Extract from Hansard
[COUNCIL — Tuesday, 17 March 2020]
p1440b-1440b
Hon Robin Chapple; Hon Stephen Dawson

ENVIRONMENT — FORTESCUE METALS GROUP —
VEGETATION HEALTH MONITORING AND MANAGEMENT PLAN

2798. Hon Robin Chapple to the Minister for Environment:

I refer to the Fortescue Metals Group (FMG) Cloudbreak mine operations, Ministerial Statement 899, and to the
Vegetation Health Monitoring and Management Plan (VHMMP) referred to in that statement, and | ask:

@) can the Minister please table the VHMMP submitted by FMG prior to the commencement of its aquifer
reinjection scheme at Cloudbreak;

(b) have vegetation health trigger levels been exceeded at any stage, as a result of the implementation of
groundwater abstraction and disposal, since the commencement of the Cloudbreak operations:

0] if yes to (b), can the Minister please table details as to the dates, locations and circumstances in
which those trigger levels were exceeded; and

(c) have vegetation health trigger levels been amended at any stage since the commencement of mining at
Cloudbreak:

(i) if yes to (c), on what dates;

(i) if yes to (c), what were the reasons for amendments to vegetation health trigger levels?
Hon Stephen Dawson replied:
@) Yes. [See tabled paper no 3686.]

(b) No.
Q) Not applicable.
(c) No.

(i)—(ii) Not applicable.

(1]


https://www.parliament.wa.gov.au/publications/tabledpapers.nsf/displaypaper/4013686c22f650cc757494874825852f0003d22f/$file/tp-3686.pdf
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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.

Fortescue is developing the Cloudbreak Expansion Project, which involves expansion of its
existing Cloudbreak iron ore mine, located approximately 120 kilometres (km) north of Newman
(Figure 1). The project includes a range of new developments, upgrades and additional
dewatering and water disposal activities. Dewatering is required to facilitate mining below the
water table. The current rate of dewatering is proposed to be increased to approximately 100
gigalitres per annum (GL/a) with the surplus water (up to 85 GL/a) to be injected into
groundwater aquifers.

To gain approval for the expansion project Fortescue submitted the Cloudbreak Life of Mine —
Public Environmental Review (PER) to the Environmental Protection Authority (EPA). The
proposal was assess under the Environmental Protection Act 1986 and in June 2012 approved
by the Minister for Environment under Ministerial Statement (MS) 899

The EPA determined during its assessment of the proposal that Fortescue should manage
groundwater to ensure significant vegetation communities are not adversely impacted.

The Project received State approval under the Environmental Protection Act 1986 (Ministerial
Statement 899) (EPA 2012) on 5 June 2012 and is received Commonwealth approval under the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Referral 2010/5696) on
29 November 2012.

1.1 Requirement for Management Plan

This Vegetation Health Monitoring and Management Plan (VHMMP, the Plan) is required by the
Chief Executive Officer of the Office of the Environmental Protection Authority (OEPA) as a
condition of approval for Conditions 6-2 and 6-3 of the Project outlined in Ministerial Statement
899 (MS 899).

The initial monitoring required by Condition 6-3(3) is subject to a separate report (GHD 2013).

1.2 Objectives and Scope

The objective of the VHMMP is to assess impacts to vegetation health and condition from
changes in groundwater levels (from either drawdown or mounding) outside of the mine
envelope required to satisfy Conditions 6-2 and 6-3 of MS 899.
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Specifically, the VHMMP will:

¢ Identify keystone plant species and habitats and limits of acceptable change in their
health and condition;

e Address the scientific rationale for monitoring site selection including locations;

e Provide results of initial monitoring for flora and vegetation health and condition,
species composition and habitat characteristics at monitoring sites;

o Provide results of groundwater levels and groundwater quality at bore sites in proximity
to monitoring sites;

e Outline the methodology required to undertake monitoring for vegetation health and
condition, species composition and habitat characteristics;

e ldentify vegetation trigger levels and appropriate management actions; and

e Specify management and contingency actions beyond reporting or initiating
assessment.

The sections of the VHMMP which address Conditions 6-2 and 6-3 are summarised in Appendix
A

1.3 Definition of Keystone Plant Species

Keystone plant species are those species occurring in vegetation communities that play a
critical role in maintaining the structure, function and diversity of that ecological community
(Paine 1969). Keystone plant species identified in this VHMMP are considered to be significant
and provide high ecosystem value to their respective communities. In this VHMMP, the
following keystone plant species have been identified:

e Coolibah (Eucalyptus victrix) — Open woodland (riparian zone); and
¢ Mulga (Acacia aneura sens. lat.) — Low closed forest to low open woodland;

e Samphire communities (Tecticornia species) — Low shrubland.

1.4 Legislation and Regulatory Framework

Fortescue employees and contractors are obliged to comply with all relevant environmental
Commonwealth and State legislation and guidelines. There is a range of legislation and
guidelines that relates to this VHMMP in Western Australia (Table 1).
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Table 1:
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Commonwealth and State Legislation and Guidelines Relating to the VHMMP

Legislation or Guideline

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.

Guidance for the Assessment of Environmental
Factors: Terrestrial Flora and Vegetation Surveys for
Environmental Impact Assessment in Western
Australia. Guidance Statement No. 51 (Environmental
Protection Authority 2004);

Provides guidance and information on expected standards
and protocols for terrestrial flora and vegetation surveys to
environmental consultants and proponents.

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

Outlines the principles in relation to the provision of
information in the assessment of biodiversity.

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.

The following Fortescue documents are also of relevance to this VHMMP:

e Cloudbreak Groundwater Operating Strategy (CB-PH-HY-0009).

e Cloudbreak Groundwater Monitoring Procedure

¢ Flora and Vegetation Assessment Guidelines (100-GU-EN-0005).

¢ Significant Flora and Vegetation Monitoring Guidelines (45-GU-EN-0001).

o Vegetation Health Monitoring and Management Plan, Christmas Creek — Water
Management Scheme (CC-PL-EN-0004).

The Vegetation Health Monitoring and Management Plan, Christmas Creek was used a guide
for monitoring methodology to allow for synergies in monitoring and consistency across the

Chichester's.
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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 Manager of HSES (Cloudbreak) will be accountable for ensuring the
requirements of this VHMMP are met.

During operational stages, the Manager of HSES (Cloudbreak) 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

The VHMMP methodology and monitoring site locations were discussed with personnel from
the Department of Environment and Conservation (DEC) on Monday 28 May 2012. Personnel
present included Johan Hurter (GHD), Jordan Reid (GHD), Murray Baker (DEC), Shaun Grein
(Fortescue), Stephen van Leeuwen (DEC) and Todd Edwards (Fortescue).

This VHMMP will be submitted to the DEC for its feedback, and to the OEPA for its approval, in
accordance with MS 899.
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4. MONITORING AND EVALUATION FRAMEWORK

This plan uses the framework for assessing management effectiveness evaluation developed
by the International Union for Conservation of Nature (IUCN). The Framework is based on a
cyclic process with six elements that reflect three main themes of management,
design/planning, adequacy/appropriateness and delivery.

Monitoring and evaluation for environmental management effectiveness uses the principles of
active adaptive management. 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 highly applicable to environmental management since
it assumes that it is impossible to have all knowledge regarding the management unit or
ecosystem. However, it allows adjustment to management actions on the basis of learning new
information regarding the management unit or ecosystem (Fortescue 2012b).

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 reinjection activities (State).

e 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
(Fortescue 2012b).
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5. EXISTING ENVIRONMENT

Information regarding the existing environment and current state of vegetation is presented in
Appendix B.
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6. KEY ENVIRONMENTAL ACTIVITIES

Many of the activities® associated with Fortescue’s exploration, construction, operation and
decommissioning activities have the potential to impact on the environment (Fortescue 2012b).

The key activities associated with the Project which have the potential to impact on vegetation
health and condition are:

e  Groundwater drawdown caused by groundwater abstraction.
e Groundwater mounding caused by groundwater injection.

e Disruption of surface hydrology and vegetation clearing associated with installation of
water infrastructure.

! Fortescue uses the term ‘activities’ to refer to ‘Environmental Aspects’ as defined by 1ISO14001.
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7. POTENTIAL ENVIRONMENTAL IMPACTS

The potential impacts to vegetation health and condition arising from Project activities are
presented in Table 2. The modelled impact areas on water levels for groundwater dewatering
and reinjection are provided in Figure 2.

Table 2: Potential Environmental Impacts to Vegetation Health Arising from Project Activities

Aspect of Project

Potential Environmental impact

Vegetation clearing

Adverse impact (significant alteration beyond natural variation) to conservation
significant vegetation — caused by clearing.

Removal/death of keystone plant species.

Dewatering Adverse impact (significant alteration beyond natural variation) to conservation
significant vegetation — caused by groundwater drawdown.
Death of keystone plant species.

Reinjection Adverse impact (significant alteration beyond natural variation) to conservation

significant vegetation — caused by groundwater mounding.
Death of keystone plant species.

Disruption of surface hydrology

Adverse impact (significant alteration beyond natural variation) to conservation
significant vegetation — caused by disruption of surface water flows.

Death of keystone plant species.

Page 15 of 38
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8. ENVIRONMENTAL MANAGEMENT

Key environmental management objectives with respect to mitigating potential environmental
impacts have been developed. These are:

e Prevent adverse impacts® to conservation significant vegetation, attributable to the
Project, outside the mine envelope.

¢ Prevent mortality of keystone plant species or significant changes in habitat
characteristics, attributable to the Project, outside the mine envelope.

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 Elements of Environmental Management Process to Achieve Identified
Objectives

Element Description

Obijective 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.

Groundwater Management Measures Refer to Cloudbreak Groundwater Operating Strategy.

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 key management action, performance indicators, evidence, timing and responsibilities for
each objective are provided in Table 4.

% 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 1,2 e Baseline assessment conducted. e Report Design Project Manager
vegetation assessment of .
keystone plant species in ¢ Baseline
predicted dewatering and assessment
injection impact areas
and reference areas.

2. Implement the Vegetation | 1,2 * No change greater than natural variation that e Vegetation Health Design/ Project Manager/
Health Monitoring is attributable to the Project measured by Monitoring Program | Construction | Cloudbreak
Program in Section 9 of tiallv distributed replicat itori it o / Operation General Manager/
this Plan to monitor any spatially distributed replicate monitoring sites. ¢ Monitoring reports HSES Manager
change in vegetation e No change greater than natural variation that e Annual
health and condition at is attributable to the Project measured by ;
dewatering impact areas L ) o i Environmental
and reinjection impact monitoring sites within impact areas in Report
areas. comparison to reference (no impact) areas.

e  Monitoring requirements are included in this
document.

3. Where vegetation health | 1,2 + No change greater than natural variation that e Vegetation Health Construction | Project Manager/
monitoring detects is attributable to the Project measured by Monitoring Program | / Operation | Cloudbreak
vegetation stress tially distributed licat itori it o General Manager
potentially attributable to spatially distributed replicate monitoring sites. o Monitoring report
the Project, implement o No change greater than natural variation that e Annual
management measures is attributable to the Project measured b -
outlined Section 11 of o ) o _J i y Environmental
this Plan. monitoring sites within impact areas in Report

comparison to reference (no impact) areas.
e Incident reports of vegetation stress potentially
attributable to the Project.

4. Where trigger levels have | 1,2 e Compliance with MS 899 6-6 e  Monitoring report Construction | Project Manager/
been exceeded as a / Operation HSES Manager
result of the e Correspondence
implementation of the with the OEPA
Project, comply with
Condition 6-6 of MS 899.
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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 requirements outlined in Condition 6 of MS 899.

9.1 Monitoring Site Selection

9.1.1 Vegetation Health Monitoring

The monitoring program uses a Before-After-Control-Impact (BACI) design (Smith 2002) to
determine the location of monitoring sites (referred to as vegetation monitoring units (VMUS)). A
combination of reference and impact (direct and/or indirect) VMUs were established for each
conservation significant vegetation community.

The rational used for VMU selection for this monitoring program included:

e Stratification between impact and references areas;

e ldentification of partially phreatophytic communities in drawdown impact and reference
areas;

e ldentification of Mulga communities and Samphire communities in mounding impact
and reference areas; and

e Selection of sampling locations close to existing groundwater bores.

In addition, VMU selection was guided by road access, future accessibility and took into account
heritage constraints.

The locations of VMUs are shown in Table 5 and mapped Figure 2. Additional monitoring sites
may be added should locations suitable for additional monitoring sites be identified and
considered beneficial, following review of initial baseline monitoring events. A minimum number
to provide robust design is presented in the Table 5.

9.1.2 Groundwater Bore Locations

Groundwater bores HSMB24_S, Kardardarrie and CBX10a_WT are located greater than 1 km
in distance from respective VMUs. Therefore, any changes in vegetation health and condition at
these VMUs cannot be confidently attributed to Project activities, and similarly any trigger
exceedences at these bores cannot be considered to be directly impacting vegetation health
and condition at VMUSs.
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The installation of groundwater monitoring bores (or a similar) at these VMUs will be reviewed
following analysis of monitoring results, particularly if changes in vegetation health and condition
are being consistently observed.
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Table 5: Permanent Vegetation Monitoring Unit Details
Site ID | Vegetation Keystone Species Treatment Potential Impact | Location (NW corner) Nearest Bore and Distance Size (mz)
From Site

ED1 Partially Eucalyptus victrix Direct Impact Drawdown 734199mE; 7532629mN HSMBO03_S (453 m due SE) 2500
phreatophytic

ER1. Partially Eucalyptus victrix Reference n/a 761220mE; 7528628mN HSMB24_S (4.1 km due SE) 2500
phreatophytic

ER2 Partially Eucalyptus victrix Reference n/a 716370mE; 7532213mN Kardardarrie (2.6 km due NW) | 2500
phreatophytic

MD1 Mulga Acacia aneura sens. lat. Direct Impact Mounding 771080Em; 7523558mN HSMB29_S (202 m due E) 2500

MI1 Mulga Acacia aneura sens. lat. Indirect impact Mounding 774202mE; 7523648mN HEMBO05_S (405 m due SE) 2500

MI2 Mulga Acacia aneura sens. lat. Indirect impact Mounding 769274mE; 7522360mN SCX02_S (345 m due E) 2500

MR1 Mulga Acacia aneura sens. lat. Reference n/a 771207mE; 7522286mN SCX04_S (308 m due N) 2500

MR2 Mulga Acacia aneura sens. lat. Reference n/a 714794mE; 7535429mN Kardardarrie (1.4 km due S) 2500

SI1 Samphire Tecticornia spp. Impact Mounding 742530mE; 7524652mN CBX10a_WT (2 km due E) 200

SI2 Samphire Tecticornia spp. Impact Mounding 734626mE; 7527483mN CBX04_S (824 m due NW) 200

SR1 Samphire Tecticornia spp. Reference n/a 740801mE; 7524805mN CBFMMO06_S (440 m due NE) | 200

SR2 Samphire Tecticornia spp. Reference n/a 727612mE; 7527963mN CBFMMO02_S (58 m due SW) 200
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9.2 Frequency and Duration

Initial baseline monitoring was conducted prior to the commencement of Cloudbreak Expansion
Project activities (i.e. dewatering and reinjection of water).

Baseline vegetation monitoring for the Project was conducted in June/July 2012. Biannual
monitoring should be nominally conducted in May and November of each subsequent year.

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 monitoring should be evaluated following the analysis of the repeat measures of
data from previous monitoring events.

Groundwater monitoring for the Project will be undertaken as outlined in the Cloudbreak
Groundwater Operating Strategy.

9.3 Baseline Groundwater Monitoring

Groundwater data including groundwater level and field electrical conductivity (ground water
quality) are collected by Fortescue as outlined in the Cloudbreak Groundwater Operating
Strategy and reported in Fortescue’s quarterly aquifer review.

A total of 11 groundwater bores across the Project area, in proximity to VMUs, have been
selected for monitoring groundwater levels and quality (Table 6). Fortescue considers this data
IS most appropriate to satisfy the second part of Condition 6-3(3) of MS 899.

Relevant groundwater bore details including screening intervals and accepted trigger values are
provided in Table 6. The screening intervals of the bores are in the shallow aquifer, indicating
that these bores are suitable to monitor fluctuations in the watertable. Given that the screening
intervals in some of the bores are not located at the watertable, the precision of the depth to
water measurements are not exact. This is resolved by the collection of baseline
measurements, which are used to monitor changes in fluctuations.

The initial baseline hydrological data is presented in the Cloudbreak Quarterly Groundwater
Monitoring Review CB-RP-HY-0033 (Fortescue 2012a).



Vegetation Health Monitoring and Management Plan
Cloudbreak Life of Mine Expansion Project

CB-PL-EN-0019. Rev 0

Page 22 of 38

Table 6: Groundwater Bore Details

Site ID | Nearest Bore | Monitoring | Zone | Screening | Groundwater Level Trigger | Water Quality Trigger | Construction Details
Frequency Interval Class 1 Class 2 Class 1

ED1 HSMBO3_WT | Monthly C 12-18 m 3 mbgl 2.2 mbgl 9,000 pS/cm

ER1. HSMB24_S Monthly C 22-24m 3 mbgl 2.2 mbgl 9,000 pS/cm

ER2 Kardardarrie Biannual Not known Total depth 12 m

MD1 HSMB29_S Monthly C 18-30 m 3 mbgl 2.2 mbgl 9,000 uS/cm

MI1 HEMBO05_S Monthly C 27-32m 3 mbgl 2.2 mbgl 9,000 uS/cm

MI2 SCX02_S Monthly C 11-41m 3 mbgl 2.2 mbgl 9,000 pS/cm

MR1 SCX04_S Monthly C 14-38 m 3 mbgl 2.2 mbgl 9,000 pS/cm

MR2 Kardardarrie Biannual Not known Total depth 12 m

SI1 CBX10a_WT Monthly A 2-14m +0.65 +1 N/A

SI2 CBX04_S Monthly A 6-18 m +0.65 +1 N/A

SR1 CBFMMO06_S | Monthly A 1-9m +0.65 +1 N/A

SR2 CBFMMO02_S | Monthly A 0.5-9m +0.65 +1 N/A
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9.4

Baseline Vegetation Monitoring

The baseline vegetation monitoring included:

Qualitative partially phreatophytic, Mulga and Samphire community habitat
assessments in accordance with Fortescue’s Flora and Vegetation Assessment
Guidelines (2011a).

Digital canopy photography cover measurements of partially phreatophytic trees
(Eucalypts) in dewatering and reference areas and Mulga and Samphire plants in
reinjection areas and reference areas;

Qualitative partially phreatophytic tree health assessments following the method of
Souter et al. (2010);

Quialitative Mulga plant health assessments in accordance with Fortescue’s Significant
Flora and Vegetation Guidelines (Fortescue 2011b);

Quantitative partially phreatophytic (Eucalypts) water status assessments using light
and dark-adapted leaf water potential measurements in dewatering and reference
areas;

Quantitative Mulga water status assessments using light and dark-adapted leaf water
potential measurements in reinjection and reference areas;

Measurement of soil chemical and physical properties at 1 m depths in dewatering,
reinjection and reference areas for partially phreatophytic (Eucalyptus), Mulga and
Samphire vegetation;

Samphire cover estimates of Samphire communities in belt transects within impact and
control areas; and

Samphire tip die-off measurements of plants following the method of Astron (2011) in
guadrats in impact and reference areas.

For the first year of operations of the Project, biannual monitoring of keystone species health
and condition and water status of partially phreatophytic trees and Mulga will be conducted.
Biannual botanical survey of VMUs will be conducted. Appendix C contains the initial baseline
vegetation monitoring report (GHD 2013).

A summary of monitoring conducted for this monitoring program is provided in Table 7.
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Table 7:
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Summary of Monitoring to be Conducted for the VHMMP

Potential Impact | Monitoring Criteria

Data Analysis

Groundwater Qualitative partially Parametric/Non-parametric ANOVA (Zar 2009).
drawdown phreatophytic tree health
assessments
Quantitative partially Univariate Control Chart — Level 1 management response
phreatophytic tree digital canopy | required in exceedance of 1 Standard Deviation in
photography percentage canopy cover.
ANOVA - Level 1 management response required if
significant differences (normalised data and p<0.05)
detected.
Quantitative partially Multivariate Control Charts of multiple ecophysiological
phreatophytic tree water status variables — Level 1 management response required in
health assessments 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.
Depth to water Trigger levels and notifications as outlined in Cloudbreak
Groundwater Operating Strategy.
Groundwater Qualitative Mulga health Parametric/Non-parametric ANOVA (Zar 2009).
mounding assessments

Quantitative Mulga 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 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.

Qualitative Samphire health
assessments

Parametric/Non-parametric ANOVA (Zar 2009).

Quantitative Samphire 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 Samphire
community analysis

Univariate Control Chart — Level 1 management response
required in exceedance of 1 Standard Deviation in tip die off
and height.

ANOVA — Level 1 management response required if
significant differences (normalised data, p<0.05) detected.

Depth to water

Trigger levels and notifications as outlined in Cloudbreak
Groundwater Operating Strategy.
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9.5 Monitoring Methodology

9.5.1 Groundwater

Groundwater monitoring will be undertaken at the groundwater monitoring bores presented in
Table 6 and as outlined in the Cloudbreak Groundwater Operating Strategy and Groundwater
Monitoring Procedure.

9.5.2 Vegetation

Vegetation monitoring will involve a combination of quantitative and qualitative vegetation
measurements, ecophysiological measurements and health and condition assessments using
qualitative criteria and digital canopy photography. An overview of the monitoring methodology
for each conservation significant vegetation community defined by its keystone species is
described below.

Partially Phreatophytic Vegetation Communities
Management Targets and Monitoring Hypotheses

Table 8 outlines the management targets and monitoring hypotheses for partially phreatophytic
vegetation communities.

Table 8: Management Targets and Monitoring Hypotheses for Partially Phreatophytic Vegetation
Communities

Management Targets Details

Vegetation management target No adverse impact, beyond natural variability, to existing partially

phreatophytic trees or to recruitment due to dewatering.

Groundwater management trigger Management of groundwater decline to ensure actual groundwater levels do
not fall to below 16 m beneath the ground surface and/or and/or EC levels 50
% higher from baseline levels in dewatering areas in accordance with the
Cloudbreak Groundwater Operating Strategy CB-PH-HY-0006.

Vegetation monitoring management | Stem water potentials of partially phreatophytic trees significantly greater in
triggers dewatering areas (impact areas) in comparison to reference (p<0.05).

Percentage canopy cover of partially phreatophytic trees significantly less
than reference (p<0.05) in dewatering areas (impact areas).

Deaths of partially phreatophytic tree significantly greater in dewatering
areas (impact areas) in comparison to reference (p<0.05).

Management hypothesis The water status, health and recruitment of partially phreatophytic trees in
areas of dewatering and lowering of the water table will not alter significantly
in comparison to partially phreatophytic trees in areas not affected by
lowering of groundwater though dewatering.
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Methodology

Each VMU will include a permanent quadrat of 2,500 square meters (m2) in area and
permanent sample trees. Within each VMU ten mature partially phreatophytic trees (E. victrix)
will be randomly selected as sample trees and will be permanently marked with a fence dropper
and labelled with a metal tag. Each sample tree will be subjected to a range of qualitative and
guantitative measures including a visual health assessment, plant characterisation including
height, diameter at breast height over bark (DBHOB; at 130 centimetres (cm) above ground
level), leaf and stem water potentials and projected foliar cover (PFC). A permanent photo point
to measure PFC will be marked for each sample tree with a fence dropper.

Optional monitoring components, habitat characterisation and landscape function analysis
(LFA) assessments of each VMU may be undertaken. These components were undertaken for
each VMU in the initial monitoring.

Sites will be selected to provide a good spatial representation of the potential impact area,
where significant stands of partially phreatophytic vegetation exist, and in areas easily
accessible for future monitoring.

Plant Characterization

The height (in meters), diameter at breast height over bark (DBHOB; at 130 cm above ground
level) and age class will be determined for each sample plant. This method will enable the size
of each sample plant to be compared temporally and provide quantitative measures to
complement visual assessment methods.

Visual Assessment

All sample plants (ten per site) will be visually assessed following the method of Souter et al.
(2010) to monitor the health of partially 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:

e Crown extent;

e Crown density;

e Epicormic growth;

e New tip growth;

e Reproduction;

e Leaf die off;

e Presence of Mistletoe; and

e Bark condition.
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Crown extent and density scores are based on a scale from 0 to 7 which correspond to both
descriptive and percentage divisions. A rating of 0 corresponds to a tree with no leaves and a
rating of 7 corresponding to a tree where the canopy is completely foliated and the foliage is at
maximum density. A score of 4 represents a tree with medium canopy foliation and medium
foliage density.

Epicormic growth, new tip growth, reproduction, leaf die off and mistletoe presence are all
scored based on a four category scale (0 to 3). A rating of O corresponds to effect absent and a
rating of 3 corresponds to effect abundant (Souter et al. 2010). All variables are scored on the
visibility of the effect throughout the assessable crown.

The final variable scored is bark condition which is assessed on the main stem(s) and lower
branches on a scale from 0 to 4. A rating of 0 corresponds to a tree with intact bark, ratings of 1,
2 or 3 correspond to the extent of bark cracks (i.e. minor, moderate and extensive) and a rating
of 4 corresponds to no bark (i.e. long-term dead tree) (Souter et al. 2010).

Leaf and Stem Water Potentials

Leaf water potential (LWP) and stem water potential (SWP) measurements will be taken using a
pressure chamber instrument (Model 1505D, PMS Instrument Company, Oregon, USA). Two
shoots (two to five leaves) from the mid-canopy of five of the ten permanent sample plants will
be placed in tin foil wrapped envelopes and dark-adapted for one hour to become equilibrated
with the water potential in the tree trunk. A total of four shoots (two for LWP, and two for SWP)
will be excised from each sample plant and their water potentials measured using a pressure
chamber instrument.

LWP and SWP measurements are a scientifically robust technique that can provide an in situ
indication of a plant’s water status (Turner 1988). SWP is an effective way of measuring whole
plant water potential and can be correlated with the water potential measurements obtained
from stem psychrometers, while LWP is an indication of effective transpiration rate and
photosynthetic activity. These two measurements can be taken at the same time of day.

A third way of measuring a plant’s water status using a pressure chamber instrument is to
measure leaf water potential before dawn. Predawn leaf water potential (PDLWP)
measurements are taken from 3:30 AM to an hour before dawn and are used as a measure of
soil water potential when it is theorised that the plant is at equilibrium with the water potential in
the soil. However, it is unlikely that large trees such as Mulga will be in equilibrium with the soll
water potential in the Pilbara. These plants exhibit extremely large negative potentials and it is
likely that they move water through the soil at night by means of hydraulic lift (Larcher 2003).
Additionally, equipment such as an Infrared Gas Analyser (IRGA) would also be needed to
prove that transpiration is not taking place at night, which would otherwise make such data
superfluous. This method was excluded for this study due to the above reasoning. Future
monitoring events will be adaptive and incorporate additional water potential methods if
considered necessary.
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Projected Foliar Cover

Projected foliar cover (PFC) will be determined for sample trees. 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, a permanent photo point will be
marked for each of the ten sample trees at each site with a fence dropper. A 12.0 megapixel
digital camera will be locked onto a tripod (height of 1.5 m) and used to photograph the entire
tree. A surface level (or bubble level) will be used to ensure the camera is 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 after the first
monitoring event (not baseline).

Habitat Characterization (Optional component)

The habitat of each VMU will be characterized following the method outlined in Fortescue’s
Flora and Vegetation Assessment Guidelines (100-GU-EN-0005). Additions to the guidelines
were recommended by DEC and included the following:

e Locations and numbers of ant nests were recorded; and
e Locations and numbers of cow patts were recorded.

Habitat characterization will enable the flora composition and cover of each VMU to be
compared temporally as well as between reference and impact areas.

Landscape Function Analysis (Optional component)

A Landscape Function Analysis (LFA) assessment will be undertaken at each VMU following
the method of Tongway and Hindley (2004b). The LFA method (Tongway and Hindley 1995,
2004a) is used to describe landscape type, characterize landscape organization and assess soil
surface condition. This method derives a number of indices for site stability, infiltration and
nutrient cycling, from the above three principles to assess how well an ecosystem functions
from a biophysical perspective. Sites are characterised according to their topographic location
(e.g. crest, mid slope, flat or stream channel), soils, slope, vegetation type, land use and state of
the soil surface. A LFA assessment will provide reference landscape or ecosystem function
condition appropriate to each VMU.
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Mulga Vegetation Communities
Management Targets and Monitoring Hypotheses

Table 9 outlines the management targets and monitoring hypotheses for Mulga vegetation
communities.

Table 9: Management Targets and Monitoring Hypotheses for Mulga Vegetation Communities
Management Targets Detail

Vegetation management No adverse impact to vegetation community or Mulga and associated Acacia species
target trees due to groundwater mounding.

Groundwater Groundwater to remain 3 m below ground level and/or EC levels 9000 uS/cm, unless
management trigger baseline levels higher, then 50 % increase from baseline levels in accordance with the

Cloudbreak Groundwater Operating Strategy CB-PH-HY-0006.

Vegetation monitoring Stem water potentials of Mulga significantly greater in mounding impact areas in
management triggers comparison to reference (p<0.05).

Percentage canopy cover of Mulga trees significantly less than reference in reinjection
zones (impact areas) (p<0.05).

Deaths of Mulga trees significantly greater in mounding impact areas in comparison to
reference (p<0.05).

Management hypothesis The water status, health and recruitment of Mulga plants within areas of reinjection and
rising of the water table will not alter significantly in comparison to Mulga plants in
areas not affected by rising groundwater through reinjection.

Methodology

Vegetation monitoring will follow the methodology described for partially phreatophytic
vegetation communities with the following additions and/or changes:

e Visual assessment of vegetation health to be undertaken following the method outlined
in Fortescue’s Significant Flora and Vegetation Monitoring Guidelines (45-GU-EN-
0001) — Section 7.1.2.

e LWP and SWP measurements will be taken on all ten sample plants at each VMU.
Samphire Vegetation Communities

Management Targets and Monitoring Hypotheses

Table 10 outlines the management targets and monitoring hypotheses for Samphire vegetation
communities.
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Table 10: Management Targets and Monitoring Hypotheses for Samphire Vegetation Communities

Management Targets Detail

Vegetation management | No adverse impact to Samphire vegetation community due to groundwater mounding.
target

Groundwater Groundwater level to not exceed an absolute value change of 0.8 m in 12 months in
management trigger accordance with the Cloudbreak Groundwater Operating Strategy CB-PH-HY-0006.
Vegetation monitoring Percentage cover of Samphire significantly less than reference in reinjection zones

management triggers (impact areas) (p<0.05).

Tip die off or tip growth of Samphire plants is not significantly greater than in reinjection
areas (impact areas) in comparison to reference areas (p<0.05).

Deaths of keystone Samphire significantly greater than in mounding impact areas in
comparison to reference (p<0.05).

Management hypothesis | The health and recruitment of Samphire vegetation within areas of reinjection and rising
of the water table will not alter significantly in comparison to Samphire vegetation in
areas not affected by rising groundwater through reinjection.

Methodology

Monitoring sites will include permanent quadrats of 200 m? in area (S. van Leeuwen, DEC, pers.
comm.) and permanent sample plants. Within each site ten plants (Tecticornia spp.) will be
randomly selected as sample plants and will be permanently marked with a fence dropper and
labelled with a metal tag. Each sample plant will be assessed qualitatively for health and
condition (following the method of Astron 2011) and quantitatively for PFC. A permanent photo
point to measure PFC will be recorded for each sample plant.

In addition the habitat of each VMU will be characterized following the method outlined in
Fortescue’s Flora and Vegetation Assessment Guidelines (100-GU-EN-0005), and a LFA
assessment will be undertaken following the method of Tongway and Hindley 2004.

9.6 Data Analysis

Two methods will be applied to determine if differences or trends in monitoring data are
occurring. These are:

e 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 contain a centre line value (represents the mean value), an upper
control limit and a lower control limit. Parameters are expected to fall within control
limits in the absence of significant impacts.

o 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 becoming a
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common tool for the interpretation of trends in environmental monitoring data. Control Charts
are relatively easy to interpret and update as additional data is made available (Morrison 2008).

9.7 Adaptive Management

Analysis of the effectiveness of vegetation management, as identified in the monitoring
program, will be compiled within the VHMMP annual report for 2013. The OEPA and DEC wiill
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 and Condition 4 of MS 899.

Audit criteria may include, but is not limited to:

e Management actions within this document;
e Implementation of the monitoring program; and
e 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.

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 reinjection 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 and groundwater quality to validate that
groundwater is within groundwater management trigger levels;

e Increase in vegetation monitoring frequency;

Note that the detection of change in a repeated measurement dataset does not enable cause
and effect to be determined. As such the exceedence 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:

e Increase in vegetation monitoring frequency (as per Trigger Level 1);

e Adaptive water management response (modified dewatering and reinjection regime)
following management guidance within the Cloudbreak Groundwater Operating
Strategy CB-PH-HY-0006; and

e In accordance with Condition 6-6 of MS 899:

0 Report the trigger exceedence findings to the CEO within 7 days of the
exceedence being identified.

o Provide evidence to the satisfaction of the CEO which allows determination of the
cause of the exceedence within 21 days of the exceedence being identified;
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o If determined by the CEO to be a result of activities undertaken in implementation
of the proposal, then submit a plan of actions to be taken to address the
exceedence to the satisfaction of the CEO within 21 days of the determination
being made by the CEO.

o Implement the plan of actions to address the exceedence upon approval of the
CEO and continue until such time as the CEO determines that this may cease.

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
Cloudbreak Groundwater Operating Strategy (CB-PH-HY-0006).

The full description of the groundwater monitoring triggers is provided in the Cloudbreak
Groundwater Operating Strategy (CB-PH-HY-0006). These management responses are to
occur with the exceedence 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;

e Redirection of disposal water to transfer and/or infiltration ponds; and

o Redirection of disposal water to void mine pits.
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12. REPORTING

Following each monitoring survey, details of monitoring undertaken, results and any problems
encountered are to be included in the Environment Monthly Report. 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
11 months of monitoring commencing in June/July 2012. 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
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Figure 2

Predicted Impact Areas and Monitoring Locations
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Appendix A: Cross reference to State Statutory Requirements

Ministerial Statement and
Condition

Requirement or Issue

Location in this
Plan

MS 899: 6-3(1) Identification of keystone plant species and habitat characteristic Appendix B
and limits of acceptable change in health and/or condition of these
to be used as the basis for monitoring.

MS 899: 6-3(2) Locations for predicted indirect impact and reference monitoring Figure 2
sites (outside the predicted direct and indirect impact areas) for Section 9

baseline and ongoing monitoring, with sites selected based on
scientific rationale and to the satisfaction of the Department of
Environment and Conservation.

MS 899: 6-3(3)

Results of baseline monitoring for vegetation health and condition,
species composition and habitat characteristics at both predicted
indirect impact and reference monitoring sites, and groundwater
levels and groundwater quality at agreed sites in proximity to the
vegetation monitoring sites.

Appendices C &
E

MS 899: 6-3(4)

Specifications for the monitoring program for vegetation health
and condition, species composition and habitat characteristics,
including trigger levels for additional management actions to
prevent further impacts and ensure compliance with condition 6-1.

Section 9

MS 899: 6-3(5)

Specific management and contingency actions beyond reporting
or initiating assessment

Sections 8 &11

MS 899: 6-5

The monitoring is to be carried out according to a method and
schedule as specified in the VHMMP, and is to be carried out until
such a time as the CEO determines on advice from the DEC that
monitoring may cease.

Section 9
Appendix D & E

MS 899: 6-6(1)
MS 899: 6-6(2)
MS 899: 6-6(3)
MS 899: 6-6(4)

In the event that monitoring required by condition 6-5 indicates an
exceedance of trigger levels as described in the VHMMP:

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

4. The proponent shall implement the plan of 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.

Sections 8 & 11
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1. EXISTING ENVIRONMENT

1.1 Climate

The Pilbara region of Western Australia is subject to an arid-tropical climate with two distinct
seasons; a hot wet summer (October to April) and a mild dry winter (May to September) (BOM
2012).

The majority of the Pilbara region has a bimodal rainfall distribution, resulting in two rainfall
maxima per year. From January to March, rain results from storms penetrating from the north,
producing sporadic and intense thunderstorms. Tropical cyclones and depressions moving
southwards from northern Australian waters also cause heavy rainfall events. From May to June
cold fronts move easterly across Western Australia and may occasionally reach the Pilbara
Region. These fronts produce light winter rains that are generally ineffective for extensive plant
growth. Surface water can be found in some pools and springs in the Pilbara Region all year
round, although watercourses only flow briefly due to the short wet season.

Bureau of Meteorology (BOM) weather recording stations in the vicinity of the Project Area
included Marillana (Station No. 5009). The mean maximum temperature at Marillana is 31.8 °C
with summer temperatures often exceeding 40 °C. The long-term mean annual rainfall at
Marillana is 317.3 mm with most of the rain falling between January and March (BOM 2012).

1.2 Geology and Soils

The Project Area is within the southern section of the Pilbara Craton, which is dominated by the
Hamersley Basin. In its northern part, the Hamersley Basin comprises Archaean basalt, shale,
sandstone, conglomerate, tuff and carbonate. These rocks are collectively known as the
Fortescue Group, and together with a narrow strip of banded iron formation, make up the
Chichester Ranges (Tille 2006). In the south, the Hamersley Basin comprises Archaean-
Palaeoproterozoic metamorphosed banded iron formations, shales, dolerite, carbonate, chert
and rhyolite. These rocks are collectively known as the Hamersley Group, and make up part of
the Ophthalmia Fold Belt (Tille 2006).

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 Cloudbreak is confined to the Nammuldi member of the
Mara Mamba Formation (MMF), the lowest formation of the Hamersley Group. 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 most recent and detailed mapping of Western Australia’s rangelands and arid interiors was
documented by Tille (2006), who characterised the soils into a hierarchy of soil-landscape
mapping units. According to this mapping the Project Area occurs within the Fortescue
Province, which is based on the Fortescue botanical district of Beard (1990). Tille (2006) divides
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the Fortescue Province into ten soil-landscape zones with the Project Area occurring within the
Chichester Ranges Zone and the Fortescue Valley Zone.

The Chichester Ranges Zone contains hills and dissected plateaux (with some stony plains) on
basalt and sedimentary rocks of the Hamersley Basin and stony soils with some red shallow
loams and hard cracking clays (Tille 2006). The Fortescue Valley Zone contains alluvial plains,
hardpan wash plains and sand plains (with stony plains, floodplains and some salt lakes) on
alluvial deposits over sedimentary rocks of the Hamersley Basin. Soils include red deep sands,
red loamy earths and red/brown non-cracking clays with some red shallow loams and hard
cracking clays (Tille 2006).

1.3 Land Systems

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
Project Area is located within six land systems, which are distinguished on the basis of
topography, geology, soils and vegetation (van Vreeswyk et al. 2004). Details of the land
systems occurring within the Project Area are presented in Table 1.
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Table 1: Details of land Systems found in the Project Area

Land Location in Description Geology Geomorphology

System Project Area

Jamindie Extensive Occupies 2,074 km? and consists of stony Partly cemented Quaternary Depositional surfaces; non-saline plains with hardpan at

(central and hardpan plains and rises supporting groved colluvium, alluvium and laterite; minor | shallow depth and groved vegetation, stony upper plains
eastern) mulga shrublands, occasionally with spinifex sedimentary rocks of Proterozoic age. | and low rises on hardpan or rock, very widely spaced
understorey. tributary drainage tracts and channels; minor stony gilgai
plains, sandy banks and low ridges and hills.

Newman North Rugged jaspilite plateaux, ridges and mountains | Lower Proterozoic jaspilite, chert, Erosional surfaces; plateaux and mountains - extensive

supporting hard spinifex grasslands. siltstone, shale, dolomite and minor high plateaux, mountains and strike ridges with vertical
. . escarpments and steep scree slopes and more gently
acid volcanics. o ) 2
inclined lower slopes; moderately spaced dendritic and
rectangular tributary drainage patterns of narrow valleys
and gorges with narrow drainage floors and channels

Christmas | West Occupies 232 km? and consists of stony alluvial | Quaternary alluvium and colluvium. Depositional surfaces; level to gently inclined stony
plains supporting snakewood and mulga plains subject to sheet flow with numerous small, diffuse
shrublands with sparse tussock grasses. drainage foci and groves, stony clay plains with gilgai

microrelief; sparse or rare drainage tracts with tributary,
distributary and reticulated channels.

Turee South-east Occupies 581 km? and consists of stony alluvial | Quaternary alluvium and colluvium. Depositional surfaces, level plains with a mosaic of stony
plains with gilgaied and non-gilgaied surfaces gilgaied and non-gilgaied surfaces, groved hardpan
supporting tussock grasslands and grassy plains and stony saline alluvial plains subject to sheet
shrublands. flow; sparse through drainage tracts with non-tributary

and distributary channels.

Cowra South Occupies 203 km2 and consists of plains Quaternary colluvium and alluvium. Depositional surfaces; almost level plains of non-saline
fringing the Marsh land system and supporting and weakly saline alluvium with gravelly surfaces,
snakewood and mulga shrublands with some subject to overland sheet flow; drainage foci as small
halophytic undershrubs. groves of dense vegetation and through drainage tracts

with minor non-tributary and distributing channels.

Marsh South Occupies 977 km2 and consists of lakebeds and | Quaternary alluvium and lacustrine Depositional surfaces; lake beds and saline peripheral

flood plains subject to regular inundation,
supporting samphire shrublands, salt water
couch grasslands and halophytic shrublands.

deposits.

flood plains forming a termination basin for the upper
reaches of the Fortescue River.

Source: Van Vreeswyk et al. 2004
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1.4 Surface Hydrology

The Project Area is located on the southern part of the Chichester Plateau, north of the
Fortescue Marsh (Fortescue 2005). Within the Project Area there are numerous small drainage
lines that discharge southwards towards the Marsh. These drainage lines are generally
characterised by flat slopes. The largest drainage line within the Project Area is Gorman Creek,
with a catchment area of approximately 30 km? (Fortescue 2005).

In the Project Area there are large areas of sheet-flow along the lower slopes of the Chichester
Ranges. Catchments to these sheet-flow areas are difficult to delineate, as they comprise a
combination of the directly up gradient overland flow areas plus overspill from nearby main
creek flow zones (Fortescue 2005). Mulga vegetation dominates these broad sheet-flow areas
and form banding across the landscape.

1.5 Ground Water

The Project area is underlain by the fractured rock aquifers of the Roy Hill Shales, and above
this the Marra Mamba Formation, which is a semi-continuous aquifer. The Marra Mamba
Formation aquifer is unconfined to partially confined in the north and partially confined to
confined in the south (Fortescue 2011). In the Fortescue Marsh area the Marra Mamba
Formation is overlain by the Wittenoom Formation (predominately Wittenoom Dolomite), and by
Tertiary Detritals in the upslope areas (Fortescue 2011).

Groundwater levels at Cloudbreak vary from the mine site (where the watertable is
approximately 409 to 415 mAHD) to the Fortescue Marsh margin (approximately 405 mAHD)
(Fortescue 2010). Groundwater in the Cloudbreak region ranges from brackish (<6000 mg/L
Total Dissolved Solids [TDS] ) in recharge areas to hypersaline in areas closer to the Fortescue
Marsh and in fractured rock zones below the Marra Mamba Formation (>100 000 mg/L TDS)
(Fortescue 2010).

1.6 Biological Environment

1.6.1 Regional Biogeography

The Project Area is situated within the Eremaean Botanical Province (Beard 1990) in the Pilbara
Interim Biogeographic Regionalisation of Australia (IBRA) region, sub-region Fortescue.

The Fortescue sub-region is characterised by alluvial plains and river frontages supporting salt
marshes, Acacia aneura (Mulga) and grass communities, and Eucalyptus camaldulensis (River
Gum) woodlands fringing drainage lines (Kendrick 2001).

The Fortescue March occurs within the Fortescue sub-region and is situated south of the
Project Area. The Marsh is an extensive, episodically inundated samphire marsh that is
approximately 100 km long x 10 km wide. The Fortescue Marsh is listed on the Directory of
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Important Wetlands in Australia and also as an ‘Indicative Place’ on the Register of the National
Estate (Australian Heritage) (Environment Australia 2012)

1.6.2 Broad Vegetation Types

Broadscale vegetation mapping across the Pilbara region has been undertaken by Beard (1975)
at a scale of 1:1,000,000. Beard (1975) mapping indicates three vegetation associates present
within the Project Area:

e Sparse low woodland; mulga, discontinuous in scattered groups (association 29).

e Mosaic: Low woodland; mulga in valleys / Hummock grasslands, open low tree-steppe;
snappy gum over Triodia wiseana (association 562).

e Succulent steppe; samphire (association 676).

1.6.3  Vegetation Types and Communities

A total of 21 vegetation types have been described and mapped in the Cloudbreak mine area
(ENV 2011). These vegetation types consist of four communities near the creek and drainage
lines, four communities on the extensive flats and broad plains, four communities on the ranges,
hills and hillslopes, and nine communities on the fringes of the Fortescue Marsh (or Samphire
flats) (ENV 2011). None of the vegetation communities are considered Threatened Ecological
Communities (TECs). Four vegetation communities associated with the Fortescue Marsh form
part of the Fortescue Marsh (Marsh Land System) Priority 1 Priority Ecological Community
(PEC).
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2. CURRENT STATE OF VEGETATION WITHIN THE PROJECT AREA

2.1 Vegetation Condition

The vegetation condition within the Project Area ranged from Excellent to Good (ENV 2011).
Condition was largely depended on fire frequency and grazing impacts from both native and
introduced fauna, and these pressures were most evident on the flats and broad plains.

Grazing from cattle was the most obvious disturbance across the Project Area, particularly on
Mulga Downs pastoral station. Impacts were the greatest near watering bores with reductions in
palatable plant biomass and extensive disturbance of surface soil.

2.2 Keystone Species and Habitat Characteristics within the Project Area

2.2.1 Partially Phreatophytic Vegetation

Partially phreatophytic vegetation communities within the Project Area were restricted to major
drainage lines and were represented by one vegetation type as mapped by ENV (2011). These
communities occurred as open woodlands, dominated by Eucalyptus victrix (Coolibah) and E.
camaldulensis (River Red Gum) Mattiske (2005a). Eucalyptus victrix and E. camaldulensis are
considered to be partially phreatophytic species, which are species that can utilise groundwater
sources opportunistically at time when water availability is limited (Froend 2009, ENV 2011).
Although recorded as occurring within the Project Area E. camaldulensis could not be located.

Eucalyptus victrix is a small to medium sized tree with smooth, white powdery bark and are
usually confined to floodplains and creeksides (Brooker & Kleinig 2001). The species is
considered partially phreatophytic, the extent is dependent on local groundwater conditions, and
may utilise available groundwater, but is not completely reliant on it for survival and
reproduction (Ecoscape 2009). Coolibah is characterised by a dimorphic root system, having
both tap and lateral spreading roots (Grigg et. al. 2008).

Gradual water table decline may not affect E. victrix, but the long-term effects depend on the
adaptive ability of individual plants (Muir 1995). A study by Loomes (2010) indicates E. victrix
can tolerate on average water depths from just under three metres to approximately 4.2 m
below the surface, while more hardy individuals can survive with the water table 8.5 m below
the surface and almost two metres of inundation. Studies reviewed by Batini (2008) indicate E.
victrix can tolerate a drawdown of between three and four metres.

The habitat characteristics for partially phreatophytic vegetation targeted for monitoring include
canopy health and recruitment.

2.2.2 Mulga Vegetation Communities

Mulga vegetation communities within the Project Area generally occurred on flats and broad
plains and ranged from low open woodlands to low open forest. These communities were
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represented by three vegetation types as mapped by ENV (2011) and were dominated by
members of the Mulga group, mainly Acacia aptaneura but included other Acacia species such
as A. pruinocarpa, A. tetragonophylla and A. xiphophylla. These Mulga Woodlands are
considered locally significant as they represent some of the most northern occurrences of Mulga
in Western Australia (Mattiske 2005a).

Mulga communities occupy over 150 000 000 hectares or about 20% of land surface of the
Australian continent (Sattler 1986). Mulga group species are generally rounded or obconic,
multi-stem shrubs or relatively small, obconic trees (commonly 3—10 m tall) (Maslin & Reid
2012). The species’ occur where soil moisture is the most limiting factor, but in areas where
there is some probability of moisture recharge in any season (Anderson and Hodgkinson 1997).
Mulga is characterised by spreading root systems, and roots have been reported to extend to a
depth of at least 135 cm, however, the majority of the roots are thought to be located in the top
30 cm of soil (Pressland 1975, 1976). Mulga vegetation is largely dependent on surface water
flow (sheetflow) to replenish of soil water (Williams 2002) and studies indicate that the
vegetation does not access soil water below approximately 5 m even in drought conditions
(University of Western Australia 2010). The capacity of mulga communities to withstand a
decrease in sheet water flow or prolonged waterlogging and elevated saline levels is largely
unknown (University of Western Australia 2010).

The habitat characteristics for Mulga vegetation targeted for monitoring include plant cover,
canopy health and recruitment, plant water status and ant community structure.

2.2.3  Samphire Vegetation Communities

Samphire vegetation communities within the Project Area occurred on the fringes of the
Fortescue Marsh and were represented by two vegetation types as mapped by Mattiske
(2005a). These communities were low halophytic shrublands dominated by Tecticornia spp.
Samphire species zonation occurred from the fringes to the centre of the Fortescue Marsh and
is reflective of the varied edaphic and water quality conditions, and varied tolerance levels of the
species to salt concentration, ground water levels and drainage.

Samphires are succulent sub-shrubs or shrubs that are largely endemic to Australia (Datson
2002). They are mostly perennial plants that are commonly associated with saline
environments. Samphires are characterised by shallow, lateral root systems and often develop
adventitious roots to tolerate periodic inundation (Datson 2002). Whilst there is limited
knowledge on the waterlogging tolerance in the genus Tecticornia (English and Colmer 2011),
there are a number of studies that focus on a small selection of species (e.g. English 2004,
Colmer et al. 2009).

The habitat characteristics for Mulga vegetation targeted for monitoring include plant cover and
health.
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2.4.2 Patch and Inter-patch Characterisation

Patch and inter-patch zones were classified as follows:

. Patches are long lived features which act as depositional zones, collecting, filtering,
obstructing or diverting water. These zones act as resource accumulators.

. Inter-patches are active zones characterised by mobilisation and transport of water, litter
and soil material, generally in a downslope direction unless wind is a dominant factor.

Patch and inter-patch zones for the vegetation communities monitored vary in scale and nature
due to the ecological differences between these communities. Specific characteristics for patch
and inter-patch zones for each of the vegetation communities are described in Appendix C.

2.5 Soil sampling

Soil sampling was undertaken to provide baseline data of the soil physical and chemical
properties at each VMU. Soil was sampled from two locations within each VMU, one adjacent to
the NW corner and the second adjacent the SE corner. Soil samples were obtained using an 82
mm diameter hand auger, with augering extending to a maximum depth of 1 m. Approximately
500 grams (g) of soil was collected per sample, with all samples sealed in labelled plastic
sample bags. Samples were stored in plastic tubs at air temperature before being dispatched to
laboratory for analysis.

All soil samples were sent to Cumming Smith British Petroleum (CSBP) for analysis. Each
sample was analysed for pH, electrical conductivity, dispersion, percentage moisture, particle
size, and the following nutrients and metals: nitrate nitrogen, ammonium nitrogen, phosphorus,
potassium, sulphur, organic carbon, aluminium calcium chloride, boron, exchangeable cat ions
aluminium, calcium, magnesium, potassium and sodium, DTPA trace elements copper, iron,
manganese and zinc and heavy metals cadmium, chromium, cobalt, lead, molybdenum and
selenium using standard analytical techniques (available from CSBP on request).

2.6 Groundwater Data

Groundwater data including groundwater level (measured in meters with respect to the
Australian Height Datum (mAHD)) and water quality (measured as electrical conductivity (EC) in
microSiemens per centimetre (uS/cm)) were collected by Fortescue as outlined in Fortescue
(2012d) and reported in Fortescue’s quarterly aquifer review (2012c).

2.7 Data analysis

Detailed data analysis procedures for each monitoring parameter are outlined in (Fortescue
2013b). Data analysis included:

. Initial testing of raw data for normal distribution using Shapiro-Wilk test, and homogeneity
of variance with Levene’s test;

. Use of multivariate statistical tests including resemblance, multi-dimensional scaling
(MDS), cluster (CLUSTER) and one-way analysis of similarities (ANOSIM) for VMU
habitat characteristics; and

. Use of parametric univariate statistical tests including one-way analysis of similarities
(ANOVA) and two sampled t-test (Student’s t-test) for plant health scores and water
potential measures.

A minimum of two samples per treatment is required for MDS, therefore MDS was undertaken
for Mulga and Samphire vegetation only (both vegetation types have at least two impact and
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two reference VMUSs). CLUSTER was undertaken for partially phreatophytic data, as this
vegetation type had only one impact and two reference VMUSs.

ANOSIM requires a minimum of three factors, therefore ANOSIM was only undertaken for
Mulga vegetation where three factors included direct impact, indirect impact and reference.
Partially phreatophytic and Samphire vegetation only had two factors each.

LFA data was analysed following methods developed by Tongway and Hindley (2004a).

2.8 Limitations

Limitations associated with this project are outline below.

2.8.1 VMU Locations

There were a restricted number of potential VMU locations within the Project Area that met the
site selection criteria. The most limiting criteria was the presence of appropriately screened
water bores and in some instances the presence of focus or keystone vegetation. The Project
Area was extensively searched for appropriate VMU locations before quadrats were
established.

Partially phreatophytic vegetation communities were minimal and scattered throughout the
Project Area additionally occurrences usually contained a low numbers of trees (< 10 trees in a
qguadrat —sized area). No indirect impact partially phreatophytic VMUs were established due to
no sites meeting the site selection criteria throughout the Project Area.

Mulga VMUs were mostly established in the eastern part of the Project Area. This was the only
area that met the site selection criteria for indirect impact sites.

Samphire VMUs were also limited by the site selection criteria. Only three appropriate water
bores were located outside of the mining envelope and the potential mounding impact areas.
Two of these were selected for Samphire Reference VMUs. No Samphire vegetation occurred
within the mounding impact areas, therefore, no Samphire direct or indirect impact VMUs could
be established. However, Samphire vegetation occurred within 1 km of the potential mound
impact areas, therefore two Samphire impact VMUs were established. These sites were located
within the mining envelope, but outside of the potential mounding impact areas.
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Existing Environment

3.1 Climate

The Pilbara region of Western Australia is subject to an arid-tropical climate with two distinct

seasons; a hot wet summer (October to April) and a mild dry winter (May to September) (BOM
2012).

The majority of the Pilbara region has a bimodal rainfall distribution, resulting in two rainfall
maxima per year. From January to March, rain results from storms penetrating from the north,
producing sporadic and intense thunderstorms. Tropical cyclones and depressions moving
southwards from northern Australian waters also cause heavy rainfall events. From May to June
cold fronts move easterly across Western Australia and may occasionally reach the Pilbara
Region. These fronts produce light winter rains that are generally ineffective for extensive plant
growth. Surface water can be found in some pools and springs in the Pilbara Region all year
round, although watercourses only flow briefly due to the short wet season.

The closest Bureau of Meteorology (BOM) weather recording station to the Project Area is
Marillana (Station No. 5009). Additionally, Fortescue records weather data at Cloudbreak mine
site. Recorded rainfall data for Marillana and Cloudbreak mine site for the period January 2011
to June 2012 is presented below.

mmm Marillana monthly rainfall (mm)
mmm Cloudbreak monthly rainfall (mm)

Marillana long-term (1936-2012) mean monthly rainfall (mm)
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Figure 3 Monthly rainfall (mm) sourced from Cloudbreak weather station
(Fortescue 2012), and monthly rainfall (mm) and long-term mean

monthly rainfall (mm) sourced from Marillana weather station
(BOM 2012).
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3.2 Geology and Soils

The Project Area is within the southern section of the Pilbara Craton, which is dominated by the
Hamersley Basin. In its northern part, the Hamersley Basin comprises Archaean basalt, shale,
sandstone, conglomerate, tuff and carbonate. These rocks are collectively known as the
Fortescue Group, and together with a narrow strip of banded iron formation, make up the
Chichester Ranges (Tille 2006). In the south, the Hamersley Basin comprises Archaean-
Palaeoproterozoic metamorphosed banded iron formations, shales, dolerite, carbonate, chert
and rhyolite. These rocks are collectively known as the Hamersley Group, and make up part of
the Ophthalmia Fold Belt (Tille 2006).

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 Cloudbreak is confined to the Nammuldi member of the
Mara Mamba Formation (MMF), the lowest formation of the Hamersley Group. 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 most recent and detailed mapping of Western Australia’s rangelands and arid interiors was
documented by Tille (2006), who characterised the soils into a hierarchy of soil-landscape
mapping units. According to this mapping the Project Area occurs within the Fortescue
Province, which is based on the Fortescue botanical district of Beard (1990). Tille (2006) divides
the Fortescue Province into ten soil-landscape zones with the Project Area occurring within the
Chichester Ranges Zone and the Fortescue Valley Zone.

The Chichester Ranges Zone contains hills and dissected plateaux (with some stony plains) on
basalt and sedimentary rocks of the Hamersley Basin and stony soils with some red shallow
loams and hard cracking clays (Tille 2006). The Fortescue Valley Zone contains alluvial plains,
hardpan wash plains and sand plains (with stony plains, floodplains and some salt lakes) on
alluvial deposits over sedimentary rocks of the Hamersley Basin. Soils include red deep sands,
red loamy earths and red/brown non-cracking clays with some red shallow loams and hard
cracking clays (Tille 2006).

3.3 Land Systems

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
Project Area is located within six land systems, which are distinguished on the basis of
topography, geology, soils and vegetation (van Vreeswyk et al. 2004). Details of the land
systems occurring within the Project Area are presented in Table 3.
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Table 3 Details of Land Systems found in the Project Area

Area

Jamindie

Newman

Christmas

Turee

Cowra

Marsh

Extensive (central
and eastern)

North

West

South-east

South

South

Source: Van Vreeswyk et al. 2004

Occupies 2,074 km* and consists of
stony hardpan plains and rises
supporting groved mulga shrublands,
occasionally with spinifex understorey

Rugged jaspilite plateaux, ridges and
mountains supporting hard spinifex
grasslands

Occupies 232 km*” and consists of
stony alluvial plains supporting
snakewood and mulga shrublands with
sparse tussock grasses

Occupies 581 km*” and consists of
stony alluvial plains with gilgaied and
non-gilgaied surfaces supporting
tussock grasslands and grassy
shrublands

Occupies 203 km*” and consists of
plains fringing the Marsh land system
and supporting snakewood and mulga
shrublands with some halophytic
undershrubs

Occupies 977 km® and consists of
lakebeds and flood plains subject to
regular inundation, supporting
samphire shrublands, salt water couch
grasslands and halophytic shrublands
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Partly cemented Depositional surfaces; non-saline plains with hardpan at
Quaternary colluvium, shallow depth and groved vegetation, stony upper plains
alluvium and laterite; and low rises on hardpan or rock, very widely spaced
minor sedimentary rocks tributary drainage tracts and channels; minor stony

of Proterozoic age gilgai plains, sandy banks and low ridges and hills.
Lower Proterozoic Erosional surfaces; plateaux and mountains - extensive
jaspilite, chert, siltstone, high plateaux, mountains and strike ridges with vertical
shale, dolomite and minor  escarpments and steep scree slopes and more gently
acid volcanics. inclined lower slopes; moderately spaced dendritic and

rectangular tributary drainage patterns of narrow valleys
and gorges with narrow drainage floors and channels

Quaternary alluvium and Depositional surfaces; level to gently inclined stony

colluvium plains subject to sheet flow with numerous small, diffuse
drainage foci and groves, stony clay plains with gilgai
microrelief; sparse or rare drainage tracts with tributary,
distributary and reticulated channels.

Quaternary alluvium and Depositional surfaces, level plains with a mosaic of

colluvium stony gilgaied and non-gilgaied surfaces, groved
hardpan plains and stony saline alluvial plains subject to
sheet flow; sparse through drainage tracts with non-
tributary and distributary channels

Quaternary colluvium and  Depositional surfaces; almost level plains of non-saline

alluvium and weakly saline alluvium with gravelly surfaces,
subject to overland sheet flow; drainage foci as small
groves of dense vegetation and through drainage tracts
with minor non-tributary and distributing channels

Quaternary alluvium and Depositional surfaces; lake beds and saline peripheral

lacustrine deposits flood plains forming a termination basin for the upper
reaches of the Fortescue River
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Appendix C - Landscape Function Analysis Data

LFA Patch and Inter-patch References

VMU LFA Data Sheets
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Site name & ID:
Observers:

Start position (GPS):
Compass bearing:
Position in landscape:
Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil at 0.4-1.5m

Tree-shrub complex

Eucalyptus Reference 1; ER1 LFA ID: ER1_LFAJuly2012
JEF Date: 1/07/2012
761231E; 7528607N Length: 25m

150°

Riparian zone to channel base (valley bottom)

<1%

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy clay loam to sandy clay

Stony/armored (minimal)

Eucalyptus victrix Open woodland

Pastoral (cattle), mining and exploration adjacent

Plant Hummock

General Site photo



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:
Position in landscape:
Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Erosion type:
Vegetation type:
Landuse:
Comments:

Bare Soil

Tree-shrub complex

Eucalyptus Reference 2; ER2 LFA ID: ER2_LFAJuly2012
JEF Date: 4/07/2012
716385E; 7532253N Length: 60 m

210°

Riparian zone

n/a

Mara Mamba Formation overlain by tertiary detritals and alluvium
Silty clay to heavy clay

Eroded

Sheetflow zone

Eucalyptus victrix Open Woodland

Pastoral (cattle), mining and exploration adjacent

Plant Hummock

General Site photo



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

General Site photo

Mulga Direct 1; MD1 LFAID: MD1_LFAJuly2012
JEF Date: 1/07/2012
771043E; 7523566N Length: 76.6m

135°

Bottom of slope, sheet flow area

<1%

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy clay loam to sandy clay

Armored/stony (1-50 mm)

Mulga woodland

Pastoral (cattle), mining and exploration adjacent

Elevation 433m

Open Thicket



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

Plant Hummock

Mulga Indirect 1; MI1 LFA ID: MI1_LFAJuly2012

JEF Date: 1/07/2012
774272E; 7523572N Length: 52.2m
270°

Broad floodplain

Mid-slope

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy loam to silt loam

Stony/armored

Mulga woodland

Pastoral (cattle), mining and exploration adjacent

Open Thicket

General Site photo



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

General Site photo

Mulga Indirect 2; MI2 LFA ID: MI2_LFAJuly2012

JEF Date: 2/07/2012
769371E; 7522351N Length: 101.2m
240°

Bottom of hillslope

<1%

Mara Mamba Formation overlain by tertiary detritals and alluvium

Sandy clay loam to sandy clay

Finds (silts) settle out below open thicket at downstream end

Mulga woodland

Pastoral (cattle), mining and exploration adjacent

Bare ground areas are typically free of finds and significantly amoured,
open thicket areas have substantial debris (branches) both local and
transported. Bare ground areas are mostly free of woody debris material.
Open thicket boundaries have smaller less extensive groves (e.g. 1 to 2
trees) but some sediment deposited is evident.

Open Thicket



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

Plant Hummock

Mulga Reference 1; MR1 LFA ID: MR1_LFAJuly2012
JEF Date: 1/07/2012
771221E; 7522268N Length: 105m

214°

Bottom of slope

<1%

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy clay loam to sandy clay

Stony/armored (1-10 mm, but up to 50 mm)

Mulga woodland

Pastoral (cattle), mining and exploration adjacent

Mulga groves intersected by stony bare ground areas with some annuals
(grasses) on the bare ground areas. Mulga groves characterized by an
increase in soil surface undulations/roughness.

Open Thicket

General Site photo



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

Plant Hummock

Mulga Reference 2; MR2 LFA ID: MR2_LFAJuly2012
JEF Date: 4/07/2012
714815E; 7535440N Length: 74m

300°

Broad floodplain

<1%

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy clay loam to sandy clay

Strong with areas of silt deposition

Mulga woodland

Pastoral (cattle), mining and exploration adjacent

Sheetflow area, Depositional zone

Open Thicket

General Site photo



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

General Site photo

Samphire Indirect 1 LFA ID: SI1_LFAJuly2012
JEF & JER Date: 2/07/2012
742526E; 7524648N Length: 6m

240°

Edge of salt marsh

Flat

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy loam to silt loam

Samphire shrubland

Pastoral (cattle), mining and exploration adjacent
Elevation 406 m

Plant Hummock



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

General Site photo

Samphire Impact 2; SI2 LFA ID: SI2_LFAJuly2012
JEF & JER Date: 5/07/2012
734644E; 7527519N Length: 9.2m

150°

Edge of salt marsh

Flat

Mara Mamba Formation overlain by tertiary detritals and alluvium

Silty clay to heavy clay

Presence of salt crust on soil surface

Samphire shrubland

Pastoral (cattle), mining and exploration adjacent

The site is characterized by sheetflow and plant hummocks (elevated) 300
mm above general ground surface (mounds on sediment which are
represented by samphire patches. Sheet flow is predominant between
the mounds with gravel up to 50 mm transported. Soil surface is soft in
patches and breaks up when walked on. The zone is a depositional zone
with active sheetflow.

Plant Hummock



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Bare Soil

General Site photo

Samphire Reference 1; SR1 LFA ID: SR1 LFAJuly2012
JEF & JER Date: 5/07/2012
740803E; 7524802N Length: 25.15m

220°

Edge of salt marsh

Flat

Mara Mamba Formation overlain by tertiary detritals and alluvium

Silty clay to heavy clay

Presence of salt crust on soil surface

Samphire shrubland

Pastoral (cattle), mining and exploration adjacent

Very dense Samphire community, interpatches generally correspond with
animal pathways. No sheetflow is evident and site appears to be ina
stogle (very stable) condition. There is lots of woody material present.

Plant Hummock



Site name & ID:
Observers:

Start position (GPS):
Compass bearing:

Position in landscape:

Slope and Aspect:
Lithology:

Soils:

State of Soil Surface:
Vegetation type:
Landuse:
Comments:

Plant Hummock

General Site photo

Samphire Reference 2; SR2 LFA ID: SR2_LFAJuly2012
JEF & JER Date: 4/07/2012
727638E; 7527994N Length: 9.3m

212°

Edge of salt marsh

Flat

Mara Mamba Formation overlain by tertiary detritals and alluvium
Sandy clay loam to sandy clay

Presence of salt crust on soil surface

Samphire shrubland

Pastoral (cattle), mining and exploration adjacent

No overland flow is evident. This appears to be a salt flat possibly with
very low flows of low velocity. This area experiences inundation
(occasionally) (?rather than flowing).

Grass Flat



Appendix D - Soil Data

Raw VMU Soil Data — Excel Spreadsheet Format.
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