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DISCLAIMER

Pacific Environment acts in all professional matters as a faithful advisor to the Client and exercises all
reasonable skill and care in the provision of its professional services.

Reports are commissioned by and prepared for the exclusive use of the Client. They are subject to and
issued in accordance with the agreement between the Client and Pacific Environment. Pacific
Environment is not responsible for any liability and accepts no responsibility whatsoever arising from the
misapplication or misinterpretation by third parties of the contents of its reports.

Except where expressly stated, Pacific Environment does not attempt to verify the accuracy, validity or
comprehensiveness of any information supplied to Pacific Environment for its reports.

Reports cannot be copied or reproduced in whole or part for any purpose without the prior written
agreement of Pacific Environment.

Where site inspections, testing or fieldwork have taken place, the report is based on the information
made available by the client or their nominees during the visit, visual observations and any subsequent
discussions with regulatory authorities. The validity and comprehensiveness of supplied information has
not been independently verified and, for the purposes of this report, it is assumed that the information
provided to Pacific Environment is both complete and accurate. It is further assumed that normal
activities were being undertaken at the site on the day of the site visit(s), unless explicitly stated
otherwise.
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EXECUTIVE SUMMARY
PROJECT DESCRIPTION

BHP Billiton Iron Ore has been developing mines and infrastructure within its Pilbara operations since
1968. The proposed future development activities include development of greenfield mines and
infrastructure and expansion of brownfields mines and infrastructure, which are collectively referred to
as the BHP Billiton Iron Ore Strategic Proposal (the Proposal).

A strategic approach to assessment of the Proposal has the following key advantages:

®  environmental approval certainty;
" simplification of environmental compliance; and

B optimal environmental outcomes.

This report outlines the methodology for predictive modelling of dust impacts associated with the long
term development of mining operations in the Pilbara region (i.e. Highest Use Scenario).

Modelling of current and proposed future operations was undertaken as part of this assessment.
Modelling of cumulative emissions has demonstrated the potential impact of the BHP Billiton Iron Ore
operations operating both with and without dust control measures in place.

OVERVIEW OF THE ASSESSMENT

Air quality criteria provide the framework to assess the effects of existing and predicted emissions on
human health, amenity and the environment. The criteria used for the study have been derived from a
number of references with preferential selection of criteria consistent with the hierarchy used by the
Department of Environment Regulation and the Environmental Protection Authority.

Air quality impacts from operations have been modelled using the CALPUFF model. CALPUFF has been
configured using meteorological parameters sources from the Weather Research Forecast model
(WRF) and validated with measured data.

The dust modelling used the following key assumptions:

" estimated emissions and source characteristics are based on previous BHP Billiton Iron Ore site
specific air quality assessments;

®  dust generated from the mining activities is modelled as an constant rate area source based
on the latest disturbance footprint; and

The greenhouse gas emissions were calculated using an average fuel use per tonne of material moved
for existing BHP Billiton Iron Ore operations. This weighted average combined with the tonnage of
material moved for future operations was used to calculate the greenhouse gas emissions.

KEY FINDINGS OF THE ASSESSMENT
Emission estimation for the Proposal indicates that:

®  PMio and TSP are proportional to the total tonnage of mining operations. Ratios of 168 (No
Conftrol), 91 (Standard Conftrols) and 29 (Leading Controls) were obtained for the PMio
emissions (tonne/year) to the fotal fonnage for BHP Billiton Iron Ore mining operations for this
study. That means for every million tonne per annum (Mfpa) mined (ore and waste); 168, 91
and 29 tonnes of PMio will be generated for No Control, Standard Control and Leading Confrol
scenarios respectively.

8299 BHPBIO SEA Report_Commercial_Final_Rev2 i
Pilbara Strategic Environmental Assessment — Cumulative Air Quality Assessment
BHP Billiton Iron Ore Pty Ltd | Job Number 8299



Pacific Environment
Limited —

B Greenhouse gas assessment was carried out for the Highest Use scenario (i.e. mine and rail for
BHP Billiton Iron Ore 'Alternative 3A’ mine plan with current operations). The worst case scenario
accounted for 0.8% of the national greenhouse gas level (including Land Use, Land Use
Change and Forestry (LULUCF)) and 6.2% of Western Australia levels (including LULUCF).

It is worth noting that the modelling results for the Proposal are indicative of the potential impacts from
the proposed development in a regional context. This conceptual model includes both BHP Billiton Iron
Ore operations and other third party operations across the 100 year development timeframe. Individual
projects within the assessed area are defined on a “typical” or indicative basis to accommodate the
absence of certainty around specific project definition. Therefore, the results from this study are not
accurate predictions of air quality impacts but can be used as an indicator for prioritising dust
mitigation strategy in the Pilbara Region. It is noted that BHP Billiton Iron Ore has a long history of
implementing dust mitigation measures to minimise impacts at sensitive receptors. Modelling of the
strategic development indicates that:

®  Without any dust control, the dust levels (PMio and TSP) may exceed relevant guidelines at
sensitive receptors.

®  Without any dust control, there is generally a medium to low risk for visibility reduction along
sections of the Great Northern Highway between Cloudbreak and Davidsons Creek.

®  Toreduce the impact to the air quality and to meet assessment criteria selected for this study, it
is essential for BHP Billiton Iron Ore to implement dust controls at all mines in the Pilbara Region.

®  This study provides an indication of higher risk locations that may require an increased focus on
dust confrols in the future.

The conceptual model indicates that implementation of a combination of Standard and Leading
Practice controls should be considered at all mines in the Pilbara Region to achieve:

B 50% control for loading of ore and waste into trucks (accounting for use of water truck during
operations of Front End Loader/Truck and the use of fogging sprays).

B 95% control for stockpiles exposed to wind erosion by using water frucks.

B 90% conftrol (accounting for the use of chemical binding agents) for haul roads.
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Glossary

Definition

Asset

A specific component of the biophysical environment which supports one or more
environmental and/or social values. Examples include the Karijini National Park and
Fortescue Marsh.

Assessment boundary

Refer to ‘region’

Attribute

Quantifiable components that can be monitored, measured or assessed directly.
Attributes confribute to environmental or social values. Examples of attributes include
the abundance of a species and diversity of a population.

Conceptual modelling

A type of diagram which shows of a set of relationships between factors within a
system.

Derived Proposal

A derived proposal is a future proposal which was idenfified in the strategic proposal,
which has been referred to and considered by the EPA, and which is then declared
to be a derived proposal.

Environmental Scoping
Document

The document that presents the proposed studies and investigations to be carried out
as part of the preparation for the SPEA. The results of the studies and investigations
outlined in the ESD will be presented in PERSP.

Landscape

A spatially heterogeneous areaq, scaled relative to the process of interest. Within
landscapes it is usually possible to define a series of different ecosystems, landforms,
habitats and natural or man-made features.

Leading practice

Flexible and innovative approaches to developing and implementing environmental
management solutions that match site-specific requirements.

Operational hub

A location of mining activities on BHP Billiton Iron Ore tenure. The operational hub may
contain one or more processing hubs within it, depending on the mining strategy.

Operations

Collective term for operational hubs

Predictive modelling

A statistical technique used fo expand on existing data and predict a greater spatial
extent and future stafes.

Processing hub

A location within a BHP Billiton Iron Ore operational hub, where mined ore is
processed, stockpiled and loaded for transport. Typically comprised of crushers, ore
handling plant/s, stockyard/s, train loadout and/or conveyors.

Regional scale

At the scale of the region (refer to definition for ‘region’).

Region

The range, area or scope relevant to a specific asset, value or factor of interest. In the
SPEA, the region will vary according fo the asset, value or factor being examined,
and may include ecohydrogeological boundaries, ecological assets, IBRA regions,
species distributions, catchments, watersheds, air sheds.

Strategic Proposal

The proposal for future developments.
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1 INTRODUCTION

BHP Billiton Iron Ore has been developing mines and infrastructure within its Pilbara operations since
1968 and proposes to confinue to do so. The proposed future development activities include
development of greenfield mines and infrastructure and expansion of brownfields mines and
infrastructure, which are collectively referred to as the BHP Billiton Iron Ore Public Environmental Review
Strategic Proposal (the Proposal).

A strategic approach to assessment of the Proposal has the following key advantages:

®  environmental approval certainty;
" simplification of environmental compliance; and

B optimal environmental outcomes.

A cumulative impact assessment of air quality is required to provide indicative or conceptual air quality
impacts (pre and post mitigation), on sensitive receptors.

1.1 Project Description

The Proposal is defined as all proposed mining and associated infrastructure development activities in
the Pilbara. Subject to express exclusions, the Proposal includes all greenfields mine development,
involving resources in which BHP Billiton Iron Ore currently has an interest or may acquire an interest in in
the future, and brownfields development of existing assets. An indicatfive and non-exhaustive depiction
of the likely hub configuration in respect to currently known resources is presented in Figure 1-1. The
location of mining operations may change in the future, for example, in response to newly identified
resources as a result of technology advances or o avoid potential environmental impacts.

Detailed engineering has not yet been undertaken for all of the elements of the Proposal. Elements of
the Proposal will include infrastructure typically used in Pilbara iron ore operations including crushers,
conveyors, ore-handling and screening plants, stockpiles and frain load-out facilities, rail loops,
workshops, warehousing, concrete batching plants, administration facilities, refuelling facilities, laydown
and storage areas, power and water distribution infrastructure, waste disposal, wastewater treatment,
dangerous goods and hazardous materials storage facilities, water treatment facilities and surface
water management infrastructure. Beneficiation facilities with associated tailings dams may also be
proposed for some operations. Road and rail networks to access these operations and allow the
fransportation of ore will also be required.

The Proposal also includes supporting infrastructure related to these operations including, but not
limited to rail spurs, conveyors, worker accommodation, water and gas pipelines, powerlines, access
roads, felecommunications, airports or helipads and water bores.

The alignments of rail corridors as shown in Figure 1-1 are conceptual only, and may change in the
future in response to resource knowledge, processing design and size of plants, commercial
agreements with other parties, and/or technology change. A conceptual rail spur linking the proposed
Rocklea operations to BHP Billiton Iron Ore’s rail network (existing or proposed) has not been identified.
Development of any future rail corridors will seek fo avoid impacts on areas of high environmental
value and conservation estate.

The Proposal also encompasses potential capacity upgrades of the Newman fo Port Hedland rail line,
from the Newman mining hub to the 26 km chainage mark near Port Hedland. This mark represents the
boundary of the proposed BHP Billiton Iron Ore Outer Harbour development rail spur (the Western rail
spur) connection to the Newman to Port Hedland mainline (approved in Ministerial Statement 8%0).
Collectively, these operations and associated infrastructure broadly define the scope of the Proposal
being considered for the SEA.

8299 BHPBIO SEA Report_Commercial_Final_Rev2 1
Pilbara Strategic Environmental Assessment — Cumulative Air Quality Assessment
BHP Billiton Iron Ore Pty Ltd | Job Number 8299



Pacific Environment
Limited —

No specific timeframe applies to the Proposal. It is anticipated that operations will be progressively
developed over the next 100 years.

The SEA is defined at a regional scale. Individual projects within the assessed area are defined on a
“typical” or indicative basis to accommodate the absence of certainty around specific project
definition. The conceptual model developed to represent the potential air quality impacts at the
regional scale includes both BHP Billiton Iron Ore operations and other third party operations across the
100 year development timeframe.

1.2 Strategic Assessment/Approval Process

The SEA comprises of the Strategic Proposal and Strategic Assessment, which are being undertaken
under State and Commonwealth environmental legislation respectively.

For the State environmental assessment process, BHP Billiton Iron Ore will submit a Strategic Proposal to
the Environmental Protection Authority (EPA) for formal environmental impact assessment under the
Environmental Protection Act 1986. The Strategic Proposal considers the environmental impacts and
issues at a regional scale and provides regional management strategies for the Proposal.

Any future developments proposed to be undertaken within the scope of the Strategic Proposal are
referred to the EPA along with a request that it be declared a Derived Proposal. This provides a step
where additional information may be presented to the EPA where required to support the Derived
Proposal declaration.

The Commonwealth assessment process under Commonwealth Environmental Protection and
Biodiversity Conservation Act 1999 is conducted in parallel under a Strategic Assessment process;
however the assessment is limited to Matters of National Environmental Significance.
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Figure 1-1: Regional Context - Strategic Environmental Assessment Conceptual Operation Locations (BHP Billiton Iron Ore, 2015)
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1.3 Objectives and Scope of the Study

Pacific Environment Limited was commissioned by BHP Billiton Iron Ore to undertake an air quality
assessment fo support the strategic environmental assessment. The scope of work included:

®  Developing a base model for the region, using CALPUFF. This includes identifying and validating
the representative model year, emissions estimation of sources within the study area based on
determining an emission rate for the operation, and modelling of the emission sources for a
pre-determined set of scenarios.

® Interpretation of the modelling results in the context of cumulative impacts on a regional scale,
for BHP Billiton Iron Ore future operations (both with and without dust mitigation measures in
place).

®  Assessment of the modelling results (for each scenario) in terms of potential impact and
comparison to the assessment criteria at agreed sensitive receptor locations to determine the
acceptability of the predicted impacted.

Dust is the main pollutant assessed in this study and incorporates the following:

" Total Suspended Particulate (TSP) — refers to the total amount of the PM suspended in air
(regardless of size). Particles in air are subject to gravitational settling; particles larger than
about 30 um in aerodynamic diameter are likely to be removed by gravitational settling within
a short time of being emitted (i.e. they setftle to the ground or other surfaces fairly quickly).
These larger particles are primarily associated with amenity or visibility issues.

®  PMio refers to the total of suspended particulate matter less than 10 um in aerodynamic
diameter. Particles in this size range can enter bronchial and pulmonary regions of the
respiratory fract and can impact human health. Particles in this size range can remain
suspended for many days in the atmosphere.

" Visibility — relates to the reduction in visual distance due to suspended particle light scattering.

In addition to this the greenhouse gas emissions associated with the BHP Billiton Iron Ore operatfions
were also estimated for comparison purposes.

1.4  Structure of this Report

This report outlines the methodology for conducting the air quality cumulative impact assessment to
support the Strategic Proposal (Section 2). The report also presents the results of emission estimation
(Section 6), model configuration and validation (Section 7, Appendix B and Appendix C), model results
(Section 8) along with conclusions of the modelling study (Section 9).
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2 STUDY APPROACH AND METHODOLOGY

An overview of the study approach and methodologies applied is summarised here.

The intent of the assessment is to determine the potential impacts of the Proposal at a regional scale. It
accommodates consideration of projects in a ‘typical’ state of definition rather than specific detail on
the basis that specific details are not reliably defined at this stage of the process. The projects
incorporated into the Proposal are identified here, including the emission estimation framework
applied. The context of historical modelling (project specific basis) is also discussed, along with the
approach applied for developing the new model suitable so that it represents the potential impacts at
the regional scale as required for the strategic proposal.

2.1 Study Area

The conceptual locations and regional setting of the study area is highlighted in Figure 1-1. Current
operations, 30% Development and Highest Use scenario have been identified for the purposes of
emission estimation and inclusion in the dispersion modelling. The disturbance areas for these scenarios
are shown in Figure 2-1, Figure 2-2 and Figure 2-3 (BHP Billiton Iron Ore, 2015). It is worth noting that the
content of these figures is conceptual only, of a general nature and does not purport to contain alll
information relevant to future project development in Pilbara region. The figures have been prepared
solely for the purposes of informing environmental impact assessment pursuant to the Environmental
Protection Act 1986 (WA) and Environment Protection and Biodiversity Conservation Act 1999 (Cwilth)
and are not infended for use for any other purpose. No representation or warranty is given that project
development associated with any or all of the disturbance indicated on these figures will actually
proceed. As project development is dependent upon future events, the outcome of which is uncertain
and cannot be assured, actual development may vary materially from these conceptual maps.
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Figure 2-1: BHP Billiton Iron Ore and Third Party disturbance areas - Current operations scenario
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Figure 2-3: BHP Billiton Iron Ore and Third Party disturbance areas - Highest Use scenario
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21.1 BHP Billiton Iron Ore Operations

BHP Billiton Iron Ore (related) operations identified for inclusion in the SEA are listed in Table 2-1 along
with the relevant mine tonnages (ore and waste) adopted for the three scenarios.

Table 2-1: BHP Billiton Iron Ore operations included in the assessment (BHP Billiton Iron Ore, 2014)
Tonnage (ore and waste) (Mipa)

Operational Hub Processing Hub Current 30% Highest Use
Development

Existing Operations

Newman Orebody 18 (OB18) 24 90 90

Eastern Ridge (incl. Orebody 35 90 90

23/24/25)

Whaleback  (incl.  Orebody 104 90 90

29/30/35)

Jimblebar West 90 20
Jimblebar

Jimblebar East 13 90 90
Mining Area C Mining Area C 115 90 90

Yandi West (OHP 2 and 3) 49 90 90
Yandi

Yandi East (OHP 1) 49 90 90
Roy Hill Roy Hill 90
Tandanya Tandanya 90
Mudlark Mudlark 90 20
South Flank South Flank 90 20
Ophthalmia/Prairie Downs Ophthalmia/Prairie Downs 90
Gurinbiddy Gurinbiddy 90
Mindy Mindy 20
Marillana Marillana 90 20
Coondiner Coondiner 20
Caramulia Caramulla 20
Minister's North Minister's North 90
Munjina / Upper Marillana Munjina / Upper Marillana 90 90
Packsaddle East Packsaddle East 90
Jinidi Jinidi 90 90

2.1.2 Third Party

Related third party operations, i.e. Rio Tinfo Iron Ore (RTIO), Fortescue Metals Group Limited (FMG) and
others, included in the strategic assessment are listed along with the relevant mine fonnage adopted in
the study (Table 2-2).
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Table 2-2: Third Party operations included in the assessment
Tonnage (Mtpa)

Operation Proponents Current @ 30% Comment
Development
and Highest
Use b
Yandicoogina RTIO 52 Commenced in 1998
®  SW Oxbow 26
" SE 16
West Angelas RTIO 29.5 40 Commenced in 2002
Hope Downs 4 RTIO 22 30
Marandoo RTIO 15 16 Commenced in 1994
Koodaideri RTIO - 70 Production planned for 2016
with ~30 year life of mine
Hope Downs 1 RTIO - 30
Christmas Creek FMG 40 50 Commenced in May 2009
Cloudbreak FMG 40 50 Commenced in May 2008
Mindy Mindy FMG - 45
Nyidinghu FMG - 40 Expect fo commence 2018
Davidsons Creek Atlas Iron - 15
Marillana Brockman Resources - 19 ~ 20 Mtpa with around 20 year
life of mine
Iron Valley Iron Ore Holding Ltd - 5
Phils Creek Mineral Resources - 2 7 Mt total, life of mine ~5 years
Roy Hill Roy Hill - 65 Expected to commence from
2015 for 20 years
Note: a Data for 2010

b Tonnage data sourced from publicly available documents
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2.2 Emission Estimation for Sources

In the confext of an air quality assessment the emission rates and sources for existing and future
operations are defined using a ‘typical’ definition of the activity and application of a consistent
estimation method across all sites. This will allow improved efficiency for new development in the
region. To account for the regional setting, and the spatial requirements of the modelling, the emissions
for each existing and proposed mine are determined using a general approach. This approach
references the published National Pollutant Inventory (NPI) data for existing iron ore mines in the Pilbara
region.

The emission estimation process or development of an emission inventory is described in detail in
Section 6.

2.3 Meteorology

Meteorology is a critical component and input to a regional dispersion model. Meteorology of the
region was characterised by analysing measurements from on-site and nearby weather data recorded
by BHP Biliton Iron Ore and the Bureau of Meteorology. Recorded wind speed and direction,
temperature, humidity, rainfall and evaporation data were analysed and described in detail in
Section 4.

2.4 Dispersion Model - Prediction of Impacts

To better reflect the likely air quality conditions of the study area, a model for the Proposal has been
created, using CAPLFUFF (California Puff model) (refer to Section 5).

To account for the regional setting, and the spatial requirements of the modelling, the emissions from
individual sources for each existing and proposed mine are not calculated separately, instead being
determined using a generic approach. This approach uses the published National Pollutant Inventory
(NPI) data for existing iron ore mines; and is correlated with the historical site specific estimated
emissions for BHP Billiton Iron Ore in the Pilbara region to project emissions for future operations. The
emission sources are defined as constant-rate area sources for the whole site based on the latest
disturbance area as provided by BHP Billiton Iron Ore.

241 Model Configuration

The model configurations determined through the emissions estimation process and meteorological
analysis were entered into the CALPUFF dispersion model, in conjunction with ferrain and land-use data
for the region.

Scenarios representing various development stages were modelled, specifically:

®  Existing BHP Billiton Iron Ore operations with dust control
" Existing third party operations

®  Proposed 30% Development/ Highest Use BHP Billiton Iron Ore operations with no conftrol,
standard dust control and leading dust confrols

" Proposed 30% Development/ Highest Use third party operations with standard controls
B Cumulative Operations (Third Parties and BHP Billiton Iron Ore operations without dust control)

®  Cumulative (Third Parties and BHP Billiton Iron Ore operations with dust control)

241 Interpretation of Model Results

The model results (for each scenario) were analysed and interpreted by comparison to the pre-
determined ambient air quality assessment criteria. Results are presented both in terms of statistics and
as concentration contfours.
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3 AIR QUALITY ASSESSMENT FRAMEWORK

This assessment has considered the emissions to air in the form of particles (or dust), and greenhouse
gases. To assess the relative impact or significance of the emissions, comparison is made to appropriate
assessment criteria. Environmental standards, guidelines and criteria from Australia and abroad were
evaluated for relevance to this assessment. Particular consideration is given to assessing the potential
impact on human health, amenity and the environment.

3.1  Criteria for Assessing Impacts

Precedence was given to the criteria listed in the current National Environment Protection Measure for
Ambient Air Quality (Air NEPM) (NEPC, 1997) and the Kwinana Environmental Protection Policy (EPP)
(EPAWA, 1999)

3.1.1 National Environmental Protection Measure for Ambient Air Quality (Human Health
and Amenity)

The National Environment Protection measure (NEPM) for Ambient Air Quality provides a set of ambient
air standards that are designed to protect human health and wellbeing. In Western Australia, this
criterion is applied to sensitive receptors, defined as residences, hospitals, school and other places
where people may congregate including sporting and recreational venues. In addition, the Port
Hedland Industries Council Taskforce guideline is reference for indication only in this assessment (DSD,
2010). These PMio guidelines (shown in Table 3-1) will therefore be referenced in this assessment.

Table 3-1: Ambient PM;o Criteria to be used in the Assessment

Al Averaging i -
Substance  Guideline (ug/m?) @ Period Maximum allowable exceedances per year
PMio 50 24-hour 5 allowed exceedances.
PMio 70¢c 24-hour 10 allowed exceedances

a. At Standard Temperature and Pressure — 0 °C, 1 atm.
b. Inthe airshed from all sources.
c.  Forreference only

3.1.2  Environmental Protection (Kwinana) (Atmospheric Wastes) Policy and Regulations
(Human Health and Amenity)

In Western Australia, the main criterion used to assess TSP comes from the Environmental Profection
(Kwinana) (Atmospheric Wastes) Policy and associated regulations (Kwinana EPP). The Kwinana EPP
specifies three different zones; Area A, B and C. These areas represent industrial zoning (A), buffer
zoning (B), and the zone outside Area A and B (C) (EPA, 1999). Typically, the Mining Area C criteria
shown in Table 3-2) are applied at sensitive receptor locations. The Mining Area C criteria for TSP will
therefore be referenced in this assessment.

Table 3-2: Ambient TSP Criteria to be used in the Assessment

Nielylelelfe] Limit Averaging Maximum allowable exceedances per year b

Substance (ug/m3) @ (ug/m?) Period

TSP 90 150 24-hour

d. At Standard Temperature and Pressure — 0 °C, 1 atm.
e. Inthe airshed from all sources.

3.1.3  Visual Assessment (Visual Distance Lost)

The Victoria EPA has adopted a one-hour standard for visibility-reducing particles (minimum visual
distance in dry air), being 20 km (EPA VIC, 1999). The New South Wales Department of Environment and
Heritage (OEH) adopts visibility as a measure indicating the presence of fine parficles (haze) (OEH,
2014). The method of measure is based on determining the amount of light scattering by the fine
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particles. The greater the concentration of particles, leads to the greater the extent of light scattering
and the higher the visibility reading (in units of 104 m'). A high visibility reading indicates lower visibility
in the atmosphere due to light scattering. The OEH one-hour visibility goal of 2.1 104 m-!, corresponds to
a visual distance of approximately ? km.

3.2 Criteria for Assessing Greenhouse Gas Emissions

Federal parliament passed the National Greenhouse and Energy Reporting Act 2007 (NGER Act) in
September 2007. The NGER Act establishes a mandatory obligation on corporations which exceed the
defined thresholds to report greenhouse gas emissions, energy consumption, energy production and
other related information (DCCEE, 2014).

The NGER Act is one of a number of legislative instruments related to greenhouse reporting, which
together form the National Greenhouse and Energy Reporting (NGER) System, this being:

®  The National Greenhouse and Energy Reporting Regulations 2008 (DCC, 2008), which provides
the necessary details that allow compliance with, and administration of, the NGER Act.

® The National Greenhouse and Energy Reporting System Measurement 2014 (DCCEE, 2014),
which provides methods and criteria for calculating greenhouse gas emissions and energy
data under the NGER Act.

®  The National Greenhouse and Energy Reporting (Audit) Determination 2009 (DCCEE, 200%9a),
which sets out the requirements for preparing, conducting and reporting on greenhouse and
energy audifs.

The NGER Act is seen as an important first step in the establishment of a domestic emissions trading
scheme. This intention is explicitly stated in the objectives for the NGER Act, as follows:

B establish a baseline of emissions for participants in a future Australian emissions frading scheme;
®  inform the Australian public;
® meetinternational reporting obligations; and

B assist policy formulation of all Australian governments while avoiding duplication of similar
reporting requirements.

The GHGs evaluated in this study are carbon dioxide (CO2), nitrous oxide (N20O), and methane (CHa). As
the effects of greenhouse gases are assessed at a global scale, the use of dispersion modelling does
not provide useful analysis. Greenhouse gas emissions are therefore considered in terms of fotal
emissions produced, using the methodology consistent with the NGER System framework requirements.

The NGER framework requires the reporting of ‘direct GHG emissions’ (Scope 1) and ‘indirect GHG
emissions due to energy product use’' (Scope 2). Another category of greenhouse gas emissions
recognised internationally is ‘other indirect GHG emissions’ (Scope 3). These categories are summarised
in Table 3-3. GHGs from the combustion of fuel (Scope 1) and Scope 2 emissions associated with
electricity consumption have been included in this study.
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Scope

Scope 1: Direct
greenhouse gas
emissions

Table 3-3: Scope of GHG Emission Calculations

Description

GHGs emitted from sources owned or
controlled by the reporting entity. Principally
result from fuel combustion.

Treatment in study

Associated with diesel combustion.
Emissions calculated in study.

Scope 2: Energy product

use

Indirect GHG emissions from the generation
of purchased energy products by the entity.
Scope 2 emissions occur at the facility that
generates the electricity, rather than the
facility that uses the electricity.

Associated with energy demand.
Emissions calculated in study.

Scope 3: Other indirect

greenhouse
emissions

gas

GHG emissions that are a consequence of
the activities of an entity, but which arise
from sources not owned or controlled by
that entity (e.g. exfraction and production
of purchased materials, transportation of
purchased fuels, and use of sold products
and services).

Not calculated in this study on the basis
that Scope 3 emissions were not part of
the Scope of Work.

With reference to the guidance provided by EPA WA (2002), the GHGs from the combustion of fuel
have been included in this assessment. This is to provide a reflective estimate of the greenhouse gas
emissions from the proposed future operations in the Environmental Review Document for the Strategic
Proposal. Measures to minimise greenhouse gas emissions are detailed in this report.

3.3 Summary of Emissions Assessed and Assessment Criteria

The emissions quantified, modelled and reported are summarised in Table 3-4.

Table 3-4: Summary of Substances Quantified, Modelled and Reported
Substance | Quantified

Particulate Matter

TSP

Modelled

Greenhouse Gases

CO2e

\ (Scope 1 &2)

No
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4 CLIMATE, METEOROLOGY AND AMBIENT AIR QUALITY

This section provides a contextual summary of the existing environmental aspects relevant fo the air
quality assessment. It includes consideratfion of tfopography, land use (including sensitive receptors),
meteorology, and existing (background) ambient air quality in the vicinity of the study area.

The climate and meteorological characteristics of the region control the dispersion, transformation and
removal (or deposition) of pollutants from the atmosphere (i.e. ambient air quality). For the purposes of
understanding the local climatology, an 11 year data set of meteorological parameters recorded in
the region to determine the most representative model year for general conditions at the Pilbara
Region (ie. meteorological conditions and background air quality). The most recent 11 years of
historical (meteorological) surface observations at the Wittenoom and Newman Airport Bureau of
Meteorology sites (2001 to 2012, inclusive) were reviewed. Wind speed, ambient temperature and
relative humidity were compared to the long term averages for the region to determine the most
representative year. The meteorological conditions indicate the most representative year in terms of
wind speed, wind direction and rainfall was considered to be 2009 followed by 2010. However, based
on data availability and recorded annual average concentrations, the year 2010 was selected as the
most representative year for meteorological and background air quality conditions for the Pilbara
region and included in the model.

4.1 Climate of the Pilbara Region

The climate in the Pilbara region is arid to fropical characterised by high temperatures, high
evaporation rates, occasional intense rainfall and regular cyclonic activity. There are two major
seasons: hot summers (October to April) when the majority of rainfall occurs; and mild, relatively dry
winters (May to September). The weather is largely controlled by the seasonal oscillation of an anti-
cyclonic belt (high-pressure system) in the sub-tropics.

The three specific weather phenomena that are of greatest importance to the Pilbara region are:

" tropical cyclones frequently accompanied by damaging winds, storm surge and flooding

B strong easterly winds in the winter caused by the development and intensification of anti-
cyclones over southern Western Australia or South Australia

®  major cloud bands that develop in winter and extend from the north-west coast, across the
continent, bringing rain to the north-west and the interior of the continent.

The study area is approximately 300 km south of Port Hedland (Figure 1-1). With the assessment area
being located in the Pilbara Region, it is likely to be affected by dispersion characteristics typical of an
inland environment, including:

®  Unstable (or convective) atmospheric conditions in daytime.

®  Stable atmospheric conditions dominating at night and in the early morning hours.

The projections for future climate of the Pilbara region generally predict a hotter and drier climate
(Loechel, Hodgkinson, & Moffat, 2011). The climate models suggest a greater degree of uncertainty for
future rainfall trends in the region. The Pilbara region is already notorious for its hot conditions; the
temperature trends suggest an even more difficult environment in future. In addition, increased
evapotranspiration and reduced rainfall, in a context of continued industry and population growth,
can be expected to put additional stress on the water resources available. In addition, it is also
projected that the severity of exireme weather events or storms could increase, including an increase
in the strength of tropical cyclones impacting the Pilbara region. An increase in tropical cyclone
intensity not only increases the degree of destruction at the cenfre of the cyclone but also the
geographic area over which the cyclonic winds and flooding rains impact.
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The semi-arid nature of the Pilbara lends itself to being a naturally dusty environment. Wind-blown dust
is expected o be a significant conftributor to the ambient dust levels in the area.

4.2 Review of Meteorological Data

The data collected from the Wittenoom and Newman Airport climate monitoring stations (BOM, 2013)
were used to describe the prevailing meteorological conditions in the study area.

Meteorological data obtained included average hourly wind speed, wind direction and temperature,
rainfall and humidity. The analysis of the data included wind roses, diurnal temperature profiles, and
atmospheric  stability classifications.  This data analysis provides a general description and
understanding of the local climate and supports the emission estimations and dispersion model set-up.
Analysis of meteorological data is also used in the analysis to identify or determine a representative
year for dispersion modelling (see Appendix A).

421 Wind Speed and Wind Direction

The seasonal wind roses for Newman Airport, as recorded at the Bureau of Meteorology location (2001-
2012) are presented in Figure 4-1 to Figure 4-4. Wind speed and wind direction are not available at the
Wittenoom monitoring station. Collectively these figures show that the dominant annual wind directions
are north-westerly during the summer months and south-easterly during the winter months. Spring also
shows high north-westerly dominance, driven by land-sea temperature differences in the lead up to the
summer months. The distinct seasonal pattern of westerly/north-westerly winds in summer and south-
easterly winds in winter is consistent, albeit with some variations from year to year.
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Figure 4-1: Summer wind rose (2001-2012) Figure 4-2: Autumn wind rose (2001-2012)
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Figure 4-3: Winter wind rose (2001-2012) Figure 4-4: Spring wind rose (2001-2012)

Note: Date sourced from Bureau of Meteorology, Newman, (BoM, 2013).

Further analysis of wind speeds was undertaken to identify a year that is representative of the long term
(15-year mean) average conditions. This analysis was undertaken using the Mann-Whitney U-test
(described in detail in Appendix A). The analysis identified years 1998, 2008, 2009 and 2010 as being
representative of the 15-year mean wind conditions.

4.2.2 Rainfall

Rainfall, in the context of dispersion modelling, is important for understanding the likelihood of natural
dust suppression occurring.

Rainfall in the region is highly variable and predominantly limited to the summer and autumn months
with very little rainfall occurring between winter and spring. Most rain occurs in the space of a few days
(less than 5 days) per month, consistent with the infrequent (but climatically significant) cyclonic and
sform events of the region. Rainfall statistics are illustrated in Figure 4-5 (Wittenoom) and Figure 4-6
(Newman). The figures show the mean rainfall and average days of rain per month measured between
1950 and 1971 to 2013, respectively (BoM, 2013). The significant differences between the mean rainfall
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and the maximum recorded rainfall in each month are due to the impact of tropical depressions in the
region.
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Figure 4-5: Monthly rainfall data for Wittenoom (1950- Figure 4-46: Monthly rainfall data for Newman Airport
2013) (BoM, 2013) (1971-2013) (BoM, 2013)

Further analysis of the Wittenoom and Newman rainfall statistics were undertaken to identify a year that
is representative of the long term (11-year mean) average condifions. This analysis was undertaken
comparing total rainfall (described in detail in Appendix A). The analysis identified years 2001 and 2006
as recording rainfall higher than long term 90" percentile, therefore likely to lead to an underestimate
of dust levels; with 2005 and 2007 recording rainfall in both Wittenoom and Newman close to the 10t
percentile.

The BoM rainfall statistics for Newman over 32 years show only the total rainfall amounts of Year 2002,
2005, 2007, 2008, 2009 and 2010 to fall within the 10" and 90t percentile of the long term total rainfall
amount (BOM, 2013).

423 Temperature

Air temperature, in the context of dispersion modelling, is important for understanding the buoyancy of
the dust generated on site, and the likelihood of the development of mixing and inversion layers in the
model domain.

The long term monthly temperature statistics for Wittenoom and Newman are presented in Figure 4-7
and Figure 4-8 respectively. These figures show the average monthly maxima and minima as well as the
highest and lowest tfemperature recorded during the period 1951 to 2013 (Wittenoom) and 1996 to 2013
(Newman).

Average temperatures in Wittenoom range from 26°C to 39°C during summer, with maximum recorded
temperatures of up to 48°C. During winter the temperature typically varies from 11°C to 31°C, with
lowest minimum temperatures just above 1°C. Average temperature in Newman range from 24°C to
39°C during summer, with maximums of up to 47°C. During winter the temperature typically varies from
6°C to 30°C, with lowest minimum temperature of -2°C. The study area is, therefore, represented by hot
summers and cold winfers.
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Figure 4-7: Monthly temperature data for Wittenoom Figure 4-8: Monthly temperature data for Newman
(1951-2013) (BOM, 2013) Airport (1996-2013) (BOM, 2013)

Further analysis of temperature was also undertaken to identify a year that is representative of the long
term (13-year mean) average conditions. This analysis was undertaken using the Mann-Whitney U-test
(described in detail in Appendix A). The analysis identified year 2009 being representative of the 15-
year mean temperature conditions.

424 Relative Humidity

Relative humidity, in the context of dispersion modelling, is important to understand reduced visibility.
High relative humidity can significantly increase the effect of pollution on visibility. Particles would
accumulate water and grow to sizes at which they are more efficient at scattering light and reduce
visibility.

The long term humidity statistics in Wittenoom and Newman at 9 am and 3 pm are presented in Figure
4-9 and Figure 4-10 respectively. Both figures have similar frends which show the humidity is typically
high during the winter period and is generally low during the summer period. This is reflecting the arid
nature of the region.
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Figure 4-9: Monthly relative humidity data for Wittenoom Figure 4-10: Monthly relative humidity data for Newman
(1951-2012) (BoM, 2013) Airport (1994-2012) (BoM, 2013)

4.3 Review of Ambient Air Quality in the Pilbara region

The semi-arid landscape of the Pilbara makes it a naturally dusty environment with wind-blown dust a
significant contributor to ambient dust levels within the region. This was highlighted by the aggregated
emission study that was conducted by SKM in 2000 (SKM, 2003). This study found that the Pilbara region
emitted around 170,000 tonnes of windblown particulate matter in the 1998/99 financial year. In order
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to deftermine the existing background concentration of PMio to be included in the model, it is
necessary to review the ambient air quality data in the region.

4.3.1 Air Quality Monitoring Network

As part of the environmental management regime, BHP Billiton Iron Ore has an ambient air quality
monitoring network in place in the vicinity of the inland Pilbara operations. The current network consists
of six ambient air monitoring and two meteorological stations in the region, shown in Figure 4-11. Siting
of the stations was originally planned or infended to measure background dust concentrations (or
regional dust concentrations) and to measure the potential impact of the operations at indicative
sensitive receptor locations.
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Figure 4-11: BHP Billiton Iron Ore monitoring network at Newman (2013)

Previous analysis of data from the BHP Billiton Iron Ore operations has demonstrated the impact of
mining operations at each of the ambient monitoring stations, as well as the effect of local
topography. Ambient monitors in the vicinity of Mining Area C have been demonstrated to be
influenced by operations in the vicinity of the monitor (PEL, 2013c). This data is therefore not
representative of the regional background concentrations.

Alternatively, BHP Billiton Iron Ore operates two background monitoring stations in the Newman region,
identified as Background 1 (BG1) and Background 2 (BG2).

BG1 is located less than 1 km to the north west of the Mt Whaleback operation waste dumps (Figure
4-11). The prevailing wind directions in this region are easterly to south easterly (Section 4.2.1) therefore
this monitoring station would be expected to be heavily influenced by emissions from the mining
operations at Whaleback. The data from BG1 is therefore not considered to be representative of the
regional particulate concentrations.

BG2 is located approximately 5 km south east of the Newman Township (Figure 4-11). The prevailing
wind direction in this region is easterly to south easterly in autumn and winter; as well as north westerly in
spring and summer (refer to Section 4.2.1). This location is not expected to be impacted by mining
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activities in the region due to its distance (approximately 8 km) from the mining operations and
prevailing wind direction during the year. Therefore the background concentrations in this assessment
have been determined solely from BG2.

4.3.2  Air Quality Monitoring Data

Monitoring data for BG2 was obtained for the period 2009 to 2012. Data obtained included both 10-
minute and 24-hour average data for this ambient monitoring station. The analysis of the data included
a review of the statistics. The data analysis provides a general description and understanding of the
local air quality (based on current emission sources) and supports the emission estimations and
dispersion model set-up. Analysis of monitored data is also used in the analysis to identify or determine a
representative year for dispersion modelling.

The TSP and PMio dust concentrations recorded by BHP Billifon Iron Ore at BG2 from January 2009

through to December 2012 are presented in Figure 4-12 and the concentration statistics are displayed
in Table 4-1 (BHP Billiton Iron Ore, 2013a).

Particulate concentrations, especially TSP, were exiremely high in 2009. One possible cause of these
high annual concentrations was the contribution by wildfires or over grazing resulting in poor vegetation
cover. This increases the wind erosion potential in the region. In addition, 2009 and 2012 recorded
moderate data recovery (i.e. below 90%). Therefore these two years were not considered to be a
representative year for background particulate concentrations.
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Figure 4-12: Background PMio concentration at Background 2 monitoring station (2010 - 2013)

From Table 4-1 and Table 4-2, it is shown that the annual average concenfrations of PMio and TSP are
slightly higher in 2010 than 2011. Therefore the data from 2010 was used as background concentrations
for this assessment. For this assessment a background PMio concenfration of 18 pg/m3? and a
background TSP concentration of 33 pg/m?3 was considered to be reflective of the region. These were
based on the 70" percentile of PMio and TSP concentrations in 2010 (Table 4-1 and Table 4-2).
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Table 4-1: Statistics for PMio at BG2 monitoring station

2009 2010 2011 2012
Max 153 590 92 194
99th percentile 99 63 70 77
95th percentile 67 37 34 55
90th percentile 54 30 28 35
70th percentile 31 18 19 21
Average 28.5 18.3 16.5 20.4
Data Recovery 85% 99% 95% 83%

Table 4-2: Statistical summary for TSP monitoring data in BG2 (ug/m?)

2009 2010 2011 2012
Max 722 288 119 146
99th percentile 448 163 95 97
95th percentile 236 82 68 68
90th percentile 168 59 54 55
70th percentile 93 33 35 35
Average 90.1 31.7 29.8 29.9
Data recovery 85% 99% 96% 83%

4.4 Representative Year

The analysis of meteorological parameters (see Appendix A) indicated that a number of years were
suitably representative of the long term average conditions:

" Wind - 1998, 2008, 2009 and 2010
®  Rainfall - 2002, 2005, 2007, 2008, 2009 and 2010 (with 2002, 2008 and 2009 closest)
" Temperature - 2002 and 2009

The meteorological conditions highlight that the most representative year in terms of wind speed, wind
direction and rainfall was considered to be 2009, with 2010 also being a reasonable option. Taking into
account the availability of ambient air quality data, the year 2010 was suitable, however, 2009 was not
considered suitable for further analysis due to the poor data recovery percentages.

On this analysis, the year 2010 was considered to be most representative for basing the modelling work.
In making this determination is noted that 2012 has a higher proportion of northerly winds at the
expense of north-westerly to westerly winds, higher maximum wind speeds and significantly higher
rainfall than 2009. The increased precedence of northerly winds in 2012 was likely to influence the
locations receiving concentrations of particulate matter. The higher maximum wind speeds may lead
to an increase in the dispersion of particulate matter before reaching sensitive receptors however, it
may also increase the degree of wind erosion occurring on exposed surfaces and increase the
concentration of particulate matter blown down wind. Higher rainfall was likely to reduce the
concentration of particulate matter in the air by water droplets adsorbing onto the surface of the
particle and depositing on the ground below. The background air quality for the region was also higher
in 2012 than 2009, which provides a more conservative estimate with the possibility of a high number of
maximum ground level concenfrations due to high background air quality. While 2010 presents a
slightly less ideal meteorological year than 2009, the available monitoring data makes 2010 appropriate
for the model year for the study area.
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5 MODEL SELECTION

Modelling guidelines issued by the Department of Environment Regulation and the Environmental
Protection Authority (DoE, 2006) for assessing air quality impacts through dispersion modelling allow
discretion in the choice of model, model set up and emission estimation techniques.

In regulatory applications the prediction of ambient concentrations and deposition using dispersion
models influences abatement strategies that may be required (e.g. emission controls). The accuracy of
models (i.e being representative) is therefore important and may affect substantial levels of
expenditure on emissions management.

The suites of models that are commonly used in Australia include AUSPLUME, CALPUFF and AERMOD.
While AERMOD and AUSPLUME are based on an assumption of steady-state meteorology (generically
known as ‘plume models’), CALPUFF is based on non-steady state meteorology (‘puff model’).

Plume models assume instantaneous, straight-line fransport of emissions between source and receptor
based on hourly-averaged wind speed and direction data. For that reason they are described as
steady-state models: plume calculations for one hour assume a meteorological field that is constant in
fime and space, and contain no memory of what happened in previous hours. Plumes can appear to
fravel unrealistic distances in a straight line when winds are light and variable.

Non-steady state models (including puff models) track discrete parcels of emissions as they move with
the wind. They calculate variable dispersion depending on position of the puff within the model
domain and the corresponding local flow conditions.

An illustration of how the formulation of the two types of models can lead to substantial differences in
predicted plume behaviour is presented in Figure 5-1. The non-steady state solution evolves as the wind
field changes in both time and space. The figure demonstrates an hourly sequence and shows the
differences between steady-state and non-steady-state models in conditions of changing winds and
terrain influences. The top sequence was generated by a steady-state model, the lower sequence by a
non-steady state model. The same fimes and emissions source locations have been used. In the lower
sequence, arrows indicate surface wind and black lines are terrain contours.
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Figure 5-1: Comparison of steady-state and non-steady-state models
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As outlined in Section 2.3, meteorology is a critical component and input to a regional dispersion
model. Air dispersion model configuration and performance needs to be reflective of the actual
setting, else the interpretation of results becomes questionable and highly caveated. Therefore, Pacific
Environment applied an innovative approach to address available regional meteorological condifions
into air dispersion modelling as described below.

5.1 Selection of Air Dispersion Model for the Pilbara Region

Previous dispersion modelling studies in the Piloara have used the Commonwealth Scientific and
Industry Research Organisation (CSIRO) designed model TAPM to predict the meteorology used as
input into atmospheric modelling studies. Concerns have been raised about the suitability of TAPM due
to ifs known limitations, namely over predicting the occurrence of light winds, and inability to predict
high wind speeds. In the context of the Pilbara, these are critical limitations particularly for assessments
where dust estimates are based on wind influences.

For the strategic assessment, Pacific Environment coupled the CALPUFF model with the Weather
Research Forecast (WRF) model to improve upon historical limitation in dispersion modelling and to
better reflect the likely air quality conditions of the operations and the regional setfting in the Pilbara
Region.

5.1.1 The Weather Research and Forecasting Model

The WRF Model is the next-generatfion mesoscale numerical weather prediction system replacing the
MMS5 system. The model was primarily designed to serve both operational forecasting and atmospheric
research. WRF features multiple dynamical cores, a 3-dimensional variational data assimilation system
and a software architecture allowing for computational parallelism.

The model allows for simulations reflecting either real data or idealized configurations and is a
computationally efficient operational forecasting tool developed to include recent advances in
physics, numerics and data assimilation contributed by the research community. WRF is suitable for
scales ranging from metres to thousands of kilometres. Using WRF for processing of meteorological data
for dispersion modelling is a recent development and is currently becoming best practice for many
applications, especially where there is a paucity of observational data.

WRF was developed (and confinues to be developed) in the United States by a collaborative
partnership including the National Center for Atmospheric Research (NCAR), the National Oceanic and
Atmospheric Administration, the National Centers for Environmental Prediction (NCEP), the Forecast
Systems Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research Laboratory, the
University of Oklahoma, the Federal Aviation Administration (FAA) and others (WRF, 2012).

For the strategic assessment, the WRF model was configured for a 3 nest structure with the inner-most
domain of approximately 5 km resolution. The WRF processed meteorological data, both surface and
upper air, and then used as an input to CALMET for further processing down to the fine scale used in
the dispersion modelling.

CALMET uses WRF modelled meteorological inputs in combination with land use and geophysical
information for the modelling domain to predict gridded meteorological fields for the region of interest.
CALMET includes a wind field generator containing objective analysis and parameterised treatments of
slope flows, terrain effects and terrain blocking effects. The pre-processor produces fields of wind
components, air temperature, relative humidity, mixing height and other micro-meteorological
variables to produce the three-dimensional meteorological fields that are used in CALPUFF. In this
assessment, the gridded meteorological output of CALMET is used to drive CALPUFF.
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5.1.2  California Puff Model (CALPUFF)

Cadalifornia Puff model (CALPUFF) is a multi-layer, multi-species non-steady state puff dispersion model
that can simulate the effects of time- and space-varying meteorological conditions on pollutant
fransport, transformation and removal (Scire et al., 2000a). CALPUFF can simulate the effects of time-
and space-varying meteorological conditions on pollutant transport, fransformation and removal. The
model employs dispersion equations based on a Gaussian distribution of pollutants across the puff and
takes into account the complex arrangement of emissions from point, area, volume and buoyant line
sources.

CALPUFF contains algorithms for near-source effects such as building downwash, partial plume
penetration, sub-grid scale interactions as well as effects such as pollutant removal, chemical
fransformation, vertical wind shear, a Probability Distribution Function for dispersion in the convective
boundary layer and coastal intferaction effects (e.g. sea-breeze recirculation and fumigation within the
Thermal Internal Boundary Layer).

CALPUFF calculates the pollutant concentration downwind of a source or sources based on the
following information:

®  Pollutant emission rate

®  Emission source characteristics
®  Surrounding buildings

®  Local topography and land-use
®  Meteorology of the area and

®  Receptor network.
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6 EMISSION ESTIMATION

This sectfion outlines the development of an emissions inventory for the current, proposed 30%
Development and the Highest Use scenario for operations in the study area. The emissions and emission
sources for existing and proposed operations in the study area are defined using a ‘typical’ definition of
the activity and application of a consistent estimation method across all sites. This enables an
evaluation of the Proposal without detailed mine planning and design data. To account for the
regional setting, and the spatial requirements of the modelling, the emissions for each existing and
proposed mine are determined using a general approach. This approach references the published
National Pollutant Inventory (NPI) data for existing iron ore mines, published stripping ratio for individual
mines as well as tonnage and disturbance footprint data provided by BHP Billifton Iron Ore for future
development in the Pilbara region.

6.1 Overview

An emission estimate for all existing mines is provided through an understanding of the output for each
mine (ore and waste), which when combined together provides an indication of the relationship
between the tofal tonnes mined and a site emission rate. This relationship supports estimation of the
emissions from future mines fo be included in the strategic assessment.

Emission estimation is undertaken for each mine and contains the cumulative emissions from each
operation including:

®  Haulroad

®  Loading and unloading (ore and waste)
®  Wind erosion

" Blasting

®  Crushing / screening

®  Stacking / Reclaiming

®  Rail load out

" Miscellaneous transfers

This provides an emission estimate for all existing processing hubs and through an understanding of the
output for each mine (ore and waste) provides an indication of the relationship between the total
tonnes mined and a site emission ratfe. This relationship supports estimation of the emissions from future
processing hubs to be included in the strategic assessment.

For modelling purposes it is imperative that all emission sources from a processing hub (existing, future
and proposed) are identified and emissions calculated. Not doing this will result in an under estimation
of the emissions and subsequently an under prediction of the potfential impacts. Emission estimation
and subsequent benchmarking with existing operations has verified the similarities between the
proposed emission esfimation methodology and a more detailed site specific emission estimation
methodology. The benchmarking confirms this proposed methodology is acceptable (PEL, 2012, 2013
and 2014).

Source apportionment has used data from previous emission estimation and modelling studies to
determine the conftribution from each of the activities listed above o the fotal emission rate (PEL, 2012,
2013 and 2014).

The following sections outline the emission estimation process used to develop the emission inventory. A
more detailed outline is provided in Appendix D.
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6.2 Emission Estimation Process

To account for the regional setting, and the spatial requirements of the modelling, emissions from
individual sources at each existing and proposed mines are not calculated separately, instead being
determined using a generic approach.

Emissions from existing BHP Billiton Iron Ore mines have been primarily based on historic site specific
data. In the absence of site specific emissions, reference has been made to the National Pollution
Inventory (NPI) reporting. As for the third party operations, emissions are based on published NPI data.
The emission sources are defined as constant-rate area sources for the whole site based on the
indicative disturbance area provided by BHP Billiton Iron Ore.

6.2.1 NPI data

Reported NPI data is used to derive emissions for the current operations in the Pilbara Region. The
emission data is freated as a constant emission rate for each mine. It is worth noting that the reported
NPI emission calculations were historically conducted by different third parties and discrepancies might
occur due to different choices in emission factors.

Three years of data (2010, 2011 and 2012) have been analysed in this project. It is also noted that some
iron ore mines only commenced operation in 2010 and 2011. As a result emission data from 2012 were
adopted to represent the current emission for this project.

Table 6-1: NPl data from Iron Ore mines in the Pilbara region (Source: NPl database
NPI PMio Emission (kg per year)

Iron Ore Mines

2010 2011 2012*
BHP Billiton Iron Ore

Eastern Ridge (Orebody 23/25 Operations) 1,930,984 2,598,221 2,750,918
Jimblebar 1,362,060 1,356,128 2,278,548
Mining Area C 7,920,308 7.811,683 8,991,792
Orebody 18 1,580,971 2,021,527 2,158,939
Whaleback (incl. Orebody 29/30/35) 4,327,291 4,471,475 5,389,313
Yandi 5,415,521 9,571,115 10,863,354
Christmas Creek Operations 3,925,458 8,169,432 16,100,032
Cloudbreak Operations 9,787,966 8,030,677 15,205,604
Hope Downs 1 Mine 3,981,094 3,922,615 3,768,086
Hope Downs 4 Mine N/A N/A 310,770
Marandoo Mine 1,658,407 1,633,471 1,248,612
West Angelas Mine 4,349,633 3,609,753 2,826,469
Yandicoogina Mine 2,466,327 3,717,037 2,978,011

* Note: Year 2012 was the most up to date year that NPl data available at the beginning of this project.

6.2.2 Tonnage

Mining activities involve movement of ore and waste that may lead fo the generation and emission of
dust. In order to obtain a representative relationship between the total tonnes mined and the emission
rate, it is essential to understand the output for each mine (ore and waste). The current, conceptual
30% Development and conceptual Highest Use tonnages of BHP Billiton Iron Ore processing hubs are
presented in Table 6-2, Table 6-3 and Table 6-4 respectively.
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The tonnages presented in the 30% Development and Highest Use scenarios are conceptual only and
are based on an average mining rate expected for a typical mine in the Pilbara. The Highest Use
scenario assumes that all future BHP Billiton Iron Ore processing hubs will operate at a typical rate of 45
Mtpa for ore and 45 Mtpa of waste material, which represents a conservative case. It is unlikely that all
future processing hubs would operate at these rates simultaneously. However, the Highest Use scenario
was considered to be fit for purpose for this regional air quality assessment, in predicting areas of higher
potential risk that will inform mitigation decisions in the future.

Table 6-2: Current tonnage (2013) of BHP Billiton Iron Ore processing hubs

(o] () Waste Total Tonnage
Processing hub
(Mtpa)  (Mtpa) (Mtpa)
Orebody 18 15 9 24
Eastern Ridge (including OB24,25) 9 26 35
Jimblebar East 13 13
Whaleback 55 49 104
Mining Area C 52 63 115
Yandi West (OHP 2 and 3) 37 12 49
Yandi East (OHP 1) 37 12 49

Table 6-3: Projected conceptual tonnage of BHP Billiton Iron Ore processing hubs (30% Development scenario)
Tonnage (Mtpa)

Processing hub

Waste
Orebody 18 45 45 90
Eastern Ridge (incl. OB24 and 25) 45 45 90
Jimblebar West 45 45 90
Jimblebar East 45 45 90
Whaleback 45 45 90
Mining Area C 45 45 90
Yandi West (OHP 2 and 3) 45 45 90
Yandi East (OHP 1) 45 45 90
Mudlark 45 45 90
South Flank 45 45 90
Marillana 45 45 90
Munjina / Upper Marillana 45 45 90
Jinidi 45 45 90
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Table 6-4: Projected conceptual Highest Use tonnage of BHP Billiton Iron Ore processing hubs
Tonnage (Mtpa)
Processing hub Ore Waste Total
Orebody 18 45 45 920
Eastern Ridge (incl. OB24 and 25) 45 45 90
Jimblebar West 45 45 90
Jimblebar East 45 45 90
Whaleback 45 45 90
Mining Area C 45 45 90
Yandi West (OHP 2 and 3) 45 45 90
Yandi East (OHP 1) 45 45 920
Roy Hill 45 45 90
Tandanya 45 45 90
Mudlark 45 45 90
South Flank 45 45 90
Ophthalmia/Prairie Downs 45 45 90
Gurinbiddy 45 45 90
Mindy 45 45 90
Marillana 45 45 90
Coondiner 45 45 90
Caramulia 45 45 90
Minister's North 45 45 90
Munjina / Upper Marillana 45 45 90
Packsaddle East 45 45 90
Jinidi 45 45 90

For third party operations in the Pilbara Region, the total fonnage (ore and waste) from each mining
operation was estimated using the waste to ore rafios collected from various sources (Table 6-5). The
waste fo ore ratios from West Angelas, Yandicoogina and Koodaideri were not available at the time of
writing, and were assumed to be identical to a nearby mine with similar ore type. It is worth noting that
these values are indicative for use in this strategic assessment and might not reflect the actual amount
of waste produced per year.
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Table 6-5: Summary of waste to ore ratio for Third Party operations

Estimated
Operation Waste “Ore — Ore — Waste fofal Waste to ore ratio references
P ratio  ratio (MT)e (M) tonnage
(MTPA)
Cloudbreak 4.2 1 50 210 260 FMG(2011)
Davidsons Creek 3 1 15 45 60 FerrAus Limited (2010)
Hope Downs 4 1.42 1 30 42.6 72.6 Hancock (2014)
West Angelas 2.3 1 40 92 132 Assumed to be similar to Mining Area C
(BHP Billiton Iron Ore, 1998)
Hope Downs 1 1.19 1 30 35.7 65.7 EPA (2009)
Marandoo 4.5 1 16 72 88 RTIO (2008)
Yandicoogina SW Oxbow 0.35 1 26 9.1 35.1 Assumed to be similar to BHP's Yandi
mine (BHP Billiton Iron Ore, 2005)
Yandicoogina SE 0.35 1 16 5.6 21.6 Assumed to be similar to BHP's Yandi
mine (BHP Billiton Iron Ore, 2005)
Phils Creek 0.3 1 2 0.6 2.6 DEC (2012)
Iron Valley 1.8 1 5 9 14 URS (2012)
Marillana 0.8 1 19 15.2 342 Brockman Resources Limited (2010)
Koodaideri 0.8 1 70 56 126 Assumed to be the same as Marillana
Roy Hill 4.56 1 65 296.4 361.4 Roy Hill (2011)
Christmas Creek 4.2 1 50 210 260 FMG (2011)
Mindy Mindy 0.6 1 45 27 72 ENVIRON (2004)
Nyidinghu 2 1 40 80 120 FMG (2012)

Note: @ Information sourced from publicly available documents

6.2.3 Dust control methods and reductions

Dusts emissions from mining operations can be controlled in various ways. Typical dust control methods
used by BHP Billiton Iron Ore (Standard Controls) and recommended leading dust controls (Leading
Confrols) are listed in Table 6-6.

Three scenarios were developed for the air quality assessment:

®  No Conftrol - estimated emissions arising from the likely operating activities with no dust
management control. Historically, BHP Billiton Iron Ore operations adopt Standard dust controls
however this hypothetfical scenario is intended to demonstrate the importance of
implementing dust controls onsite;

®  Standard Controls — estimated emissions arising from the likely operating activities with a typical
suite of BHP Billiton Iron Ore operating controls;

®  Leading Conftrols — estimated emissions arising from the likely operating activities with the
leading dust confrols. These controls were identified based on review of various documents
including the NPI manuals and USEPA AP-42 documents.
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Table 6-6: Summary of control factors for typical BHP Billiton Iron Ore operations in the Pilbara region

Operation Dust control method and Emission Reduction

Mining ‘
Bulldozing No control
Loading ore and waste Standard: no control

Leading: 50% for water sprays in specific pits

Loading ore from ROM pad to crusher | Standard: 50% for level 1 water sprays
Leading: 83% for level 2 water sprays

Unloading waste No control
Unloading ore at ROM pad No control
Unloading ore into crusher Standard: 50% for level 1 water sprays

Leading: 83% for level 2 water sprays

Drilling Standard: 50% for cyclone
Leading: 99% for water injection

Blasting No control

Wind Erosion in OSA and ROM pad Standard: 50% for water sprays

Leading: 90% for chemical surfactant and good housekeeping

Haul road

Hauling Standard: 50% for level 1 watering (2 litres/m2/h)
Leading: 90% for chemical dust suppressant

Processing facility

Unloading ore into primary crusher Standard: 50% for water sprays
Leading : 85% for water sprays and wind shield

Primary crushing of ore Standard: 50% for water sprays
Leading: 83 % for extraction

ROM stacker Standard: 30% for boom sprays
Leading: 30% for boom sprays

Screening plant Standard: 40% for extraction
Leading: 83% for extraction with fabric filters

Transfer station Standard: no control
Leading: 50% for water sprays (including BWS)

Stackers Standard: 30% for boom sprays
Leading: 30% for boom sprays

Train load out Standard: 30% for water sprays
Leading: 30% for water sprays

Wind erosion in open area Standard: 50% for water
Leading: 90% for chemical surfactant and good housekeeping

6.3 Estimated emissions

When determining which emission estimation techniques (EETs) to use for the BHP Billiton Iron Ore
operations, precedence was given to BHP Billiton Iron Ore site-specific empirical equations. These
methods have been adopted in previous projects in the same region (PEL, 2012, 2013 and 2014). In the
absence of BHP Billiton Iron Ore site-specific empirical equations, EETs in the relevant National Pollutant
Inventory (NPI) Manuals were adopted. For activities or substances where Australian NPl data were
unavailable, international emission factors were sourced from USEPA AP-42. The specific EETs, emission
factors used for previous assessments in the Pilbara region are detailed in Appendix D.

PEL has undertaken assessments for various mining operations in the Pilbara region. All of these
modelling assessments have followed a generic approach of assessing impact for No Control, Standard
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Control and Leading Control scenario. The tonnage (ore and waste) data together with the annual
emissions from various BHP Billiton Iron Ore mines are presented in Table 6-7. Due to the commercially
sensitive nature of this information, the table lists generic mine names. However, the emissions and
tonnages are based on site specific information and are used fo generate an average emission rate.
This average emission rate is used for projecting emissions for proposed BHP Billifon Iron Ore mining
operations is shown in Table 6-7.

Table 6-7: Summary of tonnages and estimated PMio emission at BHP Billiton Iron Ore processing hubs in the Pilbara

region
Scenario Ore (tonnes) Waste (tonnes) Tofal fonnage P EmEION
(tonnes per year) (kg/year)
No Confrol 2,145,171
Mining Standard 1,261,885 7,357,395 8,619,280 1,152,600
Operations1T @ ——m M ———
Leading 303,036
No Confrol 24,971,992
Mining —
X Standard 59,076,973 90,638,627 149,715,600 13,405,983
Operations2
Leading 4,224,007
No Confrol 20,776,303
Mining —
X Standard 70,000,000 52,954,987 122,954,987 11,415,134
Operations3
Leading 3,692,942
No Confrol 15,964,489
Average Standard 43,446,286 50,317,003 93,763,289 8,657,906
Leading 2,739,995

The data presented in Table 6-7 is presented in graphical format in Figure 6-1. This figure displays the
relationship between the estimated PMio emissions and the fotal tonnages of proposed BHP Billiton Iron
Ore processing hubs in the Piloara region. The lines of best fit indicate the estimated PMio emissions of
BHP Billiton Iron Ore mines in the Pilbara region are proportional to the total tonnage across all three
scenarios.

For comparison purposes, third party current emissions extracted from the NPl database are also
plotted on Figure 6-1. The majority of the third party emission data lies between the lines of best fit of
Standard Controls and Leading Confrols. In a conservative approach, the projected future third party
PM1o emissions are calculated as per Standard Controls.
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Figure 6-1: Relationship of estimated PMio emission versus total tonnage

Based on the above analysis, the estimated PMio emissions (No Control, Standard Controls and Leading
Confrols) for BHP Billiton Iron Ore processing hubs in the Pilbara region for the 30% Development
scenario are summarised in Table 6-8. The projected PMio emission from Third Party mining operations in
the Piloara region is presented in Table 6-9. Based on typical BHP Billiton Iron Ore particle size
distribution, a scaling factor of 2.83 is applied to calculate the TSP emissions from BHP Billiton Iron Ore
processing hubs as well as the third party mining operations; the total emissions are listed in Table 6-8
and Table 6-9 respectively.

The estimated PMio emissions (No Control, Standard Controls and Leading Controls) for BHP Billiton Iron
Ore processing hubs in the Pilbara region for the Highest Use scenario are summarised in Table 6-10. The
projected PMio emission from Third Party mining operations with Standard Control in the Pilbara region is
presented in Table 6-9. Based on typical BHP Billiton Iron Ore particle size distribution, a scaling factor of
2.83 is applied to calculate the TSP emissions from BHP Billiton Iron Ore processing hubs as well as the
third party mining operations; the total emissions are listed in Table 6-10 and Table 6-9 respectively.

In addition, a summary of the scaled TSP emissions from current operations of BHP Billiton Iron Ore and
Third Party is presented in Table 6-11.
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Table 6-8: Estimated emission of BHP Billiton Iron Ore processing hubs in the Pilbara region in 30% Development
scenario
PMo emission (tonnes/year) TSP emission (tonnes/year)

Ore and No Standard Leading No Standard Leading

Processing hub
waste control Control control control controls controls

(MT/year)

Jimblebar West

Jimblebar East

Jinidi

Mining Area C

Marillana

Mudlark Well 90 15,147 8,208 2,610 43,320 23,475 7,465

Munjina (Identical values are assigned to all BHP Billiton Iron Ore operations in 30% Development
scenario)

Eastern Ridge
(OB23 and OB25)

OB31

South Flank

Whaleback

Yandi
Total 1,080 181,764 98,496 31,320 519,845 281,699 89,575

Table 6-9: Estimated emission of Third Party mining operations in the Pilbara region in 30% Development and Highest
Use scenarios

Ore and

r——— o
(MT/year)

Cloudbreak 260 23,712 67,816
Davidsons Creek 60 5,472 15,650
Hope Down 4 73 6,621 18,936
West Angelas 132 12,038 34,430
Hope Down 1 66 5,992 17,137
Marandoo 88 8,026 22,953
Yandicoogina SW Oxbow 36 3.324 9.507
Yandicoogina SE 32 2,955 8,451

Phils Creek 49 4,432 12,676

Iron Valley 14 1,277 3,652
Marillana 34 3,119 8,920
Koodaideri 126 11,491 32,865

Roy Hill 361 32,960 94,265
Christmas Creek 234 21,341 61,035
Mindy Mindy 72 6,566 18,780
Nyidinghu 120 10,944 31,300
Total 1,757 160,270 458,373
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Table 6-10: Estimated emission of BHP Billiton Iron Ore processing hubs in the Pilbara region — Highest Use scenario

PMio emission (tonnes/year) TSP emission (tonnes/year)

(o] d
1€ an No Standard Leading No Standard Leading

control Control control control controls controls

e 31113% waste
(MT/year)

Orebody 18

Eastern Ridge
(OB 23, 24 and 25)
Jimblebar West

Jimblebar East

Whaleback

Mining Area C

Yandi West (OHP 2
and 3)
Yandi East (OHP 1)

Roy Hill

Tandanya 90 15,147 8,208 2,610 43,320 23,475 7,465
Mudlark

South Flank

(Identical values are assigned to all BHP Billiton Iron Ore operations in Highest Use scenario)

Ophthalmia/Prairie
Downs
Gurinbiddy

Mindy

Marillana

Coondiner

Caramulla

Minister's North

Munjina / Upper
Marillana
Packsaddle East

Jinidi

Total 1,980 333234 180,576 57,420 953,049 516,447 164,221
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Table é-11: Estimated emission of current mining operations in the Pilbara region
PMio TSP
BHP Billiton Iron Ore (kg per year)
Mining Area C 8,992 25,717
OB18 2,159 6,175
Whaleback 5,389 15,413
Eastern Ridge 2,751 7,868
Yandi 10,863 31,069
Jimblebar 2,279 6,517
Total 32,433 92,758
Christmas Creek Operations 16,100 46,046
Cloudbreak Operations 15,206 43,488
Hope Downs 1 Mine 3,768 10,777
Hope Downs 4 Mine 311 889
Marandoo Mine 1,249 3,571
West Angelas Mine 2,826 8,084
Yandicoogina Mine 2,978 8,517
Total 42,438 121,371
Grand total 74,870 214,129

6.4 Greenhouse gases emission

Information on greenhouse gas emissions (by fuel type) was provided by BHP Billiton Iron Ore for the
following 5 operations: Mining Area C, Yandi, Orebody 24/25, Orebody 18 and Mt Whaleback mine.
The data on fuel usage, together with the tonnage of material moved, was used to generate a
weighted average fuel use per tonne of material moved. This was used to calculate the greenhouse
gas emissions for the three scenarios, i.e. Current, 30% Development and Highest Use.

6.4.1 Greenhouse Gas Emissions

The total Greenhouse gas (GHG) emissions from BHP Billiton Iron Ore operations in the Pilbara Region for
the three scenarios are presented in Table 6-12. The total GHG emissions from the current, 30%
Development and Highest Use scenarios are 0.9, 2.6 and 4.4 Mt CO2-e respectively.

Table 6-12: GHG emission from BHP Billiton Iron Ore Operations in the
Pilbara Region (million tonnes CO.-e

Scenario Current 30% Development Highest Use
Scope 1 Emissions 0.6 1.8 3.0
Scope 2 Emissions 0.3 0.8 1.4
Total Emissions 0.9 2.6 4.4
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6.4.2 Greenhouse Gas Contribution

The GHG contribution of BHP Billiton Iron Ore operations in the Piloara region are presented in Table
6-13. Emission estimates from the Pilbara Region are annual estimates for the year indicated. The
methodology for these calculations is described in Appendix D.

Table 6-13: Greenhouse Gas Emissions Contribution from the Pilbara Region (Current, 30% Development and Highest

Geographic Source Coverage Timescale Emission Description

Coverage Mt COz-e

Australia Total scope 1 and 2011-2012 554.6 (DCCEE, 2015)

Scope 2 emissions Including Land Use, Land Use

Change and Forestry (LULUCF)

Australia Total scope 1 and 2011 -2012 543.6 (DCCEE, 2015)

Scope 2 emissions Excluding Land Use, Land Use

Change and Forestry (LULUCF)

Western Australia Total scope 1 and 2011 -2012 83.2 (DCCEE, 2015)

Scope 2 emissions Including Land Use, Land Use

Change and Forestry (LULUCF)

Western Australia Total scope 1 and 2011 -2012 80.6 (DCCEE, 2015)
Scope 2 emissions

Excluding Land Use, Land Use
Change and Forestry (LULUCF)

BHP Billiton Iron Ore in | Total scope 1 and Current 1.0%¢° Percentage greenhouse gas
Pilbara Region Scope 2 emissions 1.1%P conftribution of current scenario
0.2%¢
0.2%¢
BHP Billiton Iron Ore in | Total scope 1 and 30% 3.1%¢ Percentage greenhouse gas
Pilbara Region Scope 2 emissions Development 3.0%p contribution of 30%
Development scenario
0.5%¢
0.5%4
BHP Billiton Iron Ore in | Total scope 1 and Highest Use 5.3%¢ Percentage greenhouse gas
Pilbara Region Scope 2 emissions 5.4%p contfribution of Highest Use
scenario
0.8%¢
0.8%d

a Contribution in comparison to total Western Australian GHG emissions including LULUCF.
b Contribution in comparison to total Western Australian GHG emissions excluding LULUCF.
¢ Contribution in comparison to total Australian GHG emissions including LULUCF.
d Contribution in comparison fo total Australian GHG emissions excluding LULUCF.

6.5 Visibility

The methodology used to assess the potential risk in visibility reduction along a 230 km section of the
Great Northern Highway (70 km south of Munjina Airport to 30 km south of Newman Airport) is
presented in this section.

Visibility studies are often undertaken to assess the reduction in visibility caused by the formation of
secondary pollutants in the atmosphere. Given that the main focus of the current study was dust, a
literature review was undertaken to identify relationships between dust and observed visibility.
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Reference was made to an Australian study undertaken by Baddock et.al (2014). The formula used to
define the relationship between Total Suspended Dust and Visibility is presented by the equation below
(Baddock M.C, 2014):

TSD = 4050 x Visibility 1016
Where,
TSD = 5-minute total suspended dust in pg/m3
Visibility = Visibility in km

The methodology adopted for emission estimation is using a ‘typical’ definition of the activity and
application of a consistent estimation method across all sites (Section 6.2) which represents a high level
approach. Based on the visibility calculated, the following risk ratings have been adopted in this
assessment:

®  High risk — visibility is up to 1 km
" Medium risk — visibility is from 1 km to 2 km

B Lows risk — visibility is from 2 km to 3 km

The risk rating has been restricted to 3 km to assess visibility reduction in the vicinity of the mining
operations. Given the limited information available to assess visibility, such conservative rating is
considered appropriate for the SEA. It is to be noted that these visibility risk ratings are indicative.

The process undertaken to convert the model predicted 24-hour maximum TSP concenfration fo a
5 minute TSP concentration for use in the aforementioned equation, is outlined in Section 6.5.1 and
Section 6.5.2.

6.5.1 Conversion of TSP concentration from 24-hour to 1-hour averaging period

In the first step, the 24-hour TSP concentrations are converted info a 1-hour average concenfration.
Reference was made to the data recorded at the background monitoring station BG2. Statistics of the
ratio of 1-hour to 24-hour TSP concentrations recorded at the background station (BG2) for the period
2010 - 2013 is presented in Table 6-14. The value corresponding to the 95t percentile was used to
calculate the maximum 1-hour TSP concentrations during a day. This approach is considered
conservative and avoids unrealistically high concentrations.

Table 6-14: Ratio of 1-hour and 24-hour TSP concentrations at BG2 (2010-2013

NieliNile Statistic
Maximum 19 20t Percentile 2
99t Percentile 12 10t Percentile 2
95th Percentile 8 5th Percentile 2
90t Percentile 6 Minimum 1
70" Percentile 4 Average 4
50t Percentile 3 Standard Deviation 2.1
40t Percentile 3 Data Recovery 76%
30t Percentile 2
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6.5.2 Conversion of TSP concentration from 1-hour to 5-minute averaging period

In the next step, the peak to mean concentration formula as recommended by the VicEPA (2013) was
adopted to convert hourly TSP concentrations into a 5-minute average TSP concentration. Although
this equation is recommended for use with AERMOD it is also applicable for use with CALPUFF in
screening level assessments. The VicEPA equation is:

TAO.Z
C,=C, x (2
LT (Tt>

Where,
Ci= concentrations at the required averaging period
Ca= concentration at the known averaging period
Ti= time in minutes for the required averaging period

Ta= fime in minutes for the known averaging period
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7 MODELLING CONFIGURATION

This section describes the model used to predict ground level concentrations from the derived emission
rates and meteorological data.

CALPUFF (Scire et al., 2000a) is a multi-layer, multi-species non-steady state puff dispersion model that
can simulate the effects of time and space varying meteorological conditions on pollutant transport,
transformation and removal. It is an USEPA regulatory model (USEPA, 2008b) and is widely used in
Australia. The model contains algorithms for near-source effects such as building downwash, partial
plume penefration, sub-grid scale interactions as well as longer-range effects such as pollutant
removal, chemical fransformation, vertical wind shear and coastal interaction effects. The model
employs dispersion equations based on a Gaussian distribution of pollutants across the puff and takes
info account the complex arrangement of emissions from point, area, volume, and line sources.

In addition to the three-dimensional meteorological data output from CALMET (Appendix B); CALPUFF
requires the following input data:

®  source locations
" emission data

" receptorinformation.

CALPUFF is a USEPA regulatory model for long-range transport or for modelling in regions of complex
meteorology. It is the preferred dispersion model for use in coastal and complex terrain situations and is
currently the best model to apply for advanced odour dispersion modelling. Detailed description of
CALPUFF is provided in the user manual (TRC, 2011).

The receptor grid for the dispersion modelling was, as for the meteorological modelling, at a grid
spacing of 1.3 km with additional discrete receptors representing the surrounding nearest receptors.

A sample CALPUFF input file typical of those used in this assessment is presented in Appendix E. The
main model options and assumptions used are listed below:

® Al individual operations were modelled as constant-rate area sources. It is noted that area
sources in CALPUFF account for plume meander;

" building wake effects were excluded
" surface and upper air observations were generated for every grid point in 3D (Appendix B)

" terrain information was obtained from Shuttle Radar Topography Mission (SRTM) at 3 arc, 90 m
resolution

®  pollutant was modelled as a particle accounting for dry depletion. Geometric mean mass
diameter and standard deviation provided in Appendix F.

®  wind speed profile set to ISC rural parameters

®  dispersion coefficients computed from sigma v, sigma w using micrometeorological variables
(u*, w*, L, etc.)

® 12 cell faces heights defined up to 3000 m (0, 20, 40, 60, 80, 100, 150, 200, 250, 500, 1000, 2000,
3000)

" maximum travel distance of a puff (in grid units) during one sampling step set to 1

" maximum number of puffs released from one source during one time step reduced to 60
B maximum number of sampling steps for one puff during one time step reduced to 60

" minimum wind speed (m/s) allowed for non-calm conditions reduced to 0.5 m/s

B default and user defined land use categories with geophysical parameters defined for each
grid point as detailed in Appendix B.
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The emission source parameters for all modelled sources are presented in Appendix F.
7.1 Other Model Parameters

7.1.1 Meteorological Data

The WRF processed meteorological data was input to CALMET for further processing to finer resolution
used in the dispersion modelling. The CALMET output file generated for 2010 contains three-dimensional
gridded fields of U, V, W wind components and air temperature, two-dimensional fields of surface
friction velocity, mixing height, Monin-Obukhov length, convective velocity scale, and precipitation
rate (Appendix B).

A time series air quality meteorological data file, containing hourly values of these parameters at every
grid point is input directly into CALPUFF and used to predict pollution dispersion.

7.1.2  Grid System

CALPUFF model can calculate concentrations both on a set grid (gridded receptors) and at specified
locations (discrete receptors). The model was configured fo predict the ground-level concentrations on
a rectangular grid. The model domain was defined as 175 km in the north-south direction and 265 km
in the east-west direction and has its south-west corner at 596.963 km Easting and 7389.250 km Northing
(UTM Zone 508, km). This grid approach was chosen to restrict the duration of model runs while using the
particle deposition algorithms. Thirty six discrete receptors were included to give an indication of dust
concentrations at specific locations (Section 7.1.3).

7.1.3 Discrete Receptors

Dust concentrations were modelled at 26 discrete receptors. The locations of these receptors are
presented in Table 7-1and Figure 7-1.
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Table 7-1: Selected sensitive receptor locations
Receptor ID Easting (m) Northing (m) Name Type
1 652,321 7,468,375 Juna Downs Homestead
2 825,483 7,464,467 Ethel Creek Homestead
3 747,479 7,495,073 Marillana Homestead
4 651,662 7,555,182 Mulga Downs Homestead
5 719,290 7,393,667 Prairie Downs Homestead
6 811,750 7,388,078 Sylvania Homestead
7 678,283 7,512,021 Munijina East Gorge Lookout
8 676,697 7,505,825 Fig Tree Crossing Lookout
9 662,753 7,457,807 Mt Meharry Lookout
10 761,772 7,424,559 Mt Newman Lookout
1 778,663 7,413,664 Tower Hill Lookout
12 630,018 7,523,861 Karijini Eco Retreat Recreation camp site
13 794,257 7,415,934 Ophthalmia Dam Recreation site
14 783,071 7,404,610 Round Hill Recreation site
15 775,106 7,449,800 Hickman Crater Recreation site
16 726,288 7,464,069 Weeli Wolli Spring/Outfall Recreation site
17 765,881 7,433,047 Stuarts Pool Recreation site
18 776,023 7,433,093 Kalgan Pool Recreation site
19 763,923 7,442,594 Eagle Rock Hole Recreation site
20 689,526 7,450,659 Mt Robinson Rest stop
21 671,172 7,521,766 Munijina Roadhouse Roadhouse
22 672,582 7,524,176 Auski Village Roadhouse
23 787,812 7,404,112 Capricorn Roadhouse Roadhouse
24 779,758 7,414,360 Newman Town centre
25 742,012 7,443,807 Rhodes Ridge Town site
26 681,740 7. 546,480 Wirlu-Murra Aboriginal community
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Figure 7-1: Sensitive Receptor Locations
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714 Source characteristics

A total of 17 sources were used to represent current emissions, 44 sources were used to represent 30%
Development scenario emissions and 60 sources were used o represent the Highest Use scenario, as
shown in Figure 7-2, Figure 7-3 and Figure 7-4 respectively. The emission rates for BHP Billiton Iron Ore and
Third Parties for the different scenarios are presented in Appendix F.

The effective height and sigma z for all sources in this study were derived from weighting mean of a
source apportionment analysis for Mining Area C (PEL, 2014). Details of the sources including source
identification, type, location and characteristics (height, horizontal and vertical spreads) are also
presented in Appendix F. The source parameters listed in the tables of Appendix F are identical to those
used in the modelling input files and are included in this report for transparency.
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7.1.5 Model Uncertainty

Atmospheric dispersion models represent a simplification of the many complex processes involved in
determining ground-level concentrations of substances.

Model uncertainty is composed of model chemistry/physics uncertainties, data uncertainties, and
stochastic uncertainties. In addition, there is inherent uncertainty in the behaviour of the atmosphere,
especially on shorter timescales due to the effects of random turbulence. The generic sources of
uncertainty in dispersion models and their potential effects of this assessment are summarised in Table

7-2.

If modelling results are to be used for decision-making, it is essential to provide some indication of the
model uncertainty. This information about uncertainties associated with modelling results can be as
important as the modelling results in some cases.

Source

Oversimplification of
physics in model code
(varies with type of model)

Table 7-2: Summary of Main Sources of Modelling Uncertainty

‘ Effects

A variety of effects that can lead to both under-prediction and over-prediction.
Errors are greater in Gaussian plume models, which do not include the effects of
non-steady-state meteorology (i.e., spatially- and temporally-varying
meteorology).

Errors in emissions data

Ground-level concentrations are proportional to emission rate. Plume rise is
affected by source dimensions, temperature and exit velocity.

Errors in wind data

Wind direction affects direction of plume travel. Wind speed affects plume rise
and dilution of plume, resulting in potential errors in distance of plume impact from
source, and magnitude of impact.

Errors in stability estimates

Gaussian plume models use estimates of stability class, and 3-D models use explicit
vertical profiles of temperature and wind (which are used directly or indirectly to
estimate stability class for Gaussian models). In either case, errors in these
parameters can cause either under prediction or over prediction of ground-level
concentrations.

Errors in temperature

Usually the effects are smalll, but temperature affects plume buoyancy, with
potential errors in distance of plume impact from source, and magnitude of
impact.

Inherent uncertainty

Models predict ‘ensemble mean’ concentrations for any specific set of input data
(say on a 1-hour basis), i.e., they predict the mean concentrations that would
result from a large set of observations under the specific conditions being

modelled. However, for any specific hour with those exact mean hourly conditions,

the predicted ground-level concentrations will never exactly mafch the actual
pattern of ground-level concenfrations, due fo the effects of random furbulent
motions and random fluctuations in other factors such as temperature.
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8 PREDICTED AIR QUALITY IMPACTS

This section presents the results of atmospheric dispersion modelling for the strategic assessment. The
modelling results are presented for the 26 sensitive receptor locations identified for the study. The
modelling results are compared to the assessment criteria described in Section 3.

8.1 Overview of Modelling

Modelling was conducted (TSP and PMio) and results developed for a series of scenarios to
demonstrate the relative impact during the progressive development of BHP Billiton Iron Ore operations.
As this development is planned fo occur over a 100 year timeframe, an indicative (and consistent)
approach has been applied to the definition and emission estimation of operations, both existing and
future. The modelled scenarios are:

®  Scenario 1 - Existing
o  BHP Billiton Iron Ore: Existing BHP Billiton Iron Ore operations (in isolation of other operations
with background)
o  Third Party Operations: Existing third party operations (in isolation of any BHP Billiton Iron Ore
Operations with background)
o Cumulative: Cumulative current operations (i.e. BHP Billiton Iron Ore operations and third
party operations with background)

®  Scenario 2 - Conceptual 30% Development

o  BHP Billiton Iron Ore: BHP Billiton Iron Ore scenario (including current BHP Billiton Iron Ore
operations) in isolation of third party operations with background. This scenario
includes separate analysis of operations:

= Without dust control applied (No Confrol)
=  With standard dust confrols applied (Standard Controls)
=  With leading dust controls applied (Leading Confrols)

o Third Party Operations: Reasonably foreseeable third party operations (in isolation of any
BHP Billiton Iron Ore Operations with background)

o  Cumulative: Cumulative 30% Development scenario (i.e. conceptual 30% Development
BHP Billiton Iron Ore operations and reasonably foreseeable third party operations
with background). This scenario includes separate analysis of BHP Billiton Iron Ore
operations:

=  Without dust control applied (No Control)
= With standard dust controls applied (Standard Confrols)
=  With leading dust controls applied (Leading Controls)

®  Scenario 3 - Highest Use Scenario

o  BHP Billiton Iron Ore: Highest Use Scenario of current and all reasonably foreseeable future
BHP Billiton Iron Ore operations running concurrently in isolafion of third party
operations with background. Also includes separate analysis of operations:

=  Without dust control applied (No Control)
= With standard dust controls applied (Standard Confrols)
=  With leading dust controls applied (Leading Controls)

o Third Party Operations: Highest Use operations (in isolation of any BHP Billifon Iron Ore
Operations with background)

o  Cumulative: Cumulative Highest Use Scenario of BHP Biliton Iron Ore operations and
reasonably foreseeable third party operations with background. Also includes
separate analysis of BHP Billiton Iron Ore operations:

= Without dust control applied (No Control)
=  With standard dust conftrols applied (Standard Controls)
=  With leading dust controls applied (Leading Conftrols).
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8.2 Scenario 1 - Existing

Modelling results for the existing BHP Billifon Iron ore and third party operations are presented in this
section. The emissions used to model this scenario are presented in Section 6. The source emission rates
and parameters are presented in Appendix F.

8.2.1 Assessment of PMio (potential impact on human health)

To assess the impact of modelled PM1o, concentrations, averaged over 24-hours, are compared to the
NEPM 24-hour average of 50ug/m?® and Taskforce 24-hour average of 70ug/m?® (Section 3.1).

8.2.1.1 Existing BHP Billiton Iron Ore Operations

The key aspects of the impact assessment from existing BHP Biliton Iron Ore Operations with
background are summarised below, and presented in Figure 8-1 and Table 8-1:

" The maximum 24-hour average concentration is higher than the NEPM and Taskforce criteria at
2 sensitive receptors, i.e. Tower Hill and Newman (Table 8-1).

®  QOut of the 2 impacted sensitive receptors, a higher number of excursions are noted at Tower
Hill which is an intermittently occupied receptor.

®  The excursions noted at these receptors indicate the potential for existing BHP Billiton Iron Ore
operations to impact air quality in the Pilbara Region.

® At these 2 impacted receptors, there is considerable reduction from the 24-hour average
maximum PMio concentrations predicted (Table 8-1) when the lower 24-hour average
percentiles (99th to 90th percentiles) are considered. For example at the Tower Hill receptor, a
drop of 11% in concentrations is noted from the maximum to the 99t percentile (in 24-hour
average) and a drop of 43% in concenfration is noted from the maximum to the 95t
percentile.

®  The maximum predicted concentrations could therefore be regarded as a single extreme
event which may occur under certain meteorological conditions.
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Figure 8-1: Maximum predicted 24-hour average PMio concentrations for existing BHP Billiton Iron Ore operations with background
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Table 8-1: Predicted 24-hour PMio Concentrations at receptors including background (ug/ms3):
Existing BHP Billiton Iron Ore operations

E & & & @2 gy &

Receptor Receptor type g § § § § o o

2 S o o

(U (U
Juna Downs Homestead 27 25 23 22 20 20 - -
Ethel Creek Homestead 22 21 20 19 18 18 - -
Marillana Homestead 25 22 21 20 19 19 - -
Mulga Downs Homestead 21 20 20 19 18 18 - -
Prairie Downs Homestead 23 22 21 20 19 19 - -
Sylvania Homestead 26 22 20 19 18 18 - -
Munjina East Gorge Lookout 25 24 23 22 20 20 - -
Fig Tree Crossing Lookout 27 26 24 23 21 20 - -
Mt Meharry Lookout 25 23 21 21 20 19 - -
Mt Newman Lookout 36 32 27 26 22 21 - -

Tower Hill Lookout 159 142 21 65 37 35 66 34
Karijini Eco Retreat Recreation Camp 20 20 20 19 19 19 - -

Site
Ophthalmia Dam Recreation Site 50 37 29 26 23 22 - -
Round Hill Recreation Site 46 36 32 28 21 21 - -
Hickman Crater Recreation Site 25 23 21 21 19 19 - -
Weeli Wolli Recreation Site 31 26 22 21 19 19 - -
Spring/Outfall

Stuarts Pool Recreation Site 28 25 23 22 20 20 - -
Kalgan Pool Recreation Site 31 28 25 24 21 20 - -
Eagle Rock Hole Recreation Site 24 23 22 21 20 19 - -
Mt Robinson Rest Stop 34 32 26 24 19 20 - -
Munjina Roadhouse Roadhouse 22 21 21 20 19 19 - -
Auski Village Roadhouse 22 21 20 20 19 19 - -
Capricorn Roadhouse Roadhouse 38 36 29 25 21 21 - -

Newman Town centre 104 82 64 55 34 31 45 14
Rhodes Ridge Town site 22 21 20 20 19 19 - -
Wirlu-Murra Aboriginal 22 21 20 19 18 19 - -

Community

8.2.1.2  Existing third party operations

The key outcomes of predicted PMio impact from the existing third party operations with background
are summarised below, and presented in Figure 8-2 and Table 8-2:

" No excursions of the 24-hour maximum PMio criteria (NEPM and Taskforce criteria) are noted at
any of the identified receptors.

" The top three maximum 24-hour PMio levels are predicted to occur at the Marillana receptor
(35 pg/m?3) followed by Weeli Wolli Spring/ Outfall (33 ug/m3) and Eagle Rock Hole (28 ug/m3).
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Figure 8-2: Maximum predicted 24-hour average PMio concentrations for existing third party operations with background
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Table 8-2: Predicted 24-hour PM1o Concentrations at receptors including background (ug/ms):
Existing third party operations

E &£ & 2 @ Sy £

Receptor Receptor type E g E ;:: g :a'; :a';

(U (U
Juna Downs Homestead 19 19 19 19 19 18 - -
Ethel Creek Homestead 25 24 21 19 18 19 - -
Marillana Homestead 35 29 25 23 20 20 - -
Mulga Downs Homestead 24 22 20 20 19 19 - -
Prairie Downs Homestead 19 19 19 18 18 18 - -
Sylvania Homestead 19 19 18 18 18 18 - -
Munjina East Gorge Lookout 21 20 20 19 19 19 - -
Fig Tree Crossing Lookout 21 20 20 19 19 19 - -
Mt Meharry Lookout 20 19 19 19 19 18 - -
Mt Newman Lookout 20 20 19 19 18 18 - -
Tower Hill Lookout 19 19 19 19 18 18 - -
Karijini Eco Retreat Recreation Camp 21 19 19 19 19 19 - -

Site
Ophthalmia Dam Recreation Site 20 19 19 18 18 18 - -
Round Hill Recreation Site 19 19 19 18 18 18 - -
Hickman Crater Recreation Site 23 21 19 19 18 18 - -
Weeli Wolli Spring/Outfall Recreation Site 33 30 27 24 20 20 - -
Stuarts Pool Recreation Site 24 22 20 20 18 18 - -
Kalgan Pool Recreation Site 20 20 19 19 18 18 - -
Eagle Rock Hole Recreation Site 28 25 22 21 19 19 - -
Mt Robinson Rest Stop 24 23 21 20 19 19 - -
Munjina Roadhouse Roadhouse 23 20 20 20 19 19 - -
Auski Village Roadhouse 23 20 20 20 19 19 - -
Capricorn Roadhouse Roadhouse 19 19 19 18 18 18 - -
Newman Town Cenfre 19 19 19 19 18 18 - -
Rhodes Ridge Town Site 20 20 19 19 19 19 - -
Wirlu-Murra Aboriginal 31 26 23 22 20 20 - -
Community

8.2.1.3  Existing operations - cumulative

The key outcomes of predicted PMio impacts from existing BHP Billiton Iron Ore operations, third party
operations and other background sources are summarised below, and presented in Figure 8-3 and
Table 8-3:

B Excursions of the both the NEPM and Taskforce criteria are noted at Tower Hill and Newman
receptors.

® At the Tower Hill receptor, in comparison to the BHP Billiton Iron Ore plus background scenario
(Table 8-1), no change in maximum concentration is noted for the cumulative scenario (Table
8-3).
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® At the Newman receptor, in comparison to the BHP Billiton Iron Ore scenario (Table 8-1 & Table
8-3), there is
o aslightincrease in the 90t percentile PMio level
o there are 2 additional days when the 24-hour PMio concentrations are greater than
NEPM criteria (iel greater than 50 ug/m3).

B At these 2 impacted receptors, there is considerable reduction from the maximum PMio
concenfrations predicted (Table 8-3) as the lower percentiles (99th to 90th percentiles) are
considered. The 99t percentile and 95" percentile at the Tower Hill receptor are lower by 11%
and 43% respectively from the maximum concentrations predicted at this receptor.

The maximum predicted concenfrations could therefore be regarded as a single extreme
event which may occur under certain meteorological conditions.

Neverthless, the results indicate that the existing cumulative operations may have a potential
to impact air quality in the Pilbara Region
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Figure 8-3: Maximum predicted 24-hour average PMio concentrations for existing cumulative operations with background
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Table 8-3: Predicted 24-hour PMio Concentrations at receptors including background (ug/ms3):
Cumulative existing operations

E ¢ e o o §. §
Receptor Receptor type g § ‘§ ‘§ § :ﬂi E
5 g E B & o o
(U ()
Juna Downs Homestead 27 25 24 23 21 20 - -
Ethel Creek Homestead 25 25 22 20 18 19 - -
Marillana Homestead 35 30 27 24 20 20 - -
Mulga Downs Homestead 24 22 21 20 20 19 - -
Prairie Downs Homestead 23 22 21 20 19 19 - -
Sylvania Homestead 26 22 20 19 18 19 - -
Munjina East Gorge  Lookout 26 25 23 23 21 20 - -
Fig Tree Crossing Lookout 29 27 25 24 22 21 - -
Mt Meharry Lookout 26 24 22 21 20 20 - -
Mt Newman Lookout 36 32 27 26 23 22 - -
Tower Hill Lookout 159 142 91 66 37 35 66 34
Karijini Eco Retreat Recreation Camp Site 21 20 20 20 19 19 - -
Ophthalmia Dam Recreation Site 50 38 29 27 23 22 - -
Round Hill Recreation Site 46 36 33 28 21 21 - -
Hickman Crater Recreation Site 26 23 22 21 20 19 - -
Weeli Wolli Recreation Site 41 34 30 27 20 21 - -
Spring/Outfall
Stuarts Pool Recreation site 28 25 24 22 21 20 - -
Kalgan Pool Recreation Site 32 28 25 24 21 21 - -
Eagle Rock Hole Recreation Site 30 28 24 23 21 20 - -
Mt Robinson Rest Stop 36 33 27 25 21 21 - -
Munjina Roadhouse  Roadhouse 23 22 21 21 20 19 - -
Auski Village Roadhouse 23 22 21 21 20 19 - -
Capricorn Roadhouse 39 36 29 26 21 21 - -
Roadhouse
Newman Town Cenfre 104 82 64 56 34 31 47 14
Rhodes Ridge Town Site 23 22 21 20 20 19 - -
Wirlu-Murra Aboriginal Community 31 26 23 22 20 20 - -

8.2.2 Assessment of TSP (potential impact on visual amenity)

To assess the impact to amenity the modelled TSP concentrations averaged over 24-hour are
compared to the guidelines (based on Kwinana EPP 24 hour average 90 ug/m?3 and 24 hour average
limit 150 ug/m3) selected for this study (Section 3.1).

8.2.2.1 Existing BHP Billiton Iron Ore Operations

The key outcomes of the TSP impact from existing BHP Billiton Iron Ore operations are summarised
below, and presented in Figure 8-4 and Table 8-4:
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®  The 24-hour maximum TSP concentration is higher than the assessment criteria at 2 sensitive
receptors, i.e. Tower Hill and Newman; and higher than the Kwinana EPP limit at Tower Hill;

®  For these 2 impacted sensitive receptors, a higher number of excursions is predicted at Tower
Hill. The excursions predicted at these 2 receptors indicate the potential for existing BHP Billiton
Iron Ore operations to impact air quality in the Piloara Region.

B At these 2 impacted receptors, there is considerable reduction from the maximum TSP
concenfrations predicted (Table 8-4) in comparison to the lower percentiles (99th to 90th
percentiles). For example, the 99t and 95t percentile at Tower Hill receptor are 11% and 36%
lower than the maximum concentrations predicted.

®  The maximum predicted concentrations could therefore be regarded as a single extreme
event which may occur under certain meteorological conditions.
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Figure 8-4: Maximum predicted 24-hour average TSP concentrations for existing BHP Billiton Iron Ore operations with background
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Table 8-4: Predicted 24-hour TSP Concentrations at receptors including background (ug/m3):
Existing BHP Billiton Iron Ore operations

Receptor Receptor type § § § § § ko g §
S g 8 8 F g g 3
O (U}
Juna Downs Homestead 43 41 39 38 36 35 - -
Ethel Creek Homestead 37 36 35 34 33 33 - -
Marillana Homestead 41 37 36 35 34 34 - -
Mulga Downs Homestead 36 35 35 34 33 33 - -
Prairie Downs Homestead 39 37 36 35 34 34 - -
Sylvania Homestead 41 37 35 34 33 34 - -
Munjina East Gorge Lookout 40 39 38 37 35 35 - -
Fig Tree Crossing Lookout 43 4] 40 39 37 35 - -
Mt Meharry Lookout 4] 40 38 36 35 35 - -
Mt Newman Lookout 54 52 45 43 39 37 - -
Tower Hill Lookout 216 193 139 106 58 57 52 11
Karijini Eco Retreat Recreation 35 35 35 34 34 34 - -
Camp Site

Ophthalmia Dam Recreation Site 75 57 47 43 39 38 - -
Round Hill Recreation Site 64 54 49 45 37 37 - -
Hickman Crater Recreation Site 40 38 37 36 34 34 - -
Weeli Wolli Recreation Site 49 44 38 36 34 34 - -
Spring/Outfall

Stuarts Pool Recreation Site 44 42 39 38 36 35 - -
Kalgan Pool Recreation Site 47 44 42 40 37 36 - -
Eagle Rock Hole Recreation Site 40 39 37 36 35 34 - -
Mt Robinson Rest Stop 57 49 43 40 35 35 - -
Munjina Roadhouse Roadhouse 37 37 36 35 34 34 - -
Auski Village Roadhouse 39 37 36 35 34 34 - -
Capricorn Roadhouse  Roadhouse 55 53 46 4] 37 36 - -
Newman Town Centre 122 108 21 82 55 50 20 -
Rhodes Ridge Town Site 38 37 36 35 35 34 - -
Wirlu-Murra Aboriginal 37 36 35 34 33 34 - -

Community

8.2.2.2  Existing third party operations

The key outcomes of the predicted TSP impact from existing third party operations are summarised
below, and presented in Figure 8-5 and Table 8-6:

®  There are no predicted excursions of the 24-hour maximum TSP criteria (both Kwinana EPP
criteria and Kwinana EPP limit).

®  The top three maximum 24-hour TSP levels are predicted to occur at Marillana receptor
(51ug/m3) followed by Weeli Wolli Spring/ Outfall (50ug/m3) and Eagle Rock Hole (44ug/msd).
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Figure 8-5: Maximum predicted 24-hour average TSP concentrations for existing third party operations with background
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Table 8-5: Predicted 24-hour TSP Concentrations at receptors including background (ug/m3):
existing third party operations

Receptor Receptor type g § § § § 5 5 E_’
E TF TF TE T 52 §8
(V) (V)
Juna Downs Homestead 35 34 34 34 34 34 - -
Ethel Creek Homestead 41 39 36 34 33 34 - -
Marillana Homestead 51 45 41 38 35 35 - -
Mulga Downs Homestead 39 37 36 35 34 34 - -
Prairie Downs Homestead 34 34 34 33 33 33 - -
Sylvania Homestead 34 34 33 33 33 33 - -
Munjina East Gorge Lookout 37 36 35 35 34 34 - -
Fig Tree Crossing Lookout 37 36 35 35 34 34 - -
Mt Meharry Lookout 35 35 34 34 34 34 - -
Mt Newman Lookout 36 35 34 34 33 33 - -
Tower Hill Lookout 35 34 34 34 33 33 - -
Karijini Eco Retreat Recreation Camp 36 35 34 34 34 34 - -
Site

Ophthalmia Dam Recreation Site 35 34 34 33 33 33 - -
Round Hill Recreation Site 34 34 34 33 33 33 - -
Hickman Crater Recreation Site 38 36 35 34 33 33 - -
Weeli Wolli Recreation Site 50 46 43 41 35 35 - -
Spring/Outfall

Stuarts Pool Recreation Site 40 37 36 35 33 34 - -
Kalgan Pool Recreation Site 36 35 34 34 33 33 - -
Eagle Rock Hole Recreation Site 44 4] 39 37 35 34 - -
Mt Robinson Rest Stop 39 38 36 36 34 34 - -
Munjina Roadhouse Roadhouse 39 36 35 35 34 34 - -
Auski Village Roadhouse 40 36 35 35 34 34 - -
Capricorn Roadhouse Roadhouse 34 34 34 33 33 33 - -
Newman Town Centre 35 34 34 34 33 33 - -
Rhodes Ridge Town Site 36 35 35 34 34 34 - -
Wirlu-Murra Aboriginal 47 42 38 37 35 35 - -

Community

8.2.2.3  Existing operations - cumulative
The key outcomes of predicted cumulative TSP impacts from existing BHP Billiton Iron Ore operations,
third party operations and background sources are summarised below, and presented in Figure 8-6
and Table 8-6:

®  Excursions of the Kwinana EPP criteria are noted at Tower Hill and Newman receptors; and
excursions of Kwinana EPP limit are noted at Tower Hill.

® At the Tower Hill receptor, in comparison to the BHP Billiton Iron Ore plus background scenario
(Section 8.2.2.1)
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o aslightincrease in the 95t percentile is noted
o no change is noted in the other statistical variables.

At the Newman receptor, in comparison to the levels predicted to occur for BHP Billiton Iron
Ore plus background scenario (Section 8.2.2.1) no change in the statistical variables is noted.

®  The results indicate that the existing cumulative operations have the potential to impact air
quality in the Pilbara Region.

At these 2 impacted receptors, there is considerable reduction from the maximum TSP
concenfrations predicted (Table 8-6) in comparison to the lower percentiles (99th to 90th
percentiles). For example, the 99 and 95t percentile at Tower Hill receptor are 11% and 36%
lower than the maximum concentrations predicted.

®  The maximum predicted concentrations could therefore be regarded as a single extreme
event which may occur under certain meteorological condifions.
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Figure 8-6: Maximum predicted 24-hour average TSP concentrations for existing cumulative operations with background
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Table 8-6: Predicted 24-hour TSP Concentrations at receptors including background (ug/m3):
Cumulative existing operations

E ¢ g o @ §: 5%t
Receptor Receptor type E :IEJ :IEJ :IEJ -GE> :?:: :é E’
(V) (U}
Juna Downs Homestead 44 41 40 39 36 36 - 0
Ethel Creek Homestead 41 40 37 35 33 34 - 0
Marillana Homestead 51 46 42 40 36 35 - 0
Mulga Downs Homestead 39 37 36 36 35 34 - 0
Prairie Downs Homestead 39 37 36 36 34 34 - 0
Sylvania Homestead 41 38 36 35 33 34 - 0
Munjina East Gorge Lookout 41 40 39 38 36 35 - 0
Fig Tree Crossing Lookout 46 43 4] 40 37 36 - 0
Mt Meharry Lookout 42 4] 38 37 36 35 - 0
Mt Newman Lookout 54 52 45 43 39 38 - 0
Tower Hill Lookout 216 193 140 106 58 57 52 11
Karijini Eco Retreat Recreation 36 36 35 35 34 34 - 0
Camp Site
Ophthalmia Dam Recreation Site 75 58 47 43 39 38 - 0
Round Hill Recreation Site 64 54 49 45 37 37 - 0
Hickman Crater Recreation Site 42 38 37 36 35 34 - 0
Weeli Wolli Spring/Outfall  Recreation Site 59 50 47 44 36 36 - 0
Stuarts Pool Recreation Site 44 42 39 38 36 36 - 0
Kalgan Pool Recreation Site 47 45 42 40 37 36 - 0
Eagle Rock Hole Recreation Site 46 45 41 39 36 36 - 0
Mt Robinson Rest Stop 58 51 44 42 36 36 - 0
Munjina Roadhouse Roadhouse 39 38 37 36 35 35 - 0
Auski Village Roadhouse 40 38 37 36 35 35 - 0
Capricorn Roadhouse Roadhouse 57 54 46 42 37 36 - 0
Newman Town centre 122 108 21 82 55 50 20 0
Rhodes Ridge Town site 40 38 37 36 35 35 - 0
Wirlu-Murra Aboriginal 47 42 39 38 36 35 - -
Community
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8.3 Scenario 2 - 30% Development

8.3.1 Assessment of PMio (potential impact on human health)

To assess the impact of modelled PM1o, concentrations averaged over 24-hour are compared to the
NEPM 24-hour average of 50ug/m?® and Taskforce 24-hour average of 70ug/m?® (Section 3.1). It is worth-
noting that there are 16 recreational sites and lookouts where people congregate only intermittently
which are treated as sensitive receptors in this conceptual model. These receptors are still assessed
against the NEPM and Taskforce criteria to provide an indicative dust impact. A detailed air quality
assessment is required in the Derived Proposal stage to address the actual dust impact to these
sensitive receptors.

8.3.1.1 BHP Billiton Iron Ore operations

The key outcomes of the impact assessment are summarised below, and presented in Figure 8-7 (No
Confrol), Figure 8-8 (Standard Confrols), Figure 8-9 (Leading Controls), Table 8-7 (No Conftrol), Table 8-8
(Standard Controls) and Table 8-9 (Leading Controls):

® As anfticipated, the highest maximum concentrations are noted for the No Control
scenario with a reduction in the maximum concentrations noted for the Standard Control
scenario. The lowest maximum concentration is observed for the Leading Control scenario.
It is worth noting that while BHP Billiton Iron Ore historically operates with Standard dust
controls, the No Confrol scenario is presented to emphasise the importance of dust
controls.

®  Across the various contfrol scenarios, the top three maximum concentrations (in
descending order) were noted at Mt Robinson, Tower Hill and Weeli Wolli Spring/ Outlet,
and are all intermittently occupied receptor locations.

® For the No Control, Standard Control and Leading Control scenarios, there were
(respectively) 16, 9 and 2 receptors with concentration in excess of the NEPM criteria of
50ug/m3. It is noted that the NEPM criteria is less applicable for intermittently occupied
receptors.

o Of the 16 receptors that are modelled with concentrations above the NEPM
criteria for No Confrol scenario, only 4 receptors are expected to have continuous
occupancy.

o Of 9 receptors that exceed the NEPM criteria for the Standard Control scenario,
only 2 receptors are expected to have confinuous occupancy.

o Forthe 2 receptors that exceed the NEPM criteria for the Leading Control scenario,
no receptor is expected to have confinuous occupancy.

®  For the No Control and Standard Control scenarios, there were 10 and 5 receptors
respectively with concentrations in excess of 70ug/m3. There were no excursions of the
Taskforce criteria (70ug/m3) for the Leading Control scenario.

o Out of the 10 receptors that exceed the Taskforce criteria for the No Control
scenario, only 2 receptors are Roadhouse/town centre with expected continuous
occupancy.

o Of the 5 receptors that exceed the Taskforce criteria for Standard Control
scenario, only 1 receptor is a town centre and expected to have confinuous
occupancy.

®  From Table 8-7 to Table 8-9, it is apparent that there are significant decreases from the
maximum predicted PMio concentrations towards the lower statistics (99th to 95th percentiles).
For example, for the Standard Control scenario, the 99th and 95 percentile at the Mt Robinson
receptor are 20% and 41% lower than the maximum concentratfions predicted. This indicates
that the maximum predicted concentrations are single exireme events that could be
managed during operations through a dust management procedure;
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Figure 8-7: Maximum predicted 24-hour average PMio concentrations for 30% Development BHP Billiton Iron Ore operations (No Control) with background
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Figure 8-8: Maximum predicted 24-hour average PMio concentirations for 30% Development BHP Billiton Iron Ore operations (Standard Controls) with background
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Figure 8-9: Maximum predicted 24-hour average PMio concentrations for 30% Development BHP Billiton Iron Ore operations (Leading Controls) with background
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Table 8-7: Predicted 24-hour PMio Concentrations at receptors including background (ug/ms3):
BHP Billiton Iron Ore operations (30% Development) - No Control

E & & g g g §
Receptor Receptor type E :lE’ E E E :‘{-’ E
O (U}
Juna Downs Homestead 35 34 31 29 26 24 - -
Ethel Creek Homestead 41 35 29 26 18 20 - -
Marillana Homestead 70 60 45 37 24 24 14 -
Mulga Downs Homestead 30 26 24 23 21 20 - -
Prairie Downs Homestead 40 36 31 27 21 21 - -
Sylvania Homestead 65 46 35 27 19 21 3 -
Munjina East Gorge Lookout 55 49 42 38 28 26 3 -
Fig Tree Crossing Lookout 97 74 61 56 44 36 73 5
Mt Meharry Lookout 54 39 35 33 29 26 1 -
Mt Newman Lookout 78 62 51 46 37 31 20 2
Tower Hill Lookout 249 206 163 122 78 63 182 129
Karijini Eco Retreat Recreation Camp 28 25 24 23 21 20 - -
Site
Ophthalmia Dam Recreation Site 132 114 86 79 59 47 152 65
Round Hill Recreation Site 101 87 71 62 39 33 71 21
Hickman Crater Recreation Site 48 42 35 31 26 24 - -
Weeli Wolli Spring/Outfall  Recreation Site 166 115 87 76 54 46 130 55
Stuarts Pool Recreation Site 58 50 42 39 31 27 5 -
Kalgan Pool Recreation Site 75 69 52 45 35 31 24 4
Eagle Rock Hole Recreation Site 54 45 34 32 27 25 1 -
Mt Robinson Rest Stop 288 227 164 132 58 57 123 96
Munjina Roadhouse Roadhouse 40 35 31 29 23 22 - -
Auski Village Roadhouse 38 32 29 27 22 21 - -
Capricorn Roadhouse Roadhouse 110 94 74 66 38 34 76 23
Newman Town Centre 155 135 112 100 70 54 172 108
Rhodes Ridge Town Site 47 4] 32 30 25 24 - -
Wirlu-Murra Aboriginal 34 30 27 26 23 22 - -
Community
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Table 8-8: Predicted 24-hour PMio Concentrations at receptors including background (ug/ms3):
BHP Billiton Iron Ore operations (30% Development) - Standard Controls

£ e @ o 5 -

Receptor Receptor type g § E’ E’ E’ :‘{-’ E

2 s E BB o o

O (U}
Juna Downs Homestead 27 27 25 24 23 21 - -
Ethel Creek Homestead 31 27 24 22 18 19 - -
Marillana Homestead 46 41 32 28 21 21 - -
Mulga Downs Homestead 24 22 21 21 20 19 - -
Prairie Downs Homestead 30 28 25 23 20 20 - -
Sylvania Homestead 44 33 27 23 18 20 - -
Munjina East Gorge Lookout 38 35 31 29 23 22 - -
Fig Tree Crossing Lookout 60 48 4] 38 32 28 3 -
Mt Meharry Lookout 38 29 27 26 24 22 - -
Mt Newman Lookout 50 42 36 33 28 25 1 -

Tower Hill Lookout 143 120 926 74 51 43 113 50
Karijini Eco Retreat Recreation 23 22 21 21 20 19 - -

Camp Site

Ophthalmia Dam Recreation Site 80 70 55 51 40 34 43 4
Round Hill Recreation Site 63 55 47 42 30 26 13 -
Hickman Crater Recreation Site 34 31 28 25 22 21 - -
Weeli Wolli Spring/Outfall Recreation Site 98 70 55 49 38 33 34 4
Stuarts Pool Recreation Site 40 36 31 29 25 23 - -
Kalgan Pool Recreation Site 49 46 36 33 27 25 - -
Eagle Rock Hole Recreation Site 37 33 27 25 23 22 - -

Mt Robinson Rest Stop 164 131 97 80 40 39 88 47
Munjina Roadhouse Roadhouse 30 27 25 24 21 20 - -
Auski Village Roadhouse 29 26 24 23 20 20 - -
Capricorn Roadhouse Roadhouse 68 59 48 44 29 26 12 -

Newman Town Centre 92 81 69 63 46 38 83 15
Rhodes Ridge Town Site 34 30 26 24 22 21 - -
Wirlu-Murra Aboriginal 27 24 23 22 21 20 - -

Community
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Table 8-9: Predicted 24-hour PMio Concentrations at receptors including background (ug/ms):
BHP Billiton Iron Ore operations (30% Development) - Leading Controls

E ¢ e e S. B

Receptor Receptor type E :IEJ :IEJ :IEJ -GE> :a“; E

(U ()
Juna Downs Homestead 21 21 20 20 20 19 - -
Ethel Creek Homestead 22 21 20 19 18 18 - -
Marillana Homestead 27 25 23 21 19 19 - -
Mulga Downs Homestead 20 20 19 19 19 19 - -
Prairie Downs Homestead 22 21 20 20 19 19 - -
Sylvania Homestead 26 23 21 20 18 19 - -
Munjina East Gorge Lookout 24 23 22 22 20 19 - -
Fig Tree Crossing Lookout 31 28 25 25 23 21 - -
Mt Meharry Lookout 24 22 21 21 20 19 - -
Mt Newman Lookout 28 26 24 23 21 20 - -
Tower Hill Lookout 57 50 43 36 28 26 4 -
Karijini Eco Retreat Recreation Camp Site 20 19 19 19 19 19 - -
Ophthalmia Dam Recreation Site 38 34 30 28 25 23 - -
Round Hill Recreation Site 32 30 27 26 22 21 - -
Hickman Crater Recreation Site 23 22 21 20 19 19 - -
Weeli Wolli Spring/Outfall  Recreation Site 43 35 30 28 24 23 - -
Stuarts Pool Recreation Site 25 24 22 22 20 20 - -
Kalgan Pool Recreation Site 28 27 24 23 21 20 - -
Eagle Rock Hole Recreation Site 24 23 21 20 20 19 - -
Mt Robinson Rest Stop 64 54 43 37 25 25 7 -
Munjina Roadhouse Roadhouse 22 21 20 20 19 19 - -
Auski Village Roadhouse 22 21 20 20 19 19 - -
Capricorn Roadhouse Roadhouse 34 31 28 26 22 21 - -
Newman Town Centre 41 38 34 32 27 24 - -
Rhodes Ridge Town Site 23 22 21 20 19 19 - -
Wirlu-Murra Aboriginal Community 21 20 20 19 19 19 - -
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8.3.1.2  Third party operations

The key outcomes of the impact assessment from the third party operations are summarised below,
and presented in Figure 8-10 and Table 8-10:

®  The 24-hour average maximum contour (NEPM criteria) occurs outside 5 sensitive receptors, i.e.
Marillana, Weeli Wolli Spring/Outfall, Stuarts Pool, Eagle Rock Hole and Mt Robinson.

The 24-hour average maximum contour (Taskforce criteria) occurs outside three sensitive
receptors, i.e. Marillana, Stuarts Pool and Eagle Rock Hole.

®  Table 8-10 highlights that there are considerable reductions from the maximum predicted PMio
concenfrations towards the lower statistics (?9th and 90th percentiles) at Marillana, Weeli Wolli
Spring/Outfall, Stuarts Pool, Eagle Rock Hole and Mt Robinson.

® |t is worth noting that the scenario modelled is highly precautionary as it is assumed all mines
are developed and operatfing simultaneously. As a result, this scenario is unlikely fo occur.

®  The results clearly show that there is a potential that the current third party operations may
impact the air quality in Pilbara Region. It is worth noting that the scenario modelled is highly
precautionary as it is assumed all mines are developed and operating simultaneously. As a
result, this scenario is unlikely to occur.
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