium, copper, lead, nickel and zinc taking into 

account the hardness of the solution which reduces the toxicity of these elements when > 30 mg 

CaCO₃/L. 

Hydraulic conductivity - A property of soil or rock that describes the ease with which water 

can move through pore spaces or fractures. It depends on the intrinsic permeability of the 

material and on the degree of saturation. 

Ions – Elements or molecules that have either a positive or negative charge  

In situ treatment – Treatment performed in place, without disturbance, removal, or excavation 

of the material being treated. 

INAP - International Network for Acid Prevention 

Infiltration - The downward entry of water into a soil or other geologic material from the surface. 

ITV – Investigative trigger value – defined by the ANZECC Guidelines Volume 2 as the 90th 

percentile of a continuous database. 

Kinetic testing – Long-term leach testing to determine rate of weathering of neutralising or 

acid-forming material  

Leaching - Removal by dissolution, desorption, or other chemical reaction from a solid matrix 

by passing liquids through the material. 

http://www.gardguide.com/
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Lining – Barrier constructed from either natural or synthetic material to prevent leaching  

Lithology - The character of a rock described in terms of its structure, colour, mineral 

composition, grain size, and arrangement of its visible features that in the aggregate impart 

individuality to the rock. The term is often used to classify rock materials for characterization 

purposes along with the degree of alteration and acid-base characteristics. 

LRTV - Low risk trigger value – defined by the ANZECC Guidelines Volume 2 as the 80th 

percentile of a continuous database. 

Mbgl - metres below ground level – measurement of water level and depth of bores below 

surface 

Metalloid - is a term used in chemistry when classifying the chemical elements. On the basis of 

their general physical and chemical properties, nearly every element in the periodic table can be 

termed either a metal or a non-metal. However, the elements: antimony, arsenic, boron and 

silicon, have intermediate properties and are referred to as metalloids. 

Milling - The crushing and grinding of ore. The term may include the removal of harmful 

constituents or constituents without economic value from the ore and preparation for additional 

processing or sale to market. 

Mine rehabilitation - Modern mine rehabilitation aims to minimize and mitigate the 

environmental effects of mining. 

Mineralogy - The study of minerals and their formation, occurrence, use, properties, 

composition, and classification; also refers to the specific mineral or assemblage of minerals at 

a location or in a rock unit. 

Mitigation - Correction of damage caused by mining activity (e.g., mine subsidence, wetland 

impacts, acid drainage). 

Monitoring - The periodic or continuous surveillance or testing to determine the level of 

compliance with process or statutory requirements in various media or in humans, plants, and 

animals. 

MPA - Maximum potential acidity – Total sulphur expressed in kg H₂SO₄/t 

NAF - non-acid forming – Material that contains a greater proportion of neutralising minerals 

than acid-forming minerals 

NAG - Net acid generation – Analytical test using peroxide to rapidly oxidise all reactive 

minerals in a sample and test resulting pH of solution for ultimate determination of acid 

potential. Does not take into account different rates of oxidation of minerals. 

NAPP - Net acid production potential – NAPP = MPA-ANC 
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NATA - National Association of Testing Authorities – Standard methods for Australia 

NEPM -National Environmental Protection Measure – Contaminated sites legislation 

Neutral mine drainage - A neutral pH, metal-laden, sulphate-rich drainage that occurs during 

land disturbance where sulphur or metal sulphides are exposed to atmospheric conditions. It 

forms under natural conditions from the oxidation of sulphide minerals and where the alkalinity 

equals or exceeds the acidity. 

Neutralisation potential (NP) - The amount of alkaline or basic material in rock or soil 

materials that is estimated by acid reaction followed by titration to determine the capability of 

neutralizing acid from exchangeable acidity or pyrite oxidation. May also be referred to as acid 

neutralization potential or ANP. 

Neutralisation– A chemical reaction in which an acid and a base or alkali (soluble base) react 

to produce salt and water, which do not exhibit any of the acid or base properties. 

Ore stockpiles - ore that requires blending either to achieve desired grade or reduce elevated 

concentrations of undesirable elements may be stockpiled for significant lengths of time that 

weathering may occur; and 

OPF - Ore processing facilities – Plant where ore is processed by various means 

Overburden – Material of any nature, consolidated or unconsolidated, that overlies a deposit of 

useful and minable materials or ores, especially those deposits that are mined from the surface 

by open cuts or pits. 

Oxidation – A chemical process involving a reaction(s) that produces an increase in the 

oxidation state of elements such as iron and sulphur. 

PAF - potentially acid forming – Material that contains a greater proportion of acid-forming 

minerals than neutralising minerals 

Pathway – The physical course a chemical or pollutant takes from its source to an exposed 

organism. 

pH – A measure of the acidity (pH less than 7) or alkalinity (pH greater than 7) of a solution; a 

pH of 7 is considered neutral. It is a measure of the hydrogen ion concentration (more 

specifically, the negative log of the hydrogen ion activity for glass electrodes) of a soil 

suspension or solution. 

PER – Public Environmental Review 

Piezometers – Casing pipes installed into the same monitoring bore to sample different water 

depths 
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Pit lake – Any perennial or ephemeral water body that occupies an excavation in the land 

surface created for the collection of ore material. 

Porosity – A measure of the void spaces in a material.  Expressed as a fraction between 0 and 

1, or as a percentage between 0 and 100%. 

Quality assurance/ quality control (QA/ QC) – A system of procedures, checks, audits, and 

corrective actions to ensure that all research design and performance, environmental monitoring 

and sampling, and other technical and reporting activities are of the quality that meets the 

testing objectives. 

Receptor – An ecological entity exposed to a stressor. 

Redox – Shorthand for reduction-oxidation.  Describes all chemical reactions in which atoms 

have their oxidation number (oxidation state) changed, most commonly through the transfer of 

electrons. 

Remediation – Clean-up or other methods used to remove or contain a toxic spill or hazardous 

materials from a site. It is the process of correcting, counteracting, or removing an 

environmental problem and often refers to the removal of potentially toxic materials from soil or 

water. 

RPD - Relative per cent difference 

Representative sample – A portion of material or water that is as nearly identical in content 

and consistency as possible to that in the larger body of material or water being sampled. 

Risk assessment – A qualitative and/or quantitative evaluation of the risk posed to human 

health and/or the environment by the actual or potential presence and/or use of specific 

pollutants. Risk assessments are conducted to establish whether an ecological risk exists, to 

identify the need for additional data collection, to focus on a specific pollutant or specific site, 

and to develop contingency plans. 

Sediment – any particulate matter that can be transported by fluid flow, and which eventually is 

deposited. 

Shale – A thinly bedded or fissile sedimentary rock formed from clay or silt. 

Slurry – Any mixture of solids and fluids that behaves as a fluid and can be transported 

hydraulically (e.g., by pipeline). See also tailings. 

SSTV - Site specific trigger values – ANZECC guidelines are the most conservative limits that 

can be applied to water quality and may not be applicable for disturbed or highly saline 

environments. SSTVs must be developed for each new mining area prior to disturbance and 

take into account natural variations and conditions. 
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Static testing – Series of short-term tests for acid potential, total elements and leaching 

potential 

Stratigraphy – The layering or bedding of varying rock types reflecting changing environments 

of formation and deposition. 

Surface water – Water at or near the land surface, such as lakes and streams, as opposed to 

groundwater. 

Tailings – The solid waste product resulting from the milling and mineral concentration process 

applied to ore. This term is usually used for sand to clay-sized refuse that is considered too low 

in mineral values to be treated further. 

TPH – total petroleum hydrocarbons – Bulk (can be gravimetric) analysis for organic 

compounds, may include greases, fats and oils as well as petroleum compounds depending on 

analytical method used. 

TSF - tailings storage facility – Any structure designed and constructed for the purpose of 

capturing and retaining liquid-solid slurries of mill tailings in which the solids settle. The liquid 

may or may not be discharged or captured for recycling after the solids have settled out of 

suspension.  

Tailings supernatant – Liquid waste from any phase of the mineral processing stream, usually 

disposed of with tailings solids. Supernatant is the most mobile and most likely to enter the 

environment; 

TDS - Total dissolved solids –The mass of both organic and inorganic matter, in solution in a 

volume of water. The amount of dissolved solids should by determined by filtering water through 

a 0.2 μm filter, drying to 180°C and weighing the residue remaining. 

Toxicity – A property of a substance that indicates its ability to cause physical and/or 

physiological harm to an organism (plant, animal, or human), usually under particular conditions 

and above a certain concentration limit, below which no toxicity effects have been observed. 

UCL/U – Uncertain Likely/ Unlikely – Classification according to the DITR: material 

classification is unclear, and depending on the magnitude of NAPP and the NAG pH further 

testing may be required  

Waste rock – Barren or mineralized rock that has been excavated but is of insufficient value to 

warrant treatment and is removed ahead of the metallurgical processing and disposed of on 

site. The term is usually used for wastes that are larger than sand-sized material and can be up 

to large boulders in size; also referred to as waste rock dump or waste rock landform. 

Water balance – An accounting of the inflow to, outflow from, and storage changes of water in 

a hydrologic unit over a fixed period. 
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Water quality standards – Ambient standards for water bodies. The standards prescribe the 

use of the water body and establish the water quality criteria that must be met to protect 

designated uses. 

Weathering – Process whereby earthy or rocky materials are changed in colour, texture, 

composition, or form (with little or no transportation) by exposure to atmospheric agents. 

WRL – Waste rock landform – Any structure constructed to contain waste in perpetuity, such a 

rock dump, tailings facility, backfilled pit etc. 
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Fortescue Metals Group Background 
 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and 
port operations based in the Pilbara region of Western Australia with its head office located 
in Perth. 
 
Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project (the 
Project), which consists of several iron ore mines and associated rail and port infrastructure 
in the Pilbara region of Western Australia. 
 
The Project was granted Major Project Facilitation Status in December 2004 and Fortescue 
has signed two Agreements with the State of Western Australia: 
 

 The Railway and Port (The Pilbara Infrastructure Pty Ltd) State Agreement for the 
port and rail infrastructure to transport ore from the mines to the port 
 

 The Iron Ore (FMG Chichester Pty Ltd) Agreement for the iron ore mines 
 

The Project has been developed in the following stages: 
 

 Stage A, consisting of a two-berth iron ore export facility at Port Hedland and a north 
south railway from the central Pilbara to Port Hedland, approved under Ministerial 
Statement 690; 
 

 Stage B, consisting of iron ore mines in the eastern Pilbara (Christmas Creek) and an 
east-west spur rail line connecting to the Stage A railway; approved under 
MinisterialStatement 707. (Note this approval included the Mindy Mindy mine site but 
this has not been developed to date); 
 

 Cloudbreak iron ore mine west of the Christmas Creek area, approved under 
Ministerial Statement 721 and federal approval under the EPBC Act (EPBC 
2005/2205); 
 

 Port facility upgrade consisting of a fifth berth at Anderson Point, Port Hedland, 
approved under Ministerial Statement 771; 
 

 Solomon iron ore project consisting of two new mines and a railway connecting to the 
existing Fortescue rail line, approved under Ministerial Statement 862 and federal 
approval under the EPBC Act (EPBC 2010/5567) in 2011; 
 

 Additional rail infrastructure between Herb Elliot Port Facility and Cloudbreak Mine 
Site (EPBC 2010/5513); 

 

 Christmas Creek water management scheme to increase the mine dewatering rate 
and to inject surplus water into two brackish and one saline injection zones, approved 
under Ministerial Statement 871; 
 

 Cloudbreak Life of Mine, approved under Ministerial Statement 899 (supersedes the 
conditions of Ministerial Statement 721). 
 



Changes to Ministerial Statements 690, 707, 721 and 771 were made and approved under 
Section 45 or 46 of the Environmental Protection Act 1986 (EP Act).   
 
Fortescue has extended its current operations in the Pilbara by developing the Northstar 
Project, which is located north east of the Solomon. 
 
Fortescue is also conducting drilling programmes to further delineate resources and iron ore 
reserves within tenements surrounding Solomon and in additional locations throughout the 
Pilbara.  In addition to its wholly owned tenements, Fortescue is party to joint ventures and 
agreements with other tenement holders within the Pilbara region and is the manager of iron 
ore exploration operations upon these tenements. 
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1. INTRODUCTION

As part of Fortescue Metals Group (FMG) Chichester and Solomon Operations commitment to the

environment, the Life of Mine Geochemistry Programme has been commissioned to continue to

evaluate the potential for acid and metalliferous drainage at Cloudbreak and, Christmas Creek mines

at the Chichester Hub and the Kings and Firetail mines at the Solomon Hub with a coordinated and

standardised approach. In order to collect sufficient data and quality analyses this report details the

Acid Metalliferous Drainage Sampling Plan for collection of waste material and water samples.

The issue of acid rock drainage (ARD) was not originally considered to be a concern in the Pilbara

as a result of the low rainfall and high evaporation rates. Additionally the secondary depositional

nature of the channel and detrital iron formations was thought to contain low amounts of organic

matter where high sulfide material is expected. Acidic runoff after the heavy rains associated with

Cyclone Bobby in 1995 indicated that the Whaleback and McRae shales of the Hamersley Group

and the Jeerinah Formation from the Fortescue Group had the potential to be acid generating and it

was determined that waste rock required characterisation and management (WRC 2001). In

addition the scientific community has moved away from the operational premise that only high sulfide

material has the potential to produce acidic drainage and that waste rock with trace sulfides and a

coinciding low neutralisation capacity may also pose a risk.

The Fortescue Marsh (Marsh) is the largest ephemeral wetland in the Pilbara and supports a large

variety of marginal ecological communities with high conservation value. As such the Department of

Environment and Conservation listed the wetland as a Priority 1 Priority Ecological Community

(PEC). In January 2012, the Department of Planning released the Pilbara Planning and Infrastructure

Framework, which provides planning principles, goals, objectives and actions in relation to

infrastructure, economic development, the natural environment and cultural heritage. This framework

focused on mining and mining-related activities that may have the potential to impact water and

environmental values within the Fortescue Marsh management area. This area is of primary

importance to the direct management of the Marsh, particularly in relation to the natural water regime

and ecological perspectives. As a result of this, mining activity in the area surrounding the marsh is

now subject to greater oversight and a higher level of certainty in drainage quality is required. The

Chichester operations are adjacent to Zone 1a, the Northern flank of the Marsh, which has been

given a relative priority of Highest Environmental Significance (EPA 2013).

1.1 Ministerial approvals

Current operations are focused on the Chichester Hub, which includes the Christmas Creek and

Cloudbreak mines and the Solomon Hub. The Christmas Creek and Cloudbreak operations were

formally assessed for their potential environmental impacts under Part IV of the Environmental

Protection Act 1986. Subject to conditions, Christmas Creek and Cloudbreak received environmental

approval from the Minister for the Environment on 16 December 2005 and 24 April 2006

respectively. Mining and related activities at both operations are also covered under the Iron Ore

(FMG Chichester Pty Ltd) Agreement approved by the Minister for State Development on 21st

December 2006 under ministerial statement 707 for Christmas Creek (EPA 2005) and ministerial

statements 721 (EPA 2006) and 899 (EPA 2012) for Cloudbreak.

Fortescue expanded mining operations in the Pilbara region through the development of the Firetail

and Kings mines, as part of the Solomon Project. The Solomon Iron Ore project was assessed and

granted approval on 20 April 2011 under ministerial statement 862 (EPA 2011) and production at

Firetail and Kings Mines began in 2013 and 2014, respectively.
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1.2 Site description

This section provides a general description and historical information associated with the mine sites.

Figure 1 shows the three sites where Tetra Tech will be conducting site work: Cloudbreak, Christmas

Creek and the Solomon Hub.

Figure 1: FMG Operations Map (taken from www.fmgl.com.au)

1.2.1 Chichester hub

The Chichester Hub consists of Cloudbreak and Christmas Creek mines. The two deposits cover an

area approximately 100 km east/west and 8km north/ south separated by a central creek. The

Chichester Hub is located in the north of WA, in the Pilbara region, approximately 120 km northwest

of Newman. Both operations within the hub consist of several open pits on the southern slopes of the

Chichester Ranges. The pits are progressively mined and backfilled to the extent that material is

available, prior to rehabilitation. Cloudbreak currently runs at a capacity of 40 Mtpa railed product

and Christmas Creek currently has a capacity of 50 Mtpa.

1.2.2 Solomon hub

The Solomon Project includes two new iron ore mining areas Firetail and Kings approximately 60 km

north of Tom Price. The Solomon ore body was estimated at 1,739 million tonnes (Mt) of resource at

the start of the project. The deposits will produce a combined total of up to 60 Mt of iron ore per

annum. The Firetail deposit will produce up to 30 Mt per annum from a blend of bedded iron deposits

(BID) and detrital iron deposits (DID). The Kings deposit will produce up to 50 Mt of ore per annum

comprising mostly Channel Iron Deposits (CID), with some ore originating from the Brockman and

Detrital Formations.

The Solomon site has two OPFs, three crushing hubs, a 125 MW power station, its own airstrip and

three camps to house 3 000 people.
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1.3 Existing environment

The Chichester Project is located on two active pastoral leases. Portions of these pastoral leases

around the Fortescue Marshes have been nominated for conservation purposes when the pastoral

leases expire on 20 June 2015. However, these areas have not yet been formally proposed as a

Conservation Reserve and will be required to be assessed under Part 4 of the Land Administration

Act 1997. The mining areas are located within the arid Pilbara Bioregion as described in the Interim

Biogeographic Regionalisation for Australia (IBRA). The Cloudbreak and Christmas Creek mining

areas are located on the lower flanks of the Chichester Ranges which is characterised by gently

undulating topography with a maximum elevation of 600 m Australian Height Datum (AHD) and a

minimum elevation of 450 m AHD downgradient in the Fortescue Valley.

1.3.1 Climate

The inland Pilbara region is classified as arid, with most rain falling during the hot summers. Peak

rainfall occurs in the summer months between January and April and is influenced by tropical

cyclone systems. Annual average rainfall for the Pilbara ranges from 180 mm to over 400 mm with

the Bureau of Meteorology data indicating an average of 312 mm at Newman Aero. Average

maximum summer temperatures are between 35°C and 40°C and winter maximum temperatures

generally between 22°C and 30°C. Annual evaporation rates greatly exceed the mean annual

rainfall.

1.3.2 Geology

The geology of the Hamersley Basin has three major groups collectively called the Mount Bruce

Supergroup. These three groups are the Fortescue, Hamersley and Turee Creek Groups and they

overlie the granites of the Pilbara Craton (2.8-3.5 Ga). The Archaean Era Fortescue Group contains

the earliest sedimentary deposits consisting of shales, chert and sandstone (such as the Jeerinah

Formation), with some basalt formations in the centre of the sequence. The Fortescue Group is

conformably overlain by the Hamersley Group in which the Cloudbreak and Christmas Creek

deposits are hosted in the banded iron formation (BIF), cherts and shales of the Nammuldi member

of the Marra Mamba Iron Formation. The dominant lithology of the Firetail project is the Brockman

Iron Formation which consists of the Dales Gorge, Whaleback and Joffre BIF, shales and cherts

(Environ 2005). The Kings and Queens iron ore deposits were predominantly formed during the

Tertiary period, where weathering and erosion of the Brockman Iron Formation deposited iron rich

materials into incised palaeochannels or Channel Iron Deposits (CID) (FMG 2010).

1.3.3 Topography and drainage

Within the eastern Pilbara, the regional topography is dominated by the Hamersley Plateau in the

south and the Chichester Ranges in the north, with the two features divided by the Fortescue Valley.

The main drainage is the Fortescue River, which flows northwards on Ethel Creek Station and then

flows north-west on Roy Hill Station into the Fortescue Marshes. The upper Fortescue River flows

into the valley and forms the Fortescue Marshes which are separated from the lower portion of the

Fortescue River by the Goodiadarrie Hills. The Fortescue Marshes are an extensive intermittent

wetland occupying an area around 100 km long by ~10 km wide. Numerous ephemeral creeks also

flow into the Marshes from the southern and northern flanks of the Fortescue Valley, including

Goman Creek which passes through the Cloudbreak mine. Where the topography is more gently

sloped and drainage lines less defined, areas may also be subject to sheet flow. Some vegetation

communities, such as the Mulga (Acacia aneura and variants) flora are considered partially reliant on

these surface water sheet flows (Environ 2005).
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1.3.4 Groundwater

The Fortescue Marshes are recognised as predominantly a surface water feature and are not

dependent on groundwater recharge. Groundwater both below and close to the Marshes is saline;

while closer to the Chichester Ranges the water is fresher. Groundwater occurs throughout the

Central Pilbara in the Proterozoic basement rocks and the Cenozoic deposits and originates from

both direct rainfall recharge as well as runoff. Groundwater typically follows topography and flows

from higher-elevation recharge areas, such as the flanks of the Chichester Ranges, to lower-

elevation discharge areas, such as the Fortescue Marshes. Three main aquifer types affect the

quality of the groundwater considerably at the mine sites. The unconfined, unconsolidated valley fill

sedimentary aquifer comprises Quaternary alluvium and colluvium with clayey interbedded sand and

gravel lenses and cobble-sized detritals in a clay matrix. Groundwater quality is fresh to marginal

ranging between 200 – 1,000 mg/L total dissolved solids (TDS), which becomes hypersaline towards

the Fortescue Marsh reaching salinities of 60,000 mg/L. The chemically deposited rock comprises

Tertiary calcrete (Oakover Formation) and Robe pisolitic limonite (also referred to as the Channel

Iron Deposit (CID) aquifer). Yields from the calcrete and CID are high and groundwater ranges in

quality from fresh to marginal. Fractured rock aquifers are present within the Banded Iron Formations

(BIF): Brockman and Marra Mamba; Wittenoom dolomite and the Hardey Sandstone. Groundwater

quality is fresh to marginal and ranges from 150 mg/L to 1,500 mg/L (WRC 2001).
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2. PURPOSE OF SAMPLING PLAN

2.1 Introduction

The ability of a particular rock to generate acid is a function of the relative content of acid generating

minerals and acid consuming minerals. If sufficient acid consuming material exists then it is likely

that drainage will remain neutral, however oxidation of material on a micro scale may increase the

solubility of some elements and result in metal leaching. The lag time for acid drainage to occur is

controlled by the reactivity of the iron sulfides and the availability of carbonate minerals. Acid may be

generated and released by high sulfur wastes with small amounts of carbonate minerals a few days

after exposure. Low sulfur (<2%) wastes containing some carbonate minerals may not release acid

for years or decades. Minimising the generation of acid mine water is the best management

approach.

Much of the variability in metal leaching and acid rock drainage (ML/ARD) potential, results from

differences in geological properties. Thus, the first step of a prediction program is the identification,

description and mapping of lithological units that will be exposed by mining.

Ideally, geological materials can be separated into discrete, homogeneous geological units.

However, samples from a defined geologic unit may indicate significant variability in acid-generation

potential and the unit may actually consist of sub-units from an acid perspective. Where geological

variability makes it impossible to separate surficial materials or bedrock into uniform units, the

geological material should be divided into manageable units based on practical constraints, such as

size, location, access and future excavation.

2.2 Objectives

The primary purposes of geochemical characterisation of mine waste materials is to obtain high

quality, representative (on the basis of physical and chemical homogeneity), samples of all geologic

units to guide management decisions. Effective environmental management can only be achieved

through the early recognition of the potential for ML/ARD.

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.

Acid and metalliferous drainage can constitute a large problem for mines that would like to

rehabilitate and close in a cost-effective and timely fashion if not managed properly from the

beginning of the mine.

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. Current practice has

been to analyse a few samples from each unit and assume them to be representative of the

geological unit as a whole, however there is a large risk that the samples chosen are not

representative and that the unit is not homogenous. In order to assess the risk of acid and

metalliferous drainage with a quantifiable confidence the number of samples collected must be

proportional to the volume of the lithological unit that is to be disturbed. Large volumes of waste rock

are generated in the FMG operations and many previous studies commissioned by FMG have

generally found the material does not generate acid and that the risk of metalliferous drainage to be

low. However, the number of samples analysed in these studies does not provide a high degree of

confidence in these findings.
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The purpose of this extended sampling programme is as follows:

 Characterise the waste rock to be excavated in progressive mining;

 Confirm initial assumptions that the majority of the waste rock is benign;

 Assess the heterogeneity of each lithological unit;

 Investigate the occurrence of high-sulfur material and assess the potential for acid generation;

 Investigate the metal leaching potential for non-acid generating material and compare to the

natural groundwater environment;

 Assess potential impact on downgradient receptors;

 Generate data/ reports and populate the database that will inform the FMG mine planning team;

 Assist with the development of waste rock management schedules;

 Fulfil EPA reporting requirements; and

 Collect sufficient information in order to conduct predictive geochemical modelling.

It is generally accepted that the determination of what constitutes a representative sample of waste

rock is challenging.

In order to further inform whether leaching will have, or has already had, an effect on the receiving

environment, field work will also be conducted to sample surface water and groundwater bores.

2.3 Existing information

All of the geochemical testwork work conducted at Cloudbreak and Christmas Creek has been

summarised in the Tetra Tech report no. (Tetra Tech 2014)

At Cloudbreak five separate studies have investigated a total of 513 samples for elemental

composition by x-ray fluorescence (XRF), 15 samples for mineralogy by x-ray diffraction (XRD), 228

samples for acid-base accounting (ABA) and leached elements, 136 samples for total elements, 13

for asbestos and 8 samples were submitted for humidity cell testing (HCT) for various periods of

time.

At Christmas Creek five separate studies have investigated a total 1 010 samples for elemental

composition by XRF, 16 samples for mineralogy by XRD, 156 samples for ABA, 123 samples for

total elements, 115 samples for leached elements, 6 samples for asbestos and 3 samples were

submitted for HCT for 26 weeks. In conjunction with this testing for the Chichester hub tailings

material has also been investigated. A total of 8 samples have been sent for mineralogy by XRD, 18

samples for ABA, 20 samples for total elements, 31 samples for leached elements and 3 samples

were submitted for HCT for 26 weeks.

The results for these investigations indicate a very low potential for acid generation and a low

potential for metal leaching. However, the amount of material tested is low and the representivity of

the samples and the homogeneity of the geological units has not been assessed. The following lists

some of the reports that will be included in assessing the potential for acid or metalliferous drainage.

This list is not exhaustive.

 Groundwater Management Plan - Environment (FMG 2012a);

 Christmas Creek Groundwater Operating Strategy (FMG 2012b);

 Cloudbreak Annual Groundwater Monitoring Review (FMG 2012c);

 Christmas Creek Annual Groundwater Monitoring Review (FMG 2012d);

 Cloudbreak Groundwater Operating Strategy (FMG 2012e);

 Cloudbreak Hydrogeological Evaluation near Brampton, Cocos 2 and Green WRDs (Tetra Tech

2012);
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 Sampling and Analysis Plan: Groundwater and Tailings Monitoring – Cloudbreak Metalliferous

Drainage (Golder 2012a);

 Water Quality Assessment: Cloudbreak Mine (Golder 2012b); and

 Christmas Creek Mine - Groundwater Chemistry Baseline Study (Golder 2013)

 Cloudbreak Life of Mine Surface Water Monitoring Plan (FMG 2012f)

A waste characterisation project was conducted at Solomon in 2013 which assessed 50 samples for

mineralogy, acid potential, total elements, leached elements and 5 samples for column leach testing

for 52 weeks. This study indicated that acid forming potential was very low and that metal leaching

potential was also low (Tetra Tech 2013).

2.4 Waste rock and tailings populations

The goal of sampling is to collect information about a population. The sample populations being

investigated in this project are the waste rock, situated above, or that will be separated from the ore

prior to processing, and tailings material. According to information supplied by FMG the volumes (or

population size) of material to be excavated to produce waste rock or processed to produce tailings

per site is given in Table 1.

Table 1: Estimated volume of waste rock and tailings to be generated per site

Site Waste Rock (Mt/a) Tailings 2014 (Mt) Tailings 2015 (Mt)

Cloudbreak 160 4.29 8.15

Christmas Creek 150 2.64 3.41

Solomon 90 3.28 6.16

Total 400 10.2 17.7

In order to characterise these target populations, this investigation will be measuring the variables

that describe acid generating potential, metal leaching potential, total element concentrations and

mineralogy. Each population will be subdivided by lithologically similar sampling units. Samples will

be collected from resource definition drilling spoil for ore to be excavated in the future mining

activities. The drill chips are the available population units, a portion of which will be collected and

comprise the sampled population (Gilbert 1987). An approximately 2.5 kg sample of drill chips will be

collected and will represent the sample support. These data will provide information on the quantity,

distribution and magnitude of the variability within each population. The greater the degree of

variability that exists, the greater the volume of samples that will be needed (ADTI 2000; USEPA

2002) to describe the formation accurately.

2.5 Waste rock sampling design

If a population mean is being estimated, a sufficient number of samples should be collected using

systematic or grid sampling in order to produce information on spatial patterns. There are two main

categories of sampling programme: judgment based and probability based. In judgmental sampling,

the selection of sampling units (i.e. the number and location and/or timing of collecting samples) is

based on knowledge of the feature or condition under investigation and on professional judgment.

Judgmental sampling is distinguished from probability-based sampling in that inferences are not

statistical scientific theory (USEPA 2002).

Probability-based designs (such as random, systematic, grid, stratified, transect and composite

sampling) apply statistical sampling theory and may involve random selection of sampling locations.

The most important feature of this type of sampling is that each member of the population from which

the sample is selected has a known probability of selection. Quantitative conclusions (or statistical



Acid Metalliferous Drainage Sampling Plan Life of Mine Geochemistry Programme

Page 13 July 2014

inferences) can then be made about the sampled population from the analytical results. For example:

the 95% upper confidence level (UCL) of the arithmetic mean can be calculated for a parameter of

interest and the probability of that parameter occurring can then be assessed with a 95% level of

confidence (NEPM 2013). The advantages of a probability-based sampling plan are:

 Designs are unbiased;

 Provides ability to calculate uncertainty associated with estimates;

 Provides reproducible results within uncertainty limits;

 Provides ability to make statistical inferences; and

 Can quantify decision error criteria.

This sampling programme will combine the stratified, systematic and grid sampling designs in order

to identify formations that may contain areas of high metal or sulfide concentrations so that they may

be managed differently.

2.5.1 Systematic and grid sampling

Systematic and grid sampling are used to search for areas of elevated concentrations and to infer

means, percentiles or other parameters and are useful for defining spatial variability. Samples will be

collected at regularly spaced intervals over the drilled area. An initial location will be chosen based

on the location of resource drilling samples, and then the remaining sampling locations will be

located at approximately even distances away, as far as is practicable.

2.5.2 Stratified sampling

In stratified sampling, the assessment area is separated into non-overlapping sub-areas, which in

this instance are geological formations and specific rock type members such as banded iron

formation (BIF), chert, shale, dolerite, alluvium, colluvium, calcrete etc. These strata are known or

expected to be more homogeneous than the whole assessment area and will be assessed for

variability with each unit. The advantages of this design are:

 Potential for achieving greater precision in estimates of the mean and variance where the

measurement of interest is strongly correlated with the variable used to define the strata;

 Calculation of reliable estimates for subgroups of special interest; and

 The ability to refine sampling to strata of concern if other units are found to be homogenous and

not of concern.

2.5.3 Sampling density and depth of sampling

Samples will be collected in proportion to the volume of waste rock material that occurs according to

each geological classification. Only material situated directly over ore deposits will be collected and

the majority of samples will be collected from the Quaternary and Tertiary Formations which

comprise the bulk of waste rock material, with proportionally fewer samples being collected from

formations which will occur at lower volumes. The distribution of samples depends on:

 The size of the area available to be sampled;

 The likely heterogeneity of geological units;

 The depth and thicknesses of units; and

 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).
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Table 2: Chichester stratigraphy and material description

Code General Description
FMG Ore

Code

Ta Tertiary alluvium, variable clast composition

Over-
burden

Te Sediments including massive clays

To
Oakover formation (including calcrete, silcrete and calcareous
sediments )

CID Channel Iron Deposits (including Pisolite / Oolite)

Td i/s/m Tertiary detritals immature/ semi-mature/ mature

Hc Hardcap (commonly vuggy hard ‘ore’ with moderate glassy goethite
(GGM) or hydrohematite-brown goethite (VGH)
Secondary Mineralisation (’ore’)

U8
Hso

Cf Cavity Fill
Wittenoom Formation

US13
HD

MN h/m/f
Mt Newman Member – Bedded Iron Mineralisation, hard/ medium/
friable
Mt Newman Member – Goethitic and hematitic shales (envisaged as
potentially economic / enriched)

U7u
MNs

MNk
Mt Newman Member – Shale unmineralised (envisaged as non-
economic)

US12

MNt
Mt Newman Member – Transition Zone - Interbedded sequence of
mineralised ore and poorer mineralised shales at the base of the
bedded iron mineralization (usually above BIF, not top of sequence).

U7I

MNb Mt Newman Member – BIF (chert, shales, carbonates) US11

MM h/m/f
MacLeod member – Bedded Iron Mineralisation, hard/ medium/
friable
MacLeod Member – Goethitic and hematitic shales (envisaged as
potentially economic / enriched)

U6
MMs

MMk
MacLeod Member – Shale unmineralised (envisaged as non-
economic)

US10

MMt
MacLeod Member – Transition Zone - Interbedded sequence of
mineralised ore and poorer mineralised shales at the base of the
bedded iron mineralization (usually above BIF, not top of sequence).

U6I

MMb MacLeod member – BIF (chert, shales, carbonates) US9

MU h/m/f
Nammuldi member – Bedded Iron Mineralisation, hard/ medium/
friable
Nammuldi member – Goethitic and hematitic shales (envisaged as
potentially economic / enriched)

U5
MUs

MUk
Nammuldi member – Shale unmineralised (envisaged as non-
economic)

US8

MUt
Nammuldi member – Transition Zone - Interbedded sequence of
mineralised ore and poorer mineralised shales at the base of the
bedded iron mineralization (usually above BIF, not top of sequence).

U5I

MUb Nammuldi member – BIF (chert, shales, carbonates) -

Jr
Roy Hill Shale (commonly leached kaolinitic or black shale when
fresh)

-

Fj
Jeerinah Formation (dolomites, volcanics, sandstones,
conglomerates)

-
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Table 3: Solomon stratigraphy and material description

Code Description

Ta Tertiary alluvium, variable clast composition

Tc Tertiary colluvium

Te Tertiary sediments, including massive clays

To Oakover formation (including calcrete, silcrete and calcareous sediments )

CIDh/ m/ f
Upper and Lower Channel Iron Deposits (including pisolite/ oolite) hard/
medium/ friable

CIDk Channel Iron Deposits - Internal waste: Clay dominant lenses

CIDb
Basal Channel Iron Deposits - Relic oolitic to pisolitic and often conglomeritic
texture, clay rich limonitic matrix

D
ID

Tdi Tertiary immature detritals

Tds Tertiary semi-mature detrital

Tdm Tertiary mature detritals

BID Bedded Iron deposits

Hc
Hardcap (commonly vuggy hard ‘ore’ with moderate hydrohematite-brown
goethite (VGH))

Brockman Iron Fm

H
B

BJ h/m/f Joffre Member bedded iron mineralisation hard/ medium/ friable

BJs
Joffre Member - Goethitic and hematitic Shales (envisaged as potentially
economic / enriched)

BJb Joffre Member Banded Iron Formation (BIF) Chert & shales

BW h/m/f Whaleback Shale Member - Bedded iron mineralisation hard/ medium/ friable

BWs
Whaleback Shale Member - Goethitic and hematitic shales (envisaged as
potentially economic / enriched)

BWb Whaleback Shale - Banded Iron Formation (BIF) Chert & shales.

BD h/m/f Dales Gorge Member- Bedded iron Mineralisation, hard/ medium/friable

BDs
Dales Gorge Member - Goethitic and hematitic shales (envisaged as
potentially economic / enriched)

BDb Dales Gorge Member - BIF chert and shales

HR
Mount McRae Shale Member- commonly leached shales or black shale when
fresh

HS Mount Sylvia Formation

Wittenoom Fm

H
D

WDB Bee Gorge Member

WDP Paraburdoo Member

WDA West Angela Member

MMM Marra Mamba BIF

Fj Jeerinah Formation
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3.2 Source types

The types of source materials classified as waste are described as follows:

 Waste rock: Barren or mineralized rock that has been excavated, but is of insufficient value to

warrant processing. Waste rock is separated from ore and is disposed of onsite. This waste can

have variable size fractions from sand to boulder size. Waste rock should be sub-categorised

according to broadly defined geological lithologies and/or alteration types. Waste rock is usually

the source with the greatest volume available for sampling and the majority of analyses should

be concentrated on defining variability;

 Tailings: Solid waste from crushing, washing, flotation, leaching and concentration processes

applied to rock of ore grade. This waste is usually sand to clay sized;

 Tailings supernatant: Liquid waste from any phase of the mineral processing stream, usually

disposed of with tailings solids. Supernatant is the most mobile and most likely to enter the

environment;

 Ore stockpiles: ore that requires blending either to achieve desired grade or reduce elevated

concentrations of undesirable elements may be stockpiled for significant lengths of time that

weathering may occur; and

 Pit walls: In situ weathering of pit walls that have been exposed for significant lengths of time

can be tested to assist in predicting how rock will weather and what leachate will be generated

in real world conditions.

3.3 Sampling strategy and sample locations

The DITR (2007) states that several hundred representative samples of high and low grade ore,

waste rock and tailings should be collected for geochemical test work. Sufficient numbers of waste

rock samples should be analysed to characterise accurately the variability and central tendency (e.g.

average, median, 10
th
, and 90

th
percentiles) of the different waste materials. This includes

characterisations of localised areas of material with differences in physical, geochemical,

mineralogical, weathering and leaching conditions that alter drainage chemistry (Price 2009).

Analysing these differences translates to sufficient samples to populate a block model with a reliable

distribution of net acid production potential (NAPP) data on ore, waste and wall rock.

In order to plan a sampling programme that is statistically relevant and from which accurate volumes

of all types of material may be calculated and waste management plans formulated for the life of the

mine, additional waste characterisation is required. According to MEND (1994) and Price (2009) and

adapted from BCAMDTF (1989) a guideline to sampling, approximates a calculation, where waste

rock tonnage is mass in millions of tons (Mt) as below and examples given in Table 4. Based on this

guideline the sample volumes for the various sources are described in the following sections.
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Table 4: Recommended sample volumes based on total waste tonnage

Tonnage of unit Tonnage as Mt
Minimum number of samples

(MEND, 1994)

10,000 0.01 3

100,000 0.1 8

1,000,000 1 26

10,000,000 10 82

100,000,000 100 260

1,000,000,000 1,000 822

10,000,000,000 10,000 2,600

3.3.1 Waste rock

Based on the amount of waste rock material generated at each mine site a proportional number of

waste rock samples will be collected as per the volumes given in Table 5.

Table 5: Waste rock sample volumes based on annual waste rock tonnage

Site Tonnage as Mt
Number of samples

collected per quarter
Number of samples

annually

Cloudbreak 160 80 320

Christmas Creek 150 80 320

Solomon 90 60 240

10% Duplicates 22 88

Total 242 968

Samples will be collected in proportion to the relevant lithology of the waste material, which will be

defined by rock type as: alluvium (gravels and clays), detrital (clays and pisolites), calcrete, chert,

BID, CID, and shale. It is expected that the largest number of samples will be collected from alluvium

and detrital material as these rock types are expected to comprise the largest volume of waste rock.

Waste rock samples will be collected from grade control drilling spoil. According to the grade control

programme, the bore areas that are to be drilled in the next 6 months to a year have been mapped

for each site and sampling locations chosen based on an evenly spaced grid. The number of

samples that will be collected from each area will be in proportion to the volume and depth of waste

rock that is expected above the ore in each area. Drilling spoil will be double bagged onsite by the

drilling teams and stored for sample selection by the sampling geologist. When on site the sampling

geologist will then select the required number of samples from the lithologies represented. The

specific sample locations will vary according to the drilling schedule. The first quarter’s sampling

positions can be found in the following aerial figures showing areas to be drilled in the near future

(Figures 5 to 7).

In addition to grade control drilling, random samples have been collected and stored for the purpose

of the geochemical programme from Feb-13 to May-14. These samples will additionally be

considered for analysis at Cloudbreak as they provide a larger spread over the mining area and are

shown on Figure 5.
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3.3.2 Tailings

The volume of tailings material supplied per site, per contract year is given in Table 6. Tailings

volume is given from the start of financial year 2015 which beings in June 2014. As tailings material

is generated continuously, and to simplify the sampling process it is proposed that one sample of

tailings material be collected at each site, once per week. While this does not exactly match the

recommended number of samples, it will provide information concerning the temporal variation of

tailings, and additional samples can be collected if required. This method will also ensure that FMG

personnel can easily follow a routine and collection of samples will not become onerous. Storage

and transport of samples will be coordinated with site personnel. Samples will be stored and sent for

analysis once per month to reduce administration and transport costs.

Table 6: Recommended annual tailings sample volumes

Site
2015 Vol

tailings (Mt)
2016 Vol

tailings (Mt)
Samples

2015
Samples

2016
Simplified for ease

of collection

Cloudbreak 7.2 8.8 70 77

52 per OPF per year
(1 per week)

Christmas Creek OPF1 3.4 3.6 48 49

Christmas Creek OPF2 4.5 4.9 55 58

Solomon 6.0 6.0 64 64

Duplicates 1 per OPF per quarter = 16 per year

Total 249 260 224

A grab sample of tailings slurry will be collected directly from the OPF hopper on each site once per

week.

3.3.3 Ore stockpiles

The following ore stockpile strategy is recommended and a number of samples estimated and

budgeted are given in Table 7. In order to assess the risk of existing stockpiles, samples will be

collected from the base of the piles, or either surrounding surface material or old stockpiled material.

Table 7: Ore stockpile sample volumes

Site
Number of base samples

per year
Number of fresh ore

samples per year

Cloudbreak 20 8

Christmas Creek 20 8

Solomon 20 8

10% Duplicates 6 3

Total 66 27

Ore stockpiles will be sampled at each site. Table 8 details the locations of ore stockpile samples.
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Table 8: Ore stockpile sampling sites

Site Designation Latitude Longitude
Storage

time
Volume

(t)
Storage reason

Cloudbreak

MSH_STPL20 -22.345408° 119.372542° 2 yrs 1,092,845 Sub-grade & high Mn

BOW_STPL01 -22.338342° 119.449507° 1.5 yrs 985,132 Sub-grade & high As

HOO_STPL01 -22.331861° 119.381364° 8 mos 605,333 Sub-grade, crushed

Christmas
Creek

Cat_P304 -22.398015° 119.843465° 8 mos 258,530 Oversized

OP2_P501 -22.416804° 119.796771° 13 mos 1,503,480 High silica

Solomon
VOK_S0202 -22.155969° 117.883724° 9 mo 716,321 Sub-grade

FTN_S0201 -22.118220° 117.936404° 1.5 yrs 1,642,925 Sub-grade

3.3.4 Exposed pit walls

Fresh wall rock samples will be collected twice a year from each different lithology exposed in

existing pit walls, at different sampling locations around each pit to provide spatial and lithological

distribution of samples. Sample locations will be chosen based on length of time exposed and

lithology. Eight different units have been proposed to be sampled at each site. Which units will be

determined by what rock types are exposed and available to be sampled and which may include

alluvium, detritals, pisolites, Oakover Fm clay, BID, CID and shale. These proposed sample volumes

are given in Table 9.

Table 9: Pit wall sample volumes

Site
Number of pit wall samples

biannually
Number of pit wall samples

per year

Cloudbreak

8 lithologies biannually

16

Christmas Creek 16

Solomon 16

10% Duplicates 2 4

Total 26 52

Pit wall samples will be collected from exposed pits at each site. Table 10 details the locations of pit

wall samples.

Table 10: Pit wall sampling sites

Site Name Latitude Longitude Time exposed

Cloudbreak

CB_PW1 -22.32820379 119.3574133

To be determined

CB_PW2 -22.33895241 119.3895065

CB_PW3 -22.32952672 119.3702608

Christmas Creek

CCK_PW1 -22.36866018 119.7191692

CCK_PW2 -22.37737775 119.7193110

CCK_PW3 -22.39194134 119.8022658

Solomon

Sol_PW1 -22.11903015 117.9218584

Sol_PW2 -22.12109896 117.9327102

Sol_PW3 -22.15702322 117.9131689
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3.4 Sample collection

Tailings samples will be collected by FMG personnel once per week. A minimum of 2.5 kg solid

sample and ~500 mL supernatant will be collected in a single opaque bucket with a sealable lid.

Sample containers will be filled to exclude all air and no preservative will be added. Appendix B

details the personnel currently responsible with collection of the sample at each site. These

personnel may change as responsibilities, work instructions and job descriptions change and will not

be the same personnel over the entire programme period. The chain of custody (COC) will be

prepared and sent to each person responsible for collection, signed on site and will travel with each

tailings sample to the laboratory. Tailings material will be stored and transported for analysis once a

month to minimise administration and logistics costs.

Approximately 2.5 kg of waste rock chips, ore stockpile and pit wall samples will be collected with a

hand trowel and geology pick hammer in a clear plastic sealable bag. Sampling technicians will

annotate the bag with the grade control bore number, stockpile number or pit wall position, depth of

sample and date. Photographs will be taken of pit wall and ore stockpile positions and of the bore

drilling spoil at each waste rock sampling position, along with coordinates. Sample lithology will be

recorded and sample described. Sampling bags will be deflated to exclude all air and no preservative

will be added.

Waste rock sampling will be conducted on a quarterly basis with samples being sent directly from

site to the laboratory. A sample COC will accompany every shipment and will be signed by each

party responsible for handling the sample. Sampling sheets for rock material are detailed in

Appendix C.
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4. WATER SAMPLING

Surface and groundwaters contain a variety of chemical constituents at different concentrations. The

greater part of the soluble constituents in these waters comes from soluble minerals in soils and

rocks. Changes in the water chemistry can be used to track the movement of water or leachate,

yielding information such as water residence time in the saturated zone, identifying recharge

processes and the source of recharge water. Elevated concentrations of dissolved constituents may

arise from weathering of source material, which can enter the subsurface environment and travel

through the surface or groundwater pathway to downgradient receptors.

4.1 Monitoring points

The number of surface and groundwater monitoring points that will be sampled at each site twice a

year is given in Table 11.

Table 11: Surface and groundwater sample volumes

Site
Bores sampled

biannually
Surface water sites
sampled biannually

Total water samples
collected annually

Cloudbreak 20 5 50

Christmas Creek 20 5 50

Solomon 8 3 22

Duplicates + blanks 9 6 30

Total 57 19 152

4.2 Surface water sampling positions

As surface water flow is episodic at all sites, and cyclone weather prevents site work for 24 hours

during an event, surface water samples are infrequently collected. Several passive sampling points

have now been installed (Figure 11). These points were chosen for inclusion in this programme as

they are the positions with existing data (FMG 2012f). Should any further samples be collected from

other positions these will be included in the evaluation. The positions of surface water monitoring

points are given in Table 12. Surface water samples will be collected periodically when perennial

flows are present by FMG staff.

Table 12: Surface water collection positions

Site Name Latitude Longitude

Cloudbreak

SWM1 -22.31215580 119.37637227

SWM3 -22.33161392 119.49164119

SWM4 -22.35633711 119.47842472

SWM5 -22.35891291 119.42279532

SWM6 -22.33722098 119.35710523

Christmas Creek

CC1 -22.40856667° 119.8733587°

FC2 -22.39116549° 119.6902828°

MC3 -22.42243948° 119.7399363°

SF2-5 -22.40817213° 119.7081241°

YC3 -22.45037858° 119.7647141°

Solomon

K07-SW -22.1364050° 117.832024°

K11-SW -22.0980880° 117.876304°

K12-SW -22.1203640° 117.864137°
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Figure 11: Passive surface water sampling point at Solomon

4.3 Groundwater sampling

Groundwater samples will be collected according to best sampling practices by low-flow/ low-stress

purging at the ingress of the aquifer to reduce the introduction of air and entrainment of sediment into

the sample. Water levels will be measured before, during and after sampling to ensure the extraction

of fresh water from the aquifer and not the water column. In-field measurements will be collected

while purging with the pH and EC monitored while samples are being collected through a flow-

through cell until readings have stabilised. Detailed methods will be included in the sampling

procedures.

4.3.1 Sampling strategy

It is generally accepted that water in the well casing is non-representative of the formation water and

needs to be purged prior to collection of ground-water samples. However, the water moving through

the screened interval may indeed be representative of the formation, depending upon well

construction and site hydrogeology. Wells are purged to some extent for the following reasons:

 the presence of the air interface at the top of the water column results in an oxygen

concentration gradient with depth;

 loss of volatiles up the water column;

 leaching from or sorption to the casing or filter pack;

 chemical changes as a result of clay seals or backfill; and

 surface infiltration.

The most common groundwater purging and sampling method is to purge a well using bailers or high

speed pumps to remove 3 to 5 casing volumes followed by sample collection. This high turbidity

method can cause adverse impacts on sample quality through collection of samples . This results in

the inclusion of otherwise immobile particles which may produce an overestimation of certain

analytes of interest (e.g. metals). Problems associated with filtration make this an undesirable

method of correcting for turbidity and include the removal of potentially mobile particles during

filtration, thus artificially biasing parameter concentrations too low. Sampling-induced turbidity

problems can be mitigated by using low-flow purging and sampling techniques (USEPA 1996).
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4.3.1.1 Field measurements

Some physicochemical parameters cannot be reliably measured in the laboratory as their

characteristics change over a very short timescale. Parameters that should be measured in the field

include pH, electrical conductivity (EC), temperature, dissolved oxygen (DO) and redox potential

(Eh). If ferrous (Fe²⁺) iron is one of the selected analytes, it also is best analysed in the field.

If DO, Eh or Fe²⁺ is required, field parameters must be measured in a flow-through cell to avoid

contact between the groundwater and the atmosphere. A flow-through cell can also enable

continuous measurement and monitoring of key parameters during purging to identify when a

representative sample may be obtained. Currently as oxygen dependent variables are not being

measured a flow-through cell is not planned to be used. In this sampling plan, these parameters

have not been deemed necessary and will not be measured.

There is a wide range of equipment available for the measurement and logging of these parameters.

It is important that quality assurance protocols are developed and implemented. The procedures

should include the use of suitable calibration standards, where the calibration spans the anticipated

range of results, and accuracy checks. Where measurements are made over a number of hours,

periodic readings of appropriate reference solutions should be incorporated to ensure that the

calibration is stable. Calibration procedures vary between meters and between manufacturers so it is

important to follow the manufacturer’s instructions for correct and accurate operation of each piece of

equipment (Sundaram et al. 2009).

4.3.2 Sampling equipment

The following sampling equipment is required:

 Water level / dip meter;

 pH/ EC meter and calibration fluids;

 Stainless steel submersible low-flow sampling pump with 12 V battery, or pneumatic bladder

pump with controller and mini-compressor, LDPE/ Teflon tubing and either an airline or electrical

cable for the depth of sampling;

 Sampling consumables: bottles, deionised water, cooler box with ice bricks, phosphate-free

soap, collection bucket, sample measurement container H&S equipment and labelling and

packaging supplies.

4.3.2.1 Equipment calibration

A good quality pH meter can detect minimum variations (sensitivity) of 0.01 pH units in water and

can be calibrated at two or three pH levels. This type of instrument will give more accurate readings

over a wider pH range than one-point calibration meters.

Meters must be calibrated with buffer solutions before each sampling trip and periodically during

sampling, e.g. every tenth sample, to check if the meter has drifted off calibration. Your check on the

calibration standard should be within ±0.1 pH units of the buffer used. If you are using a two-point

calibration meter, use buffer solutions at 4.01 and 7.00. A buffer solution of pH 4.01 will last three

months, but a solution of pH 7.00 will last six months if stored in a cool dark place.

1. Rinse the electrode well with deionised water.

2. Place the electrode in an aliquot of the buffer solution sample. Wait 2–3 minutes for the reading

to stabilise but be aware that some change will occur as pH reacts with carbon dioxide

dissolving from the air.

3. Record the result and date on equipment calibration sheet.

4. Periodically measure the pH of the calibration solution to test accuracy. If it has drifted,

recalibrate the electrode using a new buffer solution.
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A good conductivity meter should have, apart from the EC electrode, a temperature probe that

enables measurement of temperature and automatic compensation for temperature in the

conductivity reading. Be aware that conductivity meters with different EC ranges are available: 0 –

199 mS/m (approx. 0 – 1 275 mg/L TDS) and 0 – 1 990 mS/m (approx. 0 – 12 800 mg/L TDS). The

latter range is the expected electrical conductivity range for the groundwater at the mine sites. Also

make sure the correct units are recorded on the field forms, as some instruments will automatically

swap between µS/cm, mS/cm and mS/m, depending on the EC range.

Note: 1 000 µS/cm = 100 mS/m = 1 mS/cm

Use a conductivity calibration solution (usually potassium chloride) to calibrate the meter to the range

you will need. For these saline groundwaters a 0.1 M KCl solution with a conductivity of 1 282 mS/m

at 25° C is required.

4.3.2.2 Decontamination

Decontamination of pumping and sampling equipment is recommended for all groundwater sampling

work although it is not routine for major ion analyses. It is necessary if the sampling is for

microbiological, pesticide and organic parameters. Decontamination prevents cross contamination

from the previous sample and should be completed before each bore sampling. Any equipment

introduced into the bore should be decontaminated.

As organic contamination is not expected in these bores, decontamination will be conducted with

phosphate-free liquid detergent and deionised water. The 60 m of 10 mm ID tubing requires ~1 L of

water to rinse once through completely. Between bores pump and tubing will be rinsed three times

completely with 3 L of deionised water. At the end of each sampling day, the sampling pump will be

submerged completely in 1 L soapy water and then rinsed three times with 3 L of deionised water.

An equipment blank of deionised water will be collected at the close of each sampling day.

4.3.3 Low flow purge sampling

The following set of instructions must be followed in order on arrival at monitoring bore:

1. Remove bore lid – may need hex key or padlock key;

2. Insert dip meter into bore to measure water level and record;

3. Determine which piezometer in bore will be sampled – if WT (water table) piezometer is dry, dip

S (shallow) piezometer;

4. Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctly

and whether any siltation has occurred, and record;

5. Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

6. Calculate volume for 0.5 m decrease in water level based on radius of piezometer

(V = h x π x r²). For example: if the piezometer radius is 25 mm, a 0.5 m decrease in water level 

1 L volume removed i.e. 0.001 m³ = 0.5 m x 3.142 x (0.025 m)². 1 m³ = 1 000 L;

7. Lower pump to 1) middle of screened casing depth, 2) first indication of water or 3) formation of

highest hydraulic conductivity according to bore logs (monitoring bore logs attached in Appendix

E), and proceed to remove volume calculated in previous step;

8. Stop pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping

speed and repeat until volume removed has no effect on water level. If several attempts have

failed to situate the pump at groundwater inflow then purge three well volumes and collect a

sample;

9. Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until

sample measurements have not changed for three measurements in a row. In addition, record
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volume removed to the nearest litre, and periodically measure groundwater level to confirm that

it has not decreased and inflows from the aquifer are matching the pumping speed;

10. Record final measurements and any observations as to colour, sediment, clarity and odour;

11. Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle for

dissolved elements. Samples will be preserved at cold temperatures only, no other preservative

is required;

12. Collect duplicate sample, if required, in measuring vessel before dividing into original and

duplicate;

13. Measure water level again to be certain no decrease has occurred and record;

14. Secure all bore coverings and lids;

15. Record total amount of water removed from bore;

16. If groundwater is hypersaline, containers have been supplied near to the bore by Cloudbreak

and Christmas Creek staff for safe disposal of this water, do not dispose to surface if this is the

case;

17. Label sample bottles with site name, monitoring bore, piezometer number and date. Keep

samples cold in cooler (4°C);

18. Proceed with pump and tubing decontamination;

19. Collect equipment blank with deionised water at the close of each sampling day or after

sampling a bore with unusual measurements or observations, at the sampler’s discretion. One

of these will be selected per site for analyses and the remainder stored for reference, if required

20. Fill out COC form. Sampling sheets for groundwater are detailed in Appendix C1.

4.3.4 Groundwater monitoring bore positions

Monitoring bores were selected from the list of bores required to be monitored for regulatory

conditions based on those bores with the largest amount of sampling information, construction,

lithology and those closest to potential sources such as waste rock landforms (WRL), tailings storage

facilities (TSF), excavations, operational process facilities (OPF) etc.

The details of monitoring bores are given in the following Tables 13 to 15 and Figures 12 to 14.

All attempts possible will be made to sample the monitoring bores detailed in this section, however

as mining areas change some bores may be destroyed and others may be dry as a result of

dewatering activities.



Acid Metalliferous Drainage Sampling Plan Life of Mine Geochemistry Programme

Page 35 July 2014

Table 13: Monitoring bores at Cloudbreak

Bore name Latitude Longitude Description
Depth
(mbgl)

Screen Interval
(mbgl)

Water level
(mbgl)

Formation or Lithology at screens

CBX05_WT
(CBX05_S)

-22.31717562 119.3298391 Hillside West
23
40

17 – 23
28 – 40

17.3
17.3

Ta: silty gravel, chert
Ta: clayey silt & Td: pisolite

CBX11_WT
(CBX11_S)

-22.3643375 119.4192701 Saline Injection
23.5
48

11.5 – 23.5
44 – 48

7.2
9

Ta: Alluvium: gravel
Td: pisolitic gravel and TO clay

CBX12_S -22.35360022 119.4547599 Long Pit Area 29 23 – 29 12.6 Td: Pisolite

CBX16_S -22.34444982 119.3813851 Hook Pit Area 40 28 – 40 36 Ta: gravelly clay & Td: pisolite

CBX35_S -22.3534650 119.412156 Hamilton Pit Area 42 30 – 42 13.5 Td: Pisolite, BIF & chert minor goethite

CBX39_S -22.3501250 119.392508 Hook Pit Area 36 24 – 36 11.3 Ta: Alluvium: gravel and Td: pisolite

COM01_S -22.34478332 119.5015771 Cocos Pit Area 48 42 – 48 25 Hso: BIF & chert

HAMM05 -22.33523666 119.4224441 Hamilton Pit Area 65 29 – 65 23.6 Mut: BIF/ Chert ; Mub: chert/ shale

HSMB04_WT
(HSMB04_S)

-22.31255074 119.2908602 Hillside West
42
58

30 – 42
52 – 58

11
11

Td: Pisolitic gravel
To: CC/ clay & Td: pisolitic gravel

HSMB05_WT
(HSMB05_S)

-22.32016744 119.3143873 Hillside West
29
41.7

17 – 29
35.7 – 41.7

13
13

Ta: Alluvium and Td: Pisolitic gravel
Hc: Hardcap

*HSMB07_S -22.30376233 119.3217645 Hillside West 43 / 56 37 – 43 22 Hc: vitreous goethite

HSMB09_WT
(HSMB09_S)

-22.33861477 119.3721321 Brampton Pit Area
23
32

17 – 23
26 – 32

20
20

Td: Pisolitic gravel
Td: Pisolitic gravel

HSMB011_WT
(HSMB011_S)

-22.3429000 119.361415 Brampton Pit Area
33
44

21 – 33
38 – 44

13
13.5

Ta: Alluvium: gravel
Td: pisolitic gravel

HSMB13_WT
(HSMB13_S)

-22.35188115 119.4275256 Hamilton Pit Area
24
33

18 – 24
17 – 33

15
15

Ta: Alluvium BIF/ shale/ chert
Td: Pisolitic gravel

HSMB17_WT
HSMB17_S

-22.34762955 119.4779261 Long Pit Area
28
36

16 – 28
30 – 36

22
22

Td: Pisolitic gravel
Hc: Hardcap

HSMB19_WT -22.30562416 119.2598115 Hillside West 24 18 – 24 9 Ta: Alluvium BIF/ shale/ chert

HSMB23_S -22.35618542 119.4934606 Cocos Pit Area 46.4 40.4 – 46.4 17 Td: Pisolitic gravel

LHMB03_WT
(LHMB03_S)

-22.27423597 119.1849524 Left Handers
24
42

18 – 24
30 – 42

8
8

Ta: Alluvium
Hc: Hardcap

*LPMB08 -22.34937955 119.4459120 Long Pit Area 76 / 79 46 – 76 20.5 Td: Pisolitic gravel, goethite, hematite, shale & chert

MDMW04 -22.32496649 119.3634214 Brampton Pit Area 46.6 11 – 46.6 36 Martite, magnetite and chert

Note: WT = Water Table; S = Shallow; I = Intermediate; D = Deep: If WT piezometer is dry, S piezometer will be sampled. *Bore log has errors – depth to be confirmed in field
BIF: Banded Iron Formation; Cc: Calcrete; Hc: Hardcap; Hso: Hardcap unmineralised; Mub: Marra Mamba unmineralised basal; MMM: Mineralised Marra Mamba Fm; Muh: Marra
Mamba unit hard; Mut: Marra Mamba unmineralised transition; Ta: Tertiary alluvium; Td: Tertiary detritals; TO: Oakover Fm; WF: Wittenoom Fm.
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Table 14: Monitoring bores at Christmas Creek

Bore name Latitude Longitude Description
Depth
(mbgl)

Screen
Interval
(mbgl)

Water
level

(mbgl)
Formation and lithology at screens

CCE04MB_WT
CCE04MB_S

-22.38915104 119.6964193 Christmas Creek
36
54

24 – 36
48 – 54

16.7
16.8

Ta: Alluvium
TO: dolomite, silt and clay

CCE12MB_S -22.40431743 119.766285 Christmas Creek 36 24 – 36 19.9 Ta: Alluvium / CID: pisolites

CCE14MB_WT
CCE14MB_S

-22.42385889 119.8095268 Christmas Creek
42
72

24 – 42
48 – 72

16.8
17.2

Td: alluvium
TO: calcified silts and clays, mostly calcretes

CCF01B_S -22.44164807 119.7788247 Christmas Creek 20 0 – 20 8.5 Clay with alluvial fragments

CCF07B_S -22.42255137 119.7395281 Christmas Creek 27 0 – 27 14 Ta: Alluvium

CCM03_S -22.38951424 119.7426569 Christmas Creek No bore log available Ta: Alluvium & detrital

FLM08_S -22.36812945 119.7073472 Flinders Pit Area 36 30 – 36 25 Mut / Mub: Chert and non-enriched shale

HSMB29_S -22.37281534 119.6342054 Hillside East 30.6 18 – 30 19.4 Td: Pisolitic gravel and pisolites

SAM13_S -22.42420343 119.709645 CC Saline Injection 28.3 22 – 28 13.5 Td: gravelly silt, chert and shale

SCX03_S -22.37601873 119.6181417 Hillside East 30 12 – 30 17.1 Ta: Alluvium and silty detrital

SCX05_S -22.4032877 119.6652946 Hillside East 30 13 – 30 8.7 Ta: Alluvium silty clay, detrital, calcrete & gravel.

SPM01_S -22.4160038 119.8438809 Spinifex Pigeon No bore log available Ta: Alluvium & detrital

VAM01 -22.35643798 119.7238763 Vasse Pit Area 46 40 – 46 31.2 BIF and Shale

VAM04 -22.3472356 119.7343932 Vasse Pit Area 64.3 58 – 64 58.3 Shale and Chert

WDM04 -22.391167°, 119.771856° Windich Pit Area 48 38 – 44 25 MMM: Goethite and Hematite & Mut: Goethite and chert

WDM06 -22.383980°, 119.775442° Windich Pit Area 70 40 – 46 35 BIF & Chert

WDM08 -22.37906872 119.7791219 Windich Pit Area 56 50 – 56 16.5 Chert

WDM12 -22.38561156 119.7657274 Windich Pit Area 50 37 – 49 35.5 Chert and Shale

YGM01 -22.408156°, 119.818290° Young Pit Area 70 15 – 70 27 MMM: Goethite & Hematite, Mub: BIF & Chert

YGM02 -22.412532°, 119.815124° Young Pit Area 76 22 – 76 23 Alluvium above Hc

Note: WT = Water Table; S = Shallow; I = Intermediate; D = Deep: If WT piezometer is dry, S piezometer will be sampled.
BIF: Banded Iron Formation; Mub: Marra Mamba unmineralised basal; MMM: Mineralised Marra Mamba Fm; Muf: Marra Mamba unit friable; Mum: Marra Mamba unit medium; Mus:
Marra Mamba unit shale; Mut: Marra Mamba unmineralised transition; Ta: Tertiary alluvium; Td: Tertiary detritals; Te: Tertiary clay; TO: Oakover Fm; WF: Wittenoom Fm.
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Table 15: Monitoring bores at Solomon

Bore name Latitude Longitude Description
Depth
(mbgl)

Screen
Interval
(mbgl)

Water
level

(mbgl)
Formation and lithology at screens

FITL-MB-001 -22.1457601 117.9655974 Stockyards (SY) 80 56 – 80 59 Td to shale to Wittenoom dolomite

King Flowing Bore -22.196740 117.909964 Kings 47 11 – 47 CIDm, CIDk, CIDb to black shale with minor chert

KMB12S -22.1071326 117.8776647 Kangeenarina (KA) 6 3 – 6 1.8 Silt & Gravel: silty gravel

SMB1005 -22.140522 117.814565 Queens 48 24 – 48 dry Td: some clay, hematite & minor chert

SMB1008 -22.13675738 117.8426339 Trinity 59 23 - 59 12.8
CID: hematite, goethite
Bedrock: BIF, hematite banded, shale & chert

SMB1021 -22.179302 117.835574 Kings 50 44 – 50 23
CIDm: goethite clays, pisolitic & minor chert
CIDk: martite, chert & mineralisation

SMB1032 -22.18503957 117.9244964 Kings 15 11 – 15 4.23 Alluvium / Detritals: yellow-brown clay & sand

TRIN-MB-002 -22.12066517 117.843246 Trinity (TR) 14 8 – 14 4.2 CID Basal & BIF

Warp16 -22.21204267 117.8261354 Queens (QU) 60 23 – 59 No bore log available

Note: WT = Water Table; S = Shallow; I = Intermediate; D = Deep: If WT piezometer is dry, S piezometer will be sampled.
BIF: Banded Iron Formation; CID (kmhb): Channel Iron Deposits (clay, medium, hard, basal); Ta: Tertiary alluvium; Td: Tertiary detritals; Te: Tertiary clay; TO: Oakover Fm;
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5. QUALITY ASSURANCE / QUALITY CONTROL

Quality Assurance/Quality Control (QA/QC) is a set of operating principles that is adopted to help

produce data that is of known, consistent and defensible quality. The QA/QC process is used to

check the accuracy and precision of field sampling procedures and laboratory analyses and is done

by taking duplicate, spike and equipment blank samples. For a sampling program to meet its

objectives, a rigorous and thorough program of checks, comparisons and communication must be

implemented.

Quality control (QC) is a sample or procedure intended to verify performance characteristics of a

system. Water sampling QC should focus on ensuring that the results obtained by analysing samples

represent the groundwater as it was when the sample was collected. That is, if there is any

significant change in, or contamination of, the sample due to containers, handling and transportation,

it will be picked up by QC.

The QA/QC is determined through the use of blank samples and duplicate samples.

A blank is a portion of deionised water that is carried through all or part of the sampling and

analytical process and is designed to provide an indication of contamination. It is important that the

volume used for blanks be the same as the samples. The various types of blanks include:

 Trip blanks: A trip blank is a sample of analyte-free deionised water that will be transported

from laboratory to site and returned to the laboratory for blind analysis. These blanks are used

to monitor potential sample contamination during shipping and storage. These blanks are sent

from the laboratory with empty bottles and remain with other samples throughout the sampling

trip but are not opened in the field. One trip blank per sampling round will be analysed.

 Equipment blank: The purpose of these blanks is to check on the decontamination process of

the pump system. The equipment blank sample comprises deionised water put through the

pump and tubing under field conditions including filtration. As the pump and tubing will be used

to sample multiple wells, an equipment blank will be collected once per day, after daily cleaning

and stored for reference purposes, or at the sampler’s discretion should any bore sample

appear likely to contaminate the pumping equipment. One equipment blank per site will be

selected randomly and analysed per site per sampling program. In addition a single sample of

site deionised water will be collected and stored for reference purposes.

 Duplicate Samples: These samples are collected to test for analytical precision in the

laboratory and put through the same filtering, storage and analysis processes. One sample from

the selected bore is split and each is given its own identification number. Duplicate samples, will

be collected for every ten samples. The relative percentage differences (RPDs) of the analysed

parameters can be calculated to observe the variation in duplicates.
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6. REFERENCE STANDARDS

In order to evaluate analytical data, elemental concentrations are required to be compared to

standards.

The acid-base accounting analyses are evaluated using the Australian Mineral Industry Research

Association (AMIRA) acid rock drainage (ARD) test handbook (AMIRA 2002) in conjunction with the

Department of Industry, Tourism and Resources Australia: Leading Practice in Sustainable

Development in Mining handbook (DITR 2007). The additional division of the Uncertain classification

into Likely and Unlikely is according to the GARD Guide (INAP 2009). This classification is given in

Table 16.

Table 16: Acid-base accounting classification criteria (DITR 2007)

Material classification NAPP (kg H SO /t) NAG pH

Potentially acid forming (PAF) > 5 -20 < 4.5

Potentially acid forming – low capacity (PAF-LC) 0 to 5 -20 < 4.5

Non-acid forming (NAF) < 0 ≥ 4.5 

Acid consuming (AC) < -100 ≥ 4.5 

Uncertain (UC) - Unlikely > 0 ≥ 4.5 

Uncertain (UC) - Likely < 0 < 4.5

With historical data, where NAG pH has not been determined, the alternative classification scheme

as detailed in Table 17 according to (Price 2009) is used. This alternative classification scheme will

be given for comparison purposes with the Price (2009) international classification scheme.

Table 17: Acid-base accounting classification criteria (Price 2009)

Material classification NAPP (kg H SO /t) NPR (ANC/MPA)

Potentially acid forming (PAF) > 0 < 2

Non-acid forming (NAF) < 0 > 2

Uncertain (UC) < 0 < 2

The Western Australia Environmental Protection Authority mandated that in the absence of site

specific reference/baseline trigger values, water quality data should be compared to the ANZECC

Guidelines for Fresh and Marine Water Quality at the 95% of Species Limit of Protection (SLP) for a

Slightly to Moderately Disturbed System (ANZECC & ARMCANZ 2000a).

Where applicable, the 95% SLP Trigger Values (TV) will be modified for the relative hardness of the

water (ANZECC & ARMCANZ 2000b). In 2013 FMG commissioned Golder Associates to establish

site specific trigger values (SSTV) for Cloudbreak (Golder 2012b) and Christmas Creek (Golder

2013) to which soluble element concentrations may be compared. These are given in Table 18. In

2014 a further study was commissioned to establish groundwater trigger values relating to reinjection

operations, which will be included where applicable (Rockwater 2014).

The results for total whole rock elemental analyses are used to calculate a geochemical abundance

index (GAI) according to the Global Acid Rock Drainage (GARD) guide (INAP 2009) which compares

the sample concentration to the average crustal abundances and/or specific rock type median

concentrations. Various crustal abundances are given for reference from various sources in

Table 18.
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Table 18: Water quality and total element reference standards

Analyte

Dissolved trigger values
(mg/L)

Total element geochemical abundance reference
values (mg/kg)

ANZECC
95% SLP

CCK
SSTV

CB
SSTV

¹Relative
Proportion

²Crustal
Abundance

³Sedimentary

Shales
Sand-
stones

Carbonates

pH 6.5-9.0 - 6.5 - - - - -

EC (mS/m) 10 - 500 - - - - - - -

Ag 0.00005 - - 0.07 0.05 0.07 0.0X 0.0X

Al 0.055 - - 82,000 80,400 80,000 25,000 4,200

Asᴵᴵᴵ 0.024 - -
1.5 1.5 1.3 1 1

Asᵛ 0.013 0.014 0.013

B 0.37 2.4 - 950 15 100 35 20

Ba - - - 500 550 580 X0 10

Be 0.00013
§

- - 2.6 3 3 0.X 0.X

Bi 0.0007
§

0.048 0.127 - - -

Ca - - - 41,000 30,000 22,100 39,100 302,300

Cd 0.0002* 0.003 0.010 0.11 0.098 0.3 0.0X 0.035

Cl - - - 130 - 180 10 150

Co 0.0028
+

0.09 0.011 20 10 19 0.3 0.1

Cr 0.001* 0.02 0.016 100 35 90 35 11

Cu 0.0014* 0.16 0.083 50 25 45 X 4

F - - - 950 - 740 270 330

Fe 0.3
§

- - 41,000 35,000 47,200 9,800 3,800

Hg 0.0006 - - 0.05 - 0.4 0.03 0.04

K - - - 21,000 28,000 26,600 10,700 2,700

Mg - - - 23,000 13,300 15,000 7,000 47,000

Mn 1.9 - - 950 600 850 X0 1,100

Mo 0.034
§

- - 1.5 1.5 2.6 0.2 0.4

Na - - - 23,000 28,900 9,600 3,300 400

Ni 0.011* 0.06 0.038 80 20 68 2 20

P - - - 1,000 700 700 170 400

Pb 0.0034* 0.045 14 20 20 7 9

S - - - 260 - 2,400 240 1,200

Sb 0.009
§

- - 0.2 0.2 1.5 0.0X 0.2

Se 0.011 - - 0.05 50 0.6 0.05 0.08

Sn 0.003
§

- - 2.2 5.5 6 0.X 0.X

Sr - - - 370 350 300 20 610

Th - - - 12 10.7 12 1.7 1.7

Ti - - - 5,600 3,000 4,600 1,500 400

Tl 0.00003
§

0.6 0.75 1.4 0.82 0.0X

U 0.0005
§

- - 2.4 2.8 3.7 0.45 2.2

V 0.006
§

- - 160 60 130 20 20

Zn 0.008* 0.300 0.397 75 71 95 16 20

* Indicates Trigger Values that can be modified for hardness >30 mg CaCO
§

Indicates Low reliability Trigger Values; SSTV – site specific trigger value
X indicates that no accurate value can be given only an estimate of magnitude
1 (Bowen 1979) ; 2 (Taylor & McLennan 1995); 3 (Price 1997)



Acid Metalliferous Drainage Sampling Plan Life of Mine Geochemistry Programme

Page 44 July 2014

7. LABORATORY

The preferred laboratory to be used in this project is ChemCentre, to which all samples will be sent.

ChemCentre is the Western Australian Government statutory authority that provides analytical and

scientific information to government, industry and the community. ChemCentre laboratories are

accredited and compliant with all National Association of Testing Authorities (NATA) requirements for

Chemical Testing and Forensic Science and consequently, comply with all relevant clauses of

ISO/IEC 17025 and ISO 9001. ChemCentre also holds accreditation with selected industry bodies

and regularly undergoes compliance and quality audits.

7.1 Laboratory quality assurance/ quality control

ChemCentre is widely recognised as being a centre for scientific excellence and supports

government departments and agencies with advice, investigations, interpretation, understanding and

policy decisions around chemistry related incidences. Staff profiles are unique with highly qualified

experienced scientists and chemists. Laboratories are state of the art and purpose built with the

reputation of being the best in state. ChemCentre is the longest continually accredited laboratory in

the country and have many NATA auditors as employees. A dedicated Corporate Quality Manager

coordinates two Quality Officers who operate across ChemCentre to manage all aspects of quality

control, from validation and auditing of methodology to proficiency testing to ensure clients receive

quality analyses and results they can rely on. Quality control and assurance is managed through a

series of networked processes and measures.

7.2 Analytical parameters

The following parameters will be analysed for in the solid material (Table 19) and water samples

(Table 20).

Table 19: Analytical parameters for waste rock and tailings

Analysis Output

Acid base accounting

Net Acid Generation (NAG) NAG capacity in kilograms of H SO per tonne and NAG pH

Acid Neutralising Capacity (ANC) kilograms of H SO per tonne

Acid Soluble Sulfur by ICP-AES sulfate (SO )

Sulfur Levels by Combustion Total Sulfur

Short term leach tests with deionised water and tailings supernatant

pH pH

EC EC in millisiemens per metre (mS/m) at 25˚C 

Total Dissolved Solids (TDS) Calculated TDS in milligrams per litre

Chloride by Ion Selective Electrode
(ISE)

chloride

Alkalinity by Titration acidity, alkalinity

Dissolved elements by ICP-AES

aluminium, boron, barium, beryllium, bismuth, calcium, cerium, cobalt,
chromium, caesium, iron, potassium, lanthanum, lithium, magnesium,
manganese, molybdenum, sodium, nickel, phosphorous, rubidium, antimony,
strontium, scandium, sulfate, tin, thorium, titanium, thallium, uranium,
vanadium, tungsten, zinc

Dissolved elements by Inductively
Coupled Plasma Mass Spectrometry
(ICP-MS) Testing

silver, arsenic, cadmium, copper, lead, mercury, selenium

Total elements by acid digestion
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Analysis Output

Total elements by ICP-AES

aluminium, boron, barium, beryllium, bismuth, calcium, cerium, cobalt,
chromium, caesium, iron, potassium, lanthanum, lithium, magnesium,
manganese, molybdenum, sodium, nickel, phosphorous, rubidium, antimony,
scandium, tin, strontium, thorium, titanium, thallium, uranium, vanadium,
tungsten, zinc

Total elements by ICP-MS silver, arsenic, cadmium, copper, lead, mercury, selenium

Chloride by ISE chloride

Kinetic testing

pH tested weekly – pH

EC tested weekly – EC in millisiemens per metre (mS/m) at 25˚C 

Total Dissolved Solids (TDS) calculated weekly – milligrams per litre

Alkalinity by Titration tested weekly – acidity, alkalinity

Sulfate by ICP-AES tested weekly – SO

Dissolved Major Cations by ICP-AES tested weekly – calcium and magnesium

Chloride by ISE
tested weekly for the first 4 weeks of humidity cycles, then monthly to the end
of the test period – chloride

Dissolved elements by ICP-AES

tested weekly for the first 4 weeks of humidity cycles, then monthly to the end
of the test period – aluminium, boron, barium, beryllium, bismuth, cerium,
cobalt, chromium, caesium, potassium, iron, lanthanum, lithium, manganese,
molybdenum, sodium, nickel, rubidium, antimony, scandium, strontium, tin,
thorium, titanium, thallium, uranium, vanadium, tungsten, zinc

Dissolved elements by ICP-MS
tested weekly for the first 4 weeks of humidity cycles, then monthly to the end
of the test period – silver, arsenic, cadmium, copper, lead, mercury, selenium

Mineralogy by x-ray diffraction (XRD) Mineral identification and quantification

Table 20: Analytical parameters for water and tailings supernatant samples

Analysis Output

pH pH

EC EC in millisiemens per metre (mS/m) at 25˚C 

Total Dissolved Solids (TDS) Calculated TDS in milligrams per litre

Major Anions by ISE chloride and fluoride

Total Alkalinity by Titration total alkalinity as CaCO , bicarbonate alkalinity, carbonate alkalinity

Minor Anions Nitrite + nitrate as N and phosphate

Dissolved elements by ICP-AES

aluminium, boron, barium, beryllium, bismuth, calcium, cerium, cobalt,
chromium, caesium, potassium, iron, lanthanum, lithium, magnesium,
manganese, molybdenum, sodium, nickel, potassium, rubidium, antimony,
scandium, strontium, sulfate, tin, thorium, titanium, thallium, uranium,
vanadium, tungsten, zinc

Dissolved elements by ICP-MS silver, arsenic, cadmium, copper, lead, mercury, selenium

7.3 Analytical methods

Static test results are used to evaluate the potential for acid formation and short-term release of

elements. Kinetic tests are used to determine the long-term leaching potential. Waste rock and

tailings samples will undergo the following analytical tests:

 Acid-base Accounting (ABA);

 Whole rock/total element analysis;

 Leaching testing; and

 Mineralogical identification by x-ray diffraction (XRD).

The analytical methods are further described in the following sections.
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7.3.1 Acid-base accounting

Acid-base accounting (ABA) estimates the capacity of material to produce or neutralise acid. ABA

methods compare the maximum potential acidity (MPA) with the acid neutralisation capacity (ANC)

for a given material, using either the total sulfur (AMIRA 2002) or sulfide content (Price 2009) to

calculate MPA.

The total sulfur of a solid sample is determined by high temperature combustion. Using total sulfur as

a measure of MPA is conservative and over-estimates the acid generation. As a consequence

sulfate concentration is in addition determined and the total sulfide concentration calculated by the

difference.

The ANC is determined by the modified Sobek method (Sobek et al. 1978) where a known amount of

standardised hydrochloric acid (HCl) is added to an accurately weighed sample, allowing the sample

time to react (with heating), then back-titrating the mixture with standardised sodium hydroxide

(NaOH) to determine the amount of unreacted HCl. The amount of acid consumed by reaction with

the sample is then calculated. The determinations of MPA and ANC are then normalised for atomic

mass and expressed in the same units of kg H SO /t so that they can be compared.

Net Acid Generation (NAG) testing is used to determine the contact pH and acid generation potential

of rock samples after complete sulfide mineral oxidation using 15 % hydrogen peroxide. Each

sample is combined with hydrogen peroxide and allowed to react for 24 hours before the pH and

acidity is measured. Samples with NAG pH levels below 4.5 are usually classified as acid generating

while pH values above 6 are regarded as non-acid generating.

ABA results are used to determine the Neutralisation Potential Ratio (where NPR = ANC/MPA) and

the Net Acid Production Potential (where NAPP = MPA-ANC). The NAPP in conjunction with the

NAG pH are used to categorise material into potentially acid forming (PAF), potentially acid forming –

low-capacity (PAF-LC), non-acid forming (NAF), acid consuming (AC) or uncertain (UC). Table 16

gives the criteria for the classification of material according to AMIRA (2002) and DITR (2007).

Material classified as having uncertain acid-forming potential may be recommended to undergo

additional testing to assess the dissolution rates of acid-forming (e.g. pyrite) and acid-neutralising

(e.g. calcite) minerals via kinetic tests. The NAPP used to classify material as potentially acid forming

will be taken as >5 kg H SO /t.

7.3.2 Leach testing

Leaching tests are conducted to determine the potential for release of water soluble elements as a

result of precipitation and runoff in compliance with the Australian standard leaching procedure

(ASLP) AS 4439.2 (Standards Australia 1997a) and AS4439.3 (Standards Australia 1997b)). The

procedure utilizes 500 mL of de-ionised water and 25 g of sample to give a water to solid ratio of

20:1. The samples are shaken for 18 hours, with the pH periodically measured and buffered at a

value of ~5, before being filtered and the extract analysed for dissolved elements.

7.3.3 Total elemental analysis

Multi-element analysis on whole rock acid digested sample provides the near-total elemental

composition and gives an indication of the maximum potential load of constituents to the

environment. The total element concentration is then used to determine a geochemical abundance

index (GAI) calculated by utilizing the median concentration for that particular element in the most

relevant media (e.g. crustal abundance). The method for calculating GAI is given on the International

Network for Acid Prevention (INAP 2009) website and typical distributions for element concentrations

for sedimentary rocks are given in Appendix 3 of Price (1997). The calculated GAI provides an

indication of whether any elemental enrichment exists. The GAI is expressed as an integer where a 0

indicates the element is present at similar concentrations to the median concentration used and a

value of 3 indicates a concentration 12-times that of the median value, which is considered to be
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significant enrichment and may be of concern should leaching take place into a pathway leading to

an environmental receptor.

7.3.4 Kinetic testing

Kinetic tests provide a temporal indication of the rate of acid production and consumption and metal

leaching. The humidity cell test (HCT) method follows American Standard Testing Method (ASTM)

D5744-12 which is designed to enhance weathering and transport rates by producing conditions

conducive to sulfide oxidation by means of cycles of humid and dry air followed by weekly leaches

(ASTM 2000). Material is exposed to moist, oxygenated air which accelerates the weathering of

sulfidic minerals. Each HCT produces a weekly effluent that is characterised for dissolved

weathering products and analysed.

7.3.5 Mineralogy

Qualitative X-ray diffraction (XRD) will be conducted on selected samples submitted for leaching and

elemental analysis. Samples are lightly ground such that 90% passed through a 20 µm mesh to

eliminate preferred orientation during analysis. The International Centre for Diffraction Database

(ICDD) is used to identify all crystalline material, which typically has a detection limit of ~1%,

depending on the instrument. Crystalline material below 1% is not likely to be detected, and thus low

concentrations of the dominant sulfide mineral, pyrite, are often not recorded by XRD.

7.3.6 Other testing

In provision for solid material to undergo kinetic testing, provision has been made for up to three

kinetic cells, for each lithology, at each mine to be conducted for a minimum of 6 months. Eight

lithologies per mine have been assumed. The break-down of sample volumes is given in Table 21.

It is anticipated that the environmental authorities will require additional leach tests with groundwater

concentration analogues in order to determine the effect of high salinity water on waste rock that will

be used to backfill pits, and the release of neutral pH anions. This process will be undertaken in

consultation with ChemCentre with whom FMG are conducting research into leaching processes.

These additional leaching tests are not included in this programme.

Table 21: Kinetic testing sample volumes for 6 months

Site
Number of humidity cells

per lithology
Number of assumed

lithologies
Sub-total

Cloudbreak 3 8 24

Christmas Creek 3 8 24

Solomon 3 8 24

Total 9 64 72

Mineralogical analyses (XRD) before and on completion of cell 144
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8. SAMPLING LOGISTICS

8.1 Sample handling

Samples need to be labelled so they can be identified by the laboratory. As samples are kept cold

condensation can affect label adhesive and ink. All sample labels will be sealed and secured with

clear packing tape after recording to preserve ink. Labels will record bore name with solid sample

depth or groundwater sample piezometer, site name and date.

Water samples will be additionally secured with packing wrap to prevent spillage and breakage in a

hard cased, insulated cooler box with refreezable ice-bricks.

8.2 Sample storage and transport

During transport and storage, it is vital that all procedures and rules are followed thoroughly to

ensure that samples are not significantly altered and arrive at the laboratory in a state fit for analysis.

Samples can easily be contaminated during transport due to container cross-contamination,

packaging material or chilling. During storage, samples can degrade due to lack of preservation,

inappropriate storage conditions, excessive storage time and sample cross-contamination.

Containers should be sealed with packing tape and a tamper-proof seal, carefully packed with

appropriate packing material, chilled and transported in a cooler or fridge.

Tailings material will be collected by site personnel once per week and stored at the dispatch area.

Waste rock material for selected bores will be collected fresh after drilling and stored in the lay-down

area to prevent disturbance. The sampler will select samples for laboratory analysis that will then be

packed and transported directly from site to the laboratory.

All groundwater samples will be transported to the laboratory by the sampler to ensure cold

temperatures at all times.

8.3 Chain of custody

Chain of Custody procedures and documentation demonstrate sample control. This gives confidence

that the samples are representative of the sampled material, and are imperative if the samples are to

be used in legal proceedings, or if there is any suspicion that they might be tampered with at any

stage of the process. Chain of Custody documentation is used to trace possession and handling of a

sample from collection through to analysis, reporting and disposal.

The basis of Chain of Custody control measures is that a sample is always in someone’s custody

and they are responsible for it at that time. A sample is considered to be in someone’s custody if it is

in that person’s physical possession, in their sight, secured in a tamper-proof way by that person or

secured in an area restricted by them to authorised personnel.

It is important to realise that couriers will often not recognise the contents of a sample container, but

only take responsibility for the container itself. As such, sample containers should be secured with

tamper-proof tape, seal or lock. This will quickly show if a sample or sample container has been

tampered with.

The sampler should complete Chain of Custody forms before packing the samples in the field. The

original Chain of Custody form shall remain with the sample at all times so that custody details can

be completed at each stage, from transportation to analysis and reporting
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A copy of the final completed Chain of Custody Record sheet from the laboratory to confirm receipt

and appropriate transfer and handling will be included in the report.

Site investigators will complete chain-of-custody (COC) documentation which details the following

information:

 Site name;

 Sampler name;

 Nature of the sample;

 Collection time and date;

 Analyses to be performed; and

 Sample preservation method.

All parties in the sample handling chain (sampler, dispatcher, courier and laboratory) must sign the

chain-of-custody documentation on receipt of samples to indicate acceptance of custody and

integrity of samples. A blank COC document can be found in Appendix A.
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9. HEALTH AND SAFETY PLAN

9.1 Emergency numbers

Service Location / Details Phone

Cloudbreak 24 hour Emergency Cloudbreak Site 0418 911 553

Christmas Creek 24 hours Emergency Christmas Creek 08 9177 7333

Hospitals

Newman Hospital 54 Mindarra Drive, Newman, WA 6753 08 9175 8333

Paraburdoo Hospital Rocklea Road, Paraburdoo, WA 6754 08 9159 8222

Tom Price Hospital Mine Road, Tom Price, WA 6751 08 9159 5222

9.2 Purpose and policy

9.2.1 Introduction

This project Health and Safety Plan (HASP) was prepared for Tetra Tech Australia Pty Ltd (Tetra

Tech) employees performing a specific scope of work. It was prepared based on the best available

information regarding the physical and chemical hazards known or suspected to be present on the

project site. While it is not possible to discover, evaluate, and protect in advance against all possible

hazards, which may be encountered during the completion of this project, adherence to the

requirements of the HASP will significantly reduce the potential for occupational injury.

This HASP has been written for the exclusive use of Tetra Tech, its employees, and subcontractors.

The plan is written for specified site conditions and tasks and should be amended if conditions

change.

9.2.2 Regulatory framework

This HASP and site activities strive to be in compliance with the requirements of the Fortescue

Metals Group Health and Safety and Environmental policy and to operate within the remit of

Australian Occupational Health and Safety guidelines.

9.2.3 Stop work authority

All site personnel are empowered, expected, and have the responsibility to stop their own work and

the work of co-workers, FMG employees, or other contractors if any person’s safety or the

environment is at risk. No repercussions will result from this action.

Site or project conditions that may warrant a stop work order and modifications to the HASP include:

 Site temperatures outside the range predicted in this HASP (possibly resulting in greater risk of

heat or cold stress);

 PPE breakthrough or unexpected degradation; and

 Hazardous conditions at designated sampling site, requiring intervention from FMG personnel.

This list is not comprehensive and should be used only as guidance. Site hazards should be

assessed on an ongoing basis and activities modified based on changing conditions.



Acid Metalliferous Drainage Sampling Plan Life of Mine Geochemistry Programme

Page 51 July 2014

9.3 Scope of work

Fortescue Metals Group Ltd (FMG) requires Tetra Tech to assess the geochemical classification of

material disturbed and generated in the mining process, including monitoring of groundwater bores,

aboveground and in pit waste stockpiles, focusing on acid and metalliferous drainage (AMD) and

potential environmental degradation, at FMG’s:

a) Cloudbreak and Christmas Creek mine sites in the Chichester Ranges, located 120 kilometres

north of Newman in the East Pilbara region of Western Australia; and

b) Solomon mine site, located 60 kilometres north of Tom Price in the Pilbara region of Western

Australia.

Tetra Tech will:

 Conduct sampling and analysis of various materials for AMD potential;

 Provide auditable reports of the waste characterisation on site; and

 Provide guidance on potential environmental risk.

9.3.1 Waste rock sampling

Waste rock samples will be collected by FMG staff fresh from drilling spoil, bagged and stored for

later selection by Tetra Tech staff for analyses. Sampling includes logging and recording of

overburden material to be sent to the laboratory.

9.3.2 Groundwater monitoring bore sampling

Groundwater samples will be collected from monitoring wells with a portable, electric, submersible

pump using low-flow sampling techniques. Sampling activities include lowering equipment into bores,

measuring pumped groundwater, cleaning and packaging samples.

9.4 Project hazards and control measures

The following hazards are anticipated to be present on all the sites for the activities being completed

by Tetra Tech employees and sub-consultants onsite (Table 22). These hazards are described more

thoroughly in the following sections.

Table 22: Expected hazards

Safety hazards:

Slip, trips and falls Entanglement

Sharp objects
Pinch points (e.g. cuts to hands, crushed
fingers or toes)

Electrical or other energized equipment Back strain or injury

Vehicle traffic Working on/near water

Physical hazards

Noise Heat & cold stress

Muscle strain Wet conditions

UV / sunlight Weather Hazards

Additional hazards may be noted on the Job Safety Analyses (JSAs) for the individual tasks

(Appendix D).

9.4.1 Slips, trips and falls

A variety of conditions may exist that may result in injury from slips, trips, falls, and protruding

objects. Slips and trips may occur as a result of wet, slippery, or uneven walking surfaces. To
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prevent injuries from slips and trips, always keep work areas clean; keep walkways free of objects

and debris; and report/clean up liquid spills. Protruding objects are any object that extends into the

path of travel or working area that may cause injury when contacted by personnel. Always be aware

of protruding objects and when necessary remove or label the protruding object with an appropriate

warning.

Slippery, uneven footing and tripping hazards will likely be present at the site. Be vigilant, avoid

puddles, and wear footwear with slip resistant soles.

Walk around, not over or on top of debris or trash piles. When carrying equipment, identify a path

that is clear of any obstructions. It might be necessary to remove obstacles to create a smooth,

unobstructed access point to the work areas on site.

Maintaining a work environment that is free from accumulated debris is the key to preventing slip, trip

and fall hazards at sites. Essential elements of good housekeeping include

 Orderly placement of materials, tools and equipment-free areas;

 Placing trash receptacles at appropriate locations for the disposal of miscellaneous rubbish;

and,

 Prompt removal and secure storage of items that are not needed to perform the immediate task

at hand.

9.4.2 Manual lifting

The human body is subject to severe damage in the forms of back injury, muscle strains, and hernia

if caution is not observed in the handling process. Whenever possible, use mechanical assistance to

lift or move materials and at a minimum, use at least two people to lift, or roll/lift with your arms as

close to the body as possible. Never bend over to lift always bend at the knees and keep your back

at a straight angle.

9.4.3 Hand injuries and pinch points

Tetra Tech employees and sub-consultants will be collecting environmental samples while at FMG

sites, which will require handling equipment and sampling tools. When sampling there is potential for

hand injuries/pinches while using sampling equipment.

To prevent hand injuries, the following precautions will be taken:

 Wearing gloves to avoid direct contact with environmental samples – both nitrile gloves and

leather gloves.

 Training in equipment usage to avoid any equipment handling errors leading to injuries;

 Cables, leads, wires will be stored on reels to avoid pinch points to hands;

 Materials will be inspected for jagged or sharp edges prior to handling;

 Fingers will be kept away from pinch and shear points, especially when setting down materials.

9.4.4 Foot injuries

Foot injuries can occur as a result of slips, trips and falls covered in Section 9.4.1. The following

precautions will be taken to prevent foot injuries while onsite:

 Wipe off greasy, wet, slippery or dirty surfaces if necessary prior to walking;

 Use two people to lift heavy or unwieldy equipment to avoid dropping and causing injury;

 Keep work area tidy and clutter free to avoid trip hazards.
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9.4.5 Noise

The potential for exposure to noise above the regulated noise level of 80 dB is considered low for the

work Tetra Tech will be completing on FMG sites; however, as Tetra Tech employees and sub-

consultants will be completing fieldwork on operational FMG sites, there is the potential for exposure

to high noise levels.

FMG’s Noise Management Procedure (45-PR-SA-0029) details the procedure to avoid an

employee’s or contractor’s exposure to noise above regulated noise action levels (80 dB or more).

As a contractor to Fortescue, Tetra Tech will adhere to the FMG set in this procedure.

Where noise levels unavoidably exceed the regulated noise level (80 dB) a mandatory hearing

protection area will be established, by a competent person, which fully encompasses all areas where

hazardous noise levels are present (80 dB or greater). These hearing protection areas will be adhere

to the standards set out in FMG’s Noise Management Procedure (45-PR-SA-0029), and appropriate

signage and training will be provided for working in these areas. Refer to 45-PR-SA-0029, Noise

Management Procedure, for additional information and requirements.

9.4.6 Heat stress

FMG’s Heat Management Procedure (45-PR-SA-0014) details the risks and procedures for heat

management whilst onsite.

Working in high heat environments has the potential to impair the body’s ability to dissipate heat

leading to heat stress. If not controlled, exposure to heat may lead to serious illness including heat

stroke which may be fatal. The risk of heat related illness in the Pilbara is high, particularly for

outdoor workers, for as much as six months of the year (October to March).

Hot areas or activities where employees have experienced or could experience excessive fatigue,

muscle cramp, dehydration, dizziness and other symptoms of heat stress must be identified and the

risks managed.

To manage extreme risk activities, the following controls should be considered:

 Personal hydration testing (urine specific gravity);

 Suitable work / rest regimes based on measurements taken by a competent person;

 Relocation of tasks to a cooler area or reschedule work to cooler times of the day or night shift

where practicable (ensure any additional risks area managed such as fatigue);

 Use of mechanical aids to reduce the level of physical work; and

 Provision of cooling vest / collars.

9.4.7 Biological hazards

When working onsite, employees and contractors should be aware that there are a variety of

biological hazards present in the Pilbara region that are venomous, contain toxins, or have the

potential to cause irritation. The Pilbara is home to numerous biological hazards, including:

 Wild animals: such as snakes, other reptiles such as lizards, dingoes, kangaroos and etc. These

animals can bite, scratch or inject venom.

 Insects: such as mosquitoes, ticks, bees and wasps. Mosquitoes in the Pilbara region can carry

and transmit Ross River Virus (RRV), Barmah Forest Virus (BFV), and Kunjin Virus.

 Plants, which may cause skin irritation or rashes on exposed skin.

Precautionary measures need to be taken including:

 Avoid contact with any of the flora and fauna;

 Wear long sleeved shirts and trousers to avoid exposure;
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 Exercise caution if disturbing an isolated area, as snakes / spiders and various animals and

insects may hide under objects. Carry insecticide spray for groundwater wells as spiders may

be nesting in casing where equipment will need to be lowered; and

 Use insect repellent containing diethyltoluamide (DEET) when working in an area where

mosquitoes are present.

In the event of a bite/sting/irritation, incidents must be reported within 24 hours and medical attention

should be sought immediately following the incident. FMG’s Incident Event Management Procedure

(100-PR-SA-0011) should be followed regarding the reporting of incidents.

9.4.8 Working on or near the water

Tetra Tech may conduct surface water sampling, and as such will be working close to water. It is

expected that the water level will be variable as a result of seasonal rainfall. The following measures

and precautions will be taken to reduce risks when working near water:

 Utilising the buddy system whenever there is the possibility of falling into water, in which two

people operate as a single unit in order to monitor and assist each other in performing tasks;

 Reduce proximity to water, and therefore decrease risk of falling into the water, by using a long

pole upon which the sampling container will be attached to ensure the sampling technician does

not have to enter the water or stand too close to the water;

 Take special care on slippery rocks along shorelines, lakeshores, riverbanks, and creeks;

 Always look ahead at the ground when walking around the water’s edge and avoid stepping on

stones that have algal growth, especially those in intertidal areas, as these are extremely

slippery.

It is suggested that workers not be permitted to access areas where these slip/fall hazards exists,

especially in locations containing tidal water flow.

9.4.9 Driving / journey management

Tetra Tech will be completing fieldwork on FMG sites, which will require journeys to remote areas on

site. Tetra Tech employees will be chaperoned at all times whilst on FMG sites, by a Fortescue

employee and will not be responsible for driving while onsite. Tetra Tech employees will adhere to

FMG’s Journey Management Procedure (100-PR-EM-0005_Rev0). This procedure includes the

following minimum standards:

 When taking trips to remote locations the person(s) travelling will submit a Journey

Management Plan (JMP) to a nominated contact location for authorisation;

 The person(s) travelling shall complete the following prior to commencing the journey:

 Complete vehicle inspection;

 Set vehicle trip meter to zero;

 Communicate with the contact location and confirm, receive updated road and weather
conditions;

 Comply with all instructions and communication plans as per JMP;

 Stick to route of travel nominated in the JMP;

 Drive the vehicle in accordance with Vehicles and Driving Procedure (45-PR-SA-0043);

 If trip extends beyond time stated in the JMP, inform contact location of new planned arrival
time;

 Upon arrival at site the traveller must immediately communicate with the contact location
and inform them that they have arrived safely.

9.4.10 Weather hazards

The Pilbara region experiences various weather systems and conditions, including cyclones,

lightning storms, heavy rainfall leading to flash flooding, and high sun and UV light exposure. Severe
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weather can occur with little warning. Employees and contractors will be vigilant for potential storms,

lightning, high winds, and flash flood events.

9.4.10.1Cyclones

The coastal Pilbara region experience cyclones occasionally, as such Fortescue have a Cyclone

Management Procedure (100-PR-EM-0001) and the Cyclone Emergency Management Plan (100-

PL-EM-0004). This procedure details action required in the event of a cyclone. The Cyclone

Management Procedure is applicable to all FMG’s operational, project, construction and exploration

sites.

As contractors to Fortescue, Tetra Tech employees and sub-consultants will adhere to the Cyclone

Management Procedure and Cyclone Emergency Management Plan in the event of a cyclone whilst

on one of FMG’s sites.

9.4.10.2Heavy rainfall and flash flooding

Flash floods can occur quickly during storms. In the event that employees and contractors are

caught in heavy rain, vehicles should be parked at a high level, away from river beds

To avoid being caught out in a flash flood, take precautions before setting out into the field and

monitor the weather.

9.4.10.3Lightning storms

In the event of a lightening, there are precautionary measures in place to ensure employee and

contractor safety at Fortescue. If lightning and thunder are observed, the time between the two is an

indication of the distance of the storm front. If there is less than a 30 second delay between flash and

sound, this indicates that the lightning is within 10 km.

When lightning is observed the following precautions should be taken:

 Avoid performing tasks which require close proximity to machinery, such as drill rigs, or other

heavy machinery;

 Seek shelter in a substantial building;

 If close to a vehicle and not a building, get into the vehicle;

 Seek low ground and avoid ground and elevated positions such as hilltops, ridges and rooftops;

 Crouch close to the ground with feet together as a last resort.

In the event of lightning the following actions are forbidden:

 Sheltering under isolated trees;

 Touching, handling or standing too close to any metallic objects that may become a discharge

path for the lightning such as towers, mobile plant, power lines, pipes, rails and fences.

Fortescue onsite lightning alerts are as follows:

 A = Alpha 30 km >

 B = Bravo 15 km > 30 km

 C = Charlie <15 km

 ALL CLEAR

9.4.10.4Ultraviolet /sun exposure

The Pilbara region area frequently reports very high to extreme Ultraviolet (UV) light index i.e. UV

index greater than 8. Workers performing field work outdoors may be susceptible to sunburn if not
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properly protected with sunscreen or protective clothing and hats. Skin can burn in minutes when the

UV Index is very high. Protective measures are advisable, these protective measures include:

 Frequent application of high factor sunscreen (SPF 30+) as sweating impacts efficacy;

 Wearing a wide brimmed hat, or attaching a brim to hard hat where hard hats are required;

 Wearing protective sunglasses that block at least 99% of all UV rays, to protect eyes;

 Wearing a long sleeved shirt;

 Take extra precaution when working outdoors between 10 am and 3 pm, when the UV radiation

is most intense;

 Seek shade regularly;

 Drink water regularly (at least 2 litres of water per day).

Heatstroke and dehydration can cause confusion or irregular behaviour and personnel in danger

may not realise it. Be aware of the warning signs of heatstroke such as headache, thirst, dark urine

colour or cessation of sweating. If person has stopped sweating he/she is at severe risk of

dehydration and/or heatstroke.

9.5 Roles and responsibilities

All Tetra Tech and subcontractor personnel must adhere to the procedures outlined in this HASP

during the performance of work. Each person is responsible for completing tasks safely, and

reporting any unsafe acts or conditions to the supervisor. No person may work in a manner that

conflicts with these procedures. After due warnings, the PM will dismiss from the site any person or

subcontractor who violates safety procedures.

All Tetra Tech personnel have been trained in accordance with applicable regulations, and are

familiar with the requirements and procedures contained in this HASP. The roles of Tetra Tech

personnel and subcontractors are outlined in Table 23.

Table 23: Contact details

Individual: Role: Contact Phone:

Chris Counsell FMG Project Manager 0457 806 692

Colleen Burgers Tetra Tech Health and Safety Officer 0417 986 865

Katie Joyce Site Safety officer 0477 893 764

Ian Anderson Field Geologist 0419 906 498

9.5.1 Health and safety officer

The Health and Safety Officer (HSO) is responsible for ensuring that activities conducted at the Site

are performed in conformance with this HASP and applicable contractors/subcontractors HASP(s).

He/she has the authority to stop work if actions or conditions are judged unsafe or not in

conformance with the HASP(s), including, but not limited to, inadequate or improper use of required

PPE. Should unexpected conditions arise during fieldwork that warrant changes to this or other

HASP(s), those changes must be reviewed and approved by him/her. The responsibilities of the

Health & Safety Officer will be:

 Establish and direct the safety program;

 Assure all personnel assigned to the site are acquainted with the HASP;

 Ensure all pre-mobilization health and safety training for field team members is completed; and

 Advise and consult with the Site Safety Officer (SSO) and the Site Responsible Supervisor

(SRS) (Fortescue) on all matters related to the health and safety of those involved in site

operations.
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9.5.2 Site safety officer

The Site Safety Officer (SSO) is responsible for ensuring that day-to-day onsite activities are

performed in conformance with this HASP and applicable contractors/subcontractors HASP(s).

He/she has the authority to stop work if actions or conditions are judged unsafe or not in

conformance with the HASP(s), including, but not limited to, inadequate or improper use of required

PPE. An appropriate person will serve as the alternate Site Safety Officer when the primary Site

Safety Officer is not on site. The responsibilities of the Site Safety Officer will be:

 Assure that appropriate PPE is available and is properly utilized by all onsite contractor

personnel;

 Assure that personnel are aware of the provisions of this plan and are instructed in the work

practices necessary to ensure safety and the procedures for dealing with emergencies;

 Assure that personnel are aware of potential hazards associated with the site;

 Monitor the safety performance of all personnel to ensure that the required work practices are

employed;

 Immediately stop work and correct any work practices or conditions that may result in injury or

unsafe conditions;

 Conduct safety inspections;

 Prepare accident/incident reports; and

 Consult with the HSO.

9.5.3 Field workers

All field workers, including contractors/subcontractors, are responsible for their personal health and

safety and the safety of their co-workers. All field team members are responsible for reading and

complying with this and other project HASP(s). As required by this HASP they are responsible for

becoming aware of any hazardous site conditions, wearing the appropriate PPE, paying attention at

all times, and stopping work and reporting any unsafe working conditions to the Site Safety Officer or

Field Supervisor. No person shall perform an activity that he or she believes may endanger his or her

health and safety or the health and safety of others. Everyone has the responsibility to stop work in

the face of unsafe working conditions or practices.

9.6 General safety practices

9.6.1 Alcohol and drug policy

FMG’s Policy 100-PR-SA-0013 outlines the Alcohol and Drug Policy. Fortescue has a zero tolerance

to alcohol and drugs in the workplace.

FMG also prohibits any individual to be under the influence of, or to sell, distribute or possess alcohol

(with the exception of authorised Special Events), illicit drugs or intoxicating or deleterious

compounds when reporting for work, while working or while on active work duties or premises.

Facilities Management staff shall ensure that the sale and service of alcohol at Fortescue facilities is

in accordance with legal obligations and license conditions, and designated camp rules.

Arrangements for managing the consumption of over the counter medication and prescription

medications are detailed in this procedure.

9.6.2 Personal protective equipment

Fortescue’s Procedure 100-PR-SA-0039 outlines the Personal Protective Equipment (PPE)

standards required. In addition to Fortescue’s Procedure, Tetra Tech adheres to its Personal



Acid Metalliferous Drainage Sampling Plan Life of Mine Geochemistry Programme

Page 58 July 2014

Protective Equipment Programme (DCN 02-07), and uses the Tetra Tech PPE Checklist (DCN.02-

07F).

Fortescue’s Procedure 100-PR-SA-0039 states, that PPE must be provided in accordance to the

Western Australia Mines Safety and Inspection Act 1994, Section 9 and the Western Australia

Occupational Safety and Health Act, 1984 Section 19; where it is not practicable to avoid exposure

to hazards. As contractors to Fortescue, Tetra Tech must also provide their personnel with PPE that

meets the standards within this procedure.

All PPE selected must conform to the appropriate Australian Standard, equivalent International

Standard and / or industry requirements

Applicable Australian Standards and manufacturer’s instructions must be followed for the selection,

use and maintenance of PPE

 Personnel must be trained in the selection, use and maintenance of PPE where applicable

 PPE must be inspected by the wearer prior to use to ensure it is functioning properly

 Defective or damaged PPE must be immediately removed from use and replaced

 Sites must define and signpost mandatory PPE areas - the signs must comply with AS 1319

 Fortescue and Contractor workplaces must maintain adequate stocks of PPE for each work

area on site

As a contractor for Fortescue, Tetra Tech Australia will meet the Fortescue Standards, and ensure

all employees and contractors are provided with the appropriate level of PPE for the work being

conducted onsite. The PPE required for Tetra Tech employees and sub-consultants whilst working

on Fortescue sites is detailed in Table 24:

Table 24: PPE requirements

Type Material Additional Information

Minimum PPE:

Safety Vest with long sleeved shirt
underneath
-OR-
Long sleeved high visibility shirt

High-visibility
Must have reflective tape and be visible from
all sides

Boots Leather Leather steel toe-capped boots

Safety Glasses Clear & dark required Australian Standards Approved

Hard Hat Australian Standards Approved

Brim attachment for Hard Hat Sun protection

Long Trousers No shorts / cut-offs

Additional PPE:

Hearing Protection Ear plugs If operating in hazardous noise environments

Gloves Leather / Kevlar
When working with sharp objects, glass or
powered equipment

Protective Chemical Gloves Disposable - Nitrile When collecting environmental samples

9.6.3 Occupational hygiene

Fortescue’s Occupational Hygiene Management Procedure (45-PR-SA-0050) outlines the health

risks associated with potential exposure to chemical, physical and biological agents and has been

developed to aid in effectively recognising hazards in order to prevent occupational illness and

disease. Tetra Tech, as a contractor, to Fortescue will adhere to this procedure, and ensure

appropriate duty of care is taken.
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9.6.4 Fatigue management

Fortescue’s Fatigue Management Procedure (100-PR-MM-0013) outlines the duty of care to

employees and contractors completing activities on Fortescue sites. Tetra Tech, as a contractor, to

Fortescue adheres to this procedure, and ensures appropriate duty of care is taken.

Tetra Tech’s General Safe Work Practices for Field Work (SWP 5-1) outlines Tetra Tech’s duty of

care to employees and subconsultants, and states that no one will be permitted to work when ability

or alertness is impaired by fatigue, illness, or other causes that might unnecessarily expose the

employees or others to injury.

9.6.5 Site-specific training

Prior to commencing any fieldwork all employees and sub-consultants will undergo Fortescue

inductions. These include the following:

 Online Inductions:

 Fortescue General Induction;

 Fortescue Christmas Creek Induction;

 Fortescue Cloudbreak Induction;

 Fortescue Solomon Induction;

 Hearing Conservation Awareness.

 Safety Induction:

 Chichester Site induction

 Leighton Site Induction

 Site Specific Inductions upon arrival at site.

The inductions will ensure all Tetra Tech employees and sub-consultants are fully trained in site

health and safety procedures and will adhere to Fortescue Procedures whilst completing fieldwork

onsite.

9.6.6 Incident reporting

In the event an incident occurs while Tetra Tech employees or sub-consultants are onsite, the

Incident Event Management Procedure (100-PR-SA-0011) will be followed in order to report and

record any health, safety, environment, security, property damage, production loss, quality and

heritage incidents.

If an event / incident takes place while a Tetra Tech employee is onsite the incident must be reported

to the Fortescue supervisor, who in turn will report the incident to:

 Line manager – within the shift when the incident occurs

 Line manager to report the incident to the Fortescue Representative or Contract Owner within

24 hours of the incident occurring.
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APPENDIX A: CHAIN OF CUSTODY
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Samples intact:
1
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2
ICP-AES
3
ICP-MS

South Wing, Building 500, Curtin University,
cnr South Entrance and Manning Road,
Bentley, WA, 6102
Phone:
Attention:
Mobile:
Email: SRietkerk@chemcentre.wa.gov.au

Please sign and return, results to

Laboratory code

Signature:

Relinquished by:

Samples intact: Yes / No

ist pH, EC, TDS

AES Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn,

MS Ag, As, Cd, Cu, Pd, Se, Hg

South Wing, Building 500, Curtin University,
cnr South Entrance and Manning Road,
Bentley, WA, 6102

+61 8 9422 9821
Attention: Stuart Rietkerk
Mobile: +61 467 781 248

SRietkerk@chemcentre.wa.gov.au

Please sign and return, results to

Laboratory code

Sample Marks

(calc), Alkalinity, Acidity,

Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn,

Ag, As, Cd, Cu, Pd, Se, Hg

South Wing, Building 500, Curtin University,
cnr South Entrance and Manning Road,

+61 8 9422 9821
Stuart Rietkerk

+61 467 781 248
SRietkerk@chemcentre.wa.gov.au

Please sign and return, results to include laboratory QA/QC

Sample Marks

Name

Date & Time

Temperature: Ambient

Alkalinity, Acidity, Cl,

Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn,

South Wing, Building 500, Curtin University,
cnr South Entrance and Manning Road,

SRietkerk@chemcentre.wa.gov.au

include laboratory QA/QC

Date

Ambient / Chilled / NA

Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn,

include laboratory QA/QC
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Sample Security sealed:

Al, B, Ba, Be, Bi, Ca, Ce, Co, Total Cr, Cs, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, Rb, S, Sb, Sc, Sn, SO

370 Murray Street
Perth,
WA, 6000
Phone:
Attention:
Email: colleen.burgers@tetratech.com
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Sample Security sealed: Yes

4, Sr, Th, Ti, Tl, U, V, W, Zn

370 Murray Street,

WA, 6000
Phone: +61 8 6313 3200
Attention: Colleen Burgers

colleen.burgers@tetratech.com
Results email:admin.perth@tetratech.com

Project: 753-1495940300

Analysis

L
e

a
c

h
te

s
t

1
,

2
&

3

T
o

ta
l

E
le

m
e

n
ts

2
,

3

W
a

te
r

a
n

a
ly

s
is

1
,2

&
3

Yes / No / NA

Sr, Th, Ti, Tl, U, V, W, Zn

3200 Fax: +61 8 6313 3201
Colleen Burgers

colleen.burgers@tetratech.com
email:admin.perth@tetratech.com

1495940300 Life of Mine Geochemistry

Analysis

(Label
#, sign when relinquishing to courier)

Sampler to write name in comments when
sample collecteda
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&

3

N
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₃+

N
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₂

Tailings
ABA

Leach Test
List 1

Total Elements
ICP

Date & Time

Date & Time

Quarantine: Yes /

313 3201

email:admin.perth@tetratech.com

Life of Mine Geochemistry

Comments

(Label container with sample date and OPF
#, sign when relinquishing to courier)

Sampler to write name in comments when
sample collected

Tailings: Filter supernatant and analyse
ABA – TS, TOS, ANC, NAG + NAGpH

Leach Test: DI Water, bottle roll
List 1 + ICP-AES List 2 + ICP

Total Elements: Acid Digest
ICP-AES List 2 + ICP-MS List 3

/ No

Page

Life of Mine Geochemistry

Comments

container with sample date and OPF
#, sign when relinquishing to courier)

Sampler to write name in comments when

: Filter supernatant and analyse
TS, TOS, ANC, NAG + NAGpH

: DI Water, bottle roll
AES List 2 + ICP-MS List 3

: Acid Digest
MS List 3

of

container with sample date and OPF
#, sign when relinquishing to courier)

Sampler to write name in comments when
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APPENDIX B: TAILINGS COLLECTION



Acid Metalliferous Drainage Sampling Plan Chichester and Solomon Operations

Page B1 June 2014

Current site contacts responsible for tailings collection
– may vary over time

Site Name Email Contact

Cloudbreak

Lindsey Hole lhole@fmgl.com.au 0457 104 606

Amy Scholz ascholz@fmgl.com.au 0457 104 606

Tseko Mokebe tmokebe@fmgl.com.au 0439 097 471

Anthony Kurniawan akurniawan@fmgl.com.au 0439 097 471

Christmas Creek

Carl Wilson cwilson@fmgl.com.au 0437 024 521

Jeremy Chong jchong@fmgl.com.au 0439 913 880

David Zakarias dzakarias@fmgl.com.au 0417 872 313

Solomon

Colin Bensley cbensley@fmgl.com.au 0419 517 889
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APPENDIX C: SAMPLING SHEETS



Groundwater Sample Description Form for Low Flow Purging

Site name: Project number: Date & time:

Bore Name:

Collar Height:

Pipe Radius:

Well Depth (mbc):

Water level (mbc):

Time Vol WL pH EC °C Time Vol WL pH EC °C Time Vol WL pH EC °C

Odour:

Purge Vol:

Purge Water level: (mbc)

Sample Name

Duplicate Name

Equipment blank

Disposal of purge water:
*Scan and save in project folder

Description:

Colour, clarity, sediment

Tetra Tech Australia Pty Ltd.

370 Murray Street | Perth, WA 6000 | Australia | P.O. Box 7322, Cloisters Square PO | Perth, WA 6850 | Australia

Tel +61 (0) 8.6313.3200 Fax +61 (0) 8.6313.3201 tetratech.com



Rock Sample Description Form

Site name: Project number: 753-14959403

Date & time: Sampler:

Bore: Bore:

Depth

(mbs)
Description

Samples

collected

Depth

(mbs)
Description

Samples

collected

Tetra Tech Australia Pty Ltd.

370 Murray Street | Perth, WA 6000 | Australia | P.O. Box 7322, Cloisters Square PO

Perth, WA 6850 | Australia

Tel +61 (0) 8.6313.3200 Fax +61 (0) 8.6313.3201 tetratech.com
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APPENDIX D: JOB SAFETY ANALYSES



Rev

1

1.

2.

3.

4.

5.

This document is

Description of Rev/Comments:

Issued for Use

PURPOSE

The purpose of this Safe Work Instruction is
when conducting groundwater sampling.

SCOPE

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler

AREA



REFERENCES / ASSOCIA





REQUIREMENTS

 Delete in the electronic version

Confined Space Entry

Live Electrical Work

Excavation / Penetration

Hot Work

Floor Roof Wall Opening

This document is UNCONTROLLED

Description of Rev/Comments:

Issued for Use

PURPOSE

The purpose of this Safe Work Instruction is
when conducting groundwater sampling.

SCOPE

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler

AREA

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the

REFERENCES / ASSOCIA

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester
and Solomon
Document Control Number

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

REQUIREMENTS

Delete in the electronic version

Confined Space Entry

Live Electrical Work

Excavation / Penetration

Hot Work

Floor Roof Wall Opening

Department

SAFE WORK INSTRUCTION

UNCONTROLLED in hard copy unless stamped and specified and managed in controlled document register

Description of Rev/Comments: Prepared by

C Burgers

45-FR

Tetra Tech AMD Sampling: Groundwater

The purpose of this Safe Work Instruction is
when conducting groundwater sampling.

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the

REFERENCES / ASSOCIATED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester
and Solomon Operations
Document Control Number

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

REQUIREMENTS

Delete in the electronic version

PERSONAL PROTECTIVE EQUIPMENT (PPE)

WORK











Department

HSES

Section

WORK INSTRUCTION

in hard copy unless stamped and specified and managed in controlled document register

Prepared by

C Burgers

FR-SA-0024_SWI Groundwater sampling

Tetra Tech AMD Sampling: Groundwater

The purpose of this Safe Work Instruction is
when conducting groundwater sampling.

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.

at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the

TED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Operations - Acid Metalliferous Drainage Sampling Plan
Document Control Number 753-

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

Delete in the electronic version PPE

PERSONAL PROTECTIVE EQUIPMENT (PPE)

CERTIFICATES

Work Box

Non Standard Lift

Work at

O/Side Vessel

Power Vicinity /
Corridor Access

WORK INSTRUCTION

in hard copy unless stamped and specified and managed in controlled document register

Reviewed By

HSE Managers

0024_SWI Groundwater sampling

Tetra Tech AMD Sampling: Groundwater

The purpose of this Safe Work Instruction is to provide guidance on the potential hazards faced
when conducting groundwater sampling.

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.

at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the

TED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous Drainage Sampling Plan
- 1495940300

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

PPE not relevant.

PERSONAL PROTECTIVE EQUIPMENT (PPE)

CERTIFICATES / PERMIT

Work Box

Non Standard Lift

Work at Height

O/Side Vessel – Platform

Power Vicinity /
Corridor Access

in hard copy unless stamped and specified and managed in controlled document register

Approved By

HSE Managers

0024_SWI Groundwater sampling

Tetra Tech AMD Sampling: Groundwater

to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI. A copy of

at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the

TED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous Drainage Sampling Plan
1495940300-REP-R0002

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

not relevant.

PERSONAL PROTECTIVE EQUIPMENT (PPE)

/ PERMIT REQUIREMENTS











Document Number

45-FR

Groundwater Sampling

in hard copy unless stamped and specified and managed in controlled document register

Approved By Review Date

16/06/2014

Tetra Tech AMD Sampling: Groundwater

to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a

A copy of this information is to be
at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
areas away from operations. Specific points are given in the detailed sampling plan.

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous Drainage Sampling Plan
R0002-00

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

PERSONAL PROTECTIVE EQUIPMENT (PPE)

REQUIREMENTS

Work Permit

Master Permit

HV Electrical

Environmental

Document Number

FR-SA-0024

Title

Groundwater Sampling

in hard copy unless stamped and specified and managed in controlled document register

Review Date

16/06/2014 13/06/2014

Tetra Tech AMD Sampling: Groundwater

to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a

this information is to be
at all times during the undertaking of this task.

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
detailed sampling plan.

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous Drainage Sampling Plan.

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid

Work Permit

Master Permit

HV Electrical Certificate

Environmental

Groundwater Sampling

in hard copy unless stamped and specified and managed in controlled document register

Issue Date

113/06/2014

to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a

this information is to be

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
detailed sampling plan.

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

. Tetra Tech

SDS: pH4 calibration fluid, pH 7 calibration fluid, EC 12.88 mS/cm calibration fluid
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This details an outline of the basic steps to be followed and the potential hazards that may be
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this information is to be in

Multiple sampling areas around the plant, waste rock dumps, tailings dam and remote
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Rev
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6.

This document is

Description of Rev/Comments:

Issued for Use

Barricading

Drinking Water

Warning Signs

Low flow pump

Dip meter

Bucket

DESCRIPTION OF WORK

The following set of instructions must be followed in order on arrival at monitoring bore:

1. Remove bore lid

2. Insert dip meter

3. Determine which piezometer in bore will be sampled

(shallow) piezometer;

4. Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

whether any siltation has occurred, and record;

5. Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

6. Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

7. Lower pump to middle of screened casing depth, first indication of water or formation of highest

hydraulic conductivity according to bore logs,

8. Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

repeat until volume removed has no effect

pump at groundwater inflow then purge three well volumes and collect a sample;

9. Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

measurements have no

10. Record final measurements and any observations as to colour, sediment, clarity and odour;

11. Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

elements. Sampl

12. Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

13. Measure water level again to be certain no decrease has occurred and

14. Secure all bore coverings and lids;

15. Record total amount of water removed from bore;

16. Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

cold in cooler (4

17. Proceed with pump and tubing decontamination;

18. Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.

19. Fill out COC form

This document is UNCONTROLLED

Description of Rev/Comments:

Issued for Use

Barricading ☒
Drinking Water ☒

Warning Signs ☒

Low flow pump ☒

☒

☒

DESCRIPTION OF WORK

The following set of instructions must be followed in order on arrival at monitoring bore:

Remove bore lid

Insert dip meter

Determine which piezometer in bore will be sampled

(shallow) piezometer;

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

whether any siltation has occurred, and record;

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

Lower pump to middle of screened casing depth, first indication of water or formation of highest

hydraulic conductivity according to bore logs,

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

repeat until volume removed has no effect

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

measurements have no

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

elements. Sampl

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and

Secure all bore coverings and lids;

Record total amount of water removed from bore;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

cold in cooler (4

Proceed with pump and tubing decontamination;

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.

Fill out COC form
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☒ Sentry & Sentry Board

☒ Running Water

☒ Fire Watch

Low flow pump controller

pH/ EC meter

Distilled water

DESCRIPTION OF WORK

The following set of instructions must be followed in order on arrival at monitoring bore:

Remove bore lid – may need hex key or padlock key;

Insert dip meter into bore to measure water level and record;

Determine which piezometer in bore will be sampled

(shallow) piezometer;

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

whether any siltation has occurred, and record;

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

Lower pump to middle of screened casing depth, first indication of water or formation of highest

hydraulic conductivity according to bore logs,

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

repeat until volume removed has no effect

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

measurements have not changed for three measurements in a row;

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

elements. Samples will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and

Secure all bore coverings and lids;

Record total amount of water removed from bore;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

cold in cooler (4°C);

Proceed with pump and tubing decontamination;

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.

Fill out COC form.
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JOB SPECIFIC RESOURCES

Sentry & Sentry Board

Running Water

Fire Watch

JOB SPECIFIC EQUIPMENT

Low flow pump controller

pH/ EC meter

Distilled water

The following set of instructions must be followed in order on arrival at monitoring bore:

may need hex key or padlock key;

into bore to measure water level and record;

Determine which piezometer in bore will be sampled

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

whether any siltation has occurred, and record;

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

Lower pump to middle of screened casing depth, first indication of water or formation of highest

hydraulic conductivity according to bore logs,

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

repeat until volume removed has no effect

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

t changed for three measurements in a row;

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

es will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and

Secure all bore coverings and lids;

Record total amount of water removed from bore;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Proceed with pump and tubing decontamination;

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.

WORK INSTRUCTION
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JOB SPECIFIC RESOURCES







JOB SPECIFIC EQUIPMENT

☒

☒

☒

The following set of instructions must be followed in order on arrival at monitoring bore:

may need hex key or padlock key;

into bore to measure water level and record;

Determine which piezometer in bore will be sampled

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

whether any siltation has occurred, and record;

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

Lower pump to middle of screened casing depth, first indication of water or formation of highest

hydraulic conductivity according to bore logs, & remove volume cal

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

repeat until volume removed has no effect on water level. If several attempts have failed to situate the

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

t changed for three measurements in a row;

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

es will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and

Record total amount of water removed from bore;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Proceed with pump and tubing decontamination;

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.
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Approved By
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JOB SPECIFIC RESOURCES

Fire Blankets

Voltage Reducer

Radio

JOB SPECIFIC EQUIPMENT

Air compressor

Tubing

Bottles

The following set of instructions must be followed in order on arrival at monitoring bore:

may need hex key or padlock key;

into bore to measure water level and record;

Determine which piezometer in bore will be sampled – if WT (water table) piezometer is dry, dip S

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level

Lower pump to middle of screened casing depth, first indication of water or formation of highest

remove volume cal

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

on water level. If several attempts have failed to situate the

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

t changed for three measurements in a row;

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

es will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.
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Fire Blankets 
Voltage Reducer 

☒

Air compressor ☒

☒

☒

The following set of instructions must be followed in order on arrival at monitoring bore:

if WT (water table) piezometer is dry, dip S

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

the piezometer radius is 25 mm, a 0.5 m decrease in water level 1 L volume removed

Lower pump to middle of screened casing depth, first indication of water or formation of highest

remove volume calculated in previous step;

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

on water level. If several attempts have failed to situate the

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

t changed for three measurements in a row;

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

es will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Measure water level again to be certain no decrease has occurred and record;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.
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Phones

Extinguishers

First Aid Kit

Vehicle

Cooler & ice bricks

The following set of instructions must be followed in order on arrival at monitoring bore:

if WT (water table) piezometer is dry, dip S

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

Calculate volume for 0.5 m decrease in water level based on radius of piezometer (V

1 L volume removed

Lower pump to middle of screened casing depth, first indication of water or formation of highest

culated in previous step;

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

on water level. If several attempts have failed to situate the

pump at groundwater inflow then purge three well volumes and collect a sample;

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle

es will be preserved at cold temperatures only, no other preservative is required

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

record;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Collect equipment blank with deionised water at the close of each sampling day or after sampling a

bore with unusual measurements or observations at the sampler’s discretion.

Groundwater Sampling

in hard copy unless stamped and specified and managed in controlled document register

Issue Date

213/06/2014

Phones ☒
Extinguishers 

First Aid Kit ☒

Vehicle ☒
Cooler & ice bricks ☒



if WT (water table) piezometer is dry, dip S

Use dip meter to confirm depth of bore to determine whether piezometer is labelled correctl y and

Use dip meter tape measure to confirm inner diameter of bore and halve it to obtain the radius;

= h x π x r²). If

1 L volume removed;

Lower pump to middle of screened casing depth, first indication of water or formation of highest

culated in previous step;

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

on water level. If several attempts have failed to situate the

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

Record final measurements and any observations as to colour, sediment, clarity and odour;

Collect sample in 1 x 500 mL plastic bottle and syringe filter into 1 x 100 mL plastic bottle for dissolved

es will be preserved at cold temperatures only, no other preservative is required ;

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Collect equipment blank with deionised water at the close of each sampling day or after sampling a
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☒



☒

☒

☒



if WT (water table) piezometer is dry, dip S

y and

). If

Lower pump to middle of screened casing depth, first indication of water or formation of highest

Remove pump and measure water level again to determine whether any change has occurred. If

water level has decreased by ~0.5 m then lower pump to different depth or lower pumping speed and

on water level. If several attempts have failed to situate the

Begin sample measurements for pH/ EC/ Temp and record results. Pump groundwater until sample

for dissolved

Collect duplicate sample, if required, in measuring vessel before dividing into original and duplicate;

Label sample bottles with site name, monitoring bore, piezometer number and date. Keep samples

Collect equipment blank with deionised water at the close of each sampling day or after sampling a
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Description of Rev/Comments:

Issued for Use

JOB STEP AND CONTROL

Hazards

Calibration of

Skin or eye contact with calibration
chemicals

Set up and installation of

Minor potential hand injuries: pinch
points

Physical hazards associated with
manual lifting.

Unexpected release of pressure
form gas cylinder or air compressor.

Connecting pump to car battery

Vehicle movement crushing sampler

Electrical shocks

Sample Collection

Contact with potentially
contaminated groundwater

Tripping potential on sample
discharge line.

Back strain when transporting
coolers full of collected samples.

Uneven terrain

This document is

Description of Rev/Comments:

Issued for Use

JOB STEP AND CONTROL METHODS

Hazards

Calibration of monitoring equipment

Skin or eye contact with calibration

Set up and installation of low-flow pump

Minor potential hand injuries: pinch

Physical hazards associated with

Unexpected release of pressure
form gas cylinder or air compressor.

Connecting pump to car battery

Vehicle movement crushing sampler

Electrical shocks

Sample Collection

Contact with potentially
contaminated groundwater

Tripping potential on sample
discharge line.

Back strain when transporting
coolers full of collected samples.

neven terrain: Slips, Trips, and

SAFE WORK INSTRUCTION

This document is UNCONTROLLED

Prepared by

C Burgers

METHODS

monitoring equipment

Skin or eye contact with calibration Wear disposable gloves and safety glasses

Properly dispose of calibration solution wastes.

flow pump

Minor potential hand injuries: pinch
When lowering and pulling the pump and assembly, wear leather gloves.

Physical hazards associated with Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand
loads > 25 kg.

form gas cylinder or air compressor.
Cylinder must be secured in a stable
transporting cylinders. Check for damaged air lines and replace if compromised.

Connecting pump to car battery

Vehicle movement crushing sampler

Position vehicle side on to work area between bore and nearest road

Ensure vehicle is secure: wheel chocks, hand brake up

Ensure that vehicle potential forward movement is away from sampler

Connect terminals with turned car off: Red to red, black to black

Connect all air hoses

Start car and leave running

Switch on compressor

Report all shocks immediately

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

Use proper lifting techniques. Get assistance when possible, especially for containers

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

Department
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UNCONTROLLED in hard copy unless stamped and specified and managed in controlled document register

Prepared by
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Wear disposable gloves and safety glasses

Properly dispose of calibration solution wastes.

When lowering and pulling the pump and assembly, wear leather gloves.

Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand
kg.

Cylinder must be secured in a stable
transporting cylinders. Check for damaged air lines and replace if compromised.

Position vehicle side on to work area between bore and nearest road

Ensure vehicle is secure: wheel chocks, hand brake up

Ensure that vehicle potential forward movement is away from sampler

Connect terminals with turned car off: Red to red, black to black

ir hoses to equipment

Start car and leave running

ompressor and allow

all shocks immediately

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

Use proper lifting techniques. Get assistance when possible, especially for containers

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

WORK INSTRUCTION

in hard copy unless stamped and specified and managed in controlled document register
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Job Steps

Wear disposable gloves and safety glasses and avoid direct contact with calibration solutions.

Properly dispose of calibration solution wastes.

When lowering and pulling the pump and assembly, wear leather gloves.

Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand

Cylinder must be secured in a stable vertical position before pressure regulator is attached. Remove regulator and replace cap when
transporting cylinders. Check for damaged air lines and replace if compromised.

Position vehicle side on to work area between bore and nearest road

Ensure vehicle is secure: wheel chocks, hand brake up

Ensure that vehicle potential forward movement is away from sampler

Connect terminals with turned car off: Red to red, black to black

to equipment

and allow hose to pressurise.

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

Use proper lifting techniques. Get assistance when possible, especially for containers

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

in hard copy unless stamped and specified and managed in controlled document register

Approved By
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ob Steps

Controls

avoid direct contact with calibration solutions.

When lowering and pulling the pump and assembly, wear leather gloves.

Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand

vertical position before pressure regulator is attached. Remove regulator and replace cap when
transporting cylinders. Check for damaged air lines and replace if compromised.

Position vehicle side on to work area between bore and nearest road

Ensure vehicle is secure: wheel chocks, hand brake up

Ensure that vehicle potential forward movement is away from sampler

Connect terminals with turned car off: Red to red, black to black – Wear leather gloves

.

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

Use proper lifting techniques. Get assistance when possible, especially for containers

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

Document Number
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16/06/2014

Controls

avoid direct contact with calibration solutions.

When lowering and pulling the pump and assembly, wear leather gloves.

Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand

vertical position before pressure regulator is attached. Remove regulator and replace cap when
transporting cylinders. Check for damaged air lines and replace if compromised.

Wear leather gloves

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

Use proper lifting techniques. Get assistance when possible, especially for containers > 25 kg.

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

Document Number

45-FR-SA-0024
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Groundwater Sampling
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avoid direct contact with calibration solutions.

Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand

vertical position before pressure regulator is attached. Remove regulator and replace cap when

Wear disposable gloves and safety glasses when collecting sample to minimize contact with groundwater.

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

25 kg.

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any

Issue Date
Page
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Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when hand

vertical position before pressure regulator is attached. Remove regulator and replace cap when

Organize line to keep out of way as much as possible, mark potential tripping hazards with caution tape or safety cones.

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any other materials or

Bore
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Lift heavy objects using the legs and not the back. Use wheeled transport equipment for heavy loads. Get assistance when handling

vertical position before pressure regulator is attached. Remove regulator and replace cap when

other materials or
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PURPOSE

The purpose of this Safe Work Instruction is
when conducting

SCOPE

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler

AREA



REFERENCES / ASSOCIAT



REQUIREMENTS

Confined Space Entry

Live Electrical Work

Excavation / Penetration

Hot Work

Floor Roof Wall Opening

This document is UNCONTROLLED

Description of Rev/Comments:

Issued for Use

PURPOSE

The purpose of this Safe Work Instruction is
when conducting

SCOPE

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler

AREA

Multiple sampling areas around the plant,
areas. Specific points are given in the detailed sampling plan.

EFERENCES / ASSOCIAT

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester
and Solomon Operations
Document Control Number

REQUIREMENTS

Space Entry

Live Electrical Work

Excavation / Penetration

Hot Work

Floor Roof Wall Opening

Department

SAFE WORK INSTRUCTION
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Tetra Tech AMD Sampling: Rock

The purpose of this Safe Work Instruction is
when conducting rock sampling.

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.
possession of the sampler at all times during the undertaking of this task.

Multiple sampling areas around the plant,
. Specific points are given in the detailed sampling plan.

EFERENCES / ASSOCIAT

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester
and Solomon Operations
Document Control Number

REQUIREMENTS

PERSONAL PROTECTIVE EQUIPMENT (PPE)

WORK
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Tetra Tech AMD Sampling: Rock

The purpose of this Safe Work Instruction is
sampling.

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.

at all times during the undertaking of this task.

Multiple sampling areas around the plant,
. Specific points are given in the detailed sampling plan.

EFERENCES / ASSOCIATED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester
and Solomon Operations - Acid Metalliferous
Document Control Number 753-

PERSONAL PROTECTIVE EQUIPMENT (PPE)

CERTIFICATES

Work Box

Non Standard Lift

Work at Height

O/Side Vessel

Power Vicinity /
Corridor Access

WORK INSTRUCTION

in hard copy unless stamped and specified and managed in controlled document register

Reviewed By

HSE Managers
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Tetra Tech AMD Sampling: Rock

The purpose of this Safe Work Instruction is to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI.

at all times during the undertaking of this task.

Multiple sampling areas around the plant,
. Specific points are given in the detailed sampling plan.

ED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous
- 1495940300

PERSONAL PROTECTIVE EQUIPMENT (PPE)

CERTIFICATES / PERMIT

Work Box

Non Standard Lift

Work at Height

O/Side Vessel – Platform

Power Vicinity /
Corridor Access

in hard copy unless stamped and specified and managed in controlled document register
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Tetra Tech AMD Sampling: Rock

to provide guidance on the potential hazards faced

This details an outline of the basic steps to be followed and the potential hazards that may be
faced. Observations for specific hazards at each sampling position should be conducted and a
JSA performed if not within the scope of this SWI. A copy of this i

at all times during the undertaking of this task.

Multiple sampling areas around the plant, ore stockpiles
. Specific points are given in the detailed sampling plan.

ED DOCUMENTATION

The FMG LOM Sampling plan details full health and safety requirements and all specific
job steps and information required to perform the task. Document reference: Chichester

Acid Metalliferous Drainage Sampling Plan
1495940300-REP-R0002

PERSONAL PROTECTIVE EQUIPMENT (PPE)

/ PERMIT REQUIREMENTS
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This document is

Description of Rev/Comments:

Issued for Use

Barricading

Drinking Water

Warning Signs

Stainless steel trowel

DESCRIPTION OF WORK

The following set of instructions must be followed

1. Logging waste rock at geology laydown area;

2. Sampling

3. Collect samples from ore stockpiles

4. Collect samples from pit walls

5. Fill out COC form

This document is UNCONTROLLED

Description of Rev/Comments:

Issued for Use

Barricading ☒
Drinking Water ☒

Warning Signs ☒

Stainless steel trowel ☒

DESCRIPTION OF WORK

The following set of instructions must be followed

Logging waste rock at geology laydown area;

Sampling waste rock at geology laydown
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Collect samples from pit walls

Fill out COC form
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SAFE WORK INSTRUCTION
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☒ Sentry & Sentry Board
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Logging sheets

DESCRIPTION OF WORK
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Logging waste rock at geology laydown area;

waste rock at geology laydown

Collect samples from ore stockpiles

Collect samples from pit walls

Fill out COC form.
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WORK INSTRUCTION
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C Burgers
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Sentry & Sentry Board

Running Water

Fire Watch
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Logging sheets
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waste rock at geology laydown
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in hard copy unless stamped and specified and managed in controlled document register

Reviewed By

HSE Managers

0024_SWI Groundwater sampling

JOB SPECIFIC RESOURCES

☒
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☐
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waste rock at geology laydown area;
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JOB STEP AND CONTROL

Hazards

Sample Collection

Physical injury from hand tools

Sampling in situ
stockpile

Inhalation of dirt or dust during work
activities.

Dermal contact of dirt or
sampling

Eye contact with dust

Traffic (including pedestrian)

Back strain while logging

Back strain when lifting

Uneven ground

Hand injuries during manual
handling of materials.

Foot injuries

Sun Burn

Heat exhaustion or stroke.

Biological Hazards: Insects,
Snakes, Wildlife, Vegetation

This document is

Description of Rev/Comments:

Issued for Use

JOB STEP AND CONTROL METHODS

Hazards

Sample Collection

Physical injury from hand tools

in situ at rock face or

Inhalation of dirt or dust during work

Dermal contact of dirt or dust during

Eye contact with dust

Traffic (including pedestrian)

while logging.

when lifting.

Uneven ground - Slips, Trips & Falls

Hand injuries during manual
handling of materials.

exhaustion or stroke.

Biological Hazards: Insects,
Snakes, Wildlife, Vegetation

SAFE WORK INSTRUCTION

document is UNCONTROLLED

Prepared by

C Burgers

METHODS

Stand clear of person wielding geology pick
hands for activities other than sampling.

at rock face or
JHA is required to assess hazards of specific areas
boulders can come loose suddenly resulting in broken bones or death
No sampling at rock face higher than 2 m
at Heights

Inhalation of dirt or dust during work
To avoid inhalation of dust, wear a disposable dust mask

dust during
Wear rubber or latex gloves to prevent contact with hands and long sleeves for arms.

Wear eye protection, dark when in sun and clear when in low light.

Use cones, signs, flags

Sit where possible, crouch or squat with back straight when not sitting

Use proper lifting techniques

Falls
All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any other m
pieces of equipment in their path.

Workers should inspect materials for slivers, jagged or sharp edges, and rough or slippery surfaces. .

Workers should keep fingers away from pinch and shear points, especially

Workers should wipe off greasy, wet, slippery, or dirty

Wear a wide-brimmed hat to protect face from the sun

Wear sun screen to prevent sun burn

Find cool, shady area for breaks or respite from heat.

Avoid strenuous work in ambient temperatures over 30° C.

Wear light-coloured clothing, shaded sunglasses, and hat that provides shade and adequate air movement.

If worker feels dizzy, has a headache, has cool, moist, or pale skin or is weak, immediately move to a cooler environment, loose
clothing, provide air circulation to area, and provide small amounts of cool water to drink.

If worker has a change in
breathing, call the emergency phone number and give care in accordance with #4 above.

Use insect repellent if observe mosquitoes/gnats Open enclosures slowly

Survey site for presence of biological hazards and maintain safe distance

Department

HSES

Section

WORK INSTRUCTION

UNCONTROLLED in hard copy unless stamped and specified and managed in controlled document register

Prepared by

C Burgers

45-FR-SA-0024_SWI Groundwater sampling

Stand clear of person wielding geology pick
hands for activities other than sampling.

JHA is required to assess hazards of specific areas
boulders can come loose suddenly resulting in broken bones or death
No sampling at rock face higher than 2 m

To avoid inhalation of dust, wear a disposable dust mask

Wear rubber or latex gloves to prevent contact with hands and long sleeves for arms.

Wear eye protection, dark when in sun and clear when in low light.

Use cones, signs, flags or other traffic control devices as necessary

Sit where possible, crouch or squat with back straight when not sitting

Use proper lifting techniques, lift with knees keep back straight

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any other m
equipment in their path.

Workers should inspect materials for slivers, jagged or sharp edges, and rough or slippery surfaces. .

orkers should keep fingers away from pinch and shear points, especially

Workers should wipe off greasy, wet, slippery, or dirty

brimmed hat to protect face from the sun

Wear sun screen to prevent sun burn

Find cool, shady area for breaks or respite from heat.

Avoid strenuous work in ambient temperatures over 30° C.

coloured clothing, shaded sunglasses, and hat that provides shade and adequate air movement.

worker feels dizzy, has a headache, has cool, moist, or pale skin or is weak, immediately move to a cooler environment, loose
clothing, provide air circulation to area, and provide small amounts of cool water to drink.

If worker has a change in level of consciousness, high body temperature, red, hot skin, rapid or weak pulse, or rapid or shallow
breathing, call the emergency phone number and give care in accordance with #4 above.

insect repellent if observe mosquitoes/gnats Open enclosures slowly

Survey site for presence of biological hazards and maintain safe distance

WORK INSTRUCTION

in hard copy unless stamped and specified and managed in controlled document register

Reviewed By

HSE Managers

0024_SWI Groundwater sampling

Job Steps

Stand clear of person wielding geology pick or shovel. Use proper technique to avoid back strain. Wear leather gloves when using
hands for activities other than sampling.

JHA is required to assess hazards of specific areas
boulders can come loose suddenly resulting in broken bones or death
No sampling at rock face higher than 2 m within 2 m f

To avoid inhalation of dust, wear a disposable dust mask

Wear rubber or latex gloves to prevent contact with hands and long sleeves for arms.

Wear eye protection, dark when in sun and clear when in low light.

or other traffic control devices as necessary

Sit where possible, crouch or squat with back straight when not sitting

, lift with knees keep back straight

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any other m
equipment in their path.

Workers should inspect materials for slivers, jagged or sharp edges, and rough or slippery surfaces. .

orkers should keep fingers away from pinch and shear points, especially

Workers should wipe off greasy, wet, slippery, or dirty

brimmed hat to protect face from the sun

Wear sun screen to prevent sun burn

Find cool, shady area for breaks or respite from heat.

Avoid strenuous work in ambient temperatures over 30° C.

coloured clothing, shaded sunglasses, and hat that provides shade and adequate air movement.

worker feels dizzy, has a headache, has cool, moist, or pale skin or is weak, immediately move to a cooler environment, loose
clothing, provide air circulation to area, and provide small amounts of cool water to drink.

level of consciousness, high body temperature, red, hot skin, rapid or weak pulse, or rapid or shallow
breathing, call the emergency phone number and give care in accordance with #4 above.

insect repellent if observe mosquitoes/gnats Open enclosures slowly

Survey site for presence of biological hazards and maintain safe distance

in hard copy unless stamped and specified and managed in controlled document register
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Controls

or shovel. Use proper technique to avoid back strain. Wear leather gloves when using

JHA is required to assess hazards of specific areas– loose material can fail
boulders can come loose suddenly resulting in broken bones or death

2 m from the edge of such a height

To avoid inhalation of dust, wear a disposable dust mask

Wear rubber or latex gloves to prevent contact with hands and long sleeves for arms.

Wear eye protection, dark when in sun and clear when in low light.

or other traffic control devices as necessary

Sit where possible, crouch or squat with back straight when not sitting

, lift with knees keep back straight. Get assistance when possible, especially for containers

All personnel should be constantly watching for trip hazards such as uneven terrain, stretched wires or ropes, or any other m

Workers should inspect materials for slivers, jagged or sharp edges, and rough or slippery surfaces. .

orkers should keep fingers away from pinch and shear points, especially

Workers should wipe off greasy, wet, slippery, or dirty surfaces before attempting to

brimmed hat to protect face from the sun

Find cool, shady area for breaks or respite from heat.

Avoid strenuous work in ambient temperatures over 30° C.

coloured clothing, shaded sunglasses, and hat that provides shade and adequate air movement.

worker feels dizzy, has a headache, has cool, moist, or pale skin or is weak, immediately move to a cooler environment, loose
clothing, provide air circulation to area, and provide small amounts of cool water to drink.

level of consciousness, high body temperature, red, hot skin, rapid or weak pulse, or rapid or shallow
breathing, call the emergency phone number and give care in accordance with #4 above.

insect repellent if observe mosquitoes/gnats Open enclosures slowly

Survey site for presence of biological hazards and maintain safe distance

Document Number

45

Rock Sampling

in hard copy unless stamped and specified and managed in controlled document register

Approved By Review Date

16/06/2014

Controls

or shovel. Use proper technique to avoid back strain. Wear leather gloves when using
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before attempting to traverse

coloured clothing, shaded sunglasses, and hat that provides shade and adequate air movement.
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clothing, provide air circulation to area, and provide small amounts of cool water to drink.

level of consciousness, high body temperature, red, hot skin, rapid or weak pulse, or rapid or shallow
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Australia

Client: Project:
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Logged By:

Drilled:

Method:
Fluid:
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Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl) Log
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Lithological Description Field Notes
Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

EOH 85.5m

Airlift limited by
airpipe/casing

diameter

WATER TABLE
EC 2.4mS/cm

Temp 32.5C
Q low due to

poor
submergence

SHALLOW
EC 1.8mS/cm

Temp 32.5C
Q good

INTERMEDIATE
EC 6.3mS/cm

Temp 31.3C
Q good

DEEP
EC 62mS/cm

Temp 29.7C
Q good

255mm Steel surface
casing and security cap

Stick-up 0.6magl

Cement seal

WATER TABLE

50mm PVC blank casing
(0-17.0mbgl)

50mm PVC slotted casing
& endcap

(17.0-23.0mbgl)
3.2-6.4mm graded gravel
pack

(16.0-23.0mbgl)

SHALLOW

50mm PVC blank casing
(0-28.0mbgl)

50mm PVC slotted casing
& endcap

(28.0-40.0mbgl)
Bentonite seal
(25.0-27.0mbgl)

1.6-3.2mm graded gravel
pack

(27.0-40.0mbgl)

INTERMEDIATE

50mm PVC blank casing
(0-50.0mbgl)

50mm PVC slotted casing
& endcap

(50.0-62.0mbgl)
Bentonite seal
(47.0-49.5mbgl)

1.6-3.2mm graded gravel
pack

(49.5-62.0mbgl)

DEEP

50mm PVC blank casing
(0-77.0mbgl)

50mm PVC slotted casing
& endcap

(77.0-83.0mbgl)
Bentonite seal
(73.6-75.6mbgl)

1.6-3.2mm graded gravel
pack

(75.6-83.0mbgl)

SILTY GRAVEL: Dark red brown with
sand and sub ang chert and siltstone

clasts, clast supported

SILT: Dark red brown with sand and minor
sub ang chert and siltstone clasts, matrix

supported

SILTY GRAVEL: Dark red brown with
sand and sub ang chert and siltstone

clasts, clast supported

SILT WITH GRAVEL: Dark red brown with
sand and sub ang chert and siltstone

clasts, matrix supported

SILTY GRAVEL: Dark red brown with
sand and sub ang chert and siltstone

clasts, clast supported

SILT WITH GRAVEL: Dark red brown with
sand and sub ang chert and siltstone

clasts, matrix supported

CLAYEY SILT: Dark red brown with clay,
sand and sub ang chert and siltstone

clasts, matrix supported

PISOLITE: Dark red brown, 2-3mm
pisoids with silty matrix and minor chert

and siltstone clasts

SILTY GRAVEL: Dark red brown, pisolitic
with hard bands of iron mineralisation

(hematite)

BIF: Yellow, ochre, partly clayey, partly
firm, banded, goethitic

47m more clay
56m more clay

59m becoming hard, less clay

BIF: Yellow, ochre, goethitic, layered with
incresed clay and pink red clay

CLAY: Yellow, ochre, goethitic, minor
hard chips

CHERT: Dark grey brown with ochre clay

CHERT: Multi-coloured, green, brown,
grey brown, black, minor orange clay

CHERT: Dark brown with minor green,
brown, grey, red

AQ5

FMG Cloud Break Monitoring Bores

25-Aug-06

26-Aug-06

IRL

DGS (GW)

Mud Rotary

Aus-Gel

0-3m 12 1/4"

Cloud Break

739998mE

7530213mN

432m (GPS)

WT 17.32mbgl; S 17.29mbgl;, Int 17.34mbgl;, D 19.30mbgl 14-Sept-06

3-75m 8 1/2"

CAW 160056(1) AQ5
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Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo

lo
gy Lithological Description Field Notes Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

SILT: Red-brown gravelly silt.  Gravels fine to coarse,
angular to sub-rounded of chert and mudstone.  Poorly

sorted.

GRAVEL: Red-brown/grey slightly sandy gravel as
above of predominantly chert and mudstone.

13-16m As above, slightly clayey, sandy gravel
16-21m Becoming sandy

21-30m Slightly clayey, silty gravel as above with rare
friable siltstone.  Clay content increasing with depth.

Softer clay / silt bands throughout.

CLAYEY GRAVEL: Red-brown/grey clayey gravel.

GRAVELLY CLAY: Red-brown gravelly clay.  Gravels
fine to medium grained, angular to sub-rounded of

mudstone and some goethite.

CLAY: Red-brown slightly silty clay.

GRAVELLY CLAY: Offwhite gravelly clay with pisoliths
of pale grey-blue-green-white moderatlely soft clay.

Gravels fine, angular to sub-angular of chert, calcrete
and minor goethite.

GRAVELLY CLAY: Pale grey-green moderately firm
gravelly clay.   Gravels fine, angular to sub-rounded of

Mn-rich goethite and calcrete.  Occasional bright green
clays oxidising to grey-green.

49-51m As above but clays greeny-brown khaki colour

CALCRETE: Off-white clayey gravel of calcrete, fine to
coarse, angular to sub-angular.  Clays are soft.  Minor

pink-red staining and rare pale green (Mn?) staining.

GRAVELLY CLAY: Off-white/green-brown clayey
gravel of calcrete as above.  Clays form matrix to fine

gravel of ht stainined mudstone / goethite.

GRAVELLY CLAY: Dark grey-brown moderately firm
sandy gravelly clay with some firm tan clay.  Gravels

fine, angular to sub-rounded of gt and ht goethite.
Rare red-brown mudstone.  Rare mineralisation.

GOETHITE: Dark grey-brown sandy gravel of goethite.
  Medium to coarse, angular to sub-angular.  Some ht

staining and some mid-brown-red mudstone.
86-88m As above with hard chert bands (and rare pale

grey-blue finely crystalline dolomite?)

EOH 88m

Nearest RC hole
CB0459, 750m N and

350m E of AQ11. Line
50.4

Airlift limited by
airpipe/casing diameter

Discharge water from
deep and intermediate

piezos frothy due to
high salinity

WATER TABLE

EC 15mS/cm
Temp 30.0C

pH 7.0
Q moderate

SHALLOW

No yield

INTERMEDIATE

EC 50mS/cm (?)
Temp 31.9C

pH 6.9
Q moderate-good

DEEP

EC >200mS/cm
Temp 31.9C

pH 6.9
Q good

AQ11

FMG Cloud Break Monitoring Bores

16-Nov-06

19-Nov-06

NW

DGS (GW)

Mud Rotary

Aus-Gel

0-3m 12 1/4"

Cloud Break

749134mE

7524845mN

418m (GPS)

WT 7.17mbgl; Shllw 9.06mbgl; Inter 8.10; Deep 9.98 mbgl20-Nov-06

3-88m 8 1/2"

255mm Steel surface
casing and security

capStick-up 0.6magl

Cement seal

WATER TABLE

50mm PVC blank
casing (0-11.5mbgl)

50mm PVC slotted
casing & endcap

(11.5-23.5mbgl)
Cement seal
(0-0.5mbgl)

Bentonite seal
(9.0-9.5mbgl)

3.2-6.4mm graded
gravel pack

(9.5-40.5mbgl)

SHALLOW

50mm PVC blank
casing (0-44.0mbgl)

50mm PVC slotted
casing & endcap

(44.0-48.0mbgl)
Bentonite seal
(40.5-42.0mbgl)

1.6-3.2mm graded
gravel pack

(42.0-49.0mbgl)

INTERMEDIATE

50mm PVC blank
casing (0-52.0mbgl)

50mm PVC slotted
casing & endcap

(52.0-58.0mbgl)
Bentonite seal
(49.0-50.5mbgl)

1.6-3.2mm graded
gravel pack

(50.5-62.0mbgl)

DEEP

50mm PVC blank
casing (0-72.0mbgl)

50mm PVC slotted
casing & endcap

(72.0-84.0mbgl)
Bentonite seal
(62.0-63.5mbgl)

1.6-3.2mm graded
gravel pack

(63.5-85.4mbgl)
Bentonite seal
(85.4-87.0mbgl)

CAW 160056(1) AQ11



-10

-20

-30

-40

-50

-60

-70

-80

-90

-100

Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo

lo
gy Lithological Description Field Notes Well Completion

File Ref: Well No:

Diagram Notes

COMPOSITE WELL LOG

SILTY GRAVEL: Reddish-brown A-SR silty gravel of
grey-red/brown mudstone and chert. Gravels fine-

coarse, poorly sorted.

SILTY GRAVEL: Reddish-brown/grey, angular to
rounded silty gravel of goethite and pisolite.  Pisolite

<15%, 1-2mm.  Fine to coarse, poorly sorted but
cleaner gravel than above.

PISOLITE: Reddish-brown/clayey gravel with silt.
Gravel is fine to coarse, sub angular to rounded of

goethite, chert and pisolite (<15%).  Some goethite
with glassy / metallic appearance and macropores.

Moderately well sorted.  Clast supported.

PISOLITE: Reddish-brown/grey fine to coarse pisolitic
gravel with silt. Gravel is sub angular to rounded of

mudstone, goethite and pisolite.  Moderately well
sorted.  Pisolite increases with depth, typically 50%.

16-18m Clayey gravel
23-25m Clayey gravel

GRAVELLY CLAY: Reddish-brown gravelly clay.
Gravel fine to coarse, poorly sorted of mudstone,

goethite and minor pisolite.  Matrix supported.

HARDCAP: Grey-brown hardcap.  Goethite, vuggy
with some infill of voids/macropores with white clay,

some fragments have glassy / siliceous lustre.  Hard.

GOETHITE: Grey/brown goethite and ht goethite.
Angular, blocky fragments of friable goethite. Samples

have 'scrunchy' feel. Hard.
49-50m Samples become rich in redbrown, off white

and grey mudstone and siltstone.  Base of
mineralisation? EOH 50m

Airlift limited by
airpipe/casing diameter

SHALLOW

EC 6mS/cm
Temp 33.5C

Q good

DEEP

EC 25mS/cm
Temp 32.5C

Q good

AQ12

FMG Cloud Break Monitoring Bores

11-Nov-06

12-Nov-06

NW

DGS (GW)

Mud Rotary

Aus-Gel

0-3m 12 1/4"

Cloud Break

752805mE

7525975N

417m (GPS)

Shallow 12.55mbgl, Deep 12.45mbgl 13-Nov-06

3-50m 8 1/2"

255mm Steel surface
casing and security

cap

Stick-up 0.65magl

Cement seal

Backfill (0-8.0mbgl)

SHALLOW

50mm PVC blank
casing (0-23.0mbgl)

50mm PVC slotted
casing & endcap

(23.0-29.0mbgl)
1.6-3.2mm graded
gravel pack

(8.0-20.0mbgl)
Bentonite seal
(20.0-21.5mbgl)

1.6-3.2mm graded
gravel pack

(21.5-30.0mbgl)
Bentonite seal
(30.0-30.75mbgl)

Backfill (30.75-
35.0mbgl)

DEEP

50mm PVC blank
casing

(0-38.0mbgl)
50mm PVC slotted
casing & endcap

(38.0-47.0mbgl)
Bentonite seal
(35.0-37.0mbgl)

1.6-3.2mm graded
gravel pack

(8.0-20.0mbgl)

CAW 160056(1) AQ12



Monitoring Bore Completion Log CBX16 B02obs40

Start Date: 6-May-07 RL (mAHD) 423m

Completion Date: 7-May-07 Easting 745262m

Method: Mud Rotary Northing 7527108m

Drilled by: Connector SWL S:13.39 D: 13.9 [8-Jun-07] Fortescue Metals Group Ltd

Total Depth: 64m Bore Diameter each 50mm 87 Adelaide Terrace, East Perth WA 6008

Ph:+ 61 8 6218 8888 Fax: + 61 8 6218 8880

0.73magl

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Pilot hole (Reamed hole) UNITS 0.36magl Bit Record

SILTY GRAVEL: Orange/brown to EC: µS/cm ALLUVIALS 0-2m: 6.5" air hammer

blue/grey, medium to very coarse TDS: mg/L 6" Plain Steel Surface Casing 2 mbgl 2-18m: 6" mud rotary (tricone)

mix of 4-20mm, A-SA gravelly chert pH: no units (Grouted with Gypset and A/B foam) 18-57m: 6" mud (blade)

and siltstone frags in a silty clay SWL: mbgl Concrete plug in annulus 57-64m: 6" mud rotary (tricone)

matrix. Minor white calcrete/clay

from 16m. Bridge / Blockage 6mbgl *Drilled east of B02

*Using 'Blade Bit' made drilling a lot

quicker.

10

50mm Cl 12 Plain PVC * Blockage or gravel bridge at 6mbgl

may have prevented gravel in annulus

from reaching the top of the shallow (S)

152mm drillhole piezometer slotted interval.

(During airlifting the discharge was a

dirty mud colour and the piezo did not

properly develop itself)

20

3.2-6.4mm Graded Gravel

GRAVELLY CLAY: Orange/brown to

dark brown, large, WR (to 40mm

dia) well cemented pale grey/white

clay clasts. High % of blocky, A 28mbgl

chert gravel to 28m then finer .

30 gravel.

50mm Cl 12 Slotted PVC

28-48m: VERY QUICK DRILLING

PISOLITIC GRAVEL (CLAYEY): Dark DETRITALS (penetration ~ 6m/min)

to more pale brown, medium to Shallow (S)

coarse (to 10mm dia), SR-WR Dual Tube

pisolitic gravel frags (blue/grey with Airlift 36m: Minor fracturing & hard bands.

red staining) in a soft brown silty Max Yield

matrix. Minor A-SA vitreous goethite <0.5L/s EC: 2,240 3.2-6.4mm Graded Gravel

gravel. (after 1hr bore TDS: 1,120 39mbgl

40 went dry, water & pH: 8.32 Bentonite Seal 40mbgl

air escaping into

formation)

3.2-6.4mm Graded Gravel

(Backfill)

PISOLITE: Dark brown to dark blue/ .

50 grey, pred well sorted, finer

pisoliths (R-WR) with a reasonable 51mbgl 48-54m: A few hard bands but

% of goethite, pisolite & chert with Bentonite Seal predominantly soft drilling.

predominantly calcareous 53mbgl (then at 54m into harder, more

sediment & clay. 54mbgl competent ground)

Deep (D) 50mm Cl 12 Slotted PVC

Dual Tube

CALCRETE: Cream/white, clayey. Airlift Oakover Formation 57m: LOST CIRCULATION

GOETHITE: (Marra Mamba) Lost Max Yield MARRA MAMBA FM

circulation prevented sample 2.7L/s EC: 17,610 (unmineralised) 57-64m: HARD DRILLING

60 return. VERY HARD. TDS: 8,740 3.2-6.4mm Graded Gravel 60mbgl (into Marra Mamba)

pH: 7.81

Fallback

64mbgl 64m: EOH

Logged by: D. Greenhalgh .

70

80

CLOUD BREAK - 3 BEARS DEWATERING

CommentWater

Quality

Construction Details DepthDepth

(mbgl)

Lithological Description Construction

Log

Geological

Log

Airlift Yield

(L/s)
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Monitoring Bore Completion Log CBX35 B11obs600

Start Date: 7-Jun-07 RL (mAHD) 424.37m

Completion Date: 8-Jun-07 Easting 748415.503m

Method: Mud Rotary Northing 7526059.085m

Drilled by: Connector SWL S:13.46 D:13.68 [8-Jun-07] Fortescue Metals Group Ltd

Total Depth: 76m Bore Diameter each 50mm 87 Adelaide Terrace, East Perth WA 6008

Ph:+ 61 8 6218 8888 Fax: + 61 8 6218 8880

0.53magl 0.22magl

0 Pilot hole (Reamed hole) UNITS Bit Record

SILTY GRAVEL: Light brown, EC: µS/cm ALLUVIALS 0-3m: 8.5" air hammer

massive blocky frags (to 50mm). TDS: mg/L 155mm PVC Surface Casing 3-76m: 6" mud rotary

CLAYEY GRAVEL: Pred coarse to pH: no units (Grouted with Gypset and A/B foam) 3mbgl

very coarse, SR-VA, blocky & shaley SWL: mbgl Concrete plug in annulus

shard-like frags of pale blue/grey

to transp chert in a soft sticky, silty *Drilled south of B11

& clayey matrix.

10

50mm Cl 12 Plain PVC

152mm drillhole

CLAYEY GRAVEL (coarse): As

20 above with a large increase in

sticky, but more well cemented

clay & minor large blocky frags of

BIF.

PISOLITIC / GOETHITIC GRAVEL: DETRITALS

30 (clayey): Brown to blue/grey, finer 29.8mbgl

mix (to 6mm) SR-R frags of pred 50mm Cl 12 Slotted PVC

goeth, BIF & chert with a high % of

well rounded pisoliths. Minor 3.2-6.4mm Graded Gravel

vitreous goethite. Shallow (S)

Dual Tube

Airlift

Max Yield

1L/s EC: 2,190

TDS: 1,090

40 pH: 8.13

41-43m: HARD DRILLING

41.8mbgl

50mm Cl 12 Plain PVC

45-46m: HARD DRILLING

48mbgl

CLAY: Orange/brown, pred soft Bentonite Seal

50 sticky clay with minor fine A-SA, 50mbgl

shaley gravel. 50-52m: Minor

blockier (to10mm) vuggy, dk blue Marra Mamba Formation

goethite frags. MARRA MAMBA FM

GOETHITE HARDCAP: Dk brown, (mineralised)

fine cuttings of pred goethite with Deep (D)

minor limonite. "Hard drilling" Dual Tube

GOETHITE/OCHEROUS GOETHITE: Airlift 3.2-6.4mm Graded Gravel

Mustard yellow to dk blue/brown & Max Yield

grey, pred med to fine, A-SR frags 1.8L/s EC>20,000

60 of goeth & vitreous goethite with a TDS>10,000

large % of mustard yellow, limonitic pH: 7.98

clay.

62.9mbgl

64.5-65m: FRACTURES / CAVITY

CLAY: White & brown, soft elastic & MARRA MAMBA FM

sticky clay with minor, very fine, (unmineralised) 63.5-74.5m: SOFTER DRILLING

goethitic gravel & trace calcrete . (clayey - slow drilling but

(moderate HCl reaction in 1st few only due tricone not being

metres). 50mm Cl 12 Slotted PVC able to cut through clays

70 very fast)

74.5-76m: HARD DRILLING

74.9mbgl

CHERT: Pale green to transp, fine Fallback 76mbgl 76m: EOH

to medium, angular shard-like

frags (to 8mm).

Logged by: D. Greenhalgh

80

CLOUD BREAK - 3 BEARS DEWATERING

Depth

(mbgl)

Lithological Description Construction

Log

Geological

Log

Airlift Yield

(L/s)

CommentWater

Quality
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Monitoring Bore Completion Log CBX39 B16obs500

Start Date: 11-Sep-07 RL (mAHD) 420.61m

Completion Date: 13-Sep-07 Easting 746397.2m

Method: Mud Rotary Northing 7526461.43m

Drilled by: Connector SWL S:11.31,D:10.93 [13-Sep-07] Fortescue Metals Group Ltd

Total Depth: 68m Bore Diameter each 50mm 87 Adelaide Terrace, East Perth WA 6008

Ph:+ 61 8 6218 8888 Fax: + 61 8 6218 8880

??magl ??magl

0 Pilot hole (Reamed hole) UNITS ??magl Bit Record

SILTY AGGREGATE: Brown to blue/ EC: µS/cm ALLUVIALS 0-3m: 12" air hammer

purple, medium to coarse, blocky TDS: mg/L 10" Steel Surface Casing 3-68m: 8" mud rotary

(SR) to SA frags of BIF, chert and pH: no units (Grouted with Gypset and A/B foam) 3mbgl

yellow siltstone in silty, friable clay. SWL: mbgl *Note: Co-ords estimated from map.

GRAVELLY CLAY: Orange/brown,

pred soft & sticky to friable, SR *Drilled north of B16obs250

clasts with coarse to blocky gravel

consisting of pred SA chert (black/

blue to white & transp) with BIF/

10 festone (flat, SR), pale grey shaley

siltstone & minor pisoliths & white

clays. 50mm Cl 12 Plain PVC

200mm drillhole

3.2-6.4mm Graded Gravel

20

24mbgl

.

30

50mm Cl 12 Slotted PVC

PISOLITE: Purple/dk brown to black DETRITALS

predominantly medium, WR Shallow (S)

pisoliths with crystalline & vitreous Dual Tube

goethite & dark coloured, SA-A Airlift 36mbgl

chert & minor white clays in a Max Yield

friable silty, light brown clay matrix. ?? EC: 17,930 38mbgl

pH: 7.4 Bentonite Seal

40 40mbgl Into Hard Ground

HARDCAP (goethite): Purple/dark

brown, fine to medium SR frags of

goethite/vitreous goethite & 50mm Cl 12 Plain PVC

pisoliths (fallback?) & a high % of

SA chert (coarse). Minor to trace,

calcareous sediment.

50

CALCRETE: White/off-yellow & Oakover Formation

cream, fine & earthy sediment 54-55m: Minor LOST CIRCULATION

(calcareous) grading to large SR, Deep (D) 54mbgl (calcretes)

soft clasts of calcareous clay, Dual Tube

cavities. Expect to be "high water- Airlift 3.2-6.4mm Graded Gravel

yielding" zone. Max Yield 58-60m: LARGE CAVITY (lost circ)

?? EC: 1,388

60 SHALE: Dark grey to black, large pH: 7.5 MARRA MAMBA FM

(to 30mm) flat clasts of very soft (unmineralised)

shale (clayey). 50mm Cl 12 Slotted PVC

LOST CIRCULATION: No sample.

66mbgl

Fallback 68mbgl 68m: EOH

70

80

CLOUD BREAK - 3 BEARS DEWATERING

Logged by: D. Greenhalgh

CommentWater

Quality

Construction Details DepthDepth

(mbgl)

Lithological Description Construction

Log

Geological

Log

Airlift Yield

(L/s)

.

.

S

D
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BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

EASTING:

NORTHING:

DATE BEGUN: DATE COMPLETED:

TOP of CASING ELEVATION:

pH

FINAL BORE DETAILS

Cased Depth (mbgl):

Stick Up (magl):

Airlift Yield (l/s):

Y
IE

LD
 (

l/s
)

Water Level (mbtoc) & Date:

Drilled Depth (mbgl):

Quallity - pH & EC (mS/cm) / /

S
T

R
A

T

LI
T
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O

LO
G

Y

D
E

P
T

H

BORE
CONSTRUCTION DESCRIPTIONGEOCHEMISTRY

E
C

 (
µ

S
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m
)

/

IntermediateDeep

/

Shallow

MONITORING BORE LOG

Page 1 of 1
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COM01

07/12/2010

436.2 mRL

7526870.31 m

757644.67 m

Z. Boniecki, T.Wilkinson

Dual Rotary

Barber Drilling

Cloudbreak

Cocos Monitoring

10/12/2010

60

7.87 4110

24.81

CB Book 13

60

7.88 2590

48

24.78

10" Steel Surface
Casing

BIT RECORD

0-42 m:  12.75" dual
rotary

42-60 m: 11.75" air
hammer

50 mm ND Cl 12
PVC Blank

50 mm ND Cl 12
PVC Blank

3.2-6.4 graded
gravel pack

Bentonite Plug

50 mm ND CL 12
PVC Slotted

Bentonite Plug

50 mm ND CL 12
PVC Slotted

16180

NA

NA

346

421

0.5

NA

NA

0.5

0.5

Alluvium: Red/Brown alluvials, poorly sorted
(2-20mm) gravel with a silt/clay matrix. SR-
A of chert + BIF.

Clayey Gravel: Red/brown, some white and
pinky white. Highly weathered white
shale(~2.5mm), vitreous goethite chips (1-
4mm) in a clay matrix.

Hardcap (HC): Yellow/brown to metallic
grey chips (2-5mm), silt and iron staining
present. High to moderate weathering
increasing with depth, vuggy.

Hardcap (HC): Pale yellow/brown to pale red
brown (3-7mm), uniform blocky chips of
chert and shale with some minor white clays.
Shales vary in colour.

BIF & Chert: Purple/reddish grey tabular
chips of hematite and blocky chips of chert.
Some minor shales. Low weathering.

Transition Zone: Grey with yellow, red and
white with low to moderate weathering. BIF,
chert layers with some shale rich layers.
Tabular hematite and goethite.

6.77

NA

NA

7.07

6.97



BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

EASTING:

NORTHING:

DATE BEGUN: DATE COMPLETED:

TOP of CASING ELEVATION:

pH

FINAL BORE DETAILS

Cased Depth (mbgl):

Stick Up (magl):

Airlift Yield (l/s):

Drilled Depth (mbgl):

E
C

 (
uS

/c
m

)

Y
IE

LD
 (

l/s
)

Water Level (mbtoc) & Date:

LI
T

H
O
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G

Y

S
T

R
A

T

D
E

P
T

H

BORE
CONSTRUCTION DESCRIPTION

Quallity - pH & EC (uS/cm):

SALINITY
PROFILE
(uS/cm)

MONITORING BORE LOG

Page 1 of 1
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HAMM05

23/08/2010

66

64.89

0.60

2

435.496 mRL

7528060.997 m

749508.297 m

CB Book 13

J. Enkelmann

Dual Rotary

Barber Drilling

Cloudbreak

24/08/2010

26/08/1023.62

7.21 2,068

Hamilton Pit Dewatering

31/08/2010

6.38

6.41

7.25

7.12

7.01

7.21

0.5

0.5

0.5

1

1

1-2

2

Concrete Pad

6" Steel Surface
Casing

Grout (5%
Bentonite)

BIT RECORD

Bentonite Plug

0-6 m: 6" Dual
Rotary

6-66 m: 5.75" Air
Hammer

50mm ND Cl 12
PVC Blank

3.2 - 6.4 graded
gravel

50mm ND Cl 12
PVC Slotted

4
0

0

8
2

0

1
2

4
0

1
6

6
0

2
0

8
0

2
5

0
0

4
0

0

8
2

0

1
2

4
0

1
6

6
0

2
0

8
0

2
5

0
0

4
0

0

8
2

0

1
2

4
0

1
6

6
0

2
0

8
0

2
5

0
0

Hardcap (HC): Brown A vitreous and vuggy
goethite chips 8-15mm. Minor VA hard
hematite 3-8mm. Grey brown silt matrix.

Hematite (HOH): Grey VA, SW to FR
hematite chips well sorted 2-6mm. Size
increasing and sorting decreasing with depth
(3-20mm @17m). Increase in weathering at
24m with minor white and red claystone. Sand-
sized grainy matrix grey brown becoming red
with depth.

Hematite & Goethite (GHM): Grey hematite
and goethite, poorly sorted SA to SR. Platy
pebbles to 25mm. Minor ocherous goethite.
10% vuggy at 21-27m. Fine yellow to dull grey
matrix.

Chert & BIF (CH / BI): Interbedded chert and
hematitic shale. Chert angular moderately
sorted 2-5mm, clear, white and grey colour.
Blocky khaki chert band at 36-37m. Minor
yellow ochre coloured claystone (kaolinite) at
28-36m. Hard setting yellow clay matrix
becoming red clay from 36m.

Chert & Non-enriched Shale (CH & SH):
Black A, SW chert chips 2-15mm. Minor vsoft
black schale chips, extremely low strength.
Minor yellow and brown colour chert around
53m. Very minor ocherous goethite, red and
white claystone around 56m. White claystone
softening and increasing with depth from 56m
to become 30% soft high plasticity white clay
matrix at 59-60m. Moderately sorted FR black
chert 60-66m with trace of pyrite.



BOREHOLE NUMBER Fortescue Metals Group Ltd

Level 2, 87 Adelaide Terrace

East Perth, WA 6004

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

EASTING:

NORTHING:

DATE BEGUN: DATE COMPLETED:

TOP of CASING ELEVATION:

p
H

FINAL BORE DETAILS

Cased Depth (mbgl):

Stick Up (magl):

Airlift Yield (l/s):

Y
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L
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 (
l/
s
)

MONITORING BORE LOG

Water Level (mbtoc) & Date:

Drilled Depth (mbgl):

Quallity - pH & EC (mS/cm) / /
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HSMB04

21/02/2009

421.354 mRL

7530785.601 m

735987.916 m

L. Frankcombe

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

27/02/2009

77.1

good

12.05

0.32

CB Book 6

78

28/02/09

7.6 7630

78

58

0.12

11.27

78

42

0.32

11.18

moderate

Water Table

surface casing

BIT RECORD

0-78 m:12.75" Dual
Rotary

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
slotted

3.2 - 6.4 graded
gravel

Bentonite Plug

50mm ND Cl12 PVC
slotted

Bentonite Plug

Bentonite Plug

50mm ND Cl12 PVC
slotted

1,598

1,243

2,855

10,680

56,000

FWS

~1
2

~2.5

3

5

8

+20

>25

Alluvium: SA-A with little to no fine matrix,
dark grey to red

Gravel: R-SR gravel comprising pebble clasts
<100 mm, polymictic matrix, chert, siltstone,
sandstone

Pisolitic Gravel: Pisolitic/sub angular
gravelly matrix with ~50% pisoliths, 50%
angular clasts with minor grey/red calcrete
<1-2%

Calcrete: Bleached/weathered calcrete, vuggy
clasts with little to no clay content,
beige/white

Clay: Red/earthy clay

Calcrete/Clay: Calcrete with interbedded
clays, earthy red, weathered clasts

Pisolitic Gravel: Dominated by pisoliths,
ocherous goethite increases with depth, minor
martite/vitreous goethite

Ocherous Goethite (OGF): ocherous goethite
with minor white calcrete and minor clays
<2%

Ocherous Goethite (OGF): with BIF and
vitreous goethite, <5% clay - red/brown and
grey with mustard yellow, coarse fragments
>70mm

Chert (CH): with minor BIF, silicic unit with
minor clays, grey/white/cream

7.61

7.74

7.67

7.93

8.01



BOREHOLE NUMBER Fortescue Metals Group Ltd

Level 2, 87 Adelaide Terrace

East Perth, WA 6004

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

EASTING:

NORTHING:

DATE BEGUN: DATE COMPLETED:

TOP of CASING ELEVATION:

p
H

FINAL BORE DETAILS

Cased Depth (mbgl):

Stick Up (magl):

Airlift Yield (l/s):

Y
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 (
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)

MONITORING BORE LOG

Water Level (mbtoc) & Date:

Drilled Depth (mbgl):

Quallity - pH & EC (mS/cm) / /
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HSMB05

16/02/2009

423.578 mRL

7529905 m

738399.6 m

D. Greenhalgh & L. Frankcombe

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

20/02/2009

69.3

7.73 1,83618,3707.92

moderate

13.61

0.49

CB Book 6

70

7.89

28/03/09

7.48 156000>20,000

70

41.7

0.446

13.05

moderate

70

29

0.338

12.96

poor

70

53

0.471

moderate

13.23

Water Table

surface casing

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
slotted

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

Bentonite Plug

3.2 - 6.4 graded
gravel

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

Bentonite Plug

BIT RECORD

0-48 m:12.75" Dual
Rotary

50mm ND Cl12 PVC
slotted

48-70 m: 11.75" Air
Hammer

Fallback

1,372

1,491

10,580

25,000

27,400

minor
flows
(blocked)

1

6

6

6

Cavities,
lge
Qincr

>20

>20

>20

Alluvium: SA to A clasts <30 mmm. Poorly
sorted polymictic gravel with fine sand
matrix...dominantly large clasts. Grey to Red

Pisolitic Gravel: Pisoid rich gravel with
minor SA clasts. Earthy red

Hardcap (HC): Earthy goethite dark grey with
hint of vitreous mustard goethite

NO SAMPLE

Goethite (Mum): Goethite and hematite with
ochreous goethite, minor chert increasing
with depth

Chert (CH): Cherty BIF- BIF decreasing with
depth. Silicic Chert greyish pink

Shale and chert: Cherty shale with minor BIF.
Silicic chert and dark grey black shale

7.38

7.35

7.23

7.31

7.64
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HSMB07

11/02/2009

432.516 mRL

7531710.267 m

739187.681 m

CB Book 6

K. Everitt

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

14/02/2009

84

56

7.71 553010957.84

27/02/09

84

80

0.400

poor

21.38

poor

21.45

0.403

Surface Casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

3.2 - 6.4 mm graded
gravel pack

Bentonite seal

BIT RECORD

0-42 m:12.75" Dual
Rotary

42-84 m: 11.75" Air
Hammer

50 mm ND CL12
PVC Slotted

7.50

7.35

7.45

7.25

7.33

7.56

7.63

729

764

2200

1416

1780

2198

FWS

minor
flows

~5

6-8

Silty Gravel: Poorly sorted fragnments to 35
mm, A-SR, grey/red/brown/purple BIF, chert
and shale in a brown silt matrix

Gravelly Silt: moderately sorted fragments to
15 mm, rarely to 20 mm.  High proportion of
2-3 mm round fragments with some chert,
BIF and shale as above in a red silt matrix

Pisolitic Clay: Well-rounded, red/brown, well
sorted pisoliths, 1-3 mm. From 27-30 m trace
vitreous goethite, dark grey angular small
fragments to ~3 mm

Pisolitic Gravel: Pisoliths as above, ~80% to
4 mm, some mustard yellow colour.  Minor
vitreous goethite

Vitreous Goethite: yellow/brown and dark
grey. 2-3 mm fragments. Minor 10-15 mm
fragments of earthy to vitreous goethite,
vuggy (hardcap). Minor pisoliths as above,
decreasing downhole

Goethite (GOM): Dark grey, red,
yellow/brown roundish shaped fragments, 5-
15 mm (~vitreous). Red hematite staining,
trace ocherous staining. Trace hard clay red,
yellow, brown

Vitreous Goethite: Angular, hard, elongate,
Dark grey, to 15 mm with minor friable
yellow/brown ocherous goethite

Hematite & Goethite (GHM): Goethite as
above, with strong red hematite, ~50%
fragments to 15 mm. Minor ochre staining

Hematite & Goethite (GHM): ~50% as above
but smaller. Plus cream, tan, light red, hard
clay fragments. Clay dec to ~15% at 60 m

BIF: Dark grey, hard angular BIF, ~20 mm.
Minor red hematite and yellow/brown ochre
staining

BIF: As above, generally <5 mm, ochre
staining and plasticky cream/yellow clay

BIF
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HSMB09

06/02/2009

427.523 m RL

7527769.469 m

744317.997 m

L. Frankcombe

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

7/02/2009

70

8.04 34411847.90

poor

20.01

0.68

CB Book 7

71

7.92

11/02/09

8.06 1127020830

71

32

0.77

20.1

poor

71

23

0.78

20.1

mist

71

46

0.69

moderate

20.01

WT

200mm ND Cl12
PVC Surface Casing

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND CL12
PVC Slotted

50mm ND Cl12 PVC
Blank

Bentonite seal

50mm ND CL12
PVC Slotted

50mm ND Cl12 PVC
Blank

3.2 - 6.4 mm graded
gravel pack

Bentonite seal

50mm ND CL12
PVC Slotted

Bentonite seal

50mm ND CL12
PVC Slotted

BIT RECORD

0-54 m:12.75" Dual
Rotary

54 - 71 m:11.75" Air
Hammer

296

294

630

944

2,530

1-2

8

10

10-11

12

18

Gravel: Sub-angular, <40 mm chips
comprising sedimentary/cherty rocks in a fine
sandy matrix.  Poorly sorted red to grey
colour

Pisolitic Gravel:  R-SR  pisolitic gravel with
minor/trace SA gravel. Pisoliths <10 mm in a
clay matrix, earthy red

Hematite & Goethite (GHM):
Ocherous/hematite rich, fine, SA-A clasts,
poorly sorted, little to no fine clay.  Goethite
content increases with depth, red/grey with
minor mustard colouring

Goethite (GOM): Vuggy ocherous Goethite
with minor vitreous goethite, SA-SR clasts
with minor fine sand/clay composition,
mustard yellow with dark grey and minor red
hematite and remnant/immature pisoliths also
present <1%, <25 mm

Clay: Bleached weathered SA-A clasts with
white clay, pink clay roughly 15%. Clasts are
weathered on rims. Poorly sorted
hematite/kaolinite dominant zone, <18 mm

BIF: SA-A clasts, with minor chert fragments
and little to no fines. goethtite is present,
<5% minor magnetite,<10 mm

BIF & Chert: Chert dominanted BIF unit,
SA-A.  Unit weakly weathered with minor
clays but dominantly clast supported matrix,
white/cream/yellow, tan, <25 mm

Chert (CH): SA-A chert with minor/trace
BIF,  hard drilling, grey to dark grey and
minor burgandy (2%).

7.66

7.45

7.75

7.88

7.66
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HSMB11

03/05/2009

422.163 mRL

7527312.242 m

743206.181 m

L.Frankcombe

Dual Rotary

Barber Drilling 

Cloudbreak

Hillside Monitoring

06/05/2009

78

7.57 18,20036,0007.57

Good

14.83

0.252

CB Book 8

78

7.41

24/05/09

7.39 916053,200

78

43.73

0.145

13.53

Good

32.78

32.7

0.102

13.03

Poor

78

69.45

0.153

Good

13.82

Water Table

Steel surface casing

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
slotted

50mm ND Cl12 PVC
Blank

Bentonite Plug

50mm ND Cl12 PVC
Blank

3.2 - 6.4 graded
gravel

50mm ND Cl12 PVC
slotted

Bentonite Plug

BIT RECORD

0-72 m:12.25" Dual
Rotary

72-78 m: 11.75" Air
Hammer

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

4170

4180

9250

17350

61000

81200

1

1.2

3.5

4

40

40

Alluvium: Hematite rich Alluvial SR to SA
clasts in a fine sand/clay matrix. Towards end
of interval % of pisoids in samples increase.

Pisolitic Gravel: Pisoid and Ooid rich interval
with fine silt/clay matrix. The Gravel
component also comprises A to SA clasts

Clay & Gravel: Clay nodule rich Hematite
zone with minor SA to A clasts reddy-blood
red colour.

BIF: Reworked BIF, weathered BIF with
interbedded clay zones evidenced by ~20%
clay. Sample clasts are vugghy and some
semi mature pisoids are also present evidence
for weathering. Vugghy ocherous goethite is
also present in sample

Martite-Ochreous Goethite: With clay rich
intervals, metallic lustre martite with
crystalline form present.  Increase in chert
towards end of intereval.

Chert (CH): Chert with minor BIF present.
Chert has ochre staining and is weathered.
Weathered white chert is friable and slightly
hard.

8.22

7.74

7.53

7.75

7.43

7.66
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HSMB13

07/04/2009

424.711 mRL

7526209 m

750001.8 m

D. Mains

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

09/04/2009

54

8.0 346038808.16

poor

15.8

0.504

CB Book 8

54

8.1 3640

54

33

0.527

15.32

poor

54

24

0.247

15.28

trace

54

42

0.468

poor

15.78

Water Table

Surface Casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC slotted

50 mm ND Cl12
PVC Blank

Bentonite Plug

3.2 - 6.4 graded
gravel

50 mm ND Cl12
PVC slotted

Bentonite Plug

50 mm ND Cl12
PVC slotted

Bentonite Plug

50 mm ND Cl12
PVC slotted

BIT RECORD

0-42 m:12.75" Dual
Rotary

42 - 54 m:11.75" Air
Hammer

5220

5730

1-2

1-2

3

3-4

Silty Gravel: Red/orange brown with SR-A
gravel (BIF, chert and shale) to 25 mm.

Silty Gravel: As above but with large blocky
fragments (to 60 mm).

Silty Gravel: Red-brown with fine (2-10 mm)
gravel, R-SA BIF with white/cream shale,
trace chert fragments and pisoliths.

Pisolitic Gravel: Red-brown silt with WR
black pisoliths (2-3 mm) and fine SA-SR BIF
and chert, trace clay.

Pisolitic Clay: Red-brown, firm clay tightly
packed with WR pisoliths.

Goethite (GHF): Dark grey/brown SR-SA
fragments to 30 mm, minor non-mineralised
shale.

Hematite & Goethite (GHM): With minor
non mineralised shale and chert, SA-A
fragments.

Chert & BIF (CH / BI): With minor non-
mineralised grey shale, SA-A fragments.
Light pink/white shale/clay 43-44 m,
abundant chert from 49 m.

8.0

8.0
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HSMB17

25/02/2009

433.124 mRL

7526595.337 m

755202.500 m

D. Mains

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

28/02/2009

71

8.0 1840100508.0

moderate

21.99

0.35

CB Book 7

72

8.0

15/03/09

15740

72

36

0.35

21.98

low

72

28

0.35

22.12

trace

72

58

0.35

low

22.00

Water Table

surface casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC slotted

50 mm ND Cl12
PVC Blank

Bentonite Plug

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC slotted

3.2 - 6.4 graded
gravel

Bentonite Plug

50 mm ND Cl12
PVC slotted

Bentonite Plug

50 mm ND Cl12
PVC slotted

BIT RECORD

0-48 m:12.75" Dual
Rotary

48-72 m: 11.75" Air
Hammer

1,020

2,140

2,190

2,710

6,140

FWS

0.5

1

2

~3

~3

~3

Silty Gravel: Red/brown silt with sub-round
to angular gravel, BIF and chert to 25 mm,
with minor clay

Silty Clay: Gravel, red/brown with well-
round black pisoliths and sub-round to sub-
angular BIF and trace shale

Hardcap (HC): Vitreous goethite with minor
hematite, goethite and pisoliths, fine
fragments <5 mm

Hematite (HOH): With white and red shales,
slightly weathered, sub-round to sub-angular
fragments to 8 mm

Goethitic Shale (GSF): Hematitic/Geothitic
Shales with minor hard goethite and hematite
fragments

Hematite & Goethite (GHM): Dark grey
angular fragments, trace chert 59-60 m

Chert (CH): with minor BIF and
unmineralised shale, blue/grey/white chert,
sub-angular to angular fragments to 10 mm,
minor white soft clays, coarser from 68 m (to
25 mm)

7.1

7.1

7.4

7.4

7.5
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HSMB19

11/04/2009

418.506 mRL

7531601 m

732799.7 m

K. Everitt

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

14/04/2009

66

7.90 402097007.72

Moderate

9.08

0.118

CB Book 8

71

7.32

16/04/09

7.6 9.1560,300

7.67

42

0.185

9.1

Moderate

71

24

0.092

9.02

Poor

71

54

0.181

Moderate

9.07

Water Table

surface casing

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
slotted

50mm ND Cl12 PVC
Blank

Bentonite Plug

50mm ND Cl12 PVC
Blank

3.2 - 6.4 graded
gravel

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

Fallback

BIT RECORD

0-54 m:12.75" Dual
Rotary

54-71 m: 11.75" Air
Hammer

3,240

4,600

6,200

15,470

22,390

26,200

FWS

6

10

~20

~20

~20

~20

~20

~20

~20

Drilling mud: Mud used downhole,
unidentifiable sample

Silty Gravel: Poorly sorted, A-SR,
red/brown/green/yellow chert, BIF and shale
frags to 30 mm, with minor SR pisoliths to 3
mm in red/brown silt

Pisolitic Gravel: Minor gravel frags as above,
~20% in SR-WR dark grey-dark brown 2-3
mm pisoliths, moderately sorted. 30-36 m,
mostly pisoliths & bleached shale and
goethite

Pisolitic Gravel: Poor sample - mud
downhole.  Smaller pisoliths, 1-2 mm,
brown/red with clayey/shaley brown/red
friable frags

Shale: Cream/orange, smooth, fine grained
~waxy frags, easily broken by hand

Calcrete: White, hard, angular fine grained
with sticky white clay,plus minor cream
chert. 55-57 m, trace light green waxy firm
clay

Goethite (GOM): Darkgrey/red rubbly
goethite

Calcrete: White calcrete as for 48-61 m, with
yellow/brown plasticky clay and trace
goethite as above

Goethite (GOM): As for 61-62 m, minor
yellow/brown plasticky clay, minor calcrete

Clay: White, sticky, 66-67 m ~50% Fe-stone

Goethite (GOM): Very hard, vuggy, dark
brown, angular, small frags ~10 mm

8.07

8.27

8.56

8.59

8.77

8.45
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HSMB23

09/03/2009

428.995 mRL

7525621.216 m

756787.433 m

CB Book 6

D. Mains

Dual Rotary

Barber Drilling

Cloudbreak

Hillside Monitoring

11/03/2009

66.2

46.4

66.2

7.8 6,39075507.8 7,4307.8

12/03/09

66.2

66.2

0.18

moderate

17.64

56.45

0.27

moderate

17.85

low

17.08

0.25

surface casing

BIT RECORD

0-48 m: 12.75" Dual
Rotary

48 - 67 m:11.75" air
hammer

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

Bentonite Plug

50mm ND Cl12 PVC
Blank

3.2 - 6.4 graded
gravel

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

Bentonite Plug

50mm ND Cl12 PVC
slotted

6.3

7.1

7.2

7,110

6,100

6,470

6,400

1

~2

~3

~5

~8

Silty Gravel: Red/orange brown with sub-
round to sub-angular gravel (BIF, chert and
shale to 20 mm) Minor pisoliths in last 6 m
sample

Pisolitic Gravel: Red brown with well
rounded black pisoliths to 3 mm, and sub-
round to sub-angular chert and BIF to 30 mm,
most <10 mm

Clay: Clay, white/yellow with
hematite/goethite fragments slightly
weathered, sticky, high plasticity clay

Clay: White/yellow/brown/purple with more
hematite/goethite fragments than for 48-53 m,
fragment size to 40 mm, sub-angular to
rounded

Shale (Jr): Roy Hill Shale, black/white,
slightly weathered, wash down of fragments
from above

Shale (Jr): Black, fresh oily shale with wash
down from above
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725135.75 m
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Dual Rotary

Barber Drilling

Cloudbreak

Lefthanders Injection

10/03/2010

66

3.07265597.22

8.53

CB Book 11

66

7.49

14/03/10

2.0962.67

66

42

7.99

66

24

7.75

66

54

8.50

WT

8" Steel Surface
Casing

50 mm ND Cl 12
PVC Blank

0-60 m:  12.75" dual
rotary

60-66 m: 11.75" air
hammer

50 mm ND Cl 12
PVC Blank

Bentonite Plug

50 mm ND Cl 12
PVC Slotted

50 mm ND Cl 12
PVC Blank

Bentonite Plug

50 mm ND Cl 12
PVC Blank

3.2-6.4 graded
gravel pack

50 mm ND Cl 12
PVC Slotted

Bentonite Plug

50 mm ND Cl 12
PVC Slotted

Bentonite Plug

50 mm ND Cl 12
PVC Slotted

2710

2430

6330

9430

14150

22770

Alluvium: Alluvials polymictic poorly sorted
gravels SA-SR with minor clays (no
pisoids/ooids)

Hardcap (HC): Vuggy weathered zone.
Highly porous clasts with clay content
increasing with depth

Hematite (HOH): Hematite beds with strong
weathered zone at base of interval (hematitic
clays) and bleached kaolinitic beds with thin
zones of greasy black beds of weathered
shales

Clay: Massive clays hematite and carbon
enriched as well as ochreous goethite mustard
staining

Black Shale (BS): Thick black seam of shale,
soft, greasy beds interbedded with more
competent units

7.82

7.52

7.23

7.23

7.50

7.62
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76

78.75

0.495Long Book 1

A. Mattvey

Dual Rotary/Air Hammer

Eastern Well

2013-05-20

Cloubreak

Long Pit S3-5

LPMB08

20.465

TA

TD

MMM

MUT

MUB

6.34

6.5

6.87

7.21

7.27

7.36

2.5

2.5

2.5

2.5

2.5

2.5

9740

9160

15450

19980

32800

41800

Concrete Plinth

7" Surface Steel Casing

Grout (5% Bentonite, 95%
Cement)

Bentonite Seal

50mm ND Cl12 PVC blank

3.2-6.4mm graded gravel

0 - 57 m: 7" Dual Rotary

Bentonite Seal

3.2-6.4mm graded gravel

50mm ND Cl12 PVC screen

57 - 76 m : 6.75" Air Hammer

GRAVELLY SILT: Brown silty matrix. subangular-subrounded
alluvial garvels. medium-highly weathered fragments. 2-50mm.
poorly sorted. low-moderate porosity

GRAVELLY CLAY: Red brown clay matrix. angular slightly
weathered fragments. minor white kaolinitic clays. 2-20mm. poorly
sorted. low porosity.

PISOLITIC GRAVEL: Red brown dilty matrix. subrounded-
rounded pisolitic gravels. minor subangular cherts present  well
sorted. low porosity. low-medium permeability

GOETHITE & HEMATITE: Brown-mustard ocherous goethite
(70%) and hematite (30%). highly weathered poorly sorted
fragmenst. minor kaolinitic clays present at depth. medium porosity
and permeability

HEMATITE: Red silty matrix. Hematitic material (60%), white
kaolinitic clays (20%), some cherts (~5%) and minor hematised
shales present. soft weathered subangular rock. >20mm. moderate
sorting. medium porosity/permeability

HEMATISED SHALE: Black lamintaed hematised shales. highly
weathered. minor kaolinitic clays and cherts. some weathering.
medium porosity

CHERT: Green ocherous stained cherts. very hard rock. angular-
subangular rock. low posoity. medium permeability
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47

46.57

0.43Misc Bores ogbook 1

JU

Dual Rotary/Air Hammer

FMG

2013-06-30

24/07/2013

Cloudbreak

Brampton TSF

MDMW04

36.22

TA

MUB

7.220.5 968

6" Steel surface casing

0-34 m: 6" Dual Rotary

Grout (5% Bentonite/95%
Cement)

50 mm NB Cl12 PVC blank

Bentonite seal

3.2-6.4 mm graded gravel

50 mm NB Cl12 PVC screen

34-47 m: 5.75" Air Hammer

FILL: Gravely Silt, red brown to dark brown, gravels are poorly
sorted, SR, 1-20mm

FILL: Gravel, dark brown, 10-30 mm, SA, minor sit

FILL: Gravely silt, red brown, graves are poory sorted, 1-20 mm, SR
- SA

FILL: Gravely silt, pale brown, gravels are poorly sorted, SR-SA,
with some large HC derived gravels, A, vuggy, 20-50mm

FILL: Gravely silt, red brown, poorly sorted, 1-20 mm, SR and
minor SA

GOETHITE & CHERT: Goethite, hematite and Cherts in silty cay
matrix, samples were damp but no free flowing water

MARTITE: Magnetite (80%), chert(15%) minor Hematite (5%) in
clayey silt matrix
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Surface Casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

50 mm ND Cl12
PVC Blank

Bentonite seal

3.2 - 6.4 mm graded
gravel pack

35100.75

Alluvium: Red-brown silty gravels. Poorly
sorted silts (>50%), sub-angular to sub-
rounded gravel to , containing fragments of
chert,, shale, ~3-20 mm. Chert is dominant,
minor quartz.

Alluvium: Red-brown silt, chert, and shale
gravel as above,  some hematite shale and
minor maghemite, but smaller <5mm, rarely
>10 mm. Poorly sorted, sub angular to sub-
rounded.. Alluvials.

Alluvium: Red-brown silts with gritty sands
(>70%), white to reddish shale, sub-angular
to sub-rounded (<20%), greenish chert
(<10%). All fragments less than 15mm. Trace
chalcedony. Alluvium.

Alluvium: Red-brown silts with minor clay,
minor fragments <10% and <5mm.
Fragments sub-angular hematitic shales with
minor chalcedony.

Alluvium: Red-brown silts with minor clay
and sand and traces of grit (70%). Angular to
sub-angular, reddish shales (20%), white to
green hert and chalcedony (10%). Alluvium.
Fragments <10mm, contains a trace of
carbonates.

Alluvium: Red brown silts with minor clay
approximately 50%. Sub-angular to angular
fragments of shale (40%), chalcedony (5%)
and minor sliceous goethite and chert.
Fragments to 15mm. Some weathered
carbonate (dolomite?).

Alluvium: Red-brown silts and minor clay
(90%), minor reddish chert (5%), and trace of
shales. Sub-angular fragments to 10mm.

Alluvium: Red-brown silts with minor sand
and clay (70%), sub-angular fragments of
hematite shale (25%), chert/chalcedony (5%),
and shale (5%). Most fragments around
5mm, largest to 10mm.

Alluvium: Red-brown silt with minor clay,
sand and grit (80%). Sub-angular fragments
of of hematitic shale (15%), shale (3%),
goethite and chert (2%). Fragments to 10mm.
Alluvium.

Alluvium: Red-brown silts (80%). Fragments
sub-angular to sub-rounded, mostly hematite
shales with minor chert. Goehitic pisolites,
sub-rounded to rounded mostly 5mm.
Probably thin detrital layers in alluvium.

9
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50 mm ND CL12
PVC Slotted

Bentonite seal

50 mm ND CL12
PVC Slotted

Bentonite seal

50 mm ND CL12
PVC Slotted

10080

16500

0.75

2.5

Alluvium: Red-brown silts (90%), minor
sands and grits. Fragments sub-rounded,
mostly hematitic shale. One 12mm goethitic
shale fragment has a fracture surface coated
with fresher hematite. Very minor pisolites
and dolomite. Alluvium with detrital layers.

Clay and Silt: Dark reddish brown clay-silt
with minor sands and grits (95%+).
Fragments to 8mm, sub- angular to sub-
rounded. Mostly made of shale with a trace
quartz. Lacustrine.

Clay and Silt: Dark reddish brown gritty clay-
silt lumps (95%+). Fragments to 10mm, but
most to 5mm, sub- angular to sub-rounded
shales with minor chert. Lacustrine.

Dolomite: Cream-white silt (80%), clay
(10%) and porcellaneous dolomite fragments
with included pyrolusite dendrites and
veinlets. Fresh angular fragments with
solution and accretion features. Oakover
Formation.

Goethitic Gravel: Fracture at 57m and cavity
at 58m. Goethitic layer mainly composed of
silt (70%) and clay (10%) with fragments of
ocherous goethite and goethite (15%) and
minor dolomite (contamination?), iron rich
chert and shale.

Fault: Major fracture with loss of water,
unable to recover any sample from this
interval to end of hole. Soft drilling.

Hard drilling, no sample.

Soft drilling

Hard drilling

Easier drilling possibly porous

Hard drilling

9

9
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Surface Casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

50 mm ND Cl12
PVC Blank

Bentonite seal

50 mm ND CL12
PVC Slotted

725300.44

Alluvium: Light brown sand/silt 30%, SA-SR
fragments to 25mm, shale 40%, chert 30%,
minor quartz

Alluvium: Grey brown sandy silt 20%, SA-
SR fragments to 10mm, shale 50%, chert
20%, quartz 5%, pisolites 5%, MGM 2%,
minor KLM. 16-19m more brown clay,
fragments to 20mm

Alluvium: Red brown silty clay 75%, SA-RR
fragments to 20mm, shale 15%, chert 10%,
minor OGF, MGM and pisolites

Alluvium: Red brown clayey silt 40%, SR-
RR fragments to 15mm, pisolites 30%, shale
20%, chert 10%

CID: Red brown silt 10%, SR-RR fragments
to 10mm, pisolites 80%, shale 5%, chert 5%.
From 31m less chert, but more MGM and
pisolites up to 90%

CID: Greenish brown silt 10%, SA-RR
fragments to 5mm, pisolites 20%, MGM
20%, shale 20%, GOM 20%, chert 10%,
quartz 5%

Goethite/Martite: Olive green brown silt/clay
20% contains GHF and OGF, SA-RR
fragments to 10mm, GOM 40%, MGM 30%,
shale 20% (HSM), minor pisolites and quartz.
From 47m more blueish and more MGM
(40%) then GOM(30%)
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3.2 - 6.4 mm graded
gravel pack

Bentonite seal

50 mm ND CL12
PVC Slotted

BIT RECORD

0-85 m:7.875" Mud
Rotary

7

6

3470

148700

2

1.7

Goethite/Martite: Greenish blue silt/clay
40%, SA-SR fragments to 8mm, MGM 20%,
MNM 20%, GOM 15%, hematitic shale 5%

Goethite/Martite: Greenish blue silt/clay
30%, SA-SR fragments to 10mm, MGM
25%, HSM 15%, GOM 15%, GHM 10%,
pisolites 5%, GSM 3%, chert 2%, minor
MNF 1%

Martite-Brown Goethite: Blue grey sand
20%, SA-AA fragments to 10mm, Magnetite
40%, MGM 30%, hematitic shale 5%, GOM
5%. 69-70m more GOM

Martite-Brown Goethite: Blueish grey sand
15%, SA-AA fragments to 10mm, MGM
50%, chert 15%, GOM 10%, hematitic shale
10%

Chert (CH): Greyish green sand 10%, VA
fragments to 10mm, chert 70%, shale 30%
(HSM). 81-83m: clay/silt 5%

Chert (CH): Dark brown silt 10% including
GSP, AA fragments to 5mm, chert 70%,
GSM 20%, GOM 5%, HSM 5%

Chert (CH): Blue grey silt/sand 5%, AA
fragments to 10mm, chert 20%, siliceous
shale with trace pyrite 70%, HSM 5%

Black Shale (BS): Dark grey silt 5%, SA-AA
fragments to 10mm, black carbonaceous
shale with pyrite 90%, chert 5%
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Surface Casing

50 mm ND Cl12
PVC Blank

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

50 mm ND Cl12
PVC Blank

Bentonite seal

298000.5

Colluvium: Red brown silts with 5%clays
total 60%, cherts 30% and hale 10%.
Fragments to 20mm. Sub-angular to sub-
rounded. Sheet wash/alluvial/colluvium.Ta.

Alluvium: Pinkish brown silts and sands
20%, green cherts 30%, shales 30%,pisolites
15% and goehite 5%. Angular to rounded.
Detritals. Fragments to 15mm. Poorly sorted.
Immature. Tdi

Alluvium: Red brown silts and sands (sands
rounded with abundant pisolites) 40%, clay
10%, chert 20%, goethitic pisolites 20%,
shales 10%. Fragments to 6mm. Well sorted.
Detrital. Sub-angular to sub-rounded.

Alluvium: Light red brown sands and silts
30%, clay 5%. Fragments rounded to
aqngular. Chert 20%, goethitic pisolites 30%,
shales 10% and carbonates 5%. Poorly sorted
fragments to 20mm. Detrital. Tdi.

Calcified: Cream to yellow silts and clays
50%, mostly consists of calcreted and
silcreted lithologies. Coarser fragments are
mostly siliceous 40% with some OGF, GGM

9
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9 29800168400
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1
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16.8
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92

0.4

1.8

20.8

Very Shallow

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

3.2 - 6.4 mm graded
gravel pack

Bentonite seal

50 mm ND CL12
PVC Slotted

Bentonite seal

72100

125900

1

1.8

and minor MGM 10%. Fragments to 10mm,
weathered, angular to sub-rounded

Calcified: Pale grey to grey silts with minor
clay, mostly calcreted. Siliceous fragments
with minor goethitic shale 10%. Majority is
quartz and silcrete. Sub-angular to sub-
rounded 5mm max.

Goethite & Chert (Mut): Light greenish
brown with minor silt (<5%), sand sized
fragments 75% (quartz  15%, shale 10%,
goethite 50%, GHM 20% and GSM 5%).
Remaining 20% is coarser fragments to 5mm,
composed largely of quartz, GOM and
HSM/GSM in equal proportions. Fragments
angular. Between 79-80, ore is more
prevalent. 70-80% is GHM, GOM.

Goethite & Chert (Mut): Light yellowish
brown, 10% silt, 10% weathered goethitic
clay, sand 70% (mostly GOM/GHM with
20% quartz). Fragments to 6mm, mostly
GHM/GOM, remainder is quartz and HSM.
Fragments angular to sub-angular. Soft
drilling between 91-98m. More goethitic with
little quartz or shale. Hard band at 98m.
Possibly CID with active iron replacement.

8

8
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CCE14_MB

11/08/09

425.89 mRL

7517550.24 m

789214.78 m

F. Doedens

Mud Ratary

Connector Drilling

Christmas Creek

CCE

15/08/09

126

8 72.1001259008

2.5

23.2

0.4

CC Exploration Book 3

134

8

03/09/09

9 29800168400

72

0.4

17.2

1

42

0.4

16.8

0.5

92

0.4

1.8

20.8

Very Shallow

50 mm ND CL12
PVC Slotted

BIT RECORD

0-85 m:7.875" Mud
Rotary

1684002.5

Alluvium: Light brown to brown fined silts
with minor clay 70%. Fragments 15% GOM,
5% GGM, 5% HSM, 3% chert and 2% silica.
Minor pisolitic gravel. Fragments to 10mm,
angular to sub-rounded. Loss of drilling mud
through this zone.

Alluvium: Dark purplish brown fine silts with
minor clay 40%, chert 20%, GSM 10%,
HSM 20% and 10% MGM. A band of red
clay (HSF?) at 111m. Gravel very angular to
sub-rounded. Minor pisolites approx 2%.
Fragments to 12mm.

Alluvium: Grey brown more sandy, silts and
clays 20%, 50% sand (quartz 25%, MGM
15%, HSM 10%). Fragments to
10mm,consisting of 20% HSM, 5% GGM
and 5% chert. Sub-angular to sub-rounded.

Alluvium: Blueish grey sandy silt with minor
clay 30%, chert 50%, shale 20% and minor
GGM, GOH and quartz. Sub-angular to sub-
rounded to 5mm.

Shale (Jr): Dark blueish grey sandy silt 30%,
chert 30%, black shale 30%, hematitic shale
5% and quartz 5%. Sub-angular, fragments to
10mm.

8
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Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo

lo
gy Lithological Description Field Notes Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

COLLUVIUM: Red-brown highly ferruginised lateritic
chert fragments poorly sorted predominantly angular

<3cm diamter

ALLUVIAL: Red-brown colluvium with 30% poorly
aggregated clay

ALLUVIAL: Red-brown 80% alluvial fragments <4cm
diameter with 20% poorly consolidated clay

CLAY: Red-brown clay 70% with minor alluvial
fragmentals <1cm

ALLUVIAL: Red-brown moist/damp alluvial fragments
highly ferruginous

ALLUVIAL: Red-brown damp moderately consolidated
clay with 40% alluvial fragments

16-17m: Minor aquifer
damp slurry sampled-

no TDS

19-20m: Water
sampled for analysis

EOH at 20mbgl

F01B

Fortescue Metals Group Christmas Creek Piezometer Monitoring Bore

10/09/2004

10/09/2004

RFToll

Connector

Airlift to 20m EOH.

2000 cfm 700 psi (Hydco C4)

5 3/8"

Christmas Creek

786009m(AMG)

7515646m(AMG)

8.46 mbgl 10/09/2004; 07:00hrs

2.5" Slotted PVC (0-
20mbgl)

150 mm PVC collar
(0-3mbgl)

F:\jobs\477\3000\3200 test data\Drill Logs\Log Plot Files\F01B F01B
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Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo

lo
gy Lithological Description Field Notes Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

COLLUVIUM: Red-brown highly ferruginised lateritic
chert fragments poorly sorted predominantly angular

<3cm diameter with 30%  poorly consolidated clay

ALLUVIAL: Red-brown highly oxidised alluvials as
80% in zone comprising chert fragments poorly sorted

subangular <1mm diameter  with 20% poorly
aggregated clay

ALLUVIAL: Red-brown highly ferruginised lateritic
chert fragments poorly sorted predominantly angular

<3cm diameter with 30%  poorly consolidated clay

ALLUVIAL: Red-brown highly oxidised alluvials as
80% in zone comprising chert fragments poorly sorted

subangular <1mm diameter  with 20% poorly
aggregated clay

ALLUVIAL: Red-brown highly oxidised wet moderater
flow in alluvial chert fragments poorly sorted

subangular-subrounded <3cm  diameter with
moderately consolidated clay as 20% wet zone

27m:>2.94ppt TDS 10
minutes test

8.64 pH @ 40 metres
at 10 minutes of testing

>5.88 mS 10 minutes of
testing

20 minutes into test
3.25ppt TDS,8.72 pH,

6.4 mS

30 minutes into test 8.1
ppt TDS, 8.61 pH,

16.22 mS
40 minutes into test
>10.0 ppt TDS Sample

taken for lab. (This
sample's chemistry to

be compared/related to
tested water from 80

metres in F7A)

Airlift final test only
available through

reverse circulation
method 20litres/13

seconds-as lost outside
return from 47 metres

2.94 ppt TDS, 8.64 pH,
5.88 mS initial test time

1 minutes

3.25 ppt TDS, 8.92 pH,
6.40 mS test time 10

minutes

8.1 ppt TDS, 8.61 pH,
16.2 mS test time 15

minutes

>10 ppt TDS , > 20 mS;
test time 30 minutes -

indicates only limited
available fresh water

water sampled for
analyis 40 minutes

26-27m:

EOH at 27mbgl

F07B

Fortescue Metals Group Christmas Creek Piezometer Monitoring Bore

13/09/2004

13/09/2004

RFToll

Connector

Airlift to 27m EOH.

2000 cfm 700 psi (Hydco C4)

5 3/8"

Christmas Creek

782004m(AMG)

7517844m(AMG)

14.0 mbgl 14/09/2004; 07:00hrs

150 mm PVC collar
(0-3mbgl)

Slotted PVC with top
cap and end cap (0-

27mbgl)

F:\jobs\477\3000\3200 test data\Drill Logs\Log Plot Files\F07B F07B
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CCM02

6/09/2008

438.42mRL

7522299.1m

782386.3m

CC Book 1

B. Willis-Jones

Air Rotary

Connector Drilling

Christmas Creek

Christmas Creek Dewatering

10/09/2008

87

50

87

7.7 435017908.11 28207.96

11/09/08

87

78

0.32

27.58

68

0.49

28.128.19

0.58

12" steel surface
casing

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

50mm ND Cl12 PVC
Blank

3.2 - 6.4 mm graded
gravel pack

Bentonite

50mm ND Cl12 PVC
Slotted: 44-50m

Bentonite

50mm ND CL12
PVC Slotted: 62-
68m

Bentonite

50mm ND CL12
PVC Slotted: 72-
78m

Fallback

Silty Gravel: Red brown. Sub angular. Chert
& BIF gravel.

Clayey Gravel: Red bown, gravel as above.
Clayey matrix.  Some clay dominant lenses.

Clayey Gravel: With pisolites. As above with
ferriginous pisolites.

Gravelly Clay: Pisolitic.  Red brown clay.
Minor rounded ferriginous pisoliths (<5mm
dia)

No sample

Pisolitic Clay: Red brown.  Minor pisoliths.

No sample.

Goethite & Ochreous Goethite (GOM &
OGF): Friable, pale brown and yellow.

Martite: Goethite, martite iron formation
(Mum). Dark brown, grey & weathered
brown to yellow martite xstals. Mod hard and
broken. Trace yellow shale at base.

BIF & Chert: Dark grey, with hematite and
martite xstals. Reddish brown. Weathered
surfaces. Minor banded chert (pale grey).
Mod fractured.

Chert & Non-enriched Shale (CH & SH):
Dark grey chert, minor bands of black shale.
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Christmas Creek

Connector  Drilling

L. Frankcombe

CC Book 1

28/04/2011 1/05/2011

Dual Rotary/Air Hammer

778801.867

7523917.355

FLMB08_D & S

49

49.26

0.382999999999981

24.98436.061

3.39

8.51

8.51
9

7.57

7.52

7.52
7.56

ALLUVIUM: polymictic poorly sorted
alluvials SA to SR clasts in a minor clayey
matrix

CLAY & GRAVEL: Clay rich gravels minor
clasts entrained in thick clay

DETRITALS: pisoid ooid rich gravels with
minor SA to A clasts also present

DETRITALS: Transition zone from pisoid
rich gravels into cherty/subeconomic shales

CHERT & NON-ENRICHED SHALE (CH
& SH): Cherty zone with interbedded
unmineralised shales also present.

SHALE: Predominantly Chert zone with
interbedded unmineralised shales also
present.

Grout (5%
Bentonite/95%
Cement)

Grout (5%
Bentonite/95%
Cement)

50mm ND Cl12
PVC blank

3.2-6.4mm graded
gravel

50mm ND Cl12
PVC blank

3.2-6.4mm graded
gravel

50mm ND Cl12
PVC screen

0-40 m : 8" Dual
Rotary

40-49 m : 7.75" Air
Hammer

Bentonite seal

0-40 m : 8" Dual
Rotary

3.2-6.4mm graded
gravel

50mm ND Cl12
PVC screen

40-49 m : 7.75" Air
Hammer

1140

1832

1947
1919

TA

TE

TD

MUT

MUB
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3/12/2009

430.078 mRL

7523532.057 m

771256.803 m

CB Book 10

K. Everitt

Dual Rotary

Barber Drilling

Cloudbreak

Hillside East Monitoring

04/12/2009

66

30.63

66

8.15 17,3004,6808.26

06/12/09

66

66

0.310

moderate

19.33

41.29

0.380

low

19.29

trace

19.36

0.460

steel surface casing

50 mm ND Cl12
PVC Blank

0-42 m:  12.25" dual
rotary

42-66 m: 11.75" air
hammer

Bentonite Seal

50 mm ND Cl12
PVC Blank

50 mm ND CL12
PVC Slotted

50 mm ND Cl12
PVC Blank

Bentonite Seal

3.2-6.4 graded
gravel pack

50 mm ND CL12
PVC Slotted

Bentonite Seal

50 mm ND CL12
PVC Slotted

399

2,155

1,770

1,432

2,260

7,080

7,600

11,040

17,620

0.5

0.5

2

2

5

5-8

10

10

10

Silty Gravel: Poorly sorted chert, shale and
BIF, pink, grey, purple, translucent and
brown, angular to sub-round, to 30 mm in a
minor brown/orange silty matrix

Pisolitic Gravel: to 24 m, 1-2 mm red/brown
pisoliths, to 30 m, up to 5 mm dark grey to
dark brown pisoliths. Gravel includes dark
brown to dark grey goethite and hematite,
med to hard, vuggy, rubbly texture, to 30
mm. Trace white ~waxy shale

Hardcap (HC): Dark grey, dark brown, with
purple/red and yellow/brown patches.  Hard,
rubbly, vuggy. patchy hematite alteration.
Trace Pisoliths

Goethite & Hematite : Dark grey,
yellow/brown, hard, blocky, goethite and
hematite, plus soft ocherous goethite, 42-43
m quite vuggy

Goethite & Hematite : As above, but with
shale and chert.  Ore colour change to
grey/red, higher proportion of hematite. Plus
minor weathered shale and chert

Hematised Shale: Platy, grey/red soft-
medium hematised shale to 30 mm with
minor green and grey ~laminated chert
fragments

Hematite & Chert: ~60% angular chert to 25
mm, cream, green, grey, plus platy red/grey
hematised shale as above, minor ~chalky
white shale. @55 m:quite sandy @56 m:with
goethite fragments and purple plasticky clay
@59 m:sandy with some leached shale @60
m: minor sticky purple clay, predominantly
green chert
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27/06/11

Saline Program

Christmas Creek

Connector Drilling

N. Buchanan

CC Book 1

23/06/2011 25/06/2011

Dual Rotary

SAM13

58

52.3

0.347

n/a

58

28.25

0.403

n/a

419.45 14.32 13.46

7517701.225

778926.611

Grout (5%
Bentonite/95%
Cement)

50 mm ND Cl12
PVC Blank

3.2-6.4 mm graded
gravel

Bentonite plug

50 mm ND Cl12
PVC Blank

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC Slotted

Bentonite seal

3.2-6.4 mm graded
gravel

Grout (5%
Bentonite/95%
Cement)

Bentonite seal

0-58 m : 200 mm
Dual Rotary

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC Slotted

Bentonite seal

3.2-6.4 mm graded
gravel

TA

TD

TE

TO

MUB

ALLUVIUM: Clay matrix, chert, shale;
grey and brown; sub-angular to angular;
poorly-sorted.

GRAVELLY SILT: Silt matrix, chert,
shale; grey and brown; sub-angular to
angular; poorly-sorted.  First water strike
(FWS) at 22m (5L/s)).

GRAVELLY SILT: Silt matrix, chert,
shale and calcrete; grey and brown (chert
and shale) and white (calcrete); sub-
angular to angular; poorly-sorted;
calcrete is vuggy.

SILT & CLAY: Silt and clay; brown, red
and grey.

CLAY: Clay; light grey.

CALCAREOUS CLAY: Clay with
minor calcrete; dark grey.

CALCRETE: Calcrete and minor clay
and hematite; grey and white; calcrete is
moderately weathered and crumbly.

BIF & SHALE: BIF, shale and minor
siltstone ; dark grey and dark (mustard)
yellow.
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Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo
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gy Lithological Description Field Notes Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

ALLUVIUM: Light brown, silty aggregate. Aggregate
very coarse, moderately sorted (18-21m).

DETRITAL: Light red/brown, silty detritals. Detritals
appear to contain chert clasts to 20% of sample.

Mineral exploration hole made water from 33m (maybe
small, well sorted layers of aggregate).

BIF: Dark brown, goethite grading to vitreous, lost
circulation (40-43m) in vuggy goethite. Yellow

ochorous goethite (57-58m) - softer drilling, slightly
hematitc to 61m.

*Note: Airlift Yields
taken from 25mm dia

poly pipe inside 50mm
dia PVC casing so

yields not indicative of
aquifer potential.

PIEZO D (deep)

50mm Blank Class 9
PVC (0-37mbgl)

50mm Slotted Class 9
PVC (37-61mbgl)

1.6-3.2mm Graded
Gravel-pack (11-

30.2mbgl)

1.6-3.2mm Graded
Gravel-pack (31-

61mbgl)

Bentonite Seal (30.2-
31mbgl)

Max Airlift Yield 1.9L/s

Casing height:
+0.45magl

EOH at 61mbgl

E.C. = 1.25mS/cm

TDS= 0.62ppt

pH = 6.3

SCX3

Fortescue Metals Group Sandy Creek Exploration Drilling

15/08/2005

16/08/2005

S. Collett

Connector

Mud Rotary

Mud

0-6m 9.5", 6-61m 6"

Sandy Creek

769600m

7523200m

426m

D:17.1, S:17.1mbgl 24/08/2005

Dual Observation Bore

6" Cl 9 PVC Surface
Casing (0-5.6mbgl)

Surface Casing
height: +0.42magl

Casing height:
+0.45magl

PIEZO S (shallow)

50mm Blank Class 9
PVC (0-12.2mbgl)

50mm Slotted Class
9 PVC (12.2-

30.2mbgl)

E.C.= 0.61mS/cm

TDS= 0.31ppt

pH = 7

Max Airlift Yield
0.2L/s

F:\jobs\477\Task E\6000\App A SCX3



0

-10

-20

-30

-40

-50

-60

-70

-80

Well No:

Suite 4, 125 Melville Parade
Como
WA    6152

Tel: (+61) (08) 9368 4044
Fax: (+61) (08) 9368 4055

Australia

Client: Project:

Commenced:

Completed:

Logged By:

Drilled:

Method:
Fluid:

Bit Record:

Area:
East:

North:

Elevation:

Static Water Level: Date:

Depth Graphic

(mbgl)
Log

G
eo

lo
gy Lithological Description Field Notes Well Completion

File Ref: Well No: Sheet 1 of 1

Diagram Notes

COMPOSITE WELL LOG

ALLUVIUM: Silty, clayey aggregate. Red/brown to pale
grey and blue, poorly sorted, well-rounded to angular,

silty gravel. Predominantly angular chert with minor
calcrete/silcrete and trace BIF.

DETRITAL: Rich brown, fine-grained goethitic/pisolitic
gravel with minor to trace chert.

CALCRETE & GRAVEL: Red/brown to white/pale
grey, clayey, medium-grained pisolitic/goethitic gravel

with a high % of calcrete (1-10mm dia). Minor chert.

CLAY: Pale to orangy brown, soft, sticky clay with up
to 30% fine to medium grained goethitic gravel.

MARL: and Calcareous Clay. 41-43m: White/off-white,
soft, elastic clay with minor gravelly fragments.

43-47m: Off-white/yellow to mustard brown,
predominantly firm elastic clay.

47-55m: White to off-yellow, soft elastic marl, clay with
much higher % of calcareous material. Drilling

becoming crunchy, cuttings vuggy.

CALCRETE AND CLAY: White to off-yellow,
predominantly fine to medium grained mix of earthy

calcrete sediments in a soft, sticky, clay matrix.

DOLOMITIC CLAY: Pale grading to dark grey/brown,
firm to well cemented, elastic, weathered dolomitic

clays. Minor to trace calcrete.
66-69m: Grey/brown to off white/pale grey colour. 20-

30% ochorous goethite and BIF.

BIF: Grey/brown with minor mustard yellow, goethite
and ochorous goethite fragments, chert and up to 10%

firm, fine white calcareous clay cuttings. M.M. = Marra
Mamba Formation

*Note: Airlift Yields
taken from 25mm dia

poly pipe inside 50mm
dia PVC casing so

yields not indicative of
aquifer potential.

PIEZO D (deep)

50mm Blank Class 9
PVC (0-53.5mbgl)

50mm Slotted Class 9
PVC (53.5-62.5mbgl)

1.6-3.2mm Graded
Gravel-pack (11-

30.3mbgl)

1.6-3.2mm Graded
Gravel-pack (52-

62.5mbgl)

Bentonite Seal (51-
52mbgl)

Max Airlift Yield 0.45L/s

Backfill (62.5-74mbgl)

Casing height:
+0.44magl

EOH at 74mbgl

E.C. > 20mS/cm

TDS > 10ppt

pH = 5.7

43-47m: Thick elastic
clays (change to blade

bit).

71-74m: Very hard
drilling

SCX5

Fortescue Metals Group Sandy Creek Exploration Drilling

17/08/2005

20/08/2005

D. Greenhalgh

Connector

Mud Rotary

Mud

0-6m 9.5", 6-74m 6"

Sandy Creek

774400m

7520100m

415m

D:10.2mbgl, S:8.7mbgl 24/08/2005

Dual Observation Bore

6" Cl 9 PVC Surface
Casing (0-5.6mbgl)

Surface Casing
height: +0.38magl

Casing height:
+0.44magl

PIEZO S (shallow)

50mm Blank Class 9
PVC (0-13.3mbgl)

50mm Slotted Class
9 PVC (13.3-

30.3mbgl)

E.C.= 9.88mS/cm

TDS= 4.93ppt

pH = 6.6

Max Airlift Yield
0.22L/s

F:\jobs\477\Task E\6000\App A SCX5



BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS

/ /
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T

H
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G

Y

/

IntermediateDeep

/

Shallow

MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880

WT

D
E

P
T

H

S
T

R
A

T

BORE
CONSTRUCTION

GROUND LEVEL (mAHD):

DESCRIPTION

Y
IE

LD
 (

l/s
)

E
C

 (
µ

S
/c

m
)

pH

START DATE:

SALINITY
PROFILE
(µS/cm)

Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

Water Level (mbtoc)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

449.00
7525181.80
780528.39

Drilled Depth (mbgl):
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46

46

0.57
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7.52 6070

31.2

2012-11-21

2012-11-19

D. Villablanca

Dual Rotary/Air Hammer

Eastern Well
Vasse

0-40m: Blank
Class 12 50mm
PVC casing

40-46m: Slotted
Class 12 50mm
PVC casing

MUB

SWL

COLLUVIUM: Goetithe glassy, SR-SA,
very weathered, yellow-orange,
interbedded with pisolitic caps.

PISOLITIC GRAVEL: pesolitic clast, R,
sub-sph, clay matrix (20%)

BIF & CHERT: BIF, chert, minor
goethite very weathered (yellow).

CHERT: Coarse interlaminated chert.
Harder to drill.

BIF & CHERT: BIF, chert
(interlaminated), wet samples 38-40m.
FWS@40m. Very small fracture

BIF & SHALE: grey chert not
lamminated, harder shale, and BIF. Rare
white clay. Low yield under 1 L/s.

7.521 6070
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BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS

/ /
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T
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Y

/

IntermediateDeep

/

Shallow

MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880

WT

D
E

P
T

H

S
T

R
A

T

BORE
CONSTRUCTION

GROUND LEVEL (mAHD):

DESCRIPTION

Y
IE

LD
 (

l/s
)

E
C

 (
µ

S
/c

m
)

pH

START DATE:

SALINITY
PROFILE
(µS/cm)

Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

Water Level (mbtoc)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

466.75
7526181.60
781630.62

Drilled Depth (mbgl):
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7.74 7630

58.26

2012-12-03

2012-12-02

T Wilkinson

Dual Rotary/Air Hammer

Eastern Well
Vasse

0-58m: Blank
Class 12 50mm
PVC

58-64m: Slotted
Class 12 50mm
PVC

MUB

SWL

GOETHITE: Glassy goethite,  hard,
yellow, weathered. Outcropping nearby

HEMATITE & GOETHITE: Hematite,
goethite, grey, purple, hard,

HEMATITE & CHERT: Hematite, chert
(BIF), purple, hard

CHERT & SHALE: Chert, shale bands,
minor glassy goethite, brown, white.
Colour varies with shale bands. Ground
is hard. FWS @ 52m 0.5L/s. very small
fracture

SHALE & CHERT: Shale, chert, brown.
Much ofter.
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BOREHOLE NUMBER Fortescue Metals Group Ltd

Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS

/ /
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/ /

MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880
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E
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H
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T
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A

T

BORE
CONSTRUCTION

GROUND LEVEL (mAHD):

DESCRIPTION

Y
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)

E
C

 (
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S
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m
)

p
H

START DATE:

SALINITY
PROFILE
(µS/cm)

Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

433.41

7521244.10

785401.55

Drilled Depth (mbgl):

Shallow

Water Level (mbgl)

Deep Intermediate
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7.9 43202012-07-20

2012-07-18

D. Villablanca

Dual Rotary

Eastern Well

Christmas Creek

Concrete plinth

8" Steel surface
casing

50 mm ND Cl12
PVC blank

3.2-6.4 mm graded
gravel

Bentonite seal

50 mm ND Cl12
PVC screen

Bentonite seal

0-48 m : 8.75" Dual
Rotary

3.2-6.4 mm graded
gravel

TA

MMM

MUT

MUB

SWL

7.66

7.31

7.44

1

2

3.5

3070

2150

3160

ALLUVIUM: Brown material, mainly compound of
clay and minor polymitic detritals (<1 cm), R-SR.
Towards base there are some pisolitic gravels
interbedded.

HARDCAP: Brown-dark grey material with vuggy
chips, SR, <1cm, yellow-mustard to brown, and
interbedded detritals of BIF and chert.

GOETHITE & HEMATITE: FWS@33m. Dark grey
and hard Goethite, Goethite ocherous (yellow and
softer), and hematite shale.

GOETHITE & CHERT: Dark grey goethite and
abundant clast SR of chert of @3cm.

CHERT & SHALE: Grey-blue material, mainly chert
(80%) with interbedded black and soft shale. The last
meter represent a transition zone towards Roy Hill
Shale Formation.



BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS

/ /
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H
O
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Y

/

IntermediateDeep

/

Shallow

MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880

WT

D
E

P
T

H

S
T

R
A

T

BORE
CONSTRUCTION

GROUND LEVEL (mAHD):

DESCRIPTION

Y
IE

LD
 (

l/s
)

E
C

 (
µ

S
/c

m
)

pH

START DATE:

SALINITY
PROFILE
(µS/cm)

Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

Water Level (mbtoc)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

443.69
7522033.51
785785.70

Drilled Depth (mbgl):
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2012-08-28
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Aline Barrabes, Daniela Villablanca

Air hammer

Ausdrill
Windich Tailings

0-46m: 50mm Cl12
PVC blank

46-52m: 50mm
Cl12 PVC screen

ground fallback

MUB

SWL

HARDCAP: Vitreous goethite and
maghemite pisoids; vuggy and
weathered; yellow brown.

BIF & CHERT: BIF, chert, dark grey,
numerous shale bands, very small
fractures near base
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BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS

/ /
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IntermediateDeep

/

Shallow

MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880

WT

D
E
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R
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T

BORE
CONSTRUCTION

GROUND LEVEL (mAHD):

DESCRIPTION

Y
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)

E
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S
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m
)

pH

START DATE:

SALINITY
PROFILE
(µS/cm)

Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

Water Level (mbtoc)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

461.45
7522570.60
786174.91

Drilled Depth (mbgl):
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16.52

2012-09-08
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Tim Wilkinson

Dual Rotary/Air Hammer

Connector Drilling
Windich Tailings

0-50m: Blank
Class 12 50mm
PVC

50-56m: Slotted
Class 12 50mm
PVC

MUB

SWL

GRAVELLY SILT: Surface scree, silt,
sand, brown

BIF: BIF, silt, dark grey, hard, very
weathered near surface

SHALE: Shale, yellow, shale band

BIF: BIF, light red, brown, numerous
shale bands. FWS @ 35m

CHERT: Chert, minor shale, black, hard,
fractured, increase in yield to 5L/s at
53m.

7.892480
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BOREHOLE NUMBER Fortescue Metals Group Ltd
Level 2, 87 Adelaide Terrace

East Perth, WA 6004

LOCATION:

FINAL BORE DETAILS
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MONITORING BORE LOG

DRILLING CO:

PROJECT NAME:

LOGGED BY:

DRILLING METHOD:

PH: 08 62188888  FAX: 08 62188880
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PROFILE
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Airlift Yield (l/s):

Casing Stick Up (magl):

Cased Depth (mbgl):

Quality - pH & EC (uS/cm)

Water Level (mbtoc)

EASTING (m):

NORTHING (m) :

COMPLETION DATE:

442.85
7521871.21
784781.54

Drilled Depth (mbgl):

Deep Intermediate Shallow
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2012-12-05

2012-12-03

D. Villablanca

Dual Rotary/Air Hammer

Eastern Well
Windich Tailings

MUB

SWL

GOETHITE: yellow goethite, dark grey
goethite and minor chert. No economic
ore.

GOETHITE & CHERT: dark grey
goethite, grey-cream chert, minor dark
grey shale

CHERT & SHALE: grey-cream and red
chert, clay and minor BIF (brown,
harder). FWS@46m. Very low yield and
muddy (no sample), but increase towards
base to 2 L/s.

SHALE: grey shale, soft and dry
samples.
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BOREHOLE NUMBER

Level 2, 87 Adelaide Terrace

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

NORTHING:

DATE BEGUN: DATE COMPLETED:

ELEVATION (mAHD):

Cased Depth (mbgl):

Stick Up (magl):

Drilled Depth (mbgl):

Water Level (mbgl) & Date:

Quallity - pH & EC (uS/cm):

Airlift Yield (L/s):

Fortescue Metals Group Ltd

East Perth, WA 6004

SALINITY
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FINAL BORE DETAILS

MONITORING BORE LOG

790150.14

7519273.33

436.40
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Dual Rotary

Eastern Well

2013-05-26

27.02

Young Pit

Young Strip 50-58 60-62
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YGM01
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8.3

8.01
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7.85

7.94

7.89

7.89

6840

7950

7820

6600

6580

5070

2141
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ALLUVIUM: Chert 60% blocky SA-A hard 3-30
mm, Hematite and Shale 20% SR, silt 20%, clast
support, poorly sorted, unconsolidated, red brown

PISOLITIC GRAVEL: well formed spherical
pisolites in silt matrix, minor amounts of vitreous
geothite hardcap increasing with depth gradual
change between predominantly pisolites and
hardcap. Red-brown - brown

HARDCAP: well formed vitreous geothite 80%
with geothite cemented pisolites 20%, high
hardness, minor chips vuggy, moderately uniform
chip size 3-10 mm

HEMATITE: Predominantly hematite 90% high
hardness uniform chip size 2-5 mm, tabular to
blocky, minor to no weathering. Larger chips with
weathered surfaces at 28 and 34 m. Dark grey

GOETHITE & HEMATITE: Geothite 50%
Hematite 40% and ocherous geothite 10% high
hardness, tabular and platey small uniform chips 2-
3 mm no visible signs of major fractures yellow
brown to brown

BIF: Chert 60% Shale 25% and hematite 15%
moderately uniform chips size 3-15 mm low to no
weathering high hardness, sharp transition from
MMM, varies in shale content, grey. Large chips
with weathering at 48-50 m, 53 m and 55 m. Purple
weathered hematitic shal

Concrete Plinth

8" Steel Surface
Casing

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC blank

0-28 m 7" Dual
Rotary

Bentonite seal

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC screen



BOREHOLE NUMBER

Level 2, 87 Adelaide Terrace

PH: 08 62188888  FAX: 08 62188880PROJECT NAME:

LOCATION:

DRILLING CO:

DRILLING METHOD:

LOGGED BY:

FIELD BOOK NO:

NORTHING:

DATE BEGUN: DATE COMPLETED:

ELEVATION (mAHD):

Cased Depth (mbgl):

Stick Up (magl):

Drilled Depth (mbgl):

Water Level (mbgl) & Date:

Quallity - pH & EC (uS/cm):

Airlift Yield (L/s):

Fortescue Metals Group Ltd

East Perth, WA 6004
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789814.79
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432.18
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Dual Rotary/Air Hammer

Eastern Well

2013-05-25
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Young Pit

Young Strip 50-58 60-62

5310

YGM02
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2125

2580

2550

3120
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2770

2640

3980

10320

1

1

1

3

3

5

5

5

5

5

5

6

6

6

6

6

ALLUVIUM: Predominantly clasts of 60% chert
A-SA blocky 2-30 mm size,  20% hematite SR 2-6
mm size and 10% shale SR tabular in 20% silt
matrix. Poorly sorted minor pisolites near base,
unconsolidated; red brown

HARDCAP: Vitreous geothite well formed
hardwith minor silt. Some remenent chert alluvium
visible at 29 m. mostly small uniform chips 3-6
mm, larger vuggy and fractured chips at 30-34 m;
consolidated

HEMATITE & GOETHITE: Highly weathered
hematite and geothite low to mod hardness silty
and dark brown. Becoming fresher with depth
minor vitreous geothite, non-uniform chip size 2-
20 mm, fracturing evident 36-40 m

GOETHITE & OCHEROUS GOETHITE:
Geothite, hematite and ocherous geothite, platey +
tabular chips mod-high hardness mostly non-
uniform chips 3-20 mm. Fracturing, precipitation
and weathering visible on chips 42-48 m, clay silt
infill at 49 m, large chips + weathering at 52-55m;
yellow br

HEMATITE & CHERT: Purple platey hematite
50% and blocky chert 50% mostly uniform chips;
larger weathered chip at 61-64 m

BIF: Predominantely chert >60% with geothite,
hematite and shale moderately weathered at 64 m,
becoming fresher with depth, fairly consistant chip
size 2-6 mm, black shale visible in water, very little
in chips at 75 m.

8" Surface Casing

Concrete plinth

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC blank

Bentonite seal

0-55 m : 7" Dual
Rotary

3.2-6.4 mm graded
gravel

50 mm ND Cl12
PVC screen



Solomon Bore Logs

Name
Depth

Top

Depth

Base
Material Comment

FITL-MB-002 -0.55 0 Surface casing Blue Steel Enviro Cap

FITL-MB-002 0 0.3 Cement Concrete Plinth

FITL-MB-002 0.3 66 Backfill Drill cuttings

FITL-MB-002 66 72 Bentonite seal Bentonite seal 66 - 72m

FITL-MB-002 0 72 Nothing 0 - 72 m: 61/4" Mud Rotary (roller bit)

FITL-MB-002 0 74 Blank 50 mm Class 12 uPVC Blank

FITL-MB-002 97.9 98 Endcap PVC End Cap

FITL-MB-002 72 98 Gravel pack 3.2-6.4mm graded gravel

FITL-MB-002 74 98 Slotted PVC 50 mm Class 12 uPVC Screen

FITL-MB-002 98 99 Fallback Fallback

FITL-MB-002 72 99 Nothing 72 - 99m : 61/4" Mud Rotary (Blade bit)

King Flowing Bore 3 3 Bit Record: 0 - 47 m : Reverse Circulation - Resource exploration drilling

King Flowing Bore 0 5 Blank PVC Drill Collar

King Flowing Bore -1.63 11 Blank 100 mm Class 12 uPVC Blank

King Flowing Bore 46.9 47 Endcap PVC End Cap

King Flowing Bore 0 47 Gravel pack Gravel pack - bridging possible

King Flowing Bore 11 47 Slotted PVC 100 mm Class 12 uPVC Slotted

KMB12S -0.69 0 Surface casing Blue Steel 'Enviro Cap'

KMB12S 0 0.3 Cement Concrete Plinth

KMB12S -0.69 3 Blank 50 mm Class 12 uPVC Blank

KMB12S 0 3 Collar 254 mm Steel Collar

KMB12S 3 3 Bit Record: 0 - 3m: 254 mm Air Hammer; 3 - 9m: 203 mm Mud Rotary

KMB12S 5.9 6 Endcap PVC End Cap

KMB12S 0 6 Gravel pack 3.2-6.4mm graded gravel

KMB12S 3 6 Slotted PVC 50 mm Class 12 uPVC Screen

KMB12S 6 9 Fallback Fallback

SMB1005 -0.38 0.12 Surface casing 215.2 mm OD x 6.35 mm WT Steel Surface Casing

SMB1005 0 0.3 Cement Concrete Plinth

SMB1005 0 2 Cement Cement and Bentonite Seal (0-2 m)

SMB1005 -0.35 23.5 Blank casing Blank 50 mm PN12 uPVC Casing (+0.35-23.5 m)

SMB1005 47.4 47.5 Endcap PVC Endcap

SMB1005 2 47.5 Gravel pack Gravel Pack (3.2-6.4 mm)

SMB1005 23.5 47.5 Slotted casing Slotted 50 mm PN12 uPVC Casing (23.5-47.5 m)

SMB1005 47.5 52 Fallback Fallback

SMB1005 0 52 Bit Record: 0 - 42m : 203.2 mm Dual Rotary. 42 - 52m: 197 mm Air Rotary

SMB1008 -0.45 0.05 Surface casing 215.2 mm OD x 6.35 mm WT Steel Surface Casing

SMB1008 0 0.3 Cement Concrete Plinth

SMB1008 0 3 Cement Cement and Bentonite Seal (0-3 m)

SMB1008 -0.39 23 Blank casing Blank 50 mm PN12 uPVC (Casing 0.39-23 m)

SMB1008 58.9 59 Endcap PVC Endcap

SMB1008 3 59 Gravel pack Gravel Pack (3.2-6.4 mm)

SMB1008 0 59 Bit Record: 0 - 53m : 203.2 mm Dual Rotary. 53 - 59m: 197 mm Air Rotary

SMB1008 23 59 Slotted casing Slotted 50 mm PN12 uPVC Casing (23-59 m)

SMB1021 -0.3 0 Cement Concrete Plinth



Solomon Bore Logs

Name
Depth

Top

Depth

Base
Material Comment

SMB1021 3 3 Bit Record: 0 - 90m

SMB1021 -0.57 3 Surface casing Collar

SMB1021 0 39 Backfill Backfill

SMB1021 39 40 Bentonite Bentonite seal

SMB1021 -0.54 43.5 Blank 2" NB Blank PVC Casing

SMB1021 40 49.5 Gravel pack 1.6-3.2mm graded gravel

SMB1021 43.5 49.5 Slotted PVC 2" Slotted PVC Casing

SMB1032 -0.3 0 Cement Concrete Plinth

SMB1032 3 3 Bit Record: 0 - 15m : Air Hammer

SMB1032 -0.81 3 Surface casing Blue Steel 'Enviro Cap'

SMB1032 0 9 Gravel pack 3.2-6.4mm graded gravel

SMB1032 9 11 Bentonite Bentonite seal

SMB1032 -0.81 12 Blank 50 mm Class 12 uPVC Blank

SMB1032 11 15 Gravel pack 3.2-6.4mm graded gravel

SMB1032 12 15 Slotted PVC 50 mm Class 12 uPVC Screen

TRIN-MB-002 0 0 Surface casing Steel surface casing (unknown size and type)

TRIN-MB-002 0 0.3 Cement Concrete Plinth

TRIN-MB-002 0 3 Collar 8" steel collar

TRIN-MB-002 0 3 Bit Record: 0 - 3 m: 95/8" collar

TRIN-MB-002 0 8 Blank 50 mm Class 12 uPVC Blank

TRIN-MB-002 13.9 14 Endcap PVC End Cap

TRIN-MB-002 0.3 14 Gravel pack 3.2-6.4mm graded gravel

TRIN-MB-002 3 14 Bit Record: 0 - 14m : 61/4" Mud Rotary

TRIN-MB-002 8 14 Slotted PVC 50 mm Class 12 uPVC Screen



Plan 

 
 

 
 

 
Vegetation Health Monitoring and 
Management Plan 

Christmas Creek – Water Management Scheme 

3 February 2012 
CC-PL-EN-0004 Rev 2 





Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme 

Page 3 of 57 

CC-PL-EN-0004_Rev No. 2  

 

 

 

TABLE OF CONTENTS 

1.  INTRODUCTION .............................................................................................................. 6 

1.1  Requirement for Management Plan ................................................................... 6 

1.2  Objectives and Scope ......................................................................................... 6 

1.3  Definition of Keystone Plant Species ................................................................ 7 

1.4  Legislation and Regulatory Framework ............................................................ 7 

2.  ROLES AND RESPONSIBILITIES .................................................................................. 9 

3.  STAKEHOLDER CONSULTATION ............................................................................... 10 

4.  MONITORING AND EVALUATION FRAMEWORK ...................................................... 11 

5.  EXISTING ENVIRONMENT ........................................................................................... 12 

6.  KEY ENVIRONMENTAL ACTIVITIES ........................................................................... 13 

7.  POTENTIAL ENVIRONMENTAL IMPACTS .................................................................. 14 

8.  ENVIRONMENTAL MANAGEMENT ............................................................................. 15 

9.  MONITORING PROGRAM ............................................................................................. 18 

9.1  Monitoring Site Selection ................................................................................. 18 

9.2  Frequency and Duration ................................................................................... 18 

9.3  Baseline Monitoring .......................................................................................... 19 

9.4  Monitoring methodology .................................................................................. 20 

9.5  Data Analysis ..................................................................................................... 24 

9.6  Adaptive Management ...................................................................................... 25 

10.  AUDIT ............................................................................................................................. 26 

11.  CORRECTIVE ACTIONS ............................................................................................... 27 

12.  REPORTING .................................................................................................................. 29 

13.  REVIEW .......................................................................................................................... 30 

14.  REFERENCES ............................................................................................................... 31 



Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme 

Page 4 of 57 

CC-PL-EN-0004_Rev No. 2  

 

 

List of Tables 

 

Table 1:  Commonwealth and State Legislation Relating to the VHMMP ....................... 7 

Table 2:  Potential environmental impacts to vegetation health arising from Project 
activities .......................................................................................................... 14 

Table 3:  Description of elements of environmental management process to achieve 
identified objectives ........................................................................................ 15 

Table 4:  Key Management Actions for vegetation health monitoring and management 
in the Project area .......................................................................................... 16 

Table 5:  Summary of monitoring to be conducted for the VHMMP .............................. 20 

Table 6:  Management targets and monitoring hypotheses for phreatophytic vegetation 
communities ................................................................................................... 21 

Table 7:  Management targets and monitoring hypotheses for Mulga vegetation 
communities ................................................................................................... 23 

Table 8:  Management targets and monitoring hypotheses for Samphire vegetation 
communities ................................................................................................... 24 

 



Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme 

Page 5 of 57 

CC-PL-EN-0004_Rev No. 2  

 

 

LIST OF FIGURES 

 

Figure 1 Regional Project Location 

Figure 2 Predicted Impact Areas 

Figure 3 Survey Point Locations in Mounding Impact Area 1 

Figure 4 Survey Point Locations in Mounding Impact Area 2 

Figure 5 Survey Point Locations in Drawdown Area  

 

 

LIST OF APPENDICES  
 

Appendix A Cross reference to State and Federal Statutory Requirements 

Appendix B Existing Environment 

Appendix C Baseline Hydrological Data Report 

Appendix D Mulga Health Monitoring Parameters 

Appendix E Leaf Water Potential Measurement Data Sheet 

Appendix F Baseline Vegetation Data Report 

 



Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme 

Page 6 of 57 

CC-PL-EN-0004_Rev No. 2  

 

 

1. INTRODUCTION 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia, with its head office located in Perth. 

Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project at its 

Cloudbreak and Christmas Creek mine sites (Chichester Operations).  The Chichester 

Operations consist of several iron ore mines and associated rail and port infrastructure in the 

Pilbara region of Western Australia (Figure 1). 

Continued mining at Christmas Creek requires dewatering to access ore below the watertable.  

As a result, the Christmas Creek Water Management Scheme Project (the Project) has been 

developed to increase the mine dewatering rate at the Christmas Creek mine to 50 Gigalitres 

per annum and to inject the surplus water into groundwater aquifers. 

The Project received State approval under the Environmental Protection Act 1986 (Ministerial 

Statement 871) and Commonwealth approval under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Approval 2010/5706).   

1.1 Requirement for Management Plan 

This Vegetation Health Monitoring and Management Plan (VHMMP) is required by the Minister 

as part of the development approval of the Project approved under Ministerial Statement 871 

(MS871) and EPBC approval 2010/5706. 

1.2 Objectives and Scope 

The objective of the VHMMP is to address the scientific rationale, vegetation health and 

community monitoring and monitoring schedules required to satisfy Condition 8 of MS871 and 

Condition 13 of EPBC Act approval 2010/5706.  The sections of this Plan which address these 

requirements are identified in Appendix A.  

This VHMMP covers the following relevant groundwater dewatering and injection management 

areas (see Figure 2): 

 Dewatering impact area – EPA (2011) indicates that the vegetation of interest in this 

zone is phreatophytic riparian vegetation.  A 5m decline in groundwater to a maximum 

depth of 20 m has the potential to affect phreatophytic vegetation.  The EPA considers 

that any potential impacts in the area are manageable, but advises that vegetation 

monitoring should occur to comply with Condition 8-1. 

 Mounding impact areas 1 and 2 – EPA (2011) indicates that the vegetation of interest 

in these two mounding impact areas is Mulga dominated communities.  Injection of 

brackish water has the potential to impact 173 ha of Mulga vegetation that may 
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experience a groundwater rise to within 2m of the surface for 5% of the year. The EPA 

considers that any potential impacts in the areas are manageable, but advises 

vegetation monitoring should occur to comply with Condition 8-1 of MS871. 

1.3 Definition of Keystone Plant Species 

Keystone plant species identified in this VHMMP are those species occurring in vegetation 

communities that provide high ecosystem service value to the community, or are species within 

communities of high conservation value of which little precise knowledge regarding ecosystem 

function is known.  For this VHMMP, the following keystone plant species are identified: 

 Mulga (Acacia aneura) – Low open forest to woodland; 

 River Red-gum (Eucalyptus camaldulensis) – Riparian woodland to open woodland; 

 Coolibah (Eucalyptus victrix) – Riparian woodland to open woodland; and 

 Samphire communities (Tecticornia species and other major shrubs such as 

Muellerolimon salicorniaceum). 

1.4 Legislation and Regulatory Framework 

Fortescue employees and contractors are obliged to comply with all relevant environmental 

Commonwealth and State legislation. There is a range of legislation that relates to VHMMP in 

Western Australia (Table 1). 

Table 1: Commonwealth and State Legislation Relating to the VHMMP 

Legislation Application 

Conservation and Land Management Act (WA) 

Provides for the vesting or reservation of land for 
conservation purposes, and the ability to enter into 
agreements with private landholders and pastoral 
lessees. It establishes a number of statutory bodies 
including the Conservation Commission of Western 
Australia. 

Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) 

Protection on environmental matters of national 
significance. 

Environmental Protection Act 1986 (WA) 
Prevention, control and abatement or pollution and 
conservation protection and enhancement of 
environment. 

Environmental Protection (Clearing of Native 
Vegetation) Regulations 2004 (WA) 

Regulates the clearing of native vegetation. 

Rights in Water and Irrigation Act 1914 (WA) 

Relates to rights in water resources, to make provision 
for the regulation, management, use and protection of 
water resources, to provide for irrigation schemes, and 
for related purposes. 

Wildlife Conservation Act 1950 (WA) 

Provides for the conservation and protection of wildlife 
(flora and fauna). Special provisions and schedules 
cover protection and management of gazetted rare flora 
and fauna. 
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The following Fortescue documents are also of relevance to this VHMMP: 

 Christmas Creek Groundwater Operating Strategy (CC-PH-HY-0002); 

 Mulga Monitoring Guidelines (45-GU-EN-0001). 
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2. ROLES AND RESPONSIBILITIES 

All Fortescue employees and contractors are required to comply with the requirements of this 

Plan. 

Accountability for fulfilling the requirements of this VHMMP is dependent on the stage of project 

development (construction, operations, decommissioning) and the project type (port, rail, mine). 

Whether construction activities are undertaken by an external service provider, or internal 

Fortescue personnel, the Project Director will be accountable for ensuring the requirements of 

this VHMMP are met.  

During operational stages, the General Manager will be accountable for ensuring the 

requirements of this VHMMP are met.  

Where responsibilities are delegated, this must be clearly recorded and communicated. 

In Section 8, specific Management Actions have been attributed to the appropriate personnel.  
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3. STAKEHOLDER CONSULTATION 

This plan was submitted to the Department of Environment and Conservation for its feedback, 

and to the Office of the Environmental Protection Authority (OEPA) and the Department of 

Sustainability, Environment, Water, Population and Communities (SEWPaC) for their approval, 

in accordance with MS871 and EPBC Approval 2010/5706. 
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4. MONITORING AND EVALUATION FRAMEWORK 

This plan uses the Monitoring and Evaluation framework developed by the International Union 

for Conservation of Nature (IUCN).  Monitoring and evaluation for environmental management 

effectiveness is a cyclical, rather than linear framework that uses the principles of active 

adaptive management as the core project planning, design and evaluation procedure (Hockings 

et al. 2006). This is a ‘learning by doing’ approach, but in a systematic and purposeful way 

(Stem et al. 2005).   

Active adaptive management is recognised as the most effective contemporary approach for the 

conservation of natural areas (Hockings et al. 2006) and is adopted by numerous environmental 

management agencies worldwide, including the Western Australian DEC. Adaptive 

management is usefully applied in environmental management since it assumes that it is 

impossible to know all knowledge regarding the management unit or ecosystem.  However, it 

allows modification to management actions on the basis of learning new information regarding 

the management unit or ecosystem.  

The Monitoring and Evaluation framework includes the following elements: 

 Understand the current state of vegetation potentially effected by modified groundwater 

levels resulting from mine dewatering and injection activities (State). 

 Determine the pressures or threats to the vegetation (Pressure). 

 Evaluate and select adaptive management responses available to Fortescue to 

achieve a target vegetation state (i.e. avoiding unacceptable change to the vegetation) 

(Response). 

These elements collectively comprise the Pressure-State-Response model used when applying 

an adaptive management approach for protecting environmental values in natural areas. This 

provides a framework for planning and implementing environmental management actions. 
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5. EXISTING ENVIRONMENT 

Information regarding the existing environment associated with the Project, including the current 

state of vegetation and threats to vegetation within the Project area is in Appendix B. 
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6. KEY ENVIRONMENTAL ACTIVITIES 

Many of the activities1 associated with Fortescue’s exploration, construction, operation and 

decommissioning activities have the potential to impact on the environment.  

The key activities associated with the Project which have the potential to impact on vegetation 

health include: 

 Groundwater abstraction and distribution; 

 Groundwater injection. 

  

                                                 
1 Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by ISO14001. 
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7. POTENTIAL ENVIRONMENTAL IMPACTS 

The potential impacts to vegetation health arising from Project activities are presented in  

Table 2. 

Table 2: Potential environmental impacts to vegetation health arising from Project activities 

Aspect of Project Potential environmental impact 

Dewatering Adverse impact (significant alteration beyond natural variation) to 
the vegetation community. 

Death of keystone phreatophytic species. 

Brackish water injection 
Adverse impact (significant alteration beyond natural variation) to 

the vegetation community. 

Death of keystone plant species. 
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8. ENVIRONMENTAL MANAGEMENT 

A series of environmental management objectives with respect to mitigating potential 

environmental impacts have been developed. These are: 

Prevent adverse impact2 on native vegetation communities attributable to the Project outside 

the predicted impact areas. 

Prevent mortality of keystone plant species or significant changes in habitat characteristics 

attributable to the Project within the dewatering and mounding impact areas. 

For each objective, management actions have been developed to ensure the impacts from 

Fortescues operations are managed, and that appropriate monitoring, reporting and corrective 

action functions are implemented to support the successful implementation of the management 

actions. 

The key elements of the environmental management process associated with each objective 

are described in Table 3. 

Table 3: Description of elements of environmental management process to achieve identified objectives 

Element Definition / Description 

Objective What is intended to be achieved. 

Management Action Tasks undertaken to enable the objective to be met. 

Performance Indicators Metrics for evaluating the outcomes achieved by the Management Action. 

Reporting/Evidence Demonstrates that the Management Action has been applied and the outcome 
evaluated. 

Responsibility Accountability for ensuring Management Action is completed. 

 

                                                 
2 Adverse impacts are defined as statistically significant (either positive or negative) differences in monitoring criteria 

within impact sites in comparison to reference sites (allowing for natural variation between seasons and between 

years). 
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Table 4: Key Management Actions for Vegetation Health Monitoring and Management in the Project Area 

Reference Management Action Objective Performance Indicators Reporting / Evidence Timing Responsibility 

1. Conduct a baseline 
vegetation 
assessment for 
dewatering impact 
areas and mounding 
impact areas 
identified in Figure 2 
of this Plan. 

1,2  Baseline assessment conducted 

 No change greater than natural 

variation that is attributable to the 

Project measured by spatially 

distributed replicate monitoring 

sites 

 No change greater than natural 

variation that is attributable to the 

Project measured by monitoring 

sites within impact areas in 

comparison to reference (no 

impact) areas. 

 Report 

 Baseline 

assessment 

Design Project Manager 

2. Implement the 
Vegetation Health 
Monitoring Program 
in Section 9 of this 
Plan to monitor any 
change in vegetation 
health at dewatering 
impact areas and 
mounding impact 
areas and where 
necessary implement 
corrective actions. 

1,2  No change greater than natural 

variation that is attributable to the 

Project measured by spatially 

distributed replicate monitoring 

sites. 

 No change greater than natural 

variation that is attributable to the 

Project measured by monitoring 

sites within impact areas in 

comparison to reference (no 

impact) areas. 

 Incident reports of vegetation stress 

potentially attributable to the 

Project. 

 Monitoring requirements are 

included in the Christmas Creek 

Operating Strategy. 

 Vegetation Health 

Monitoring Program 

 Monitoring reports 

 Incident reports 

 Annual 

Environmental 

Report 

Design/ 
Construction/ 
Operation 

Project Manager/ 
Manager Mining/ HSES 
Manager 
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Reference Management Action Objective Performance Indicators Reporting / Evidence Timing Responsibility 

3. Where vegetation 
health monitoring 
detects vegetation 
stress potentially 
attributable to the 
Project, implement 
management 
measures outlined in 
the Christmas Creek 
Groundwater 
Operating Strategy 
(CC-PH-HY-0002). 

1,2  No change greater than natural 

variation that is attributable to the 

Project measured by spatially 

distributed replicate monitoring 

sites. 

 No change greater than natural 

variation that is attributable to the 

Project measured by monitoring 

sites within impact areas in 

comparison to reference (no 

impact) areas. 

 Adherence to the Christmas Creek 

Groundwater Operating Strategy. 

 Incident reports of vegetation stress 

potentially attributable to the 

Project. 

 Monitoring requirements are 

included in the Christmas Creek 

Groundwater Operating Strategy. 

 Monitoring report 

 Annual 

Environmental 

Report 

 Groundwater 

Operating Strategy 

Construction/ 
Operation 

Project Manager/ 
Manager Mining 

4. Where trigger levels 
have been exceeded 
as a result of the 
implementation of the 
Project, comply with 
Condition 8-5 of 
MS871 and Condition 
13 of EPBC Approval 
2010/5706. 

1,2  Compliance with MS871 

 Compliance with EPBC Approval 

2010/5706. 

 Monitoring report 

 Correspondence 

with the 

OEPA/SEWPaC 

 Monitoring Report 

Construction/ 
Operation 

Project Manager/ 
HSES Manager 
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9. MONITORING PROGRAM 

This monitoring program has been prepared as part of the VHMMP to incorporate best practice 

methods to address the goals and objectives addressed in this Plan.  This program will address the 

monitoring conditions outlined in MS871 and EPBC Approval 2010/5706.  

9.1 Monitoring Site Selection 

The rational used for site selection for this monitoring program involved: 

 Stratification between impact and references areas; 

 Identification of phreatophytic communities in dewatering impact and reference areas; 

 Identification of Mulga communities in re-injection impact and reference areas; 

 Selection of ecophysiological sampling locations close to existing monitoring bores; and 

 Selection of reference quadrats previously surveyed by ENV to provide a repeat measure. 

In addition, site selection was guided by road access and took into account heritage issues. 

The location of impact and reference monitoring sites are shown in Figures 3-5.  

With regard to the monitoring of groundwater levels and groundwater quality in proximity to the 

vegetation monitoring sites, the groundwater data collected in Fortescue’s quarterly aquifer reviews 

provides appropriate baseline groundwater monitoring data for the Project and the VHMMP.  The 

most recent of these reviews (Fortescue 2011d; Appendix C), identifies the bores currently being 

monitored.  In addition, five recently-constructed near-marsh monitoring bores will also provide 

more marsh-focussed baseline data. Data for these near-marsh monitoring bores will be 

incorporated into subsequent monitoring reviews. 

Fortescue considers that this groundwater level and EC data , which is collected monthly, and 

reported quarterly to stakeholders, is also the most appropriate data to satisfy the 2nd part of 

Condition 8-3(3) in MS871, and the 2nd part of Condition 13(d) in EPBC approval 2010/5706, as it’s 

collected most near to the vegetation monitoring points.    

9.2 Frequency and Duration 

Baseline monitoring for the Project was conducted in August 2011.  Biannual monitoring will 

nominally be conducted in: 

 May 2012; and  

 November 2012. 

The exact timing of monitoring may be subject to prevailing weather conditions, which may affect 

site accessibility and the utility of some monitoring methods.  Any changes to the frequency of 
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monitoring in 2013 will be evaluated following the analysis of the repeat measures of data from 

August 2011 to November 2012. 

9.3 Baseline Monitoring  

Baseline monitoring was conducted prior to the reinjection of surplus water in accordance with 

Condition 8-4 of MS 871 and Condition 13 of EPBC2010/5706.   

The baseline monitoring included: 

 Qualitative phreatophytic tree health assessments following an adapted method of Souter et 

al. (2010); 

 Digital canopy photography cover measurements of phreatophytic trees (Eucalypts) in 

dewatering and reference areas; 

 Qualitative Mulga community health assessments in accordance with the Fortescue Mulga 

Monitoring Guidelines (Fortescue 2011c).  A summary description of the methodology is 

provided in Appendix D; 

 Quantitative phreatophytic (Eucalyptus) water status assessments using pre-dawn and midday 

leaf water potential measurements in dewatering versus reference areas (this data is linked to 

borefield measurements collected as part of the Project).  An example of the data record 

template used is provided in Appendix E; 

 Quantitative Mulga water status assessments using pre-dawn and midday leaf water potential 

measurements in reinjection versus reference areas (this data is linked to borefield 

measurements collected as part of the Project); 

 Measurement of gravimetric soil moisture at 1 m depths in Mulga reinjection impact areas 

versus reference areas. This data augmented the groundwater level monitoring in nearby 

Fortescue bores, and provided the basis for indentifying correlations between groundwater 

level changes, increases in soil moisture in the root zone and the detection of physiological 

responses in Mulga trees.  

 Sampling to 1 m depth is practical using hand equipment, but may not capture soil moisture 

changes through the bulk extent of plant rooting depth. Options for increasing the sampling 

depth (to up to 6 m) using vehicular mounted drilling equipment at selected sites are being 

investigated by Fortescue, to further inform relationships between groundwater level changes 

and soil moisture response in the unsaturated profile; 

 Samphire cover estimates (type labels only until reproductive material available) of Samphire 

communities in line intercept transects within impact and control areas; and 

 Samphire height and tip die-off measurements for each individual plant intersected in 

Samphire line intercept transects. 

For the first year of injection operations of the Project, biannual monitoring of keystone species 

health and water status of phreatophytic trees and Mulga will be conducted.  Biannual botanical 
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survey of transects will be conducted.    Appendix F contains the initial baseline vegetation 

monitoring report (Astron 2011). 

A summary of monitoring conducted for this monitoring program is provided in Table 5. 

Table 5: Summary of monitoring to be conducted for the VHMMP 

Potential impact Monitoring criteria Data analysis 

Groundwater 
decline due to 
dewatering. 

Qualitative Phreatophytic 
tree health assessments 

Non-parametric ANOVA (Zar 2009). 

Quantitative Digital Canopy 
Photography 

Univariate Control Chart – Level 1 management 
response required in exceedance of 1 Standard 
Deviation in percentage canopy cover. 

ANOVA – Level 1 management response required if 
significant differences (normalised data and p<0.05) 
detected. 

Quantitative health 
assessments 

Multivariate Control Charts of multiple 
ecophysiological variables – Level 1 management 
response required in exceedance of 90% Confidence 
Interval in Control Chart trend (Anderson and 
Thompson 2004). 

ANOVA – Level 1 management response required if 
significant differences (normalised data, p<0.05) 
detected. 

Groundwater rise 
due to reinjection 

Qualitative Mulga health 
assessments 

Non-parametric ANOVA (Zar 2009). 

Quantitative Mulga water 
status health assessments 

Multivariate Control Charts of multiple 
ecophysiological variables – Level 1 management 
response required in exceedance of 90% Confidence 
Interval in Control Chart trend. 

ANOVA – Level 1 management response required if 
significant differences (normalised data, p<0.05) 
detected. 

Tests of association between soil moisture 
measurements and water status. 

Samphire community 
analysis 

Multivariate control charts of species presence and 
cover.  Control limit set to 90% Confidence Interval. 

Per-MANOVA. Identification of significant species 
changes.  Between year shifts in Samphire 
community represented in pairwise Analysis of 
Similarity Ordination Plots (Clarke and Warwick 
2001). 

Samphire health Univariate Control Chart – Level 1 management 
response required in exceedance of 1 Standard 
Deviation in tip die off and height. 

MANOVA – Level 1 management response required 
if significant differences (p<0.05) detected. 

9.4 Monitoring methodology 

Monitoring will be a combination of quantitative and qualitative vegetation measurements, 

ecophysiological measurements and health assessments using qualitative criteria and digital 

canopy photography.  The detailed methodology for each vegetation community defined by its 

keystone species is described below. 



Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme 

Page 21 of 57 

CC-PL-EN-0004_Rev No. 2  

 

 

Phreatophytic Vegetation Communities 

Management Targets and Monitoring Hypotheses 

 

Table 6 outlines the management targets and monitoring hypotheses for phreatophytic vegetation 
communities. 

Table 6: Management targets and monitoring hypotheses for phreatophytic vegetation communities 

Management targets Details 

Vegetation management target No adverse impact, beyond natural variability, to phreatophytic trees or 
recruitment due to dewatering. 

Groundwater management trigger Management of groundwater decline to ensure actual groundwater levels do 
not fall to below 20 m beneath the ground surface in dewatering areas in 
accordance with the Christmas Creek Groundwater Operating Strategy CC-
PH-HY-0002. 

Vegetation monitoring management 
triggers 

Pre-dawn leaf water potentials significantly greater in dewatering zones in 
comparison to reference.  

Percentage canopy cover significantly greater than reference (p<0.05) and/or 
greater than 1 Standard Deviation from the Control Chart mean. 

Deaths of keystone tree species significantly greater than reference (p<0.05) 
and/or greater than 1 Standard Deviation from the Control Chart centerline. 

Management hypothesis The water status, health and recruitment of phreatophytic trees within areas of 
dewatering and lowing of the water table will not alter significantly in 
comparison to phreatophytic vegetation in area not affected by lowering of 
groundwater though dewatering. 

Methodology 

Each monitoring site will include an area of approximately 2 ha in which permanent sample trees 

will be selected and quadrats will be established.  At each site thirty mature phreatophytic trees 

(E. camaldulensis and E. victrix) will be randomly selected for repeated measurements using 

qualitative visual health assessment scores (see Appendix E).  An approximate 1:1 mix of both 

species will be sought where they co-occur.  Each measurement tree will be permanently labeled 

with a metal tag, measured for diameter over bark at breast height (DBHOB; at 130 cm above 

ground level) and identified to species level (where possible3).  Of the 30 permanent sample trees, 

a subsample of ten trees will be selected for quantitative monitoring.  The quantitative 

measurements performed on the ten subsample trees will include predawn leaf water potentials 

and projected foliar cover (PFC).  A permanent photo point to measure PFC will be installed under 

the canopy of the 10 subsample trees with a short star picket and protective cap.  

Sites will be selected to provide a good spatial representation of the potential impact area, where 

significant stands of phreatophytic vegetation exist, and in areas easily accessible for future 

monitoring. 

                                                 
3  Fortescue  recognises  that  E.  victrix,  as  currently  described,  could  potentially  consist  of  several  cryptic  taxa within  an  overall 

species complex. 
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During a four day period predawn leaf water potential measurements will be taken. Three excised 

shoots (two to ten leaves) will be sampled from the mid-canopy of each of the ten permanent 

subsample trees one to two hours before dawn.  Shoots will be immediately sealed in an airtight 

plastic bag and kept chilled in an esky until their water potentials will be measured with a pressure 

chamber (Model 1000, PMS Instrument Company, Oregon, USA).  The leaf water potential 

measurements are a scientifically robust technique that can provide an in situ indication of plant 

water status (Turner 1988) and soil water availability (O’Grady et al. 2002); however careful 

interpretation of results is necessary due to the potential for disequilibrium to occur between 

predawn leaf and soil water potentials in some situations. 

Visual Assessment 

All sample trees (30 per site) will be visually assessed using an adapted method originally 

developed by Souter et al., (2009) to monitor the health of phreatophytic eucalypts. The 

assessment method is based on a conceptual model of the symptoms of decline due to water 

stress and indicators of recovery as conditions improve.  The method incorporates the following 

aspects of tree health: 

 Crown growth; 

 Crown density;  

 Epicormic growth;  

 Epicormic state; 

 Reproduction; 

 Crown tip growth; 

 Leaf die off; 

 Leaf damage; 

 Mistletoe; and 

 Bark form. 

Crown condition ratings are based on a scale from 0 to 9 which will be assigned to the stages of 

tree decline and recovery as displayed as combinations of crown extent and density classes in 

Souter et al. (2010). A rating of 0 corresponds to a tree with no leaves and 9 corresponding to a 

tree where the canopy is completely foliated and the foliage is at maximum density. A score of 5 

represents a tree with moderate canopy foliation and moderate foliage density. 

Determination of crown condition trajectory will be based on the system of Souter et al. (2009; 

2010). Scores for recovery attributes (epicormic growth, reproduction and crown growth) and 

decline attributes (leaf die off and leaf damage) will be totaled, with scores ranging from 0 (effect 

absent) to 3 (effect dominates appearance of tree) given for each attribute (Souter et al. 2009). In 

addition, one point will be added to the decline attributes total when the tree has cracked bark and 

one point will be deducted from the recovery attributes total when epicormic growth (if present) is 

inactive. A declining trajectory will be assigned to trees where the decline total exceeded the 
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recovery total by more than one point, and vice versa for a recovery trajectory. Where the 

difference is one point or less, the trajectory will be considered to be stable. 

Projected Foliar Cover 

Projected foliar cover (PFC) will be determined for individual trees and across transects. PFC is 

related to canopy density which is often related to plant stress, as the shedding of leaf canopy is 

one of the first physiological responses to water stress (Souter et al. 2009). 

For assessing the PFC within the canopy of individual trees, permanent sampling points will be 

installed underneath the ten subsample trees at each site with a 60 cm star picket.  A 12.0 

Megapixel Digital Camera will be locked onto a tripod with the camera looking skywards.  A surface 

level (or bubble level) will be used to ensure the camera was kept level.  By placing the tripod at 

the same permanent location and through the use of the surface level the PFC images can be 

replicated on a temporal scale to give an indication of changes into canopy density.  Images will be 

analysed to estimate a PFC in accordance with MacFarlane et al. (2007a; 2007b).  Data obtained 

from these images can only be used to interpret changes in foliar cover on a temporal scale.  

Therefore, this data will not be presented until a second monitoring trip is completed.  

Quadrat canopy cover estimates using a leaf area index (LAI) meter (e.g. LAI-2200 Plant Canopy 

Analyser or equivalent) will be investigated, particularly with respect to their application in 

demonstrating consistent estimates of the LAI in spare canopy of Coolibahs.  

Mulga Vegetation Communities 

Management Targets and Monitoring Hypotheses 

Table 7 outlines the management targets and monitoring hypotheses for Mulga vegetation 

communities. 

Table 7: Management targets and monitoring hypotheses for Mulga vegetation communities 

Management targets Detail 

Vegetation management target No adverse impact to vegetation community or Mulga and associated Acacia 
species trees due to groundwater mounding  

Groundwater management trigger Management of groundwater to remain 2m below ground level in accordance 
with the Christmas Creek Groundwater Operating Strategy CC-PH-HY-0002. 

Vegetation monitoring management 
triggers 

Midday leaf water potentials significantly greater in mounding impact areas in 
comparison to reference. 

Percentage canopy cover of Mulga trees significantly greater than or less than 
reference in reinjection zones. 

Deaths of keystone Mulga trees significantly greater than or less than 
reference. 

Management hypothesis The water status and health of Mulga vegetation within areas of reinjection and 
rising of the water table will not alter significantly in comparison to Mulga 
vegetation in areas not affected by rising groundwater through reinjection. 
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Methodology 

Vegetation monitoring will follow guidelines provided in the Mulga Monitoring Guidelines (45-GU-

EN-0001).  Additions and deviations to the guidelines are based on the following monitoring: 

 Pre-dawn and leaf water potentials measured on Mulga trees and Mulga vegetation 

community survey following procedures outlined under the methodology for Phreatophytic 

vegetation communities. 

 Soil moisture measurements in monitoring sites and tests of association between soil moisture 

and Mulga water status. 

Samphire Vegetation Communities 

Management Targets and Monitoring Hypotheses 

Table 8 outlines the management targets and monitoring hypotheses for Samphire vegetation 

communities. 

Table 8: Management targets and monitoring hypotheses for Samphire vegetation communities 

Management targets Detail 

Vegetation management target No adverse impact to Samphire vegetation community due to groundwater 
mounding. 

Groundwater management trigger Management of groundwater to remain 2m below ground level, or otherwise at 
a depth that is not significantly different to reference areas in accordance with 
the Christmas Creek Groundwater Operating Strategy CC-PH-HY-0002. 

Vegetation monitoring management 
triggers 

Plant species composition within communities within mounding areas does not 
alter significantly as measured by non-parametric multivariate analyses from 
vegetation transects in reference areas (identification with reliable reproductive 
material from surveyed plants) 

Tip die off or tip growth of Samphire plants is not significantly greater in 
mounding impact areas in comparison to reference areas. 

Methodology 

Change in the maximum and mean height of Samphire plants is not significantly lower or greater in 

mounding impact areas in comparison with references areas. 

Monitoring will be based on several replicate line-intercept sampling transects in reference and 

mounding impact areas.  Additional analyses of soil parameters, which may be used as 

supplemental triggers or surrogates for plant health, will be determined over the repeat 

measurements in this sampling program. 

9.5 Data Analysis 

Two methods will be applied to determine if differences or trends in monitoring data are occurring.  

These are: 
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 Application of single variable (univariate) or multiple variable (multivariate) Control Charts, to 

identify trends in data that may indicate changes taking place within impact sites in 

comparison to reference sites (Anderson and Thompson 2004, Morrison 2008). Control Charts 

incorporate a centerline value (for stochastic parameters) and ‘control limits’ within which 

these parameters are expected to be maintained in the absence of significant impacts; 

 Tests of significant differences between impact sites and reference sites in single variables 

(Analysis of Variance - ANOVA) or multiple variables (Permutation Multiple Analysis of 

Variance; PERMANOVA) (Anderson 2001, Zar 2009). 

Parametric statistics are commonly used to detect changes in impact and reference areas using 

the Before-After-Controlled-Impact monitoring.  The application of Control Charts is a relatively 

new approach to assist environmental managers to interpret trends in monitoring data.  In Western 

Australia, Control Charts are used in the analysis of monitoring data for the Marine Turtle 

Monitoring Program in the Gorgon Gas Development. 

9.6 Adaptive Management 

Analysis of the effectiveness of vegetation management identified in the monitoring program will be 

compiled within the VHMMP annual report for 2012.  The OEPA and DEC will be consulted if any 

changes to the monitoring methodologies are proposed. 

Results, discussion and new information obtained from the monitoring program will be included in 

the annual report.  Opportunities for adaptive management that may arise from these analyses will 

be explored. 
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10. AUDIT 

Internal auditing of activities associated with the VHMMP will be carried out in accordance with 

Fortescue’s internal audit schedule.  

Audit criteria may include, but is not limited to: 

 Management actions within this document; 

 Implementation of monitoring program; and 

 Applicable conditions and commitments within Ministerial Statements. 

Where non-conformance issues or opportunities for improvement are identified these will be 

documented and tracked via the Business Management System (BMS). 
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11. CORRECTIVE ACTIONS 

The management trigger-response framework adopted in the VHMMP includes two levels. At the 

outset of the program a Level 1 response will be triggered if Control Charts indicate change greater 

than 1 Standard Deviation in a univariate measure(s), or beyond the 90% Confidence Interval for 

multivariate Control Charts (Anderson and Thompson 2004). Level 2 Management Response 

Triggers will be implemented when significant adverse differences attributable to the project are 

determined or predicted to occur without management intervention (See Section 6.2). 

Level 1 Vegetation Management Response Trigger 

This is considered the first level of vegetation monitoring response.  Monitoring will identify if 

changes occur in a range of metrics related to vegetation condition. The magnitude of change in 

dewatering and Injection zones, in comparison with reference areas, provides the basis for 

detecting potential adverse impacts. A Level 1 Management Response Trigger represents the 

amount of change in a measured parameter, or group of parameters, in excess of a defined 

statistical threshold necessary to enact a management response.  

On the identification of a Level 1 management trigger, the management response will be: 

 Re-examination of groundwater levels to validate that groundwater is within water 

management trigger levels; 

 Increase in vegetation monitoring frequency; 

 Compilation of rainfall, soils, and groundwater monitoring information for detailed statistical 

analyses using Generalized Liner Modelling/Multiple regression approach.  The outcome of 

these analyses is to partition the degree of variance towards predictors of the vegetation 

impact. 

Note that the detection of change in a repeated measurement dataset does not enable cause and 

effect to be determined without additional statistical analysis. As such the exceedance of a Level 1 

trigger value does not imply that an adverse impact has occurred, but rather indicates that 

additional analysis is required to determine this.  

Level 2 Vegetation Management Response Trigger 

This is considered the second level of vegetation monitoring response.  On the identification of a 

Level 2 management trigger, the management response will be: 

 Increase in vegetation monitoring frequency (as per Trigger Level 1);  

 Adaptive water management response (modified dewatering and injection regime) following 

management guidance within the Christmas Creek Groundwater Operating Strategy CC-PH-

HY-0002 ; and 
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 In accordance with Condition 8-5 of MS 871: 

o The trigger exceedance will be reported to the CEO of the OEPA within 7 days of the 

exceedance being identified 

o Evidence allowing the determination of the cause of the exceedance will be provided to the 

CEO of the OEPA within 21 days of the exceedance being identified; and a response action 

plan will also be provided where deemed necessary by the CEO of the OEPA. 

o Actions to address the exceedance will be implemented where the need is identified to the 

satisfaction of the CEO of the OEPA. 

 In accordance with Conditions 13h-j of EPBC2010/5706, in the event that the monitoring 

indicates that the triggers defined in this VHMMP have been exceeded, Fortescue shall: 

o Report such findings to the Department of Sustainability, Environment, Water, Population 

and Communities (SEWPaC) within 7 days of the exceedance being identified 

o Provided written advice to SEWPaC, within 21 days of the exceedance being identified, 

stating: 

 the direct cause of the exceedance; and 

 actions and associated timelines proposed to remediate the groundwater levels. 

o If actions cannot be undertaken to address the exceedance or there is a loss of EPBC Act 

listed threatened species habitat, then an offset, for approval by the Minister responsible for 

administration of the EBC Act, will be provided within 3 months of the identification of the 

exceedance.  The offset will be for the long term protection of habitat that maximises the 

potential for the conservation of EPBC Act listed threatened fauna species, including the 

Greater Bilby (Macrotis lagotis), Night Parrot (Pezoporus occidentalis), and Mulgara 

(Dasycercus cristicaudata), at a ratio of 7 ha for every 1 ha impacted by the exceedance.  

The approved offset will be implemented.  The operation of the project cannot continue 

beyond 4 months of an exceedance being identified, unless the offset has been approved. 

With regards to adaptive water management, Fortescue has developed a system for assigning and 

managing an appropriate distribution of monitoring points (bores), associated trigger levels (Class 

1 and Class 2) and management responses for groundwater embodied in the Christmas Creek 

Groundwater Operating Strategy CC-PH-HY-0002.   

The full description of the groundwater monitoring triggers is provided in the Christmas Creek 

Groundwater Operating Strategy CC-PH-HY-0002. These management responses are to occur 

with the exceedance of a Class 2 Groundwater trigger.  This involves implementation of 

modifications to operational activities including: 

 Reducing volumes of water piped to the affected area by redirecting water to other injection 

areas; 

 Redirection of disposal water to transfer and/or infiltration ponds; and 

 Redirection of disposal water to void mine pits. 
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12. REPORTING 

Following each monitoring survey, a brief letter report will be prepared summarising the work 

completed and any problems encountered.  A report will be prepared annually, which will provide a 

detailed summary of monitoring, analysis of results and contingency actions undertaken.  The 

annual report will assist in evaluating the effectiveness of the management and monitoring 

program and will provide information on the current status of the vegetation in relation to the 

Project. 
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13. REVIEW 

It is important that Management Plans are frequently reviewed and revised as Fortescue’s 

operations change and opportunities for improved management practices are identified. 

The VHMMP will be reviewed following analysis of monitoring results obtained during the first 15 

months of monitoring commencing in August 2011. Depending on the outcome of this review, the 

VHMMP may be expanded, continued unchanged or reduced in scope. If necessary, new 

management targets will be set using an adaptive management approach (Stem et al. 2005). 

Upon review, the document will be revised where appropriate and the revision status will be 

updated in accordance with Fortescue’s document control procedures. 
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Figure 1  
Regional Project Location 
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Figure 2  
Predicted Impact Areas 

  



 

 

This page has been left blank intentionally 

  



bvonperger
Text Box
Figure 2



 

 

Figure 3  
Survey Point Locations in Mounding Impact Area 1 
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Figure 4  
Survey Point Locations in Mounding Impact Area 2 

  



 

 

This page has been left blank intentionally 

  



!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(

5555

5555

5555

444

5
55

666

888

Figure 5b: Survey Point Locations in Mounding Impact Area 2
Author:  Mark  Garkaklis Date:  27-09-2011Drawn:  R. Wathugala / S. Fielden 12306-11FMVXRevA_110927_Figure_5b

Fortescue Metals Group 
Christmas Creek Vegetation Health Monitoring

Legend

5 Soil Bore Location

!( Ecophysiology Tree Survey Point

Transect

Samphire Impact Transect

Samphire Reference Transects

Drawdown Impact Area

Mounding Impact Area 2

2
1

±
Datum:  GDA 1994

Projection:  MGA Zone 50

Site 5

Site 6

Site 4

Site 8

0 750 1,500 2,250 3,000375
metres

bvonperger
Text Box
Figure 4:



 

 

Figure 5  
Survey Point Locations in Drawdown Area 

  



 

 

This page has been left blank intentionally 

  



!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(
!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(555

555

555555

5555

111

777

5
55

222

888

33 3

Figure 5c: Survey Point Locations in Drawdown Area
Author:  Mark  Garkaklis Date:  27-09-2011Drawn:  R. Wathugala / S. Fielden 12306-11FMVXRevA_110927_Figure_5c

Fortescue Metals Group 
Christmas Creek Vegetation Health Monitoring

Legend

5 Soil Bore Location

!( Ecophysiology Tree Survey Point

Transect

Samphire Impact Transect

Samphire Reference Transects

Drawdown Impact Area

Mounding Impact Areas

2
1

±
Datum:  GDA 1994

Projection:  MGA Zone 50

Site 3

Site 2

Site 7

Site 1

Site 5

Site 8

0 750 1,500 2,250 3,000375
metres

bvonperger
Text Box
Figure 5:



 

 

Appendices 
  



 

 

This page has been left blank intentionally 

  



 

 

Appendix A. 
Cross reference to State and  

Federal Statutory Requirements 
  



 

 

This page has been left blank intentionally 

  



Appendix A: Cross reference to State and Federal Statutory Requirements 

Ministerial Statement 
and Condition 

Requirement or Issue 
Location in this 
Plan 

EPBC 2010/5706: 13 The Plan must be developed by an appropriately qualified expert 
and in consultation with the WA DEC to the satisfaction of the 
Minister. 

Page 2 

Section 3 

EPBC 2010/5706: 13a Measures to ensure there is no adverse impact on native vegetation 
communities attributable to the project outside the predicted impact 
areas. 

Sections 8 & 9 

MS871: 8-3(1) 

EPBC 2010/5706: 13b 

Identification of keystone plant species and habitat characteristics 
and limits of acceptable change in health and/or condition of these 
to be used as the basis for monitoring. 

Appendix B 

MS871:8-3(2) 

EPBC 2010/5706: 13c 

Locations for predicted impact and reference monitoring sites 
(outside the predicted impact areas) for baseline and ongoing 
monitoring, with sites selected based on scientific rationale and to 
the satisfaction of the Department of Environment and 
Conservation. 

Figures 3-5 

Section 9 

EPBC 2010/5706: 13d Define the collection and timeframes of baseline monitoring for 
vegetation health, species composition and habitat characteristics at 
both predicted impact and reference monitoring sites and 
groundwater levels and ground water quality at agreed sites in 
proximity to the vegetation monitoring sites. 

Section 9 

MS871: 8-3(3) Results of baseline monitoring for vegetation health, species 
composition and habitat characteristics at both predicted impact and 
reference monitoring sites, and groundwater levels and groundwater 
quality at agreed sites in proximity to the vegetation monitoring sites. 

Section 9 

Appendices C 
and F 

MS871: 8-3(4) 

EPBC 2010/5706: 13e 

Specifications for the monitoring program for vegetation health, 
species composition and habitat characteristics, including trigger 
levels for additional management actions to prevent further impacts 
and ensure compliance with condition 8-1. 

Section 9 

MS871: 8-3(5) Specific management and contingency actions beyond reporting or 
initiating assessment. 

Section 8 & 11 

MS871: 8-4 The monitoring is to be carried out according to a method and 
schedule determined prior to the injection of surplus water to the 
satisfaction of the CEO OEPA, and is to be carried out until such a 
time as the CEO OEPA determines on advice from the DEC that 
monitoring may cease. 

Sections 8 & 9 

EPBC 2010/5706: 13f Reporting on milestones and compliance with this plan Section 12 

EPBC 2010/5706: 13g Results of the monitoring program and compliance with the plan 
must be published on the company’s website. 

Section 12 

MS871: 5(1) 

MS871: 5(2) 

MS871: 5(3) 

MS871: 5(4) 

In the event that monitoring required by condition 8-3 indicates an 
exceedance of trigger levels determined as a result of the 
implementation of the groundwater abstraction and disposal 
(dewatering and injection): 

1. The proponent shall report such findings to the CEO of the 
OEPA within 7 days of the exceedance being identified; 

2. The proponent shall provide evidence which allows 
determination of the cause of the exceedance within 21 
days of the exceedance being identified; 

3. If determined by the CEO of the OEPA to be a result of 
activities undertaken implementing the proposal, the 
proponent shall submit actions to be taken to address the 
exceedance within 21 days of the determination being 
made to the CEO of the OEPA; and 

Sections 8 and 
11 



Ministerial Statement 
and Condition 

Requirement or Issue 
Location in this 
Plan 

4. The proponent shall implement actions to address the 
exceedance upon approval of the CEO of the OEPA and 
shall continue until such a time the CEO of the OEPA 
determines the remedial actions may cease. 

EPBC 2010/5706: 13h 

EPBC 2010/5706: 13i 

EPBC 2010/5706: 13j 

In the event that the monitoring indicates that the triggers defined as 
part of condition 13b have been exceeded, the person taking the 
action shall: 

 Report such findings to the department within 7 days of the 
exceedance being identified; 

 Provide written advice to the department, within 21 days of 
the exceedance being identified, stating: 

- The direct cause of the exceedance. 

- Actions and associated timelines proposed to 
remediate the groundwater levels. 

 If actions cannot be undertaken to address the exceedance 
or there is a loss of EPBC Act listed threatened species 
habitat, then an offset, for approval by the Minister, must 
be provided within 3-months of the identification of the 
exceedance. 

Sections 8 & 11 

 



 

 

Appendix B. 
Existing Environment 

  



 

 

This page has been left blank intentionally 

  



Vegetation Health Monitoring and Management Plan – Christmas Creek Water 
Management Scheme: Appendix B 

 

  

Rport 

 

1. EXISTING ENVIRONMENT 

1.1 Climate 

The climate of the Pilbara region of Western Australia is classified as arid tropical with two 
distinct seasons: a hot wet summer (October – April) and a mild dry winter (May – September). 
The region is characterised by highly variable, but generally low rainfall, and high year-round 
temperatures.  

 

The passage of high pressure systems to the south during winter, produce easterly winds and 
some precipitation over the inland Pilbara (Van Vreeswyk et al. 2004).  During the summer, 
heat-generated low pressure systems dominate the inland Pilbara region generating intermittent 
thunder storms.  Tropical cyclones develop over warm tropical waters between December and 
March.  These often track south west along the Pilbara coast, or turn inland across the Pilbara 
bringing destructive winds, widespread rain and flooding (Payne and Tille 1992). 

 

Bureau of Meteorology (BOM) weather stations with long term rainfall records in the vicinity of 
the Project area include Marillana (Station No. 5009) and Roy Hill (Station No. 5023). Long term 
median and mean annual rainfall at Marillana is 258 mm and 315 mm respectively, and at Roy 
Hill, 242 mm and 260 mm respectively. Most of the rain falls in January to March (BOM 2010). 
Annual pan evaporation is approximately 3700 mm; peaking at 1100 mm over the summer 
months and 550 mm over the winter months. 

 

The mean maximum temperatures are above 30˚C for much of the year and exceed 40˚C 
during the months of December and January. Mean maximum temperatures can fall below 30˚C 
during the months of June, July and August. 

1.2 Geology 

The main continental blocks that make up the Australian continent are the Yilgarn Craton, the 
Pilbara Craton, the Gawler Craton and Wilyama Block (Lane 2004). The Christmas Creek mine 
is in the Hamersley Basin of the Pilbara Craton, which formed more than 3000 million years 
ago. 

 

The Christmas Creek deposit lies within the Hamersley Basin, where granatoid rocks of the 
Archaean Pilbara Craton are overlain by sedimentary groups (Fortescue 2011b).  Granatoid 
rocks of the Pilbara Craton are overlain by the Archaean-Proterozoic Hamersley Group.  The 
Jeerinah formation is the youngest formation within the Fortescue Group, and marks the base of 
the main ore body.  The Jeerinah is sub-divided into a number of members, with Roy Hill Shale 
the uppermost.  Mineralisation at Christmas Creek is confined to the Nammuldi member of the 
Mara Mamba Formation (MMF), the lowest formation of the Hamersley Group (Fortescue 
2011b). The MMF outcrops in areas towards the Chichester Ranges, but is generally overlain 
by tertiary detritals and alluvium in current and proposed mining areas, which deepen closer to 
the Fortescue Marsh.  

 

The tertiary alluvium and detritals are derived from weathering products of the Chichester 
ranges, include multiple facies (proximal and distal), and display varying degrees of 
cementation. These show significant lateral variability, with not all sub-stratigraphies present at 
different locations. 
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1.3 Landforms 

The Pilbara region has been surveyed by the Western Australian Department of Agriculture and 
Food (DAFWA), for the purposes of land classification, mapping and resource evaluation. The 
region consists of 102 land systems; distinguished on the basis of topography, geology, soils 
and vegetation (Van Vreeswyk et al. 2004).  The Project area coincides with the Jamindie, 
Turee, Cowra and Marsh land systems (see Table 1). 

 
Table 1: Land systems in the Project area 

Land system name Location in Project area Description Geomorphology 

Jamindie 
Extensive (north and 
central) 

Stony hardpan plains and 
rises supporting groved 
Mulga shrublands, 
occasionally with Spinifex 
understorey. 

Depositional surfaces, 
characterised by stony 
surfaced soils with 
abundant shallow 
hardpans. Low relief is 
associated with Mulga 
grove formations. 

Turee Central 

Stony alluvial plains with 
gilgaied and non-gilgaied 
surfaces supporting 
tussock grasslands and 
grassy shrublands. 

Depositional surfaces 
characterised by loam and 
clay soil types, often with 
stony surface mantles. 
Generally level relief with 
Mulga grove formations on 
the non-gilgaied surfaces. 

Cowra South 

Plains fringing the Marsh 
land system and 
supporting snakewood and 
Mulga shrublands with 
some halophytic 
undershrubs. 

Depositional surfaces, 
characterised by almost 
level and level alluvial 
plains with gravelly soils. 
Shallow hardpans are 
likely to be common. 

Marsh South 

Lake beds and flood plains 
subject to regular 
inundation supporting 
Samphire shrublands, salt 
water couch grasslands 
and halophytic shrublands. 

Depositional surfaces, 
typified by level floodplains 
subject to periodic 
inundation and saline 
floodplains subject to 
regular inundation. Clay 
soils with frequent 
hardpans. 

 

1.4 Surface Water 

The Project area is located within the Upper Fortescue River catchment, which drains from the 
Chichester Ranges in a southerly direction towards the Fortescue Marsh (Fortescue 2011b).  
Rainfall runoff from the Chichester Ranges flows south, through the Project area in defined 
water courses and drains into the Fortescue Marsh.  Surface water flows in the vicinity of the 
Project take the following main forms: 

 

 Hillslope runoff – Located in the portion of the local catchment where the majority of the 
runoff is contained within small creeks and gullies; 

 Channel flow – Large creek channels and adjacent floodplains that drain steeper areas 
rather than those that are closer to the Fortescue Marsh; 

 Diverging flow – Located where channel flow disperses and channel form is lost; and 

 Sheet flow – Forms in areas where overland flow moves downslope while maintaining a 
broad shallow front (Fortescue 2011b). 
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1.5 Vegetation and Flora 

Regional Biogeography 

The Interim Biogeographic Regionalisation for Australia (IBRA) divides Australia into 85 
bioregions based on major biological, geological and geographical attributes (Thackway and 
Cresswell 1995).  These bioregions are subdivided into 44 sub-regions. 

 

The Project area spans the Chichester and Fortescue sub-regions of the Pilbara bioregion.  The 
Chichester sub-region is characterised by plains with a shrub steppe of Acacia inaequilatera 
over Triodia wiseana hummock grasslands and Eucalyptus leucophloia tree steppes on 
rangelands (Kendrick and McKenzie 2001).  The Fortescue sub-region is characterised by 
alluvial plains with Acacia aneura (Mulga) over grass communities and E. camaldulensis 
woodlands fringing drainage lines (Kendrick 2001). 

 

Beard (1975) mapped vegetation across the Pilbara region at a scale of 1:1,000,000.  The 
Project area is located in the Fortescue Valley & Chichester Plateau in the Eremaean Botanical 
Province of Western Australia as per Beard (1975).  The vegetation in the Project area was 
mapped by Beard (1975) as: 

 Sparse Low Mulga Woodland, discontinuous in scattered groups; 

 Hummock grasslands, shrubb steppe; Acacia inaequilatera over soft spinifex over 
Triodia wiseana on basalt; 

 Mosaic of Mulga woodlands in valleys, and low open Eucalyptus leucophloia tree steppe 
and Triodia wiseana hummock grasslands ; and 

 Succulent steppe, Samphire (Tecticornia species). 

The Fortescue Marsh is a dominant feature south of the Project area, and is recognised as a 
unique and extensive inland floodplain system within the Pilbara region (McKenzie et al. 
2009).The marsh is listed on the Australian Heritage Commission Register of the National 
Estate as an “indicative place” and on the Directory of Important Wetlands in Australia 
(Environment Australia 2001). 

Vegetation and Flora  

A total of 17 vegetation types have been described and mapped in the Christmas Creek mine 
area (ENV Australia 2010). Thirteen of these occur within the dewatering and mounding impact 
areas subject to this VHMMP. None of the vegetation communities resembled any of the known 
Threatened Ecological Communities (TECs) or Priority Ecological Communities (PECs) 
classified by the DEC. However the Project area is located on the northern edge of the 
Fortescue Marsh, which contains the Fortescue Marsh Priority 1 PEC.  
 
Three vegetation types in the Project area are associated with locally significant Mulga 
communities (Acacia aneura and close relatives). One vegetation type is associated with the 
presumed groundwater dependent species River Red Gum (Eucalyptus camaldulensis), and 
potentially groundwater dependent Coolibah (Eucalyptus victrix). 
 
Mulga vegetation communities occur on the foot slopes of the Chichester Ranges and to the 
northern and southern flanks of the Fortescue Marsh. The Chichester Ranges define the 
northern limit of Mulga vegetation in Western Australia. Mulga is highly morphologically variable 
and appears to play an important role in water and nutrient capture, and is thus important to 
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ecosystem function (ENV Australia 2010). Mulga displays xeromorphic adaptations and typically 
has a relatively shallow root system, with maximum root depths in the order of 2 to 5 m. Water 
sources important for Mulga include incipient rainfall, streamflow and in some instances sheet 
flow. 
 
River Red Gums are commonly associated with shallow watertables in the Pilbara region, and 
are considered to be groundwater dependent in most situations.  Coolibahs are considered to 
be facultative phreatophytes, which are species that can utilize groundwater opportunistically at 
times when water availability is limited.  In the Christmas Creek locality both species are 
restricted to drainage lines entering the Fortescue Marsh from the Chichester Range (ENV 
Australia 2010).  

 
The samphire vegetation communities associated with the Fortescue Marsh are unique in the 
Pilbara region. Multiple community types have been identified in vegetation surveys of the 
northern fringes of the marsh and surrounds (ENV Australia 2010). Species assemblages are 
putatively correlated with factors such as elevation, evaporation, rainfall, surface run-off, 
groundwater levels, soil types, and surrounding land use.  Generally Tecticornia species are 
dominant in these communities; however other low shrubs such as Muehlenbeckia florulenta 
and Muellerolimon salicorniaceum are prominent or sometimes dominant components. 
 
The samphire vegetation communities fringing and within the Fortescue Marsh could potentially 
have varying degrees of reliance on groundwater as a source of moisture. Very little is 
understood of samphire root systems and water uptake physiology in the marsh vegetation 
communities (or elsewhere). Research undertaken by the University of Western Australia 
(UWA) has shown that samphire water use is maintained throughout the year, and is strongly 
correlated with evaporative demand (D Huxtable, pers. comm.). This suggests that samphire is 
always able to access sufficient moisture reserves from the soil. Potential water sources include 
storage in the surface profile derived from rainfall and run-on, and groundwater accessed 
directly or via capillary rise.  
 
The findings to date suggest that groundwater dependence may vary between samphire 
species based on changes in elevation (and therefore depth to groundwater) and the presence 
of shallow hardpan layers in the unsaturated soil profile. Groundwater salinity may also be a 
significant factor. The hardpan is likely to impeded root penetration and has been found to be 
extensive at depths of 50 to 100 cm below the surface in areas south and west of the Fortescue 
Cloudbreak mine (Kew 2011). Species in areas of relatively low elevation (towards the center of 
the Marsh) are considered likely to be groundwater dependent.  Towards the centre of the 
Marsh it is considered that groundwater is closer to the surface.  Species in areas of relatively 
high elevation (near the fringe of the marsh) are considered to be possibly dependent on 
groundwater (ENV Australia 2010).  
 
Fortescue has developed a conceptual model of the eco-hydrology of the marsh vegetation 
communities dominated by Tecticornia, based on current knowledge (Figure 1). This provides a 
guiding framework for future research, monitoring and management activities. The key 
components of the conceptual model include: 

 The marsh fringe is predominantly a surface driven system, with plant available water 
supplied from episodic recharge, soil water storage and slow discharge (via evapo-
transpiration and impeded deep drainage). The unsaturated profile includes a shallow 
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hardpan, the topography and thickness of which varies spatially. This creates a 
disconnection between the surface and the underlying groundwater (at about 3 m depth). 
The surficial soils above the hardpan have high water storage capacity, and surface crusting 
contributes to impeded soil evaporation rates. As soil water is depleted, salinity increases 
and transpiration rates decline. Samphire vegetation in the fringe zone (e.g. Tecticornia 
indica and T. auriculata) uses physiological adaptations to conserve moisture and protect 
against salinity until the next rainfall/flood event. 

 The watertable becomes progressively shallower towards the interior of the marsh, where it 
is maintained at a shallow extinction depth by evaporation. Samphire vegetation in the 
interior of the marsh (e.g. T. medusa) is likely to interface with the shallow, hypersaline 
groundwater and have some level of groundwater dependence. 

 Samphire species zonation reflects the variable edaphic conditions and tolerance to the 
stressors of drought, salinity and waterlogging. 

Fortescue is progressing additional research activities in 2011/12, to further validate the 
conceptual model and better elucidate water sources used by marsh samphire communities in 
collaboration with UWA and the CSIRO. Future work is anticipated to include other dominant 
marsh species (e.g. Muellerolimon salicorniaceum). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The Fortescue Marsh ecohydrology conceptual model (not to scale) 

 

The key vegetation types that are locally distributed but outside the dewatering and mounding 
impact areas include: 

 E. camaldulensis and ‘yintas’ that typically occur within a few kilometers of the marsh 
shoreline 

 Melaleuca woodlands that are often associated with creekline outwash areas 
 low shrublands  dominated by Muehlenbeckia florulenta that often occur in a mosaic with 

Samphire communities, and  
 chenopod and Acacia communities, which occur in upslope locations.   

 

Due to their absence from predicted impact areas, it is not appropriate to locate reference sites 
in these vegetation types for the purposes of this VHMMP. 
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2. CURRENT STATE OF VEGETATION, AND THREATS TO 
VEGETATION WITHIN THE PROJECT AREA 

2.1 Overview 

The condition of the vegetation within the survey area ranges from ‘Excellent’ to ‘Good’. The 
majority of vegetation in the fringe of Samphire Flats, Creek and Drainage Line and Ranges, 
Hills and Hill slope vegetation types was categorised as ‘Excellent’, whilst the majority of 
vegetation on Broad Flats and Plains was categorised as ‘Good’ due to grazing pressures (ENV 
Australia 2010).  Specific vegetation communities within the drawdown and mounding impact 
areas of the Project are discussed below. 

2.2 Vegetation within Groundwater Dewatering and Mounding Areas 

Seven vegetation types occur within the drawdown impact area. Ten vegetation types occur 
within mounding impact area 1, and 11 vegetation types occur in mounding impact area 2.  
Mulga community types (mapping codes 2, 3 and 4) are the most prevalent within each of the 
impact areas. There is considerable overlap of common vegetation communities between all 
three zones and in the surrounding vegetation.  The current state of these vegetation types 
(vegetation communities) and their area extent within each management area are summarised 
in Table 2.  

 
Table 2: Vegetation communities occurring within the dewatering and mounding areas (ENV Australia 

2010) 

Vegetation 
mapping 
code 

Vegetation community description Landscape 
position 

Area (hectares)* 

Drawdown 
impact area 

Mounding 
impact area 1 

Mounding 
impact area 2 

1 

Open woodland of Eucalyptus victrix, E. 
camaldulensis with pockets of Acacia coriacea 
subsp. pendens over Grevillea wickhamii, 
Petalostylis labicheoides, Acacia tumida over 
Triodia longiceps, Chrysopogon fallax, 
Themeda triandra and Aristida species 

Drainage 
lines 

193 325 242 

2 

Low woodland to low open forest of Acacia 
aneura var. aneura, A. citrinoviridis. A. 
pruinocarpa over A. tetragonophylla and 
Psydrax latifolia over Chrysopogon fallax, 
Stemodia viscosa, Blumea tenella, Themeda 
triandra and species of Triodia and Aristida 

Drainage 
lines 

1941 1003 1948 

3 

Low woodland to low open forest of Acacia 
aneura var. aneura, A. pruinocarpa, A. 
tetragonophylla, A. tenuissima, Grevillea 
wickhamii subsp. aprica, Psydrax latifolia over 
Dodonaea petiolaris and species of Triodia and 
Aristida 

Broad to flat 
drainage 

3305 4726 4102 

4 

Low woodland to low open forest of Acacia 
aneura var. aneura, A. pruinocarpa, A. 
xiphophylla, A, victoriae, A. tetragonophylla, 
Psydrax latifolia and Psydrax suaveolens, over 
Ptilotus obovatus, and mixed species of 
Maireana and Sclerolaena 

Broad flats 3702 2264 1409 

8 

Closed scrub to tall shrubland of Acacia 
pruinocarpa, A. tumida, A. maitlandii, A. 
kempeana, A. tetragonophylla with occasional 
Eucalyptus gamophylla and Corymbia 
deserticola over Triodia epactia, Themeda 
triandra and species of Aristida 

 

Drainage 
lines 

145 282 204 
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Vegetation 
i

Vegetation community description Landscape 
iti

Area (hectares)* 

10 

Low woodland of Acacia xiphophylla, A, 
victoriae, A. aneura var. aneura over A. 
tetragonophylla, Ptilotus obovatus, Senna 
species and mixed species of Maireana and 
Sclerolaena 

Upslope or 
saddle 
between 
broad 
drainage 

17 4 27 

13 

Low Halophytic shrubland of Tecticornia 
auriculata, T. indica subsp. leiostachya, T. 
halocnemoides subsp. tenuis with patches of 
Frankenia species 

Fringing 
outer marsh 

0 470 942 

16 

Hummock Grassland of Triodia basedowii with 
pockets of Triodia epactia and Triodia lanigera 
with emergent patches of Eucalyptus 
leucophloia, Corymbia deserticola over Acacia 
ancistrocarpa, Acacia hilliana, Acacia 
acradenia, Acacia pyrifolia, Hakea lorea 

Upslope 
from broad 
flats or 
sheetwash 
areas 

0 364 0 

17 

Hummock grassland of Triodia basedowii with 
pockets of T. epactia, T. lanigera with emergent 
patches of Eucalyptus leucophloia, Corymbia 
deserticola over Acacia ancistrocarpa, A. 
pyrifolia, Hakea lorea, subsp. lorea over 
Goodenia stobbsiana and mixed Senna and 
Ptilotus species 

Very broad 
flats 

1634 0 374 

22 

Low shrubland of Tecticornia indica subsp. 
bidens and Nicotiana occidentalis over grasses 
with the occasional stands of Sesbania 
cannabina and Cullen cinereum 

Outer marsh 0 45 4 

26 
Low Shrubland of Muellerolimon salicorniaceum 
and Tecticornia indica subsp. bidens. 

Fringing 
marsh 

0 144 0 

30 
High open Shrubland of Acacia synchronicia 
with Senna glaucifolia over Aristida sp. 

Upslope 
from broad 
drainage 

0 0 2493 

33 
Low shrubland of Tecticornia indica subsp. 
bidens and Scaevola spinescens with Acacia 
synchronicia 

Outer marsh 0 0 8 

222 BURNT  0 0 209 

* Vegetation communities occupying greater than 5% of the impact areas respectively are shaded. 

2.3 Keystone Species and Habitat Characteristics within Vegetation 
Communities of the Project Area 

Condition 8-3 of MS 871 requires the identification of ‘keystone plant species’ in the Project 
area.  A review of the flora and vegetation survey information, coupled with the assessment by 
the OEPA, has informed the identification of the following keystone plant species that have 
been identified within the Project area.  This assessment is made with respect to species roles 
in ecosystem function and knowledge of sensitivity of some species within the Project area to 
alterations in groundwater regime. 

Mulga Vegetation Communities 

The Mulga communities in the Project area range from low woodland, low open forests to mixed 
Acacia scrub.  These are generally dominated by members of the Mulga species complex, 
however other prominent species include Acacia xiphophylla, A. pruinocarpa and A. 
tetragonophylla (Table 2). Groundwater monitoring associated with the Fortescue bore network 
indicates that the baseline depth to watertable ranges from about 3 to >15 m where these 
communities occur (Fortescue 2011b). 

 

Habitat and plant / community health characteristics targeted for vegetation monitoring include: 

 Density (cover) of dominant Acacia species; 
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 Life histories of dominant Acacia species (fruiting, seed-set and recruitment); 
 Cover of species in the perennial understorey measured between sites; and 
 Indicative health of dominant Acacia species measured by water status and soil moisture 

measurements between sites. 

The potential for incorporating additional parameters into the monitoring program, such as ant 
community structure, is being further investigated by Fortescue.   

Facultative (Partially) Phreatophytic Vegetation 

Within the Project area, River Red Gums (Eucalyptus camaldulensis) and Coolibahs (E. victrix) 
are restricted to major drainage lines, where they grow in open woodland formations (Table 2). 
Groundwater monitoring associated with the Fortescue bore network indicates that the baseline 
depth to watertable ranges from about 3 to >15 m where these species occur (Fortescue 
2011b).  

 

The major riparian species in the Christmas Creek locality is E. victrix, with some patchy 
occurrences of E. camaldulensis. A brief outline of the characteristics these two species is 
presented below. 

 E. camaldulensis – tree height of approximately 20 m that is found along watercourses 
throughout much of Australia. In the Pilbara region it is generally considered to be an 
obligate phreatophyte.  It has a biomorphic root system of numerous surface lateral roots 
and a major tap root.  In a Department of Water study spanning multiple sites on the 
Robe, Yule and De Grey Rivers and the Fortescue River at Millstream, the 5-year 
absolute water level range tolerated by E. camaldulensis was between 1.6 m 
(inundation) and -9.2 m (depth to groundwater) (Loomes 2010), although length of time 
experienced at these levels was not discussed.  

 E. victrix – spreading tree to 12 m and is also considered a facultative phreatophyte as it 
occurs low in the landscape, most commonly on the floodplains along watercourses.  It 
has a spreading, heavily lateralised root system with major laterals appearing to act as 
tap roots in some cases, with small secondary laterals and secondary sinker roots also 
common (Grigg et al. 2008).  In a Department of Water study spanning two sites on the 
De Grey Rivers and Fortescue River at Millstream respectively, the 5-year absolute 
water level range tolerated by E. victrix was between 1.6 m (inundation) and -7.5 m 
(depth to groundwater) (Loomes 2010), although length of time experienced at these 
levels was not discussed. 

 

The vegetation habitat characteristics for (potentially) phreatophytic communities that are 
targeted for vegetation monitoring and management are riparian systems that maintain the 
density of trees, canopy health (in comparison to controls) and recruitment (in comparison to 
controls) for E camaldulensis and E. victrix riparian woodlands. 

Samphire Vegetation Communities 

The Samphire communities in the project area are largely comprised of Low Halophytic 
shrubland of Tecticornia auriculata, T. indica subsp. leiostachya, T. halocnemoides subsp. 
tenuis with patches of Frankenia species (Vegetation Type 17). Areas of Muellerolimon 
salicorniaceum and T. indica subsp. bidens. shrubland (Vegetation Type 26) also occur in 
Mounding impact area 1 to a lesser extent. 

 

Typically the watertable is several (2 to 5) meters deep near the marsh fringe and shallower 
towards the centre of the marsh. Samphire species zonation in the project area is considered to 
reflect the variable edaphic and water quality conditions; and varying tolerance to the stressors 
of drought, salinity and waterlogging between the dominant species. These communities may 
have varying levels of groundwater dependence.  
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The habitat characteristics that are targeted for vegetation monitoring and management are the 
distribution of species and plant health, comparable to control or reference transects.  The 
taxonomic identification of Samphire species is problematic.  Therefore, plants surveyed in the 
VHMMP will be assigned reference labels in the interim to taxonomic identification becoming 
possible.   

Keystone Plant Species and Habitat Characteristics – Summary 

Keystone plant species identified in this VHMMP are those species occurring in vegetation 
communities that provide high ecosystem service value to the community, or are species within 
communities of high conservation value of which little precise knowledge regarding ecosystem 
function is known.  For this VHMMP, the following keystone plant species are identified: 

 Mulga (Acacia aneura) – Low open forest to woodland; 

 River Red-gum (Eucalyptus camaldulensis) – Riparian woodland to open woodland; 

 Coolibah (Eucalyptus victrix) – Riparian woodland to open woodland; and 

 Samphire communities (Tecticornia species and other major shrubs such as 
Muellerolimon salicorniaceum). 

Other vegetation communities considered regionally important, e.g. low woodland dominated by 
Snakewood (Acacia xiphophylla), are not significantly represented within the Project area.  
Hummock grassland dominated by Triodia basedowii is extensive in the northern portions of the 
drawdown impact area (Table 2), but is considered unlikely to be susceptible to drawdown 
impacts. The baseline depth to watertable where this vegetation type occurs is >20 m (see 
Fortescue 2011a). 

2.4 Primary and Secondary Threats (Pressures) to Vegetation (Keystone 
species) within Dewatering and Injection zones 

Primary and secondary threats (referred to as ‘Pressures’ within the Pressure-State-Response 
framework) must be considered within the Project area to allow appropriate replication of impact 
monitoring sites and reference (control) monitoring sites.   

Primary pressure – Altered Groundwater Regime 

The Project will result in altered groundwater regimes due to: 

 lowering of the water table in the groundwater dewatering area; and  
 rises in the water table in areas where brackish water is injected (EPA 2011). 

 

The EPA notes that the predicted changes to groundwater levels are unlikely to have a 
significant impact on vegetation in the Project area (EPA 2011).  The changes in groundwater 
level due to mining activities in areas of the Fortescue Marsh or Samphire vegetation is 
predicted to be 1 to 1.5 m (mounding and dewatering), which is within the natural variation of 
groundwater levels (Fortescue 2011b).  Approximately 173 ha of Mulga vegetation may be 
affected by groundwater rise to within 2 m of the surface.  A drawdown of 5 m in dewatering 
zones may see an impact in 82 ha of vegetation communities dominated by Coolibah and River 
Red Gum.  However, potential losses are unlikely to be significant (EPA 2011), consistent with 
experience from mining projects elsewhere in the Pilbara region. 

 

The Project is not expected to impact the surface water regime or groundwater quality in the 
Project area (EPA 2011). 
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Secondary pressures  

A number of secondary pressures that could affect vegetation at a regional scale may be 
occurring within the Project area.  These include: 

 Inappropriate fire regimes; 

 Grazing by introduced species; 

 Weed infestation; and 

 Climatic variability and regional climate change effects. 

 

These secondary pressures have been accounted for in this VHMMP when selecting monitoring 
sites, assessing replication between altered groundwater impact sites (groundwater drawdown 
and mounding) and reference sites, and in the proposed analyses of repeated-measures (time 
series) data.  Measurements or assessments of secondary pressures related to this VHMMP 
are: 

 Weed pressure measurements – each sampling location was assessed for the 
occurrence of weed species using a weed record point assessment.  This uses an 
assessment of the abundance and cover of weed species within repeated 5 m quadrats 
measured across each sampling site.  Data are input to a Geographical Information 
System (GIS) to provide a spatial distribution of weed species richness and density 
across the sampling site.  

 Gazing pressure index – At each weed record point the occurrence grazing cattle is 
assessed by counts of hoof prints and droppings. 

 Fire regimes – in the event of fire, impacts to vegetation in affected sampling sites will be 
assessed as a component of on-ground monitoring activities. The extent of fire impacts 
will also be evaluated annually through interpretation of Landsat (Thematic Mapper or 
similar) remote sensed imagery.  This technique is commonly applied to fire impact 
assessments in Western Australia. 

 Climatic variability – significant shifts in the perennial plant community matched between 
reference and impact sites, coupled with an assessment of climatic information, will be 
used to indicate if seasonal factors are affecting vegetation response. 

 

The potential for incorporating additional parameters into the monitoring program to detect 
secondary pressures, such as ant community structure, is also being investigated by Fortescue. 



 

 

Appendix C. 
Baseline Hydrological Data Report 
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1. Introduction 
 
This review outlines groundwater data recorded across t he Christmas C reek mine si te 
(Christmas Creek) for the period defined in Table 1 and includes an analysis of the data to 
assess the impact of groundwater abstraction from the local aquifers. It has been written in 
accordance with Operating Policy no. 5.12 - Hydrogeological reporting associated with a 
groundwater well licence (Department of Water, 2009). 
   
The review period comprises four quarters as defined in Table 1. Groundwater monitoring 
summaries were submitted to the Department of Water (DoW) for the first, second and third 
quarters. T his review serves as both t he annual gr oundwater m onitoring r eview an d t he 
quarterly groundwater monitoring summary for the fourth quarter. 
 

Table 1 – Definitions of the four quarters and the review period 

 
From To 

First quarter 1 August 2010 31 October 2010 
Second quarter 1 November 2010 31 January 2011 
Third quarter 1 February 2011 30 April 2011 

Fourth quarter 1 May 2011 31 July 2011 
Review period 1 August 2010 31 July 2011 

 

Christmas Creek is an iron ore mine site operated by Fortescue Metals Group and 
productive since April 2009. It is located in The Pilbara region of Western Australia, 
approximately 270 km south-east of Port Hedland and approximately 30 km east o f 
Cloudbreak mine site (Cloudbreak), another iron ore mine site operated by Fortescue and 
productive since May 2008. The location of Christmas Creek is presented in Figure 1. 
 
Groundwater abstracted from Christmas Creek is used for dust suppression, construction, 
camp s upply and or e pr ocessing. Christmas Creek water d emand i s supplemented w ith 
groundwater a bstracted and co nveyed from Cloudbreak. I t i s expected t hat from 
September 2011 this demand will be met solely by groundwater abstracted from Christmas 
Creek. 
 
Groundwater is abstracted in accordance with the 5C licence issued by the DoW. A copy of 
the l icence i s in Appendix A. T he l icence ha s an e xpiry date of 3 1 July 2011, although 
groundwater abstraction has continued beyond this date while an application for renewal of 
the licence (submitted on 21 July 2010) is pending. This is in accordance with the Rights in 
water and irrigation act 1914 (Government of W estern Australia, 20 10). A  co py of t he 
application for renewal is also in Appendix A. Details of the 5C licence are presented in 
Table 2. 
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Table 2 – Details of the 5C licence 

Description of water resource Pilbara, Hamersley – fractured rock 
Annual water entitlement 1150000 kL 
Duration of licence 1 August 2010 – 31 July 2011 

 

 

2. Climate 
 
The climate of the Pilbara can be separated into two distinct seasons: a hot summer from 
November to March and a warm, dry winter from April to October. The summer season is 
influenced by cyclonic events that ca n br ing h eavy, sp atially variable r ainfall. Christmas 
Creek does not have i ts ow n temperature gauge a nd d oes not h ave a rain gauge with 
sufficient historical data. The nearest temperature g auge i s at N ewman, approximately 
100 km to the south and operated by the Bureau of Meteorology, and the nearest rain gauge 
with sufficient historical data is at Cloudbreak. The records for these gauges from 
January 2010 to July 2011 are presented in Figure 2. There was a total of 153.5 mm rainfall 
in t he calendar year January to December 2010, with a  peak of 41  mm i n January 2010. 
There w as a t otal of  432.2 mm r ainfall i n t he r eview p eriod, wi th a p eak of 1 78 mm i n 
February 2011, an d a t otal of  11 .0 mm in the fourth quarter, w ith the only rainfall being in 
May 2011.  
 

 
Figure 2 – Temperature records of Newman and rainfall records of Cloudbreak 
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3. Hydrogeology 
 

Christmas Creek is located on the mid to lower slopes of the Chichester Range, along the 
northern edge of the Fortescue Marsh. 
 
The st ratigraphy of C hristmas C reek is presented in Figure 3. There are f our regionally 
grouped aquifers: Gravel A quifer; Calcrete Aquifer; Dolomite A quifer; and Banded I ron 
Formation (BIF) Aquifer (Johnson & Wright, 2001). These aquifers can be grouped into three 
types: u nconsolidated se dimentary; c hemically deposited; a nd fractured-rock (Johnson &  
Wright, 2001).  

The l ocal a quifers are r echarged vi a r ainfall t hroughflow i n o utcrop r egions of t he M arra 
Mamba Iron Formation, with lesser recharge from the Tertiary Detritals, and via throughflow 
from the Roy Hill Shale Formation. Direct rainfall recharge to the Tertiary Detritals and Marra 
Mamba Iron Formation is low in Christmas Creek, reflecting the generally low rainfall of the 
region. 

Groundwater t hroughflow a nd st orage ar e enhanced i n m ineralised zones of the Marra 
Mamba Iron Formation units and t he O akover F ormation. T he permeability of l ower 
unmineralised ( chert and B IF) zo nes i s enhanced al ong faults, while areas o f l ower 
permeability are associated w ith increasing pr oportions of shale units. Marra Mamba Iron 
Formation aquifers are partially confined to unconfined towards the Chichester Range and 
are confined towards the south where they are overlain by clayey Tertiary deposits. The 
Tertiary Detritals have va riable h ydraulic characteristics and C hannel I ron D eposits form 
laterally-constrained but linear areas of moderate to high permeability and storage. 

Groundwater di scharge f rom topographically-driven flow ( in b oth t he T ertiary and M arra 
Mamba Iron Formation syst ems) i s low d ue to t he p oor hydraulic connection b etween 
topographic discharge areas (the surface of the Fortescue Marsh) and underlying aquifers.  
The presence of hy persaline water in the discharge zo ne, beneath the Fortescue Valley, 
also i mpedes groundwater di scharge, as the saline gr oundwater cr eates an opposing 
density-driven f low po tential. Topographic-driven groundwater flow in the shallow Tertiary 
aquifer system i s likely to di scharge towards the F ortescue valley floor vi a generally low-
permeability sediments and b e r emoved from t he syst em by evaporation a nd 
evapotranspiration processes. The body of saline water that occupies the down-dip 
extension of the aquifer and the Fortescue valley inhibits discharge. 
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Formation Aquifer 

Age Supergroup Group Name Thickness Lithology Name Type Groundwater quality Bore yield  

C
en

oz
oi

c 

n/
a 

Te
rti

ar
y 

D
et

rit
al

s 

Alluvium 10-40 m 

Poorly-sorted, angular to subangular, 
polymictic gravel of chert, goethite and 

hematite in a silt or clay matrix; 
predominantly brown.   Gravel Unconsolidated 

sedimentary 

Fresh1 to brackish2 

(although saline3 to 
hypersaline4

Up to 
900 kL/day  near the 

Fortescue Marsh) Detritals Up to 15 m Goethite and maghemite pisoids and ooids in 
a clay matrix; predominantly brown.   

Clay Up to 30 m Clay stained brown, red, white or yellow. n/a n/a n/a n/a 

Oakover 
Formation Up to 40 m 

Calcrete; predominantly grey or white; 
characterised by secondary porosity 

developed through partial dissolution of 
calcrete via percolating surface water and 

moving groundwater.   

Calcrete Chemically 
deposited Saline to hypersaline Up to 

5000 kL/day 

 
U N C O N F O R M I T Y 

 

Ea
rly

 P
ro

te
ro

zo
ic

  

M
ou

nt
 B

ru
ce

 S
up

er
gr

ou
p 

H
am

er
sl

ey
 G

ro
up

 Wittenoom 
Formation 

Up to 10 m 
has been 
observed 
but it may 
be thicker 

Dolomite with goethite and hematite 
alteration and chert inclusions; predominantly 

grey. 
Dolomite Fractured-rock 

Fresh to hypersaline 
(salinity increasing with 
proximity to Fortescue 

Marsh) 

Up to 
2500 kL/day 

Marra 
Mamba 

Iron 
Formation 

Up to 50 m 

Only the lowermost member (Nammuldi 
Member) has been observed.  Interbedded 

goethite, hematite and chert with minor 
magnetite, maghemite and jaspilite; 

predominantly grey, mustard yellow, and dark 
purple. 

Banded Iron 
Formation 

(BIF) 
Fractured-rock* 

Fresh to hypersaline 
(salinity increasing with 
proximity to Fortescue 

Marsh) 

Up to 
2500 kL/day 

Fo
rte

sc
ue

 
G

ro
up

 

Jeerinah 
Formation 

Up to 40 m 
has been 
observed 
but it may 
be thicker 

Only the uppermost member (Roy Hill Shale 
Member) has been observed.  Soft, 

carbonaceous shale; dark grey to black. 
n/a Inferred to be 

fractured-rock 

Fresh to hypersaline 
(salinity increasing with 
proximity to Fortescue 

Marsh) 

n/a 

1Fresh ≤ 800 µS/cm; 2brackish = 800 – 50000 µS/cm; 3saline = 50000 – 80000 µS/cm; 4hypersaline ≥ 80000 µS/cm  

*With further secondary porosity due to alteration processes 
 

Figure 3 – Stratigraphy of Christmas Creek (based on Hickman, 1983, and Johnson & Wright, 2001) 
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4. Site Borefields  
 
Site borefields consists of monitoring, production and injection bores. The numbers of each 
are presented in Table 3. Not all of the production and injection bores are in use. A summary 
of the details of all bores in Christmas Creek is presented in Appendix B. Full d etails 
including screened intervals are in bore completion reports submitted to the DoW (for 2010 
these documents have the prefix CC-RP-HY; for 2011 these documents have the prefix CC-
RP-UT). 
 
A m ap of the l ocations of t he m onitoring bores i s presented in F igure 4; a m ap of t he 
locations of the production and injection bores is presented in Figure 5.   
 
A series of five monitoring bores less than 1 km from the no rthern ed ge of  t he Fortescue 
Marsh is under construction; four were constructed in the review period (FMMB04, FMMB04, 
FMMB05 and FMMB05).   
 

Table 3 – Numbers of each bore constructed 

  Number of bores constructed 

  Monitoring Production Injection 

Prior to first quarter 23 36 0 

First quarter 0 0 0 

Second quarter 0 12 0 

Third quarter 9 9 0 

Fourth quarter 17 8 4 

Review period 26 29 4 

Total 49 65 4 
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5. Abstraction 
 
The volumes of groundwater abstracted from the producing bores are presented in Table 4. 
 
Table 4 – Volumes of groundwater abstracted 

  Abstraction for each bore (kL) 
Abstraction 

total (kL) 
  CCCP01 CCCP02 CCE19T CCP22 CCE41T CCE13 

Charlton 
Bore 

Francos 
Bore 

WS20P1 WS21P1 WS21P3 

First 
quarter 

Aug-2010 9849 0 12887 13411 11215 12 16337 17650 33011 10493 19696 144561 
Sep-2010 346 9018 13155 13171 12919 3641 17900 16950 22285 9242 28040 146667 
Oct-2010 3263 10172 15643 21669 17944 6560 24240 26249 4005 4184 28399 162328 

Total 13458 19189 41685 48252 42078 10213 58477 60849 59301 23920 76136 453556 

Second 
quarter 

Nov-2010 1512 13359 14772 18554 17920 2 0 19821 0 0 3694 89634 
Dec-2010 0 12633 10752 30498 16032 4 0 7967 0 0 0 77886 
Jan-2011 1004 12170 8551 13471 11638 1 0 0 0 0 0 46836 

Total 2517 38162 34075 62523 45590 7 0 27788 0 0 3694 214355 

Third  
quarter 

Feb-2011 2145 8593 1345 13799 8952 8 0 0 0 0 0 34842 
Mar-2011 3908 12322 182 20500 2100 7 0 0 0 0 0 39019 
Apr-2011 5660 12840 112 22421 11791 214 0 0 0 0 0 53037 

Total 11713 33755 1639 56719 22843 229 0 0 0 0 0 126898 

Fourth 
quarter 

May-2011 6654 12022 11 18604 13853 1 0 0 0 0 0 51145 
Jun-2011 5163 3600 1 14514 12385 4 0 0 0 0 0 35667 
Jul-2011 6515 8239 37 10780 17674 1 0 0 0 0 0 43247 

Total 18332 23861 49 43898 43913 6 0 0 0 0 0 130058 

Review period 46019 114968 77448 211391 154423 10454 58477 88637 59301 23920 79830 924868 
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6. Monitoring 
 

Monthly measurements of water levels and EC have been conducted in monitoring bores 
throughout the Christmas Creek mine site. The water levels do not change significantly in a 
majority of the monitoring bores due to only a small volume of groundwater being abstracted. 
Several m onitoring bores have si gnificant ch anges to either t he w ater l evel or  E C. 
Explanations are provided below. 
 
CCE01  
EC values in CCE01 decreased significantly in the quarter with values ranging from  
113 143 μS/cm to 2,553 μS/cm. The reason for this is due to the sampling depth being 
changed from 75 mTOC to 54 mTOC. This demonstrates the vertical change in EC that is 
evident throughout the site and the need for consistency in measurement depths. 
 
CCF01A_D 
The monitoring bore was destroyed in March 2011. Upon inspection of the site the 50mm 
PVC was laying on the ground. I t appeared to have been pulled out o f the borehole. The 
cause of this is unknown. 
 
CCF01B_S 
The 5 m  increase in water level from January to March is most l ikely a recharge response 
from large amounts of rainfall over the wet 2010-11 summer period. 
 
CCF02T 
The si gnificant r ise i n EC va lues i n J anuary 2011 i s most likely due t o t he i ncorrect 
monitoring equipment being used in the earlier monitoring period. The monitoring equipment 
that was being used was not suitable for t he high EC concentrations typically present in 
monitoring bores to the south of the mine site. The error was picked up after reviewing the 
data in December 2010 and has since been monitored with suitable equipment.  
 
Groundwater levels, abstraction and electrical conductivity for active production bores are 
presented in Appendix C. Groundwater levels and electrical conductivity for the monitored 
bores are presented in A ppendix D. Contour p lots of gr oundwater levels and electrical 
conductivity are presented in Figures 6 – 11 and commented upon in Table 5. 
 
  



Christmas Creek Groundwater Monitoring Review 
1 August 2010 – 31 July 2011 

 

8 

 
Table 5 – Contour plot figure listing and comments 

Figure Description Comments 

6 BIF Aquifer groundwater level 
at end of review period 

The contour plot was created by averaging the groundwater levels 
for July 2011.  Groundwater levels generally follow topography.   

7 
BIF Aquifer change in 

groundwater level over review 
period 

The contour plot was created by calculating the difference 
between the average groundwater level in August 2010 and the 
average groundwater level in July 2011.  The figure shows no 
significant changes to groundwater level.  From September 2011, 
when groundwater demands are to be met solely through 
abstraction in Christmas Creek, greater drawdown is expected. 

8 
BIF Aquifer electrical 

conductivity at end of review 
period 

The contour plot was created by averaging the electrical 
conductivity for July 2011.  The figure shows electrical conductivity 
increases from north to south in line with the salinity gradient 
towards the Fortescue Marsh. 

9 Gravel Aquifer groundwater 
level at end of review period 

The contour plot was created by averaging the groundwater levels 
for July 2011.  Groundwater levels generally follow topography.   

10 
Gravel Aquifer change in 

groundwater level over review 
period 

The contour plot was created by calculating the difference 
between the average groundwater level in August 2010 and the 
average groundwater level in July 2011.  There appear to have 
been no significant changes to groundwater level.  From 
September 2011, when groundwater demands are to be met 
solely through abstraction in Christmas Creek, greater drawdown 
is expected. 

11 
Gravel Aquifer electrical 

conductivity at end of review 
period 

The contour plot was created by averaging the electrical 
conductivity for July 2011.  The figure shows electrical conductivity 
increases from north to south in line with the salinity gradient 
towards the Fortescue Marsh. 



Christmas Creek Groundwater Monitoring Review 
1 August 2010 – 31 July 2011 

 

9 

7. Compliance 
 
Licence compliance is presented in Table 6; monitoring compliance is presented in Table 7; trigger level status is presented in Table 8. These 
tables are based on the Christmas Creek groundwater operating strategy (Fortescue Metals Group, 2011). Groundwater levels and electrical 
conductivity for bores associated with trigger level compliance are presented in Appendix E. 
 
The electrical conductivity in CCF01B_S has been increasing steadily since April 2011. The electrical conductivity hasn’t exceeded the level 1 
trigger level of and will continue to be monitored closely. 
 
 
Table 6 – Licence compliance 

Licence 
type 

Instrument 
number 

Duration of licence 

Entitlement 
(kL) 

Cumulative abstraction as 
percentage of entitlement (%) 

Compliance Comments 

From To 
First 

quarter 
Second 
quarter 

Third 
quarter 

Fourth 
quarter 

5C GWL167593(1) 1 August 2010 31 July 2011 1150000 39.4 58.1 69.1 80.4 Compliant None  
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Table 7 – Monitoring compliance 

Item Monitoring frequency Compliance Comments 

Pr
od

uc
in

g 
bo

re
s Abstraction Monthly Compliant None  

Field electrical conductivity  Monthly Compliant Electrical conductivity data are not available for all of the third 
quarter as high rainfall rates made some of the bores inaccessible.  

Biofouling Six monthly Compliant  None 

M
on

ito
re

d 
bo

re
s Groundwater level Monthly Compliant  None 

Field electrical conductivity Monthly Compliant Electrical conductivity data are not available for all of the third 
quarter as high rainfall rates made some of the bores inaccessible.  

Hydrogeochemistry Six monthly (February and August) Compliant  None 

Si
te

 u
se

 Meter readings Monthly Compliant  None 

Comparison of meter readings with 
associated groundwater demands Monthly Compliant  None 

 

Table 8 – Trigger level status 

Aspect Status Comments 

Groundwater level No exceedances  None 

Electrical conductivity 
 Previously-

suspected Level 1 
exceedance 

A single, isolated trigger level exceedance was reported for CCF07B_S during the third quarter summary, with electrical 
conductivity recorded as being 8000 µS/cm compared to the trigger level of 7440 µS/cm.  However, the reported exceedance does 
not fit with the longer-term EC trend, and hydrogeochemical analysis of a groundwater sample taken during the same week as the 
recording revealed the electrical conductivity to be 6000 µS/cm.  It is therefore concluded that the recording was an error (likely to 
have been due to roots, which, after a visual inspection, appear to have penetrated the bore casing and created a blockage).  The 
blockage appears to have stopped the monitoring equipment from reaching the designated depth in a bore that is known to have 
significant electrical conductivity variability over depth.  It is recommended that the bore be airlifted to remove the roots. 
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8. Impact 
 

An assessment of the i mpact of groundwater abstraction on the aquifers is presented in 
Table 9. 
 
Table 9 – Assessment of the impact of groundwater abstraction on the aquifers 

Aspect Assessment 

Capacity to sustain 
demands The aquifers have the capacity to sustain the site water demand to date. 

Past and likely future 
effects of 

groundwater 
abstraction on other 

users and the 
Fortescue Marsh 

Past effects have been insignificant.  The likely future effects are unknown, although 
when the construction of the series of five monitoring bores less than 1 km from the 
northern edge of the Fortescue Marsh is completed and there are more producing bores, 
an assessment should be possible. 

Significant changes 
to groundwater 

quantity or quality 
There have been no significant changes. 

 

 

9. Recommendations 
 
It is recommended that CCF07B_S be airlifted to remove roots that appear to have 
penetrated the bore casing and created a blockage.  
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Figure 1 

Location map 
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Figure 4 

Locations of the monitoring bores 
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Figure 5 

Locations of the production and injection bores 
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Figure 6 

BIF Aquifer groundwater level at end of review period 
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Figure 7 

BIF Aquifer change in groundwater level over review period 
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Figure 8 

BIF Aquifer electrical conductivity at end of review period 
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Figure 9 

Gravel Aquifer groundwater level at end of review period 
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Figure 10 

Gravel Aquifer change in groundwater level over review period 
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Figure 11 

Gravel Aquifer electrical conductivity at end of review period 
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Appendix A 

Groundwater abstraction licence 
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Appendix B 

Summary of details of all bores 
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2nd quarter 3rd quarter 4th quarter

Easting Northing

22 Mile Bore 781846.67 7517728.51 n/a n/a Gravel Production Monitored

CCCAP03 775199.9 7524214.4 429.526 24-Jan-2011 BIF Production Non-active

CCCAP04 775194 7523986 428.85 26-Jan-2011 BIF Production Non-active

CCCP01 776024.853 7523984.077 432.356 30-Aug-2008 BIF Production Producing

CCCP02 776803.279 7524201.801 435.775 1-Sep-2008 BIF Production Producing

CCE01 772734.06 7522409.53 425.01 3-Aug-2009 BIF Production Non-active

CCE01MB_D 772752.31 7522418.06 425.22 3-Aug-2009 BIF Monitoring Monitored

CCE01MB_I 772752.31 7522418.06 425.22 3-Aug-2009 BIF Monitoring Monitored

CCE01MB_S 772752.31 7522418.06 425.22 3-Aug-2009 Gravel Monitoring Monitored

CCE02MB_D 772649.15 7519911.98 416.86 2-Aug-2009 BIF Monitoring Monitored

CCE02MB_I 772649.15 7519911.98 416.86 2-Aug-2009 Calcrete Monitoring Monitored

CCE02MB_S 772649.15 7519911.98 416.86 2-Aug-2009 Gravel Monitoring Monitored

CCE02T 782203.693 7520769.111 432.435 22-Mar-2005 BIF Production Non-active

CCE03MB1_D 772586.66 7517443.55 409.43 29-Jul-2009 Dolomite Monitoring Monitored

CCE03MB1_I 772586.66 7517443.55 409.43 29-Jul-2009 Calcrete Monitoring Monitored

CCE03MB1_S 772586.66 7517443.55 409.43 29-Jul-2009 Calcrete Monitoring Monitored

CCE03MB2 772593.02 7517442.19 409.21 30-Jul-2009 Calcrete Monitoring Monitored

CCE04 777617.33 7521608.48 427.34 24-Jul-2009 BIF Production Non-active

CCE04MB_D 777634.16 7521608.83 427.25 21-Jul-2009 BIF Monitoring Monitored

CCE04MB_I 777634.16 7521608.83 427.25 21-Jul-2009 Calcrete Monitoring Monitored

CCE04MB_S 777634.16 7521608.83 427.25 21-Jul-2009 Gravel Monitoring Monitored

CCE04MB_VD 777634.16 7521608.83 427.25 21-Jul-2009 BIF Monitoring Monitored

CCE05 779206.51 7522202.47 432.52 31-Jul-2009 Gravel & BIF Production Non-active

CCE05MB_D 779194.67 7522190.89 432.37 26-Jul-2009 BIF Monitoring Monitored

CCE05MB_I 779194.67 7522190.89 432.37 26-Jul-2009 BIF Monitoring Monitored

CCE05MB_S 779194.67 7522190.89 432.37 26-Jul-2009 Gravel Monitoring Monitored

CCE10 781133.56 7515812.41 416.06 21-Jul-2009 Calcrete Production Non-active

CCE10MB_D 781132.05 7515791.09 416.05 21-Aug-2009 Calcrete Monitoring Monitored

CCE10MB_I 781132.05 7515791.09 416.05 21-Aug-2009 Gravel Monitoring Monitored

CCE10MB_S 781132.05 7515791.09 416.05 21-Aug-2009 Gravel Monitoring Monitored

CCE10MB_VD 781132.05 7515791.09 416.05 21-Aug-2009 Dolomite Monitoring Monitored

CCE11MB_D 780670.56 7514277.5 410.36 19-Aug-2009 BIF Monitoring Monitored

CCE11MB_F 780670.56 7514277.5 410.36 19-Aug-2009 Gravel Monitoring Monitored

CCE11MB_I 780670.56 7514277.5 410.36 19-Aug-2009 Calcrete Monitoring Monitored

CCE11MB_S 780670.56 7514277.5 410.36 19-Aug-2009 Gravel Monitoring Monitored

CCE11MB_VD 780670.56 7514277.5 410.36 19-Aug-2009 BIF Monitoring Monitored

CCE12 784799.74 7519818.98 429.62 19-Aug-2009 BIF Production Non-active

Bore
Location Elevation 

(mAHD)

Date of 

construction

Screened 

aquifer
Purpose Status



Easting Northing

CCE12MB_D 784800.83 7519797.85 429.56 21-Aug-2009 BIF Monitoring Monitored

CCE12MB_I 784800.83 7519797.85 429.56 21-Aug-2009 BIF Monitoring Monitored

CCE12MB_S 784800.83 7519797.85 429.56 21-Aug-2009 Gravel Monitoring Monitored

CCE13 787423.62 7519228.84 435.28 14-Aug-2009 Gravel & BIF Production Producing

CCE13MB_D 787418.38 7519209.54 435.34 10-Aug-2009 BIF Monitoring Monitored

CCE13MB_I 787418.38 7519209.54 435.34 10-Aug-2009 BIF Monitoring Monitored

CCE13MB_S 787418.38 7519209.54 435.34 10-Aug-2009 Gravel Monitoring Monitored

CCE14 789203.9 7517564.17 425.71 18-Aug-2009 Gravel & BIF Production Non-active

CCE14MB_D 789214.78 7517550.24 425.89 14-Aug-2009 BIF Monitoring Monitored

CCE14MB_I 789214.78 7517550.24 425.89 14-Aug-2009 Calcrete Monitoring Monitored

CCE14MB_S 789214.78 7517550.24 425.89 14-Aug-2009 Gravel Monitoring Monitored

CCE14MB_VD 789214.78 7517550.24 425.89 14-Aug-2009 BIF Monitoring Monitored

CCE16 794335.56 7517807.36 437.54 4-Sep-2009 BIF Production Non-active

CCE16MB_D 794352.04 7517803.36 437.54 3-Sep-2009 BIF Monitoring Monitored

CCE16MB_S 794352.04 7517803.36 437.54 3-Sep-2009 Gravel Monitoring Monitored

CCE18 792278.12 7510765.73 420.56 1-Sep-2009 BIF Production Non-active

CCE19T 787418 7518530 437.6 29-Mar-2005 BIF Production Producing

CCE21MB1 789032.5 7505675.32 n/a n/a Gravel Monitoring Monitored

CCE21MB2_D 789032.5 7505675.32 407.44 1-Sep-2009 BIF Monitoring Monitored

CCE21MB2_S 789032.5 7505675.32 407.44 1-Sep-2009 Gravel Monitoring Monitored

CCE41T 794036.94 7519273.34 439.37 24-Mar-2005 BIF Production Producing

CCF01A_D 786015.995 7515638.343 416.873 n/a BIF Monitoring Monitored

CCF01B_S 786015.995 7515638.343 416.793 10-Sep-2004 Gravel Monitoring Monitored

CCF02A_D 788019.232 7513023.787 418.709 12-Oct-2004 Dolomite Monitoring Monitored

CCF02B_S 788019.232 7513023.787 418.649 12-Oct-2004 Calcrete Monitoring Monitored

CCF02T 788019.232 7513023.787 418.192 8-Mar-2005 Dolomite Monitoring Monitored

CCF03A_S 792255.047 7510749.238 421.261 n/a Gravel Monitoring Monitored

CCF03B_D 792255.047 7510749.238 421.291 n/a BIF Monitoring Monitored

CCF07A_D 782007.728 7517828.372 423.014 n/a BIF Monitoring Monitored

CCF07B_S 782007.728 7517828.372 423.004 n/a Gravel Monitoring Monitored

CCM01A_I 785592.616 7520772.473 433.818 6-Sep-2008 BIF Monitoring Monitored

CCM01A_S 785592.629 7520772.441 433.818 6-Sep-2008 BIF Monitoring Monitored

CCM01B_D 785592.715 7520797.343 433.555 6-Sep-2008 BIF Monitoring Monitored

CCM02_D 782386.45 7522299.2 438.04 10-Sep-2008 BIF Monitoring Monitored

CCM02_I 782386.45 7522299.2 438.04 10-Sep-2008 BIF Monitoring Monitored

CCM02_S 782386.45 7522299.2 438.04 10-Sep-2008 BIF Monitoring Monitored

CCM02_WT 782386.45 7522299.2 438.04 10-Sep-2008 Gravel Monitoring Monitored

StatusBore
Location Elevation 

(mAHD)

Date of 

construction

Screened 

aquifer
Purpose



Easting Northing

CCM03_D 782396.82 7521482.41 435.02 22-Sep-2008 BIF Monitoring Monitored

CCM03_I 782396.82 7521482.41 435.02 22-Sep-2008 BIF Monitoring Monitored

CCM03_S 782396.82 7521482.41 435.02 22-Sep-2008 Gravel Monitoring Monitored

CCM03_WT 782396.82 7521482.41 435.02 22-Sep-2008 Gravel Monitoring Monitored

CCP07 782380.446 7522811.839 439.239 26-Aug-2008 BIF Production Non-active

CCP08 782404.59 7522301.66 438.73 6-Sep-2008 BIF Production Non-active

CCP09 782388.917 7521908.434 436.98 9-Sep-2008 BIF Production Non-active

CCP10 782380.46 7521479.94 435.05 13-Sep-2008 BIF Production Non-active

CCP16 785608.71 7520782.87 433.08 4-Sep-2008 BIF Production Non-active

CCP17 782367.472 7519909.003 429.704 17-Sep-2008 BIF Production Non-active

CCP22 789214.928 7519204.289 432.761 13-Sep-2008 BIF Production Producing

CCP23 789210.093 7518879.849 431.766 22-Sep-2008 BIF Production Non-active

CCP24 789208.03 7518610.09 429.93 18-Feb-2009 BIF Production Non-active

Charlton Bore 782868.08 7523206.81 441.25 8-Dec-2006 Gravel Production
Producing in 
first quarter; 
monitored 

DT Bore 781443.806 7516363.924 418.574 7/08/2011 Gravel Monitoring None

FLMB01 780640 7523420 439.963 26-Feb-2011 BIF Monitoring None

FLMB02 780474 7523342 439.518 28-Feb-2011 BIF Monitoring None

FLMB03 780319 7523270 438.521 2-Mar-2011 BIF Monitoring None

FLMB04 780179 7523213 437.715 6-Mar-2011 BIF Monitoring None

FLMB05 780061 7523158 437.259 9-Mar-2011 BIF Monitoring None

FLMB06_D 780267.359 7522670.558 437.235 4/05/2011 BIF Monitoring None

FLMB06_S 780267.359 7522670.558 437.235 4/05/2011 BIF Monitoring None

FLMB07_D 780805.654 7523846.79 441.072 2/05/2011 BIF Monitoring None

FLMB07_S 780805.654 7523846.79 441.072 2/05/2011
n/a (screened 

below BIF 
Aquifer)

Monitoring None

FLP01 778530.4 7523014 432.521 13-Dec-2010 BIF Production Monitored

FLP02 778815.1 7522523 432.233 15-Dec-2010 BIF Production Monitored

FLP03 779200.8 7523404.44 434.252 23-Jan-2011 BIF Production Monitored

FLP04 779590 7523796 436.789 17-Dec-2011 BIF Production Monitored

FLP05 779978 7523290 437.75 15-Jan-2011 BIF Production Monitored

FLP06 780627.237 7523402.962 439.912 19-Jan-2011 BIF Production Monitored

FLP07 780555.524 7523378.918 439.473 27-Mar-2011 BIF Production None

FLP08 780460.896 7523328.04 439.456 23-Mar-2011 BIF Production None

FLP09 780392.758 7523300.001 438.785 30-Mar-2011 BIF Production None

FLP10 780303.342 7523254.27 438.498 2-Apr-2011 BIF Production None

FLP11 780246.763 7523238.537 438.242 8-Apr-2011 BIF Production None

FLP12 780166.959 7523197.707 437.538 13-Apr-2011 BIF Production None

FLP13 780101.791 7523165.531 437.37 18-Apr-2011 BIF Production None

Bore
Location Elevation 

(mAHD)

Date of 

construction

Screened 

aquifer
Purpose Status



Easting Northing

FLP14 780044.388 7523135.68 437.115 12-Mar-2011 BIF Production None

FLP15 780003.487 7523130.929 436.876 16-Mar-2011 BIF Production None

FLP16 780020.08 7523162.733 437.169 19-May-2011 BIF Production None

FLP17 779967.075 7523106.01 436.922 15-May-2011 BIF Production None

FLP18 779900.305 7523092.529 436.651 12-May-2011 BIF Production None

FLP19 779835.19 7523063.948 436.702 22-May-2011 BIF Production None

FLP20 779710.658 7523813.805 436.848 27-May-2011 BIF Production None

FLP21 779638.665 7523745.366 436.384 30-May-2011 BIF Production None

FLP22 779613.495 7523720.106 436.224 25-May-2011 BIF Production None

FLP23 779585.805 7523676.562 435.998 8-May-2011 BIF Production None

FMMB04_D n/a n/a n/a 24-Jul-2011
n/a (screened 

below BIF 
Aquifer)

Monitoring None

FMMB04_S n/a n/a n/a 24-Jul-2011 Gravel Monitoring None

FMMB05_D n/a n/a n/a 31-Jul-2011 BIF Monitoring None

FMMB05_S n/a n/a n/a 31-Jul-2011 Gravel Monitoring None

Franco's Bore 769252.712 7524412.92 432.64 16-Dec-2005 BIF Production

Producing in 
first and second 

quarter; 
monitored 

HEM01_D 772064 7523844 427.203 6-Feb-2011 BIF Monitoring None

HEM01_S 772064 7523844 427.203 6-Feb-2011 BIF Monitoring None

HEM02_D 772556 7523517 427.179 23-Apr-2011 BIF Monitoring None

HEM02_S 772556 7523517 427.179 23-Apr-2011 Gravel Monitoring None

HEM04_D 773398 7523159 427.751 1-Feb-2011 BIF Monitoring None

HEM04_S 773398 7523159 427.751 1-Feb-2011 Gravel Monitoring None

HEM05_D 774490 7523249 426.866 3-Feb-2011 BIF Monitoring None

HEM05_S 774490 7523249 426.866 3-Feb-2011 Gravel Monitoring None

Mt McKay 807180.146 7514792.468 n/a n/a
n/a (screened 

below BIF 
Aquifer)

Production Monitored

New Roy Hill Bore 801804.892 7503658.453 413.283 n/a Gravel Monitoring Monitored

SAI01 776040.611 7518261.548 415.522 19-Aug-2011 Calcrete Injection None
SAI02 780795.13 7516787.896 419.492 13-Aug-2011 Calcrete Injection None
SAI04 782195.719 7515946.516 417.454 1-Aug-2011 Calcrete Injection None
SAI05 783665.664 7515127.881 414.959 26-Jul-2011 Calcrete Injection None

SAMB01_D 776396.244 7519077.641 418.503 10-Jun-2011 BIF & Calcrete Monitoring None
SAMB01_S 776396.244 7519077.641 418.503 10-Jun-2011 Gravel Monitoring None
SAMB02_D 777695.388 7518375.423 418.373 16-Jun-2011 BIF Monitoring None
SAMB02_S 777695.388 7518375.423 418.373 16-Jun-2011 Gravel Monitoring None
SAMB03_D 778926.646 7517701.325 419.45 25-Jun-2011 Calcrete Monitoring None
SAMB03_S 778926.646 7517701.325 419.45 25-Jun-2011 Gravel Monitoring None
SAMB04_D 779920.135 7517232.462 419.918 29-Jun-2011 Calcrete Monitoring None
SAMB04_S 779920.135 7517232.462 419.918 29-Jun-2011 Gravel Monitoring None

StatusBore
Location Elevation 

(mAHD)

Date of 

construction

Screened 

aquifer
Purpose



Easting Northing

SAMB05_D 781455.01 7516358.88 418.05 4-Jul-2011 Calcrete Monitoring None
SAMB05_S 781455.01 7516358.88 418.05 4-Jul-2011 Gravel Monitoring None
SAMB06_D 783696.712 7515171.082 415.251 17-Jul-2011 Calcrete Monitoring None
SAMB06_S 783696.712 7515171.082 415.251 17-Jul-2011 Gravel Monitoring None
SAMB12_D 776022.633 7518262.394 415.921 19-Jun-2011 Calcrete Monitoring None
SAMB12_S 776022.633 7518262.394 415.921 19-Jun-2011 Gravel Monitoring None
SAMB13_D 777012.76 7519668.767 421.398 5-Jun-2011 BIF Monitoring None
SAMB13_I 777012.76 7519668.767 421.398 5-Jun-2011 Calcrete Monitoring None
SAMB13_S 777012.76 7519668.767 421.398 5-Jun-2011 Gravel Monitoring None
SAMB16_D 775413.49 7519477.823 417.327 13-Jun-2011 BIF Monitoring None
SAMB16_S 775413.49 7519477.823 417.327 13-Jun-2011 Gravel Monitoring None
SAMB21_D 780776.231 7516787.984 419.162 1-Jul-2011 BIF & Calcrete Monitoring None
SAMB21_S 780776.231 7516787.984 419.162 1-Jul-2011 Gravel Monitoring None
SAMB23_D 782873.154 7515546.706 415.666 15-Jul-2011 Calcrete Monitoring None
SAMB23_S 782873.154 7515546.706 415.666 15-Jul-2011 Gravel Monitoring None
SAMB25_D 782172.28 7515946.706 417.087 9-Jul-2011 Calcrete Monitoring None
SAMB25_S 782172.28 7515946.706 417.087 9-Jul-2011 Gravel Monitoring None
Thor Bore 794453 7517621 437 n/a Gravel Production Monitored
WDP01 783183.6 7521890 436.738 30-Nov-2010 BIF Production Monitored
WDP05 784004.2 7521302 435.253 17-Nov-2010 BIF Production Monitored
WDP06 784198.5 7521234 434.842 18-Nov-2011 BIF Production Monitored
WDP07 784429 7521179 434.277 23-Nov-2011 BIF Production Monitored

Wild Bore 795604 7519278 442 n/a BIF Production Monitored
WS19P2 770249.49 7524371.36 435.3 21-Aug-2008 BIF Production Monitored
WS19P3 769988.89 7523985.81 431.74 15-Aug-2008 BIF Production Monitored

WS20P1 776170.25 7523732.26 432.51 15-Aug-2008 BIF Production
Producing in 
first quarter; 
monitored 

WS20P2 776513.55 7523852.25 434.09 15-Aug-2008 BIF Production Monitored
WS20P3 775633.04 7523525.6 429.92 15-Aug-2008 BIF Production Monitored

WS21P1 781564.8 7518964.34 426.88 3-Aug-2008 Gravel Production
Producing in 
first quarter; 
monitored 

WS21P3 781523.45 7518415.74 425.29 15-Aug-2008 Calcrete Production
Producing in 

first and second 
quarter; 

Bore
Location Elevation 

(mAHD)

Date of 

construction

Screened 

aquifer
Purpose Status
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Appendix C 

Graphs of groundwater level, abstraction and electrical 

conductivity for producing bores 
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Appendix D 

Graphs of groundwater level and electrical conductivity for 

monitored bores 
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Appendix E 

Groundwater levels and electrical conductivity for bores associated 

with trigger level compliance 
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Mulga Health Monitoring Parameters 
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Mulga Health Monitoring (from Mulga Monitoring Guidelines 45‐GU‐EN‐0001) is based on 
an indicative 2 Ha survey area to allow sufficient sample trees. The number of mature Mulga 
for the whole sample plot should be recorded, including their relative position, to allow 
individual plants to be monitored over time. The Mulga visual condition rating is adapted 
from Souter et al. (2010).  
 
Fortescue recognises that there is currently no broadly accepted methodology for Mulga 
condition measurement in Western Australia. The Souter et al. (2010) method was 
developed for riparian Eucalypts, and components of this method considered to be relevant 
for Mulga condition measurement have been selected based on current knowledge and 
assumptions regarding Mulga responses to environmental stress factors. The method will be 
subject to an ongoing process of review, and updated where appropriate based on new 
scientific knowledge. 
 
Table A1: Mulga Health Monitoring Parameters 

Plant Dimensions 
Number of mature 

Mulga 
Number recorded including position Crown estimate 

Dimensions Height  
Age Class Definition 

Mature Plants > 2 m tall, and with ascending branches present, no phyllodes in 
‘clusters’. 

Juvenile Plants between 0.5 to 2 m tall; may have phyllodes in ‘clusters’ at ends of 
branches; usually demonstrating a horizontal branching habit; and with 
possibly some ascending branches present. 

Re‐sprout Any tree or juvenile looking plant that has obvious growth from epicormic 
buds or the base of the stem (within 30 cm of the trunk) 

Seedling Any plant that is less than 0.2 m tall 
Mulga Visual Condition Assessment 

Score Health Ranking Health rating/description 
Canopy health score 

0 Dead No phyllodes on canopy 
and branches ends dry 
and brittle when 
snapped (indicating no 
xylem flow). Bark 
exfoliating or flaking off. 

1 Highly stresses Pronounced shrivelling (greater 20%) of buds or 
shoot tips. If total phyllode loss, then branch ends 
not dry and brittle when snapped. Evidence of 
epicormic or advantageous resprouting from 
branchlets. 

2 Slightly stressed Largely full canopy cover, some phyllodes may 
appear desiccated with brown/yellow hues, less 
than 20% shrivelling of buds or shoot tips 

3 Alive Full canopy of healthy, green phyllodes present. 
New tip growth scores (growth from new shoots and branch tips) 

1 Absent Effect not visible 
2 Scarce Effect is present within the crown but not readily 

visible 



3 Common Effect clearly visible throughout the assessable 
crown 

4 Prolific Effect dominates the appearance of the 
assessable crown 

Reproduction scores (combined relative abundance of fruit and pods) 
1 Absent Effect not visible 
2 Scarce Effect is present within the crown but not readily 

visible 
3 Common Effect clearly visible throughout the assessable 

crown 
4 Prolific Effect dominates the appearance of the 

assessable crown 

 
Where appropriate for the range of potential impacts on vegetation, the following additional 
information should be considered for inclusion in monitoring programs:  

 Presence of insect damage and/or pathogens; 

 Dust cover on plant canopy; and 

 Any evidence of fire. 
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Abbreviations 

Abbreviation  Definition 

FMGL  Fortescue Metals Group Limited 

GDE  Groundwater Dependent Ecosystem 

CC  Christmas Creek 

MS  Ministerial Statement 

FMGL  Fortescue Metals Group Limited 

GDE  Groundwater Dependent Ecosystem 

CC  Christmas Creek 

MS  Ministerial Statement 

FMGL  Fortescue Metals Group Limited 

PFC  Projected Foliar Cover (%) 

VHMP  Vegetation Health Monitoring Program 

VPD  Vapour Pressure Deficit 

pd  Leaf water potential 

Glossary 

Epicormic  growth  refers  to  growth  of  shoots  from  dormant  buds  that  are  activated  following 
damage (e.g. fire) or stress (e.g. severe drought). Epicormic growth is a commonly observed in many 
eucalypts. 

Groundwater  Dependent  Ecosystems  are  ecosystems  that  require  access  to  groundwater  to 
maintain  their biological  composition, ecological processes  and  ecosystem  services  (Murray et  al. 
2003; Sinclair Knight‐Merz 2007a; Walker and Salt 2006).  

Leaf Water Potential  (w)  is the sum of the osmotic potential and the hydrostatic pressure  in the 

leaf  (Lambers  et  al.  1998).  Pre‐dawn  leaf water  potential  (pd)  provides  information  on  the  soil 
water  potential  in  the  zone where  roots  are  extracting water.  Lower water  potentials  (i.e. more 
negative water potentials) equate to increased water stress and vice versa. 

Phreatophytes are plants that draw water from the saturated zone in order to maintain vigour and 
function (Sinclair Knight‐Merz 2007b). Obligate phreatophytes are fully dependent on groundwater, 
while  facultative phreatophytes are not, using groundwater when  it  is available or,  in  the case of 
deep or saline sources of groundwater, when no other water source is available.  

Pressure Chamber is an instrument that measures the water potential of an excised leaf or shoot by 
applying a known pressure (Turner 1988). 

Stomata are structures on the surface of the leaf that act as pores to enable the exchange of gases. 

Transpiration is the process by which water absorbed by the plant evaporates from the leaf through 
stomata (Lambers et al. 1998). 

Vapour Pressure Deficit  (KPa)  is  the difference  in vapour pressure or moisture  in  the air and  the 
moisture  content  of  the  atmosphere  at which  saturation  is  reached  under  current  atmospheric 
conditions (Lambers et al. 1998). In general, as VPD increases, water stress in plants increases due to 
increased rates of transpiration.  
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Executive Summary 

In August 2011, Ministerial approval was granted to allow for an increase in the dewatering rate at 
Christmas Creek,  located 110 km north of Newman, Western Australia, to 50 gigalitres per annum 
and  injection  of  surplus  water  into  the  groundwater  aquifers.    As  a  condition  of  the  approval 
Fortescue Metals  Group  Ltd  (Fortescue) was  required  to  develop  and  implement  the  Christmas 
Creek Vegetation Health and Monitoring Management Plan (VHMMP).  This plan was completed by 
Astron Environmental Services  (Astron) on behalf of Fortescue and  in  close  consultation with  the 
Western Australian Department of Environment and Conservation  (DEC).   The plan was submitted 
for approval to the Department of Sustainability, Environment, Water, Population and Communities.   
The objective of the plan is to quantify the water status and health of keystone species and impact 
on habitat characteristics  located  in or near areas potentially effected by dewatering or reinjection 
activities.  Astron was engaged to undertake baseline survey to establish monitoring sites as part of 
the VHMMP. 

The establishment of the Christmas Creek Vegetation Health Monitoring and Management Program 
commenced in August 2011 when field work was carried out to install the required monitoring sites 
and  collect  baseline  data  before  the  anticipated  increase  in  dewatering  rate  commenced.    As  a 
result, eight sites containing keystone species were  installed  in or near dewatering and reinjection 
zones  for  ecophysiology  (water  status)  assessment.    At  Christmas  Creek  the  keystone  species 
identified which may be impacted due to an increase in dewatering (drawdown of the watertable) is 
Coolibah  (Eucalyptus victrix).     Reinjection of surplus water may affect the keystone species Mulga 
(Acacia aneura species complex). Within each of these eight monitoring sites three 20 m transects 
were installed to capture baseline data regarding habitat characteristics.  Additionally a further nine 
20 m transects were  installed  in Samphire communities  located near the southern boundary of the 
western reinjection zone.  In reinjection related monitoring sites, soil samples were collected for the 
purpose of moisture content analysis.   

The main findings in the baseline data captured were, 

 There are significant differences in Leaf Water Potential between some Mulga sites 

 There are significant differences in PFC between some Mulga sites 

 There are no significant differences in Leaf Water Potential or PFC in dewatering sites.   

 Most transects representing habitat characteristics in the dewatering and reinjection 
monitoring sites are statistically similar with the exception of two. 

 Soil moisture content measured from samples collected at Mulga sites was generally low 
percentage.  The mean percentage moisture per site ranged from 4 ± 0.41%w/w to 7.33 % ± 
0.88 %w/w. 

 Samphire community transects show individual plants in the reference transects are denser 
and smaller while those in the reference transect appear to be more spare with larger 
canopies 

The baseline sampling program has established 33 transects across eight sites.   Vegetation species 
and cover was measured at all transects. Within Coolibah and Mulga monitoring sites a total of 80 
trees had baseline water status measurements taken and 240 trees had visual health assessments.  
The baseline  sampling will allow  tests of significant change  in vegetation health parameters  to be 
tested and satisfies the design outlined within the Christmas Creek VHMMP. 
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1 Introduction 

1.1 Project Background 

Fortescue Metals Group Pty  Ltd  (Fortescue)  is developing  the Pilbara  Iron Ore  and  Infrastructure 
Project,  which  involves  a  series  of  iron  ore  mines  in  the  Pilbara  region  of  Western  Australia.  
Included in the Pilbara Iron Ore and Infrastructure Project are the Chichester Operations, which have 
two operating iron ore mines, Cloudbreak and Christmas Creek.  The Christmas Creek mine is located 
approximately 110 km north of Newman, in the central Pilbara region (Figure 1).   

Continued mining  at  Christmas  Creek  requires  dewatering  to  access  ore  below  the  watertable.  
Fortescue therefore submitted a proposal (the Christmas Creek Water Management Scheme Project 
(the  Project))  to  the  Environmental  Protection  Authority  (EPA)  to  allow  for  an  increase  in  the 
dewatering rate at Christmas Creek  to 50 gigalitres per annum and  injection of surplus water  into 
the  groundwater  aquifers.    The  Project  was  assessed  under  Section  38  of  the  Environmental 
Protection Act  1986  at  the  level  of  ‘Assessment  on  Proponent  Information’  (API)  (EPA  2011).    In 
August  2011,  the  Project  was  approved  by  the  Minister  for  Environment  under  Ministerial  
Statement 871 (MS 871).   

The  EPA  determined  during  its  assessment  of  the  Project  that  Fortescue  should  manage 
groundwater to ensure significant vegetation communities are not adversely impacted.  Condition 8 
of  MS  871  therefore  requires  Fortescue  to  prepare  a  Vegetation  Health  Monitoring  and 
Management Plan (VHMMP) for the Project.   

The relevant parts of Condition 8 state: 

8‐1  The proponent (Fortescue) shall manage groundwater abstraction and disposal (dewatering 
and injection) for the Project in a manner that ensures: 

1. There is no adverse impact on native vegetation communities attributable to the 
project outside the predicted impact areas1: and 

2. Within the proposed impact areas there is no mortality of keystone plant 
species or significant changes in habitat characteristics attributable to the 
Project. 

8‐2  Prior  to  the  reinjection  of  surplus  water  and  in  consultation  with  the  Department  of 
Environment  and  Conservation  (DEC),  the  proponent  shall  prepare  a  Vegetation  Health 
Monitoring  and Management  Plan  for  the  project  area  to  the  requirements  of  the  Chief 
Executive Officer (CEO) of the Office of the Office of the Environmental Protection Authority 
(OEPA) to verify and ensure that the requirements of Condition 8‐1 shall be met. 

                                                            

 

1 The predicted/proposed impact areas are defined in Schedule 2 of MS 871 and are provided in Figures 1 & 2 
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8‐3   The plan shall include the following: 

1. Identification of keystone species and habitat characteristics and limits of 
acceptable change in health and/or condition of these to be used as a basis for 
monitoring; 

2. Locations for predicted impacts and reference monitoring sites (outside the 
predicted impact areas) for baseline and ongoing monitoring, with sites selected 
based on scientific rationale and to the satisfaction of the DEC; 

3. Results of the baseline monitoring for vegetation health, species composition 
and habitat characteristics at both the predicted impact and reference 
monitoring sites and groundwater levels and groundwater quality at agreed 
sites in proximity to the vegetation monitoring sites; 

4. Specifications for the monitoring program for vegetation health, species 
composition and habitat characteristics, including trigger levels for additional 
management actions to prevent further impacts and ensure compliance with 8‐
1; and 

5. Specific management and contingency actions beyond reporting or initiating 
assessment. 

8‐4  The monitoring is to be carried out according to a method and schedule determined prior to 
the  injection of surplus water to the satisfaction of the CEO OEPA, and  is to be carried out 
until such a time as the CEO OEPA determines from the DEC that monitoring may cease. 

The Project was also assessed under the Environment Protection and Biodiversity Conservation Act 
1999  (EPBC Act), with  the  Federal Minister  for  the Environment  approving  the Project  subject  to 
several conditions.  One of these conditions requires that an appropriately qualified expert prepare a 
Vegetation  Health  Monitoring  and  Management  Plan  (Condition  5  of  the  EPBC  Act  approval 
(EPBC2010/5706)  for  the  Project  to  the  satisfaction of  the  Federal Minister  for  the  Environment.  
This  task has been  completed  and has been  approved by  the Western Australian Department of 
Environment  and  Conservation  (DEC)  and  Australian  Department  of  Sustainability,  Environment, 
Water, Population and Communities (Astron 2011). 

The  Vegetation  Health  Monitoring  and  Management  Plan  (VHMMP)  uses  the  framework 
recommended by the International Union for the Conservation of Nature and Natural Resources (the 
IUCN) to assist in developing and implementing the key issues with respect to vegetation health and 
condition management  targets, monitoring  designs  and  reporting  requirements  (Hockings  et  al. 
2006).    The  IUCN  framework  allows  the  application  of  the  Pressure‐State‐Response  model  for 
adaptive  environmental  management  through  a  systematic  process  that  avoids  the  haphazard 
application of monitoring programs. Using  the  IUCN  framework,  the VHMMP defines  the project 
management areas and the roles and responsibilities of Fortescue personnel implementing the plan.  
The VHMMP also provides environmental context and identifies the current area of keystone species 
and habitat  characteristics within  vegetation  communities  that may be  impacted by groundwater 
drawdown or groundwater rise (Astron 2011).  It is these keystone species and habitats that are the 
focus of this baseline monitoring report. 
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1.2 Keystone species and habitats 

Keystone  plant  species  identified  in  the  VHMMP  are  those  species  occurring  in  vegetation 
communities  that  provide  high  ecosystem  service  value  to  the  community,  or  are  species within 
communities  of  high  conservation  value  of  which  little  precise  knowledge  regarding  ecosystem 
function is know (Astron 2011).  For the VHMMP, the following keystone plant species are identified: 

 Mulga (Acacia aneura species complex) – Low open forest to woodland; 

 River Red‐gum (Eucalyptus camaldulensis) – Riparian woodland to open woodland; 

 Coolibah (Eucalyptus victrix) – Riparian woodland to open woodland; and 

 Samphire communities (Tecticornia species and other major shrubs such as Muellerolimon 
salicorniaceum). 

Other vegetation communities considered regionally important, e.g. low woodland dominated by 
Snakewood (Acacia xiphophylla) are not significantly represented within the Project area.  Hummock 
grassland dominated by Triodia basedowii is extensive in the northern portions of the drawdown 
impact area (Figure 2), but is considered unlikely to be susceptible to drawdown impacts (Astron 
2011).  The baseline depth to watertable where this vegetation type occurs is >20m (Fortescue 
2011a). 

1.3 This report 

This document is a baseline report addressing Condition 8.1 of MS 871.   Field works were conducted 
between 15th‐19th August 2011 and 1st‐5th September 2011.   The objective of the field survey, data 
analysis  and  report was  to  provide  a measure  of  the  current  state  of  the  keystone  species  and 
habitats at a number of permanently marked monitoring sites.  These sites will form the basis of the 
vegetation health monitoring.  The broad monitoring hypothesis is that measurements of ecological 
parameters  within  keystone  vegetation  habitat  or  keystone  species  at  potential  impact  sites 
(drawdown impact area or mounding impact areas), do not, over time, alter significantly beyond the 
natural variation of reference sites.   
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2 Methodology 

2.1 Project Location 

Fortescue Metals Group Pty  Ltd  (Fortescue)  is developing  the Pilbara  Iron Ore  and  Infrastructure 
Project,  which  involves  a  series  of  iron  ore  mines  in  the  Pilbara  region  of  Western  Australia.  
Included in the Pilbara Iron Ore and Infrastructure Project are the Chichester Operations, which have 
two operating iron ore mines, Cloudbreak and Christmas Creek.  The Christmas Creek mine is located 
approximately 110 km north of Newman, in the central Pilbara region (Figure 1).   

2.1.1 Climate 

The climate of the Pilbara  is classified as arid tropical with two distinct seasons: a hot wet summer 
(October – April) and a mild dry winter  (May – September)  (Maunsell 2006a).   Rainfall  can occur 
throughout the year, but most rain is due to monsoonal low pressure systems and tropical cyclones 
in the summer season.  During the winter season, mild cold fronts influence rainfall patterns across 
the region. 

 

Figure 3: Mean monthly rainfall (mm) sourced from Cloudbreak Weather Station and Marillana Weather Station.  Long 
term (1936 – 2011) mean monthly rainfall is shown from Marillana Station.  Monthly Vapour Pressure Deficit (kPa) is 
sourced from Cloudbreak Weather Station.  Note: Data captured at Cloudbreak is invalidated prior to July 2011.  

2.1.2 Landform  

The  Pilbara  region  has  been  surveyed  by  the Western Australian Department  of Agriculture  and 
Food (DAFWA), for the purposes of land classification, mapping and resource evaluation. The region 
consists of 102 land systems; distinguished on the basis of topography, geology, soils and vegetation 
(Van Vreeswyk et al. 2004).  The Project area coincides with the Jamindie, Turee, Cowra and Marsh 
land systems.   Further detail of  land systems occurring  in the project area are outlined  in VHMMP 
(Astron 2011). 
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2.1.3 Groundwater – Primary Pressure 

Change in groundwater depth (drawdown and mounding) due to Project dewatering or re‐injection 
is  the  Primary  pressure  that  may  impact  groundwater  sensitive  vegetation.    Groundwater 
monitoring bore  locations provided by FMGL show some bores could be  located within the vicinity 
of some vegetation monitoring site; however, this was not found to be consistent with all sites.   A 
broad  statement  can  be  made  regarding  the  depth  to  water  directly  below  monitoring  sites.  
Groundwater  depths  gauged monthly  (mean monthly  depth  used where  gauging more  frequent) 
from  bores  considered  the  ‘nearest’  to  monitoring  sites  showed  a  depth  to  water  ranged  of 
16.04 mbgl to 30.06 mbgl.  The highest levels (approximately 16‐17 mbgl) in the water table appear 
to  be  near  the  western  reinjection  area  while  water  table  levels  associated  with  the  eastern 
reinjection monitoring  sites  are  approximately  8 m  lower.    The  lowest  ground water  level,  30.06 
mbgl  recorded  at  Charlton  Bore  is  the  closet  to DI1 monitoring  site.  The  areas  bounding where 
changes in groundwater are predicted to occur are provided in Figure 2. 

2.1.4 Vegetation  

Vegetation descriptions at Christmas Creek are provided in the VHMMP (Astron 2011).  The Project 
area  is  located on the northern edge of the Fortescue Marsh, which contains the Fortescue Marsh 
Priority 1 PEC.   A brief description of  the  keystone  vegetation  communities  that are  the  focus of 
vegetation monitoring is provided below. 

2.1.4.1 Mulga Vegetation Communities 

The Mulga  communities of  the Project area  range  from  low woodland,  low open  forest  to mixed 
Acacia scrub.   These are generally dominated by members of the Mulga species complex; however 
other  prominent  species  include  Acacia  xipholphylla,  A.  pruinocarpa  and  A.  tetragonophylla.  
Groundwater monitoring  associated with  the  Fortescue  bore  network  indicates  that  the  baseline 
depth  to  watertable  ranges  from  approximately  3  to  >15  m  where  these  communities  occur 
(Fortescue 2011b). 

Habitat and plant / community health characteristics targeted for Mulga vegetation monitoring are: 

 Density and cover of dominant Acacia species; 

 Life histories of dominant Acacia species (fruiting seeding and recruitment); 

 Cover of species in perennial understorey measured between sites; and 

 Indicative health of dominant Acacia species measured by physiological water status and soil 
moisture measurements between sites. 

 The potential for incorporating additional parameters into the monitoring program, such as 
ant community structure, is being further investigated by Fortescue. 

2.1.4.2 Facultative (Partially) Phreatophytic Vegetation 

Within the Project area River Red Gums (Eucalyptus camaldulensis) and Coolibah (E. victrix) mapping 
indicted these species being restricted to major drainage lines, where they grow as open woodland.  
River Red Gums and Coolibahs are  considered  to be  facultative phreatophytes, which are  species 
that  can  utilise  groundwater  opportunistically  at  times  when  water  availability  is  limited  (ENV 
Australia 2010).  However, during on‐ground surveys for phreatophytic vegetation monitoring sites, 
only  Coolibah  open  woodlands  along  drainage  lines  were  found.    Therefore  all  phreatophytic 
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monitoring was targeted towards this keystone species. A brief description of Coolibah  is provided 
below. 

Coolibah is a spreading tree to 12 m and is considered a facultative phreatophyte as it occurs low in 
the  landscape, most commonly on  the  floodplains along watercourses.    It has a spreading, heavily 
lateralized root system with major  laterals appearing to act as tap roots  in some cases, with small 
secondary  laterals  and  secondary  sinker  roots  also  common  (Grigg  et  al.  2008).    In  a Western 
Australian Department of Water study of two sites on the de Grey and Fortescue Rivers, the 5‐year 
absolute water  level  range  tolerated  by  Coolibah was  1.6 m  (inundation)  and  ‐7.5 m  (depth  to 
groundwater)  (Loomes  2010).   However,  the  length  of  time  experienced  at  these  levels was  not 
discussed.   

Habitat and plant  / community health characteristics  targeted  for Coolibah vegetation monitoring 
are: 

 Water status (pre‐dawn water potential); 

 Density of trees; 

 Canopy health; and  

 Recruitment. 

2.1.4.3 Samphire vegetation 

The samphire communities of the Project area are largely comprised of Low Halophytic shrubland of 
Tecticornia auriculata, T.  indica subsp.  leiostachya, T. halocnemoides subsp.  tenuis with patches of 
Frankenia species.  Areas of Muellerolimon salicorniaceum and T. indica subsp. bidens shrubland are 
mapped in Mounding impact area 1 to a lesser extent. 

Typically the watertable is several (2 to 5) metres deep near the marsh fringe and shallower towards 
the centre of the marsh.  Samphire species zonation in the project area is considered to reflect the 
variable edaphic and water quality conditions; and varying tolerance to stressors of drought, salinity 
and waterlogging between the dominant species. 

Habitat and plant  / community health characteristics  targeted  for Coolibah vegetation monitoring 
are: 

 Distribution of plant species (reference labelling is used as an interim in the baseline 
monitoring as identifiable plant material was not available); and 

 Plant health. 

2.1.5 Weed density and abundance – Secondary Pressure 

A number of weed  species have been  identified  from botanical  surveys of  the Project  area  (ENV 
Australia  2010).    Weeds  have  the  potential  to  alter  keystone  species  habitat  are  baseline 
measurements of weed presence and density is required as part of the current monitoring program 
(S. Van Leeuwin, DEC, Pers. Comm.). 

The baseline spatial distribution and densities of weed species was recorded.   Weed record points 
were  taken  at  monitoring  sites  to  capture  weed  species,  life  stage  and  abundance  data  in  a 
systematic grid survey.   The spatial distribution of weed occurrences  located by weed record point 
grids is provided in Appendix Figures 1 to 8. 
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The occurrence of weed species was also quantified within line intercept transects. 

2.1.6 Grazing Impact – Secondary Pressure 

Grazing  by  introduced  cattle  has  the  potential  to  alter  keystone  species  habitat  are  baseline 
measurements of  grazing pressure  is  required  as part of  the  current monitoring program  (S. Van 
Leeuwin,  DEC,  Pers.  Comm.).  Grazing  impacts  on monitoring  sites were  quantified  by  recording 
counts  of  cow  pats  and  the  presence  cattle  tracks.    Monitoring  sites  generally  recorded  both 
measures indicating cattle activity is widespread across the site and was recorded within drawdown, 
mounding and reference sites.   

2.2 Design of Monitoring Program 

Monitoring potential  impact of keystone species  required  the  installation of  reference and  impact 
sites.  Impact sites are at the dewatering zone, where drawdown is predicted to occur and may have 
an effect on phreatophytic vegetation, and two reinjection zones, where groundwater mounding  is 
predicted occur.  The mounding may have an effect on Mulga and Samphire communities. 

The selection of sample sites within impact and reference areas was designed to: 

 Contain the vegetation communities of interest.  For example, the occurrence of Coolibah 
open woodland that was accessible was scattered.  Extensive searches failed to locate other 
phreatophytic species, in particular Eucalyptus camaldulensis. Therefore Coolibah is the only 
potentially phreatophytic community that occurs in the impact area. Similarly, on‐ground 
survey for Samphire communities, conducted over two separate reconnaissance trips, only 
identified suitable sample sites on the very southern boundary of the western reinjection 
(mounding) zone.  Samphire communities did not occur further northward within the 
mounding impact zone. 

 Align as closely as possible to groundwater bores.  This is to provide a measure of actual, 
rather than inferred, groundwater change.  The location of monitoring bores is provided in 
Appendix Figures 1 to 3 and Figures 6 to 8. 

 Allow safe access.  The sample sites are within two kilometres walking distance from a 
vehicle track. 

 Allow measurement of the baseline state of vegetation within drawdown or mounding 
zones for three keystone communities: 

o Potentially phreatophytic Coolibah communities in drawdown zones; 

o Mulga vegetation with root systems that may be affected by mounding; and 

o Samphire communities that may be affected by mounding. 

To satisfy Ministerial conditions for the project, the sample design required: 

 Sample areas (Sites) for phreatophytic vegetation.  Nested within these Sites are 
permanently marked visual health monitoring sample trees, ecophysiological (water status) 
monitoring tress, 20 m understorey monitoring transects and weed record points.  The 
spatial location of phreatophytic sampling trees, transects and weed record points is 
provided in Appendix Figures 4 to 5. 

 Sample areas (Sites) for Mulga vegetation.  Nested within these Sites are permanently 
marked visual health assessment Mulga trees, ecophysiology (water status) monitoring 
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trees, understorey monitoring transects and weed record points (Appendix Figures 1 to 3 
and 6 m to 8). 

 Sample line‐intercept transects within Samphire vegetation communities.  The transects 
measure intersections of each individual plant (Samphire or other species, plant height and 
tip die‐off.  The locations of Samphire monitoring transects, which are within approximately 
a 3 km by 3 km area, are provided in Figure 2.  Weed record points survey did not identify 
any weed species in the vicinity of these transects at the time of baseline survey. 

For  Phreatophytic  and Mulga monitoring,  the  area  of  each  site  is  approximately  1 to  2 Ha  and 
includes  30  permanent  sampling  trees  from  the  keystone  species  within  each  area  of  interest.  
Qualitative measures of tree condition (n = 30) were taken at each site.  For the reinjection sites the 
keystone  species  is Mulga  and  dewatering  sites  is  the  facultative  phreatophytic  species  Coolibah 
(Table 1).   Quantitative measures at each monitoring site on keystone species  included  leaf water 
potential status (n=10) and projected foliar cover (n=10). 

Monitoring  potential  impact  in  habitat  characteristics  required  installation  of  three  20 m  line 
intercept transects, at each reference and impact site (Figures 2 to 10). Transects at reinjection sites 
were installed in an east/west direction for representative vegetation coverage.  Transects installed 
at  the  dewatering  sites  were  installed  perpendicular  to  the  adjacent  creek  bed.    Samphire 
communities habitat  characteristics were  also monitored with 20 m  transects  (five  reference  and 
four impact) on the southern boundary of the western reinjection zone (Figure 2).   

Table 1: Monitoring sites with keystone species are listed.  Their potential impact if applicable is shown.  Locations of 
monitoring sites are depicted in (Figure 2 to 10) 

Monitoring Site  Abbreviation  Treatment 
Keystone 
Species 

Potential 
Impact 

No. 
Sample 
Trees 

No. of 
Transects 

No. of 
Soil 
Bores 

Western Reference 1  WR1  Reference  Mulga  n/a  30  3  3 

Western Impact 1  WI1  Impact  Mulga  mounding  30  3  3 

Western Impact 2  WI2  Impact  Mulga  mounding  30  3  6 

Eastern Reference 1  ER1  Reference  Mulga  n/a  30  3  4 

Eastern Impact 1  EI1  Impact  Mulga  mounding  30  3  4 

Eastern Impact 2  EI2  Impact  Mulga  mounding  30  3  4 

Dewatering Reference 
1 

DR1  Reference  Coolibah  n/a  30  3  n/a 

Dewatering Impact 1  DI1  Impact  Coolibah  drawdown  30  3  n/a 

2.3 Predawn (pd) and Midday Leaf (md) Water Potential 

At each monitoring site containing the target keystone phreatophytic or Mulga species, four excised 
shoots (2 – 10 leaves) were sampled from the canopy of each sample tree at all sites an hour before 
dawn and again at midday on the same day.  Shoots were immediately placed in a sealed plastic bag 

and kept chilled in an esky until water potential () was measured using a pressure chamber (Model 
1000, PMS Instrument Company, Oregon, USA), usually within one hour (O'Grady et al. 2002; Sinclair 
Knight‐Merz 2007b).  

2.4 Projected Foliar Cover 

Projected Foliar Cover  (PFC) was measured underneath each of  the 10 sample  trees at all sites by 
digital photography.  Canopy photographs of the trees were taken between 7.00am – 10.00am and 
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2.00pm – 5.00pm to reduce glare which can cause canopy density to be underestimated. A 12 mega 
pixel digital camera was mounted, levelled and pointed skyward on a tripod that was placed above 
the permanent marker  (star picket) under  the canopy. Each photograph was analysed with Adobe 
Photoshop  Elements  7.0  using  the method  developed  by MacFarlane  et  al.  (2007a;  2007b).  This 
measure of PFC  includes  stems and  leaves.   Due  to  the biased  selection of a  suitable monitoring 
point under  a  tree  canopy,  comparisons of  absolute  values  for PFC  are meaningless: only  trends 
between time periods are informative. 

2.5 Qualitative Visual Health Assessment 

2.5.1 Mulga Communities 

All sample trees (30 per site) at each reinjection reference and impact site were allocated a Grimes 
health score according to Eldridge et al. (1993) method. 

2.5.2 Facultative (Partially) Phreatophytic Vegetation 

All  sample  trees  (30 per  site) were  visually  assessed using  a method developed by  Souter  et  al., 
(2009)  to monitor  the health of phreatophytic  vegetation. The assessment method  is based on a 
conceptual model  of  the  symptoms  of  decline  due  to water  stress  and  indicators  of  recovery  as 
conditions improve.  The method incorporates the following aspects of tree health: 

 Crown growth; 

 Crown density;  

 Epicormic growth;  

 Epicormic state; 

 Reproduction; 

 Crown tip growth; 

 Leaf die off; 

 Leaf damage; 

 Mistletoe; and 

 Bark form. 

Crown condition ratings was based on a scale from 0 to 9 which will be assigned to the stages of tree 
decline and recovery as displayed as combinations of crown extent and density classes in Souter et 
al. (2010). A rating of 0 corresponds to a tree with no  leaves and 9 corresponding to a tree where 
the  crown  is  foliated  to  its maximum extent and  the  foliage  is at maximum density. A  score of 5 
represents a tree with moderate extent and moderate density. 

Determination of crown condition  trajectory was also based on  the system of Souter et al.  (2009; 
2010).  Scores  for  recovery  attributes  (epicormic  growth,  reproduction  and  crown  growth)  and 
decline  attributes  (leaf die off,  leaf damage  and mistletoe  abundance) were  totalled, with  scores 
ranging  from 0  (effect absent)  to 3  (effect dominates appearance of  tree) given  for each attribute 
(Souter et al. 2009).  In addition, one point will be added  to decline attributes  total when  the  tree 
had cracked bark and one point was deducted  from  the  recovery attributes  total when epicormic 
growth (if present) was inactive. A declining trajectory was assigned to trees where the decline total 
exceeded the recovery total by more than one point, and vice versa for a recovery trajectory. Where 
the difference was one point or less, the trajectory was determined as stable. 
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2.6 Habitat Characteristics 

A measure of habitat characteristic was captured using replicate 20 m line intercept transects in all 
dewatering  and  reinjection  (drawdown  and mounding  respectively) monitoring  sites,  and within 
Samphire communities.  Within each transect line, observations for species present (overstorey and 
understorey), canopy cover and health category.   

Samphire species identification requires collection and examination of the fruiting material for each 
plant.   The phenology of  fruiting  in Samphires can be episodic and collection of  fruits suitable  for 
identification of different species that are morphologically similar is required (S. Van Leeuwin, DEC, 
Pers. Comm.).  This material was not available on the Samphire plants at the time of baseline survey.  
Therefore,  in  consultation  with  DEC,  each  individual  plant  intersected  along  the  transect  was 
numbered  as  a  reference  to  its position.    Species  identification will be undertaken when  fruiting 
material  is  available  for  each  marked  plant.    Samphire  communities  were  monitored  by 
measurement  of  each  plants  cover,  plant  height  and  a  health  score  based  on  percentage  of  tip 
browning (D. Huxtable, Pers. Comm.). Health scores are provided in table 2. 

Table 2: Health score table associated with Samphire communities only.  Each individual plant is allocated a score based 
on percent of tip browning observed. 

Score  Category  Percentage of Tip Browning 

1  Poor  75% ‐ 100 % 

2  Moderate  25% ‐ 75% 

3  Healthy  0% ‐ 25% 

2.7 Soil Moisture 

Soil samples collected for gravimetric moisture analysis were obtained from manually augering soil 
bores  within  monitoring  sites  located  near  reinjection  related  zones.  Soil  bore  locations  were 
selected to gain a representative coverage of each six sites.   Each soil sample was sealed  in an air‐
tight  sample  jar  and  sealed with  electrical  tape.    Samples were  kept  chilled  after  collection  and 
during  transport  to  Perth  for  analysis  at  a  National  Association  of  Testing  Authorities  (NATA) 
accredited laboratory. 

2.8 Statistical Analysis 

Data collected during baseline  field work were  tested using Shapiro‐Wilk  tests  to determine  if  the 
data were normally distributed.   Homogeneity of variance was tested by Levene’s test.    If the data 
were normally distributed  then a  set of parametric  tests was adopted, otherwise non‐parametric 
tests were applied (Zar 2009). 

The parametric statistical tests used to analyse the leaf water potential and tree health assessments 
were the k‐sample analysis of variance (Bartlett’s test) and the two sampled t‐test (Student’s t‐test) 
categories  with  a  control.    The  non‐parametric  statistical  tests;  Kruskal‐Wallis  test  and  Mann‐
Whitney U test, were used when the assumptions for parametric tests could not be met.   All tests 
were conducted within a 95% confidence interval using XLSTAT (version 2009.3). 

Classification and ordination techniques were employed to  illustrate and compare the multivariate 
data collected along transects and allow an assessment of the replication for each treatment.   The 
purpose of these analyses were to  indicate groupings of transects according to similarity  in species 
composition  and  cover.  Prior  to  undertaking  these  analyses,  transformation  of  data  and  the 
calculation of a similarity (resemblance) matrix between transects is required. In this current study, 
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the Bray Curtis metric was used to generate the resemblance matrix (Clarke and Gorley, 2006). Data 
transformations  in  multivariate  analyses  allow  for  a  better  comparison  of  floristics  by  down‐
weighting the influence of high cover scores in a transect for a particular species (Clarke and Green, 
1988).  In  the  analyses  undertaken  for  this  report,  the  square‐root  transformation was  used.  All 
multivariate  analyses  were  carried  out  in  PRIMER  V  6  (Clarke  and  Gorley;  Plymouth  Marine 
Laboratory 2006). Firstly, a dendrogram was produced using the classification procedure with Group 
Averaging  specified.  Next,  an  ordination  plot  was  produced  using  non metric Multidimensional 
Scaling (MDS) with contours of similarity from the classification analysis overlaid on the plot. Finally, 
where appropriate, a permutation test known as Analysis of Similarity (ANOSIM) was performed to 
determine  if  reference  transects were different  from potential  impact  transects.  Significance was 
assessed  as  to whether p  <  0.01.  For  the data pertaining  to  reinjection  sites,  a  two‐way  crossed 
ANOSIM model  was  used  with  a  treatment  factor  (reference  and  potential  impact  sites)  and  a 
location factor (eastern or western stand). ANOSIM results were not reported for the comparison of 
potential  impact  and  reference  sites  in  the  drawdown  area  because  only  10  permutations were 
possible: too few to provide sufficient power or reliability (Clarke and Gorley 2006).  However, with 
repeat measures over the continuation of the monitoring program, additional statistical power will 
be achieved. 
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3 Results 

3.1 Mulga Communities 

3.1.1 Leaf Water Potential 

In August 2011, the mean pd measured at reinjection related monitoring sites on keystone species 
Mulga, during a predawn sampling event ranged between ‐3.29 ± 0.22 Mpa to ‐6.83 ± 0.75 Mpa.  At 

a midday sampling event on  the same day,  the mean md measured ranged between  ‐5.19 Mpa ± 
0.31 Mpa to ‐7.82 Mpa ± 0.22 Mpa (Figure 4).  The average increase of water potential between sites 
from  the predawn  sampling period  to  the midday  sampling period was approximately 1.0 Mpa  to 
2.0 Mpa. 

A non parametric analysis of mean water potential values indicates a significant difference between 
some reinjection monitoring sites as shown in Table 3. 

 

Figure 4: Averaged predawn and midday leaf water potential measurements for Mulga for each reinjection related 
monitoring site. Error bars represent the calculated standard error for each site. 

Table 3: Significance test results (P) for differences between mean Mulga leaf water potential for all trees in reference 
and impact reinjection sites at Christmas Creek in August 2011.  a) Results (P) for predawn leaf water potential. b)  
Results (P) for midday predawn leaf water potential.  P was calculated with T tests using 95% confidence intervals.  
Significant differences are denoted in bold. 

a) Predawn (P) values   b) Midday (P) values 

   WI1  WI2  ER1  EI1  EI2     WI1  WI2  ER1  EI1  EI2 

WR1  0.796  0.009  0.013  0.063  0.353  WR1  0.684  0.007  0.028  0.03  0.811 

WI1     0.005  0.156  0.043  0.631  WI1     0.007  0.271  0.029  0.971 

WI2        0.001  0.123  0.003  WI2        0.011  0.971  0.003 

ER1           0.003  0.013  ER1           0.007  0.086 

EI1              0.015  EI1              0.022 
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3.1.2 Projected Foliar Cover 

The mean PFC percentage at each reinjection site of keystone species Mulga ranged between 27.6% 
± 4.2% and 62.1% ± 3.1%.  Analysis of mean PFC percent shows a significant difference between sites 
within  the  reinjection  zone  (Table 4).    EI1 has notably  lower PFC percentage with  an overall  site 
mean of 27.6% compared with all other reinjection zone sites. 

 

Figure 5: Mean projected foliar cover percentage for Mulga at reinjection related sites. 

Table 4: Significance test results (P) for differences between mean Mulga mean projected foliar cover for all trees in 
reference and impact reinjection sites at Christmas Creek in August 2011. P was calculated with non parametric Kruskal‐
Wallis Test using 95% confidence intervals.  Significant differences are denoted in bold. 

Projected Foliar Cover % (P) values  

WI1  WI2  ER1  EI1  EI2 

WR1  0.19  0.971  0.19  <0.00001  0.029 

WI1  0.19  0.853  <0.00001  0.165 

WI2  0.143  <0.00001  0.043 

ER1  0  0.19 

EI1  0.019 

3.1.3 Qualitative Visual Health Assessments  

The Grimes scores allocated to sample trees within each the Mulga community recorded a range of 
2  (poor health)  to 9  (excellent health) within monitoring  sites.   The mean Grimes  scores per  site 
ranged from 5.67 ± 0.13 to 6.01 ± 0.25 (Figure 6). 
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Figure 6: Results of the qualitative visual health assessment with mean grimes scores (0‐9) shown for each site within 
Mulga communities. 

3.1.4 Soil Moisture 

Soil  samples were collected  from  the  six monitoring  sites  relating  to  reinjection  zones.   A  total of 
between 3 and 6  samples were  taken at each  site,  from depths between 0.45 m and 0.75 m and 
analysed for percentage moisture.   The mean percentage moisture per site ranged from 4 %w/w ± 
0.41%w/w at  site ER1  to 7.33 %w/w ± 0.88 %w/w at  site WI1  (Figure 7).   Refer  to appendices  for 
laboratory results of the 24 samples submitted for analysis. 

 

Figure 7: The mean gravimetric %w/w soil moisture per site by gravimetric soil sampled from each monitoring site 
related to reinjection activities. 
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3.2 Facultative (Partially) Phreatophytic Vegetation 

3.2.1 Leaf Water Potential 

In  August  2011,  the  mean  pd  measured  at  the  dewatering  related  sites  on  keystone  species 
Coolibah at a predawn sampling event were, ‐1.02 Mpa ± 0.04 Mpa (DR1) and ‐0.87 Mpa ± 0.02 Mpa 

(DI1).   At  a midday  sampling  event on  the  same  day,  the mean md measured was  ‐2.76 Mpa  ± 

0.07 Mpa (DR1) and ‐2.69 Mpa ± 0.09 Mpa (DI1).  The difference in mean pd between the predawn 
sampling  event  and  the midday  sampling  event was  ‐1.74 Mpa  and  ‐1.82 Mpa  respectively.    A 
parametric  analysis  of mean water  potential  show  there  is  not  enough  evidence  to  suggest  any 
significant  difference  between  dewatering  related  sites  in  either  the  predawn  sampling  event 
(p=0.160) or midday sampling event (p=0.297). 

 

Figure 8: Averaged predawn and midday leaf water potential measurements for Coolibah for each dewatering related 
monitoring site. Error bars represent the calculated standard error for each site. 

3.2.2 Projected Foliar Cover 

The mean PFC percentage at each dewatering site of keystone species Coolibah were not statistically 
different (p=0.519).   Mean PFC percentages for DR1 and DI1 were 60.1% ± 3.9% and 61.7% ± 3.1% 
respectively.  

3.2.3 Qualitative Visual Health Assessments 

There  was  no  significant  difference  in  the  visual  health  assessment  scores  in  phreatophytic 
communities (p=0.342).  The mean health scores for DR1 and DI1 were 5.9 and 5.4 respectively.  

Net  trajectory  results  for DR1  and DI1  indicate most  sample  trees  at  these  sites  are  in  a  stable 
condition.   Trajectory decline does occur at both sites (see Figure 9). 
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Figure 9: Tree visual assessment scores based on Souter et al. (2009) that details the Mean for Canopy Score and the Net 
Trajectory Score (Stable, Recovery or Decline) for each site for August 2011. 
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3.3 Habitat Characteristics 

3.3.1 Mulga and Facultative Phreatophytic Communities 

The  ordination  plot  of  transect  composition  and  cover  for  the  reinjection  sites  indicated  two 
transects that were distinctly different from one another and all other transects (Figure 10). These 
were WI1‐1 and ER1‐1.  This may be attributed to a difference in species richness and/or there total 
coverage of particular species within the transect. The reference sites and the potential impact sites 
and the Eastern and Western transects appeared to be located in separate sections of the ordination 
space. However, there was no distinct clustering of these features. Further, ANOSIM results did not 
indicate a significant difference between reference and potential impact sites (Global R = 0.241, p = 
0.071,  permutations  =  999)  nor  between  the  eastern  and western  stands  (Global R  =  0.234,  p  = 
0.017, permutations = 999). 

 

Figure 10: Multidimensional Scaling plot representing cover by species data for transects established in potential impact 
and reference areas in relation to reinjection of groundwater. The eastern and western stands are also distinguished. 
Contours of similarity (%) were derived from classification analysis. 

For the drawdown area and associated reference sites, there was some clustering of the reference 
transects with DR1‐2 and DR1‐3 showing some degree of similarity (Figure 11). However, as DR1‐1 
was  located  between  the  potential  impact  transects  in  ordination  space,  there  is  broad  level  of 
similarity among reference and potential  impact sites and a high  level (40 to 60%) similarity within 
treatment. 
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Figure 11: Multidimensional Scaling plot representing cover by species data for transects established in potential impact 
and reference areas in relation to groundwater drawdown. Contours of similarity (%) were derived from classification 
analysis. 

3.3.2 Samphire Communities 

The total percentage of cover within reference and impact transects ranged from 16.8 ± 0.24 % (SR2) 
to 54.5 ± 0.38 % (SI3).   There  is a highly  significant difference between  total percentage Samphire 
cover between reference and impact transects (p=<0.0001).  Within treatments, there is not enough 
evidence  to suggest a significant difference  in  total percentage Samphire cover among  impact site 
transects (p=0.0804), however a significant difference was observed among reference site transects 
(p=0.0078).    Pairwise  analysis  indicates  this  difference  among  reference  site  transects  isolates 
transect  SR6  as  significantly  different  to  all  other  transects  in  this  treatment  (See  Table  5  for  P 
values). 

Table 5: Total Canopy Cover (%) P values for each Reference Site 20 m transect.  Significant results are denoted in bold. 

Total Canopy Cover (%) P values 

SR3  SR4  SR5  SR6 

SR2  0.856  0.8439  0.5113  0.08482 

SR3  0.7978  0.6227  <0.001 

SR4  0.5056  0.007 

SR5  0.01 

 

The reference transects indicate higher counts of individual plants with lower mean total cover than 
of  individual plants  in  impact transects (See Table 6).   Mean health scores, measured by tip die‐off 
for  individual  plants,  indicate  that  impact  site  transects  scores  were  higher  than  the  reference 
transects.   The reference transects scores ranged  from a mean of approximately 1.1  (tip die‐off  in 
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75%‐100%  of  stems  counted)  to  approximately  2.9  (tip  die‐off  in  about  10%  of  stems).   Within 
impact  transects,  tip die‐off  ranged  from  approximately  1.7  (tip die‐off  in  the  range  25%‐50% of 
stems counted), to 2.6 (tip die‐off in about 25% of stems counted). 

Table 6: Mean number of individual Samphire plants for each treatment. Mean total cover (%) for each treatment. 

Mean No. of Individuals  Mean Total Cover (%) 

Reference Transects  28.8 ± 4.2  Reference Transects  28.09 

Impact Transects  15.3 ± 3.6  Impact Transects  37.96 

 

 

Figure 12: Mean health score for each Samphire community transect. Transect SR2 is excluded from this figure as health 
scoring system presented here was implemented during Trip 2 (Sept‐11).  See Table 2 for health score categories. 
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4 Discussion 

Baseline monitoring has been established at sites within drawdown, mounding and reference areas 
to provide  the current state of a  range of physiological  (water status), vegetation and  tree health 
parameters.    Leaf water  potential,  tree  health  data  and  vegetation  cover  data  are well matched 
between impact and reference trees and transects for (potentially) phreatophytic tree assessments 
of Coolibah.  

Some variation  in water  status between Mulga  sites at  reference and  impact areas was detected.  
However, the baseline measurements have established the degree of difference  in these measures 
between treatment.  The objective of the monitoring program is to detect, in a design nested by site 
and  time  (Zar  2009),  if  adverse  changes  in water  status  of Mulga  trees  occurs within mounding 
impact  transects  in comparison  to  the  reference.   This may be  indicated  if  in  ‘repeat‐measures’ a 
statistically  significant  rise  in  the midday  water  potential  was measured  in  impact  transects  in 
comparison to reference.  This would suggest that Mulga trees will be transpiring more because they 
have access to the rising groundwater.   The absolute difference between the current water status 
measured in reference and impact sites is not of concern.  They simply reflect the natural variation in 
water  status  for Mulga  (determined  by  soil  and  soil moisture  characteristics).    The monitoring 
program  is  designed  to  detect  trends,  which  requires  repeat  measures  from  the  established 
baseline. 

Soils show  low percentage moisture which  is associated with these soil types  in the Pilbara region.  
However,  this  data  should  be  considered  with  caution  as  samples  have  been  collected  at  a 
seasonally dry time of year. 

Within Samphire communities,  the number of  individual plants and mean  total cover  in  reference 
transects  indicates  in  this  area  the  distribution  of  plants  is more  dense  (than  impact  sites)  and 
contains smaller plants than those in the impact transects.  In impact transects, a smaller number of 
individual plants was recorded with higher total mean cover  indicating the plants  in this area more 
sparsely distributed but have  larger canopies  than  reference  transects.   Health scores suggest  the 
larger plants  found  in  the  impact  area  are  less  likely  to have higher percentages of  tip browning 
compared with the reference sites where the smaller plants showed some individuals with a higher 
percentage of tip browning.   

Secondary  pressures  that  can  affect  vegetation  condition  of  keystone  species  were  measured.  
Weeds and cattle activity are present at most sites, however weed  records close  to  the Samphire 
transects were nil.  The future impact by cattle is more likely to be on understorey species than on 
established keystone species.  While each pressure’s intensity varies between sites, it is likely at this 
stage  their  impact  on  keystone  species  is minimal  however,  continued monitoring  of weeds  and 
quantification of cattle visitation is recommended as the impact from these will have a direct impact 
on habitat characteristic. 

Additional observational  tasks were also  completed  in  the baseline monitoring.   No  ‘Yintas’ were 
observed within the areas visited during this survey. 
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5 Conclusions 

A  repeat  in  soil moisture  sampling may  be  required  to measure  the  water  content  of  the  soil 
immediately after the wet season (December – February) to understand differences in moisture due 
to seasonal influences or effects of mounding due to reinjection. 

Baseline monitoring sites have been established following the procedures outline in the VHMMP and 
consistent with the Ministerial Conditions for the project.   The aim of repeat measures  is to detect 
significant changes from the baseline measures in a nested design.  That is, changes in impact areas 
(if any) that are significantly different from changes in reference areas.  This will be formally tested 
in a Before‐After‐Controlled‐Impact (BACI) design after the next monitoring trip. 

In addition, repeated measurements will allow non‐parametric Control Charts to be calculated after 
3 measurements (Anderson and Thompson 2004).  This will allow an interpretation of trends in data 
over time and will add to the significance testing that is the outcome of standard BACI monitoring. 
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1. INTRODUCTION 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia, with its head office located in Perth. 

Detailed background information regarding the timing and nature of Fortescue’s environmental 

approvals under the Environmental Protection Act 1986 (WA), the Environment Protection and 

Biodiversity Conservation Act 1999 (Cth), current operations and plans for future expansion is 

contained in Appendix 1. 

1.1 Requirement for Management Plan 

The Conservation Significant Fauna Management Plan (this Plan) is required by the Minister as 

part of development approval for Fortescues Iron Ore related infrastructure in the Pilbara under 

Ministerial Statements 690, 707, 862, 899 and EPBC Approval 2005/2205, 2010/5706, 

2010/5567 and 2010/5513. 

Existing projects and future developments will be required to prepare and implement site-

specific Conservation Significant Fauna Management Programs to give effect to this Plan. 

The data flow diagram for this Plan is available in Appendix 2. 

1.2 Objective and Scope 

The objective of this Plan is to identify the potential direct and indirect impacts on conservation 

significant fauna species and develop management and monitoring measures that maximize the 

ongoing protection and long term conservation of these species within and adjacent to 

Fortescue controlled sites1.   

The plan addresses management issues relevant to conservation significant fauna within 

Fortescue controlled sites. 

This management plan will replace the following Environmental Management Plans: 

 Additional Rail Infrastructure Project: EPBC Fauna Management Plan (R-PL-EN-0019) 

 Bilby (Macrotis lagotis) Management Plan (45-PL-EN-0008) 

 Chichester Operations Fauna Management Plan (45-PL-EN-0007) 

 Cloudbreak Mine Site and Access Road: Fauna Management Plan (CB-PL-EN-0010) 

                                                
1
 Fortescue controlled site means sites that are under the legislative control of Fortescue including 

exploration sites, sites under construction, operational sites (sites that are managed and operated by 

Fortescue and sites that are managed by Fortescue but operated by contractors) and the Perth offices. 
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 Christmas Creek Water Management Scheme Fauna Management Plan (CC-PL-EN-

0003) 

 Night Parrot (Pezoporus occidentalis) Management Plan (CB-PL-EN-0005) 

 Night Parrot Survey Plan (CB-PL-EN-0004) 

 Railway Corridor Fauna Management Plan (R-PL-EN-0017) 

 Solomon Project Fauna Management Plan (45-PL-EN-0027). 

The plan was originally developed to meet the requirements of Ministerial Statements 690, 707, 

862, 871 and 899 as well as the requirements of EPBC Approval 2005/2205, 2010/5567, 

2010/5706 2010/5513 as described in Appendix 3 but is intended to provide guidance on fauna 

management across all Fortescue Operations. 

Invertebrate fauna and subterranean fauna are outside the scope of this Plan.  Marine 

Mammals and Marine Pests are also outside the scope of this Plan as they are addressed in the 

Dredging and Reclamation and Monitoring Management Plan (P-PL-EN-0004) and the 

Introduced Marine Pest Management Plan (P-PL-EN-0017). 

1.3 Definition of Conservation Significant Fauna 

‘Significant fauna’ and ‘threatened fauna’ are defined as those listed as critically endangered, 

endangered, vulnerable or migratory under the Environment Protection and Biodiversity 

Conservation (EPBC) Act 1999 or as a Schedule species in accordance with the Wildlife 

Conservation Act 1950. Priority-listed fauna are as listed in the Department of Parks and 

Wildlife (DPaW) priority and listed fauna as shown on the DPaW website.  

Species of national conservation significance listed under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) are classified as: 

 Critically Endangered - If, at that time, it is facing an extremely high risk of extinction in 

the wild in the immediate future 

 Endangered - If, at that time, it is not critically endangered and is facing a very high risk 

of extinction in the wild in the near future 

 Vulnerable - If, at that time, it is not critically endangered or endangered, and is facing 

a high risk of extinction in the wild in the medium-term future. 

Four classes of rare and endangered fauna are recognised under the Wildlife Conservation Act 

1950. These are: 

 Schedule 1 - fauna which are rare or likely to become extinct and are declared to be 

fauna in need of special protection.  

 Schedule 2 - fauna which are presumed to be extinct and are declared to be fauna in 

need of special protection.  
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 Schedule 3 - birds which are subject to an agreement between the governments of 

Australia and Japan relating to the protection of migratory birds and birds in danger of 

extinction which are declared to be fauna in need of special protection. 

 Schedule 4 - fauna that are in need of special protection, otherwise than for the 

reasons mentioned in Schedule 1, 2 or 3.  

In addition to the above classification, DPaW also classifies fauna not listed as rare or 

endangered but considered to be at risk under five different Priority codes:  

 Priority one - Taxa with few, poorly known populations on threatened lands. Taxa which 

are known from few specimens or sight records from one of a few localities on lands 

not managed for conservation. The taxon needs urgent survey and evaluation of 

conservation status before consideration can be given to declaration as threatened 

species.  

 Priority two - Taxa with few, poorly known populations on conservation lands, or taxa 

with several, poorly known populations not on conservation lands. Taxa which are 

known from few specimens or sight records from one or a few localities on lands not 

under immediate threat of habitat destruction or degradation. The taxon needs urgent 

survey and evaluation of conservation status before consideration can be given to 

declaration as threatened fauna.  

 Priority three - Taxa with several, poorly known populations, some on conservation 

lands. Taxa which are known from few specimens or sight records from several 

localities, some of which are on lands not under immediate threat of habitat destruction 

or degradation. The taxon needs urgent survey and evaluation of conservation status 

before consideration can be given to declaration as threatened fauna.  

 Priority four - Taxa in need of monitoring. Taxa which are considered to have been 

adequately surveyed or for which sufficient knowledge is available and which are 

considered not currently threatened or in need of special protection, but could be if 

present circumstances change. These taxa are usually represented on conservation 

lands. Taxa which are declining significantly but are not yet threatened.  

 Priority five - Taxa in need of monitoring. Taxa which are not considered threatened but 

are subject to a specific conservation program, the cessation of which would result in 

the species becoming threatened within five years. 

For the purposes of this Plan, conservation significant fauna have been limited to terrestrial 

vertebrate fauna species that meet the criteria above and have been recorded or are likely to 

occur within Fortescue controlled sites – see Table 1. 

Further details regarding species description, ecological information, distribution and likelihood 

of occurrence is provided in Appendix 4.  
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Table 1: Conservation Significant Fauna Species Recorded or Likely to Occur in Fortescue Controlled Sites 

Class Genus Species Subspecies Common Name EPBC Act 
1999 

Wildlife 
Conservation Act 
1950 

Priority Species Port Cloudbreak Christmas Creek Solomon Mainline Corridor 
(including 
duplication) 

Solomon Rail 
Corridor 

Aves Pezoporus occidentalis  Night Parrot CR Sc1   Recorded
3
 Medium

8
  EPBC 2010/5513

2
 Medium

11
 

Mammalia Dasyurus hallucatus  Northern Quoll EN Sc1   High
2,4,13

 Medium
8
 Recorded

9,10
 Recorded

1
 High

11
 

Mammalia Rhinonicteris aurantia  Pilbara Leaf-nosed Bat VU Sc1   Recorded
13

 Medium
8
 Medium

10
 High

12
 High

11
 

Mammalia Dasycercus cristicauda  Crest-tailed Mulgara
3
 VU Sc1  High

6
 Medium

4
 Medium

8
  Recorded

1,12
 Recorded

11
 

Mammalia Dasycercus blythi  Brush-tailed Mulgara
2
   P4 High

6
 Medium

4,13
 Medium

8
  Recorded

1,12
 Recorded

11
 

Mammalia Macrotis lagotis  Greater Bilby VU Sc1   Medium
3
 Medium

8
  Recorded

5, 12
  

Reptilia Liasis olivaceus barroni Pilbara Olive Python VU Sc1   Medium
13

 Recorded
15

 Recorded
9,10

 High
12

 High
11

 

Aves Falco hypoleucos  Grey Falcon  Sc1   Recorded
3,7,

 High
7,8 

 Medium
9
  Medium

11
 

Aves Apus pacificus  Fork-tailed Swift M Sc3   Medium
2,13

 Medium
8
 Recorded

9
   

Aves Merops ornatus  Rainbow Bee-eater M Sc3   Recorded
3,13

 Recorded
8,1

 Recorded
9,10

 Recorded
1,16

 Recorded
11

 

Aves Haliaeetus leucogaster  White-bellied Sea Eagle M Sc3   Recorded
7
 High

8
    

Aves Ardea alba  Great egret M     Recorded
1
   Medium

11
 

Aves Ardea Ibis  Cattle egret M        Medium
11

 

Aves Ardea modesta  Eastern Great Egret M Sc3   Recorded
14

 Recorded
14

 Medium
9
   

Aves Tringa Glareola  Wood Sandpiper M Sc3   Medium
13

 Recorded
7
    

Aves Tringa nebularia  Common Greenshank M Sc3   Medium
13

 Recorded
7
    

Aves Calidris ruficollis  Red-necked Stint M Sc3   High
13

 High
7
    

Aves Falco peregrinus  Peregrine Falcon  Sc4   Recorded
3,13

 Recorded
8
 Medium

9
 Recorded

1
 High

11
 

Reptilia Ctenotus nigrilineatus     P1      Medium
11

 

Reptilia Ramphotyphlops ganei     P1  High
13

 High
8
 Recorded

9
  Medium

11
 

Aves Burhinus grallarius  Bush Stone-curlew   P4  Recorded
13

 Recorded
8
 High

9,10
 Recorded

1,16
 High

11
 

Aves Ardeotis australis  Australian Bustard   P4  Recorded
2,3,13

 Recorded
8,1

 Recorded
9
 Recorded

1, 12, 16
 Recorded

11
 

Aves Neochmia ruficauda subclarescens Star Finch (western)   P4  Recorded
3
 Recorded

14
 Medium

9
 Recorded

16
 Medium

11
 

Mammalia Macroderma gigas  Ghost Bat   P4  Recorded
13

 Medium
8
 Recorded

9,10
  High

11
 

Mammalia Sminthopsis longicaudata  Long-tailed Dunnart   P4  Medium
13

 Medium
8
 High

9
  Medium

11
 

Mammalia Leggadina lakedownensis  
Lakeland Downs Mouse/ 
Northern Short-tailed Mouse   P4 

 High
2,13 

 Recorded
2,8 

  Recorded
1
 High

11
 

Mammalia Pseudomys chapmani  Western Pebble-mound Mouse   P4  Recorded
2,3

 High
8
 Recorded

9,10
 Recorded

12
 Recorded

11
 

Reptilia Notoscincus butleri  Butler’s Skink   P4      Medium
11

 

Teleostomi Leioptheapon aheneus  Fortescue Grunter   P4      Medium
11

 

 

Sc1 = Schedule 1, Sc 3 = Schedule 3, Sc4 = Schedule 4,  

CR = Critically endangered, EN = Endangered, V = Vulnerable, M = Migratory,  

P = Priority species; P1 =Priority 1, P2 = Priority 2, P3 = Priority 3, P4 = Priority  

Recorded = species recorded within the survey area, High= species recorded within or in proximity to, the survey area within 50 yrs and suitable habitat occurs, Medium= species recorded outside the survey area, but within 100km; limited suitable habitat occurs; 

1 Biota 2004; 2 Biota 2005a; 3 Bamford 2005;4 ATA 2006; 5 ATA 2007; 6 ENV 2008; 7 Bamford 2010; 8 ecologia 2010a; 9 ecologia 2010b; 10 Ecoscape 2010; 11 Coffey 2010; 12 Metcalf and Bamford 2010; 13 ecologia 2011; 14 Bamford 2012; 15 ENV 2012; 16 Ecologia 2013 

                                                
2
 This species has not been recorded and is not likely to occur along the mainline corridor but Controlled Action EPBC 2010/5513 requires management and monitoring strategies to be implemented. 

3
 Fortescue has adopted the precautionary approach for the two Mulgara species listed as distinction between the two species has not been confirmed.  Fortescue will consider both species of Mulgara as the higher conservation significant species, Dasycercus 

cristicauda, until species distinction has been verified. 
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1.4 Legislation and Regulatory Framework 

Fortescue employees and contractors are obliged to comply with all relevant environmental 

Commonwealth and State legislation. Legislation directly relevant to the management of 

conservation significant fauna in Western Australia is provided in Table 2. 

Table 2: Commonwealth and State Legislation Relating to Conservation Significant Fauna 

Legislation Application 

Agriculture and Related Resources 
Protection Act 1976 (WA) 

Provides for the management, control and prevention of certain plants 
and animals, for the prohibition and regulation of the introduction and 
spread of certain plants and of the introduction, spread and keeping of 
certain animals, for the protection of agriculture and related resources 
generally, and for incidental and other purposes. 

Conservation and Land Management Act 
1984 (WA) 

Provides for the vesting or reservation of land for conservation 
purposes, and the ability to enter into agreements with private 
landholders and pastoral lessees. It establishes a number of statutory 
bodies including the Conservation Commission of Western Australia. 

Environmental Protection Act 1986 (WA) State environmental impact assessment and Ministerial approval 
process. 

Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) 

Assesses the conservation significance of fauna species and forms the 
framework for significant species protection at the Federal level. 

Wildlife Conservation Act 1950 (WA) State process that assesses the conservation significance of fauna 
species and forms the framework for significant species protection. 

 

The following standards and guidelines are also of relevance to this Plan: 

 EPBC Act referral guidelines for the endangered northern quoll, Dasyurus hallucatus.  

EPBC Act Policy Statement 3.25.  Australian Government, Department of 

Sustainability, Environment, Water, Population and Communities (2011) 

 EPBC Act Survey Guidelines for Australia’s Threatened Bats, Guidelines for Detecting 

Bats Listed as Threatened Under the EPBC Act 1999.  Australia Government.  

Department of Water, Heritage and the Arts (2010) 

 EPBC Act Survey Guidelines for Australia’s Threatened Birds, Guidelines for Detecting 

Birds as Threatened Under the EPBC Act 1999.  Australian Government.  Department 

of Water, Heritage and the Arts (2010) 

 EPBC Act Survey Guidelines for Australia’s Threatened Frogs, Guidelines for Detecting 

Frogs Listed as Threatened Under the EPBC Act 1999.  Australian Government.  

Department of Water, Heritage and the Arts (2010) 

 EPBC Act Survey Guidelines for Australia’s Threatened Fish, Guidelines for Detecting 

Fish Listed as Threatened Under the EPBC Act 1999.  Australian Government, 

Department of Sustainability, Environment, Water, Population and Communities (2011) 

 EPBC Act Survey Guidelines for Australia’s Threatened Mammals, Guidelines for 

Detecting Mammals Listed as Threatened Under the EPBC Act 1999.  Australian 

Government, Department of Sustainability, Environment, Water, Population and 

Communities (2011) 
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 EPBC Act Survey Guidelines for Australia’s Threatened Reptiles, Guidelines for 

Detecting Reptiles Listed as Threatened Under the EPBC Act 1999.  Australian 

Government, Department of Sustainability, Environment, Water, Population and 

Communities (2011) 

 Guidance Statement No.56 Terrestrial Fauna Surveys for Environmental Impact 

Assessments in Western Australia (EPA, 2004) 

 Technical Guide – Terrestrial Vertebrate Fauna Surveys for Environmental Impact 

Assessment.  Technical Report of the Environmental Protection Authority and the 

Department of Environment and Conservation (DEC) Edited by B.M. Hyder, J. Dell and 

M.A. Cowan. September 2010 

 Terrestrial Biological Surveys as an Element of Biodiversity Protection.  Position 

Statement No. 3. EPA 2002. 

1.5 Internal Management Plans and Procedures 

The following Fortescue documents should be read in conjunction with this Plan: 

 Bushfire Management Plan (100-PL-EM-0009) 

 Environmental Datasets – Data Governance Guidelines (100-GU-EN-0020) 

 Environmental Document Standard Terminology (100-GU-EN-0002) 

 Exploration Environmental Management Plan (E-PL-EN-0002) 

 Explosives Management Procedure (45-PR-SA-0028) 

 Fauna Handling, Relocation and Rehabilitation Procedure (100-PR-EN-0026) 

 Fortescue Marshes Management Plan (45-PL-EN-0009) 

 Ground Disturbance Permit Procedure (100-PR-EN-0004) 

 Groundwater Management Plan (45-PL-EN-0029) 

 Incident Event Management Procedure (100-PR-SA-0011) 

 Marking Out Environmentally Sensitive Areas Procedure (E-EN-PP-1102) 

 Mine and Rail Dust Management Plan (100-PL-EN-1005) 

 Mine and Rail Noise Management Plan (45-PL-EN-0028); 

 Port Facility Dust Environmental Management Plan (P-PL-EN-0010) 

 Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) 

 Standard 4 – Risk Assessment Criteria (100-ST-RK-0014) 

 Surface Water Management Plan (45-PL-EN-0024) 
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 Vegetation Clearing and Topsoil Management Procedure (45-PR-EN-0013)  

 Waste Management Plan (45-PL-EN-0014) 

 Weed Management Plan (45-PL-EN-0013). 
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2. ROLES AND RESPONSIBILITIES 

All Fortescue employees and contractors are required to comply with the requirements of this 

Plan. 

Accountability for fulfilling the requirements of this Plan is dependent on the stage of project 

development (construction, operations, decommissioning) and the project type (port, rail or 

mine).   

During exploration, the Group Manager Resource Geology will be accountable for ensuring the 

requirements of the Plan are met. 

During construction stages, whether activities are undertaken by an external service provider or 

internal Fortescue personnel, the Project Director (Port/ Rail or Mine) will be accountable for 

ensuring the requirements of this Plan are met. 

During operational, decommissioning and closure stages, the General Manager (Port/ Rail or 

Mine) will be accountable for ensuring the requirements of this Plan are met.  

Where responsibilities are delegated, this must be clearly recorded and communicated. 

In Section 6 specific Management Actions have been attributed to the appropriate personnel.  

When site specific Conservation Significant Fauna Management Programs are developed to 

support this Plan, the RASCI framework should be utilised to delegate roles, responsibilities, 

and review and approval levels.  RASCI is used to denote: 

R-Responsible Those who do the work to achieve the task. 

A-Accountable Those who are ultimately accountable for the completion of the 

deliverable or task and the one to whom the Responsible person is 

accountable. 

S-Supportive  Resources allocated to the Responsible person and who will also assist in 

completing the task. 

C-Consulted  Those whose opinions are sought, two-way communication. 

I-Informed  Those whom are kept informed, one-way communication. 
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3. STAKEHOLDER CONSULTATION 

Fortescue has undertaken an extensive stakeholder consultation program whereby landowners, 

regulators and other relevant parties have been consulted with regard to investigation and 

design of the mine sites and port and rail infrastructure through the environmental approvals 

process.  

The Department of Environment Regulation (DER), the Office of the Environmental Protection 

Authority (OEPA) and the Department of the Environment (DoE) were consulted and where 

required approved the content of the original plans for which this Plan will replace. 

This Plan was submitted to the OEPA to satisfy the requirements of Condition 10 of MS899 and 

was approved in November 2013 (CB-EN-0137.01). 

The Plan will also be submitted to the OEPA and DoE for their comment and approval in 

accordance with other applicable Ministerial Statements and Controlled Actions.  

 



Conservation Significant Fauna Management Plan Page 15 of 62 

100-PL-EN-0022  

Rport 

 

4. KEY ENVIRONMENTAL ACTIVITIES 

Many of the activities4 associated with Fortescue’s exploration, construction, operation and 

decommissioning activities have the potential to impact on the environment.  

The key activities in Fortescue’s Environmental Document Standard Terminology (100-GU-EN-

0002) which have the potential to impact on fauna are described in Appendix 5 and include: 

 Vegetation clearing 

 Ground disturbance 

 Construction and establishment of infrastructure and linear infrastructure 

 Open pit mining 

 Vehicle movement 

 Waste disposal 

 Groundwater abstraction and distribution 

 Decommission/closure 

 Rehabilitation. 

  

                                                
4
 Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by ISO14001. 
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5. POTENTIAL ENVIRONMENTAL IMPACTS 

The potential direct and indirect impacts associated with Fortescue’s exploration, construction, 

operation and decommissioning activities (see Section 4 of this Plan) which may affect fauna 

are presented in Table 3 and include: 

 Habitat loss and fragmentation 

 Altered fire regimes 

 Noise, dust, vibrations, light spillage 

 Vehicle collisions 

 Biosecurity 

 Drill holes and sumps 

 Altered hydrological cycles 

 Putrescible waste. 
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Table 3: Potential Environmental Impacts Arising from Fortescue’s Activities 

Potential Environmental Impact Details 

Habitat loss and fragmentation 

Individual animals may potentially be harmed during vegetation clearing. Earthworks alter the topography of an area, often removing 
foraging areas and retreats, and exposing individuals to increased risk of predation.  

Linear infrastructure has the potential to separate habitat and create isolated vegetation. These can restrict the movement of animals 
and can often have long term impacts (e.g. restricting access to foraging areas, animals are killed crossing roads, genetic isolation). 

Altered fired 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. 

Conservation significant species that occur within Fortescue controlled sites have been shown to be directly impacted by fire. 
Southgate and Carthew (2006) indicated that Bilbies occupy habitat in a variety of conditions including recently burnt to long unburnt 
vegetation, and seed promoted by fires was an important component of their diet. In contrast, 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 
(Gibson and Cole, 1992; Masters, 2003; Masters et. al., 2003). 

Noise, dust, vibration, and light spillage 

Mine noise, lights and vibrations may force terrestrial fauna away from existing habitats into new areas increasing the risk of predation 
or causing conflict with existing fauna assemblages.  

Continuous mining operations mean that much of the site will be lit at night. Lights have the potential to attract species that forage 
nocturnally on invertebrates that are attracted to the light where they come into conflict with human activities. Alternatively light, noise 
and vibration pollution may force other species to move away from the area. Both of these outcomes alter the local fauna 
assemblages. 

Vehicle Collisions 

Vehicles often unavoidably kill terrestrial fauna and birds. There is also an indirect affect, with carrion resulting from collisions with 
vehicles attracting raptors and goannas to feed on the carcases.   

Newly constructed roads and tracks inevitably bisect home ranges for individuals, resulting in a higher than normal number of fauna 
killed on tracks/roads.  

Biosecurity 

Predation by introduced cats, foxes 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. This impact may be increased by 
inappropriate fire regimes and vegetation clearing exposing these taxa to high levels of predation. 

Donkeys, camels, goats and rabbits are also present on some Fortescue tenements. These species damage the vegetation and soils 
and negatively impact on fauna habitat. Black rats (Rattus rattus) are frequently found around industrial and residential areas and 
ports.  

Introduced predators (e.g. cats, foxes, 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. 
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Potential Environmental Impact Details 

Drill Holes/ sumps 
An ongoing potential risk to conservation significant fauna is the presence of uncapped drill holes within Fortescue controlled sites 
(Malnic, 1997). Small mammals and reptiles can be caught in pipe and bucket pit-traps; therefore it is probable that they also could be 
caught in uncapped drill holes.  

Altered hydrological cycles 

Mine dewatering has the potential to increase the height of saline ground water and/or lower the freshwater water table in areas 
adjacent to the Fortescue Marsh, which could impact on the vegetation. Death or a reduction in the vegetation around the Marsh could 
alter habitat for Bilbies and other terrestrial fauna in the area.  

Hydrological cycles of the Marshes are important for maintaining vegetation type and quality in the Night Parrot’s habitat.   

Dewatering is also likely to impact on Stygofauna and Troglofauna species and associated habitat. 

Putrescibles waste 
Poorly managed putrescible waste will attract native fauna, but also pests such as feral dogs and cats and rats and mice to human 
habitation areas. This can result in an increase in vermin and may alter the normal fauna assemblages in the area. 
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6. ENVIRONMENTAL MANAGEMENT 

A series of environmental management objectives have been developed to mitigate 

environmental impacts on conservation significant fauna that could potentially be caused by 

Fortescue’s activities (exploration, construction, operation and decommissioning). These are: 

1. Establish the potential direct and indirect impacts on conservation significant fauna and their 

habitats within Fortescue controlled sites; 

2. Establish management strategies to minimise the potential impacts on conservation 

significant fauna and their habitats within Fortescue controlled sites;  

3. Develop monitoring programs to detect any impacts on conservation significant fauna and 

their habitats within Fortescue controlled sites; 

4. Establish appropriate review mechanisms regarding the strategies employed to minimise 

impacts on conservation significant fauna. 

For each objective, management actions have been developed to ensure the impacts from 

Fortescue’s operations are managed, and that appropriate monitoring, reporting and corrective 

action functions are implemented to support the successful implementation of the management 

actions.  

The key elements of the environmental management process associated with each objective 

are described in Table 4. 

Table 4: Description of Key Elements of Environmental Management Process to Achieve Identified 
Objectives 

Element Definition/Description 

Objective What is intended to be achieved. 

Management Action Tasks undertaken to enable the objective to be met. 

Performance Indicators Metrics for evaluating the outcomes achieved by Management Action. 

Reporting/Evidence Demonstrates that the Management Action has been applied and the outcome 
evaluated. 

Timing Period during which the Management Action should be undertaken. 

Responsibility Accountability for ensuring management action is completed. The responsible role 
is dependent on project timing. 

 

The key management actions, performance indicators, evidence, timing and responsibilities for 

each objective are provided in Table 5.  The associated Process Flow Diagram is available in 

Appendix 6. 
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Table 5: Key Management Actions for Conservation Significant Fauna Management in Fortescue Controlled Sites 

Objective 1 Establish the potential direct and indirect impacts on conservation significant fauna and their habitats within Fortescue Controlled Sites 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

1.1 
Undertake targeted fauna surveys in accordance with applicable EPA and DoE 
guidance (outlined in Section 1.4 of this Plan) to determine distribution of 
conservation significant fauna. 

 Surveys conducted prior to disturbance 

 Survey Reports 

 Approval documentation 
Design 

Manager, Environmental 
Studies  

1.2 
Record conservation significant fauna and habitat identified during a targeted 
fauna survey in the Corporate GIS and PIMS in accordance with the 
Environmental Datasets – Data Governance Guidelines (100-GU-EN-0020). 

 GIS and PIMS updated 

 GIS dataset 

 PIMS record 
Design 

Manager Environmental 
Studies/ GIS Manager 

1.3 

Conduct a risk assessment to identify high risk areas, including areas where 
conservation significant fauna species and habitat have been identified and 
potential impacts are likely in accordance with Standard 4 – Risk Assessment 
Criteria (100-ST-RK-0014). 

 Risk assessment conducted 

 Compliance with the Standard 

 Risk assessment 

outcomes/ report 

Design/ 
Construction/ 
Operation 

Manager Environmental 
Approvals/ Project 
Manager/ HSE Manager 

1.4 
Ensure infrastructure location, design, construction and operation reflects risk 
assessment outcomes in minimising impacts on conservation significant fauna 
and associated habitat.

5
 

 Conservation significant fauna populations remain 

similar to baseline levels 

 Impacts to priority habitat minimised 

 Management measures implemented in high risk 

areas 

 Project design 

 Monitoring program and 

report 

Design/ 
Construction/ 
Operation 

Group Manager 
Operational Planning/ 
Project Manager/ 
Manager Mining or 
Manager Technical 
Services/ Manager 
Infrastructure (Rail)/ 
Manager Port Operations 

1.5 

Conduct a desktop fauna assessment for Ground Disturbance Permit (GDP) 
applications in accordance with the Ground Disturbance Permit Procedure 

(100-PR-EN-0004) for: 

 exploration activities.  When conservation significant fauna are 

identified during the desktop assessment and the exploration activity 

is unable to be relocated, ensure a fauna survey is conducted in 

accordance with EPA and DoE guidance (outlined in Section 1.4 of 

this Plan). 

 construction and operational activities when a Level 2 fauna survey 

(EPA, 2004) of the area has been previously conducted.  When a 

Level 2 survey has not been conducted and conservation significant 

fauna have been identified during the desktop assessment ensure a 

fauna survey is conducted in accordance with EPA and DoE 

guidance (outlined in Section 1.4 of this Plan) and reassess 

accordingly. 

 Assessments conducted prior to disturbance 

 Compliance with the GDP Procedure 

 Survey Reports 

 Approval documentation 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Manager Exploration/ 
Project Manager/ HSE 
Manager 

Objective 2 Establish management strategies to minimise the potential impacts on conservation significant fauna and their habitats within Fortescue Controlled Sites 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

2.1 
Ensure staff and contractors are provided with appropriate training to ensure 
conservation significant fauna and associated habitat are protected. 

 Site inductions updated  

 Toolbox meetings delivered 

 Role dependent training delivered 

 Site induction materials 

 Toolbox meetings 

 Training materials/registers 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Manager Exploration / 
Project Manager/ HSE 
Manager 

2.2 
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-PL-EN-0018).

6
 

 Impacts on conservation significant fauna and 

associated habitat is minimised 
 Survey Reports 

Exploration/ 
Exploration 
Development/ 

Manager Exploration/ 
Group Manager 
Operational Planning/ 

                                                
5
 See Figure 1 for fauna friendly culvert locations associated with the Solomon Rail. 

6
 See Figure 2 for borrow pit locations associated with the Solomon Project. 
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 Borrow pits located away from conservation 

significant fauna and associated habitat 

 Development Plans 

 Borrow pit design and 

location 

Design/ 
Construction/ 
Operation 

Project Manager/ 
Manager Mining or 
Manager Technical 
Services 

2.3 

When bore construction and test pumping activities are required and 
conservation significant species and/or habitat have been identified relocate 
bore/sump/drill pad locations.  If the bore/sump/drill pad location is unable to 
be relocated, develop and implement management actions in accordance with 
the Groundwater Management Plan (45-PL-EN-0029). 

 Impacts on conservation significant fauna and 

associated habitat minimised 

 Internal audit and 

inspection reports 

 Ground surveys 

 GDP application and 

permit 

Exploration/ 
Exploration 
Development/ 
Design/ 
Construction 

Manager Exploration/ 

Manager Hydrogeology/ 
Project Manager 

2.4 
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. 

 No mortality of conservation significant fauna in 

active sumps 

 No significant increase in feral animal records 

from sightings and road transect counts 

 Internal audit and 

inspection reports 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Manager Exploration/ 
Manager Hydrogeology/ 
Projects Manager/ 
Manager Mine Services 

2.5 
Cap all drill holes at or below ground level to ensure fauna are not impacted in 
accordance with the Exploration Environmental Management Plan (E-PL-EN-

0002). 

 Less than 1% of all drill holes at ground level are 

uncapped 

 No mortality of conservation significant fauna as a 

result of uncapped drill holes 

 Register of all drill holes 

 Survey reports 
Exploration Manager Exploration 

2.6 

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). 

 No significant impacts on conservation significant 

fauna and associated habitat to be retained and 

protected from disturbance 

 Signage, fencing and/or flagging installed 

 Incident reports 

 Signage, fencing and/or 

flagging 

Construction/ 
Operation 

Project Manager/ HSE 
Manager 

2.7 

When conservation significant fauna species have been recorded within the 
impact area, ground-truth the area and similar habitats within the area, and 
where individual animals are present implement mitigation measures, including 
the relocation of fauna, prior to disturbance and in consultation with DPaW. 

 Impact area assessed prior to ground disturbance 

 BMS/GIS updated 

 DPaW consulted and mitigation measures 

implemented 

 Number of fauna successfully relocated 

 BMS record 

 GIS Table 

 Audit Compliance Report 

 Compliance Assessment 

Report 

 Consultation records 

Construction/ 
Operation 

Project Manager/ HSE 
Manager 

2.8 

If conservation significant fauna are identified, other than during a fauna survey 
for a new works, record the sighting in BMS.  Where the sighting is confirmed 
by a qualified fauna specialist

7
, ensure DPaW and/or DoE are notified and 

update the Corporate GIS, PIMS and BMS accordingly. 

 The Corporate GIS, PIMS and BMS are updated  

 Appropriate Regulators notified, where required 

 GIS dataset 

 BMS record 

 Regulator notification  

Exploration/ 
Construction/ 
Operation 

Manager Exploration/ 
Project Manager/ HSE 
Manager 

                                                
7
 Fauna specialist is defined by the EPA in the Guidance for the Assessment of Environmental Factors No.56 – Terrestrial Fauna Surveys for Environmental Impact Assessments. 
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2.9 

Minimise clearing and vegetation disturbance to ensure conservation 
significant fauna and associated habitat is minimally impacted.  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). 

 No significant impact on conservation significant 

fauna habitat 

 Ground disturbance permit obtained for all 

clearing 

 Clearing is restricted within specified GDP 

boundaries 

 Compliance with Procedure 

 Ground disturbance permit 

and application 

 Compliance Assessment 

Report 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation 

Manager Exploration/ 
Project Manager/ 
Manager Mining or 
Manager Technical 
Services/ Manager Port 
Operations/ Manager 
Infrastructure (Rail)  

2.10 

Where construction or operational activities generate noise emissions
8 

that 
may result in significant impacts to conservation significant fauna, incorporate 
mitigation measures into planned activities in accordance with the Chichester 
Operations Noise and Vibration Management Plan (CB-PL-EN-0007). 

 Noise emissions monitored  

 No evidence of fauna disturbance 

 No significant impact on fauna 

 Compliance with Plan 

 No exceedance of trigger levels 

 Compliance Assessment 

Report 

 Maintenance/monitoring 

records 

Construction/ 
Operations 

Project Manager/ 
Manager Technical 
Services/ Manager 
Infrastructure (Rail)/ 
Manager Maintenance 
(Mine)/ Manager Mining 

2.11 
Direct lighting onto active construction and operational areas to minimise the 
potential for light overspill resulting in fauna disturbance, injuries or deaths. 

 No mortality of conservation significant fauna as a 

result of construction and operation activities 

 Awareness program included in inductions and 

toolbox meetings 

 Incident reports in BMS 

 Toolbox meeting minutes 

 Staff induction materials 

Construction/ 
Operation 

Project Manager/ 
Manager Mining/ 
Manager Port Operations 

2.12 

Ensure all vehicles, plant and equipment, including trailered equipment, are 
clean, inspected and certified prior to entry into Fortescue controlled sites to 
prevent the degradation of priority fauna habitat in accordance with the Weed 
Management Plan (45-PL-EN-0013). 

 Compliance with Weed Management Plan 

 Degradation of fauna habitat minimised 

 Weed Management Plan 

 Weed monitoring program/ 

reports 

Construction/ 
Operation 

Manager Exploration/ 
Project Manager/ HSE 
Manager 

2.13 

When conducting excavation or trenching activities, develop and implement 
fauna management measures including exclusion methods, exit structures, 
shelter and/or excavation/trench inspections to minimise potential impacts on 
conservation significant fauna. 

 No mortality of conservation significant fauna as a 

result of excavation or trenching activities  

 BMS record 

 Compliance Assessment 

Report 

Construction/ 
Operation 

Project Manager/ 
Manager Mine Services 
or Manager Technical 
Services 

2.14 
Develop and implement a Feral Animal Program to effectively manage and 
control feral animals within Fortescue controlled sites to minimise impacts on 
conservation significant fauna. 

 No significant increase in feral animal records from 

sightings and road transect counts 

 Awareness material included in site induction 

programs 

 All opportunistic feral animal sightings are 

registered in BMS 

 Compliance Assessment 

Report 

Construction/ 
Operation/ 
Decommissioning 

Project Manager/ HSE 
Manager 

2.15 
Manage waste materials and on-site landfill facilities in accordance with the 
Waste Management Plan (45-PL-EN-0014) to minimise potential impacts on 
fauna and the likelihood of increases in feral animal numbers. 

 Compliance with the Waste Management Plan 

 Compliance Assessment 
Report 

 Internal audit and inspection 
reports 

Construction/ 
Operation/ 
Decommissioning 

Manager Exploration/ 
Project Manager/ HSE 
Manager 

2.16 

To minimize the potential for dust deposition on vegetation, including on 
conservation significant fauna habitat, implement dust suppression measures 
outlined in the Mine and Rail Dust Management Plan (45-PL-EN-0030) and the 
Port Facility Dust Environmental Management Plan (P-PL-EN-0010). 

 Dust suppression measures implemented 

 Compliance with Management Plans 

 Compliance Assessment 
Report 

Construction/ 
Operation 

Project Manager/ 
Manager Mining/ 
Manager Infrastructure 
(Rail)/ Manager Port 
Operations 

                                                
8
 Noise is defined in the Environmental Protection Act 1986 as “includes vibration of any frequency, whether transmitted through air or any physical medium”. 
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2.17 
When constructing a fire break or carrying out a prescribed burn where 
conservation significant fauna and habitat have been identified, adhere to the 
requirements outlined in the Bushfire Management Plan (100-PL-EM-0009). 

 Compliance with the Bushfire Management Plan 

 No significant impact on conservation significant 
fauna or habitat 

 Relevant permits 

 Notice from local authority 

 Correspondence with 
relevant Pastoral Lessee 

Construction/ 
Operation 

Project Manager/ HSE 
Manager 

2.18 
To minimise the potential for fauna injuries or deaths on haul and access 
roads, implement appropriate mitigation measures such as speed limit 
restrictions, right of way for fauna and the prohibition of off-road driving. 

 Reduction in fauna deaths 

 Appropriate signage on all roads 

 Awareness program included in inductions and 
toolbox meetings 

 Incident reports in BMS 

 Toolbox meeting minutes 

 Staff induction materials 

Construction/ 
Operation 

Project Manager/ HSE 
Manager 

2.19 
Develop and implement applicable fauna management and handling 
procedures (e.g. trench inspections, fauna relocation, injured fauna) in support 
of this Plan and in consultation with DPaW.  

 Procedures developed  Procedure Construction/ 
Operation 

Project Manager/ HSE 
Manager 

2.20 

Conduct progressive rehabilitation of disturbed areas, particularly those areas 
with known conservation significant fauna and associated habitat, in 
accordance with the Exploration Environmental Management Plan (E-PL-EN-
0002), Rehabilitation and Revegetation Management Plan (45-PL-EN-0023) or 
where applicable a Mine Closure Plan developed in accordance with the 
Guidelines for Preparing Mine Closure Plans. 

 Disturbed areas rehabilitated 

 Compliance with Management Plan and/or Mine 

Closure Plan 

 The Corporate GIS and BMS are up to date 

 Compliance Assessment 

Report 

 Annual Environment Report 

 GIS table and BMS record 

Exploration/ 
Exploration 
Development/ 
Operation/ 
Decommissioning/ 
Closure 

Manager Exploration/ 
Manager Mining 

Objective 3 Develop monitoring programs to detect any impacts on conservation significant fauna and their habitats within Fortescue Controlled Sites 

Reference Management Action Performance Indicators Reporting/Evidence Timing Responsibility 

3.1 

Where populations of conservation significant fauna listed under the Wildlife 
Conservation Act 1986 or the Environment Protection and Biodiversity 
Conservation Act 1999 have been recorded in Fortescue controlled sites, 
develop and implement a Conservation Significant Fauna Monitoring Program 
in accordance with the Conservation Significant Fauna Monitoring Guidelines 
(100-GU-EN-0034). 

 Monitoring Program implemented 

 Monitoring Reports 

 Annual Environmental 

Report 

Construction/ 
Operation/ 
Decommissioning/ 
Closure 

Project Manager/ HSE 
Manager 

3.2 

When conducting groundwater dewatering or injection activities, monitor 
groundwater conditions and where necessary mitigate any changes to 
groundwater dependent ecosystems, including those systems that support 
conservation significant fauna, arising from dewatering and injection activities 
in accordance with the Groundwater Management Plan (45-PL-EN-0029). 

 No significant impact on conservation significant 

fauna habitat 

 Incident reports of vegetation stress potentially 

attributable to operations investigated 

 Water levels of groundwater dependent pools are 

maintained 

 Monitoring requirements are included in the site 

specific Groundwater Operating Strategy 

 Anomalies observed during monitoring are 

investigated at the end of each monthly cycle 

 Internal reports 

 Groundwater monitoring 

reports in accordance with 

5C Licence conditions 

 Compliance Assessment 

Report 

 Groundwater Operating 

Strategy 

Construction/ 
Operation 

Project Manager/ HSE 
Manager 

Objective 4 Establish appropriate review mechanisms regarding the strategies employed to minimise impacts on conservation significant fauna  

Reference  Management Action Performance indicators Reporting/Evidence Timing Responsibility 

4.1 

Where a fauna injury or death has occurred as a result of Fortescue 
Operations, investigate and report the incident in accordance with the Incident 
Event Reporting Procedure (100-PR-SA-0011) and employ corrective actions 

in accordance with Section 9 of this Plan. 

 Incident reported in BMS 

 Incident investigated according to Procedure 

 Incident reported to Regulator within the specified 

legislative or licensing condition, where required 

 Incident Report in BMS 

 Correspondence with 

relevant Regulator 

 Annual reporting 

Exploration/ 
Exploration 
Development/ 
Construction/ 
Operation/ 
Decommissioning/ 
Closure 

Manager Exploration/ 
Project Manager/ HSE 
Manager/ Manager, 
Governance and 
Sustainability 

4.2 
When an incident has occurred, review mitigation measures and monitoring 
programs and update where require to inform an adaptive management 
approach for the life of the project. 

 Management approach reviewed and updated, 

where necessary 

 Monitoring program reviewed and updated 

 Updated Management Plan 

 Updated monitoring 

program 

Construction/ 
Operation/ 
Decommissioning/ 
Closure 

Project Manager/ HSE 
Manager 
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7. MONITORING GUIDELINES 

Guidelines for monitoring conservation significant fauna in Fortescue controlled sites can be 

found in Appendix 7.  This document provides guidance for the development and 

implementation of site specific Monitoring Programs.  By adopting these guidelines, a consistent 

monitoring approach can be applied across Fortescue controlled sites. 

The objectives of Fortescue’s conservation significant fauna monitoring programs are: 

1. Determine presence (or absence) of conservation significant fauna within Fortescue 

controlled sites. 

2. Measure impacts of Fortescue’s activities on conservation significant fauna within Fortescue 

controlled sites. 

3. Monitor and measure the success of management measures to inform an adaptive 

management approach. 

4. Monitor and measure spatial and temporal changes in the abundance and distribution of 

conservation significant fauna within Fortescue controlled sites. 

Baseline and operational monitoring will be informed by the findings of the monitoring itself as 

they become available.  These findings may similarly lead to ongoing refinements to this Plan 

and its management strategies to ensure an adaptive management approach is undertaken 

during Fortescue activities. 

Changes to the monitoring program will be agreed to by DPaW and/or DoE where required and 

may be based on the confirmed presence or absence of a conservation significant fauna 

species. 
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8. COMPLIANCE 

Fortescue ensures compliance with its legal obligations through first party quality assurance by 

site environment teams with a focus on effective environmental management through the 

corporate Environmental Management System (EMS). 

Fortescue has adopted a risk based approach to monitor compliance with its legal obligations.  

Site environment teams will monitor their compliance with this Plan and the required site 

specific management and monitoring programs using the Self-Verification of High Risk 

Environmental Legal Obligations Guideline (100-GU-EN-0030).  

Where non-conformance issues or opportunities for improvement are identified these will be 

documented and tracked via the Business Management System (BMS). 
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9. CORRECTIVE ACTIONS 

Contingency actions will be initiated during construction, operational and decommissioning 

activities when monitoring indicates that implemented fauna management actions are not 

successfully mitigating impacts to the targeted species and management objectives are not 

being achieved.  Specifically, contingency measures will be triggered when a death or injury of a 

conservation significant fauna occurs or where monitoring indicates a reduction in conservation 

significant fauna abundance and/or distribution (Table 6).   

Table 6: Interim Management Triggers 

Trigger Contingency Actions 

Conservation significant fauna death  Enter death in BMS and notify DPaW/DoE. 

 Identify reason for death and where it is caused by 

construction, operation or decomissioning activities, 

implement/change management measures where possible. 

 Increase monitoring in areas where deaths have occurred. 

Conservation significant fauna injury  Record injury in BMS. 

 Treat animal where possible.  Euthanise where required. 

 Identify reason for injury and where it is caused by 

construction, operation or decomissioning activities, 

implement/change management measures. 

These qualitative trigger values should be reviewed after the first and subsequent monitoring 

events and refined with quantitative values where possible for a robust and effective monitoring 

program. 

Expert opinion will be sought if and when required, to guide contingency measures which will 

include further survey work to better understand influences causing those changes in the 

environment. By understanding why certain management strategies or monitoring does not 

work, specialist advice can be used to modify these and develop new mitigation strategies.  

Expert advice will be needed to determine when a decline in species distribution is caused by 

impacts from mine activity or due to climatic influences beyond human control.  Input from the 

DPaW is required to assist in determining regional population declines and trends. 

Monitoring programs will be consistent in approach and effort to maintain scientific rigour under 

the analysis of results.  Record keeping will be maintained to enable immediate identification of 

trigger points of species decline for contingency measures to be effective. 

Any incidents resulting from unauthorised activities related to fauna, or with the potential to 

impact on fauna, shall be reported and investigated as per Incident Event Management 

Procedure (100-PR-SA-0011). Causes of incidents will be determined and management 

procedures will be modified, with measures taken (as required) to prevent re-occurrence of 

incidents. 
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10. REVIEW 

It is important that plans and procedures are frequently reviewed and revised as Fortescue’s 

operations change and opportunities for improved management practices are identified. 

This Plan will be reviewed every five years, or when significant additional information comes to 

hand. Upon review, the document will be revised where appropriate and the revision status will 

be updated in accordance with Fortescue’s document control procedures. 
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Figure 1: Location of Fauna Friendly Culverts 

and Potential Northern Quoll and 
Mulgara Habitat within the Solomon 
Rail 
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Figure 2: Location of Borrow Pits – Solomon 

Project 
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Appendix 1: Project Background 
  



 

 

Fortescue Metals Group Background 

Fortescue Metals Group (Fortescue) is an integrated business comprised of mine, rail and port 

operations based in the Pilbara region of Western Australia with its head office located in Perth. 

Fortescue has commenced operation of the Pilbara Iron Ore and Infrastructure Project (the 

Project), which consists of several iron ore mines and associated rail and port infrastructure in 

the Pilbara region of Western Australia.  

The Project was granted Major Project Facilitation Status in December 2004 and Fortescue has 

signed two Agreements with the State of Western Australia: 

 The Railway and Port (The Pilbara Infrastructure Pty Ltd) State Agreement for the port 

and rail infrastructure to transport ore from the mines to the port; 

 The Iron Ore (FMG Chichester Pty Ltd) Agreement for the iron ore mines. 

The Project has been developed in the following stages: 

 Stage A, consisting of a two-berth iron ore export facility at Port Hedland and a north-

south railway from the central Pilbara to Port Hedland, approved under Ministerial 

Statement 690; 

 Stage B, consisting of iron ore mines in the eastern Pilbara (Christmas Creek) and an 

east-west spur rail line connecting to the Stage A railway; approved under Ministerial 

Statement 707. (Note this approval included the Mindy Mindy mine site but this has 

not been developed to date); 

 Cloudbreak iron ore mine west of the Christmas Creek area, approved under 

Ministerial Statement 721 and federal approval under the EPBC Act (EPBC 

2005/2205); 

 Port facility upgrade consisting of a third berth at Anderson Point, Port Hedland, 

approved under Ministerial Statement 771; 

 Port facility upgrade consisting of a fourth berth at Anderson Port, Port Hedland, Not 

Assessed –Public Advice Given in 2010; 

 Solomon iron ore project consisting of two new mines and a railway connecting to the 

existing Fortescue rail line, approved under Ministerial Statement 862 and federal 

approval under the EPBC Act (EPBC 2010/5567 and 2010/5513) in 2011; 

 Additional rail infrastructure between Herb Elliot Port Facility and Cloudbreak Mine 

Site, approved under Ministerial Statement 690 and 707 and federal approval under 

the EPBC Act (EPBC 2010/5513); 

 Christmas Creek water management scheme to increase the mine dewatering rate 

and to inject surplus water into two brackish and one saline injection zones, approved 

under Ministerial Statement 871; 

 Cloudbreak Life of Mine, approved under Ministerial Statement 899 (supersedes the 

conditions of Ministerial Statement 721). 



 

 

Changes to Ministerial Statements 690, 707, 721, 771 and 862 were made and approved under 

Section 45 or 46 of the Environmental Protection Act 1986 (EP Act). 

Fortescue is extending its current operations in the Pilbara by developing the Solomon Project, 

which includes two new mine sites (Firetail and Kings), and a rail line to support the new sites. 

The Solomon Project area (Solomon) is located approximately 60 kilometres (km) north of Tom 

Price and is situated on both sides of the rail line operated by Pilbara Iron (Rio Tinto). Access to 

Solomon is via the public roads running north of Tom Price and also from the Pilbara Iron rail 

access road. 

In addition to the Solomon project, expansion of mining to the west is proposed within the 

Western Hub Project area which contains approximately 10 ore bodies.  Expansion of mining is 

also proposed east of Solomon at Nyidinghu and north east at North Star. 

Fortescue is also conducting drilling programmes to further delineate resources and iron ore 

reserves within tenements surrounding Solomon and in additional locations throughout the 

Pilbara. 

In addition to its wholly owned tenements, Fortescue is party to joint ventures and agreements 

with other tenement holders within the Pilbara region and is the manager of iron ore exploration 

operations upon these tenements.   

  



 

 

 

Appendix 2: Data Flow Diagram 
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Appendix 3: Cross Reference to State and Federal 

Statutory Requirements 

  



 

 

Ministerial Conditions and Commitments 

Ministerial Statement/ 
Controlled Action 

Requirement or Issue Location in this Plan 

MS690 & 707 & 899 
Follow up surveys and delineation of significant 
populations 

 Table 1 

 Table 5; Objective 3 

 Appendix 4&7 

MS 707 & 899 
Measures to protect fauna from vegetation 
clearing, noise, vibration, light overspill and other 
impacts 

 Table 5, Objective 2 

MS 707 & 899 Feral animal control  Table 5, Objective 2 

MS 899 
Suitable means for ensuring appropriate 
protection of fauna 

 Table 5, Objectives 2, 3 
& 4 

 Section 7, 8 & 9 

 Appendix 7 & 8  

MS 862 & 899 

EPBC 2010/5567 
Monitor and report on success of protection 

 Table 5, Objectives 3 & 
4 

 Section 7 & 9 

 Appendix 7 

EPBC 2010/5513 
Design details of borrow pits that will allow fauna 
to escape 

 Table 5, Objective 2 

MS862 

EPBC 2010/5567 

EPBC 2010/5513 

EPBC 2010/5706 

Minimise mortality/impacts of EPBC listed 
threatened fauna 

 Table 5, Objectives 1-4 

 Sections 7, 8 & 9 

 Appendix 7 

MS862 

EPBC 2010/5567 

EPBC 2010/5513 

EPBC 2010/5706 

Protect habitat of EPBC listed threatened fauna 
species 

 Table 5, Objectives 1-4 

EPBC 2010/5567 

EPBC 2010/5513 

EPBC 2010/5706 

Rehabilitate disturbed areas  Table 5, Objective 2 

MS 690 & 707 Identify suitable relocation sites and techniques  Table 5, Objective 2 

MS 690 & 707 Monitor and report on success of relocation 

 Table 5, Objective 2 & 3 

 Section 7 

 Appendix 7 

MS 707 Review plan every 5 years  Section 10 

EPBC 2005/2205 Prepare a Night Parrot Survey Plan 

 Section 1.2 

 Table 5, Objective 3 

 Section 7 

 Appendix 7 

MS862 

EPBC 2010/5567 

EPBC 2010/5706 

EPBC 2010/5513 

Develop and implement a fauna monitoring 
program 

 Table 5, Objective 3 

 Section 7 

 Appendix 7 

EPBC 2010/5567 
Plans showing fauna friendly culverts along the 
rail at locations to maximize benefits to EPBC 
listed species 

 Figure 1 

EPBC 2010/5567 
Plans showing borrow pit locations/design to 
minimize impacts on EPBC listed species and 
their habitats 

 Figure 2 



 

 

Ministerial Conditions and Commitments 

EPBC 2010/5567 

EPBC 2010/5513 

EPBC 2010/5706 

Annual report on milestones and compliance with 
plan 

 Annual Compliance 
Report 

EPBC 2010/5706 
Design details of trenches to allow fauna to 
escape 

 Table 5, Objective 2 

EPBC 2010/5706 
The results of the monitoring program and 
compliance with the plan must be published on the 
website 

 Annual Compliance 
Report 

EPBC 2005/2205 
Adopt and implement the Night Parrot 
Management Plan 

 Section 1.2,  

 Table 5, Objective 1-4 

 Section 7, 8 & 9 

 Appendix 7 

EPBC 2005/2205 Adopt and implement the Bilby Management Plan 

 Section 1.2  

 Table 5, Objective 1-4 

 Section 7, 8 & 9 

 Appendix 7 

 



 

 

Appendix 4: Conservation Significant Fauna 

Descriptions 
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Species Conservation 
Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Night Parrot 
(Pezoporous 
occidentalis) 

Critically 
Endangered 

Schedule 1  Reports of the Night Parrot are few but scattered over a vast area of 
inland Australia, with unconfirmed reports from all mainland states 
and territories, but most confirmed reports are from north-eastern 
South Australia/south-western Queensland and the eastern Pilbara 
of Western Australia. Preferred habitat is dense, low vegetation 
usually associated with Triodia hummock grassland and 
occasionally in low chenopod shrubland.  

Three Night Parrots were observed 
in April 2005 at Cloudbreak 
(Bamford 2005). 

Northern Quoll 
(Dasyurus 
hallucatus) 

Endangered Schedule 1  The Northern Quoll is found in east and north Queensland, northern 
parts of the Northern Territory, the Kimberley and the Pilbara. Van 
Dyck and Strahan (2008) suggested that they were most abundant 
in broken country, rocky areas and open eucalypt forest within 
150km of the coast. They are reported to den in hollow tree trunks, 
but will use other spaces such as rock crevices and openings in old 
termite mounds. In the Pilbara, the geographic distribution of 
Northern Quolls is considered fragmented, with its numbers in 
decline. 

Suitable habitat for the Northern 
Quoll is present along the existing 
rail corridor from Port Hedland to 
Cloudbreak, in the Cloudbreak to 
Christmas Creek railway corridor, at 
Solomon, Serenity Valley, Glacier 
Valley, Farquhar, Sheila East and 
West and in sections of the Solomon 
rail corridor. They have been 
recorded during trapping surveys at 
Solomon. 

Pilbara Leaf-
nosed Bat 
(Rhinonicteris 
aurantia) 

Vulnerable  Schedule 1  Armstrong (2001) reported populations of R. aurantius around 
Marble Bar, Nullagine, Hillside station, Soansville, Tom Price, 
Paraburdoo, Red Hill, Millstream, Fortescue and the Barlee Range. 
Its geographic distribution appears to be divided into three distinct 
areas: mines of the eastern Pilbara – George Ranges, Hamersley 
Ranges in small colonies, and in the Gascoyne Ranges (Armstrong, 
2001). Armstrong (2001) reported microhabitat conditions in two 
caves in the Barlee Ranges occupied by R. aurantius as having 
ambient temperatures of 22-28oC in winter and 25-34oC in spring 
and humidity varied appreciably from 26-94% in winter and 11-74% 
in summer. 

The Pilbara Leaf-nosed Bat was not 
observed by Biota (2005a) in the 
vicinity of Cloudbreak; however, it is 
possibly present in the vicinity of 
proposed mining development in the 
Hamersley Ranges (e.g. Solomon 
and Serenity Valley) as there is an 
abundance of caves in the gorges in 
this area. 

Destruction of roosts through ground 
disturbing activities and changing 
the water table and humidity in roost 
caves may have a significant impact 
on this species. As they have a 
propensity to fly into the light of 
vehicles there is also the possibility 
of collisions with vehicles at night. 



 

 

Species Conservation 
Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Crest-tailed 
Mulgara 
(Dasycercus 
cristicauda) 

Vulnerable  Schedule 1  Woolley (2005) has recently recognised two species of ‘Mulgara’; 
Dasycercus blythi and D. cristicauda. Currently, there are insufficient 
data to separate the spatial ecology, burrows and reproductive 
biology of these two species. Mulgara are distributed in the inland 
spinifex covered sandy desert and spinifex vegetated areas in the 
Pilbara and northern goldfields. Within these areas their distribution 
is patchy and it is most frequently confined to mature spinifex 
dominated habitat (Gibson and Cole, 1992; Masters, 2003; Masters 
et al., 2003). The geographic distribution of these two Mulgara 
species in the Pilbara has not been clearly delineated. 

Mulgara diggings, scats and tracks 
were observed by Biota (2004) at its 
site FMG105 near Cloudbreak. 
Surveys by Coffey Environments 
(ATA Environmental, 2007) of the 
Port Hedland to Cloudbreak railway 
line corridor recorded active Mulgara 
burrows in numerous areas, most of 
which were on sandy-clay soils with 
a vegetation cover of mature 
spinifex. 

Greater Bilby 
(Macrotis 
lagotis) 

Vulnerable  Schedule 1  The Bilby’s distribution has contracted to a few small populations in 
southern Northern Territory and south-eastern Queensland, and the 
Pilbara and Sandy Deserts of Western Australia. 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 
(Johnson, 1989; Southgate, 1990). 

The Bilby has been recorded in the 
Chichester subregion, Fortescue 
Plain subregion and Roebourne 
subregion. Potential Bilby burrows 
were recorded on the northern fringe 
of the Fortescue Marsh in 2005 
(Davies et al. 2005; Bamford 2005). 
Active Bilby burrows were recorded 
in 2007 either side of the rail corridor 
access road to the north of the 
Marble Bar Road and potential Bilby 
diggings have been recorded near 
Cloudbreak, Christmas Creek and 
on the Elazac Quarry access track, 
although the presence of Bilbies 
was never confirmed. 



 

 

Species Conservation 
Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Pilbara Olive 
Python (Liasis 
olivaceus 
barroni) 

Vulnerable  Schedule 1  Pilbara Olive Pythons are found throughout the Pilbara and east to 
Mt Augustus and north to the Gregory Range. They are most often 
seen at night and are generally found around rocky areas, rocky 
outcrops and cliffs, particularly in the vicinity of watercourses and 
water holes, but they also shelter in logs, flood debris, caves, tree 
hollows and thick vegetation (Burbidge, 2004; Pearson, 2007). 

Coffey Environments recorded a 
Pilbara Olive Python near the 
Solomon camp and others have 
been recorded near Glacier Valley. 
Numerous individuals have been 
seen in Karajini National Park and 
near the Millstream homestead.  
Pilbara Olive Pythons have also 
been recorded at Christmas Creek 
(ENV 2012). 

Grey Falcon 
(Falco 
hypoleucos) 

 Schedule 1  Johnstone and Storr (1998) recorded the geographic distribution of 
the Grey Falcon as the northern half of Western Australia, excluding 
the coastal area of the Pilbara. They went on to suggest that it is 
mostly found in lighted wooded coastal and riverine plains. 

A pair of Grey Falcons was recorded 
in eucalypt woodland along Sandy 
Creek near Cloudbreak (Davis et al., 
2005, Bamford 2005/2010) and by 
Coffey Environments on multiple 
occasions in the same area since 
July 2006. Biota (2004) recorded 
individuals (one adult and two 
immature) over cracking clay 
adjacent to its survey site FMG20f in 
March 2004. The pair of Grey 
Falcons frequently seen east of the 
Cloudbreak mine site probably has a 
nest along the creek line in that 
area. 

Peregrine 
Falcon (Falco 
peregrinus) 

 Schedule 4  Johnstone and Storr (1998) reported the Peregrine Falcon as being 
widespread including some off-shore islands. They are known to 
occur on a variety of habitats including cliffs along coasts, rivers and 
ranges and wooded watercourses and lakes. 

A single Peregrine Falcon was 
sighted at Minga Well (Davis et al., 
2005) and another by Biota (2005a) 
at its study site FMG20f, and 
Fortescue and Coffey Environments’ 
staff have occasionally seen 
Peregrine Falcons around the 
Cloudbreak mine site. 



 

 

Species Conservation 
Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Ctenotus 
nigrilineatus 

  Priority 1 C. nigrilineatus has been recorded in the Abydos Plains survey by 
How and Dell (2004) but they were not caught in the Hope Downs 
survey or any of the Fortescue mine sites or previous Fortescue rail 
corridor assessments.  

Three specimens were recently 
caught by Coffey Environments at 
Serenity Valley. So, although it has 
been infrequently caught, it is found 
on one and possibly a second 
Fortescue tenement. This species 
may be more widely distributed than 
the existing data would suggest.  

Ramphotyphlops 
ganei 

  Priority 1 Ramphotyphlops ganei is a moderately robust blind snake  This species has been recorded 
near Newman, Pannawonica and 
Millstream, so could potentially be 
caught in any of the Fortescue 
project areas. 

Bush Stone-
curlew (Burhinus 
grallarius) 

  Priority 4 Johnstone and Storr (1998) reported the Bush Stone-curlew as 
being found in the western half of Western Australia and the 
Kimberley and prefers lightly wooded areas, but it is absent from the 
sandy deserts and the interior east of Leonora and Southern Cross.  

Biota (2004) sighted one adult and a 
chick north of Redmont Camp along 
the rail access road and one during 
the Hope Downs survey. Two 
individuals were recorded by Coffey 
Environments (July 2006) in a 
survey near the Cloudbreak camp. 
Coffey Environments recorded an 
individual killed on the Great 
Northern Highway about 100km 
south of Port Hedland. 
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Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Australian 
Bustard 
(Ardeotis 
australis) 

  Priority 4 Johnstone and Storr (1998) reported the Australian Bustard as 
occurring in most parts of Western Australia, and often found in 
lightly wooded grassland, sand plains vegetated with spinifex, 
chenopod flats, low heath and farming country.  

The Australian Bustard has been 
frequently sighted in tenements 
(Biota, 2005a, b; Davis et al., 2005; 
ATA Environmental, 2007) in the 
Cloudbreak, Christmas Creek and 
Mt Nicholas areas and also in the 
Hamersley Ranges (Texasgulf, 
1979; Johnstone, 1980; Ninox 
Wildlife Consulting, 1992). Coffey 
Environments frequently recorded 
Australian Bustards between 2006-
2008 around the Cloudbreak mine 
site and in the vicinity of the 
Cloudbreak to Christmas Creek rail 
corridor. 

Star Finch 
(western) 
(Neochmia 
ruficauda 
subclarescens) 

  Priority 4 Johnstone and Storr (1998) recorded the Star Finch being found 
around the western end of the Ashburton Fortescue and DeGrey 
Rivers in the Pilbara, and having a preference for long grass, rushes 
and shrubs around swamps, lagoons and permanent water bodies.  

Davis et al. (2005) recorded Star 
Finches at Minga Well so it could be 
occasionally sighted in suitable 
habitat in any of the Fortescue 
tenements. Johnstone and Storr 
(1998) reported the Star Finch to be 
locally common in the Pilbara, but 
patchily distributed. 
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Priority 
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Occurrence in Fortescue 
Controlled Sites 

Ghost Bat 
(Macroderma 
gigas) 

  Priority 4 Ghost Bats in the Pilbara have been reported by Armstrong and 
Anstee (2000) as present in the Abydos Plain, Chichester Plateau, 
Gascoyne Ranges, George Ranges, Hamersley Plateau and 
Oakover Valley. 

A Ghost Bat was caught in a mist 
net south of the Cloudbreak mine 
site. Its diurnal roost is therefore 
likely to be in the caves and 
overhangs in the low ranges to the 
north of the Fortescue Marsh. 
Dunlop and Swale (1980), Texasgulf 
(1979) and Ninox Wildlife Consulting 
(1992) reported M. gigas in the 
Hamersley Ranges, Biota (2005b) 
recorded one at Robe Rivers Mesa 
A and Coffey Environments 
observed a single individual near the 
Solomon camp in March 2008. 

Brush-tailed 
Mulgara 
(Dasycercus 
blythi) 

  Priority 4 Woolley (2005) has recently recognised two species of ‘Mulgara’; 
Dasycercus blythi and D. cristicauda. Currently, there are insufficient 
data to separate the spatial ecology, burrows and reproductive 
biology of these two species. Mulgara are distributed in the inland 
spinifex covered sandy desert and spinifex vegetated areas in the 
Pilbara and northern goldfields. Within these areas their distribution 
is patchy and it is most frequently confined to mature spinifex 
dominated habitat (Gibson and Cole, 1992; Masters, 2003; Masters 
et al., 2003). The geographic distribution of these two Mulgara 
species in the Pilbara has not been clearly delineated. 

Mulgara diggings, scats and tracks 
were observed by Biota (2004) at its 
site FMG105 near Cloudbreak. 
Surveys by Coffey Environments 
(ATA Environmental, 2007) of the 
Port Hedland to Cloudbreak railway 
line corridor recorded active Mulgara 
burrows in numerous areas, most of 
which were on sandy-clay soils with 
a vegetation cover of mature 
spinifex. 

Long-tailed 
Dunnart 
(Sminthopsis 
longicauda) 

  Priority 4 Van Dyck and Strahan (2008) recorded the geographic distribution 
of the Long-tailed Dunnart to include the Pilbara, the Great Victoria 
Desert and south-western Northern Territory. McKenzie et al. (2000) 
caught a number during their Carnarvon Basin regional survey, 
extending its geographic distribution in a westerly direction. 
Terrestrial Ecosystems fauna database has a record of them being 
caught in PIL1 and PIL3. Van Dyck and Strahan (2008) recorded 
individuals being caught on plateaus of boulders and stones near 
breakaways and scree slopes, vegetated with mulga and spinifex. 

Biota (2005) caught a single Long-
tailed Dunnart at the Mt Nicholas 
mine site in spinifex grassland. As 
its preferred habitat is present along 
the proposed Cloudbreak to 
Christmas Creek railway line 
corridor, and the Solomon and 
Serenity Valley developments, it is 
possible that the Long-tailed 
Dunnart is on numerous Fortescue 
tenements. 
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Lakeland Downs 
Mouse 
(Leggadina 
lakedownensis) 

  Priority 4 Van Dyck and Strahan (2008) indicated that the Northern Short-
tailed Mouse predominantly occurs in the Pilbara, sandy deserts 
north of the Pilbara and the Kimberley. Van Dyck and Strahan 
(2008) reported that little is known of the biology and abundance of 
this species. Because of the paucity of data on this species’ ecology 
and preferred habitat type, it is difficult to indicate areas where it 
might be significantly impacted on. As with all small mice, vegetation 
clearing, habitat fragmentation, changed fire regimes and introduced 
predators are the major threatening processes. Terrestrial 
Ecosystems’ fauna survey database records indicate that the 
Northern Short-tailed Mouse has been caught in the Hamersley 
Range, along the Fortescue River to the north and south of the 
Fortescue Marsh.  

The species was recorded by Biota 
(2005) and ecologia (2010a) along 
the mainline corridor and within 
Christmas Creek. 

Western Pebble-
mound Mouse 
(Pseudomys 
chapmani) 

  Priority 4 Van Dyck and Strahan (2008) recorded the Pebble-mound Mouse 
as endemic to the Pilbara of Western Australia. Biota (2005a) 
recorded active mounds on Triodia hill slopes (sites FMG01, 
FMG06, FMG07, FML02) and Triodia stony plains (FML03).  

Davis et al. (2005) recorded Pebble-
mound Mice mounds at Sites D and 
E near the Cloudbreak mine. Coffey 
Environments has recorded 
numerous inactive and active 
mounds in the vicinity of the 
Cloudbreak mine, the Cloudbreak to 
Christmas Creek rail corridor, along 
the Port Hedland to Cloudbreak rail 
corridor, particularly in the 
Chichester Ranges (ATA 
Environmental, 2007), and in the 
rocky areas around the Solomon 
development area. 

Butler’s Skink 

(Notoscincus 
butleri) 

  Priority 4 Storr et al. (1999) recorded the geographic distribution of N. butleri 
as the Dampier and Harding River dam. The Terrestrial Ecosystems 
fauna database records N. butleri in the western and central areas 
of the Hamersley Ranges.  

Coffey Environments caught nine N. 
butleri in Serenity Valley during its 
March and November 2008 fauna 
surveys. 
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Fortescue 
Grunter 
(Leioptheapon 
aheneus) 

  Priority 4 Merrick and Schmida (1984) described the Fortescue Grunter as a 
small species with a restricted geographic distribution. Morgan and 
Gill (2004) reported Fortescue Grunter being found in the Fortescue, 
Ashburton and Robe Rivers of the Pilbara. 

This fish is likely to be found 
throughout each of the Fortescue, 
Ashburton and Robe River systems, 
including isolated pools that are 
infrequently joined after major 
rainfall events. 

Fork-tailed Swift 
(Apus pacificus) 

Migratory   The Fork-tailed Swift breeds in north-east and mid-east Asia and 
winters in Australia and south New Guinea (Johnstone and Storr, 
1998). They arrive in the Kimberley in late September and in the 
Pilbara in November and the south-west in December, leaving late 
in April. Johnstone and Storr (1998) reported them as common in 
the Kimberley and uncommon to moderately common along the 
north-west, west and south-east coasts and scarce elsewhere. 

A large number of Fork-tailed Swifts 
were sighted by Biota (2005a) to the 
west of Cloudbreak. Biota (2004) 
described them as common but 
patchy and seen along the storm 
front associated with ex-tropical 
cyclone Fay, primarily south of the 
Fortescue Marshes. They were seen 
flying over a variety of habitats 
including creek lines, Triodia hill 
slopes and sand plains. 

Rainbow bee-
eater  

(Merops 
ornatus) 

Migratory   The rainbow bee-eater occurs in un-forested areas in southern 
Australia during summer then migrate north during the winter into 
northern Australia. It prefers lightly wooded habitats, preferably on 
sandy soils near water. Rainbow Bee-eaters are scarce to very 
common across their range depending on suitable habitat 
conditions.  

This species is frequently seen in 
surveys on Fortescue tenements in 
a variety of habitats (Biota, 2005a; 
Davis et al., 2005). Coffey 
Environments has regularly seen 
Rainbow Bee-eaters in creek lines 
near Cloudbreak, along the Port 
Hedland to Cloudbreak rail corridor 
and in the vicinity of the Solomon 
development. Nest burrows have 
been located adjacent to and in 
creek lines.  
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White-bellied 
Sea eagle 

(Haliaeetus 
leucogaster) 

Migratory   The White-bellied Sea–Eagle is considered moderately common in 
the Houtman Abrolhos Islands off Geraldton and in addition to 
Australia, the species is found in New Guinea, Indonesia, China, 
south-east Asia and India.  This species is also found in coastal and 
near coastal areas across Australia inhabiting most types of habitats 
except closed forest.  The White-bellied Sea-Eagle feeds mainly off 
aquatic animals, such as fish, turtles and sea snakes but it takes 
birds and mammals as well.  It breeds wholly on islands, building a 
large stick nest, which is used for many seasons in succession 
(Johnstone and Storr 1998).  The breeding season ranges from May 
to September in the north and in winter and spring in Australia’s 
south (Morcombe 2000). 

In 2009-2010 there were two 
sightings within the Cloudbreak 
mine area (Bamford 2009) and 
Fortescue Marsh within the 
Christmas Creek area (Bamford 
2010). The White-bellied Sea-eagle 
is uncommon as far inland as the 
Fortescue Marsh but will 
occasionally hunt in the area, 
particularly when creeks and rivers 
contain water. 

Great Egret 

(Ardea alba) 

Migratory   Herons and egrets all depend to some extent upon surface water for 
hunting. The Great Egret is the largest of the Australian egrets, and 
is an elegant, white wader dependent upon floodwaters, rivers, 
shallow wetlands and intertidal mudflats. Its diet consists of a range 
of small, aquatic invertebrates and small vertebrates (Frith, 1976).  
Given the dependence of the Great Egret upon restricted habitats, 
impacts of land clearing and development of these habitats are likely 
to have a local impact on this species. The species is also likely to 
be susceptible to secondary impacts, particularly changes in local 
hydrology, where this changes the water levels in local wetlands.  

The Great Egret was recorded in the 
Christmas Creek area (Biota 2004). 

Cattle Egret 

(Ardea ibis) 

Migratory   The smallest of the Australian egrets, this species has undertaken 
an invasion of Australia from the north, where it was originally more 
common in the Indonesian archipelago than Australia (Simpson and 
Day, 2004). Johnstone and Storr (1998) noted the species 
distribution in Western Australia as being confined to the irrigation 
areas surrounding Kununurra, however, its migratory nature, and 
current invasive tendencies suggest that it may occur elsewhere in 
the state, and may still be expanding its distribution. Given the 
dependence of the Cattle Egret upon restricted habitats, impacts of 
land clearing and development of these habitats are likely to have a 
local impact on the species. The species is also likely to be 
susceptible to secondary impacts, particularly changes in local 
hydrology, where this changes the water levels in local wetlands or 
creeks.  

There are small areas of suitable 
habitat for this species within the 
Solomon Rail Project (Coffey 2010). 
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Eastern Great 
Egret 

(Ardea modesta) 

Migratory   Eastern Great Egrets mainly inhabit shallow water bodies, both 
fresh and saline.  They occur across a large part of Western 
Australia, including the south-west, Kimberley and Pilbara.  The 
Great Egret is common to very common in the well-watered 
Kimberley flatlands, and scarce to moderately common elsewhere 
within its range (Johnstone and Storr 1998).  This species’ diet 
consists predominately of small fish and crustaceans.  They breed 
colonially in trees standing in water around wooded swamps and 
river pools, 4-13m above water (Morcombe 2000).  The nest is built 
as a rough, loose, shallow platform.  Four eggs are laid in summer 
in the Kimberley and during the spring in regions further south 
(Johnstone and Storr 1998). 

The Eastern Great Egret has been 
recorded from creeks and water 
bodies surrounding Coudbreak 
(Bamford 2006, 2009, Biota 2005).  
Recorded at Roy Hill (Bamford 
2010) and several records from 
Fortescue River.  Several records 
from Fortescue River and water 
bodies within Karijini National Park 
and the Hamersley Range (ecologia 
2010b).  They are likely to hunt 
along creeks and the Fortescue 
Marsh when they contain water. 

Wood Sandpiper 

(Tringa glareola) 

Migratory   The Wood Sandpiper is a trans-equatorial migrant, breeding in north 
Europe and Asia and spending the non-breeding months in Africa, 
south Asia and Australia.  Generally uncommon, particularly in the 
interior, they arrive in Australia in August and leave again in May 
(Johnstone and Storr 1998). The Wood Sandpiper occurs singly, in 
pairs or small parties.  Preferred habitat consists of shallows of 
wooded fresh waters, lakes, flooded pasture and occasionally in 
mangroves (Morcombe 2000). 

The Wood Sandpiper has been 
recorded foraging along pools on 
the Fortescue River approximately 
22 km south-east of Cloudbreak 
(Bamford 2009).  It is likely to forage 
within the Cloudbreak area along 
creeks and the Fortescue Marsh 
when they contain water.  Record 
from Fortescue Marsh, within 
Christmas Creek site (Bamford 
2010). 

Common 
Greenshank 

(Tringa 
nebularia) 

Migratory   The Common Greenshank is a non-breeding visitor to well-watered 
regions of Australia that can be observed in all months.  It is 
uncommon to moderately common on coasts and coastal plains and 
rare to scarce elsewhere (Johnstone and Storr 1998).  It can be 
found in shallow fresh waters and salt waters. Like most waders 
they feed on small invertebrates but will also take small fish. 

The Common Greenshank has been 
recorded foraging along pools on 
the Fortescue River approximately 
22 km south-east of Cloudbreak 
(Bamford 2009).  It is likely to forage 
within the survey area along creeks 
and the Fortescue Marsh when they 
contain water. Record from 
Fortescue Marsh, within Christmas 
Creek site (Bamford 2010). 



 

 

Species Conservation 
Status (EPBC 
Act 1999) 

Conservation 
Status 
(Wildlife 
Conservation 
Act 1950) 

Priority 
Species 

Distribution and Habitat Discussion on Potential 
Occurrence in Fortescue 
Controlled Sites 

Red-necked 
Stint 

(Calidris 
ruficollis) 

Migratory   Red-necked Stints are primarily coastal, occurring on the edge of 
sheltered estuaries, beaches and salt lakes both on the mainland 
and on offshore islands.  They can also occasionally occur on inland 
salt lakes and freshwater swamps.  The species is a non-breeding 
migrant, arriving from Siberia and Alaska in October and returning in 
March.  They are common to very common on most coasts, rare in 
the northern interior and moderately common in the southern 
interior. The species typically occur in small flocks and is highly 
gregarious with other species.  They are omnivorous, feeding on 
insects and molluscs captured from exposed mudflats as well as 
seeds and plant matter. 

The species is rare in the Pilbara 
interior with only a single record 
from within 100km of the survey 
area.  A single individual was 
recorded from ‘a big pool on Roy 
Hill’ in May 2005.  Record from 
Fortescue Marsh, within 10km of 
Christmas Creek site (Bamford 
2010).  The species may 
occasionally forage within the 
survey area during spring/summer 
along creeks and the Fortescue 
Marsh when they contain water 
(ecologia 2010). 
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Appendix 5: Key Activities 

  



 

 

Key Activity Description 

Vegetation clearing  

Causing substantial damage to native vegetation. This includes: 

 the killing or removing of native vegetation; 

 the severing or ringbarking of trunks or stems; 

 the draining or flooding of the land; 

 the burning of vegetation; 

 the grazing of stock; or 

 any other activity that kills or damages native vegetation. 

A guide to clearing permits under the Environmental Protection Act 1986. 

The definition includes all types of native vegetation, including those found in 
aquatic and marine environments. It includes all native grasses, shrubs and 
trees but does not include intentionally sown native vegetation. 

Ground disturbance  

Disturbance of the topsoil or surface rock layer of the ground, or a waterway, 
by machinery in the course of grading, excavating, digging, dredging or deep 
ripping. Includes: 

 Top soil removal;  

 Growth medium recovery; and 

 Earthworks. 

Construction/ establishment 
of infrastructure 

Construction and completion of substantial permanent structures. 

Construction/ establishment 
of linear infrastructure 

Construction and completion of linear infrastructure, which has the potential 
to interrupt sheet water flows e.g. rail lines, roads. 

Open pit mining 

Includes: 

 First blast; 

 Excavation; 

 Free digging; 

 Other in-pit activities; 

 Until loaded onto haul trucks for transport to Ore Processing 

Facility.  Excludes construction of waste rock dumps or stockpiles. 

Vehicle movement Movement of freight trucks, light vehicles, buses, airplanes.  

Waste disposal 
Disposal of waste materials including sewage; rubbish; tyres; brine but 
excluding waste rock and dredge spoil. 

Ground water abstraction 
and distribution 

Removal of ground water from underground aquifer. 

Ground water injection  Re-injection of previously abstracted groundwater to underground aquifer. 

Decommissioning /closure 
The process that begins near or at the cessation of mineral production and 
ends with the removal of all unwanted infrastructure and services. 

Rehabilitation 
Process used to repair the impacts of mining on the environment, including 
landform design and revegetation. 



 

 

Appendix 6: Process Flow Diagram 
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1. INTRODUCTION 

The Conservation Significant Fauna Monitoring Guidelines (the Guidelines) have been developed 

to incorporate best practice methods to address the goals and objectives in the Conservation 

Significant Fauna Management Plan (100-PL-EN-0022).  They are applicable to Fortescue 

controlled sites1 and provide the basis for achieving consistency in fauna monitoring across 

Fortescue operations. 

The Guidelines describe: 

 fauna monitoring goals and objectives 

 selection of monitoring parameters suitable for target fauna 

 monitoring program design, including the selection of monitoring sites 

 specific monitoring methodologies and techniques employed by Fortescue for targeted 

Conservation Significant Fauna 

 data management, reporting and review. 

The Guidelines have been designed to measure the effectiveness of the broad management 

actions outlined in the Conservation Significant Fauna Management Plan (100-PL-EN-0022).  

The outcomes of the monitoring programs for each site will contribute to ongoing improvements 

in management actions to ensure an adaptive management approach is adopted. 

The implementation of the Guidelines will address the monitoring conditions outlined in Ministerial 

Statements 690, 707, 862 and 899 and EPBC approvals 2005/2205, 2010/5706, 2010/5513, 

2010/5567 and 2010/5696. 

                                                
1
 Fortescue controlled sites are sites that are under Fortescue’s legal control including exploration sites, 

project sites, operational sites (sites that are managed and operated by Fortescue and sites that are 

managed by Fortescue but operated by contractors) and the Perth offices.  
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2. OBJECTIVE AND SCOPE 

The overall objective of Fortescue’s fauna monitoring programs is to monitor and measure the 

success of management actions to protect conservation significant fauna species and ensure 

compliance with applicable State and Commonwealth approval conditions.   

The objective of the Guidelines is to provide guidance for the development of monitoring 

programs.  The guiding objectives of the monitoring programs are: 

1. Determine presence (or absence) of conservation significant fauna within Fortescue 

controlled sites. 

2. Measure impacts of Fortescue’s activities on conservation significant fauna within the 

Fortescue controlled sites. 

3. Monitor and measure the success of management measures to inform an adaptive 

management approach. 

4. Monitor and measure spatial and temporal changes in the abundance and distribution of 

conservation significant fauna within Fortescue controlled sites. 

The scope of Fortescue’s fauna monitoring programs include some conservation significant fauna 

species that are cryptic, have low detectability or are only likely to be present in low densities.  

Where a species is known to occur within a monitoring area, the monitoring program should 

include a detection assessment to estimate the likelihood of detection when the species is 

present and to inform interpretation when the species is not recorded.  Additionally, where 

species are identified at low densities, comparisons of habitat usage and spatial distribution 

between control and impact sites will be necessary to detect potential impacts rather than 

population or density as stated in Section 9.2 of these Guidelines. 

For the purposes of the Guidelines, conservation significant fauna is limited to conservation 

significant fauna species listed under the Wildlife Conservation Act 1950 and the Environment 

Protection and Biodiversity Conservation Act 1999 that have been recorded within Fortescue 

controlled sites as specified in Table 1 of the Conservation Significant Fauna Management Plan 

(100-PL-EN-0022) or where monitoring requirements have been specified in State and 

Commonwealth approval conditions (see Table 3). 
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3. CONSTRAINTS AND LIMITATIONS 

Fortescue’s fauna monitoring programs include some conservation significant fauna species that 

are cryptic, have low detectability or are only likely to be present in low densities.  Combined with 

the ‘boom and bust’ ecological cycles experienced in arid Australia obtaining a statistically 

rigorous data set for a monitoring program is challenging. 

Monitoring programs are also limited by seasonality, resources (including expertise) and baseline 

information.  In some instances, land access or on-ground activities may be restricted by site 

conditions (i.e. flooding and general access issues with lack of roads), land tenure and regulatory 

requirements.  These limitations require careful consideration prior to planning and 

implementation of monitoring programs for a given operations area.  Due to the very specialised 

and technical nature of fauna monitoring, external personnel/resources will be required and 

should be identified early in the planning process. 

The type and extent of data collected may potentially be limited by the resources and techniques 

available and the degree of bias and variability of those techniques. However, every attempt 

should be made in the planning process to ensure that the minimum requirements outlined in the 

State and Commonwealth survey guidelines and guidance statements are met in order to obtain 

the maximum amount of information possible and comply with the recommended guidelines.  
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4. MONITORING SITE SELECTION 

An effective fauna monitoring program should be based on replicable sampling at impact and 

control (reference) sites.  Control sites are sites that are not directly or indirectly impacted by 

disturbance activities (away from disturbance) while impact sites are sites that are in close 

proximity to disturbance activities that may be exposed to the direct or indirect effects of proximal 

ground disturbance such as noise, dust, vibrations, vehicles strikes, artificial lighting etc. (close to 

disturbance). 

Appropriate monitoring sites should be located within areas of suitable habitat for each of the 

targeted species, using the following as guidance: 

 The type and variety of substrate, vegetation, topography, geographic extent and habitat 

variation will help determine the number and location of control and impact sites 

required.  The control and impact sites should correspond with habitat type, quality and 

extent, as well as numbers of each site for each monitoring program. A ratio of 1:1 

should be maintained i.e. there should be the same number of control sites and impact 

sites in the target area.  

 As many of the preferred habitat types for each target species should aim to be 

represented in the monitoring program, with at least one monitoring site per 

representative habitat type, where possible. This should be reflected both in impact sites 

and control sites (1:1). 

 The monitoring sites should be in areas of habitat suitable for conservation significant 

fauna that have been identified from previous baseline and targeted surveys.   

 As outlined in State and Commonwealth terrestrial vertebrate fauna assessment 

guidelines and guidance statements, seasonality of monitoring is critical for each of the 

targeted species. Timing of monitoring for each of the target species is variable and 

based on the period of highest activity whilst avoiding the reproductive season and 

avoiding undue stress to breeding individuals.  Therefore, seasonality should be 

considered prior to implementation of monitoring programs (see Table 3).  

 The same design and monitoring techniques should be employed at both control and 

impact sites, and monitoring should be conducted concurrently at both control and 

impact sites. 

 Availability of access to monitoring sites should be taken into account prior to their 

selection. This includes any potential land access problems such as their locations within 

pastoral leases, national parks/government land, third party tenement etc. All sites will 

need to to be accessed at all times during monitoring and under all conditions (i.e. 

irrespective of climate and logistical issues). Once a monitoring program commences, 

sites will need to be able to be accessed daily in order to check traps. Site 

reconaissance may be necessary prior to the beginning of the next annual monitoring 

program, in order to determine accessibility to sites in successive years of monitoring. 

 Heritage sites should be considered when selecting monitoring sites to avoid access 

issues and potential impacts. 
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 Monitoring should adopt recommended techniques and methodology as described in the 

Environmental Protection Authority (EPA) Guidance Statement No.56 (EPA 2004), 

Technical Guide–Terrestrial Vertebrate Fauna Surveys for Environmental Impact 

Assessment (EPA 2010) and the Environment Protection and Biodiversity Conservation 

(EPBC) Act survey guidelines for Australia’s Threatened Bats, Frogs, Mammals, Reptiles 

and Fish (DWHA 2010a, 2010b, 2010c; DSEWPaC, 2011b, 2011c, 2011d). 
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5. MONITORING PROGRAM DESIGN 

The monitoring program design may need to be adaptive over time, dependent on the quality and 

quantity of data collected from each site over time, and incorporate any innovations in monitoring 

techniques and methodologies over time.   

Monitoring design options include point or quadrat designs, grid formations, transect design or 

web design (Freegard 2009). These techniques are summarised in Table 1 below. 

Table 1: Conservation Significant Fauna Monitoring Program Design Options 

Design Options Design Descriptions 

Point or quadrat  Used when observing species presence or assessing the distribution of a species.  This 

sampling method is frequently combined with other methods including transect design.  

Grid formation Used as a means of measuring or monitoring a population size, habitat use or distribution 

within a given area.  Grid formations are preferred when targeting small, less mobile species 

or sampling a small area (<5ha).  A trapping grid can include a range of trapping methods 

and should be designed to best meet the objectives of the monitoring program. 

Transect  Used for invasive and non-invasive monitoring methods to measure relative abundance of 

wide ranging species in a small or medium sized area (>5ha).  A trapping transect can 

include a range of trapping methods and should be designed to best meet the objectives of 

the monitoring program.  

Web design Used for measuring density and relative abundance in a small or medium sized area (>5ha).  

A web design has good detectability of targeted species but requires additional resources to 

cope with the demanding logistics. 
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6. MONITORING PARAMETERS 

A set of monitoring parameters have been selected to provide broad coverage of changes to 

fauna population and distribution and associated habitat that can be expected under a range of 

different mining related impacts.  The number of monitoring parameters will vary depending on 

the species and site specific conditions.  

Table 2: Conservation Significant Fauna Monitoring Parameters 

Monitoring 
Parameters  

Method of recording Information obtained  

Individual 
data/biometric data 

Direct results from trapping and 
observation monitoring methods 

Individual animal biometric data such as sex, body 
condition, location of individuals, movements of 
individuals, and breeding status. 

Population  Cumulative results from single 
season monitoring programs, as 
well as over annual programs 

Sex ratios of a population, Geographic extent of 
population and geographic movement of individuals and 
populations. 

Fluctuations of numbers annually, sex ratios, 
recaptures, etc. 

Habitat 
characteristics 

Observation, habitat mapping, 
photographs etc.  

Changes in quality of habitat over time through 
cumulative results. Identified habitats that are targeted 
for monitoring are to be mapped and monitored for 
extent and quality.  

Meteorological data Data from Weather Stations 
installed near monitoring site 
locations  

Fluctuations in weather and rainfall on a 
daily/weekly/annual basis. Temperature and relative 
humidity.  Degree of influence of weather variables that 
impact on monitoring data. 

Environmental 
threats 

Observation, mapping, 
photographs etc. 

Influence of a threat (i.e. fire, flooding, weeds, 
overgrazing, feral animals etc.) on other measured 
parameters.   
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7. METHODOLOGY 

The following sections describe monitoring methodologies and techniques to be used to measure 

the conservation significant fauna monitoring parameters identified in Table 2.  These are 

intended to serve as a guide rather than rigid prescriptions.  However, it is important to ensure 

standardisation across all monitoring programs to enable the use of consistent data analysis 

methods, comparisons across company operations and reporting.  These issues should be 

considered during the monitoring program design phase. 

Fauna monitoring is an evolving field and should be reviewed regularly to ensure the most 

appropriate methods and design are utilised.  

7.1 Monitoring Methods for Mammals and Reptiles 

The following recommended monitoring methods for mammals and reptiles have been adapted 

from recommended survey techniques and methodology from the Survey Guidelines for 

Australia’s Threatened Mammals (DSEWPaC 2011c), Survey Guidelines for Australia’s 

Threatened Reptiles (DSEWPaC 2011d), the Technical Guide – Terrestrial Vertebrate Fauna 

Surveys for Environmental Impact Assessment (EPA 2010) and Fortescue’s Terrestrial 

Vertebrate Fauna Assessment Guidelines (100-GU-EN-0006). 

7.1.1 Trapping methods 

Pitfall traps 

Pitfall trapping is a simple and productive method for broadscale sampling of small to medium-

sized ground-dwelling species. Standardised design of trap configurations and timing permit more 

robust analyses of data than less quantitative methods such as hand collecting. Pitfall trapping is 

non-species specific and is useful in the capture of a wide range of species and to determine 

faunal assemblages of a habitat type.  

Pitfall traps generally comprise of a combination of plastic buckets and/or PVC piping buried into 

the ground, with the open top flush to the ground.   

Pit traps should include the use of “drift fences” constructed of a fine mesh such as flywire, or 

shade cloth, running over the centre of a pit and often linking together a number of equidistantly 

spaced pits (Webb 1999). These fences are buried at their base and are usually 20 to 30 cm in 

height.  Drift fences direct animal movement towards the pits thus increasing the likelihood of 

capture. 

The recommended monitoring methods for pit traps include: 

 Pits should be constructed using either PVC pipe (minimum 600mm deep x 150mm 

wide) or plastic buckets (minimum 400mm deep x 280mm wide ), or a combination or 

both, with preference given to PVC piping as they are deeper (to prevent agile species 

from jumping or climbing out) and generally provide more protection than buckets. 
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 Sampling design will vary with the nature of the environment being investigated, its 

spatial extent and the species targeted.  Sampling design will need to be assessed 

independently at each sampling site to be effective. 

 Place at least three sampling sites per representative habitat. 

 Set traps for a minimum of seven consecutive nights.  

 Check traps early in the morning and cover during the day if targeting only mammal 

species.  

Animal care and ethics issues related to pit traps include:  

 minimise the possibility that more than one animal is trapped at one time by using a 

selective barrier over the entrance;  

 prevent hypothermia by providing leaf litter or other suitable bedding material and 

shading the trap;  

 check traps within 2-3 hours of sunrise and then closed until sunset;  

 prevent drowning by covering traps during rain, not setting them in low-lying areas or 

wetlands where they may fill with water;  

 avoid deprivation of food and water (by providing a water saturated sponge);  

 cover up or dig up traps when they are not required;  

 construct traps of an appropriate size;  

 consider the affects of catching non-target species;  

 protect trapped animals from ants or other insects by using an ant deterring powder 

around the rim of the entrance. 

Funnel Traps 

Funnel traps are generally made from a mesh-type material (e.g. dense shade cloth) covering a 

wire framed rectangular prism with small opening funnels at either end.  Laid parallel to a drift 

fence, animals may enter the funnel trap through the funnels at either end, but not be able get 

out.  Most monitoring programs using funnels have involved the placement of pairs of funnels, 

one either side of a drift fence, alternating with pitfall traps along the fence. 

Funnels are effective in capturing reptiles that readily escape from pit traps but are generally not 

effective in capturing mammals. 

Animal care and ethics issues relating to funnel traps include: 

 Their use in hot conditions should be carefully considered or avoided where possible. 

 Position the traps under natural shade or provide adequate shade and insulation through 

covering with grass, Spinifex or leaves etc. 
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 Leave traps closed during the day, returning late afternoon to re-set and open to ensure 

animal deaths do not occur from daytime exposure. 

Elliott Traps 

Elliot traps are a brand of aluminium box traps that are used to capture small-sized ground-

dwelling species by a trigger plate on the floor of the trap causing the hinged door to snap shut 

when an animal is enticed into the open trap door with the use of bait. 

Elliott traps are available in a range of sizes, the uses of which is dependent on the size of the 

species being targeted: 

 Elliott B – Large (460mm x 1555mm x 150mm). Used to catch the largest of the small-

sized ground dwelling and arboreal mammals, whose long tails can get caught in the 

door of the small Elliott traps as they snap shut (i.e. Northern Quoll). 

 Elliott A – Medium (330mm x 100mm x 90mm), and 

 Elliott E – Small (230mm x 90mm x 80mm). Elliott traps A and E are used to capture 

small-sized ground-dwelling species, particularly small to medium sized dasyurids, and 

rodents.  

When placed in arrays or along transects, Elliott traps are a very effective way of capturing small-

bodied mammals, particularly small to medium sized Dasyurid species (i.e. Mulgara and Northern 

Quoll).  The recommended distance between individual traps ranges from 10 to 20 metres and 

the overall layout may incorporate a combination of different size Elliott traps.   

A universal bait, made up of rolled oats, peanut butter and honey should be placed inside the trap 

to attract animals.  The amount of bait used should be generous so as to supplement the diet of 

an animal trapped overnight that has otherwise lost the opportunity to forage. Sardines can be 

mixed into the bait mixture for extra enticement for Dasyurid species, particularly for Northern 

Quoll and Mulgara. 

The recommended monitoring methodology for Elliott traps involves: 

 Sampling design will vary with the nature of the environment being investigated, its 

spatial extent and the species being targeted.  Sampling design will need to be assessed 

independently at each sampling site to be effective. 

 Ensure at least three sampling sites per representative habitat. 

 Traps to be set for seven consecutive nights. 

 Check traps within two to three hours of sunrise then close until sunset. 

 Bait traps with universal bait and rebait and open the traps in the late afternoon. 

 Consider placing two traps at each trap station to saturate trapping effort if common 

species are likely to limit the detection of the target species. 

 Provide nesting material to provide shade or warmth to captured fauna. 
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Animal care and ethics considerations for Elliot traps include: 

 Provide bedding material for shelter and to prevent hypothermia. 

 Place traps in locations where they are protected from climatic conditions, taking 

advantage of natural cover and insulation.  Install shadecloth where necessary. 

 Traps placed on slopes on rocky outcrops should be firmly secured to avoid the trap 

becoming dislodged when an animal is captured. 

 Use universal baits and ensure enough bait is available to supplement the animal’s diet 

from loss of time foraging while trapped. 

 Traps need to be checked twice daily to ensure ants do not become an animal welfare 

issue or where climatic conditions such as significant heat could result in fauna deaths.  

 Baits should be replaced every day to reduce the likelihood of an ant infestation and the 

possibility of a health risk to the captured fauna. 

 Timing of fauna monitoring must consider animals that are breeding, lactating or have 

dependent young to ensure they are not unduly stressed (EPA 2010)(Table 3). 

 Leave traps closed during the day, returning late afternoon to re-set and open to ensure 

animal deaths do not occur from daytime exposure. 

 Trap for a maximum of seven consecutive nights to reduce potential recapture. 

Cage Traps 

Cage traps are made of wire mesh and are available in a variety of sizes.  They operate through 

a treadle and wire link holding open a door. To access the bait the animal must cross a treadle 

which causes the trap door to be released and locked in a closed position. 

Cage traps may be used as the sole trap type, usually for species-specific projects, or in 

combination with other types such as Elliot traps where larger mammal species are expected to 

occur.  The trap layout may be along a transect, or as part of an array or grid design, and placed 

further apart than Elliot traps as the target species are usually larger and have greater home 

ranges. 

Species appropriate bait should be placed inside the trap to attract animals that may be in the 

vicinity.  The amount of bait used should be generous so as to supplement the diet of an animal 

trapped overnight that has otherwise lost the opportunity to forage. 

The recommended monitoring method for the use of cage traps involves: 

 Sampling design will vary with the nature of the environment being investigated, its 

spatial extent and the species targeted.  Sampling design will need to be assessed 

independently at each sampling site to be effective. 

 Three sampling sites per representative habitat.  
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 Set traps for seven consecutive nights. 

 Check traps within 2-3 hours of sunrise then close until sunset.  

 Freshly bait traps with universal bait and open traps in the late afternoon.  

 Consider placing two traps at each trap station to saturate trapping effort if common 

species are likely to limit the detection of target species.  

Animal care and ethics considerations related to cage traps include:  

 Provision of bedding material for shelter and to prevent hypothermia.  

 Place traps in locations where they are protected from climatic conditions, taking 

advantage of natural cover and insulation.  Install shadecloth where necessary.  

 Traps placed on slopes or rocky outcrops should be firmly secured to avoid the trap 

becoming dislodged when an animal is captured.  

 When baiting traps, ensure sufficient bait is available to supplement the animal’s diet 

from loss of time foraging while trapped.  

 Baits should be replaced every day to reduce the likelihood of an ant infestation and the 

possibility of a health risk to the captured fauna. 

 Timing of fauna monitoring  must consider animals that are breeding, lactating or have 

dependent young to ensure they are not unduly stressed (EPA 2010) (Table 3). Leave 

traps closed during the day, returning late afternoon to re-set and open to ensure animal 

deaths do not occur from daytime exposure. 

7.1.2 Observation/Active Searches 

Observation activities are required for effective fauna monitoring as other invasive techniques 

such as trapping are unlikely to maximise species detection in an area.  Observation methods 

may include: 

Spotlighting 

Spotlighting may be useful for a variety of species including mammals, nocturnal birds, snakes 

and amphibians.  Spotlighting can be done from a vehicle which allows for coverage of large 

distances along roads and tracks.  Portable spotlights can be used while walking to investigate at 

a finer scale or in areas where vehicle access is not possible. 

Spotlighting from a vehicle may involve a number of people searching with a spotlight, recording 

and catching fauna as required.  Fauna observations are made as the vehicle is driven at low 

speed, along a predetermined transect.  

The following recommendations are suggested for spotlight monitoring: 
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 Use a lightweight battery powered, hand-held spotlight (minimum of 30 watt) that is 

easily carried and battery powered. 

 Monitor at least two 200m transects per 5 hectare site and maintain at least 100m 

between each transect. 

 Move at a speed of 10m per minute (this will vary according to observers experience and 

the vegetation density of the site). 

 The spotlight should be held near the observer’s line of vision to maximise the chance of 

detecting eye shine (light reflected from animals’ eyes). 

 The spotlight beam should be moved slowly at a consistent speed over the relevant 

habitat. 

 If necessary, binoculars may be used once an animal has been spotted to confirm the 

species identity and to record any distinguishing features. 

 The direction of travel should be decided in advance, either by locating a track or by 

marking out a transect with flagging tape.  In this way the observer moves a known 

distance at a set speed or approximately 5 kilometres per hour in a vehicle to ensure that 

the planned monitoring effort is achieved. 

 Spotlighting should be conducted as quietly as possible. This is so that animals are less 

likely to be disturbed and carry on with their normal activities rather than hiding or fleeing 

before they can be seen. 

 Transect monitoring should be repeated for a minimum of two separate nights where 

possible. 

 Avoid windy or rainy nights which can reduce fauna activity and the ability to detect 

fauna. 

Animal care and ethics considerations for spotlight monitoring include: 

 Minimise the amount of time that a spotlight is shone directly on fauna. 

 Use a narrow beam to reduce the blinding effect that the light may have on the animal’s 

vision once the animal has been spotted. 

 Use a red or preferably a dimmer switch to reduce light intensity for prolonged 

observations once the animal has been spotted. 

Active Diurnal Searching 

Diurnal monitoring will involve searching particular habitats and may include active searches of 

burrows, turning over rocks and raking soil and leaf litter.  Diurnal monitoring requires a good 

knowledge of which species could be present in an area and their specific habitat preferences.  

This method can be used to provide supplementary information to trapping programs as many 

species that may have low capture rates in traps, may be readily caught by hand. 
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Diurnal hand searches may be used for reptiles that shelter in or under particular microhabitats.  

For reptile species that are relatively inactive, visual searches of suitable microhabitats with the 

assistance of a torch may be suitable.  This monitoring method can be useful when habitat 

disturbance is an issue for the target species. 

As a guide, diurnal monitoring conducted on foot should be conducted at approximately 10m per 

minute.  The recommended monitoring effort for diurnal searches is a two hour search time for 

each hectare (DSEWPaC, 2011b).  For small sites, transects spaced at 50-100m intervals across 

the sample site or in quadrats in representative habitats, may be necessary to ensure an area is 

systematically searched. 

Diurnal searches for tracks and other signs (secondary) 

Searching for tracks, diggings, nests, scats, claw marks on tree trunks and other signs are useful 

for detecting species that are not readily trapped.  Species with clumped distributions are often 

difficult to detect with standardised trapping regimes but may be readily detectable through 

observation as much larger areas can be assessed than just the specific trapping locations. 

Consideration of animals being flushed from their shelter during diurnal searches should be 

considered if potential predators are present. 

This monitoring  method should be used in conjunction with targeted trapping or some other form 

of confirmation such as spotlight monitoring  to be certain of correct identification and determine 

the continued presence of the target species.  This technique can also be used to determine 

whether target fauna species are utilising fauna friendly culverts to traverse linear infrastructure 

such as the rail. 

The recommended monitoring  effort is approximately two hours search time for each hectare 

(DSEWPaC, 2011c). 

7.2 Supplementary Monitoring Methods  

Supplementary techniques can be used to provide evidence of a species present in an area 

where they were not recorded through the primary detection methods. 

7.2.1 Remote cameras 

Remote camera methods include motion sensors that only activate the camera when an animal is 

in the field of view and close to the camera.  Cameras can be left to operate for many 

days/months, depending on batteries.  Locations that are suitable for camera use include along 

tracks and runways where there are signs of activity, focused on burrow entrances or on some 

form of lure or bait. 

This technique can also be used to determine if management measures, such as fauna friendly 

culverts are being used by targeted fauna species, as well as their use by feral animals.  
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The recommended monitoring method for use of remote cameras includes:  

 Deploy cameras for at least 12 nights within areas of suitable habitats for target species.  

 Where using baited remote cameras use universal bait.  

 Choose a suitable camera based on target species and size of target area. 

 Use a very firm support to avoid false triggers and set sensor height according to target 

species.  

 Place the sensor in a position where there is no vegetation in the foreground.  

 Set the camera 2–5 metres from the target area to avoid out of focus pictures.  

 Ensure all cords are reinforced with duct tape or similar materials to help reduce cord 

loss due to animals chewing them (Swann et al., 2004).  

 Camera traps should not be used as the only monitoring  method and should always be 

used in conjunction with other standard monitoring  techniques (for example, 

spotlighting, hair tubes, Elliot traps, cage traps etc). Failure to detect a species following 

a monitoring  using a camera trap does not mean the species is absent from the study 

area. 

7.2.2 Sand pads 

Pads can be small grids of approximately one square metre of smoothed sand or larger areas 

which are “brushed” along a sand track or fire break.  Where small pads are established use bait 

to entice animals to cross the sand while long “drags” rely on covering large areas thus 

increasing the likelihood that animals may cross. 

These techniques are most useful for targeted species assessment rather than as a general 

monitoring methodology, as there is often a high degree of uncertainty with smaller animals about 

the species identification.  Sand pad data can be used reliably as an indication of presence and 

activity levels, but is less useful for estimates of abundance.  This monitoring technique could be 

useful for determining usage of fauna culverts. 

The recommended methods for sand pads include: 

 Establish at least two one metre wide soil plots (raked substrate with fine grain sand 

added if required) across vehicle tracks, animal pads or other suitable areas per 

monitoring  site. 

 Set soil plots for three consecutive nights. 

 Rake plots smooth each morning after the tracks have been identified and recorded, 

taking plaster casts or photographs of prints that cannot be distinguished in the field 

(provide a scale for all photographs).  

 Ensure that the investigator is capable of accurately distinguishing species tracks (for 

example, demonstrated experience) and is familiar with the tracks of the target fauna. 
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 Consider having a cast of the target species tracks made from museum specimens in 

advance to help distinguish tracks in the field by comparing against the cast (S Ingleby 

pers. comm.). 

7.2.3 Predator scat and pellet analysis 

Predator scats and regurgitated pellets from owls can provide valuable information on the 

presence of other vertebrate species.  The best location for finding material are below nests or 

perches of raptors, along breakaways and under rock overhangs or in cave entrances.  This 

monitoring technique has been effective in detecting small-sized mammal species and helping to 

define the distribution ranges for a number of the small arid-zone species.  Where this technique 

is used, advice and cooperation should be sought by an expert for instructions on appropriate 

collection and preservation methods.  Analysis and species identification from predator scats and 

regurgitated pellets is specialised and should be undertaken by a technical expert. 

7.2.4 Hair sampling devices 

Hair sampling devices are designed either as a tube through which the target animal can fit or as 

a funnel in which just the head of the animal will fit.  Within the tube or funnel there is some form 

of adhesive tape exposed, usually on the top and sides, on which a sample of hair is caught.  

Avoid placing tape on the bottom of the tube to minimise the chance of catching non-target 

species (e.g. small reptiles).  Baiting the tube/funnel at the narrow end of the funnel will increase 

the success rate of this method.  A range of tube and funnel sizes should be used to maximise 

the likelihood of species detection. 

Hair sampling devices can be easily positioned in a variety of habitats and can be left on site for 

considerable lengths of time without the need for daily checking and allow broad areas to be 

examined.  The devices should be located where animal movement is concentrated such as in 

runnels in dense vegetation.  Studies show considerable variation in the effectiveness of hair 

tubes and funnels for different taxa and geographic locations (Lindenmayer et al. 1999; Mills et al. 

2002) and may not reveal the presence of all mammals present.  They do not provide information 

on abundance, unless genetic analysis of samples is undertaken. 

Hair analysis and species identification is specialised and should be undertaken by a technical 

expert. 

The recommended monitoring design for hair sampling devices is as follows:  

 Place 20 devices at each sampling site. 

 Place devices 20 metres apart in two parallel transects separated by 25 metres (this 

is dependent on species and those with a large home range will differ).  

 One sampling site per representative habitat, with at least two sampling sites per 5 

hectares (replication across habitat types in areas greater than 5 hectares).  
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 Set devices for 14 consecutive nights.  

 Bait should target the species monitoring  or alternate devices with a meat based bait 

and a standard bait.  

 Re-bait the devices if possible, unless targeting a “shy” species.  

Animal care and ethics issues to address when using this monitoring method include: 

 The floor of the tube is free of adhesive tape to prevent small lizards and frogs 

becoming stuck and potentially harmed. 

 Angle the tube with the entrance pointing slightly downwards for drainage. 

 If an animal does become stuck to the tape, carefully trim the tape on the animal to as 

small a size as possible or gently ease with vegetable oil under the tape and slide it 

off. 

7.3 Monitoring Methods for Bats 

The following monitoring methods for bats have been adapted from the Survey Guidelines for 

Australia’s Threatened Bats (DWHA 2010a) and the Technical Guide – Terrestrial Vertebrate 

Fauna Surveys for Environmental Impact Assessment (EPA 2010). 

7.3.1 Echolocation call detection 

Bat detection devices, such as the SM2Bat and ANABAT systems, have become critical tools in 

the detection and identification of bats.  Recording echolocation calls is the most effective, non-

invasive monitoring method which ensures a greater detection of species/individuals.  

Echolocation recording can also provide data on the relative activity of bats in a particular site to 

help ascertain whether an area is likely to be utilised as a foraging site, or if bat calls are recorded 

at a more intensive level, it may be suggestive of a roosting site.   

These systems work through converting ultrasonic frequencies into audible signals that can be 

recorded.  Call structure is then analysed by a professional using specialised software.  

The Department of the Environment (DoE) (DWHA 2010a) recommends that rather than relying 

solely on stationary monitoring stations, a combination of real-time monitoring using transects 

and other bat detection methods (as described below) will yield the most useful results for 

detection and monitoring. 

7.3.2 Roost/Cave searches 

Roost/Cave searches comprise of invasive or non-invasive observation techniques.  Non-invasive 

techniques involve: 

 observation and recording of bats from the entrance of a cave as they enter and leave a 

roost/cave area,  
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 the use of echolocation detectors set up at the entrance of caves, 

 using cameras/video recorders, or  

 entering a roost/cave at night (when the bats have vacated the area) and actively 

searching for signs of bat activity (urine stains, guano etc.) 

The alternative, more invasive technique involves entering a roost/cave during the day and 

observing bats directly.  This technique is not recommended as it is highly invasive, and could 

result in significant disturbance to the roost and result in the bats vacating the roost for several 

weeks/ months and even permanently for very sensitive species.  If this method is deemed 

necessary for bat identification and roost location, consultation with the Department of Parks and 

Wildlife (DPaW) or DoE will be necessary. 

Roost searches are not an approved monitoring method for the Pilbara Leaf Nosed Bat as it may 

cause significant disturbance. 

If roost/cave searches are required, these should be conducted in accordance with Fortescue’s 

Terrestrial Vertebrate Fauna Assessment Guidelines (100-GU-EN-0006), the Survey Guidelines 

for Australia’s Threatened Bats (DEWHA 2010), Guidance Statement 56 (EPA 2004) and the 

Technical Guide – Terrestrial Vertebrate Fauna Surveys for Environmental Impact Assessment 

(EPA 2010). 

7.4 Monitoring Methods for Avifauna 

Avifauna monitoring should ideally be conducted during periods of optimal activity following 

summer and autumn rain events (EPA 2010; DWHA 2010b, EPA 2004). Typically this may be 

post-dawn and before dusk, but in hot climates in very open habitats monitoring  may need to 

begin before dawn, which is often the only time that some species can be readily detected.  Bird 

activity is generally lower during wet, windy or extremely hot conditions. 

Bird monitoring, particularly observation methods, are highly observer dependent and different 

individuals will have varying degrees of success.  To reduce these biases it is important to record 

sites a number of times and, where multiple observers are involved, rotate the skill levels across 

all sites to ensure consistency. 

The following monitoring methods for birds have been adapted from the Survey Guidelines for 

Australia’s Threatened Birds (DSEWPaC 2010) and the Technical Guide – Terrestrial Vertebrate 

Fauna Surveys for Environmental Impact Assessment (EPA 2010). 

7.4.1 Area searches 

Area searches usually involve searching a targeted area for a set period of time.  Each selected 

area is searched systematically, while stopping or moving to investigate sightings, calls or signs 

of presence (Loyn 1986; Recher 1988; Hewish & Loyn 1989; Bibby et al. 1992). 
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Area searches are typically conducted over plots of about 1–3 ha, for 10–20 min, though larger 

plots may be monitored  over hours, days and even months.  The Birds Australia Atlas project 

uses 20 minute surveys where an experienced ornithologist records numbers of each species 

seen while actively searching a 2 ha area.   

Area searches allow opportunistic hunts and searches of secondary signs, targeted habitat 

searches and exploration of calls and noises. Area searches are considered less sensitive to 

biases resulting from environmental influences such as weather and time of day, because of the 

more active approach to monitoring and a reduced reliance on calls for detection (Loyn 1986; 

Hewish & Loyn 1989). 

Area searches are a useful way of obtaining individual data, population data and habitat data.  

7.4.2 Transect monitoring 

Transect monitoring usually involve recording birds that are observed or heard while travelling a 

pre-determined path between two fixed points of known distance apart.  Transects typically follow 

a straight path but can follow roads, rivers, coastlines or contours.  They are usually done on foot, 

though slow travel by motor vehicle may be appropriate where target species are conspicuous 

(Recher 1988; Bibby et al. 1992) and large areas need to be covered.   

The optimal length of transects will depend on the aim of the monitoring program (Recher 1988; 

Bibby et al. 1992).  For monitoring programs that aim only to detect particular taxa, transect 

lengths may vary and be dictated by the dimensions of patches of habitat favoured by the target 

species. 

By motor vehicle, transects should be travelled at a speed that is appropriate for the habitat and 

purpose of the study.  Generally, the number of detected taxa will increase with slower speed 

(Harden et al. 1986; Er et al. 1995, 2003).  Consequently, the optimal travel speed will be a trade-

off between covering as much terrain as possible and detecting individuals of the target taxa.  

Conspicuous taxa can be detected in open habitat at speeds well above walking pace and may 

reliably be detected by transect monitoring using vehicles or boats if transects are over 

waterways.  Even when conducted on foot, transects may sometimes be better than area 

searches for detecting conspicuous or highly audible species in extensive areas because of the 

greater area that can be monitored  over time. 

Transect monitoring can be used to measure individual and population parameters, or when 

targeting a wide ranging species or a wide range of habitats over a large area. 

7.4.3 Point monitoring 

Point monitoring involves recording the presence, and usually number of individuals, of each 

taxon detected at a series of specified locations. The sampling points are usually pre-determined 

and selected either randomly or systematically within the study area. 
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Before starting a point sampling monitoring program, a range of variables are usually specified, 

including the amount of time spent at each point and the distance between points.  The amount of 

time allocated to each point is usually 5–20 min, although intervals ranging from 2–60 min have 

been used. Generally, points should be spaced far enough apart so that individuals of the target 

taxa would not be detected from multiple points (Recher 1988; Bibby et al. 1992). 

In general, point monitoring is used when observing species presence or assessing the 

distribution of a species.  Point monitoring  may be unsuitable for detecting threatened species 

due to the limited number of individual animals, however, when combined with other methods 

such as transect monitoring may be more useful.   

7.4.4 Transect-point monitoring 

Transect and point monitoring may be combined to produce a method that is well-suited to some 

detection studies.  This involves conducting a series of point samples at specific positions along a 

transect line. This approach combines the strengths of both methods (Recher 1988; Resources 

Inventory Committee 1999) and may be useful for targeting a range of taxa with varying degrees 

of detectability. 

7.4.5 Broadcast monitoring 

Broadcast monitoring involves playing a recording of the vocalisations of the target species over 

a loudspeaker and detecting individuals of that species that respond to the call vocally, or are 

attracted by the call and observed as a result.  Broadcast monitoring is  commonly used for 

nocturnal taxa but is also useful for detecting secretive diurnal species and taxa active at dawn or 

dusk. 

Recorded vocalisations are generally broadcast from a series of positions which are 

systematically selected with suitable habitat.  Broadcast stations should be spaced far enough 

apart that the same birds cannot be heard from adjacent stations.  For wetland birds, about 250m 

is recommended (Gibbs & Melvin 1993), while for some raptors about 1 km is usually advisable 

(Debus 1995; Loyn et al. 2001; Resource Inventory Committee 2001).  Spacing of broadcast 

stations will vary in relation to the volume of the call and the environmental conditions. 

7.4.6 Aerial monitoring 

Aerial monitoring is typically performed for counts of waterbirds, shorebirds, seabirds and the 

nests of some large raptors, and are usually conducted from helicopters, fixed-wing or ultra-light 

aircraft.  Aerial monitoring usually involves flying along systematically or randomly-placed, 

straight-line routes (similar to ground-based transect monitoring), or along shorelines, rivers, cliffs 

or other natural features where birds may occur.  

Aerial monitoring can provide information on taxon presence and their abundance, and also 

reveal the location of particular habitat types or nest sites for follow-up ground monitoring.  The 
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best coverage and accuracy is achieved with two observers recording from each side of the 

aircraft (Komdeur et al. 1992).  The altitude at which the monitoring is done should be chosen to 

maximise ease of bird detection and identification (typically well below 100 m) (Howes & 

Bakewell 1989).  For aerial monitoring of waterbirds, transects are typically 50–100 m wide (for 

example, Kingsford et al. 1994; Reid & Jaensch 2004).  

Aerial monitoring is well suited to detecting the presence of target species when the study area is 

very large, the density of individuals or aggregations of individuals is low, and the species are 

large and easily detected from the air.  Aerial monitoring may also be of value for identifying the 

location of particular habitat types or landscape features, favoured by the target taxon, which can 

be subsequently searched on the ground. 

7.4.7 Targeted resource and habitat searches 

Many birds seek out particular resources or habitat features for at least some part of the day or 

season.  A particular resource or habitat feature can be observed at appropriate times to detect 

use or visitation by target species.   

Targeted searches are particularly useful for detecting some threatened species because the 

method focuses on specific habitat requirements of a target species, and targets areas where the 

species will most likely be found.  This is most useful for highly mobile species that occur at low 

abundance and/or have a highly localised distribution.   

Environmental and meteorological fluctuations may have a large influence on the use and 

visitation of resources by birds therefore it will be imperative to collect this type of data in order to 

demonstrate the correlation between climatic data and species recordings.  

7.4.8 Flushing 

Flushing involves a group of observers walking parallel at a short spacing between each other, 

across an area of suitable habitat in an attempt to flush any birds that may be present (Robertson 

& Liley 1998).  A fast pace may be required to avoid birds fleeing without breaking cover. 

Similarly, a rope can be dragged across the top of the vegetation in some grasslands to flush 

birds.  The rope should be thick enough to disturb the vegetation without being too heavy to drag. 

This method is recommended for the detection of cryptic species, especially when Call 

Broadcasting methods have failed or are unsuitable.  Care should be taken to minimise damage 

to the vegetation.  Flushing is a seasonal method of detection and should not be used during 

breeding periods as it has the potential to cause abandonment of nests (see Table 3). 

7.4.9 Mist netting 

Trapping birds can be a useful method to determine the presence of some taxa with mist-netting 

the most commonly used method.  Mist-netting is most useful in densely vegetated habitat where 
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visibility of nets will be low, and for the detection of highly secretive species (Karr 1981; 

Robertson & Liley 1998; Pagen et al. 2002). 

Typically, early morning is the most appropriate time to use mist-nests, though some groups of 

birds are more likely to be trapped at other times of the day (Robertson & Liley 1998).  Open nets 

should be checked at least every half hour or more frequently if temperatures are unusually hot or 

cold, drizzle occurs or a likely predator is spotted nearby.  Nets should be closed immediately at 

the onset of rain.  Netting will be most useful in conjunction with other monitoring methods. 

Mist-netting and most other forms of trapping require specialised equipment, expertise and 

permits.  Any technique that involves the capture of birds requires a Regulation 17 licence from 

DPaW (EPA 2010). 

7.4.10 Drift fences and walk-in traps 

Walk-in traps are Elliott-style traps (see Section 7.1.1) that are used to capture small-sized 

ground-dwelling birds (e.g. Night Parrot).  Walk-in traps should include the use of drift fences 

constructed of fine mesh such as flywire, or shade cloth, often linking together a number of traps.  

These fences are buried at their base and are usually 20 to 30 cm in height.  Drift fences direct 

bird movement towards the traps, increasing the likelihood of capture. 

The walk-in traps can be with or without baiting of grass-seeds and with or without grass-seed 

trails along the drift fences leading to the traps (Blyth 1996).  

Walk-in traps require specialised equipment, expertise and permits.  Any technique that involves 

the capture of birds requires a licence from DPaW (EPA 2010). 

7.4.11 Sniffer Dog monitoring 

Ground-dwelling birds that live in thick or dense habitats may be located using properly trained 

sniffer or ‘pointing’ dogs.   

This monitoring technique requires substantial expertise and care, may require ethics committee 

approval and special access arrangements.  Sniffer dog monitoring should only be conducted 

under exceptional circumstances by experienced personnel. 

7.5 Supplementary Monitoring Methods for Birds 

Supplementary techniques can be used to provide evidence of a species present in an area 

where they were not recorded through the primary detection methods. 

7.5.1 Recording Bird calls 

Birds produce audible calls and recording (e.g. SM2 recorders) of these will often produce 

information in addition to that gathered through other monitoring techniques.   



Conservation Significant Fauna Monitoring Guidelines Page 28 of 57 

100-GU-EN-0034   

 

  

The optimum time for listening for bird calls is at dawn and over the following few hours, 

particularly on still mornings.  Listening for calls at night is a useful way to detect presence of 

many nocturnal species, particularly in the breeding season. 

As with visual observation for birds, it is important to accurately record the location of individuals 

of interest to ensure they are assigned the actual habitat in which they occurred. 

7.5.2 Spotlighting 

Spotlighting may be useful for a variety of species including nocturnal birds.  Spotlighting can be 

done from a vehicle which allows for coverage of large distances along roads and tracks.  

Portable spotlights can be used while walking to investigate at a finer scale or in areas where 

vehicle access is not possible. 

Spotlighting from a vehicle may involve a number of people searching with a spotlight, recording 

birds.  Fauna observations are made as the vehicle is driven at low speed, along a predetermined 

transect.  See Monitoring Methods for Mammals (Section 8.1.2) for a full description of this 

monitoring method. 

7.5.3 Remote cameras 

Remote camera methods include motion sensors that only activate the camera when an animal is 

in the field of view and close to the camera.  Cameras can be left to operate for many 

days/months, depending on batteries.  Locations that are suitable for camera use include 

waterholes, identified habitat features and active nests or burrow entrances. 

See Supplementary Monitoring Methods for Mammals (Section 7.2) for a full description of this 

monitoring method. 
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8. SPECIES SPECIFIC MONITORING GUIDELINES 

The scope of Fortescue’s conservation significant fauna monitoring programs will be limited to 

conservation significant fauna listed under the Wildlife Conservation Act 1950 and the 

Environment Protection and Biodiversity Conservation Act 1999 that have been recorded within 

Fortescue controlled sites.  These conservation significant fauna species are listed in Table 3 

with species specific monitoring guidelines provided below. 

8.1 All Conservation Significant Species  

The monitoring methodologies and techniques outlined in the species specific monitoring 

guidelines below have been provided as a guide rather than firm prescriptions.  However, it is 

important to ensure all monitoring programs are standardised to enable the use of consistent data 

analysis methods, comparisons across all Fortescue operations and reporting.  In addition, fauna 

monitoring is an evolving field and monitoring methodologies should be reviewed regularly to 

ensure the most appropriate methods and design are utilised. 

The timing of monitoring programs for each species is variable and based on the period of 

highest activity for each species whilst avoiding the reproductive season and undue stress to 

breeding individuals (see Table 3). Therefore, monitoring programs for each species should be 

planned well in advance.  

Initial baseline survey(s) should be conducted during the pre-construction phase to obtain 

accurate baseline data on the presence of habitat and species and population and distribution in 

accordance with the relevant EPBC Act Referral Guidelines (DWHA 2010a, 2010b, 2010c) and 

DoE (2011a, 2011b, 2011c) and Level 2 terrestrial vertebrate fauna surveys (EPA, 2004 and 

2010, Fortescue 2011).   

Where baseline survey results are available, monitoring sites should be established at locations 

where species have been previously recorded (through direct or indirect methods), in suitable 

habitat and denning/shelter zones outside of direct impact areas (control sites), within impact 

areas (impact sites) and where available rehabilitated areas to allow for replication of results.  

Relevant environmental data, such as annual rainfall and vegetation condition should be 

collected so that this information can be correlated with the monitoring results and allow suitable 

interpretation of results which can be affected by seasonal changes to the environment and thus 

population densities. 

All species sightings, injuries and fatalities must be investigated in accordance with the 

Conservation Significant Fauna Management Plan (100-PL-EN-0022) and where necessary 

management and monitoring strategies should be implemented. 

Monitoring methodologies relevant to all conservation significant species include: 
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 Monitoring sites will be established in areas of suitable habitat outside of direct impact 

areas, within impact areas and in rehabilitation areas (where applicable) within 

Fortescue controlled sites. 

 Suitable control sites will be established at known population locations in similar habitat 

type which occurs outside of Fortescue controlled sites. 

 Monitoring effort will be similar to that used during the baseline targeted survey in both 

the impact and control sites.  The adequacy of the monitoring effort will be reviewed at 

least every five years to account for variables unknown at the beginning of the 

monitoring program (Freegard 2009). 

 Pre-impact baseline data will be reviewed for adequacy and limitations prior to the first 

annual monitoring event being undertaken.  The limitations of the baseline data will be 

discussed in the first annual monitoring reports. 

 Wherever possible, monitoring programs will be designed to provide evidence of the 

effectiveness of any management actions undertaken to mitigate impacts or aimed to 

enhance habitat quality. 

8.2 Night Parrot (Pezoporous occidentalis) 

Based on the baseline survey results, monitoring sites should be established where species have 

been previously recorded (through direct or indirect methods) and in suitable habitat outside of 

direct impact areas (control site), within impact areas (impact sites) and where available 

rehabilitated areas to allow for replication of results.  Where monitoring is conducted in 

accordance with EPBC 2005/2205 monitoring sites should also be established in proximity to the 

northern shoreline of the Fortescue Marsh. 

To date, a reliable monitoring method for the Night Parrot is yet to be developed.  This bird is very 

cryptic in its behaviour and has proven difficult to locate.  Ongoing annual monitoring undertaken 

by Fortescue near its Cloudbreak site have utilised a number of different methods and techniques 

but have not been successful in locating any evidence of the Night Parrot.  

As a general approach, it is thought that Night Parrots may be attracted to waterholes when 

either seeding spinifex is abundant (e.g after heavy rains) or during hot summer months when 

they may be attracted to water.  It is presumed that this would typically occur after heavy rains or 

during hot, dry weather, and particularly after drought periods. On this basis, annual monitoring 

should focus on periods of the year when conditions are hot and dry, usually late in the dry 

season (October to December, Table 3), but could include January to April in years when no 

summer rains are experienced or following heavy rains when seeding spinifex is abundant.  Point 

monitoring methods should be used, targeting as many waterholes as possible (both at sunset 

and sunrise), in conjunction with other monitoring activities that don’t conflict with this core 

activity, such as flushing and transect monitoring.   

As none of the on-going annual targeted monitoring for this species have resulted in the detection 

of this species to date, any monitoring for the Night Parrot will endeavour primarily to determine 

the presence of this species.  Non-invasive monitoring techniques include, spotlighting during 
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dusk and night and listening for post-sunset and pre-dawn calls can also be employed at isolated 

waterholes. Additionally, drift fences and walk-ins, flushing, the use of remote motion cameras 

and searches for entrances in spinifex clumps and secondary evidence such as feathers, tracks 

and feeding evidence may also be considered within areas of suitable habitat (Bamford 2006, 

2009), as well as broadcasting methods to potentially attract any nearby individuals and/or entice 

a return call to the recording.  

The Survey Guidelines for Australia’s Threatened Birds (DSEWPaC 2010b) also state that area 

searches and the usage of sniffer dogs (highly trained dogs and handlers necessary) may be 

useful.   

Monitoring methodologies relevant to the Night Parrot include: 

 Monitoring effort will be similar to that used during the baseline survey (standardised 

sampling) in both the impact and control sites.  Where walk-in traps are used, trapping 

should be conducted for a minimum of 7 nights. 

 Targeted searches around resources such as waterholes and wells, during hot, dry 

periods, particularly following drought periods or long spans of time between rain 

periods. Searches should be intensified at waterholes and wells at times when seeding 

spinifex is abundant. 

 Active searches in suitable habitat including transect/point monitoring, area seaches, 

spotlighting, flushing, drift fences and walk-in etc. (as described in Section 7.4).  

 Passive methods, such as call broadcasting, remote detection through recording of 

ambient noise via remote logging methods, and remote cameras set up in areas of 

expected visitation (ie waterholes, wells, burrow entrances etc).   

 Remote cameras should be used as a primary monitoring technique, and set around 

targeted resources to confirm activity and define broad patters of distribution.  The use of 

remote cameras for the purpose of monitoring Night Parrot will be as a supplementary 

technique to record presence (in the absence of trapping individuals utilising the 

methodology described above) as well as behavioural and potentially population data 

where numerous identifiable individuals are recorded on camera. The cameras should 

be deployed for a minimum12 night period (Paull et al. 2011).   

 Searches for secondary evidence, such as feathers, scats, footprints etc. 

 As there have been no recent captures or confirmed recordings of this species in the 

Pilbara since 2005 (Bamford 2005), any captured or recorded individuals will be highly 

valuable records for the region, and as much biological information as possible from this 

species should be collected, if possible without causing undue stress to the bird. 

Important Biological and biometric data to be recorded should inlude: 

o Location of record (coordinates should be taken from as close as possible to 

location of bird) 

o Description of the bird (photos should be taken if possible) 
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o If bird has been captured (may be the product of a by-catch during monitoring for 

other species), with as little stress to the animal, biometric measurements should be 

recorded such as: 

 Weight 

 Body length (crown of head to feet and tip of tail) 

 Wing measurements (carpus to tip of the longest primary feather, and wingspan 

measuring from tip to tip of wings, across the back of the bird) 

 Tail length 

 Tarsus length 

 If available, leg banding should be undertaken  

 Collection of a feather clipping for genetic studies 

 Monitoring should be undertaken annually, with a review of the program after the first 

two years of monitoring data is recorded.  Should the monitoring results indicate species 

absence or an unexpected decline in the local population abundance and/or spatial 

distribution, the frequency of future monitoring will be reassessed 

The monitoring methodology may be adapted over time based on the results of ongoing Night 

Parrot monitoring.   

8.3 Northern Quoll (Dasyurus hallucatus) 

Wire cage traps and large Elliott traps, baited with universal bait, are to be used at a density of y 

= 50x0.5 (y= number trap-nights, x = area of potential Northern Quoll Habitat in each monitoring 

site in hectares).  For linear habitats such as gorges and major drainage lines, a trapping rate of 1 

trap per 100 linear metres is recommended (DSEWPaC, 2011a).  Trapping should be conducted 

for seven consecutive nights (unless two or more individuals are caught more than twice, in which 

case the traps should be closed after 4 nights). Trapping for Northern Quoll is highly seasonal, 

and needs to be conducted at the right time to ensure highest activity levels but also to avoid 

undue stress to Northern Quolls during their breeding season. Trapping should be conducted 

from May to August (Table 3). 

Traps should be baited with universal bait, or as an alternative, chicken wings and diced bacon 

can be used (DSEWPaC, 2011a).  Other options for attracting Northern Quoll to a trapping 

location involves spraying a purified solution of low fat red meat and water on to shrubs and the 

ground within a 150 centimetre radius of each trap and reapplied on a daily basis.  Traps should 

be baited at least every second day as baits should remain fresh. 

Baited remote cameras can be used as a supplementary monitoring technique, and set on active 

nesting areas and areas of suspected high activity to confirm activity and help define broad 

patters of distribution.  The use of remote cameras for the purpose of monitoring Northern Quoll 

will be as a supplementary technique to record presence (in the absence of trapping individuals 

utilising the methodology described above) as well as behavioural and potentially population data 
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where numerous identifiable individuals are recorded on camera.  The cameras should be 

deployed for a minimum 12 night period (Paull et al. 2011).  This monitoring technique must be 

used in conjunction with other monitoring methods as failure to detect species using a camera 

trap does not mean the species is absent from the study area. 

Non-invasive techniques such as hair funnels can also be used in suitable habitat areas as a 

means of determining presence of this species.  Broad habitat assessment and daytime 

monitoring for scats and signs of activity can be utilised for defining broad patters of distribution.   

Monitoring methodologies relevant to the Northern Quoll include: 

 Biometric data to be collected from captured individuals should include the following: 

o Sex 

o Weight 

o Pes length (left hindfoot length) 

o Head length (back of crown to tip of nose) 

o Tail diameter/circumference 

o Breeding status/reproductive condition  

o General body condition (presence of parasites, fur loss, signs of fighting etc.) 

o Tissue samples collected from ear notching 

 Monitoring may involve the mark and recapture of individuals e.g. using numbered tags, 

tattoos, or ear notching (ethics clearance is required for this procedure).  The mark and 

recapture of fauna is only to be implemented by qualified specialists. 

 Radio tracking may also be employed to capture information such as daily movements, 

use of suspected habitat etc. Ethics clearance is required for this procedure. 

 Remote cameras can be used as a supplimentary monitoring technique, and set around 

targeted resources to confirm activity and define broad patters of distribution.  The use of 

remote cameras for the purpose of monitoring Northern Quoll will be as a supplementary 

technique to record presence (in the absence of trapping individuals utilising the 

methodology described above) as well as behavioural and potentially population data 

where numerous identifiable individuals are recorded on camera.  Individual spot 

patterns may be analysed for potential identification of individual animals.  The cameras 

should be deployed for a minimum 12 night period (Paull et al. 2011).   

 Monitoring effort will be similar to that used during the baseline survey (standardised 

sampling) in both the impact and control sites.  Trapping should be conducted for a 

minimum 7 nights. 

 Each trap point should be permanently labelled with metal marking pegs to allow 

suitable replication of trapping sites. 
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 Monitoring should be undertaken annually in the non-breeding season (Table 3), with a 

review of the program after the first two years of monitoring data is recorded.  Should the 

monitoring results indicate species absence or indicate an unexpected decline in the 

local population size and/or spatial distribution, the frequency of future monitoring will be 

reassessed as well as the methodology and effort on annual monitoring of local species. 

 The monitoring program should employ methodologies used in the regional monitoring 

program undertaken by DPaW. 

8.4 Pilbara Leaf-nosed Bat (Rhinonicteris aurantia) 

Baseline surveys for the Pilbara Leaf-nosed Bat will include systematic aural surveys (e.g. 

SM2Bat systems) to determine if and where the species is present and where present to locate 

significant sites such as roost caves.  Acoustic bat detection equipment should be set in suitable 

habitat including gorges, water sources including creeks and pools and cave entrances. 

Permanent monitoring sites should be established using non-invasive monitoring techniques such 

as passive acoustic bat call recorders (e.g. SM2Bat or Songmaster systems) left at each 

monitoring site for a minimum of seven nights annually (Table 3).  At sites where the Pilbara Leaf-

nosed Bat has been previously recorded, or is considered more likely to occur, the bat call 

recorder should be left for longer periods.  While call frequency will not give an accurate 

population size estimate it will provide an indication of relative abundance for comparison with 

environmental variables.  Surveillance monitoring will assist with call interpretation but caution 

should be taken when using this monitoring method to estimate relative abundance as a higher 

number of calls may not indicate a larger number of individuals rather a small number of 

individuals making repeat passes.  Bats in flight can be detected by conducting night transects 

with a hand-held detector beginning at dusk for a minimum of two hours.   

Due to the sensitivity of this species to disturbance and fragile physiology (quickly declines due to 

water loss and stress if captured) roost searches are not an accepted monitoring method for the 

Pilbara Leaf -nosed Bat. 

Monitoring methodologies relevant to the Pilbara Leaf-nosed Bat include: 

 Monitoring effort will be similar to that used during the baseline survey (standardised 

sampling) in both the impact and control sites.  Non-invasive monitoring techniques 

should be undertaken for a minimum of seven nights. This can be undertaken at the right 

season during concurrent monitoring for other target conservation significant species 

that may share the same habitat areas, such as the Northern Quoll and the Pilbara Olive 

Python. 

 Surveillance monitoring using passive acoustic bat call recorders will be conducted in 

areas where the Pilbara Leaf-nosed Bat has been previously recorded or is considered 

more likely to occur. 

 Monitoring will be conducted annually (unless an approval condition stipulates a 

specified monitoring period), with a review of the program after the first two years of 

monitoring data is recorded.  Should the results from the initial monitoring period indicate 
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species absence or an unexpected decline in the local population size and/or spatial 

distribution, the frequency of future monitoring will be reassessed. 

 Monitoring programs will employ specific methodologies developed in consultation with 

regulatory bodies and in accordance with published guidance. 

8.5 Mulgara (Dasycercus cristicauda/D. blythii) 

Based on the baseline survey results, permanent grids of pitfall traps (60cm deep PVC pipes) 

and Elliott traps should be established in areas where there is evidence the species is present.  

Where pitfall traps are not used in conjunction with Elliott trapping, double the monitoring effort 

(four sites instead of two within a 5 hectare area).   

Trapping is highly seasonal and should take place between May and August to ensure the 

highest activity levels but also to avoid high temperatures and to avoid stress on individuals 

during breeding season (Table 3).  Trapping is highly seasonal, and needs to be conducted at the 

right time to ensure highest activity levels but also to avoid undue stress during breeding season 

(Table 3).Trapping should be conducted annually over seven consecutive nights. 

Hair funnels may also be used in habitat areas as a non-invasive means of determining presence 

of this species. 

Daytime monitoring will be based on a transect search approach – looking for burrows, foraging 

holes, tracks and scats in suitable habitats.  Experienced zoologists familiar with the distinctive 

burrows, tracks and foraging holes of the Mulgara should undertake daytime monitoring.   

Baited remote cameras can be used as a supplementary monitoring technique, and set on active 

burrows to confirm activity and define broad patters of distribution.  The use of remote cameras 

for the purpose of monitoring Mulgara will be as a supplementary technique to record presence 

(in the absence of trapping individuals utilising the methodology described above) as well as 

behavioural and potentially population data where numerous identifiable individuals are recorded 

on camera. The cameras should be deployed for a minimum of 12 night period (Paull et al. 2011).  

This monitoring technique must be used in conjunction with other monitoring methods as failure 

to detect species using a camera trap does not mean the species is absent from the study area. 

General population changes can be measured through trapping records and impacts attributed to 

operational activities can be measured through distribution of transects close to and distant from 

impact areas. 

Use of control sites may assist in quantifying population changes over time. 

Monitoring methodologies relevant to Mulgara include: 

 Establish permanent grids of Elliott traps in areas where there is evidence the species is 

present to determine change in population densities. 

 Monitoring may involve the mark and recapture of individuals e.g. using numbered tags, 

tattoos, or ear notching (ethics clearance is required for this procedure). Tissue samples 
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are required to clarify taxonomy. The mark and recapture of fauna is only to be 

implemented by qualified specialists. 

 Biometric data to be collected from captured individuals should include the following: 

o Sex 

o Weight 

o Pes length (left hindfoot length) 

o Head length (back of crown to tip of nose) 

o Tail diameter/circumference 

o Breeding status/reproductive condition  

o General body condition (presence of parasites, fur loss, signs of fighting etc.) 

o Tissue samples collected from ear notching 

 Monitoring effort will be similar to that used during the baseline survey (standardised 

sampling) in both the impact and control sites.  Trapping should be conducted for a 

minimum of 7 nights (Table 3). 

 Each trap point should be permanently labelled with metal marking pegs to allow 

suitable replication of trapping sites. 

 Monitoring should be conducted annually (unless an approval condition stipulates a 

specified monitoring period), with a review of the program after the first two years of 

monitoring data is recorded.  Should the monitoring results indicate species absence or 

an unexpected decline in the local population size and/or spatial distribution of Mulgara, 

the frequency of future monitoring will be reconsidered. 

8.6 Greater Bilby (Macrotis lagotis) 

Trapping techniques for the Greater Bilby may include the establishment of permanent trapping 

locations in areas of suitable habitat and monitoring annually for seven consecutive nights (EPA, 

2010) to determine the abundance of local Bilby populations in the area and allow for detection of 

any changes and fluctuations in population densities.   

Non-invasive techniques such as diurnal monitoring using a transect active search approach can 

be used in addition to trapping to identify signs of activity including use of burrow, tracks, scats 

and diggings.  Daytime searches should be undertaken by experienced zoologists familiar with 

the distinctive burrows, tracks and foraging holes of the Bilby. 

Baited remote cameras can be used as a supplementary monitoring technique, and set on active 

burrows and areas of suspected Bilby activity to confirm activity and define broad patters of 

distribution.  The use of remote cameras for the purpose of monitoring Greater Bilby will be as a 

supplementary technique to record presence (in the absence of trapping individuals utilising the 

methodology described above) as well as behavioural and potentially population data where 

numerous identifiable individuals are recorded on camera. The cameras should be deployed for a 
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minimum 12 night period (Paull et al. 2011).  This monitoring technique should be used in 

conjunction with other monitoring methods. Failure to detect species using a camera trap does 

not mean the species is absent from the study area. 

Where confirmation of the species is required, spotlight monitoring, along with remote camera 

use focussed on the entrance of burrows after dusk, are the most time and cost effective 

methods rather than trapping.  Hair funnels may also be used in habitat areas as a non-invasive 

means of determining presence of this species. 

Monitoring methodologies relevant to the Greater Bilby include: 

 Permanent trap techniques including cage traps which can be set up in areas of highly 

suitable habitat and monitoredannually.  Targeted trapping is to confirm species 

presence. Trapping is to be conducted for a minimum of 7 nights.  

 Each trap point should be permanently labelled with metal marking pegs to allow 

suitable replication of trapping sites. 

 Monitoring may involve the mark and recapture of individuals e.g. using numbered tags, 

tattoos, or ear notching (ethics clearance is required for this procedure). 

 Biometric data to be collected from captured individuals should include the following (to 

be collected by specialized zoologists only): 

o Sex 

o Weight 

o Pes length (left hindfoot length) 

o Head length (back of crown to tip of nose) 

o Breeding status/reproductive condition (pouch check)  

o General body condition (presence of parasites, fur loss, scars, signs of fighting etc.) 

o Tissue samples collected from ear notching 

 Monitoring effort will be similar to that used during the baseline survey (standardised 

sampling) in both the impact and control sites. A minimum of 7 nights of trapping should 

be undertaken at the same time of year (Table 3). 

 Monitoring should be conducted annually, with a review of the program after the first two 

years of monitoring data is recorded.  Should the monitoring results indicate species 

absence or an unexpected decline in the local population abundance and/or spatial 

distribution, the frequency of future monitoring will be reassessed. 

 Animal care and ethical issues associated with monitoring techniques should be 

considered during the planning stages of the monitoring program to ensure animal 

welfare is maintained. 
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8.7 Pilbara Olive Python (Liasis olivaceus barroni) 

Baseline surveys for the Pilbara Olive Python will include systematic surveys of potential habitat 

(including rocky outcrops and breakaways) to determine the location and extent of the local 

population.  The Pilbara Olive Python is notoriously cryptic in its behaviour and is found in very 

low abundance throughout the Pilbara.  Searches for this species can be an unreliable indication 

of their presence and relative abundance.   

As a general approach, targeted searches in suitable habitat will comprise spotlighting during 

dusk and dawn (especially during the wet season), road spotting at night through rocky areas 

near permanent water if roads are present and searches during daylight hours, through suitable 

habitat looking for secondary evidence such as faecal pellets or sloughed skin at rocky outcrops 

and breakaways (DSEWPaC 2011d).  During cooler winter months searches along north-facing 

cliffs may be useful as Pilbara Olive Pythons are more likely to visit these areas to bask in the 

sun. 

Monitoring methodologies relevant to the Pilbara Olive Python include: 

 Monitoring effort should be similar to that used during the baseline survey (standardised 

sampling) in both control and impact sites.  Monitoring should be undertaken for a 

minimum of 10 days. This can be undertaken at the right season (Table 3) during 

concurrent monitoring for other target conservation significant species that may share 

the same habitat areas, such as the Northern Quoll and the Pilbara Leaf-nosed Bat. 

 Where individuals are captured through by-catch during monitoring programs for other 

target species, or by hand during targeted Pilbara Olive Python monitoring, biometric 

information should be collected for all Pilbara Olive Python individuals. This should 

include, where possible:  

o Weight 

o Length (snout-vent length) 

o General body condition (presence of parasites, body mass and condition, scarring, 

etc.) 

o Tissue samples to clarify taxonomy 

o Captured individuals should be marked for future identification. This can be done 

either via micro chipping, or ventral or sub-caudal scale clipping. This should only be 

done by a qualified specialist with the necessary approvals.  

 Monitoring should be conducted annually with a review after two years worth of 

monitoring data is recorded. Should the results from the initial monitoring period indicate 

species absence or an unexpected local decline in the population size and/or spatial 

distribution the frequency of future monitoring should be reconsidered. 
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8.8 Grey Falcon (Falco hypoleucos) 

An initial survey should be conducted to obtain baseline data on the presence of habitat and 

species (population and distribution) in accordance with a Level 2 vertebrate fauna survey 

(EPA_2004 and 2010, Fortescue 2011) and the Survey Guidelines for Australia’s Threatened 

Birds (DSEWPaC 2010b). 

Baseline surveys may include targeted search methods such as area searches and transect point 

surveys to determine the location and extent of the population and identify significant sites such 

as breeding locations. 

Based on the baseline survey results, monitoring sites should be established where species have 

been previously recorded (through direct and indirect methods), in areas with suitable habitat 

outside of direct impact areas (control sites), within impact areas (impact sites) and in 

rehabilitated areas where available to allow for replication of results. 

The availability of prey is important in determining distribution and should be considered when 

establishing monitoring sites. 

Daytime searches and monitoring should be based on area or transect search approaches – 

looking for flying or perched birds and nests in suitable habitats. 

All species sighting, injuries and fatalities will be investigated in accordance with the 

Conservation Significant Fauna Management Plan and where necessary management and 

monitoring strategies will be implemented. 

Monitoring methods for the Grey Falcon may include: 

 Monitoring sites should be established where the species has been previously recorded 

(through direct and indirect methods) and in suitable habitat (and where prey is readily 

available) outside of direct impact areas (control sites) within impact areas (impact sites) 

and in rehabilitation areas (where applicable). 

 Suitable control sites should be established at known population locations in similar 

habitat types, which occur outside of the project area.  Concurrent monitoring at control 

sites will assist with determining if natural variations in environmental factors are having 

an influence on results of population monitoring. 

 Monitoring effort should be similar to that used during the baseline survey (standardised 

sampling) in both control and impact sites.  Non-invasive monitoring should be 

undertaken at the same time of year over a minimum 10 day period. 

 Area searches should be conducted on foot in suitable habitat to detect species through 

sighting, calls or signs of activity. 

 Transect-Point monitoring  should be conducted by vehicle to detect soaring species 

over suitable habitat or perched birds and nests. 
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 Monitoring should be conducted annually with a review after two years of monitoring 

data is recorded. Should the results from the initial monitoring period indicate species 

absence or an unexpected local decline in the population size and/or spatial distribution, 

frequency of future monitoring should be reconsidered. 

8.9 Migratory Birds 

There are several listed migratory bird species recorded or likely to occur in Fortescue controlled 

sites.  These species include: 

 Fork-tailed Swift (Apus pacificus) 

 Rainbow Bee-eater (Merops ornatus) 

 White-bellied Sea Eagle (Haliaeetus leucogaster) 

 Great egret (Ardea alba) 

 Eastern Great Egret (Ardea modesta) 

 Wood Sandpiper (Tringa glareola) 

 Common Greenshank (Tringa nebularia) 

An initial survey(s) should be conducted to obtain baseline data on the presence of suitable 

habitat and species (population and distribution) in accordance with a Level 2 vertebrate fauna 

survey (EPA 2004 and 2010, Fortescue 2011) and the Significant Impact Guidelines for 36 

Migratory Shorebirds Species (DEWHA 2009). 

The timing of monitoring is often critical to the likelihood of detecting migratory birds.  To 

maximise the chance of detection, monitoring activities should be done at the time of day or night 

when the species is most vocal or behaviourally active.  In addition, the timing of monitoring  must 

take into account potential daily changes in habitat use (feeding vs. roosting sites); seasonal 

changes in habitat use due to the migratory nature of the species (Table 3); and variation in 

behaviour and habitat condition between seasons.  In addition, many of the non-tidal areas used 

by migratory birds in Australia are ephemeral so monitoring should be conducted when water is 

present. 

Monitoring programs should involve the review of existing data including usage of the site and 

established monitoring methods.  Where possible, monitoring methodologies should be 

consistent to allow comparison between data sets. 

Weather conditions such as wind velocity, precipitation, temperature, cloud cover and light 

intensity all affect bird behaviour and observer performance.  DoE (DEWHA 2010b) states bird 

monitoring may be compromised when: 

 wind velocity exceeds 10 km per hour; 

 rainfall intensity is above a drizzle; 
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 conditions are misty or foggy, especially for species that are usually detected by sight; 

and 

 temperatures are either well below or above the seasonal average. 

The monitoring program for migratory birds should be conducted in accordance with 

recommendations from DoE guidance, Significant Impact Guidelines for 36 Migratory Shorebirds 

Species (DEWHA 2009) as indicated below: 

 Area searches are the preferred technique for migratory birds.  Use 20 minute searches 

to  record numbers of each species seen while actively searching a 2 ha area.  Larger 

areas can be monitored  over hours, days or even months depending on the habitat and 

species richness. Monitoring large water bodies may require the use of aerial monitoring  

to be effective. 

 Conduct monitoring  when the majority of the migratory birds are present in the area and 

when habitat conditions are suitable (typically when water is present with a minimally 

vegetated exposed margin).  Key staging areas used during inbound and outbound 

migration should be monitored at the beginning or the end of the non-breeding season. 

 Monitoring should not be undertaken during periods of high rainfall, strong winds or 

when activities are taking place which cause disturbance to birds. 

 For large sites or sites where a large number of birds are expected two people should 

undertake the counts.  

 Monitoring should make note of any shorebird habitats outside the study site and 

attempt to place the study site in the context of the larger wetland environment. 

 Wetland species can also be monitored by observation of foraging habitat of the target 

species within wetlands in the early morning or evening.  Detection by sightings and 

unsolicited calls. 
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Table 3: Summary of Conservation Significant Fauna Monitoring Programs 

Fauna Species EPBC Act 
1999 

Wildlife 
Conservation 
Act 1950 

Fortescue Sites Methodology Monitoring Parameters Minimum Annual Monitoring Effort Timing 

Night Parrot 
(Pezoporous 
occidentalis) 

CR Sc1 Cloudbreak 

Mainline Corridor (EPBC 2010/5513)
2
 

Christmas Creek (EPBC 2010/5706)
 2
 

Non-invasive: Point monitoring, targeted 

habitat searches, spotlighting, bird calls, 
area searches, sniffer dogs, motion 
cameras 

Invasive: Drift fences and walk-in traps.  

Replicated in control and impact sites. 

Presence 

Habitat characteristics 

Meteorological data 

Environmental threats 

Point surveys: 10 minute search time for each sampling 

point. 10 nights 

Bird calls: 1 SM2Bat recorder per sampling site. 2 months. 

Spotlighting: two 200m transects per 5 hectare site, 10m 

per minute.  Repeat same transects for a minimum of two 
separate nights. 10 nights 

Areas searches: 20 minute search time for every 2 hectare 

sampling site. 10 nights 

Motion cameras: 10 cameras per hectare sampling site. 

One sampling site per representative habitat.  120 camera 
nights per sampling site. 12 nights. 

Drift fences and walk-in traps: 1 drift fence and walk-in trap 

per sampling site.  7 nights. 

October to 
March 

Northern Quoll 
(Dasyurus hallucatus) 

EN Sc1 Solomon 

Mainline Corridor (EPBC 2010/5513)
2
 

Christmas Creek (EPBC 2010/5706)
2 

Non-invasive:  Hair funnels, active 

searches and searches for scats and 
other signs, motion cameras 

Invasive: Cage traps and Elliott traps.  

Replicated control and impact sites. 

Individual data/ biometric data 

 Sex 

 Body measurements 

 Health 

 Breeding status/ 
Reproductive condition 

 Behaviour 

Area of occupancy 

Habitat characteristics 

Meteorological data 

Environmental threats 

Hair funnels: 20 devices at each sampling site. One 

sampling site per representative habitat, with at least two 
sampling sites per 5 hectares, replicate across habitat types 
in areas > 5 hectares.  200 sampling nights per sampling 
site. 10 nights. 

Active searches and searches for scats and other signs: 

two hour search time for each one hectare sampling site.  10 
nights 

Motion cameras: 10 cameras per hectare sampling site.  

One sampling site per representative habitat.  120 camera 
nights per sampling site. 12 nights. 

Elliott and Cage Traps: Trapping density of y = 50x
0.5

 (y= 

number trap-nights, x = area of potential Northern Quoll 
Habitat in each monitoring site in hectares). 7 nights. 

May to 
August 

Pilbara Leaf-nosed Bat 
(Rhinonicteris 
aurantia) 

VU Sc1 Mainline Corridor (EPBC 2010/5513)
2
 

Solomon Rail Corridor (EPBC 
2010/5567, MS862)

2
 

Christmas Creek (EPBC 2010/5706)
2
  

Non-invasive:  SM2Bat recorders 

Invasive:  No trapping or entering roost 

caves 

Presence 

Habitat characteristics 

Meteorological data 

Environmental threats 

SM2Bat recorders: 4 recorders per 50 hectare sampling 

site.  28 detector nights per sampling site. 7 nights. 
November to 
May 

Mulgara (Dasycercus 
cristicauda/D. blythii) 

VU Sc1 Mainline Corridor 

Solomon Rail Corridor  

Christmas Creek (EPBC 2010/5706)
2
 

Non-invasive: Active searches and 

searches for tracks and other signs, 
motion cameras positioned on burrows, 
hair funnels 

Invasive: Cage traps and Elliott traps.  

Replicated control and impact sites. 

Individual data/biometric data 

 Sex 

 Body measurements 

 Health 

 Breeding status/ 
Reproductive condition 

 Behaviour 

Area of occupancy 

Habitat characteristics 

Meteorological data 

Environmental threats 

Active searches and searches for tracks and other signs: 

two hour search time for each one hectare sampling site. 10 
nights. 

Hair funnels: 20 devices at each sampling site. One 

sampling site per representative habitat, with at least two 
sampling sites per 5 hectares, replicate across habitat types 
in areas > 5 hectares. 200 sampling nights per sampling site. 
10 nights 

Motion cameras: 10 cameras per hectare sampling site.  

One sampling site per representative habitat. 120 camera 
nights per sampling site. 12 nights. 

Elliott Traps: 20 traps at each sampling site, 10m spacing 

along two transects. Three sampling sites per representative 
habitat.  140 trap night per sampling site. 7 nights. 

Cage traps: 10 traps at each sampling site, 50m spacing 

along two transects.  Three sampling sites per representative 
habitat.  70 trap nights per sampling site. 7 nights. 

May-August 

                                                
2
 The species has not been recorded at this site but a Ministerial Statement or Controlled Action specifies monitoring for this species. 
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Fauna Species EPBC Act 
1999 

Wildlife 
Conservation 
Act 1950 

Fortescue Sites Methodology Monitoring Parameters Minimum Annual Monitoring Effort Timing 

Greater Bilby (Macrotis 
lagotis) 

VU Sc1 Cloudbreak 

Mainline Corridor 

Christmas Creek (EPBC 2010/5706)
2
 

Non-invasive:  Diurnal monitoring and 

diurnal searches for tracks and other 
signs, motion cameras on burrows, 
spotlighting, hair funnels 

Invasive:  Cage traps.  Replicated 

control and impact sites. 

Individual data/ biometric data 

 Sex 
 Body measurements 

 Health 

 Breeding status/ 
Reproductive condition 

 Behaviour 

Area of occupancy 

Habitat characteristics 

Meteorological data 

Environmental threats 

Diurnal monitoring and diurnal searches for tracks and 
other signs: 2 hour search time for every one hectare 

sampling site.  10 nights. 

Spotlighting: two 200m transects per 5 hectare site, 10m 

per minute.  Replicate across habitat types in areas > 5 
hectares.  Repeat same transects for a minimum of two 
separate nights.  10 nights. 

Hair funnels: 20 devices at each sampling site. One 

sampling site per representative habitat, with at least two 
sampling sites per 5 hectares, replicate across habitat types 
in areas > 5 hectares.  200 sampling nights per sampling 
site. 10 nights. 

Motion cameras: 10 cameras per hectare sampling site.  

One sampling site per representative habitat.  120 camera 
nights per sampling site. 12 nights. 

Elliott Traps: 20 traps at each sampling site, 10 m spacing 

along two transects. Three sampling sites per representative 
habitat. 140 trap night per sampling site. 7 nights. 

Cage traps: 10 traps at each sampling site, 50 m spacing 

along two transects.  Three sampling site per representative 
habitat.  70 trap nights per sampling site. 7 nights. 

No specified 
time. 

Pilbara Olive Python 
(Liasis olivaceus 
barroni) 

VU Sc1 Christmas Creek 

Solomon 

Mainline Corridor (EPBC 2010/5513)
2
 

Non-invasive: Searches for signs, 

spotlighting 

 

Individual data/biometric data 

 Weight 

 Length 

 General body condition 

Area of occupancy 

Habitat characteristics 

Meteorological data 

Environmental threats 

Searches for signs: 2 hour search time for each hectare 

sampling site. 7 nights. 

Spotlighting: monitor two 200m transects per 5 hectare site, 

replicate across habitat types in areas > 5 hectares.  Repeat 
same transects for a minimum of two separate nights. 7 
nights. 

December to 
February 

Grey Falcon (Falco 
hypoleucos) 

 Sc1 Cloudbreak Non-invasive: Area searches, transect 

point monitoring 

Invasive:  N/A 

Area of occupancy 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site.  

Transect point monitoring: Vehicle searches at speeds 

<20kph. 10 days. 

December to 
February 

Fork-tailed Swift (Apus 
pacificus) 

M Sc3 Solomon Non-invasive:  Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Numbers of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 

Rainbow bee-eater  

(Meropsornatus) 

M Sc3 Cloudbreak 

Christmas Creek 

Solomon 

Mainline Corridor 

Solomon Rail 

Non-invasive: Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 

White-bellied Sea 
eagle 

(Haliaeetus 
leucogaster) 

M Sc3 Cloudbreak 

 

Non-invasive: Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 

Great Egret 

(Ardea alba) 

M Sc3 Christmas Creek Non-invasive: Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 
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Fauna Species EPBC Act 
1999 

Wildlife 
Conservation 
Act 1950 

Fortescue Sites Methodology Monitoring Parameters Minimum Annual Monitoring Effort Timing 

Eastern Great Egret 

(Ardea modesta) 

M Sc3 Cloudbreak 

Christmas Creek 

Non-invasive: Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 

Wood Sandpiper 

(Tringa glareola) 

M Sc3 Christmas Creek Non-invasive: Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 

Common Greenshank 

(Tringa nebularia) 

M Sc3 Christmas Creek Non-invasive:  Area searches, targeted 

resource and habitat searches, bird calls 

Invasive:  N/A 

Number of birds 

Habitat characteristics 

Meteorological data 

Environmental threats 

Area searches: 20 minute search time for every 2 hectare 

sampling site 
December to 
February 
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9. DATA ANALYSIS AND INTERPRETATION 

9.1 Change in Population Trends 

All known records of conservation significant fauna recorded from Fortescue controlled sites 

prior and during the monitoring program are to be collated in the Fortescue Environmental 

Database.  This database will be used to store geographic information on individuals, as well as 

geometric data for each recorded species, which can be used to investigate any changes in 

distribution/habitat use/individual records and the factors associated with any such change. 

For every record, a set of environmental characteristics will be documented for each monitoring 

site: 

 elevation 

 habitat type, description and quality 

 soil type and colour 

 aspect 

 geology 

 landform 

 degree of land modification due to project development 

 bushfire history 

 feral animal abundance 

 mean annual rainfall 

 rainfall seasonality  

 daily temperature/rainfall/humidity during monitoring period 

For every record, a set of fauna characteristics will be documented for each fauna recorded: 

 family, genus, species and common name 

 conservation status 

 introduced status 

 abundance/population size 

 Western Australian Museum lodgement number (if applicable) 

 Sampling type 

 Sampling point number 

 Fortescue sampling number 
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 Brief description 

 Coordinates 

 Photograph 

 Notes 

 Brief location 

 Full habitat description of location of observed fauna 

9.1.1 Data Analysis and Interpretation 

Appropriate data analysis and interpretation is a function of the monitoring program design and 

should be identified and selected during the monitoring program design phase.  Once the 

monitoring program is implemented, the analysis methods can be reviewed and refined as 

appropriate.  

Statistical analysis of data, including using Kruskal-Wallis-ANOVA or an ANOVA (in 

dependency of the nature of the data) methodology may be undertaken to determine whether 

there is any statistical variation in the values of these attributes linked to records across the 

monitoring period.   

Univariate statistical analysis can be used for comparing differences in individual parameter 

values between monitoring sites, for example using the T-test (and its variants) and Analysis of 

Variance (ANOVA).  This type of analysis involves the comparison of parameter means and 

variance between monitoring sites.  Careful selection of replicates is important to minimise 

selection bias and other sources of potential error.  Without adequate replication the chance of 

obtaining a good estimate of the mean and variance or distribution of a parameter is low 

(Bradshaw & Book 2010).  Univariate analysis assumes that the parameter datasets satisfy 

conditions of normality; if investigations indicate that this is not the case then further 

manipulation of the data (such as log transformation) may be required.  Alternatively, non-

parametric methods can be used which do not include normality assumptions, may be 

warranted (for example the Wilcox Mann-Whitney test, and Kruskal–Wallis test).   

Linear regression analysis can be used for modelling and testing relationships between two or 

more measured parameters.  Regression models can be used to identify if fauna at different 

monitoring sites respond differently to environmental conditions and disturbances, and can 

potentially enable predictions of how fauna might respond to future disturbance scenarios.  This 

type of analysis assumes that the parameter datasets satisfy conditions of normality; if 

investigations indicate that this is not the case then further manipulation of the data, such as log 

transformation, may be required.  Alternatively a number of non-parametric correlation 

coefficients can be used (e.g. Spearman correlation or Pearson linear correlation coefficient), 

but these depend strongly on number of sample sites with generally >30 sites being required to 

provide a reliable characterisation of a relationship (Bradshaw & Brook 2010). 
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A variety of more complex statistical techniques are available for the analysis of multiple 

parameter datasets (e.g. parametric and non-parametric multivariate analysis).  These may be 

useful where the objective is to classify fauna responses based on multiple factors (e.g. using 

classification and ordination techniques), and explore the relative importance of the factors 

influencing these groupings (e.g. Principal Component Analysis).  Advice on the potential 

application of multivariate analysis should be sought from an expert biometrician where 

required; generally this type of analysis requires the use of specialised statistical software 

packages. 

9.1.2 Error Analysis 

For data interpretation purposes it is important to understand the accuracy of the monitoring 

results and the sensitivity of the results to potential sources of error.  

Two types of error relating to fauna monitoring should be considered: 

Detection error – probability of detecting a sign or individual animal can vary over space and 

time, for example with habitat type, time of day or with different observers.  Monitoring programs 

that fail to account for probability of detection will result in biased population estimates and 

therefore are an unreliable tool for monitoring true changes in population over time. 

Sampling error – fauna populations are usually too large or cryptic to attempt to monitor all of 

its members.  A sample group is used to represent the characteristics of the broader population.  

There is often considerable spatial heterogeneity in natural systems which if not accounted for 

in sampling programs can introduce substantial bias in measures of the target population 

(Dixon, 1998; Yoccoz et.al., 2001; Pollock & Farnsworth, 2002). 

The ability of the monitoring program to detect changes in fauna population/distribution is 

subject to the nature and magnitude of these errors.  A structured analysis of error should be 

undertaken following each phase of monitoring data collection.  The error analysis will provide 

the basis for critically interpreting the monitoring results, which in many cases will be used to 

guide management actions and compliance reporting.  Error analysis is also useful for critically 

evaluating the design of the monitoring program and its methodologies to become an adaptive 

process that will optimise the future outcomes of the program. 

9.2 Adaptive Management Approach 

Fortescue will calculate the success of management measures to inform an adaptive 

management approach to minimise impact on conservation significant fauna.  There will be 

three hypotheses tested by the data gathered during the monitoring program: 

(i) Hypothesis One:  There will be no statistically significant reduction in the spatial 

distribution of conservation significant species across impact sites compared to 

control sites. 
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Where fauna species have been identified at low densities within the monitoring area, temporal 

statistical comparison may not be possible.  Comparisons of habitat usage and spatial 

distribution of species between control and impact sites may be more appropriate in detecting a 

potential change in species distribution rather than population or density.  The monitoring 

methods proposed for the conservation significant species listed in Section 9 will be sufficient to 

test this hypothesis and detect any potential change in species distribution at impact sites. 

Where standardised monitoring methods include trap and release programs, adequate 

population data may not be obtained given the elusive nature of some conservation significant 

species such as the Northern Quoll, Mulgara, Greater Bilby and the Night Parrot that occur in 

low densities.  Utilising alternative methods such as camera traps and burrow observations may 

give a better indication of species distribution.  

When conservation significant species are actually present, they may not have adequate 

population numbers to allow statistical comparison over time.  Evidence of habitat usage may 

be more appropriate than recording population numbers when measuring what level of impact 

Fortescue operations may have on species distribution. 

To increase the likelihood of detection of low density species, count variation will be minimised 

by conducting annual monitoring programs at the same locations, at the appropriate time of 

year and during appropriate weather conditions.  The same observers will also be used where 

possible to further reduce count variation.   

Standardised sampling methods will be employed to ensure detectability, abundance and 

distribution can be compared over time.  Analytical tests and power levels will be set at 

appropriate levels to detect change in spatial distribution of low density species.   

Failure to locate conservation significant species where they have been previously recorded 

should be considered in light of environmental factors, which can have significant impacts on 

species distribution and relative local abundance.  Depending on the environmental variables, a 

failure to record the species in an area should not be interpreted as site activities having a 

detrimental impact to any local fauna populations.  All variables including environmental 

conditions and population trends at control sites should be considered before determining 

whether the site activities are impacting on local fauna populations.  Species abundance at 

control sites relative to impact sites will provide a basis for accounting for these factors over 

time. 

(ii) Hypothesis Two:  There will not be a statistically significant decline in the relative 

abundance of conservation significant species across impact sites compared to 

control sites.   

The monitoring methodologies identified in these guidelines will be sufficient to estimate relative 

abundance of high density fauna species at control and impact sites.  This data can then be 

used in considering species population change over time between control and impact sites.  

This approach will be more effective at detecting any potential population changes at impact 
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sites, rather than making a simple comparison of populations to a baseline snapshot in a 

system where population numbers can vary considerably and unpredictably in space and time. 

Where monitoring methods include trap and release programs, adequate population data may 

not be obtained given the elusive nature of some conservation significant species such as the 

Northern Quoll, Mulgara, Greater Bilby and the Night Parrot that occur in low densities .  

Utilising alternative methods such as camera traps and burrow observations may give a better 

indication of relative abundance.  

When conservation significant species are actually present, they may not have adequate 

population numbers to allow statistical comparison over time.  Evidence of habitat usage may 

be more appropriate than recording population numbers when measuring what level of impact 

Fortescue operations may have on the relative abundance of these species. 

Variation in environmental factors may influence the results of population and abundance 

monitoring and it may take several years of monitoring before any changes in local population 

numbers can be quantified.  Depending on the environmental variables, a failure to record the 

species in an area should not be interpreted as the project having a detrimental impact to any 

local fauna populations.  All variables including environmental conditions and population trends 

at control sites should be considered before determining whether the site activities are 

impacting on local fauna populations.  Species abundance at control sites relative to impact 

sites will provide a basis for accounting for these factors over time. 

(iii) Hypotheses Three:  Conservation significant species recorded within the area of 

impact for the project will continue to have an ongoing presence. 

If conservation significant fauna are found to be present in impact sites and they continue to be 

recorded during the monitoring program, it may indicate that the implemented management 

measures are effective.  Failure to locate the species where they have been previously 

recorded should be considered in light of secondary monitoring parameters including 

environmental pressures and meteorological pressures, which may result in changes to species 

distribution and local abundance.  Concurrent monitoring of species presence/absence in 

control sites relative to impact sites will assist in providing a baseline to assist in accounting for 

these factors over time. 

Contingency actions will be initiated during construction, operational and decommissioning 

activities when monitoring indicates that implemented fauna management actions are not 

successfully mitigating impacts to the targeted species and management objectives are not 

being achieved (Table 3).  These qualitative trigger values should be reviewed after the first and 

subsequent monitoring events and refined with quantitative values where possible for a robust 

and effective monitoring program. 

As part of the adaptive management process, Fortescue will consult with specialist consultants, 

DPaW and/or DoE as required to ensure continual improvement in fauna management and 

monitoring practices. 
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Table 4: Contingency Measures 

Trigger Contingency Actions 

Conservation significant fauna death  Arrange for the species to be verified by appropriately qualified 
personnel 

 Enter death in BMS and notify DPaW/DoE 

 Identify reason for death and where it is caused by 
construction, operation or decomissioning activities, 
implement/change management measures 

Conservation significant fauna injury  Record injury in BMS 

 Appropriately qualified personnel to treat animals where 
possible and euthanaze where required 

 Identify reason for injury and where it caused by construction, 
oepration or decomissioning activities, implement.change 
management measures 
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10. REPORTING AND INFORMATION DISSEMINATION 

Monitoring results that have been interpreted and subject to quality assurance processes will 

generally be required to meet Fortescue’s reporting obligations.  This could include: 

 Internal reporting to inform management planning and future monitoring program 

designs. 

 A summary of findings relating to the monitoring program objectives/results in relevant 

company Environmental Reports. 

 Reporting against legislative compliance requirements (for example against project 

level Ministerial Conditions under Part IV of the Environmental Protection Act 1986). 

The utility of disseminating monitoring report findings to other stakeholders and information 

users, such as DPaW, should also be identified.  
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11. REVIEW 

These Guidelines will be used to scope and design site-specific monitoring programs.  The first 

review and revision will be conducted after the initial baseline monitoring program for each site 

and biennially thereafter to ensure the most effective monitoring strategies are used for 

continuous improvement in fauna management outcomes.   
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