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BASIS OF REPORT

The concepts, data and information contained in this document are the property of SLR Consulting Australia Pty Ltd
(SLR). No part of this document may be reproduced, used, copied, published or adapted for use except in
accordance with the provisions of the Copyright Act 1968 or with the consent of SLR.

This document has been prepared for VHM Limited to satisfy the Minister for Planning’s Scoping requirements for
the Goschen Mineral Sands Project dated May 2019 under the Environment Effects Act 1978. SLR accepts no liability
or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this document by any third party.
Any third party using and/or relying upon this document accepts sole responsibility and all risk for using and/or
relying on this document for any purpose.

This document is based on the information available, and the assumptions made, as at the date of the document.
This document is to be read in full. No excerpts are to be taken as representative of the findings without appropriate
context. For further information, please refer to the limitations, uncertainties and assumptions set out in the
methodology section of this document.
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Overview

This technical report is an attachment to VHM Limited’s Goschen Rare Earth and Mineral Sands Project (the
Project) Environment Effects Statement (EES). It has been used to inform the EES required for the Project.

Existing Environment

The Project is located within flat farmland, with several rural residences surrounding the Project area. Wind
roses for nearby Swan Hill indicate that overall, winds from the south and southwest are predominant, with very
few winds from the east.

Ambient air quality monitoring undertaken between January 2019 and September 2020 indicates that like any
Victorian rural area with little anthropogenic activity, the area may be subject to periods of elevated
concentrations of particulate with equivalent aerodynamic diameters of less than 10 microns (PM10) and less
than 2.5 microns (PM2.5) due to regional bushfire and backburning impacts, and dust storms. Bushfires across
Victoria in January 2020 were clearly evident in the data with elevated PM2.5, and to a lesser extent PM10,
concentrations. However, the non-bushfire impacted year 2019 demonstrates elevated concentrations in the
summer months such that the distinction between the years representing normal and bushfire conditions is not
significant. Both years include periods of elevated background PM10 and PM2.5 concentrations which exceed the
relevant 24-hour average criteria. Monitored concentrations of respirable crystalline silica (RCS) were well below
the annual average APAC. In the absence of NOx monitoring in the Project area, with little anthropogenic activity,
the background concentrations of NOx are likely to be low, approaching zero. However for assessment purposes,
alternative data is sourced to conservatively represent potential background concentrations.

Impact Assessment Findings

An iterative assessment was undertaken to evaluate potential impacts associated with the Project, considering
the existing environment within the study area and associated construction, operational and
closure/rehabilitation activities.

The assessment found the following key impacts:

The risk of impacts to health and the environment due to dust soiling from construction and
closure/rehabilitation works of the Project site and the pipeline corridor were assessed to be low, or in some
cases negligible, with the application of the proposed dust management and mitigation strategies.

Elevated background concentrations of PM10 and PM2.5 result in exceedances of the 24-hour criteria at all
receptors before the Project contribution is considered.

The number of additional exceedances (over and above those of the background concentrations) predicted
to be generated by the Project  are few (between 0 and 3 depending on receptor and stage of mining).

An exceedance of the PM10 24-hour APAC due to Project impacts alone is predicted at a nearby receptor
under one of the modelled mining scenarios.

The risk of impacts to surrounding agricultural industry and local water supplies (rainwater tanks) were
assessed to be low.
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Power station and pumping station NO2 impacts due to diesel generator emissions are predicted to comply
with relevant 1-hour average and 24-hour average criteria at nearby sensitive receptors, however,
exceedances of the 1-hour average APAC are predicted at and beyond the Project site boundaries.

While elevated background concentrations of PM10 and PM2.5 result in exceedances of the 24-hour criteria at all
receptors before the Project contribution is considered, one exceedance of the PM10 24-hour APAC due to
Project impacts alone is predicted at a nearby receptor under one scenario, and approached under other
scenarios. However, over the 5 years of meteorological conditions assessed, significantly elevated
concentrations are very few with annual average PM10, PM2.5, RCS and metals criteria predicted to be met at all
receptors. Likewise, dust deposition rates are not predicted to result in significant impacts to the rainwater tanks
of nearby sensitive receptors, nor to surrounding vegetation.

Worst-case Power station and pumping station dual-fuel generator emissions are predicted to result in
exceedances of the 1-hour average NO2 concentration beyond the Project boundaries when using diesel fuel.
However, due to the rural and relatively remote nature of these locations, the likelihood of a third party
occupying these impacted areas for more than a few minutes at a time is low. While impacts of NO2 from the
power station are predicted to exceed the annual average APAC relating to terrestrial vegetation beyond the
Project boundary, the extent to which the exceedance is predicted is limited to approximately 50 m from the
boundary, covering and an area of approximately 2.5 hectares. APAC PM2.5 ground level concentrations resulting
from pumping station emissions to air are negligible at the modelled receptors such that cumulative
concentrations are unlikely to be increased by a measurable amount. These findings indicate that the risk of
impacts from other products of diesel combustion (e.g. sulphur dioxide, volatile organic compounds, PAHs etc)
will also be low. Use of liquified petroleum gas (LPG) instead of diesel would result in significantly lower
emissions of NOX (and PM2.5), likely negating impacts predicted for diesel in these areas.

Mitigation and Contingency Measures

The mining schedule, which will generally include only six active blocks at any one time will limit exposed areas
subject to wind erosion, with surface consolidation and revegetation occurring throughout the mine life, rather
than at the end. Each mining block will nominally take 1.5 to 2 months to mine for removal of its material and is
estimated to be ‘open’ for a duration of 8 to 12 months.

Best practice dust emission mitigation measures will be employed for all aspects of the Project operations
including use of water sprays, misting systems and water trucks. Wheel generated dust from haul roads have
been identified as the primary potential source of dust emissions, therefore preparing and maintaining level and
well finished haul road surfaces will be considered a priority. Contingency measures may include reducing the
site speed limit for haul trucks during periods of hot and dry weather coupled with increased water truck
application.

Conclusion

The risk of impacts to health and the environment from the construction, operation and decommissioning of
the Project were assessed to be low, or in some cases negligible. With the application of the proposed
management and mitigation strategies, potential impacts on air quality due to the Project would be avoided,
minimised or managed to required standards such that the health and wellbeing of residents and the local
community would be protected.
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Abbreviations

Abbreviation Description

APAC Air pollution assessment criterion

AAQMS Ambient air quality monitoring station

Air NEPM National Environment Protection (Ambient Air Quality) Measure

AQIA Air quality impact assessment

AWS Automatic weather station

BoM Bureau of Meteorology

CO Carbon monoxide

DCCEEW Department of Climate Change, Energy, Environment and Water

EE Act Environment Effects Act 1978

EES Environment Effects Statement

EPA Environment Protection Authority Victoria

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

GED General environmental duty

GLC Ground level concentration

GMW Goulburn Murray Water

HAL Hot acid leach

HMC Heavy mineral concentrate

kg Kilograms

kg/h Kilograms per hour

km Kilometre

kW Kilowatt

LPG Liquified petroleum gas

m Metre

mg/m3 Milligrams per cubic metre

Mt Million tonnes

MREC Mixed rare earth carbonate

m/s Metres per second

MSP Mineral separation plant

MUP Mining unit plant

MW Megawatt

MWm Mechanical megawatt

NEPC National Environment Protection Council
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Abbreviation Description

NEPM National Environment Protection Measures

NO2 Nitrogen dioxide

NOx Oxides of nitrogen

PAH Polycyclic aromatic hydrocarbons

PEM Protocol for environmental management.

PM10 Particles with equivalent aerodynamic diameters of less than 10 m

PM2.5 Particles with equivalent aerodynamic diameters of less than 2.5 m

ppm Parts per million

RCS Respirable crystalline silica

REMC Rare earth mineral concentrate

SO2 Sulfur dioxide

SRTM DEM Shuttle Radar Topography Mission Derived Digital Elevation Model

tpa Tonnes per annum

TSP Total suspended particulate

µg/m3 Micrograms per cubic metre

m Micrometre

WCP Wet concentrator plant

WRF Weather Research and Forecasting model

VOC Volatile organic compound

Glossary

Term Definition

AERMET Meteorological data pre-processor for AERMOD

AERMOD The American Meteorological Society (AMS)/USEPA Regulatory Model

Air Guideline EPA Victoria Guideline for Assessing and Minimising Air Pollution
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1 Introduction
This technical report is an attachment to VHM Limited’s Goschen Rare Earth and Mineral Sands Project (the
Project) Environment Effects Statement (EES). It has been used to inform the EES required for the Project.

1.1 Requirement for an EES

The Project was referred to the Minister for Planning to seek advice on the need for an EES under the
Environment Effects Act 1978 (Vic) (EE Act).

On 10 October 2018, the Minister for Planning decided that an EES was required on the basis that the Project
has the potential for a range of significant environmental effects.

On 19 December 2018 under delegated authority from the Minister for the Environment, the Department of the
Environment and Energy (now referred to as the Department of Climate Change, Energy, Environment and
Water (DCCEEW)) made a decision that the Project is a controlled action under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) and would require assessment and a decision about whether
approval should be given under the EPBC Act. DCCEEW also confirmed the Victorian Government’s advice that
the Project will be assessed under a bilateral agreement under the EE Act.

The EES allows stakeholders to understand the likely environmental impacts of the Project and how they are
proposed to be managed. The Minister’s assessment of the EES will also inform statutory decisions that need to
be made on the Project.

The EES was developed in consultation with the community and stakeholders.

2 Project Description

2.1 Project Overview

The Project is a rare earth and mineral sands mine and processing facility, proposed to be operational for
approximately 20 years.  VHM has been developing the Project in the context of a rapidly growing global demand
for rare earths.  One of the world’s largest, highest grade zircon, rutile and rare earth mineral deposits is in the
Loddon Mallee region of Victoria in Australia. VHM intends to establish the Project to mine these deposits and
process to produce and market a range of products to national and international consumers.

The mine footprint has been restricted to avoid intersection with groundwater and significant areas of remnant
native vegetation.  VHM will implement a staged development approach. Initially developing phase 1 consisting
of a mining unit plant (MUP), wet concentrator plant (WCP), rare earth mineral concentrate (REMC) flotation
plant and a hydrometallurgical plant that will further refine the REMC that is produced at Goschen. The product
suite for phase 1 consists of a zircon/titania heavy mineral concentrate (HMC) and mixed rare earth carbonate
(MREC).
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Phase 2 will commence approximately 2 years post-production and consist of an additional mineral separation
plant (MSP) and, subject to prevailing market circumstances at that time, hot acid leach (HAL) and chrome
removal circuit, that will produce additional products such as premium zircon, zircon concentrate, HiTi rutile,
HiTi leucoxene, LoTi leucoxene, low chromium ilmenite.

The Project is located approximately 4 hours’ drive (275 kilometres; km) northwest of Melbourne and 30 minutes
(35 km) south-southwest of Swan Hill within Gannawarra Shire (Figure 1).

Figure 1 Project Location

2.2 Project Development

It is recognised that there are opportunities to avoid and minimise environmental impacts during the many
stages of Project development. During Project inception and early design development stages of the Project,
decisions on the location of the Project, its design and construction techniques have enabled impacts to be
significantly avoided and minimised in accordance with the hierarchy presented in Figure 2.
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Figure 2 Mitigation Hierarchy

Avoidance and minimisation of social and environmental impacts is central to the Project’s decision making and
as such, the Project will continue to be refined in response to technical requirements and potential
environmental and social impacts identified during the development phase.

This was considered in the preparation of a project description which is found at Chapter 4: Project description.
A description of how avoidance of impact has informed the design in relation to air quality can be found in
Section 7.4.

Examples of this include the decision to create vegetation protection zones within the Project (mining area),
restricting mining operations to daylight hours only to avoid noise related impacts to certain receptors, and
restricting mining to depths above the water table to avoid impacts to the groundwater table.

After opportunities to avoid impact were incorporated into the Project, minimisation and management
measures were developed. These are described in the construction and operation impact assessment sections
below.

2.3 Key Project Components

The Project site consists of a heavy mineral sand mining and processing operation that will produce several
HMCs and a range of critical rare earth minerals across two defined mining areas known as Area 1 and Area 3
(Figure 3 and Figure 4).

2.3.1 Construction

Construction within Area 1 will include vegetation and topsoil stripping before establishment of hardstand areas,
construction of the processing plant and MUP, and roadways. Construction equipment will be as per typical
industry usage, and may include cranes and mobile lifting plant, service vehicles, welding plant, lighting towers,
assembly workshops, etc.
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Construction of the pipeline will progress linearly. In the absence of geotechnical information at this time,
trenching methods have not yet been decided, but depending on geotechnical parameters and soil matrix are
likely to involve open trench by excavator, trenching machine or spider plough. Finite rail and channel crossings
will be by trenchless methods.

2.3.2 Operation

Conventional open pit mining equipment (truck and excavator) will be used for a strip-mining operation in Area 1
and Area 3. Mining will progress by blocks, each with a final floor footprint of approximately 250 m x 200 m.
Topsoil and overburden will be stockpiled in waste dumps in the first instance. Ore will be transported by haul
truck to the MUP where it will be turned into a slurry and piped to the processing plant. As the mining of the
blocks continues, waste material (topsoil, overburden and tailings) from the initial mining voids will backfill the
mined voids, reducing haulage and double handling. The stockpiled material on the surface will ultimately be
rehandled to the final mine void.  The land will then be rehabilitated to its original, or other approved, land use.

Figure 3 Area 1 Project
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Figure 4 Area 3 Project

The key components that make up the Project are described below.

Mining – Mining will take approximately 20-25 years at 5 million tonnes (Mt) of ore produced per year and will
occur only above groundwater (no dewatering) across approximately 1,479 hectares of farmland using
conventional open cut mining methods of excavation, load, and haul.

Processing – Heavy mineral sands and rare earths ore will be separated via an on-site WCP and MSP to generate
a REMC.  Refining of the REMC on-site is limited to hydrometallurgical extraction to produce a mixed rare earth
carbonate.  Tailings from the various mineral processes will be homogenised and placed back into the ore zone
earlier mined.

Rehabilitation – The mined areas will be progressively backfilled in a staged manner, with tailings dewatered in-
pit to allow overburden and topsoil placement in a profile that reinstates the background soil structure. This will
result in the ability for a return to the current agricultural land uses within 3 years.

Power – Electrical power needed for mining and processing will be produced on-site from dual fuel diesel/LNG
fired power generators, with a gradual evolution over the life of mine to renewables, hydrogen and/or battery
as technologies and commercial viability increase. Heat energy for the on-site gas fired appliances shall be
provided from an extension of the distribution network from the main LNG storage and regasification system.
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Transport – Final products shall be containerised in 20ft sealed sea containers on site and exported via
Melbourne Port using road and/or rail-based land logistics solutions. Ultima will provide intermodal rail solution,
to reach the shipping export ports.

Water – Water will be required for construction earthworks, processing, dust suppression and rehabilitation. Up
to 4.5 GL a year will be needed for the start-up of the Project. Water will be sourced from Goulburn Murray
Water (GMW) from a new pumpstation at Kangaroo Lake via the open water market. A 38 km underground
pipeline is proposed beneath existing local road easements as presented in Figure 5. Although the section of the
proposed pipeline marked ‘alternative route’ has been assessed as part of this EES, VHM does not proposed to
construct the water supply pipeline in this section of the alignment.

Figure 5 Proposed Water Supply Pipeline Route

2.3.3 Closure/Rehabilitation

Closure/Rehabilitation would involve the dismantling and removal of above-ground infrastructure, with the
following two aims.

return the land to a condition that is as near as practicable to pre-existing environmental conditions

decommission the infrastructure in a manner that minimises potential impacts to the environment, land use
and third parties.
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For the purposes of the EES, it is assumed that decommissioning would be undertaken in line with regulatory
standards at time of decommissioning, involving the dismantling and removal of processing plant, equipment
and ancillary facilities, including decommissioning of the water pipeline and removal of offtake pumping station
unless it could be used by the local community.

2.3.4 Project Area Soils Physical and Chemical Characteristics

Particle size analysis of samples collected from the Project area are generally indicative of sandy clay loam. The
samples indicate that in general, the chemical composition would not pose a risk to ecological or human health
receptors.  In particular:

All sampled lithologies were enriched in aluminium, iron, and sodium, with magnesium, calcium and
potassium also enriched in the topsoil and Blanchetown Clay.

Concentrations of metals in topsoil material were below protection levels for Human Health Investigation
Levels for a commercial/industrial setting (HIL) and Ecological Investigation Level for areas of significance
(EIL). With the exception of one sample (of 22), which reported elevated concentrations of arsenic,
molybdenum and nickel, all concentrations also met the Preferred Levels for Plant Regrowth (PLPR).

There were no metals exceedances of any criteria (HIL, EIL, and PLPR) in the Blanchetown Clay.

The Geera Clay reported exceedances of the EIL and PLPR for arsenic only.

Within the LPS waste units, including the waste above mineralisation, high-grade, low-grade, and waste
below mineralisation zones, numerous exceedances of the EIL for arsenic are present.  No other metals
exceeded relevant assessment criteria.

3 Mining Air Quality Indicators
The primary air pollutants of concern from the proposed mining  activities are related to fugitive dust generation
from activities common to mining and extractive industry operations:

land clearing and exposure of dusty surfaces (further exacerbated by windy conditions)

removal of topsoil and overburden

construction of landforms

mining of the ore body

loading and transport of ore to the MUP

transportation of the product for export

mobile plant and vehicles on unsealed roads.

The ore processing is for the most part a wet process and therefore dust emissions are likely to be limited relative
to the mining activities. No drilling/blasting is proposed.

Emitted dust may contain respirable crystalline silica (RCS), heavy metals and radionuclide and emissions from
the onsite power station and off-site water pumping station will include products of diesel or liquified petroleum
gas (LPG) combustion (depending on the fuel used).
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3.1 Particulate Matter

Particulate matter has the capacity to affect human health and to cause nuisance effects and is categorised by
size and/or by chemical composition. The potential for harmful effects depends on both.  In air quality
assessments, particulate size ranges are commonly described as:

TSP – refers to all (total) suspended particles in the air. In practice, the upper size range is typically
30 micrometres ( m) to 50 m.

PM10 – refers to all particles with equivalent aerodynamic diameters of less than 10 m.

PM2.5 – refers to all particles with equivalent aerodynamic diameters of less than 2.5 m diameter. These
are often referred to as ‘fine’ particles and are a sub-component of PM10.

Deposited dust – refers to particulate matter that has settled out of the air and is measured as a dust
deposition rate, which is dust settled out over a given area and time under the influence of gravity.
Deposited dust can include particles of any size, but it generally comprises particles larger than 20 µm in
diameter that rapidly settle out of the air near the point of emission. It is measured to assess if an emission
source is causing a nuisance, such as soiling of property and materials, including rain water tanks.

Both natural and anthropogenic processes contribute to the atmospheric load of particulate matter.  Coarse
particles (PM2.5-10) are derived primarily from mechanical processes, resulting in the suspension of dust, soil, or
other crustal materials from roads, farming, mining, dust storms, and so forth.  Coarse particles also include sea
salts, pollen, mould, spores, and other plant parts.

Fine particles, or PM2.5, are derived primarily from combustion processes, such as vehicle emissions, wood
burning, gas, diesel or coal burning for power generation, hazard reduction burns and bush fires.  Fine particles
also consist of transformation products, including sulphate and nitrate particles, and secondary organic aerosols
formed from volatile organic compound emissions.

The size of particles determines their behaviour in the respiratory system, including how far the particles are
able to penetrate, where they deposit, and how effective the body’s clearance mechanisms are in removing
them.  Additionally, particle size is an important parameter in determining the residence time and spatial
distribution of particles in ambient air, which are key considerations in assessing exposure.

PM2.5, and in particular the ultrafine sub-micron particles, may penetrate beyond the larynx and into the thoracic
respiratory tract and evidence suggests that particles in this size range are more harmful than the coarser
component of PM10.

3.1.1 Respirable Crystalline Silica

Silica is one of the most abundant minerals found in the earth’s crust. Crystalline silica is most dangerous to
health when dust is generated, becomes airborne and is then inhaled. Respirable crystalline silica (RCS) dust
particles are small enough to penetrate deep into the lungs and can cause irreversible lung damage.

In the context of ambient air concentrations, RCS is generally represented by the PM2.5 fraction. RCS is a
hazardous substance, the inhalation of which can lead to silicosis, an incurable lung disease that can lead to
disability and death. RCS can also contribute to lung cancer, renal cancer and chronic obstructive pulmonary
disease.
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3.1.2 Heavy Metals and Radionuclides

Dust emissions from mineral sands mining can include heavy metals and radionuclides such as uranium (U) and
thorium (Th). Heavy metals that have been considered as a fraction of PM10 and deposited dust include:

Arsenic (As)

Cadmium (Cd)

Chromium (Cr)

Copper (Cu)

Lead (Pb)

Manganese (Mn)

Mercury (Hg)

Nickel (Ni)

Vanadium (V)

Zinc (Zn).

Radionuclides are not specifically assessed in this assessment; rather the required modelling outputs have been
generated for input to the radionuclide assessment report.

3.2 Other Air Quality Indicators Potentially Relevant to the Project

It is intended that Area 1 operations will be powered from a standalone 12-megawatt (MW) dual-fuel
(diesel/LPG) power station until alternate renewable energy supplies are established in the district. The power
station and adjacent fuel farm will be located close to the primary consumer points (namely the processing
plant).

In addition, the water pumping station located at Kangaroo Lake, approximately 30 km east of the Project, will
potentially be powered, at least temporarily, by a dual-fuel generator (approx. 1.5 MW). For the purposes of the
EES it is conservatively assumed that these generators will be powered by diesel and will be required for the life
of mine.

Potential air pollutants of interest associated with the operation of the power station and the pumping station
include:

carbon monoxide (CO)

oxides of nitrogen (NOx)

PM10 and PM2.5

sulfur dioxide (SO2)

volatile organic compounds (VOCs)

polycyclic aromatic hydrocarbons (PAHs).

3.2.1 CO

CO is an odourless, colourless gas formed from the incomplete burning of fuels.  It can be a common pollutant
at the roadside and highest concentrations are typically found in the kerbside environments with concentrations
decreasing rapidly with increasing distance from the road.
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3.2.2 NOx

In atmospheric chemistry, NOX generally refers to the total concentration of nitric oxide (NO) and nitrogen
dioxide (NO2).  NO is a colourless and odourless gas that does not significantly affect human health. However, in
the presence of oxygen, NO can be oxidised to NO2 which can have significant health effects including damage
to the respiratory tract and increased susceptibility to respiratory infections and asthma.  NO will be converted
to NO2 after leaving the combustion source at a rate dependent on ambient and atmospheric conditions.

3.2.3 SO2

Sulfur in fuel converts to sulfur oxides during combustion, hence emissions of SO2 are directly related to the
concentration of sulfur in the fuel.  Diesel contains more sulfur than gas, as there is negligible sulfur content in
Australian natural gas and LPG.

3.2.4 VOCs

VOCs have high vapour pressure at normal room-temperature conditions.  Their high vapour pressure leads to
evaporation from liquid or solid form and emission release to the atmosphere.  VOCs are emitted by a variety of
sources, including motor vehicles and other stationary and mobile engines. VOCs that are often typical of these
sources include benzene, toluene, ethylbenzene and xylenes (often referred to as ‘BTEX’).  Biogenic (natural)
sources of VOC emissions are also significant (e.g. vegetation).

3.2.5 PAHs

PAHs typically result from the incomplete combustion of organic material (such as coal, petrol, diesel, and
wood). PAHs are toxic and carcinogenic, the degree to which is dependent on the type of PAH. PAHs typically
occur in mixtures, and it is therefore difficult to establish the risk that that the mixture may pose. The toxicity of
a mixture of PAHs is therefore often expressed as a single number representing the equivalent concentration of
the most toxic or carcinogenic congener, benzo(a)pyrene (B(a)P).

3.2.6 Summary

The rate and composition of air pollutant emissions from the power station and from the pumping station will
be a function of a number of factors, including the type and size of the generators, operational load and inclusion
of emissions controls (e.g. low-NOX burners etc). For diesel fired generators, the pollutants with the highest
emission rates relative to their ambient air quality criteria, and therefore the pollutants with the highest risk of
exceeding that criteria are NO2 and PM2.5. This assessment therefore considers only emissions of NOx and PM2.5

from the power station and the pumping station, the rationale being that if meeting the requirements of the
GED with respect to NO2 and PM2.5 is demonstrated, meeting the requirements of the GED with respect to the
other pollutants would also be implicitly demonstrated.

Note that using LPG instead of diesel would significantly reduce emissions of NOX and PM2.5.
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4 Scoping

4.1 EES Evaluation Objectives and Scoping Requirements

The scoping requirements for the Goschen Mineral Sands and Rare Earths Project Environment Effects
Statement (May 2019; ‘scoping requirements’) prepared by the Minister for Planning, set out the specific
environmental matters the Project must address in order to satisfy the Victorian assessment and approval
requirements.

The scoping requirements include a set of evaluation objectives. These objectives identify the desired outcomes
to be achieved in managing the potential impacts of constructing and operating the Project in accordance with
the Ministerial guidelines for assessment of environmental effects under the EE Act.

The following evaluation objective is relevant to air quality:

To protect the health and wellbeing of residents and local communities, and minimise effects on air quality,
noise and the social amenity of the area, having regard to relevant limits, targets or standards.

The aspects from the scoping requirements relevant to the evaluation objective are shown in Table 1 as well as
the location where these items have been addressed in this report.

Table 1 Scoping Requirements Relevant to Air Quality

Aspect Scoping Requirement Section Addressed

Key Issues The potential for risks to public health and safety and
diminished social wellbeing at all stages of the Project due to
a range of factors including but not limited to exposure to
dust and air pollution.

Section 3 and Section 5.2

Existing
Environment

Describe the physical and chemical characteristics of
overburden, ore, product, tailings and mining by-products to
be removed during mine development and operations
including specific aspects relevant to air quality.

Section 2.3 and Section 3

Identify dwellings and any other potentially sensitive
receptors (e.g. community centres, schools, recreation
facilities and agricultural businesses) that could be affected
by the Project’s potential effects on air quality.

Section 8.2

Monitor and characterise background levels of air quality in
accordance with PEM a requirements, including air pollution
indicators (dust, PM10, PM2.5, crystalline silica, metals, and
greenhouse gas emissions from equipment) including
adjacent sensitive receptors and along potential transport
routes.

Section 8.5



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 27

Aspect Scoping Requirement Section Addressed

Assessment of
Likely Effects

Predict likely atmospheric concentrations of particulate
matter and other relevant Class 1, 2 or 3 indicators in
surrounding areas during mine construction, operation and
rehabilitation, using an air quality impact assessment
undertaken in accordance with the PEM.  The air quality
impact assessment is to also include an assessment using the
SEPP (Ambient Air Quality) environmental
objectives. a

Section 10 and Section 11

Assess any effects of dust emissions on surrounding
agricultural industry and local water supplies, including
privately owned rainwater tanks.

Design and
Mitigation
Measures

Identify potential and proposed design responses and/or
other mitigation measures in accordance with best
management practice, to avoid, reduce and/or manage
significant effects for sensitive receptors, during the Project
construction, operation, decommissioning and post-closure,
arising from air pollution.

Section 13.1

Approach to
Manage
Performance

Describe monitoring programs for potential effects on
amenity, environmental quality, health and social wellbeing
including a framework for identifying and responding to any
emerging issues.

Section 13.2

a   The “Protocol for Environmental Management: Mining and Extractive Industries” (the PEM) and the “State Environment Protection Policy
(Ambient Air Quality)” (the SEPP(AAQ)) are no longer in effect. The assessment requirements are now provided by the draft “Guideline for
assessing and minimising air pollution” (EPA Victoria, 2022) and the “Environmental Reference Standard” (Victorian Government, 2021). Refer
Section 5.1.

5 Evaluation Framework

5.1 Legislation, Policy, Guidelines and Standards

The legislation, policy, guidelines and standards relevant to this assessment are summarised in Table 2.
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Table 2 Legislation, Policy, Guidelines and Standards Relevant to the Assessment

Document Title Summary Relevance to Project

Commonwealth Government

National Environment
Protection (Ambient
Air Quality) Measure
(NEPC, 2021)

The National Environment Protection
(Ambient Air Quality) Measure (Air NEPM)
developed by the National Environment
Protection Council (NEPC) contains standards
and goals for key pollutants that are required
to be achieved nationwide, with due regard
to population exposure. Air NEPM standards
apply at performance monitoring locations,
with each station located in such a manner
that it obtains a representative measure of air
quality likely to be experienced by the general
population in a region or sub-region of 25,000
people or more.
The desired environmental outcome of the
Air NEPM is ambient air quality that allows for
the adequate protection of human health and
well-being.

The standards are not intended to be applied
as modelling criteria for assessing air
emissions from individual sources, specific
industries or roadside locations and are
therefore not strictly appropriate for this
AQIA. However, the Victorian Environmental
Reference Standard which provides
assessment criteria relevant to this AQIA
adopts (in part) the Air NEPM standards.

Australian Drinking
Water Guidelines
(NHMRC, 2022)

The Australian Drinking Water Guidelines
provide a basis for determining the quality of
water to be supplied to consumers in all parts
of Australia. They are intended to provide a
framework for the good management of
drinking water supplies that if implemented
will assure safety at the point of use. The
Australian Drinking Water Guidelines are not
mandatory legally enforceable standards and
the implementation of the guidelines is at the
discretion of each state and territory. The
Australian Drinking Water Guidelines are used
by state and territory health departments and
drinking water regulators, local health
authorities and water utilities.

Emissions of dust have the potential to
impact local water supplies, including
privately owned rainwater tanks. Indicative
predictions of impacts to rainwater tanks are
compared with drinking water guidelines.
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Document Title Summary Relevance to Project

Victorian Government

Environment
Protection Act 2017
(Vic)
(Victoria State
Government, 2017)

The Environment Protection Act 2017 as
amended by the Environment Protection
Amendment Act 2018 (Victoria State
Government, 2018), took effect on 1 July
2021 and introduced:

a general environmental duty (GED),
which will require everyone, including
businesses and individuals, conducting
activities that pose a risk to human
health or the environment from
pollution or waste to understand those
risks and take reasonably practicable
steps to eliminate or minimise them.

a duty to notify, which requires a person
in management or control of land to
notify EPA as soon as practicable if the
contamination may pose a significant
risk to human health or the
environment.

The GED is relevant to the Project requiring
emissions to air to be eliminated or
minimised as far as reasonably practicable.
In determining whether it is reasonably
practicable to minimise risks of harm to
human health and the environment, the
following matters are relevant:

the likelihood of the risk eventuating

the degree of harm that would result if
the risk eventuated

what the person knows, or ought
reasonably to know about the harm or
risks of harm and ways of eliminating or
reducing those risks

the availability and suitability of ways to
eliminate or reduce the risk

the cost of eliminating or reducing the
risk.

Environment
Reference Standard
(Victorian
Government, 2021)

Under the Environmental Protection Act 2017,
the Environment Reference Standard (ERS) is
to be used to assess and report on
environmental conditions in the whole or any
part of Victoria. It sets out indicators and
objectives for the ambient air environment.
The ERS provides a reference to help make
decisions. It does not:

create specific obligations that must be
followed

set out enforceable compliance limits

describe levels that it is permitted to
pollute up to.

The ERS sets out ambient air quality
objectives for criteria pollutants, some of
which are relevant to the Project, including:

PM10

PM2.5

CO

NO2

SO2

For the most part, the ERS adopts the Air
NEPM standards for these pollutants which
aim to provide for the adequate protection of
human health and well-being.
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Document Title Summary Relevance to Project

Guideline for
Assessing and
Minimising Air
Pollution in Victoria
(EPA Victoria, 2022)

The guideline for Assessing and Minimising
Air Pollution in Victoria (the Air Guideline)
provides a framework to assess and control
risks associated with air pollution. It is a
technical guideline for air quality practitioners
and specialists with a role managing pollution
discharges to air.
The air quality assessment criteria in the Air
Guideline are concentrations of air pollutants
that provide a benchmark to understand
potential risks. They are risk-based
concentrations that help identify when or if
an activity is likely to pose an unacceptable
risk to human health and the environment.
This represents a change in attitude to air
quality criteria which were previously
concentrations that facilities could effectively
‘pollute up to’. There are now no
concentrations below which no action,
management and/or mitigation of emissions
to air is required.

The Air Guideline sets out levels of
quantitative assessment and air pollution
assessment criteria (APACs) that the Project
must comply with, noting the requirements
of the GED.
The Air Guideline APACs for criteria
pollutants are adopted from the ERS and
should be updated to reflect any future
update to the ERS.
The Air Guideline defines a quantitative
assessment appropriate for the Project to
include:

air pollution modelling carried out using
EPA’s preferred model in line with standard
modelling methodologies directed by
United States Environmental Protection
Agency (US EPA) AERMOD modelling
guidance

air pollution monitoring including:

real time continuous 24-hour PM10 and
PM2.5 data for a 12-month period

analysis of crystalline silica (PM2.5

fraction) and heavy metal content
(PM10) and/or other air toxics (where
applicable).

The Air Guideline discourages the modelling
assessment of nuisance dust deposition rates.

5.2 Assessment Criteria

Relevant air quality criteria provided in Table 3 have been sourced from the Air Guideline, which lists numerous
air pollution assessment criteria (APACs). The APACs are risk-based concentrations that help identify when or if
an activity is likely to pose an unacceptable risk to human health and the environment and are not to be
considered concentrations below which no management and/or mitigation of emissions to air is required. In
accordance with the GED, the Project must take steps to eliminate or minimise those emissions so far as
reasonably practicable.

In relation to the application of APACs to modelling outputs, the Air Guideline advises that APACs with averaging
periods of one hour or less apply to the 99.9th percentile predicted concentration at any location at or beyond
the boundary of the facility. For all averaging periods greater than one hour, the APACs apply to the 100th

percentile predicted concentration at discrete receptor locations. This is because acute exposures can plausibly
occur in most locations (e.g. a park, a shopping strip or at a place of work), while longer exposures are more
likely at sensitive receptors, such as a nearby residence.
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Table 3 Air Pollution Assessment Criteria

Substance Cumulative/Incremental Averaging Period APAC
(µg/m3)

Health Based

PM10 Cumulative a 24 hours 50 c

Annual 20 c

PM2.5 Cumulative a 24 hours 25 c

Annual 8 c

RCS (as PM2.5) Cumulative a Annual 3 c

Arsenic Cumulative a Annual 0.015 c

Cadmium Cumulative a Annual 0.005 c

Chromium
(hexavalent)

Cumulative a Annual 0.005 c

Lead Cumulative a Annual 0.5 c

Manganese Cumulative a Annual 0.15 c

Mercury Cumulative a Annual 1 c

Nickel Cumulative a Annual 0.09 c

Zinc Cumulative a Annual 2 c

NO2
 b Cumulative a 1 hour 150 (80 ppb) d

Annual 28 (15 ppb) c

Environmental

NO2
 b Cumulative a – relating to

terrestrial vegetation
Annual 30

a   Cumulative APACs apply to the total concentration (Project plus background).
B   Relating to power station and pumping station emissions.
C 100th percentile at discrete sensitive receptor locations.
D 99.9th percentile at any location at or beyond the boundary of the facility.

5.2.1 Dust Deposition Guidance

Note that there is no APAC associated with dust deposition. The Air Guideline states that a deposition rate of
4 g/m2/month (no more than 2 g/m2/month above background), as a monthly average, previously used as a
criterion can continue to be used as a rule of thumb level for requiring further investigation and addressing dust
issues. The Air Guideline does not offer guidance on assessing the potential impacts of dust deposition on
vegetation. Dust or particles falling onto plants can physically smother the leaves affecting photosynthesis,
respiration and transpiration (Highways England, 2019). Literature suggests that the most sensitive species
appear to be affected by dust deposition at levels above 30 g/m2/month (Farmer, 1993), with most species
appear to be unaffected until dust deposition rates are at levels considerably higher than this.
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6 Consultation and Engagement
Development of the Project and preparation of the EES have been informed by consultation with stakeholders
and the community. Table 4 lists specific community and stakeholder feedback on air quality and how this
feedback has been considered by the project in this impact assessment.

Table 4 Stakeholder Engagement Undertaken for Air Quality

Community and Stakeholder Feeback Consideration in Project Design or Impact Assessment

EPA were consulted on the adequacy of the baseline air
quality monitoring data collected for the AQIA (17 July
2020)

In accordance with EPA’s request, in addition to
consideration of representative background PM10 and
PM2.5 concentrations, the AQIA also includes
consideration of elevated background PM10 and PM2.5

concentrations associated with regional bushfires years.
This approach also addresses the concerns of several
neighbouring properties at Stakeholder Reference Group
meetings.

Stakeholder Reference Group meetings were held in late
2019. Queries regarding air quality were associated with
concerns about the potential impacts dust could have on
the health and well-being of the community and how dust
contamination could affect crops and livestock.
Residences collect rainwater from roofs for consumption
and domestic use. Concerns were raised that potential
increased dust levels could cause contamination of that
water.

Emissions of PM10 and PM2.5 from the operation of the
Project were identified as having the greatest potential to
the impact health and well-being of the community.
These dust size fractions are therefore the focus of the
operational impact assessment, which predicts the
potential concentrations of PM10 and PM2.5 at sensitive
receptors in the vicinity of the Project.
Dust deposition resulting from the Project was identified
as having the potential to affect crops and livestock, and
impact nearby residences rainwater tanks. The
operational impact assessment therefore also predicts
indicative dust deposition rates in fields surrounding the
Project and at nearby sensitive receptors to address these
concerns.

7 Methodology

7.1 Overview of Method

This section describes the method that was used to assess the potential impacts of the Project. Figure 6 shows
an overview of the assessment method. A risk-based approach was applied to prioritise the key issues for
assessment and inform measures to avoid, minimise and offset potential effects.

The approach used in the assessment has been guided by the evaluation framework that applies to the Project
comprising the regulatory framework (that is, applicable legislation and policy) as well as the scoping
requirements set by the Victorian Minister for Planning.
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Figure 6 Overview of Assessment Framework

The environmental assessments were undertaken according to the following steps:

Establishment of a study area and characterisation of existing environment

Review of the Project description, comprising the key Project components (including locations and form),
proposed construction and operation activities (in the context of existing environment) and
decommissioning activities to determine the location, type, timing, intensity, duration and spatial
distribution of potential Project interactions with sensitive receptors
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An initial risk-based analysis to evaluate the potential effects of proposed Project activities and their
likelihood of occurring (considering initial mitigation measures) to determine the relative importance of
environmental impacts associated with the Project and therefore prioritise issues for attention in the
subsequent assessment of impacts. Initial mitigation measures would include measures that are common
industry practice or required to meet legislation.

An assessment of impacts that examines the severity, extent, and duration of the potential impacts and
considers the sensitivity and significance of the affected receptors

Evaluation of predicted outcomes against benchmarks and criteria such as those described in applicable
legislation, policy and standards

Evaluation of the potential for cumulative impacts (where relevant) caused by impacts of the Project in
combination with impacts of other existing and proposed projects that may have an overall significant
impact on the same environmental asset

Identification of additional mitigation measures where necessary to address potentially significant
environmental impacts

Evaluation and reporting of the residual environmental impacts including magnitude, duration and extent,
taking into account the proposed mitigation measures and their likely effectiveness.

Based on the findings of the environmental assessments, an Environmental Management Framework (EMF) has
been prepared to monitor and control environmental performance during project implementation. The EMF has
specified the committed mitigation measures to avoid, minimise and manage impacts, proposed contingency
measures and offset commitments, and describe the roles and responsibilities for implementation throughout
Project construction, operation and decommissioning.

The specific methods adopted during the key steps are described in the sections below.

7.2 Study Area

An appropriate study area may be defined as the approximate geographical extent required for the dispersion
of emissions to air from various Project activities to result in incremental increases in ground level
concentrations (i.e. due to Project impacts) that approach zero, or some small fraction of the relevant ambient
air quality criteria.

For significant surface-based fugitive emissions such as those that may be expected from the Project activities,
a study area of approximately 10 km by 10 km (100 km2) approximately centred on the Project would generally
be considered sufficient to meet the definition of an appropriate study area. Due to the geographical spread of
the Project Areas (Area 1 and Area 3) and the distribution of nearby sensitive receptors around the Project, a
study area of 15 km by 15 km (225 km2), centred towards the southeastern corner of Area 3 has been chosen
(Figure 7).

Note the pipeline (refer Sections 10.1.2 and 10.2.2) and pumping station (refer Section 11.1.6) are considered
separately.

The
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Figure 7 Study Area

Study Area
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7.3 Existing Environment

A comprehensive assessment was undertaken to understand the existing environment of the study area to
inform the environmental impact assessment for the works. This assessment incorporated:

Swan Hill Bureau of Meteorology (BoM) (Station no. 77094) meteorological datasets for 2017 to 2021

BoM average summer and annual evaporation rates (BoM, n.d.)

Ambient air quality monitoring campaign dataset including concentrations of PM10, PM2.5, heavy metals (as
PM10) and respirable crystalline silica (as PM2.5) (SLR documents 640.11763-R01-v5.0 and 640.11763.00300-
M01-v3.0)

Consultation with EPA (refer Section6)

Aerial imagery (Nearmap Australia Pty Ltd, 2022)

VHM soil assay metals analysis data from 2019 drilling program.

7.4 Avoidance and Minimisation

Relevant to this topic, the following measures have been adopted in relation to the design, construction and
operation of the Project to avoid and minimise impacts:

In Area 1 and Area 3, ore will be hauled by truck between the mining blocks and the MUP where it will be
turned into a slurry and piped to the processing plant in Area 1. This minimises truck haulage in Area 1 and
avoids truck haulage between Area 3 and Area 1, reducing the potential for wheel generated dust emissions.

There will generally be six blocks active at any one time, with one of the following activities occurring in
each:

clearing/overburden removal

ore mining

tailings fill

tailings consolidation

overburden fill

shaping/rehabilitation.

Topsoil and overburden will be stockpiled in waste dumps in the first instance. As the mining of the blocks
continues, waste material (topsoil, overburden and tailings) from the initial mining voids will backfill the
mined voids, reducing haulage and double handling and therefore the potential for dust emissions. Each
mining block will nominally take 1.5 to 2 months to mine for removal of its material and is estimated to be
‘open’ for a duration of 8 to 12 months.

For mining block operations closer to sensitive receptors, mining will be limited to daytime hours. Solar
heating during the daytime drives vertical atmospheric turbulence which increases entrainment and mixing.
This generally leads to reduced pollutant concentrations in the vicinity of a source of emissions, compared
to at night.

Wheel generated dust emissions from internal haul roads and trafficable areas will be supressed as far as
practicable by:

sealing unpaved roads where practicable
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strictly restricting access to those vehicles that require access to unpaved surfaces

limiting speed of vehicles on unpaved surface

maintaining moisture content of unsealed surfaces by use of a water cart and sprays and increasing
or decreasing the frequency and amount of application depending on weather conditions

applying crushed rock and gravel with aggregate mixes or soil adhesives and geotextile fabrics as
required

applying chemical stabilizers to bind unsealed surface fine particles together or onto larger particles

Drop height to be minimised when loading trucks.

Sweeping and wetting of sealed surfaces to minimise dust generation.

Dust emissions resulting from wind erosion of exposed areas and stockpiles will be supressed as far as
practicable by use of water sprays, primary earthworks and chemical stabilizers, as appropriate.

Maintenance of existing vegetation and progressive re-vegetation of completed mining blocks and non-
trafficable areas will reduce the potential for wind erosion.

Product will be transported from site in sealed freight containers.

The Project will aim to meet its obligations under the GED by minimising the emission of dust for all operations
and meteorological conditions as far as practicable.

7.5 Risk Assessment

A risk assessment of Project activities was performed to prioritise the focus of the impact assessments and
development of mitigation measures. The risk pathways link Project activities (causes) to their potential effects
on the environmental assets, values or uses that are considered in more detail in the impact assessment. Risks
were assessed for the construction, operation and decommissioning phases of the Project.

The likelihood and consequence ratings determined during the risk assessment process and the adopted
mitigation measures are presented in Appendix A. The risk assessment has been undertaken in line with the
Preparation of Work Plans and Work Plan Variations Guideline for Mining Projects (Victoria State Government,
2020).

7.6 Impact Assessment

A change to baseline conditions (or the no-Project case) caused by Project activities in any of the Project phases
(construction, operation or decommissioning) may give rise to impacts.

The impact assessment involved identifying the severity, extent and duration of any impacts, positive or
negative, that the Project may have on the existing environment.

The significance of the impacts has been assessed in accordance with the evaluation framework, based on
applicable legislation, policy and standards and the evaluation objectives and environmental significance
guidelines arising from the government terms of reference established to guide the assessments.

This study has assessed the impacts of construction, operation and decommissioning of the Project on air quality
assets and values to be protected.
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7.6.1 Project Construction and Closure/Rehabilitation Assessment Methodology

Quantitatively assessing impacts of fugitive dust emissions from construction using predictive modelling is
seldom considered appropriate, primarily due to the uncertainty in the details of the construction activities,
including equipment type, number, location and scheduling, which are unlikely to be available at the time of the
assessment.  Furthermore, they are also likely to change as construction progresses.

Instead, it is considered appropriate to conduct a qualitative assessment of potential construction related air
quality impacts.  Potential impacts of dust emissions associated with proposed construction activities at the Site
has been performed based on the methodology outlined in the Institute of Air Quality Management (UK) (IAQM)
document, “Assessment of dust from demolition and construction” (IAQM, 2014).  This guidance document
provides a structured approach for classifying construction sites according to the risk of air quality impacts, to
identify relevant mitigation measures appropriate to the risk (see Appendix B for full methodology).

The IAQM approach has been used widely in Australia for the assessment of air quality impacts from
construction projects and the identification of appropriate mitigation measures and has been accepted by
regulators across all states and territories for a variety of construction projects.

The IAQM method uses a four-step process for assessing dust impacts from construction activities:

Step 1: Screening based on distance to the nearest sensitive receptor; whereby the sensitivity to dust
deposition and human health impacts of the identified sensitive receptors is determined.

Step 2: Assess risk of dust effects from activities based on:

the scale and nature of the works, which determines the potential dust emission magnitude; and

the sensitivity of the area surrounding dust-generating activities.

Step 3: Determine site-specific mitigation for remaining activities with greater than negligible effects.

Step 4: Assess significance of remaining activities after management measures have been considered.

It is noted that that accurate information regarding construction activities and equipment are not available at
this stage, hence conservative assumptions have been made where necessary to assess impacts from
construction activities.  If these parameters were to be significantly modified, re-assessment of construction
impacts would be recommended.

7.6.2 Project Operation Assessment Methodology

In accordance with the Air Guideline, the dispersal of pollutant emissions of PM10 and PM2.5 to air from the
Project were modelled using AERMOD. The American Meteorological Society (AMS)/USEPA Regulatory Model
(AERMOD Version 19191) was specifically designed to support the USEPA’s regulatory programs, however it is
also the Victorian regulatory model. AERMOD is a steady-state plume modelling system with three components:
AERMOD (dispersion model), AERMAP (terrain data pre-processor) and AERMET (meteorological data pre-
processor).

AERMOD was used to predict maximum cumulative pollutant ground level concentrations (GLCs) resulting from
the Project emissions to air and existing background concentrations.
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The dispersal and deposition of pollutant emissions of TSP were also modelled using AERMOD. However, it is
noted that the Air Guideline asserts that caution should be applied in using dust dispersion modelling predictions
because they present some significant challenges due to uncertainty in emission source estimations, and the
difficulties in setting acceptable threshold levels for nuisance dust risks. Modelled dust deposition rates are
therefore considered indicative and were primarily used to inform the assessment of potential dust impacts on
surrounding agricultural industry (crops) and local water supplies (rainwater tanks), and to inform the
radionuclide assessment (Section 7.6.2.3.6) and the risk assessment (Appendix A).

7.6.2.1 Environmental Inputs

AERMOD requires a range of inputs to describe the Project environment:

topographical data

meteorological data

background pollutant concentrations.

The sources of the required data are summarised in Table 5 and these inputs are discussed in the following
sections.

Table 5 Air Dispersion Model Input Data

Item Source Description

Topographical data Shuttle Radar Topography Mission
(SRTM) Derived Digital Elevation
Model (DEM)

1 second (~30m) resolution

Meteorological data Weather Research and Forecasting
(WRF) model and AERMET pre-
processor.

A site specific synthetic
meteorological dataset
representative of the Project location
provides input to AERMOD’s
meteorological pre-processor,
AERMET.

Background pollutant concentrations Project site specific monitoring
campaign

12 months monitoring of PM10, PM2.5,
RCS, heavy metals and dust
deposition.

EPA monitoring station at Alphington NO2 concentration 2016 to 2020

7.6.2.1.1 Topography

Shuttle Radar Topography Mission (SRTM) one arc-second (approximately 30 metres) global digital surface
model data is commonly used for plume dispersion modelling purposes. The raw SRTM data cannot distinguish
between ground surface topography and other elevated features such as tree canopies and buildings and is
therefore subject to editing and processing, such as: delineating and flattening water bodies, better defining
coastlines, removing spikes and wells and filling small voids. Due to the relatively flat topography, few trees and
few buildings in the Project area, the dataset is considered adequate for the assessment. Data was processed
with AERMAP for use in AERMOD.
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7.6.2.1.2 Meteorology

Meteorological mechanisms govern the dispersion, transformation and eventual removal of pollutants from the
atmosphere. The extent to which pollution will accumulate or disperse in the atmosphere is dependent on the
degree of thermal and mechanical turbulence within the earth’s boundary layer. Dispersion comprises vertical
and horizontal components of motion. The stability of the atmosphere and the depth of the surface-mixing layer
define the vertical component. The horizontal dispersion of pollution in the boundary layer is primarily a function
of the wind field. The wind speed determines both the distance of downwind transport and the rate of dilution
as a result of plume ‘stretching’. The generation of mechanical turbulence is similarly a function of the wind
speed, in combination with the surface roughness. The wind direction, and the variability in wind direction,
determines the general path pollutants will follow, and the extent of crosswind spreading. Pollution
concentration levels therefore fluctuate in response to changes in atmospheric stability, to concurrent variations
in the mixing depth, and to shifts in the wind field (Oke, 2002).

For this study, a site-representative three-dimensional meteorological dataset was compiled using WRF before
extracting the necessary on-site and upper air input files for the AERMOD meteorological pre-cursor model,
AERMET, details of which are provided in Appendix C.

In accordance with EPA guidance, five years of meteorological data (2016 to 2020) was modelled for this
assessment.

7.6.2.1.3 Background Pollutant Concentrations

Existing air quality in the area surrounding the Project will be affected by a combination of emissions from
sources in the local area, as well as emissions that flow into the area from the wider region.

The air environment surrounding the Project site will be affected by:

Dust from agricultural activities, wind erosion during periods of dry and dusty wind conditions and long-
range transport of fine particulate matter from other regions.

Intermittent and short-term emissions of particulate matter and products of combustion from grass/bush
fires, controlled burns and dust storms.

The Air Guideline states that level 2 and level 3 assessments require real time continuous 24-hour average PM10

and PM2.5 data for a 12-month period from the area where the operation is proposed, with analysis of RCS (as
PM2.5) and heavy metal content (PM10), where applicable.

Time varying background concentrations (24-hour averages) of PM10 and PM2.5 recorded at the Project site
between January 2019 and September 2020 were included in the models such that the cumulative 24-hour and
annual average concentrations (Project impact plus background) could be assessed against the criteria. In
consultation with EPA, the 2020 dataset was deeded to be representative of a bushfire impacted air quality year,
with 2019 being representative of a ‘normal’ air quality year. By utilising both datasets, the potential cumulative
impacts during a bush-fire impacted year and a normal year were assessed.

For RCS and metals, the annual average background concentration recorded at the Project site was added to the
predicted annual average Project impact to give the cumulative annual average concentrations. For NO2,
conservative 1-hour and annual average background concentrations were estimated based on data from the
Alphington  ambient air quality monitoring site operated by EPA.

Further details on the data used is provided in Section 8.5.
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7.6.2.2 Dispersion Model Configuration

7.6.2.2.1 Modelled Project Mining Scenarios

The proposed mining activities in Area 1 and Area 3 are scheduled to move around the extraction area, block by
block. As such, the extent of potential impacts to air quality beyond the extraction boundary and at nearby
sensitive receptors will change as the locations of the emission sources change. As a result, there may be more
than one worst-case scenario, given that different sensitive receptors may be impacted differently for any given
mining scenario. Table 6 provides the justification for the scenarios chosen to be assessed. Full emission source
details and overviews of the source locations for each scenario are provided in Section 11.1 and Section 11.2.

Table 6 Modelled Project Scenario Descriptions

Mining Area Scenario Description

Area 1 Scenario 1:
Area1_Y1Q1

Moderate combined topsoil, clay and overburden and ore extraction rate.
High haulage (VKT) rate of topsoil, clay and overburden to temporary
stockpiles.
No haulage between mining blocks.
Activities assumed:

Block 101: ore mining.

Block 102: clearing/overburden removal.
Scenario 2:
Area1_Y6Q2

High combined topsoil, clay and overburden and ore extraction rate.
Moderate haulage (VKT) rate of topsoil, clay and overburden to temporary
stockpiles.
Moderate haulage between mining blocks.
Close to receptor 13 – daytime operations only (7:00 am – 6:00 pm)
Activities assumed:

Block 125: backfilling

Block 126: ore mining

Block 127: clearing/overburden removal

Area 3 Scenario 3:
Area3_Y11Q3

High combined topsoil, clay and overburden and ore extraction rate.
High haulage (VKT) rate of topsoil, clay and overburden to temporary
stockpiles.
Moderate haulage between mining blocks.
Close to receptor 7 – daytime operations only (7:00 am – 6:00 pm)
Activities assumed:

Block 110: backfilling

Block 111: ore mining

Block 112: clearing/overburden removal
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Mining Area Scenario Description

Scenario 4:
Area3_Y15Q2

High combined topsoil, clay and overburden and ore extraction rate.
High haulage (VKT) rate of topsoil, clay and overburden to temporary
stockpiles.
No haulage between mining blocks – all to stockpiles.

Activities assumed:

Block 101: clearing/overburden removal

Block 102: ore mining
VKT = vehicle kilometres travelled

7.6.2.2.2 Particulate Modelling Methodology

Emissions from the site were represented in the model by a series of volume sources, except for wind erosion
from the exposed areas, which was represented by area sources.

Based on the sensitivity of each activity to wind speed, hourly varying emission files representing hourly TSP,
PM10 and PM2.5 emissions from each source were compiled based on the daily average emission rates estimated
for each activity. Details of the algorithm used to generate the variable emission files are presented in
Appendix D.

TSP emissions were used to predict indicative dust deposition rates to inform the radionuclide assessment (refer
Section 7.6.2.3.6 and Section 7.8) and to indicate the potential for dust impacts on surrounding crops and
rainwater tanks.

The following operating conditions were also incorporated into the variable emission files:

Wind erosion occurs every hour of the year adjusted for windspeed.

For 24-hour operations, dust generating extractive activities occur 24 hours per day, 7 days per week

For daytime only operations, dust generating extractive activities occur 11 hours per day, 7 days per week.

7.6.2.2.3 NO2 to NOx Ratio

NOx emitted from combustion processes mainly consist of NO with a small portion (approximately 10%) of NO2.
In the atmosphere however, NO emitted from the source oxidises to NO2 in the presence of ozone (O3) and
sunlight as it travels further from the source.  The rate of oxidation depends on a number of parameters including
the ambient O3 concentration. Assuming 100% conversion of NO to NO2 before the plume arrives at the receptor
location can significantly over-predict NO2 concentrations at nearfield receptors as this assumes that the
atmospheric reaction is instantaneous when in reality, the reaction takes place over a number of hours.

This assessment conservatively assumes a NO2 to NOx ratio of 30%.

7.6.2.2.4 Model Parameters and Options

A summary of additional AERMOD modelling options and parameters used for the assessment is provided in
Table 7.
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Table 7 Model Parameters

Parameter Option

Adjusted U* (friction velocity) Yes

Output type
PM10 and  PM2.5: concentration (µg/m3)
TSP: deposition (g/m2; for indicative purposes only)

Depletion options
PM10 and PM2.5: None
TSP: None

Dispersion coefficient Rural

Building downwash None (no buildings included)

Gridded receptors Gridded: Uniform cartesian 0 m (AGL)

Discrete receptors Discrete: Sensitive receptor locations (Refer Table 9 and Table 10) 0 m (AGL)

AGL Above ground level

7.6.2.3 Emission Estimation Methodology

7.6.2.3.1 Fugitive Particulate Emissions

Fugitive emissions of TSP, PM10 and PM2.5 were estimated using published emission factors from the National
Pollutant Inventory (NPI) Emission Estimation Technique Manual for Mining (DSEWPC, 2012) [incorporating
(SPCC, 1986)] and USEPA AP-42 Compilation of Air Emissions Factors (USEPA, 2006 and Updates), as appropriate
(refer Appendix E).

Notable assumptions made in calculating the emission rates for each activity are as follows:

A water cart will be used on internal haul roads.

An area equal to the proposed active areas of the pit, the overburden and topsoil stockpiles and ROM
stockpile was used to estimate windblown dust from the Project.

The modelled scenarios assume that a water cart and water sprays will be used around the pit and the
earthworks of the overburden dump. In reality, additional management and mitigation measures may be
implemented to minimise dust (refer Section 13.1).

Haulage distances (expressed in total vehicle kilometres travelled (VKT)) on unsealed roads were estimated
based on the length of the haulage route and number of trips per hour calculated from the total daily
tonnage and truck payload).

7.6.2.3.2 Wheel Generated Dust

The “NSW Coal Mining Benchmarking Study: International Best Practice Measures to Prevent and/or Minimise
Emissions of Particulate Matter from Coal Mining” (Donnelly, et al., 2011) commissioned under the NSW EPA
Dust Stop Program found that wheel generated dust emissions, primarily generated by trucks travelling on
unsealed haul roads was the largest contributor to the total emissions of TSP and PM10, and the second largest
contributor of PM2.5.

The amount of wheel generated particulate matter from an unpaved haul road is a function of:

the erodibility of the wearing course
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the erosivity of the actions to which the wearing course is subjected.

The first is a property of the design of the haul road whilst the second is affected by how the road is used and
managed. The second is road down to maintenance and management, which for the Project, may include:

Surface treatments or suppressants (water and/or chemical), which by their nature will require periodic
reapplication. Donnelly et al. (2011) reports that the use of suppressant solution could achieve a 57%
reduction in water applied per square metre and a 167% increase in time between watering, compared with
use of water alone.

Constructing haul roads using materials with low silt content. Typically haul road construction material is
sourced onsite, if this material has poor bonding properties or a high proportion of fine material (e.g. silt)
the dustiness of the haul road may increase along with the costs of maintaining the road surface. Increasing
the amount of large aggregates in the construction material by adding gravel or slag can reduce the dustiness
of haul roads and reduce maintenance costs as the road is less susceptible to deterioration.

Monitoring programs undertaken as part of the NSW EPA Dust Stop Program found that the haul road particulate
matter control efficiencies of between 80 and 99% could be achieved with 16 of the 42 results (38%) of the
studies reporting control efficiencies of 95% or greater.

Project Site Specific Haul Road Watering Control Efficiency Calculation

A site-specific watering emission control factor (C, expressed as a percentage) can be estimated from typical
evaporation rates for the area and the haul road traffic rate using the following equation (Air & Waste
Management Association, 2000):

where

p is the average hourly daytime evaporation rate (mm/h),

d is the average hourly daytime traffic rate (trips/h),

t is the time (h) between water application, and

i is the application intensity (L/m2).

Based on the typical evaporation rates for the area (Section 8.4.5) and a worst-case traffic frequency of up to
25 trips per hour, a control of greater than 95% is calculated for the Project onsite haul roads for an hourly water
application rate of 1.6 L/m2,. The estimated hourly water application rate rises to 2.9 L/m2/h during the summer
months to achieve this level of control. In general, traffic frequency is estimated to be less than this, requiring a
lower application intensity rate.

For modelling purposes therefore, a 95% control factor was applied to the uncontrolled unpaved haul road
wheel generated dust estimates for the worst-case wheel generated dust conditions associated.

These control factors reflect the Project’s consideration of the GED. In practise, this level of control will be
achieved by a combination of water application, chemical suppressant application, good road design and
management including:

considering water cart/suppressant needs for various seasons and planning for this
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adjusting water cart usage on the day in response to forecast and observed weather conditions (for example,
hot seating water carts through crib breaks and use of water extender products as required)

optimising the spray volume to increase efficiency of water carts whilst maintaining a safe travelling surface
for haul trucks

increasing the frequency of watering on active haul roads (i.e. watering to reflect use) including attentive
monitoring and application of suppressants as surface dries out to avoid excessive emissions

constructing the road surface using materials with low silt content

scheduling grading and gravelling of heavy traffic areas such as intersections with regular resurfacing of high
traffic areas such as intersections to reduce silt build up.

7.6.2.3.3 Wind Speed Dependent Wind Erosion

The base wind erosion emission rates were varied hourly based on a cubic relationship with the wind speed for
each hour to accurately simulate the increased dust generation at higher wind speeds. That is, for each hour, h,
the hourly emission rate, E is:

( ) ( )

where Ebase is the base emission rate in kg/h, and u is the hourly wind speed in m/s contained within the
meteorological file. Note that although increased wind speeds generate increased wind erosion emission rates,
they also promote increased plume dispersion. This offsetting effect generally leads to reduced downwind
ground level particulate concentrations at higher wind speeds.

7.6.2.3.4 RCS and Metals Emissions

For the purpose of this study, it has been conservatively assumed that the RCS emission rates for all activities
are equal to 100% of the PM2.5 emission rates. The emission rate of individual metals in PM10 and in deposited
dust have been conservatively assumed to be equal to the fractions of metals as indicated by the background
metals (as PM10) monitoring (refer Section 8.5.2, Table 16).

7.6.2.3.5 Power Station and Pumping Station Emissions

Emissions from the 12 MW power station were estimated based on it comprising (nominally) 12 duty and 2
standby 1.0 MWm diesel reciprocating generators. The generators are to be housed in a single building, each
serviced by an individual exhaust stack. The Project proposes to use dual fuel diesel/LNG fired generators,
however, for the purposes of this assessment they are conservatively assumed to run on diesel for which greater
pollutant emissions are generally associated.

To achieve the power requirements, the twelve duty diesel generators will target operating between 70-90% of
full load for optimal efficiency. For modelling purposes, the continuous power rating generator specifications
were used.

Up to 1.5 MW of power is assumed to be required for the water pumping station. For modelling purposes, the
emission parameters for the pumping station generators are conservatively based on two 1.0 MWm diesel
reciprocating generators.

Emission parameters for the generators are derived from the generator specifications, provided in Appendix F.
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7.6.2.3.6 Radionuclide Emissions

The method for estimating radon emission rates from mining projects is to conservatively assume that all radon
contained within the extracted materials will be emitted. This is highly conservative given that generally the
radon and thoron are only emitted from the surface of mineral grains.

Therefore modelling has been performed based on the methodology and estimation method described in JRHC
Enterprises Pty Ltd’s Technical Note: VHM-09 “Radon (Rn-222 and Rn-220) AQM Source Term Inputs Proposed
VHM Goschen Plant and Processing Facility” dated 12 November 2021.  The assessment predicts the resulting
Becquerels (Bq)/m3 over the model domain based on the following conservatively estimated emissions from the
Project:

Rn-222: 0.090 MBq/s

Rn-220: 13.5 MBq/s

These emission sources have been modelled as a large volume source representing the significant sources (ore,
product and tailings) with an initial horizontal spread of 500 m, located near the centre of Area 1 and Area 3.

7.6.2.3.7 Particle Size Distributions for Modelling Dust Deposition

Indicative dust deposition rates to indicate the potential for dust impacts on surrounding vegetation and local
rainwater tanks and to inform the radionuclide assessment were predicted using estimated TSP emission rates
and particle size distributions derived from the US EPA’s AP42 Emission Factor Handbook emission factors for
aggregate handling processes, unpaved industrial (haul) roads and wind erosion as provided in Table 8.

Model outputs to inform the radionuclide exposure assessment are provided in Appendix G.

Table 8 Particle Size Distribution for Dust Deposition

Source Type Particle Diameter (µm) Mass Fraction Particle Density (g/cm3)

Material handling a 2.5
5.0
10
15
30

0.072
0.199
0.203
0.176
0.351

2.5
2.5
2.5
2.5
2.5

Wheel generated dust 2.5
10
30

0.031
0.276
0.694

2.5
2.5
2.5

Wind erosion 2.5
10
15
30

0.075
0.425
0.100
0.400

2.5
2.5
2.5
2.5

a   Trucks dumping, loading trucks, crushing, bulldozing etc.

7.7 Limitation, Uncertainties and Assumptions

The following limitations, uncertainties and assumptions apply to this assessment.
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All atmospheric dispersion models, including AERMOD, represent a simplification of the many complex
processes involved in the dispersion of pollutants in the atmosphere.  To obtain good quality results it is
important that the most appropriate model is used and the quality of the input data (meteorological, terrain,
source characteristics) is adequate.

The main sources of uncertainty in dispersion models, and their effects, are discussed below:

Oversimplification of physics: This can lead to both under-prediction and over-prediction of ground level
pollutant concentrations.  Uncertainties are greater in Gaussian plume models as they do not include the
effects of non-steady-state meteorology (i.e., spatially- and temporally-varying meteorology).

Uncertainties in emission rates: GLCs are proportional to the pollutant emission rate.  In addition, most
modelling studies assume constant worst-case emission levels or are based on the results of a small number
of stack tests, however operations (and thus emissions) are often quite variable.  Accurate measurement of
emission rates and source parameters requires continuous monitoring.

Uncertainties in wind direction and wind speed: Wind direction affects the direction of plume travel, while
wind speed affects plume rise and dilution of plume.  Uncertainties in these parameters can result in errors
in the predicted distance from the source of the plume impact, and magnitude of that impact.  In addition,
aloft wind directions commonly differ from surface wind directions.  The preference to use rugged
meteorological instruments to reduce maintenance requirements also means that light winds are often not
well characterised.

Uncertainties in mixing height: If the plume elevation reaches 80% or more of the mixing height, more
interaction will occur, and it becomes increasingly important to properly characterise the depth of the mixed
layer as well as the strength of the upper air inversion.

Uncertainties in temperature: Ambient temperature affects plume buoyancy, so inaccuracies in the
temperature data can result in potential errors in the predicted distance from the source of the plume
impact, and magnitude of that impact.

Uncertainties in stability estimates: Gaussian plume models use estimates of stability class, and 3D 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, uncertainties in these parameters can cause either under-
prediction or over-prediction of ground level concentrations.  For example, if an error is made of one stability
class, then the computed concentrations can be off by 50% or more.

The USEPA makes the following statement in its Modelling Guideline (US EPA, 2005) on the relative accuracy of
models:

“Models are more reliable for estimating longer time-averaged concentrations than for estimating
short-term concentrations at specific locations; and the models are reasonably reliable in estimating
the magnitude of highest concentrations occurring sometime, somewhere within an area.  For example,
errors in highest estimated concentrations of 10 to 40% are found to be typical, i.e., certainly well
within the often-quoted factor-of-two accuracy that has long been recognised for these models.
However, estimates of concentrations that occur at a specific time and site are poorly correlated with
actually observed concentrations and are much less reliable.”
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7.8 Linkages to Other Technical Reports

This report has interdependencies with the Radionuclide Assessment report in relation to the assessment of
impacts associated with deposition of dust containing radionuclides. The air quality specialists undertaking this
assessment worked collaboratively to evaluate these potential impacts and design suitable mitigation measures
to be adopted by the Project.

8 Existing Environment

8.1 Local Setting

The majority of the Project would occur on farmland, with remnant native vegetation existing principally along
road reserves. Rural residences are located within the Project area and surrounds, which are identified and
discussed below.

8.2 Sensitive Receptors

In general, sensitive receptors includes houses, schools, kindergartens, recreation areas and sporting ovals,
however, sensitive receptors identified in the vicinity of the Project comprise only of a number of nearby
rural/farming residences.  Lalbert is the nearest community to the Project and includes several residences,
recreation areas and a post-office, and at more than 4.5 km to the southwest of the Project, is unlikely to
experience any measurable impacts as a result of the Project.

In accordance with the Air Guideline, the potential impacts at these residences have been assessed as part of
this AQIA. The two closest sensitive receptors to the Project site boundaries are at a distance of 200 m and
1,000 m. The nearest existing sensitive receptors to the Project and the pumping station included in the
assessment are listed in Table 9 and Table 10, and presented in Figure 8 and Figure 9.  Several other sensitive
receptors are located in the vicinity of, but further away than those listed in Table 9 and Table 10. While these
are not included in the assessment, due to their increased separation from the Project and the pumping station,
these will be impacted by Project emissions to a lesser degree than those receptors that are included.

Note that VHM have indicated that receptor R14 will be vacated for the duration of the entire Project and
receptor R9 will be vacated when works begin in Area 3. Impacts predicted at these locations will therefore be
of little consequence as strictly speaking, they will not be sensitive receptors during the Project.

Table 9 Identified Nearest Sensitive Receptors

ID Description UTM Coordinates (Zone 54) Distance and Direction
from Project Boundary(m E) (m S)

R1 Residence 728,695 6,057,913 4.9 km E (Area 3)

R2 Residence 724,850 6,053,261 3.2 km E (Area 1)

R3 Residence 720,945 6,050,305 2.0 km S (Area 1)

R4 Residence 725,900 6,064,002 5.0 km NNE (Area 3)

R5 Residence 725,979 6,063,658 4.0 km NNE (Area 3)
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ID Description UTM Coordinates (Zone 54) Distance and Direction
from Project Boundary(m E) (m S)

R6 Residence 727,086 6,061,550 4.0 km NE (Area 3)

R7 Residence 724,968 6,060,540 1.6 km NE (Area 3)

R8 Residence 718,405 6,060,955 2.3 km NW (Area 3)

R9 Residence 721,880 6,058,420 0.0 km (Area 3)

R10 Residence 717,293 6,057,603 3.0 km SWS  (Area 3)

R11 Residence 717,489 6,055,795 2.6 km WNW (Area 1)

R12 Residence 720,623 6,051,214 1.0 km S (Area 1)

R13 Residence 718,485 6,054,126 0.6 km NW (Area 1)

R14 Residence 721,779 6,053,064 0.2 km E (Area 1)

R15 Residence 718,344 6,051,555 1.0 km SW (Area 1)

R16 Residence 715,051 6,051,041 4.2 km SWS (Area 1)

R17 Residence 723,762 6,049,984 3.1 km SE (Area 1)

Table 10 Identified Nearest Sensitive Receptors to Pumping Station

ID Description UTM Coordinates (Zone 54) Distance and Direction
from Project Boundary(m E) (m S)

R18 Residence 750,316 6,061,809 0.3 km NNE

R19 Residence 750,498 6,061,913 0.5 km NE

R20 Residence 750,317 6,060,709 0.8 km S
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Figure 8 Identified Nearest Sensitive Receptors
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Figure 9 Identified Nearest Sensitive Receptors to Pumping Station
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8.3 Topography

The Project area and surrounds are generally flat with less than 50 m elevation change over 50 km from the
Project in any direction. A three-dimensional representation of the topographical features in the Project study
area is presented in Figure 10.

Figure 10 Project Study Area Topography

8.4 Meteorology

Local wind speed and direction influence the dispersion of air pollutants.  Wind speed determines both the
distance of downwind transport and the rate of dilution as a result of ‘plume’ stretching.  Wind direction, and
the variability in wind direction, determines the general path pollutants will follow and the extent of crosswind
spreading.  Surface roughness (characterised by features such as the topography of the land and the presence
of buildings, structures and trees) affects the degree of mechanical turbulence, which also influences the rate
of dispersion of air pollutants.

In relation to dust emissions due to wind erosion, temperature, rainfall and relative humidity all influence the
soil moisture content and hence the threshold friction velocity, which is the minimum friction velocity required
to initiate movement of soil particles by wind.



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 53

The Bureau of Meteorology (BoM) maintains and publishes data from weather stations across Australia.  The
nearest available automatic weather station (AWS) collecting data suitable for use in a quantitative air dispersion
modelling study operated by the BoM is located at Swann Hill Aerodrome, approximately 25 km to the northeast
of the Project (see Figure 10).  Given the proximity and lack of significant terrain features between the AWS and
the Project, it’s likely that weather observations at the AWS would be representative of that experienced at the
Project.

The Swan Hill Aerodrome AWS (Station 77094, elevation 71 m), has data available from 1996 to present for the
following parameters:

temperature (°C)

rainfall (mm)

relative humidity (%)

wind speed (m/s) and wind direction (degrees).

A review of the long-term data collected by this AWS is provided in the following sections.

8.4.1 Temperature

Long-term temperature statistics for Swan Hill Aerodrome are summarised in Figure 11.  Mean maximum
temperatures range from 14.8°C in winter to 33.3°C in summer, while mean minimum temperatures range from
3.6°C in winter to around 16.2°C in summer.  Longer periods of higher temperatures can dry out soil resulting in
both higher background dust and on-site dust emissions.

Figure 11 Long Term Temperature Data for Swan Hill Aerodrome
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8.4.2 Rainfall

Long-term rainfall statistics for Swan Hill Aerodrome are summarised in Figure 12.  The mean annual rainfall is
301 millimetres (mm), with the highest average monthly rainfall of 40.5 mm/month in November and an average
of 6.3 rain days recorded in this month.  The average monthly rainfall is highest in winter, reducing from spring
through to early autumn, with the lowest average of 16.2 mm/month recorded in March.  This month also
recorded an average of around 3.6 rain days per month.  The highest monthly rainfall recorded over the time
period examined was 135.2 mm recorded in January 2011.  Peak rainfall events occur during summer, with the
maximum daily rainfall of 46.2 mm recorded on 14 January 2011.

Rainfall suppresses on-site dust emissions but has conservatively not been considered in this assessment.

Figure 12 Long Term Monthly Rainfall Data for Swan Hill Aerodrome

8.4.3 Relative Humidity

Long-term humidity statistics (9 am and 3 pm monthly averages) for Swan Hill Aerodrome are summarised in
Figure 13.  Morning humidity levels range from an average of around 85% in winter to around 50% in summer.
Afternoon humidity levels are lower, at around 55% in winter dropping to around 25% in summer.
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Figure 13 Long Term Humidity Data for Swan Hill Aerodrome

8.4.4 Wind

Annual and seasonal wind roses for Swan Hill Aerodrome for the years 2016-2020 are presented in Figure 14.
The wind roses show that overall, winds from the south and southwest are predominant, with very few winds
from the east. Spring and autumn winds are similar to the annual distribution. Summer is more dominated by
winds from the southern quadrant, while winter has more winds from the western quadrant.
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Figure 14 Annual and Seasonal Wind Roses – Swan Hill Aerodrome (2016 – 2020)
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8.4.5 Evaporation

The BoM publishes total evaporation maps for Australia showing the amount of water that evaporates from an
open pan (BoM, n.d.). Annual average and seasonal average evaporation rates for the area in which the Project
is situated have been conservatively estimated from these maps, which indicate the following:

approximate total annual average evaporation rate: 1800 mm, or 0.41 mm/h assuming evaporation occurs
during daytime (12 hours) only

approximate total summer average evaporation rate: 800 mm, or 0.73 mm/h assuming evaporation occurs
during daytime (12 hours) only.

Using water carts and water sprays to supress dust emissions will achieve less control in areas with greater
evaporation than areas with less evaporation. Greater rates of watering are likely to be required in summer
when evaporation rates are increased to achieve adequate dust control.

8.4.6 Meteorological Modelling

In accordance with EPA guidance, five years of meteorological data (2017 to 2021) was modelled for this
assessment. Surface characteristics (albedo, Bowen ratio and surface roughness) of the assessment location
were determined in accordance with EPAV guidance (EPAV, 2013) informed from publicly available on-line aerial
imagery.

A summary of the AERMET modelling options and parameters used for the assessment is provided in Table 11.
A summary of the AERMOD meteorological files is provided in Table 12.

Table 11 AERMET Model Parameters

Parameter Option / Source

Adjusted U* (surface friction velocity) Yes

Threshold wind speed (m/s) 0.28

Wind speed and direction WRF

Temperature WRF

Upper air data WRF

Scalar Parameters Summer Autumn Winter Spring

Albedo 0.18 0.18 0.20 0.18

Bowen ratio 0.80 1.0 1.0 0.40

Surface roughness 0° – 359° (m) 0.1 0.1 0.01 0.05
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Table 12 AERMOD Meteorological Input Data

Meteorological Year Available Hours Calms a and Missing Data Valid Hours b

2016 8,784 9 8775

2017 8,760 2 8758

2018 87,60 2 8758

2019 87,60 8 8752

2020 87,84 3 8781

a <0.28 m/s
b AERMOD does not predict GLCs during calms

8.5 Background Air Quality

To inform the AQIA for the Project, and specifically to establish appropriate existing background concentrations
with which to predict cumulative (Project plus background) concentrations, VHM engaged SLR to undertake a
baseline ambient air quality monitoring programme (AAQMP) at the Project site. The monitoring program was
conducted between January 2019 and September 2020 and, in consultation with EPA, included the following:

continuous monitoring of PM10 and PM2.5 at one location

batch monitoring of respirable crystalline silica (as PM2.5) and heavy metals (as PM10) at one location

dust deposition monitoring at five locations.

No nearby significant sources of PM10 or PM2.5 other than those associated with surrounding farming were
identified. The concentrations monitored within the Project area are considered to be representative of regional
background conditions during the monitoring period such that they are also considered generally representative
of, for example, the Kangaroo Lake pumping station location and pipeline route.

Details of the monitoring campaign are provided in Table 13. The monitoring locations are presented in
Figure 15.

Table 13 Project Background Air Quality Monitoring Details

Parameter Method and Standard Frequency / Sample Period

PM10 EBAM Plus (AS/NZS 3580.9.11, 2016) Continuous

PM2.5 BAM1022 (AS/NZS 3580.9.12, 2013) Continuous

Metals (as PM10) Partisol (AS/NZS 3580.9.9, 2017) One 7-day sample per month

Silica (as PM2.5) Partisol (AS/NZS 3580.9.10, 2017) One 7-day sample per month

Dust deposition Dust deposit gauge (AS/NZS 3580.10.1, 2016) 30 days + 2 days

SLR report 640.11763.00300-R1-v5.0 and supporting document 640.11763.00300-M01-v3.0 (provided in
Appendix H) detail the monitoring campaign and provide full results. EPA were presented these documents and
at a meeting endorsed the monitoring results and post-processing methodologies described in
640.11763.00300-M01-v3.01.

1 Meeting with EPA Victoria to discuss air quality monitoring assessment, 17 July 2020.
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Figure 15 Baseline Ambient Air Quality Monitoring Programme Monitoring Locations

8.5.1 PM10 and PM2.5

The annual average PM10 and PM2.5 concentrations monitored at the Project Site are provided in Table 14.
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Table 14 Project Annual Average PM10 and PM2.5 Concentrations (2019-2020)

Year PM10 PM2.5

2019 19 2.7

2020 a 20 3.5

a   1 January to 13 September only.

Plots of the 24-hour average PM10 and PM2.5 concentration data reported for January 2019 to September 2020,
taken from 640.11763.00300-R1-v5.0 and 640.11763.00300-M01-v3.0, are presented in Figure 16 and Figure 17
respectively. The monitored concentrations regularly exceed the APACs, primarily during the warmer, drier
conditions of the summer months which generally promote the generation of dust from exposed surfaces (e.g.
unsealed roads, fields etc). The effects of bushfires that occurred across Victoria during the 2019/2020 summer
are also evident with greatly elevated PM10 and PM2.5 concentrations during January 2020. It is noted that there
are no nearby significant sources of PM10 or PM2.5 other than those associated with surrounding farming.

Figure 16 Project Site Background 24-Hour Average PM10 Concentrations
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Figure 17 Project Site Background 24-Hour Average PM2.5 Concentrations

To enable predictions of cumulative impacts (Project plus background), suitable datasets representing
background concentrations of PM10 and PM2.5 for normal and bushfire impacted years were constructed from
the baseline ambient air quality monitoring datasets. Complete calendar year datasets representing a normal
air quality year were based on the data collected between 1 January 2019 and 31 December 2019.

Ambient air quality monitoring ceased in September 2020 meaning that a full calendar year of bushfire impacted 
data were not collected. A complete calendar year representing a bushfire impacted year was therefore 
constructed from data collected between 1 January 2020 to 13 September 2020, supplemented with data from 
between 14 September 2019 and 31 December 2019.

The PM10 and PM2.5 datasets are presented in Figure 18 and Figure 19. and indicate that while there are a 
number of elevated concentrations towards the start of the bushfire impacted dataset, the distinction 
between the two datasets is not entirely evident. Regardless, the two datasets provide an increased number 
of cumulative model predictions with which to assess the Project mining scenarios.

It is noted that the periods of elevated background PM10 and PM2.5 concentrations indicated by both datasets
result in exceedances of the 24-hour average criteria before the contribution of the Project is added.
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Figure 18 PM10 Background Concentrations used to Predict Cumulative Concentrations

Figure 19 PM2.5 Background Concentrations used to Predict Cumulative Concentrations
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8.5.2 RCS and Metals

Annual average background RCS and metals concentrations reported in 640.11763.00300-R1-v5.0 for 2019 and
2020 are provided in Table 15.  RCS, and all metals with the exception of chromium, indicate compliance with
the relevant APACs. The APAC for chromium is sourced from the US Agency for Toxic Substances and Disease
Research (ATSDR) and is a Minimal Risk Level (MRL), defined as “an estimate of the daily human exposure to a
hazardous substance that is likely to be without appreciable risk of adverse non-cancer health effects over a
specified duration of exposure.” MRLs are intended to serve as a screening tool to help public health
professionals decide where to look more closely and are not intended to define action levels (EPA Victoria, 2022).

Table 15 Project Site Background Annual Average RCS and Metals Concentrations

Indicator Annual Average Concentration (µg/m3) Annual Average APAC
(µg/m3)2019 2020

RCS 0.046 0.12 3

Arsenic <0.002 <0.002 0.007

Cadmium <0.002 <0.004 0.005

Chromium 0.025 0.025 0.005

Copper 0.007 0.015 -

Lead 0.003 0.028 0.5

Manganese 0.053 0.044 0.15

Mercury 0.003 <0.001 1

Nickel 0.004 0.028 0.09

Vanadium 0.006 0.008 -

Zinc 0.017 0.058 2

The corresponding fractions of the individual metals expressed as a percentage of the PM10 concentration, based
on the monitored annual average PM10 concentration of 19 µg/m3 (refer Section 8.5.1), are provided in Table 16.
The maximum concentrations, and corresponding fractions, from soil sampling undertaken in the Project area
are provided for comparison (VHM assay results from 2019 drilling program) and, with the exception of arsenic
and vanadium, are in general orders of magnitude less than the fractions in PM10.

Table 16 Project Site Background Annual Average RCS and Metals Concentrations

Indicator Air Soil

Maximum Annual Average
Concentration (µg/m3)

Fraction of PM10 Maximum
Concentration (µg/m3)

Fraction

Arsenic 0.002 a 0.011% 242 0.024%

Cadmium 0.004 a 0.021% 0.1 0.00001%

Chromium 0.025 0.13% 34 0.0034%

Copper 0.015 0.079% 8 0.00078%

Lead 0.028 0.15% 10 0.0010%

Manganese 0.053 0.28% 249 0.025%
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Indicator Air Soil

Maximum Annual Average
Concentration (µg/m3)

Fraction of PM10 Maximum
Concentration (µg/m3)

Fraction

Mercury 0.003 0.016% 0.2 0.000020%

Nickel 0.028 0.15% 16 0.0016%

Vanadium 0.008 0.042% 197 0.020%

Zinc 0.058 0.31% 98 0.010%

a   Conservatively assumed equal to the limit of reporting.

To enable predictions of cumulative impacts, the greater of the two monitored annual average concentrations
were selected to conservatively represent the background RCS and metals concentration in the Project area.

8.5.3 Dust Deposition

Insoluble solids dust deposition rates and ash content monitoring results reported in 640.11763.00300-R1-v5.0
for 2019 and 2020 are presented in Figure 20 and Figure 21, respectively. The insoluble solids results indicate
several instances, at various times of the year, where the deposition rate was greater than 4 g/m2/month across
the Project area. The ash content deposition results (ash residue is the mineral component of the sample, with
the organic component being destroyed at 800°C).

Excluding the May 2019 results which were unrealistically high, the average insoluble solids dust deposition rate
across all locations was 2.8 g/m2/month. The corresponding ash content deposition rate was 1.5 g/m2/month.

The average insoluble solids dust deposition was used to represent background dust deposition rates in the
Project area.
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Figure 20 Project Site Background Annual Average Dust Deposition Rates: Insoluble Solids

Figure 21 Project Site Background Annual Average Dust Deposition Rates: Ash Content
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8.5.4 NO2 (for Power Station and Pumping Station Assessments)

Monitoring of NO2 was not conducted as part of the Project AAQMP. In the absence of a site-specific NO2

concentrations dataset with which to predict cumulative impacts arising from the operation of the proposed
power station and pumping station, the assessment used data from EPA’s AAQMS at Alphington, which is
classified as being located in an ‘residential/light industrial’ area and therefore can be considered very
conservative for this Project. In reality, background NO2 concentrations in a rural area such as the location of
the Project, with limited vehicular traffic and other sources of diesel combustion, are likely to be much lower
than these values.

Figure 22 presents the hourly average concentrations for the period 2016 to 2021.

Figure 22 EPA Alphington AAQMS Hourly Average NO2 Concentrations

For the purposes of modelling the hourly average background concentration was added to the predicted
incremental power station and pumping station impacts to provide an estimated hourly average cumulative
concentration. Where a background concentration was not reported for one or more hours, these hours are
prescribed a concentration equal to the 70th percentile of the dataset. The corresponding annual average NO2

concentrations recorded at Alphington, provided in Table 17, were added to the annual average predicted
incremental concentrations to provide an estimate of the cumulative annual concentration.



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 67

Table 17 Alphington NO2 Concentrations to Represent Project Background

Year Annual Average NO2 Concentration (µg/m3)

2016 17

2017 18

2018 18

2019 17

2020 15
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9 Risk Assessment
The identified risks and associated residual risk ratings are listed in Table 18. The likelihood and consequence
ratings determined during the risk assessment process and the mitigation measures to be achieved are
presented in Appendix A.

Table 18 Air Quality Risks

Risk ID Potential Threat and Effects on the Environment Residual Risk Rating

Construction (and Closure/Rehabilitation)

C1 Particulate emissions to air from scrapers, dozers, excavators and loading trucks. Low

C2 Particulate emissions to air from exposed surface and stockpiles Low

C3 Diesel vehicle and plant emissions to air Low

C4 Particulate emissions to air from haul roads Low

C5 Particulate emissions from construction of Processing Plant Low

C6 Dust from some or all activities depositing at sensitive receptors. Low

C7 Dust from some or all activities depositing and impacting surrounding vegetation
and crops.

Low

Operation

O1 Particulate emissions to air from excavators in pit loading trucks Low

O2 Particulate emissions to air from trucks dumping Low

O3 Particulate emissions to air from dozers Low

O4 Particulate emissions to air from haul roads Low

O5 Particulate emissions to air from exposed surface and stockpiles Low

O6 Particulate emissions to air from preliminary processing stages Low

O7 Particulate emissions to air from final processing stages Low

O8 Dust from some or all activities depositing at sensitive receptors. Low

C9 Dust from some or all activities depositing and impacting surrounding vegetation
and crops.

Low

O10 Diesel vehicle and plant emissions to air Low

O11 Diesel/LPG power station emissions to air impacting at sensitive receptors Low

O12 Diesel/LPG power station emissions to air impacting locations at or beyond site
boundary (occasional human receptor, continuous vegetation)

Medium

O13 Diesel road truck emissions to air Low

O14 Road truck load dust emissions to air Low

O15 Diesel/LPG pumping station emissions to air impacting sensitive receptor locations Low

O16 Diesel/LPG pumping station emissions to air impacting locations at or beyond site
boundary (occasional human receptor, continuous vegetation)

Low
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10 Construction Impact Assessment
This section discusses the potential impacts of the Project as a result of construction activities and the associated
mitigation measures that aim to reduce impacts to as low a level as possible. A qualitative risk assessment based
on the methodology outlined in the Institute of Air Quality Management (UK) (IAQM) document, “Assessment
of dust from demolition and construction” (IAQM, 2014) is presented.

Project Site Construction

Early Works

Early works will consist of some vegetation and topsoil stripping. While there will be establishment of contractor
facilities, a construction accommodation camp will not be required as construction personnel will be housed
within the local services centres. Scrapers, dozers, excavators and trucks used for topsoil stripping and
stockpiling have the potential to generate dust and exposed areas resulting from the works will be susceptible
to wind erosion. The emission of dust and products of combustion associated with diesel engines during early
works also has the potential to adversely affect nearby sensitive receptors.

Processing Plant and Power Station Construction

Process plant construction will occur in a staged approach, starting at the WCP and progressing to the MSP (Dry
Plant). Construction equipment will be as per typical industry usage, and may include cranes and mobile lifting
plant, service vehicles, welding plant, lighting towers, assembly workshops, etc.

The construction contractor will provide all temporary construction power, administration and services
buildings, ablutions, waste management and site security.

Pipeline and Pumping Station Construction

Pipeline construction will progress linearly with the corresponding potential for emissions to air moving along
the pipeline route as the work progresses. Therefore any sensitive receptors along the route will only be exposed
to these emissions for a relatively short period of time. The active footprint of the pipeline construction site is
assumed to be 200 m long at any one time for the purpose of this assessment. Being geographically separate
from the Project site for the most part, the pipeline construction and the pumping station are assessed
separately.

10.1 Screening Based on Separation Distance

The screening criteria for detailed assessment are:

a ‘human receptor2’ within:

350 m of the boundary of the site; or

2  IAQM (2014) states that a ‘human receptor’, refers to any location where a person or property may experience the adverse effects of airborne dust or
dust soiling, or exposure to PM10 over a time period. In terms of annoyance effects, this will most commonly relate to dwellings, but may also refer to
other premises such as buildings housing cultural heritage collections (e.g. museums and galleries), vehicle showrooms, food manufacturers,
electronics manufacturers, amenity areas and horticultural operations (e.g. salad or soft-fruit production).
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50 m of the route(s) used by construction vehicles on the public highway, up to 500 m from the site
entrance(s).

an ‘ecological receptor3’ within:

50 m of the boundary of the site; or

50 m of the route(s) used by construction vehicles on the public highway, up to 500 m from the site
entrance(s).

10.1.1 Project Site

As noted in Section 8.2, the nearest sensitive receptor (R14) is located approximately 200 m from the nearest
Site boundary, however Project construction activities, or the construction site, will be located approximately
900 m from the nearest sensitive receptor.

The nearest sensitive receptor has been identified to be 900 m of the construction site boundary, and therefore
a detailed assessment for a human receptor is not required. Surrounding farmland is considered an ecological
receptor and may potentially be within 50 m of one or more of the construction site boundary. The Project site
construction assessment is therefore limited to ecological receptors.

10.1.2 Pipeline

The closest sensitive receptors to the pipeline route were identified to be within 50 m of the pipeline at the
intersection of Mystic Park East Road and Wilson Street, Mystic Park, approximately 3 km west of the pumping
station. Surrounding farmland is also within 50 m of the route and therefore the pipeline construction
assessment includes consideration of both human and ecological receptors.

10.1.3 Pumping Station

The pumping station is to be located adjacent to farmland with the closest sensitive receptor, R18 (refer
Table 10), approximately 300 m to the north. Therefore the pumping station construction assessment considers
of both human and ecological receptors.

10.2 Assessment of Scale and Nature of the Works

Based on the IAQM definitions presented in Appendix B, dust emission magnitudes for the anticipated works
have been categorised as presented in Table 19, Table 20 and Table 21 for the Project site, Pipeline, and
Pumping Station respectively.

For the purposes of this assessment demolition activities are considered as part of the decommissioning phase,
anticipated to occur at the end of the Project.

3  IAQM (2014) states that an ‘ecological receptor’ refers to any sensitive habitat affected by dust soiling. This includes the direct impacts on
vegetation or aquatic ecosystems of dust deposition, and the indirect impacts on fauna (e.g. on foraging habitats).
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Table 19 Project Site Construction Categorisation of Dust Emission Magnitude

Activity Dust Emission
Magnitude

Basis

Earthworks Large

Total site area greater than 10,000 m2, potentially dusty soil type (e.g. clay,
which will be prone to suspension when dry due to small particle size), more
than 10 heavy earth moving vehicles active at any one time, formation of
bunds greater than 8 m in height, total material moved more than 100,000 t.
Footprint of Project areas within Area 1 is estimated to be greater than
250,000 m2.

Construction Medium

Total building volume 25,000 m3 to 100,000 m3, potentially dusty construction
material (e.g., concrete), piling, on site concrete batching.
The total building volume may be greater than 25,000 m3; piling and site
concrete batching may occur.

Trackout Large
More than 50 heavy vehicle movements per day, surface materials with a high
potential for dust generation, greater than 100 m of unpaved road length.
The unpaved road length is estimated to be greater than 100 m.

Demolition Medium

Total building volume 20,000 m3 – 50,000 m3, potentially dusty construction
material, demolition activities 10-20 m above ground level
The total building area is estimated to be greater than 3,000 m2. Therefore, the
total volume is likely to be greater than 25,000 m3

.

Table 20 Pipeline Construction Categorisation of Dust Emission Magnitude

Activity Dust Emission
Magnitude

Basis

Earthworks Medium

Total site area 2,500 m2 – 10,000 m2, moderately
dusty soil type (e.g. silt), 5-10 heavy earth moving vehicles
active at any one time, formation of bunds 4 m - 8 m in
height, total material moved 20,000 tonnes – 100,000
tonnes. Footprint of active pipeline construction assumed to be approximately
200 m by 15 m = 3,000 m2 at any time.

Construction Small

Total building volume less than 25,000 m3, construction material with low
potential for dust release (e.g. metal cladding or timber).
Construction assumed to consist of placement of prefabricated steel or
concrete pipeline with little potential for dust emissions.

Trackout Medium

Between 10 and 50 heavy vehicle movements per day, surface materials with a
moderate potential for dust generation, between 50 m and 100 m of unpaved
road length.
The unpaved road length is estimated to be approximately 100 m or greater,
however, it is estimated that there will be less than 50 heavy vehicle
movements per day

Demolition Not applicable No demolition associated with pipeline proposed.
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Table 21 Pumping Station Construction Categorisation of Dust Emission Magnitude

Activity Dust Emission
Magnitude

Basis

Earthworks Small

Total site area less than 2,500 m2, soil type with large grain size (e.g. sand), less
than five heavy earth moving vehicles active at any one time, formation of
bunds less than 4 m in height, total material moved less than 20,000 t,
earthworks during wetter months.
Footprint of pumping station construction assumed to be less than 2,500 m2
(e.g. less than 50 m by 50 m).

Construction Small

Total building volume less than 25,000 m3, construction material with low
potential for dust release (e.g. metal cladding or timber).
Construction assumed to consist of placement of concrete slab and
prefabricated steel with little potential for dust emissions.

Trackout Small

Between less than 10 heavy vehicle movements per day, surface materials
with low potential for dust generation, unpaved road length less than 50 m.
Relatively small footprint such that the unpaved road length is unlikely to be
greater than 50 m.

Demolition Not applicable No demolition associated with pipeline proposed.

10.2.1 Project Site

Based on the criteria listed in Table B1 in Appendix B, the sensitivity of the identified ecological receptor in this
study is classified as low for dust soiling and low for health effects.

Based on the classifications provided in Table B2 and Table B3 in Appendix B, the sensitivity of the area to dust
soiling may be classified as low (1-10 receptors greater than 350 m from the construction site) while the
sensitivity of the area to dust health effects may also be classified as low (receptor greater than 350 m from the
construction site).

Table 22 presents the preliminary risk of air quality impacts from uncontrolled construction activities
determined using the risk matrix provided in Table B4 and Table B5 in Appendix B, based on the identified
receptor sensitivity and sensitivity of the area.
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Table 22 Preliminary Risk of Air Quality Impacts from Project Site Construction Activities (Uncontrolled)

Dust Soiling Health Effects

Sensitivity of Area Low Low

Dust Emission Magnitude

Earthworks Large Large

Construction Medium Medium

Trackout Large Large

Demolition Medium Medium

Preliminary Risk

Earthworks Low Risk Low Risk

Construction Low Risk Low Risk

Trackout Low Risk Low Risk

Demolition Low Risk Low Risk

The results indicate that there is a low risk of adverse off-site dust soiling and health effects occurring for all
works if no mitigation measures were to be applied to control emissions during the works.

10.2.2 Pipeline

Based on the criteria listed in Table B1 in Appendix B, the sensitivity of the identified human receptors in this
study (residences) are classified as high for dust soiling and high for health effects. Corresponding ecological
receptors (farmland) would be classified as low for dust soiling, and low for health effects.

Based on the classifications shown in Table B2 and Table B3 in Appendix B, the sensitivity of the area to dust
soiling may be classified as low (1-10 receptors less than 50 m from the construction site) while the sensitivity
of the area to dust health effects may be classified as medium (annual average PM10 concentration of between
17 and 21 with 1-10 receptors less than 50 m from the construction site).

Table 23 presents the preliminary risk of air quality impacts from uncontrolled construction activities
determined using the risk matrix provided in Table B4 and Table B5 in Appendix B, based on the identified
receptor sensitivity and sensitivity of the area.
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Table 23 Preliminary Risk of Air Quality Impacts from Pipeline Construction Activities (Uncontrolled)

Dust Soiling Health Effects

Sensitivity of Area Low Medium

Dust Emission Magnitude

Earthworks Medium Medium

Construction Small Small

Trackout Medium Medium

Demolition Not applicable Not applicable

Preliminary Risk

Earthworks Low Risk Low Risk

Construction Low Risk Low Risk

Trackout Low Risk Low Risk

Demolition Not applicable Not applicable

The results indicate that there is a low risk of adverse off-site dust soiling and health effects occurring for all
works if no mitigation measures were to be applied to control emissions during the works.

10.2.3 Pumping Station

Based on the criteria listed in Table B1 in Appendix B, the sensitivity of the identified human receptors in this
study (residences) are classified as high for dust soiling and high for health effects. Corresponding ecological
receptors (farmland) would be classified as low for dust soiling, and low for health effects.

Based on the classifications shown in Table B2 and Table B3 in Appendix B, the sensitivity of the area to dust
soiling may be classified as low (1-10 receptors than 350 m from the construction site) while the sensitivity of
the area to dust health effects may also be classified as low (annual average PM10 concentration of between 17
and 21 with 1-10 receptors less than 350 m from the construction site).

Table 24 presents the preliminary risk of air quality impacts from uncontrolled construction activities
determined using the risk matrix provided in Table B4 and Table B5 in Appendix B, based on the identified
receptor sensitivity and sensitivity of the area.
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Table 24 Preliminary Risk of Air Quality Impacts from Pipeline Construction Activities (Uncontrolled)

Dust Soiling Health Effects

Sensitivity of Area Low Low

Dust Emission Magnitude

Earthworks Small Small

Construction Small Small

Trackout Small Small

Demolition Not applicable Not applicable

Preliminary Risk

Earthworks Negligible Risk Negligible Risk

Construction Negligible Risk Negligible Risk

Trackout Negligible Risk Negligible Risk

Demolition Not applicable Not applicable

The results indicate that there is a low risk of adverse off-site dust soiling and health effects occurring for all
works if no mitigation measures were to be applied to control emissions during the works.

10.3 Summary

A reappraisal of the predicted unmitigated air quality impacts on sensitive receptors has been performed to
demonstrate the opportunity for minimising risks associated with the use of mitigation strategies. Management
and mitigation measures to be implemented during construction are summarised in Section 13.1 and have the
potential to result in the same or lower residual risk of impacts due to construction and decommissioning.
Mitigation strategies for the pipeline construction will be concentrated on those areas passing close to sensitive
receptors such that overall residual risks will be low or negligible for all activities.

11 Operational Impact Assessment
This section discusses the potential impacts of the Project as a result of operation of the Project and the
associated mitigation measures that aim to reduce impacts to as low a level as possible.  Mitigation measures
referred to are defined in Section 13.1.

11.1 Modelled Scenarios

The mining schedule for the Project indicates that the focus of activities will progress across the site extracting
and backfilling the mining blocks systematically. A plume dispersion model can only represent one period in time
in the mining schedule. A review of the material movement schedule and mining block layouts established that
two mining scenarios for each area would represent potential worst-case emission profiles based on:

the amount of material (topsoil, clay, overburden and ore) extracted
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the amount of material taken to stockpiles (versus amount used to backfill nearby mining block)

the distance between mining blocks and stockpiles

the separation distance between the mining activities and nearby sensitive receptors

The transport of product by road truck to Ultima was identified as a low-risk activity due to the relatively low
frequency of trips (1 or 2 per hour) along public roads (refer Section 9 and Appendix A) and is therefore not
specifically included in the operational impact assessment.

11.1.1 Scenario 1 – Area1 Y1Q1

Although the amount of material to be mined during the initial stages of the mining schedule in Area 1 (year 1,
quarter 1 (Y1Q1)) is relatively moderate, all of the material is required to be transported by truck to the topsoil,
clay and overburden stockpiles or to the MUP. The distance between the mining blocks (101 and 102) and the
stockpiles is relatively far, which together with the intensity of haulage required has the potential to generate
the most dust emissions due to wheel generated dust.

The basis for Scenario 1 is summarised in Table 25 and illustrated in Figure 23.
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 Table 25 Activity Data used in Fugitive Dust Emission Estimation: Scenario 1 – Area 1 Y1Q1

Parameter Operational Data Comment

Site haul truck gross weight 240 t Client data

Site haul truck empty weight 110 t Client data

Site haul truck payload 130 t Client data

Silt content – haul roads 4.8 % Conservatively assumed (AP42
13.2.2.1 sand and gravel plant road)

Areas and Stockpiles

Block areas (each) 62,500 m2 Client mining block plan

Topsoil stockpile active area 260,000 m2 Client mine layout plan

Clay stockpile active area 90,000 m2 Client mine layout plan

Overburden stockpile active area 278,400 m2 Client mine layout plan

ROM pad area 40,000 m2 Client mine layout plan

Extraction Rates

Topsoil extraction, haulage and stockpiling 3,000 t/day Client material movement schedule

Clay extraction, haulage and stockpiling 23,000 t/day Client material movement schedule

Overburden extraction, haulage and stockpiling 18,000 t/day Client material movement schedule

Ore extraction, haulage and MUP loading 10,000 t/day Client material movement schedule

Haulage

Block 102 to topsoil stockpile haul route 2.3 km one way Client mine layout plan

Block 102 to clay stockpile haul route 1.4 km one way Client mine layout plan

Block 102 to overburden stockpile haul route 2.2 km one way Client mine layout plan

Block 101 to Area 1 MUP haul route 1.1 km one way Client mine layout plan

Block 102 to topsoil stockpile daily trips 23.1 return trips per day Calculated

Block 102 to clay stockpile daily trips 176.9 return trips per day Calculated

Block 102 to overburden stockpile daily trips 138.5 return trips per day Calculated

Block 101 to MUP daily trips 76.9 return trips per day Calculated
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Figure 23 Scenario 1 – Area1 Y1Q1 Model Layout

Active stockpiles, mining blocks and ROM pad subject to wind erosion outlined in dashed red.

11.1.2 Scenario 2 – Area1 Y6Q2

The mining schedule indicates that the maximum amount of material to be mined in Area 1 will occur during
year 6. During year 6, quarter 2 (Y6Q2) the distance between the mining blocks (127 and 126) and the stockpiles
is relatively far, increasing the potential for the generation of wheel generated dust, however the percentage of
material sent to stockpile is reduced as a significant amount is used to backfill block 125.

Being near the southern boundary of Area 1, the distance to the nearest sensitive receptors is reduced and the
activities in this area will therefore be limited to daytime hours only to manage noise impacts. This will require
increased intensity of mining activities during daytime hours to achieve the necessary material movement rates.

The basis for Scenario 2 is summarised in Table 26 and illustrated in Figure 24.

Truck dumping

Haul Routes

Topsoil, clay
and overburden
truck loading
and dozer

Ore truck
loading

Truck dumping and
dozer

Truck dumping
to ROM pad and
MUP loading
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Table 26 Activity Data used in Fugitive Dust Emission Estimation: Scenario 2 – Area 1 Y6Q2

Parameter Operational Data Comment

Site haul truck gross weight 240 t Client data

Site haul truck empty weight 110 t Client data

Site haul truck payload 130 t Client data

Silt content – haul roads 4.8 % Conservatively assumed (AP42
13.2.2.1 sand and gravel plant road)

Areas and Stockpiles

Block areas (each) 62,500 m2 Client mining block plan

Topsoil stockpile active area 260,000 m2 Client mine layout plan

Clay stockpile active area 90,000 m2 Client mine layout plan

Overburden stockpile active area 278,400 m2 Client mine layout plan

ROM pad area 40,000 m2 Client mine layout plan

Extraction Rates

Topsoil extraction, haulage and
stockpiling/backfilling

4,000 t/day (29% to
stockpile; 71% to backfill)

Client material movement schedule

Clay extraction, haulage and
stockpiling/backfilling

24,000 t/day (0% to
stockpile; 100% to backfill)

Client material movement schedule

Overburden extraction, haulage and
stockpiling/backfilling

32,000 t/day (48% to
stockpile; 52% to backfill)

Client material movement schedule

Ore extraction, haulage and MUP loading 15,000 t/day Client material movement schedule

Haulage

Block 127 to topsoil stockpile haul route 1.4 km one way Client mine layout plan

Block 127 to clay stockpile haul route 1.7 km one way Client mine layout plan

Block 127 to overburden stockpile haul route 1.0 km one way Client mine layout plan

Block 126 to Area 1 MUP haul route 3.3 km one way Client mine layout plan

Block 127 to Block 125 (backfill) 0.6 km one way Client mine layout plan

Block 127 to topsoil stockpile daily trips 8.9 return trips per day Calculated. 11 hr day shift only.

Block 127 to clay stockpile daily trips 0.0 return trips per day Calculated. 11 hr day shift only.

Block 127 to overburden stockpile daily trips 118.2 return trips per day Calculated. 11 hr day shift only.

Block 126 to MUP daily trips 115.4 return trips per day Calculated. 11 hr day shift only.

Block 127 to Block 125 (backfill) 334.5 return trips per day Calculated. 11 hr day shift only.
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Figure 24 Scenario 2 – Area1 Y6Q2 Model Layout

Active stockpiles, mining blocks and ROM pad subject to wind erosion outlined in dashed red.

11.1.3 Scenario 3 – Area3 Y11Q3

The amount of material to be mined during the initial stages of the mining schedule in Area 3 (year 11, quarter
3 (Y11Q3)) is relatively moderate, however the distance between the mining blocks (112 and 111) and the
stockpiles and MUP is relatively far, increasing the potential for the generation of wheel generated dust. The
percentage of material used to backfill block 110 is relatively low (approximately 20%).

Being near the northern boundary of Area 3, the distance to the nearest sensitive receptors is reduced and
activities in this area will therefore be limited to daytime hours only to manage noise impacts. This will require
increased intensity of mining activities during daytime hours to achieve the necessary material movement rates.

The basis for Scenario 3, which accounts for this increased activity, is summarised in Table 27 and illustrated in
Figure 25.

Haul Routes

Topsoil, clay
and overburden
truck loading
and dozer

Ore truck
loading

Truck dumping
(backfill) and
dozer

Truck dumping and
dozer

Truck dumping
to ROM pad and
MUP loading

Truck dumping
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Table 27 Activity Data used in Fugitive Dust Emission Estimation: Scenario 3 – Area 3 Y11Q3

Parameter Operational Data Comment

Site haul truck gross weight 240 t Client data

Site haul truck empty weight 110 t Client data

Site haul truck payload 130 t Client data

Silt content – haul roads 4.8 % Conservatively assumed (AP42
13.2.2.1 sand and gravel plant road)

Areas and Stockpiles

Block areas (each) 66,000 m2 Client mining block plan

Topsoil stockpile active area 192,500 m2 Client mine layout plan

Clay stockpile active area 92,000 m2 Client mine layout plan

Overburden stockpile active area 315,000 m2 Client mine layout plan

ROM pad area 40,000 m2 Client mine layout plan

Extraction Rates

Topsoil extraction, haulage and
stockpiling/backfilling

2000 t/day (100% to
stockpile; 0% to backfill)

Client material movement schedule

Clay extraction, haulage and
stockpiling/backfilling

11,000 t/day (0% to
stockpile; 100% to backfill)

Client material movement schedule

Overburden extraction, haulage and
stockpiling/backfilling

33,000 t/day (100% to
stockpile; 0% to backfill)

Client material movement schedule

Ore extraction, haulage and MUP loading 14,000 t/day Client material movement schedule

Haulage

Block 112 to topsoil stockpile haul route 2.5 km one way Client mine layout plan

Block 112 to clay stockpile haul route 2.4 km one way Client mine layout plan

Block 112 to overburden stockpile haul route 2.4 km one way Client mine layout plan

Block 111 to Area 1 MUP haul route 1.9 km one way Client mine layout plan

Block 112 to Block 110 (backfill) 0.7 km one way Client mine layout plan

Block 112 to topsoil stockpile daily trips 0 return trips per day Calculated. 11 hr day shift only.

Block 112 to clay stockpile daily trips 176.9 return trips per day Calculated. 11 hr day shift only.

Block 112 to overburden stockpile daily trips 230.8 return trips per day Calculated. 11 hr day shift only.

Block 111 to MUP daily trips 107.7 return trips per day Calculated. 11 hr day shift only.

Block 112 to Block 110 (backfill) 184.6 return trips per day Calculated. 11 hr day shift only.
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Figure 25 Scenario 3 – Area3 Y11Q3 Model Layout

Active stockpiles, mining blocks and ROM pad subject to wind erosion outlined in dashed red.

11.1.4 Scenario 4 – Area3 Y15Q2

The amount of material to be mined during the year 15, quarter 2 (Y15Q2) is relatively high and all of it is to be
transported by truck to the topsoil, clay and overburden stockpiles or to the MUP. The distance between the
mining blocks (101 and 102) and the stockpiles is relatively far, which together with the intensity of haulage
required, has the potential to generate the most dust emissions due to wheel generated dust.

The basis for Scenario 4 is summarised in Table 28 and illustrated in Figure 26.

Truck dumping

Haul Routes

Topsoil, clay
and overburden
truck loading
and dozer

Ore truck
loading

Truck dumping
(backfill) and dozer

Truck dumping and
dozer

Truck dumping
to ROM pad and
MUP loading
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Table 28 Activity Data used in Fugitive Dust Emission Estimation: Scenario 4 – Area 3 Y15Q2

Parameter Operational Data Comment

Site haul truck gross weight 240 t Client data

Site haul truck empty weight 110 t Client data

Site haul truck payload 130 t Client data

Silt content – haul roads 4.8 % Conservatively assumed (AP42
13.2.2.1 sand and gravel plant road)

Areas and Stockpiles

Block areas (each) 120,000 m2 Client mining block plan

Topsoil stockpile active area 162,500 m2 Client mine layout plan

Clay stockpile active area 90,000 m2 Client mine layout plan

Overburden stockpile active area 318,000 m2 Client mine layout plan

Block areas (each) 120,000 m2 Client mining block plan

Extraction Rates

Topsoil extraction, haulage and stockpiling 0 t/day Client material movement schedule

Clay extraction, haulage and stockpiling 23,000 t/day Client material movement schedule

Overburden extraction, haulage and stockpiling 30,000 t/day Client material movement schedule

Ore extraction, haulage and MUP loading 14,000 t/day Client material movement schedule

Haulage

Block 120 to topsoil stockpile haul route 1.9 km one way Client mine layout plan

Block 120 to clay stockpile haul route 1.3 km one way Client mine layout plan

Block 120 to overburden stockpile haul route 1.5 km one way Client mine layout plan

Block 119 to Area 1 MUP haul route 0.6 km one way Client mine layout plan

Block 120 to topsoil stockpile daily trips 0 return trips per day Calculated

Block 120 to clay stockpile daily trips 176.9 return trips per day Calculated

Block 120 to overburden stockpile daily trips 230.8 return trips per day Calculated

Block 119 to MUP daily trips 107.7 return trips per day Calculated
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Figure 26 Scenario 4 – Area3 Y15Q2 Model Layout

Active stockpiles, mining blocks and ROM pad subject to wind erosion outlined in dashed red.

11.1.5 Power Station

The basis for the power station assessment, including exhaust stack parameters and emission rates for NOx and
PM2.5 (refer Section 3.2.6) is summarised in Table 29 and illustrated in Figure 27.

Truck dumping

Haul Routes

Topsoil, clay
and overburden
truck loading
and dozer

Ore truck
loading

Truck dumping and
dozer

Truck dumping
to ROM pad and
MUP loading
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Table 29 Power Station Dual-Fuel Generator Parameters (Diesel)

Parameter Units Value

Model - Cummins KTA50-G3 a

Number - 12 with 2 standby (14 in total)

Mechanical generation capacity:
individual continuous power

kWm 1,000

Mechanical generation capacity:
combined continuous power

kWm 12,000

NOx emission at rate continuous
power

g/kWh 7.2

g/s 2.0 per generator

PM emission at rate continuous
power

g/kWh 0.045

g/s 0.012 per generator

Fuel rate at continuous power L/h 299 per generator
3,588 combined

Exhausts per generator - 2

Exhaust temperature C 470

Exhaust stack exit height M 8.4

Exhaust stack inside diameter m 0.762 (at exhaust)

Gas flow rate per generator m3/s 4.53

Gas exit velocity (vertical) per
stack

m/s 5.0

Generator building dimensions
(downwash)

m 62.5 x 10.5 x 6 (L x W x H)

a Generator specifications provided in Appendix F
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Figure 27 Power Station Model Layout

11.1.6 Pumping Station

The basis for the pumping station assessment, including exhaust stack parameters and emission rates for NOx

and PM2.5 (refer Section 3.2.6) is summarised in Table 30 and illustrated in Figure 28.

Power station building

Generator exhaust stacks
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Table 30 Pumping Station Dual-Fuel Generator Parameters (Diesel)

Parameter Units Value

Model - Based on Cummins KTA50-G3 a

Number - 2

Mechanical generation capacity:
individual continuous power

kWm 1,000

Mechanical generation capacity:
combined continuous power

kWm 2,000

NOx emission at rate continuous
power

g/kWh 7.2

g/s 2.0 per generator

PM emission at rate continuous
power

g/kWh 0.045

g/s 0.012 per generator

Fuel rate at continuous power L/h 299 per generator
598 combined

Exhausts per generator - 2

Exhaust temperature C 470

Exhaust stack exit height M 8.4

Exhaust stack inside diameter m 0.762 (at exhaust)

Gas flow rate per generator m3/s 4.53

Gas exit velocity (vertical) per
stack

m/s 5.0

Generator building dimensions
(downwash)

m 10 x 10 x 6 (L x W x H)

a Generator specifications provided in Appendix F
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Figure 28 Pumping Station Model Layout

Pumping station buildingGenerator exhaust stacks
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11.2 Estimated Emissions

The emission inventories for each of the four scenarios described in Section 11.1 are provided in Table 31 to
Table 34, with the relative emission distributions between the modelled sources presented in Figure 29 to
Figure 32.

A summary of the total average daily emissions for each scenario is provided in Table 35. Note that while average
modelled emissions from wheel generated dust may be comparable to those from wind erosion of stockpiles
and exposed areas, emissions due to wind erosion are subject to a cubic relation with wind speed (refer
Appendix D). Therefore, the hourly wind erosion emissions increase greatly with wind speed, under which
conditions dispersion is much improved.  That is, worst case emission conditions correspond with best case
dispersion conditions. This tends to result in relatively low predicted GLCs due to wind erosion compared to
those of wheel generated dust, which are predicted to be emitted at a rate independent of wind (and therefore
dispersion) conditions.
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Figure 29 Estimated Particulate Emission Source Distribution: Scenario 1 – Area 1 Y1Q1

Figure 30 Estimated Particulate Emission Source Distribution: Scenario 2 – Area 1 Y6Q2

Figure 31 Estimated Particulate Emission Source Distribution: Scenario 3 – Area 3 Y11Q3

Figure 32 Estimated Particulate Emission Source Distribution: Scenario 4 – Area 3 Y15Q2
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Table 35 Total Emissions Summary

Scenario Extraction Rate
(t/day)

Emissions Rate (kg/day)

TSP PM10 PM2.5

Scenario 1 – Area 1_Y1Q1 54,000 951 328 65

Scenario 2 – Area 2 Y6Q2 75,000 831 276 56

Scenario 3 – Area 3 Y11Q3 60,000 868 279 52

Scenario 4 – Area 3 Y15Q2 67,000 1014 357 72

11.3 Modelling Results and Impact Assessment

11.3.1 Scenario 1 – Area 1 Y1Q1

11.3.1.1 Maximum Predicted 24-Hour Average GLCs

The maximum predicted 24-hour average cumulative (Project plus background) PM10 GLCs at each receptor are
provided in Table 36 for Scenario 1 for both normal and bushfire background concentrations years. Exceedances
of the APAC are predicted at all receptors due to the maximum background concentration exceeding the APAC
before the Project contribution is added. Cumulative GLCs that approach or exceed the APAC are highlighted in
orange or red, respectively. The number of additional exceedances (over and above those of the background
concentrations) predicted to be generated by the Project, are also provided.

The maximum predicted 24-hour average Project-only PM10 GLCs at each receptor, along with the corresponding
background and resulting cumulative concentrations, are provided in Table 37. Cumulative concentrations that
approach or exceed the APAC are highlighted in orange or red, respectively. The predicted Project contributions
relative to the APAC, expressed as percentages, are also provided.

The corresponding predicted PM2.5 results are provided in Table 38 and Table 39 and isopleth plots of the
maximum predicted 24-hour average PM10 and PM2.5 Project GLCs are presented in Figure 33 and Figure 34.
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Table 36 Scenario 1 Maximum Predicted Cumulative 24-Hour Average PM10 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 210 0.16 210 1 210 0.22 210 0

R2 210 0.23 210 0 212 2.3 210 0

R3 211 1.2 210 0 211 0.76 210 0

R4 210 0.048 210 0 210 0.21 210 0

R5 210 0.040 210 0 210 0.22 210 0

R6 210 0.13 210 0 210 0.30 210 0

R7 210 0.12 210 0 210 0.29 210 0

R8 210 0.19 210 0 210 0.42 210 0

R9 210 0.13 210 0 211 1.3 210 0

R10 210 0.20 210 0 210 0.49 210 0

R11 210 0.09 210 0 211 0.51 210 0

R12 213 2.7 210 1 212 1.7 210 0

R13 210 0.26 210 0 211 1.1 210 0

R14 a 213 3.1 210 3 214 4.0 210 1

R15 210 0.29 210 1 212 1.7 210 0

R16 210 0.11 210 0 210 0.40 210 0

R17 210 0.13 210 0 210 0.37 210 0

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 37 Scenario 1 Maximum Predicted Project 24-Hour Average PM10 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 4.0 7.1 11 65 69 8%

R2 4.8 1.8 6.6 2.9 7.7 10%

R3 15 22 37 8 22 30%

R4 2.8 4.3 7.1 9.0 12 6%

R5 1.6 56 58 43 45 3%

R6 2.6 3.5 6.1 5.6 8.2 5%

R7 7.5 3.5 11 5.6 13 15%

R8 4.6 12 17 5 10 9%

R9 6.5 4.3 11 9.0 16 13%

R10 6.0 5.9 12 6.0 12 12%

R11 9.2 2.9 12 8.9 18 18%

R12 25 22 47 8 32 50%

R13 16 2.9 19 8.9 25 33%

R14 a 54 2.5 57 0.3 55 109%

R15 15 4.4 20 4.3 20 31%

R16 9.1 2.9 12 8.9 18 18%

R17 11 2.5 14 0.3 12 23%

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is within 20% of the APAC.

Red font indicates cumulative concentration exceeds the APAC.
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Table 38 Scenario 1 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 45 0.030 45 0 81 0.0014 81 0

R2 45 0.039 45 0 81 0.0023 81 0

R3 45 0.20 45 0 81 0.016 81 0

R4 45 0.0086 45 0 81 0.027 81 0

R5 45 0.0072 45 0 81 0.029 81 0

R6 45 0.019 45 0 81 0.013 81 0

R7 45 0.019 45 0 81 0.047 81 0

R8 45 0.030 45 0 81 0.025 81 0

R9 45 0.021 45 0 81 0.051 81 0

R10 45 0.028 45 0 81 0.054 81 0

R11 45 0.012 45 0 81 0.028 81 0

R12 45 0.42 45 0 81 0.068 81 0

R13 45 0.037 45 0 81 0.023 81 0

R14 a 46 0.52 45 0 81 0.017 81 0

R15 45 0.051 45 0 81 0.026 81 0

R16 45 0.019 45 0 81 0.058 81 0

R17 45 0.029 45 0 81 0.0021 81 0

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 39 Scenario 1 Maximum Predicted Project 24-Hour Average PM2.5 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.68 0.88 1.6 7.9 8.6 3%

R2 1.0 0.97 2.0 0.0 1.0 4%

R3 2.8 1.2 4.0 0.50 3.3 11%

R4 0.46 0.47 0.93 2.1 2.6 2%

R5 0.33 0.47 0.80 2.1 2.4 1%

R6 0.51 0.00 0.51 0.90 1.4 2%

R7 1.3 0.00 1.3 0.90 2.2 5%

R8 1.1 0.66 1.7 2.4 3.5 4%

R9 1.4 0.47 1.8 2.1 3.5 6%

R10 1.2 1.60 2.8 3.1 4.3 5%

R11 1.8 0.99 2.8 3.2 5.0 7%

R12 5.4 0.00 5.4 0.80 6.2 22%

R13 3.6 0.99 4.6 3.2 6.8 14%

R14 a 10 1.1 11 0.50 11 40%

R15 2.8 0.69 3.5 2.4 5.2 11%

R16 1.7 0.99 2.7 3.2 4.9 7%

R17 2.2 1.1 3.3 0.50 2.7 9%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Figure 33 Scenario 1 Maximum Predicted 24-Hour Average Project PM10 GLCs
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Figure 34 Scenario 1 Maximum Predicted 24-Hour Average Project PM2.5 GLCs
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11.3.1.2 Maximum Predicted Annual Average GLCs

The maximum predicted annual average (of five years) cumulative PM10 GLCs at each receptor are provided in
Table 40 for Scenario 1 for both normal and bushfire background concentrations years. The predicted Project
contributions relative to the APAC, expressed as percentages, are also provided.  The corresponding PM2.5 GLCs
are provided in Table 41.

thee predicted RCS GLCs at each receptor are provided in Table 42 and the predicted metals GLCs at the most
impacted receptor are provided in Table 43. Isopleth plots of the predicted Project annual average PM10 and
PM2.5 GLCs are presented in Figure 35 and Figure 36.

Table 40 Scenario 1 Maximum Predicted Cumulative Annual Average PM10 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.10 19 19 21 22 0.4%

R2 0.30 19 19 21 22 1.2%

R3 0.53 19 19 21 22 2.1%

R4 0.084 19 19 21 22 0.3%

R5 0.082 19 19 21 22 0.3%

R6 0.094 19 19 21 22 0.4%

R7 0.15 19 19 21 22 0.6%

R8 0.12 19 19 21 22 0.5%

R9 0.30 19 19 21 22 1.2%

R10 0.20 19 19 21 22 0.8%

R11 0.31 19 19 21 22 1.2%

R12 1.1 19 20 21 22 4.3%

R13 0.83 19 20 21 22 3.3%

R14 a 2.1 19 21 21 24 8.6%

R15 0.61 19 19 21 22 2.4%

R16 0.15 19 19 21 22 0.6%

R17 0.23 19 19 21 22 0.9%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 103

Table 41 Scenario 1 Maximum Predicted Cumulative Annual Average PM2.5 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.019 2.7 2.8 3.5 3.6 0.2%

R2 0.058 2.7 2.8 3.5 3.6 0.7%

R3 0.11 2.7 2.8 3.5 3.6 1.3%

R4 0.017 2.7 2.8 3.5 3.6 0.2%

R5 0.017 2.7 2.8 3.5 3.6 0.2%

R6 0.019 2.7 2.8 3.5 3.6 0.2%

R7 0.029 2.7 2.8 3.5 3.6 0.4%

R8 0.024 2.7 2.8 3.5 3.6 0.3%

R9 0.061 2.7 2.8 3.5 3.6 0.8%

R10 0.041 2.7 2.8 3.5 3.6 0.5%

R11 0.062 2.7 2.8 3.5 3.6 0.8%

R12 0.21 2.7 2.9 3.5 3.8 2.7%

R13 0.16 2.7 2.9 3.5 3.7 2.0%

R14 a 0.41 2.7 3.1 3.5 3.9 5.1%

R15 0.12 2.7 2.9 3.5 3.7 1.5%

R16 0.029 2.7 2.8 3.5 3.6 0.4%

R17 0.046 2.7 2.8 3.5 3.6 0.6%

Criteria 8 8

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 42 Scenario 1 Maximum Predicted Cumulative Annual Average RCS GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project Contribution
Relative to APACProject Background Cumulative

R1 0.019 0.046 0.065 1%

R2 0.058 0.046 0.10 2%

R3 0.11 0.046 0.15 4%

R4 0.017 0.046 0.063 1%

R5 0.017 0.046 0.063 1%

R6 0.019 0.046 0.065 1%

R7 0.029 0.046 0.075 1%

R8 0.024 0.046 0.070 1%

R9 0.061 0.046 0.11 2%

R10 0.041 0.046 0.087 1%

R11 0.062 0.046 0.11 2%

R12 0.21 0.046 0.26 7%

R13 0.16 0.046 0.21 5%

R14 a 0.41 0.046 0.45 14%

R15 0.12 0.046 0.17 4%

R16 0.029 0.046 0.075 1%

R17 0.046 0.046 0.092 2%

Criteria 3

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Table 43 Scenario 1 Maximum Predicted Cumulative Annual Average Metals GLCs

Most Impacted Receptor: R12

Maximum Annual Average PM10 Concentration (µg/m3): 1.1

Metal Fraction
of PM10 a

Annual Average Concentration (µg/m3) APAC
(µg/m3)

Project Contribution

Project Background Cumulative Relative to APAC Relative to Background

As 0.011% 0.00011 0.0020 0.0021 0.007 1.6% 5.6%

Cd 0.021% 0.00022 0.0040 0.0042 0.005 4.5% 5.6%

Cr 0.13% 0.0014 0.025 0.026 0.005 28% 5.6%

Cu 0.079% 0.00084 0.015 0.016 - - 5.6%

Pb 0.15% 0.0016 0.028 0.030 0.5 0.3% 5.6%

Mn 0.28% 0.0030 0.053 0.056 0.15 2.0% 5.6%

Hg 0.016% 0.00017 0.0030 0.0032 1 0.02% 5.6%

Ni 0.15% 0.0016 0.028 0.030 0.09 1.7% 5.6%

V 0.042% 0.00045 0.0080 0.0084 - - 5.6%

Zn 0.31% 0.00326 0.058 0.061 2 0.2% 5.6%

a   Estimated metals fraction (refer Section 7.6.2.3.4).
Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC. Red font indicates exceedance of the APAC.
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Figure 35 Scenario 1 Predicted Annual Average Project PM10 GLCs (2016-2020)
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Figure 36 Scenario 1 Predicted Annual Average Project PM2.5 GLCs  (2016-2020)
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11.3.2 Scenario 2 – Area 1 Y6Q2

11.3.2.1 Maximum Predicted 24-Hour Average GLCs

The maximum predicted 24-hour average cumulative PM10 GLCs at each receptor are provided in Table 44 for
Scenario 2 for both normal and bushfire background concentrations years. Exceedances of the APAC are
predicted at all receptors due to the maximum background concentration exceeding the APAC before the Project
contribution is added. Cumulative GLCs that approach or exceed the APAC are highlighted in orange or red,
respectively. The number of additional exceedances (over and above those of the background concentrations)
predicted to be generated by the Project, are also provided.

The maximum predicted 24-hour average Project-only PM10 GLCs at each receptor, along with the corresponding
background and resulting cumulative concentrations, are provided in Table 45. Cumulative GLCs that approach
or exceed the APAC are highlighted in orange or red, respectively. The predicted Project contributions relative
to the APAC, expressed as percentages, are also provided.

The corresponding predicted PM2.5 results are provided in Table 46 and Table 47 and isopleth plots of the
maximum predicted 24-hour average PM10 and PM2.5 Project GLCs are presented in Figure 37 and Figure 38.
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Table 44 Scenario 2 Maximum Predicted Cumulative 24-Hour Average PM10 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 210 0.15 210 1 210 0.15 210 0

R2 210 0.29 210 0 210 0.41 210 0

R3 211 1.0 210 0 211 0.97 210 0

R4 210 0.037 210 0 210 0.15 210 0

R5 210 0.034 210 0 210 0.14 210 0

R6 210 0.057 210 0 210 0.11 210 0

R7 210 0.046 210 0 210 0.18 210 0

R8 210 0.18 210 0 210 0.18 210 0

R9 210 0.068 210 0 210 0.36 210 0

R10 210 0.11 210 0 210 0.29 210 0

R11 210 0.035 210 0 210 0.21 210 0

R12 212 1.9 210 1 212 1.7 210 0

R13 210 0.11 210 0 210 0.38 210 0

R14 a 217 7.0 210 2 218 7.5 210 1

R15 211 0.54 210 0 210 0.50 210 0

R16 210 0.11 210 0 210 0.24 210 0

R17 210 0.17 210 0 210 0.38 210 0

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 45 Scenario 2 Maximum Predicted Project 24-Hour Average PM10 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 2.2 48 50 10 12 4%

R2 6.9 2.6 9.5 4.3 11 14%

R3 12 5.6 17 1.3 13 23%

R4 1.5 7.8 9.3 3.6 5.1 3%

R5 1.7 7.8 9.5 3.6 5.3 3%

R6 2.1 3.5 5.6 0.50 2.6 4%

R7 1.6 3.5 5.1 5.6 7.2 3%

R8 2.4 7.8 10 3.6 6.0 5%

R9 5.0 2.2 7.2 9.3 14 10%

R10 6.7 11 18 5.3 12 13%

R11 4.2 2.2 6.4 13 17 8%

R12 19 5.3 24 7.0 26 38%

R13 14 5.5 19 6.8 21 28%

R14 a 36 8.5 45 9.7 46 73%

R15 16 2.6 19 4.3 21 33%

R16 4.5 2.9 7.4 8.9 13 9%

R17 5.7 3.3 9.0 0.90 6.6 11%

Criteria a 50 50

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.

Red font indicates cumulative concentration exceeds the APAC.
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Table 46 Scenario 2 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 45 0.019 45 0 81 0.0030 81 0

R2 45 0.051 45 0 81 0.0016 81 0

R3 45 0.12 45 0 81 0.16 81 0

R4 45 0.0055 45 0 81 0.0030 81 0

R5 45 0.0051 45 0 81 0.0038 81 0

R6 45 0.0081 45 0 81 0.0068 81 0

R7 45 0.0055 45 0 81 0.0076 81 0

R8 45 0.027 45 0 81 0.020 81 0

R9 45 0.0052 45 0 81 0.027 81 0

R10 45 0.012 45 0 81 0.029 81 0

R11 45 0.0050 45 0 81 0.011 81 0

R12 45 0.28 45 0 81 0.13 81 0

R13 45 0.010 45 0 81 0.0086 81 0

R14 a 46 1.2 45 0 81 0.38 81 0

R15 45 0.10 45 0 81 0.0027 81 0

R16 45 0.018 45 0 81 0.0010 81 0

R17 45 0.036 45 0 81 0.0016 81 0

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 47 Scenario 2 Maximum Predicted Project 24-Hour Average PM2.5 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.41 0.60 1.0 0.20 0.61 2%

R2 2.6 0.60 3.2 0.20 2.8 10%

R3 3.3 2.5 5.8 0.70 4.0 13%

R4 0.25 2.8 3.1 1.8 2.1 1%

R5 0.32 2.8 3.1 1.8 2.1 1%

R6 0.38 0.60 0.98 1.6 2.0 2%

R7 0.42 2.8 3.2 1.8 2.2 2%

R8 0.53 2.8 3.3 1.8 2.3 2%

R9 1.1 0.60 1.7 1.0 2.1 4%

R10 1.3 5.5 6.8 0.9 2.2 5%

R11 0.94 0.60 1.5 3.9 4.8 4%

R12 4.8 1.6 6.4 0.10 4.9 19%

R13 2.9 1.5 4.4 3.8 6.7 11%

R14 a 8.4 0.60 9.0 1.6 10 34%

R15 2.4 0.60 3.0 0.20 2.6 10%

R16 0.76 1.0 1.8 3.2 4.0 3%

R17 1.1 0.60 1.7 0.10 1.2 4%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Figure 37 Scenario 2 Maximum Predicted 24-Hour Average Project PM10 GLCs
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Figure 38 Scenario 2 Maximum Predicted 24-Hour Average Project PM2.5 GLCs
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11.3.2.2 Maximum Predicted Annual Average GLCs

The maximum predicted annual average (of five years) cumulative PM10 GLCs at each receptor are provided in
Table 48 for Scenario 2 for both normal and bushfire background concentrations years. The predicted Project
contributions relative to the APAC, expressed as percentages, are also provided. The corresponding PM2.5 GLCs
are provided in Table 49.

The predicted RCS GLCs at each receptor are provided in Table 50 and the predicted metals GLCs at the most
impacted receptor are provided in Table 51. Isopleth plots of the predicted Project annual average PM10 and
PM2.5 GLCs are presented in Figure 39 and Figure 40.

Table 48 Scenario 2 Maximum Predicted Cumulative Annual Average PM10 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.048 19 19 21 21 0.2%

R2 0.18 19 19 21 22 0.7%

R3 0.39 19 19 21 22 1.6%

R4 0.032 19 19 21 21 0.1%

R5 0.034 19 19 21 21 0.1%

R6 0.045 19 19 21 21 0.2%

R7 0.056 19 19 21 21 0.2%

R8 0.051 19 19 21 21 0.2%

R9 0.082 19 19 21 22 0.3%

R10 0.060 19 19 21 22 0.2%

R11 0.10 19 19 21 22 0.4%

R12 0.79 19 20 21 22 3.1%

R13 0.25 19 19 21 22 1.0%

R14 a 2.8 19 22 21 24 11%

R15 0.26 19 19 21 22 1.0%

R16 0.068 19 19 21 21 0.3%

R17 0.15 19 19 21 22 0.6%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.
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Table 49 Scenario 2 Maximum Predicted Cumulative Annual Average PM2.5 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.0086 2.7 2.7 3.5 3.5 0.1%

R2 0.032 2.7 2.8 3.5 3.6 0.4%

R3 0.069 2.7 2.8 3.5 3.6 0.9%

R4 0.0053 2.7 2.7 3.5 3.5 0.1%

R5 0.0062 2.7 2.7 3.5 3.5 0.1%

R6 0.0083 2.7 2.7 3.5 3.5 0.1%

R7 0.010 2.7 2.7 3.5 3.5 0.1%

R8 0.010 2.7 2.7 3.5 3.5 0.1%

R9 0.021 2.7 2.8 3.5 3.6 0.3%

R10 0.016 2.7 2.8 3.5 3.6 0.2%

R11 0.016 2.7 2.7 3.5 3.6 0.2%

R12 0.13 2.7 2.9 3.5 3.7 1.6%

R13 0.036 2.7 2.8 3.5 3.6 0.4%

R14 a 0.53 2.7 3.3 3.5 4.1 6.6%

R15 0.040 2.7 2.8 3.5 3.6 0.5%

R16 0.011 2.7 2.7 3.5 3.5 0.1%

R17 0.026 2.7 2.8 3.5 3.6 0.3%

Criteria 8 8

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 50 Scenario 2 Maximum Predicted Cumulative Annual Average RCS GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project Contribution
Relative to APACProject Background Cumulative

R1 0.0086 0.046 0.055 0.3%

R2 0.032 0.046 0.078 1.1%

R3 0.069 0.046 0.11 2.3%

R4 0.0053 0.046 0.051 0.2%

R5 0.0062 0.046 0.052 0.2%

R6 0.0083 0.046 0.054 0.3%

R7 0.010 0.046 0.056 0.3%

R8 0.010 0.046 0.056 0.3%

R9 0.021 0.046 0.067 0.7%

R10 0.016 0.046 0.062 0.5%

R11 0.016 0.046 0.062 0.5%

R12 0.13 0.046 0.18 4.3%

R13 0.036 0.046 0.082 1.2%

R14 a 0.53 0.046 0.58 18%

R15 0.040 0.046 0.086 1.3%

R16 0.011 0.046 0.057 0.4%

R17 0.026 0.046 0.072 0.9%

Criteria 3

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Table 51 Scenario 2 Maximum Predicted Cumulative Annual Average Metals GLCs

Most Impacted Receptor: R12

Maximum Annual Average PM10 Concentration (µg/m3): 0.79

Metal Fraction
of PM10 a

Annual Average Concentration (µg/m3) APAC
(µg/m3)

Project Contribution

Project Background Cumulative Relative to APAC Relative to Background

As 0.011% 0.000083 0.0020 0.0021 0.007 1.2% 4.1%

Cd 0.021% 0.00017 0.0040 0.0042 0.005 3.3% 4.1%

Cr 0.13% 0.0010 0.025 0.026 0.005 21% 4.1%

Cu 0.079% 0.00062 0.015 0.016 - - 4.1%

Pb 0.15% 0.0012 0.028 0.029 0.5 0.2% 4.1%

Mn 0.28% 0.0022 0.053 0.055 0.15 1.5% 4.1%

Hg 0.016% 0.00012 0.0030 0.0031 1 0.01% 4.1%

Ni 0.15% 0.0012 0.028 0.029 0.09 1.3% 4.1%

V 0.042% 0.00033 0.0080 0.0083 - - 4.1%

Zn 0.31% 0.0024 0.058 0.060 2 0.1% 4.1%

a   Estimated metals fraction (refer Section 7.6.2.3.4).
Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC. Red font indicates exceedance of the APAC.
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Figure 39 Scenario 2 Predicted Annual Average Project PM10 GLCs (2016-2020)
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Figure 40 Scenario 2 Predicted Annual Average Project PM2.5 GLCs (2016-2020)
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11.3.3 Scenario 3 – Area 3 Y11Q3

11.3.3.1 Maximum Predicted 24-Hour Average GLCs

The maximum predicted 24-hour average cumulative PM10 GLCs at each receptor are provided in Table 52 for
Scenario 3 for both normal and bushfire background concentrations years. Exceedances of the APAC are
predicted at all receptors due to the maximum background concentration exceeding the APAC before the Project
contribution is added. Cumulative GLCs that approach or exceed the APAC are highlighted in orange or red,
respectively. The number of additional exceedances (over and above those of the background concentrations)
predicted to be generated by the Project, are also provided.

The maximum predicted 24-hour average Project-only PM10 GLCs at each receptor, along with the corresponding
background and resulting cumulative concentrations, are provided in Table 53. Cumulative concentrations that
approach or exceed the APAC are highlighted in orange or red, respectively. The predicted Project contributions
relative to the APAC, expressed as percentages, are also provided.

 The corresponding predicted PM2.5 results are provided in Table 54 and Table 55 and isopleth plots of the
maximum predicted 24-hour average PM10 and PM2.5 Project GLCs are presented in Figure 41 and Figure 42.
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Table 52 Scenario 3 Maximum Predicted Cumulative 24-Hour Average PM10 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 210 0.12 210 0 210 0.13 210 0

R2 210 0.38 210 0 211 0.59 210 0

R3 210 0.040 210 0 210 0.29 210 0

R4 210 0.13 210 0 210 0.47 210 0

R5 210 0.12 210 0 210 0.42 210 0

R6 210 0.39 210 0 210 0.32 210 0

R7 211 0.98 210 0 211 1.0 210 0

R8 210 0.017 210 0 210 0.093 210 0

R9 a 211 0.81 210 0 212 1.6 210 0

R10 210 0.031 210 0 210 0.16 210 0

R11 210 0.070 210 0 210 0.23 210 0

R12 210 0.012 210 0 210 0.20 210 0

R13 210 0.090 210 0 210 0.13 210 0

R14 b 210 0.13 210 0 211 0.61 210 0

R15 210 0.015 210 0 210 0.12 210 0

R16 210 0.023 210 0 210 0.10 210 0

R17 210 0.17 210 0 210 0.084 210 0

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
Red font indicates cumulative concentration exceeds the APAC.
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Table 53 Scenario 3 Maximum Predicted Project 24-Hour Average PM10 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 7.5 3.6 11 3.2 11 15%

R2 8.2 2.5 11 0.30 8.5 16%

R3 7.8 5.3 13 7.0 15 16%

R4 6.4 7.8 14 3.6 10 13%

R5 3.7 8 12 3.6 7.3 7%

R6 3.7 2.3 6.0 4.1 7.8 7%

R7 14 2.3 16 4.1 18 27%

R8 3.8 5.5 9.3 6.8 11 8%

R9 a 17 2.6 20 4.3 21 34%

R10 2.9 3.8 6.7 18 21 6%

R11 5.0 2.6 7.6 4.3 9.3 10%

R12 5.0 2.6 7.6 1.5 6.5 10%

R13 3.6 3.8 7.4 6.9 11 7%

R14 b 16 5.3 21 7.0 23 32%

R15 2.2 7.7 10 4.8 7.0 4%

R16 2.3 3.8 6.1 2.9 5.2 5%

R17 5.7 2.5 8.2 0.3 6.0 11%

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 54 Scenario 3 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 45 0.016 45 0 81 0.0010 81 0

R2 45 0.067 45 0 81 0.0011 81 0

R3 45 0.007 45 0 81 0.017 81 0

R4 45 0.019 45 0 81 0.0052 81 0

R5 45 0.019 45 0 81 0.0082 81 0

R6 45 0.043 45 0 81 0.0076 81 0

R7 45 0.13 45 0 81 0.037 81 0

R8 45 0.0019 45 0 81 0.0019 81 0

R9 a 45 0.078 45 0 81 0.047 81 0

R10 45 0.0039 45 0 81 0.00088 81 0

R11 45 0.010 45 0 81 0.00086 81 0

R12 45 0.0019 45 0 81 0.010 81 0

R13 45 0.017 45 0 81 0.00088 81 0

R14 b 45 0.023 45 0 81 0.044 81 0

R15 45 0.0024 45 0 81 0.00066 81 0

R16 45 0.0042 45 0 81 0.00049 81 0

R17 45 0.0073 45 0 81 0.0023 81 0

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 55 Scenario 3 Maximum Predicted Project 24-Hour Average PM2.5 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.98 1.0 2.0 0.0 1.0 4%

R2 1.1 1.1 2.2 0.50 1.6 5%

R3 1.2 0.70 1.9 3.7 4.9 5%

R4 1.0 2.8 3.8 1.8 2.8 4%

R5 0.65 2.8 3.4 1.8 2.4 3%

R6 0.60 0.0 0.60 2.0 2.6 2%

R7 2.6 0.0 2.6 2.0 4.6 10%

R8 0.40 1.5 1.9 3.8 4.2 2%

R9 a 4.0 0.60 4.6 0.20 4.2 16%

R10 0.40 1.0 1.4 0.0 0.4 2%

R11 0.55 1.0 1.5 3.2 3.7 2%

R12 0.72 0.90 1.6 0.50 1.2 3%

R13 0.55 0.0 0.55 1.9 2.4 2%

R14 b 2.4 0.70 3.1 3.7 6.1 10%

R15 0.43 1.6 2.0 0.10 0.5 2%

R16 0.29 0.20 0.49 0.30 0.6 1%

R17 0.70 1.1 1.8 0.50 1.2 3%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Figure 41 Scenario 3 Maximum Predicted 24-Hour Average Project PM10 GLCs
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Figure 42 Scenario 3 Maximum Predicted 24-Hour Average Project PM2.5 GLCs
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11.3.3.2 Maximum Predicted Annual Average GLCs

The maximum predicted annual average (of five years) cumulative PM10 GLCs at each receptor are provided in
Table 56 for Scenario 3 for both normal and bushfire background concentrations years. The predicted Project
contributions relative to the APAC, expressed as percentages, are also provided.  The corresponding PM2.5 GLCs
are provided in Table 57.

The predicted RCS GLCs at each receptor are provided in Table 58 and the predicted metals GLCs at the most
impacted receptor are provided in Table 59. Isopleth plots of the predicted Project annual average PM10 and
PM2.5 GLCs are presented in Figure 43 and Figure 44.

Table 56 Scenario 3 Maximum Predicted Cumulative Annual Average PM10 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.11 19 19 21 22 0.4%

R2 0.12 19 19 21 22 0.5%

R3 0.084 19 19 21 22 0.3%

R4 0.095 19 19 21 22 0.4%

R5 0.094 19 19 21 22 0.4%

R6 0.12 19 19 21 22 0.5%

R7 0.38 19 19 21 22 1.5%

R8 0.070 19 19 21 21 0.3%

R9 a 0.57 19 19 21 22 2.3%

R10 0.070 19 19 21 21 0.3%

R11 0.069 19 19 21 21 0.3%

R12 0.08 19 19 21 22 0.3%

R13 0.085 19 19 21 22 0.3%

R14 b 0.18 19 19 21 22 0.7%

R15 0.070 19 19 21 21 0.3%

R16 0.037 19 19 21 21 0.1%

R17 0.066 19 19 21 21 0.3%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 127

Table 57 Scenario 3 Maximum Predicted Cumulative Annual Average PM2.5 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.016 2.7 2.7 3.5 3.6 0.2%

R2 0.018 2.7 2.8 3.5 3.6 0.2%

R3 0.012 2.7 2.7 3.5 3.5 0.2%

R4 0.014 2.7 2.7 3.5 3.6 0.2%

R5 0.014 2.7 2.7 3.5 3.6 0.2%

R6 0.017 2.7 2.8 3.5 3.6 0.2%

R7 0.057 2.7 2.8 3.5 3.6 0.7%

R8 0.0088 2.7 2.7 3.5 3.5 0.1%

R9 a 0.072 2.7 2.8 3.5 3.6 0.9%

R10 0.010 2.7 2.7 3.5 3.5 0.1%

R11 0.0092 2.7 2.7 3.5 3.5 0.1%

R12 0.011 2.7 2.7 3.5 3.5 0.1%

R13 0.011 2.7 2.7 3.5 3.5 0.1%

R14 b 0.026 2.7 2.8 3.5 3.6 0.3%

R15 0.0091 2.7 2.7 3.5 3.5 0.1%

R16 0.0052 2.7 2.7 3.5 3.5 0.1%

R17 0.0089 2.7 2.7 3.5 3.5 0.1%

Criteria 8 8

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 58 Scenario 3 Maximum Predicted Cumulative Annual Average RCS GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project Contribution
Relative to APACProject Background Cumulative

R1 0.016 0.046 0.062 0.5%

R2 0.018 0.046 0.064 0.6%

R3 0.012 0.046 0.058 0.4%

R4 0.014 0.046 0.060 0.5%

R5 0.014 0.046 0.060 0.5%

R6 0.017 0.046 0.063 0.6%

R7 0.057 0.046 0.10 1.9%

R8 0.0088 0.046 0.055 0.3%

R9 a 0.072 0.046 0.12 2.4%

R10 0.010 0.046 0.056 0.3%

R11 0.0092 0.046 0.055 0.3%

R12 0.011 0.046 0.057 0.4%

R13 0.011 0.046 0.057 0.4%

R14 b 0.026 0.046 0.072 0.9%

R15 0.0091 0.046 0.055 0.3%

R16 0.0052 0.046 0.051 0.2%

R17 0.0089 0.046 0.055 0.3%

Criteria 3

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 59 Scenario 3 Maximum Predicted Cumulative Annual Average Metals GLCs

Most Impacted Receptor: R7

Maximum Annual Average PM10 Concentration (µg/m3): 0.38

Metal Fraction
of PM10 a

Annual Average Concentration (µg/m3) APAC
(µg/m3)

Project Contribution

Project Background Cumulative Relative to APAC Relative to Background

As 0.011% 0.000040 0.0020 0.0020 0.007 0.6% 2.0%

Cd 0.021% 0.000080 0.0040 0.0041 0.005 1.6% 2.0%

Cr 0.13% 0.00050 0.025 0.026 0.005 10% 2.0%

Cu 0.079% 0.00030 0.015 0.015 - - 2.0%

Pb 0.15% 0.00056 0.028 0.029 0.5 0.1% 2.0%

Mn 0.28% 0.0011 0.053 0.054 0.15 0.7% 2.0%

Hg 0.016% 0.000060 0.0030 0.0031 1 0.01% 2.0%

Ni 0.15% 0.00056 0.028 0.029 0.09 0.6% 2.0%

V 0.042% 0.00016 0.0080 0.0082 - - 2.0%

Zn 0.31% 0.0012 0.058 0.059 2 0.1% 2.0%

a   Estimated metals fraction (refer Section 7.6.2.3.4).
Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.

Red font indicates cumulative concentration exceeds the APAC.
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Figure 43 Scenario 3 Predicted Annual Average Project PM10 GLCs (2016-2020)
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Figure 44 Scenario 3 Predicted Annual Average Project PM2.5 GLCs (2016-2020)
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11.3.4 Scenario 4 – Area 4 Y15Q2

11.3.4.1 Maximum Predicted 24-Hour Average GLCs

The maximum predicted 24-hour average cumulative PM10 GLCs at each receptor are provided in Table 60 for
Scenario 4 for both normal and bushfire background concentrations years. Exceedances of the APAC are
predicted at all receptors due to the maximum background concentration exceeding the APAC before the Project
contribution is added. Cumulative GLCs that approach or exceed the APAC are highlighted in orange or red,
respectively. The number of additional exceedances (over and above those of the background concentrations)
predicted to be generated by the Project, are also provided.

The maximum predicted 24-hour average Project-only PM10 GLCs at each receptor, along with the corresponding
background and resulting cumulative concentrations, are provided in Table 61. Cumulative concentrations that
approach or exceed the APAC are highlighted in orange or red, respectively. The predicted Project contributions
relative to the APAC, expressed as percentages, are also provided.

The corresponding predicted PM2.5 results are provided in Table 62 and Table 63 and isopleth plots of the
maximum predicted 24-hour average PM10 and PM2.5 Project GLCs are presented in Figure 45 and Figure 46.
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Table 60 Scenario 4 Maximum Predicted Cumulative 24-Hour Average PM10 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 210 0.11 210 0 211 1.1 210 0

R2 210 0.40 210 0 211 0.93 210 0

R3 210 0.030 210 0 210 0.49 210 0

R4 210 0.14 210 0 211 0.61 210 1

R5 210 0.15 210 0 211 0.59 210 0

R6 210 0.31 210 0 210 0.47 210 0

R7 210 0.43 210 1 211 1.2 210 1

R8 210 0.041 210 0 210 0.17 210 0

R9 a 211 0.74 210 1 212 1.9 210 2

R10 210 0.027 210 0 210 0.40 210 0

R11 210 0.077 210 0 211 0.54 210 0

R12 210 0.012 210 0 210 0.25 210 0

R13 210 0.087 210 0 210 0.43 210 0

R14 b 210 0.10 210 0 211 1.0 210 0

R15 210 0.011 210 0 211 0.94 210 0

R16 210 0.021 210 0 210 0.34 210 0

R17 210 0.45 210 0 210 0.081 210 0

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 61 Scenario 4 Maximum Predicted Project 24-Hour Average PM10 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 3.3 3.7 7.0 3.6 6.9 7%

R2 17 5.3 22 5.9 23 33%

R3 7.5 14 21 14 21 15%

R4 4.3 9.7 14 7.7 12 9%

R5 5.1 4.3 9.4 9.0 14 10%

R6 5.5 0.9 6.4 3.3 8.8 11%

R7 16 3.5 19 5.6 21 32%

R8 7.6 2.9 10 8.9 16 15%

R9 a 41 2.8 44 13 54 82%

R10 6.3 2.2 8.5 9.3 16 13%

R11 5.2 2.6 7.8 4.3 9.5 10%

R12 8.6 2.6 11 4.3 13 17%

R13 5.1 33 38 5.7 11 10%

R14 b 14 14 28 14 28 27%

R15 5.0 2.2 7.2 9.3 14 10%

R16 1.9 5.4 7.3 5.7 7.6 4%

R17 8.5 16 24 16 24 17%

Criteria 50 50

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 62 Scenario 4 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each Year

Maximum 24-Hour Average Concentration
(µg/m3)

Maximum
Additional
Exceedances
Each YearCumulative Project Background Cumulative Project Background

R1 45 0.014 45 0 81 0.0017 81 0

R2 45 0.074 45 0 81 0.0027 81 0

R3 45 0.0051 45 0 81 0.067 81 0

R4 45 0.026 45 0 81 0.046 81 0

R5 45 0.028 45 0 81 0.058 81 0

R6 45 0.048 45 0 81 0.029 81 0

R7 45 0.049 45 0 81 0.173 81 0

R8 45 0.0056 45 0 81 0.0056 81 0

R9 a 45 0.13 45 0 81 0.22 81 0

R10 45 0.0037 45 0 81 0.0017 81 0

R11 45 0.013 45 0 81 0.048 81 0

R12 45 0.0028 45 0 81 0.031 81 0

R13 45 0.016 45 0 81 0.0074 81 0

R14 b 45 0.016 45 0 81 0.14 81 0

R15 45 0.0023 45 0 81 0.0012 81 0

R16 45 0.0039 45 0 81 0.0035 81 0

R17 45 0.066 45 0 81 0.0021 81 0

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 63 Scenario 4 Maximum Predicted Project 24-Hour Average PM2.5 GLCs

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 1.0 0.60 1.6 0.20 1.2 4%

R2 3.9 0.0 3.9 0.80 4.7 16%

R3 1.3 2.3 3.6 2.30 3.6 5%

R4 0.83 2.9 3.7 0.50 1.3 3%

R5 0.88 0.50 1.4 2.1 3.0 4%

R6 1.0 0.30 1.3 1.1 2.1 4%

R7 2.5 0.0 2.5 0.90 3.4 10%

R8 1.4 1.0 2.4 3.2 4.6 5%

R9 a 9.2 0.60 9.8 3.9 13 37%

R10 1.3 0.60 1.9 1.0 2.3 5%

R11 1.1 0.60 1.7 0.20 1.3 5%

R12 1.6 0.60 2.2 0.20 1.8 6%

R13 1.3 5.8 7.1 0.20 1.5 5%

R14 b 2.6 0.40 3.0 5.1 7.7 10%

R15 0.79 0.60 1.4 1.0 1.8 3%

R16 0.33 1.0 1.3 1.9 2.2 1%

R17 1.8 1.1 2.9 2.5 4.3 7%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Figure 45 Scenario 4 Maximum Predicted 24-Hour Average Project PM10 GLCs
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Figure 46 Scenario 4 Maximum Predicted 24-Hour Average Project PM2.5 GLCs
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11.3.4.2 Maximum Predicted Annual Average GLCs

The maximum predicted annual average (of five years) cumulative PM10 GLCs at each receptor are provided in
Table 64 for Scenario 3 for both normal and bushfire background concentrations years. The predicted Project
contributions relative to the APAC, expressed as percentages, are also provided. The corresponding PM2.5 GLCs
are provided in Table 65.

The predicted RCS GLCs at each receptor are provided in Table 66 and the predicted metals GLCs at the most
impacted receptor are provided in Table 67. Isopleth plots of the predicted Project annual average PM10 and
PM2.5 GLCs are presented in Figure 47 and Figure 48.

Table 64 Scenario 4 Maximum Predicted Cumulative Annual Average PM10 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.18 19 19 21 22 0.7%

R2 0.29 19 19 21 22 1.2%

R3 0.16 19 19 21 22 0.6%

R4 0.17 19 19 21 22 0.7%

R5 0.19 19 19 21 22 0.7%

R6 0.21 19 19 21 22 0.9%

R7 0.55 19 19 21 22 2.2%

R8 0.16 19 19 21 22 0.6%

R9 a 1.5 19 20 21 23 6.0%

R10 0.14 19 19 21 22 0.6%

R11 0.15 19 19 21 22 0.6%

R12 0.18 19 19 21 22 0.7%

R13 0.18 19 19 21 22 0.7%

R14 b 0.37 19 19 21 22 1.5%

R15 0.14 19 19 21 22 0.6%

R16 0.063 19 19 21 21 0.3%

R17 0.16 19 19 21 22 0.7%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.
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Table 65 Scenario 4 Maximum Predicted Cumulative Annual Average PM2.5 GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.036 2.7 2.8 3.5 3.6 0.5%

R2 0.062 2.7 2.8 3.5 3.6 0.8%

R3 0.034 2.7 2.8 3.5 3.6 0.4%

R4 0.035 2.7 2.8 3.5 3.6 0.4%

R5 0.038 2.7 2.8 3.5 3.6 0.5%

R6 0.045 2.7 2.8 3.5 3.6 0.6%

R7 0.11 2.7 2.8 3.5 3.6 1.4%

R8 0.032 2.7 2.8 3.5 3.6 0.4%

R9 a 0.29 2.7 3.0 3.5 3.8 3.6%

R10 0.031 2.7 2.8 3.5 3.6 0.4%

R11 0.031 2.7 2.8 3.5 3.6 0.4%

R12 0.040 2.7 2.8 3.5 3.6 0.5%

R13 0.038 2.7 2.8 3.5 3.6 0.5%

R14 b 0.078 2.7 2.8 3.5 3.6 1.0%

R15 0.028 2.7 2.8 3.5 3.6 0.3%

R16 0.013 2.7 2.7 3.5 3.5 0.2%

R17 0.034 2.7 2.8 3.5 3.6 0.4%

Criteria a 8 8

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 66 Scenario 4 Maximum Predicted Cumulative Annual Average RCS GLCs

Receptor ID Maximum Annual Average Concentration (µg/m3) Project Contribution
Relative to APACProject Background Cumulative

R1 0.036 0.046 0.082 1.2%

R2 0.062 0.046 0.11 2.1%

R3 0.034 0.046 0.080 1.1%

R4 0.035 0.046 0.081 1.2%

R5 0.038 0.046 0.084 1.3%

R6 0.045 0.046 0.091 1.5%

R7 0.11 0.046 0.16 3.7%

R8 0.032 0.046 0.078 1.1%

R9 a 0.29 0.046 0.34 9.7%

R10 0.031 0.046 0.077 1.0%

R11 0.031 0.046 0.077 1.0%

R12 0.040 0.046 0.086 1.3%

R13 0.038 0.046 0.084 1.3%

R14 b 0.078 0.046 0.12 2.6%

R15 0.028 0.046 0.074 0.9%

R16 0.013 0.046 0.059 0.4%

R17 0.034 0.046 0.080 1.1%

Criteria a 3

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 142

Table 67 Scenario 4 Maximum Predicted Cumulative Annual Average Metals GLCs

Most Impacted Receptor: R7

Maximum Annual Average PM10 Concentration (µg/m3): 0.55

Metal Fraction
of PM10 a

Maximum Annual Average Concentration
(µg/m3)

APAC
(µg/m3)

Project Contribution

Project Background Cumulative Relative to APAC Relative to Background

As 0.011% 0.000057 0.0020 0.0021 0.007 0.8% 2.9%

Cd 0.021% 0.00011 0.0040 0.0041 0.005 2.3% 2.9%

Cr 0.13% 0.00072 0.025 0.026 0.005 14% 2.9%

Cu 0.079% 0.00043 0.015 0.015 - - 2.9%

Pb 0.15% 0.00080 0.028 0.029 0.5 0.2% 2.9%

Mn 0.28% 0.0015 0.053 0.055 0.15 1.0% 2.9%

Hg 0.016% 0.000086 0.0030 0.0031 1 0.01% 2.9%

Ni 0.15% 0.00080 0.028 0.029 0.09 0.9% 2.9%

V 0.042% 0.00023 0.0080 0.0082 - - 2.9%

Zn 0.31% 0.0017 0.058 0.060 2 0.1% 2.9%

a   Estimated metals fraction (refer Section 7.6.2.3.4).
Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.
Red font indicates cumulative concentration exceeds the APAC.
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Figure 47 Scenario 4 Predicted Annual Average Project PM10 GLCs (2016-2020)
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Figure 48 Scenario 4 Predicted Annual Average Project PM2.5 GLCs (2016-2020)



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 145

11.3.5 Predicted Indicative Dust Deposition Rates

The maximum predicted annual average (of five years) Project and cumulative dust deposition rates at each
receptor for each Scenario are provided in Table 68.

Isopleth plots of the predicted Project annual average Project dust deposition rates are presented in Figure 49
to Figure 52.

Table 68 Maximum Annual Average Dust Deposition Rates

Receptor
ID

Dust Deposition Rate (g/m2/month)

Project Background Cumulative

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 1 Scenario 2 Scenario 3 Scenario 4

R1 0.0094 0.010 0.019 0.021 2.8 2.8 2.8 2.8 2.8

R2 0.028 0.037 0.027 0.033 2.8 2.8 2.8 2.8 2.8

R3 0.053 0.071 0.010 0.012 2.8 2.9 2.9 2.8 2.8

R4 0.006 0.0066 0.018 0.013 2.8 2.8 2.8 2.8 2.8

R5 0.006 0.0069 0.020 0.015 2.8 2.8 2.8 2.8 2.8

R6 0.0066 0.008 0.026 0.020 2.8 2.8 2.8 2.8 2.8

R7 0.010 0.011 0.079 0.045 2.8 2.8 2.8 2.9 2.8

R8 0.010 0.008 0.011 0.013 2.8 2.8 2.8 2.8 2.8

R9 0.020 0.019 0.092 a 0.15 a 2.8 2.8 2.8 2.9 a 2.9 a

R10 0.017 0.012 0.0094 0.010 2.8 2.8 2.8 2.8 2.8

R11 0.029 0.018 0.010 0.011 2.8 2.8 2.8 2.8 2.8

R12 0.12 0.14 0.012 0.013 2.8 2.9 2.9 2.8 2.8

R13 0.093 0.046 0.012 0.013 2.8 2.9 2.8 2.8 2.8

R14 b 0.26 0.65 0.023 0.030 2.8 3.1 3.4 2.8 2.8

R15 0.055 0.040 0.0093 0.010 2.8 2.9 2.8 2.8 2.8

R16 0.012 0.010 0.0046 0.0042 2.8 2.8 2.8 2.8 2.8

R17 0.019 0.027 0.0095 0.010 2.8 2.8 2.8 2.8 2.8

Guideline 2 4

a   Location will not be considered a sensitive receptor during Project phase in Area 3 (refer Section 8.2).
b   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Figure 49 Scenario 1 Predicted Annual Average Project Dust Deposition Rates (2016-2020)
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Figure 50 Scenario 2 Predicted Annual Average Project Dust Deposition Rates (2016-2020)
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Figure 51 Scenario 3 Predicted Annual Average Project Dust Deposition Rates (2016-2020)
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Figure 52 Scenario 4 Predicted Annual Average Project Dust Deposition Rates (2016-2020)
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11.3.5.1 Metals Deposition

An estimation of the potential deposition of metals into rainwater tanks at sensitive receptors due to the Project
is presented below. This assumes that the receptors have rainwater tanks and use these as their primary source
of drinking water.

The average annual rainfall measured in nearby Swan Hill (refer Section 8.4.2) of 301 mm. A typical rural dwelling 
that uses the roof to collect rain water into a tank might therefore collect approximately 300 litres/m2/year 
(L/m2/year) into which metals in dust deposited on the roof might mix.

Table 68 (Section 11.3.5) indicates that R12 is predicted to be the most impacted receptor with a maximum 
predicted annual average dust deposition rate of 0.14 g/m2/month, or 1.7 g/m2/year, under Scenario 2. The 
resulting indicative maximum annual average deposition rate of metals resulting from the Project for receptor 
R12, conservatively assuming that all deposited dust contains metals fractions based on those of the PM10 

background monitoring data (refer Section 7.6.2.3.4), is provided in Table 69. The resulting maximum pre-
dicted Project contribution to the metals concentrations in rainwater collected over one year is also presented, 
and compared with the current Australian drinking water guideline values with which they comply. This indic-
ative assessment does not account for potential existing background deposition rates of metals at sensitive re-
ceptors for which there is no monitoring data at this time.
It is proposed to offer rainwater tank water quality testing to sensitive receptors nearest to the Project areas
prior to the Project, and during the Project at regular intervals (refer Section 13.2).

Table 69 Maximum Predicted Annual Average Metals Deposition to Rainwater Tanks

Most Impacted Receptor: R12

Maximum Annual Average Deposition Rate: 1.7 g/m2/year

Metal Fraction
of Dust a

Maximum Annual Average
Deposition Rate (mg/m2/year)

Average Rainfall
(L/m2/year)

Maximum Project
Contribution to Rainwater
Tank Concentration (mg/L)

Drinking Water
Guideline (mg/L)

As 0.011% 0.18 300 0.00060 0.010

Cd 0.021% 0.36 300 0.0012 0.002

Cr 0.13% 2.3 300 0.0075 0.05

Cu 0.079% 1.4 300 0.0045 2

Pb 0.15% 2.5 300 0.0084 0.01

Mn 0.28% 4.8 300 0.016 0.5

Hg 0.016% 0.27 300 0.00090 0.001

Ni 0.15% 2.5 300 0.0084 0.02

V 0.042% 0.72 300 0.0024  -

Zn 0.31% 5.3 300 0.017 3.0

a   Based on estimated metals fraction in PM10 (refer Section 7.6.2.3.4)
Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC.
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11.3.6 Power Station

11.3.6.1 NO2

The maximum (99.9th percentile) predicted 1-hour average cumulative NO2 GLCs at and beyond the Project site
boundary and at the sensitive receptors are provided in Table 70. Maximum predicted annual average (of five
years) Project GLCS are also provided. Cumulative GLCs, including conservative background NO2 concentrations,
comply with the NO2 1-hour average and annual average criteria at all sensitive receptors. Exceedances of the
1-hour and annual average criteria are predicted at or beyond the Project boundary.

Isopleths of the maximum 1-hour average and annual average GLCs are presented in Figure 53 and Figure 54

Table 70 Maximum Predicted NO2 GLCs at Sensitive Receptors (Power Station)

ID

Maximum (99.9th Percentile) 1 Hour
Average NO2 Concentration (µg/m3)

Project
Contribution
Relative to
APAC

Annual Average NO2 Concentration
(µg/m3)

Project
Contribution
Relative to
APACCumulative Project a Background b Project a Background b Cumulative

Project
Boundary c

957 940 17 627% 44 19 63 157%

R1 77 0.015 77 51% 0.11 19 19 0.4%

R2 77 0.0033 77 51% 0.30 19 19 1.1%

R3 86 39 47 57% 0.31 19 19 1.1%

R4 77 39 38 51% 0.15 19 19 0.5%

R5 75 0.033 75 50% 0.15 19 19 0.5%

R6 76 4.5 71 51% 0.13 19 19 0.5%

R7 84 31.3 53 56% 0.23 19 19 0.8%

R8 77 0.008 77 51% 0.16 19 19 0.6%

R9 89 38 51 59% 0.43 19 19 1.5%

R10 80 29 51 53% 0.33 19 19 1.2%

R11 85 0.044 85 56% 0.51 19 19 1.8%

R12 97 74 23 64% 0.45 19 19 1.6%

R13 126 70 56 84% 1.3 19 20 4.7%

R14 d 106 74 32 71% 0.89 19 19 3.2%

R15 100 38 62 67% 0.76 19 19 2.7%

R16 81 22 58 54% 0.25 19 19 0.9%

R17 79 45 34 53% 0.24 19 19 0.9%

Criteria 150
Health

Vegetation
28
30

a Assumed NO2 to NOx ratio of 30% (Section 7.6.2.2.3).
b Refer Section 8.5
c At or beyond the Project site boundary.
d Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Orange font indicates cumulative concentration is equal to or greater than 80% of the APAC. 

Red font indicates cumulative concentration exceeds the APAC.
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Figure 53 Maximum (100th Percentile) Predicted 1-Hour Average NO2 GLCs (Power Station)
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Figure 54 Predicted Annual Average NO2 GLCs (Power Station)
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11.3.6.2 PM2.5

The maximum predicted 24-hour average cumulative PM2.5 GLCs resulting from power station emissions to air
at each receptor are provided in Table 71 for both normal and bushfire background concentrations years.
Exceedances of the APAC are predicted at all receptors due to the maximum background concentration
exceeding the APAC before the Project contribution is added. Cumulative GLCs that approach or exceed the
APAC are highlighted in orange or red, respectively. The maximum number of additional exceedances (over and
above those of the background concentrations) predicted to be generated by the Project every year, are also
provided.

The maximum predicted 24-hour average Project-only PM2.5 GLCs at each receptor, along with the
corresponding background and resulting cumulative concentrations, are provided in Table 72. Cumulative
concentrations that approach or exceed the APAC are highlighted in orange or red, respectively. The predicted
Project contributions relative to the APAC, expressed as percentages, are also provided.

Corresponding annual average predictions are provided in Table 73.

Table 71 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs (Power Station)

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Additional
Exceedances

Maximum 24-Hour Average Concentration
(µg/m3)

Additional
Exceedances

Cumulative Project Background Cumulative Project Background

R1 45 0.0090 45 0 81 0.00035 81 0

R2 45 0.0088 45 0 81 0.00036 81 0

R3 45 0.0089 45 0 81 0.00048 81 0

R4 45 0.0023 45 0 81 0.011 81 0

R5 45 0.0030 45 0 81 0.011 81 0

R6 45 0.0041 45 0 81 0.0034 81 0

R7 45 0.0073 45 0 81 0.011 81 0

R8 45 0.011 45 0 81 0.0056 81 0

R9 45 0.0063 45 0 81 0.031 81 0

R10 45 0.0075 45 0 81 0.024 81 0

R11 45 0.0047 45 0 81 0.0048 81 0

R12 45 0.020 45 0 81 0.0012 81 0

R13 45 0.022 45 0 81 0.0029 81 0

R14 a 45 0.066 45 0 81 0.0013 81 0

R15 45 0.0019 45 0 81 0.0081 81 0

R16 45 0.00088 45 0 81 0.0040 81 0

R17 45 0.0060 45 0 81 0.00033 81 0

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).

Red font indicates cumulative concentration exceeds the APAC.
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Table 72 Maximum Predicted Project 24-Hour Average PM2.5 GLCs (Power Station)

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.097 0.60 0.70 0.20 0.30 0.4%

R2 0.17 0.10 0.27 0.80 0.97 0.7%

R3 0.46 0.70 1.2 2.4 2.9 1.8%

R4 0.094 1.2 1.3 1.9 2.0 0.4%

R5 0.094 1.2 1.3 1.9 2.0 0.4%

R6 0.061 0.2 0.26 0.0 0.061 0.2%

R7 0.12 0.4 0.52 1.1 1.2 0.5%

R8 0.12 1.2 1.3 0.4 0.5 0.5%

R9 0.26 3.5 3.8 0.50 0.76 1.0%

R10 0.18 0.0 0.18 0.0 0.18 0.7%

R11 0.22 4.6 4.8 2.5 2.7 0.9%

R12 0.61 0.70 1.3 2.4 3.0 2.4%

R13 0.65 0.0 0.65 2.4 3.1 2.6%

R14 a 0.38 1.8 2.2 1.1 1.5 1.5%

R15 0.38 2.6 3.0 0.50 0.88 1.5%

R16 0.22 0.0 0.22 0.80 1.0 0.9%

R17 0.20 1.1 1.3 1.9 2.1 0.8%

Criteria 25 25

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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Table 73 Maximum Predicted Cumulative Annual Average PM2.5 GLCs (Power Station)

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R1 0.0027 2.7 2.7 3.5 3.5 <0.1%

R2 0.0061 2.7 2.7 3.5 3.5 0.1%

R3 0.0088 2.7 2.7 3.5 3.5 0.1%

R4 0.0038 2.7 2.7 3.5 3.5 <0.1%

R5 0.0038 2.7 2.7 3.5 3.5 <0.1%

R6 0.0027 2.7 2.7 3.5 3.5 <0.1%

R7 0.0055 2.7 2.7 3.5 3.5 0.1%

R8 0.0056 2.7 2.7 3.5 3.5 0.1%

R9 0.011 2.7 2.7 3.5 3.5 0.1%

R10 0.0066 2.7 2.7 3.5 3.5 0.1%

R11 0.011 2.7 2.7 3.5 3.5 0.1%

R12 0.012 2.7 2.7 3.5 3.5 0.2%

R13 0.026 2.7 2.8 3.5 3.6 0.3%

R14 a 0.020 2.7 2.8 3.5 3.6 0.3%

R15 0.017 2.7 2.8 3.5 3.6 0.2%

R16 0.0046 2.7 2.7 3.5 3.5 0.1%

R17 0.0044 2.7 2.7 3.5 3.5 0.1%

Criteria 8 8

a   Location will not be considered a sensitive receptor during Project (refer Section 8.2).
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11.3.7 Pumping Station

11.3.7.1 NO2

The maximum (99.9th percentile) predicted 1-hour average cumulative NO2 GLCs at and beyond the pumping
station site boundary and at the sensitive receptors are provided in Table 74. Maximum predicted annual
average (of five years) Project GLCs are also provided. Cumulative GLCs, including conservative background NO2

concentrations, comply with the NO2 1-hour average and annual average criteria at all sensitive receptors.
Exceedances of the 1-hour and annual average criteria are predicted at or beyond the pumping station site
boundary.

Isopleths of the maximum 1-hour average and annual average Project GLCs (no background) are presented in
Figure 55and Figure 56. Note where the isopleth equal to the APAC is depicted in red, this is strictly applicable
to the cumulative GLCs, not the Project only GLCs provided.

Table 74 Maximum Predicted NO2 GLCs at Sensitive Receptors (Pumping Station)

ID

Maximum (99.9th Percentile) 1 Hour
Average NO2 Concentration (µg/m3)

Project
Contribution
Relative to
APAC

Annual Average NO2 Concentration
(µg/m3)

Project
Contribution
Relative to
APACCumulative Project a Background b Project a Background b Cumulative

Site
Boundary c

448 392 56 261% 8.0 20 28 29%

R18 94 33 60 62% 2.7 17 20 9.6%

R19 80 31 49 53% 1.5 17 19 5.4%

R20 73 8.7 64 48% 0.68 17 18 2.4%

Criteria 150
Health

Vegetation
28
30

a Assumed NO2 to NOx ratio of 30% (Section 7.6.2.2.3).
b Refer Section 8.5
c At or beyond the Project site boundary.

Red font indicates cumulative concentration exceeds the APAC.
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Figure 55 Maximum (100th Percentile) Predicted 1-Hour Average NO2 GLCs (Pumping Station)
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Figure 56 Predicted Annual Average NO2 GLCs (Pumping Station)
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11.3.7.2 PM2.5

The maximum predicted 24-hour average cumulative PM2.5 GLCs resulting from pumping station emissions to
air at each receptor are provided in Table 75 for both normal and bushfire background concentrations years.
Exceedances of the APAC are predicted at all receptors due to the maximum background concentration
exceeding the APAC before the Project contribution is added. Cumulative GLCs that approach or exceed the
APAC are highlighted in orange or red, respectively. The maximum number of additional exceedances (over and
above those of the background concentrations) predicted to be generated by the Project every year, are also
provided.

The maximum predicted 24-hour average Project-only PM2.5 GLCs at each receptor, along with the
corresponding background and resulting cumulative concentrations, are provided in Table 76. Cumulative
concentrations that approach or exceed the APAC are highlighted in orange or red, respectively. The predicted
Project contributions relative to the APAC, expressed as percentages, are also provided.

Corresponding annual average predictions are provided in Table 77.

Table 75 Maximum Predicted Cumulative 24-Hour Average PM2.5 GLCs (Pumping Station)

Receptor ID Normal Background Year Bushfire Impacted Background Year

Maximum 24-Hour Average Concentration
(µg/m3)

Additional
Exceedances

Maximum 24-Hour Average Concentration
(µg/m3)

Additional
Exceedances

Cumulative Project Background Cumulative Project Background

R18 45 0.11 45 0 81 0.17 81 0

R19 45 0.12 45 0 81 0.11 81 0

R20 45 0.066 45 0 81 0.019 81 0

Criteria 25 25

Red font indicates cumulative concentration exceeds the APAC.

Table 76 Maximum Predicted Project 24-Hour Average PM2.5 GLCs (Pumping Station)

Receptor ID Maximum 24-Hour Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R18 0.62 0.00 0.62 1.0 1.6 2.5%

R19 0.32 0.00 0.32 0.80 1.1 1.3%

R20 0.19 0.10 0.29 0.0 0.19 0.8%

Criteria 25 25
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Table 77 Maximum Predicted Cumulative Annual Average PM2.5 GLCs (Pumping Station)

Receptor ID Maximum Annual Average Concentration (µg/m3) Project
Contribution
Relative to APACProject Normal Background Year Bushfire Impacted Background Year

Background Cumulative Background Cumulative

R18 0.054 2.7 2.8 3.5 3.6 0.7%

R19 0.030 2.7 2.8 3.5 3.6 0.4%

R20 0.014 2.7 2.7 3.5 3.5 0.2%

Criteria 8 8



VHM Limited
Air Quality Impact Assessment
Goschen Mineral Sands and Rare Earths Project

SLR Ref No: Technical Report G_Air quality_Authorisation.docx
June 2023

Page 162

11.4 Summary of Residual Impacts

Residual impacts are those that remain once mitigation and management measures have been implemented.
This section describes potential residual impacts during the operation phase of the Project, once mitigation and
management measures have been considered and applied.

Mining Activities

Elevated background concentrations of PM10 and PM2.5 (representative of normal and bushfire years) result in
exceedances of the 24-hour criteria at all receptors before the Project contribution is considered. Depending on
the modelled scenario, there is one additional exceedance predicted at one or more of R1, R4, R7, R9, R12 and
R15 under normal and bushfire background conditions.

Table 78 summarises the highest predicted Project PM10 GLCs at valid sensitive receptors for each Scenario. The
second and third highest predicted Project GLCs in any year are also provided and demonstrate that these are
significantly lower than the 5-year maximum. Analysis of the model data indicates that the primary contributor
to the predicted elevated impacts at these receptors is the wheel-generated dust associated with haulage of
topsoil, overburden and ore. Watering of the haul routes has been assumed to provide a control of 95% on
wheel generated dust emissions. The maintenance of haul road surfaces and use of chemical stabilisers could
provide additional mitigation benefits reducing the emissions and potential impacts further.

Table 78 Maximum Predicted Project 24-Hour Average PM10 GLCs by Scenario

Modelled
Scenario

Receptor ID Maximum
Concentration
(µg/m3)

Project Contribution
Relative to APAC

Second Highest
Predicted
Concentration
(µg/m3)

Third Highest
Predicted
Concentration
(µg/m3)

1 R12 25 50% 21 13

2 R12 19 38% 14 13

3 R2 8.2 16% 3.7 1.9

4 R2 17 34% 6.9 5.5

The annual average PM10 APAC, 24-hour and annual average PM2.5 criteria,  and annual average RCS APAC are
met at all sensitive receptors under all modelled scenarios with the Project contributions generally being a
relatively low percentage of the relevant APAC (maximum contribution of 50% for 24-hour average PM10 under
Scenario 1).

The annual average metals (as PM10) GLCs at the most impacted sensitive receptor meets the APACS for all
metals, with the exception of chromium due to an assumed background concentration that exceeds the APAC
before the Project contribution is added. The maximum predicted Project contribution of chromium is
approximately 28% of the APAC, and 5.6% of the background concentration. It would be prudent to offer
rainwater tank water quality testing at the nearest sensitive receptors before the Project and during the Project
at regular intervals.
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With regard to the potential for the Project to impact dust deposition rates, indicative modelling indicates that
a maximum monthly deposition rate at a sensitive receptor of 0.14 g/m2/month, at receptor R12. When
compared to the deposition rate guideline of 2 g/m2/month and baseline depositional dust monitoring results,
no significant depositional impacts at sensitive receptors are indicated, such that nuisance impacts are deemed
unlikely. Furthermore, the isopleths indicate that deposition rates of greater than 2 g/m2/month are generally
limited to within the Project area boundaries, and therefore suggest that there is little risk of deposition rates
approaching the 30 g/m2/month necessary to impact surrounding vegetated areas and crops (refer Section
5.2.1). The relatively low deposition rates predicted at sensitive receptors would result in corresponding low
impacts to rainwater tanks, with deposition of metals unlikely to lead to exceedances of Australian drinking
water guidelines.

It is anticipated that a combination of best practice haul route construction, maintenance and watering,
including reactive dust management (e.g. reactive to visual inspection and real-time dust monitoring, refer
Section 13.2) could reduce fugitive dust emissions such that impacts to air quality at these receptors could be
further reduced in accordance with the GED.

As noted in Section 8.2, sensitive receptors located in the vicinity of, but further away than those included in
the assessment will be impacted by Project emissions to a lesser degree due to their increased separation from
the Project.

Power Station and Pumping Station

Maximum predicted NO2 GLCs at or beyond the site boundary resulting from the power station emissions exceed
the 1-hour human health APAC and the annual average vegetation APAC. Isopleths (Figure 53) indicate that
exceedances of the health APAC extend to between 500 and 800 m of the site boundary into the surrounding
field. Similarly, isopleths (Figure 54) indicate that exceedances of the vegetation APAC extend to approximately
50 m from the site boundary.

PM2.5 GLCs resulting from power station emissions to air are negligible at the receptors such that cumulative
concentrations are unlikely to be increased by an measurable amount. Sensitive receptors located further away
than those included in the assessment will be impacted to a lesser degree due to their increased separation from
the power station.

Likewise, the maximum predicted NO2 GLCs at or beyond the site boundary resulting from the pumping station
emissions exceed the 1-hour human health APAC and the annual average vegetation APAC. The isopleths
(Figure 55) indicate that exceedances of the health APAC extend to approximately 200 m of the pumping station.
The isopleths (Figure 56) indicate that there are unlikely to be exceedances of the vegetation APAC extending
beyond approximately 10-15 m of the pumping station.

PM2.5 GLCs resulting from pumping station emissions to air are negligible at the receptors such that cumulative
concentrations are unlikely to be increased by an measurable amount. Sensitive receptors located further away
than those included in the assessment will be impacted to a lesser degree due to their increased separation from
the pumping station.
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The geographical extent that both the power station and pumping station GLCs are predicted to exceed the NO2

1-hour APAC is limited to areas which would seldomly be occupied by members of the public, including farmers.
In the case of the power station, the potentially impacted land is a neighbouring field with no public access. The
potentially impacted area surrounding the pumping station includes fields, roadways and the lake. While third
party access is possible to all of these areas, it is likely to be infrequent and for no more than a few minutes at a
time.

While the geographical extent to which the emissions from the power station are predicted to exceed the annual
average APAC relating to vegetation is not large, it does suggest that there may be some detrimental effects to
those areas, especially in the case of the power station where the impacted may be to an area of cropland. The
annual average APAC relating to human health is not applicable in this area due to the absence of human
receptors over this length of time. A reduction of NOx emissions, and therefore NO2 impacts, could potentially
be achieved by using emission reduction technology (refer Section 13.1).

12 Closure/Rehabilitation Impact Assessment
It is assumed that impacts to air quality associated with decommissioning will be approximately equal to or less
than those associated with construction (refer Section 10). Mitigation measures that aim to reduce impacts to
as low a level as is reasonably practicable are summarised in Section 13.1.

13 Summary of Mitigation, Monitoring and Contingency
Measures

13.1 Mitigation Measures

The Air Guideline states that:

Under the GED, persons who engage in activities that involve air emissions are required to eliminate
risks of harm to human health and the environment from those emissions so far as reasonably
practicable. Where it is not reasonably practicable to eliminate such risks, they are required to reduce
them so far as reasonably practicable. Options for controlling such risks should be prioritised from the
highest level of effectiveness to the lowest.

This AQIA has identified potential hazards related to air quality associated with aspects of the Project and
assessed the risk of those hazards assuming the implementation of overarching controls, for example, the
watering of haul roads.  However, it is intended that the process of identification of hazards, assessment of risks,
implementation of controls and checking controls will be an ongoing process throughout the lifetime of the
Project. This is especially true when presented with a change in conditions. A change in conditions may be
associated with the environment (e.g. meteorological, regional air quality, neighbouring land use etc) or the
Project (e.g. equipment/plant, process etc).
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In accordance with the GED, it is proposed that the Project will implement additional mitigation measures to
avoid, mitigate and/or manage air quality impacts associated with the Project. It is envisaged that an
environmental management plan (EMP) will be prepared for the Project including dust management and
mitigation measures incorporating those provided in Table 79.
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Table 79 Management and Mitigation Measures Relevant to Air Quality

Measure
ID

Management or Mitigation Measure Phase

General

1 All staff to receive a site induction including details of the various ways dust
can be generated, methods to minimise dust generation, requirement for
speed restrictions across the site and on public unsealed roads particularly for
road truck (below the posted speed limit) and their responsibility to minimise
and report observed dust generation.

Construction, Operation,
Closure/Rehabilitation

2 Utilising water spray and misting systems to supress dust emissions in live
active working areas at the mining face.

Operation

3 Excavator and loader operators will minimise the height from which material
is dropped into trucks.

Construction, Operation

4 Water spray systems will be utilised where dust from mobile plant material
movements and stockpiles cannot otherwise be practically contained

Construction, Operation,
Closure/Rehabilitation

5 All trafficable areas within the process plant footprint will be sealed Operation

6 Trucks carrying uncovered loads on internal roads, if cannot be avoided, to be
loaded below 300 mm of the freeboard.

Construction, Operation

7 Regardless of posted speed limits, road trucks travelling to and from the
Project on unsealed public roads will be advised to travel at reduced speed to
reduce wheel generated dust. Speed reductions on site may be necessary
during hot and dry conditions where excessive wheel generated dust is
observed.

Construction, Operation,
Closure/Rehabilitation

Wheel Generated Dust

8 Preparing and maintaining level and well finished haul road surfaces to
minimising dust emission from rolling wheeled vehicles.

Construction, Operation

9 Regular grading and gravelling of heavy traffic areas such as intersections as
required with regular resurfacing of high traffic areas such as intersections to
reduce silt build up.

Construction, Operation

10 Attentive monitoring and application of suppressants as surface dries out to
avoid and minimise emissions as far as practicable

Construction, Operation

11 Maintaining a spray water regime to the surface of high traffic routes using a
water and environmentally friendly organic based resins

Construction, Operation,
Closure/Rehabilitation

Stockpiles

12 Progressive consolidation of and re-vegetation of exposed areas Operation,
Closure/Rehabilitation

13 Topsoil stockpile height will be restricted to 2 m Construction, Operation

14 Compaction of stockpile batters (where viability of topsoils for rehabilitation
is not impacted) will reduce the amount of loose material that can be eroded
by wind.

Construction, Operation

15 Environmentally friendly emulsions and polymers applied to stockpile surface
on a periodic (nominally yearly) basis to reduce wind erosion.

Construction, Operation

16 Sand tailings stockpiles to be located within roofed and three-sided shelters
to minimise wind erosion.

Operation,
Closure/Rehabilitation
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Measure
ID

Management or Mitigation Measure Phase

Equipment and Plant Exhaust Emissions

17 All equipment/vehicles to be operated and maintained to manufacturer’s
specifications in order to minimise exhaust emissions.

Construction, Operation,
Closure/Rehabilitation

18 All equipment/vehicles to be operated and maintained to manufacturer’s
specifications in order to minimise exhaust emissions.

Construction, Operation,
Closure/Rehabilitation

19 To reduce NOx emissions from power station and pumping station, select
diesel generators employing emission reduction technology such as catalytic
reduction (SCR; e.g. AdBlue) or use LNG.

Operation

13.2 Monitoring and Contingency Measures

The monitoring and contingency measures that are proposed to assess air quality impacts associated with the
Project are summarised in Table 80.

Table 80 Monitoring and Contingency Measures Relevant to Air Quality

Measure
ID

Monitoring or Contingency Measure Phase

1 A Project specific air quality monitoring plan will be developed to:

Set out monitoring responsibilities of staff and contractors

Identify air quality indicators to be monitored

Establish monitoring criteria for the air quality indicators

Identify nearby sensitive receptors with the greatest potential to be impacted
by emissions from the Project

Set out appropriate air quality monitoring methods, schedules and reporting
requirements. (see below)

Construction,
Operation,
Closure/Rehabilitation

2 Compliance continuous PM10 and PM2.5 monitoring will be conducted in
accordance with relevant Australian Standards at a location representative a
sensitive receptor(s) likely to experience the highest particulate concentrations
during the operational stage of the Project to demonstrate that dust emissions are
being controlled adequately to meet relevant APACs.
Monitors will be used that are compliant with the relevant Australian Standards.
Monitoring will be conducted by a suitably qualified person holding NATA
accreditation for the monitoring methods and reported on a quarterly frequency
(or less).

Construction,
Operation,
Closure/Rehabilitation
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Measure
ID

Monitoring or Contingency Measure Phase

3 Compliance monitoring of RCS (as PM2.5) and heavy metals (as PM10) will be
conducted monthly in accordance with relevant Australian Standards at a location
representative a sensitive receptor(s) likely to experience the highest particulate
concentrations during the operational stage of the Project to demonstrate that
dust emissions are being controlled adequately to meet relevant APACs.
Monitors will be used that are compliant with the relevant Australian Standards.
Monitoring will be conducted by a suitably qualified person holding NATA
accreditation for the monitoring methods and reported on a quarterly frequency
(or less).

Operation

4 Indicative continuous PM10 monitoring will be conducted using light scattering
instruments providing near real-time feedback to site management with regard to
potential dust emission across the site boundaries.
Short-term average concentration trigger levels will be used so that site
management are alerted (e.g. via SMS) to elevated concentrations such that
additional management controls can be actioned to reduce dust levels to below
the trigger level.
The Air Guideline suggests PM10 monitoring is used as an indicator of nuisance
dust, with trigger levels set at 80 µg/m3 (1-hour average), 120 µg/m3 (30-minute
average), 150 µg/m3 (15-minute average) or 165 µg/m3 (10-minute average).

Construction,
Operation,
Closure/Rehabilitation

5 Visual assessment of both fugitive dust generation, especially that leaving the site
boundary, and dust deposition on the vegetation surrounding the site.
All site personnel will have the responsibility to report observations of any
excessive dust generation resulting from their own, or others work. The site
manager will implement appropriate mitigation measures (e.g. increased haul
road watering and/or further reduced speed limits for road trucks on unsealed
site and public roads).
Use of remote close circuit television (CCTV) will be considered in areas where site
activities are of regular concern with regard to dust emissions and impacts.

Construction,
Operation,
Closure/Rehabilitation

6 Offer rainwater tank water quality testing to the sensitive receptors nearest to the
Project areas prior to the Project, and during the Project at regular intervals (e.g.
annually).

Construction,
Operation,
Closure/Rehabilitation
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14 Summary of Implications Under Relevant Legislation
This study has assessed the impacts of construction and operation of the Project on air quality assets and values
to be protected.

The significance of the impacts has been assessed in accordance with the evaluation framework, based on
applicable legislation, policy and standards and the evaluation objectives and environmental significance
guidelines arising from the government terms of reference established to guide the assessments.

The following sections summarise these identified impacts under the relevant Commonwealth and Victorian
legislation.

14.1 Commonwealth

Potential impacts to air quality resulting from the Project have been assessed against Victorian criteria adopted
from the Air NEPM. Air NEPM standards apply at performance monitoring locations, with each station located
in such a manner that it obtains a representative measure of air quality likely to be experienced by the general
population in a region or sub-region of 25,000 people or more. Given the rural location of the Project, with a
nearby population or less than 100 people, in demonstrating general compliance with these criteria, the
assessment may be considered relatively conservative.

14.2 Victorian

In relation to the evaluation objectives set out in the EES Scoping Requirements, the Project would not have
significant impacts on air quality for the following reasons:

Predictions of PM10, PM2.5 and RCS GLCs at sensitive receptors surrounding the Project during operation are
demonstrated to be in general compliance with the intent of the relevant APACs in that these are not criteria
that one may pollute up to and are not concentrations below which no action, management and/or
mitigation of emissions to air is required. Up to three additional exceedances of the PM10 24-hour APAC over
those due to background conditions are predicted at the nearest sensitive receptor, however, additional
mitigation including a combination of best practice haul route construction, maintenance and watering
including reactive dust management (e.g. reactive to visual inspection and real-time dust monitoring) would
likely  reduce fugitive dust emissions further such that impacts to air quality at these receptors could be
further reduced.

Predictions of NO2 GLCs at and beyond the Project boundary (including the pumping station) during
operation are demonstrated to be in general compliance with the intent of the relevant APACs. Areas in
which exceedances of the 1-hour average APAC are exceeded are limited and due to their relatively remote
location, are likely to be occupied infrequently and for no more than a few minutes at a time.

Emissions of PM10, PM2.5, RCS, and NO2 during construction and decommissioning are deemed to be less
than those during operation and are therefore also considered to be in compliance with the relevant APACs.

Mitigation measures coupled with proactive air quality monitoring will be used to avoid, mitigate or manage
emissions such any residual risk to public health and safety or diminished social wellbeing would be low.
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15 Conclusion
The purpose of this report is to assess the potential air quality impacts associated with the Project to inform the
preparation of the EES required for the Project. A summary of the key assets, values or uses potentially affected
by the Project, and an associated assessment of air quality impacts and recommended mitigation measures, are
summarised below.

With the implementation of the mitigation measures recommended and included in this assessment, potential
adverse impacts to air quality resulting from the Project are demonstrated to be minimised, protecting the
health and wellbeing of nearby residents and workers.

Existing Environment

The Project is located within flat farmland, with several rural residences surrounding the Project area. Wind
roses for nearby Swan Hill indicate that overall, winds from the south and southwest are predominant, with very
few winds from the east.

Ambient air quality monitoring undertaken between January 2019 and September 2020 indicates that like any
Victorian rural area with little anthropogenic activity, the area may be subject to periods of elevated PM10 and
PM2.5 concentrations due to regional bushfire and backburning impacts, and dust storms. Bushfires across
Victoria in January 2020 were clearly evident in the data with elevated PM2.5, and to a lesser extent PM10,
concentrations. However, the non-bushfire impacted year 2019 demonstrates elevated concentrations in the
summer months such that the distinction between the years representing normal and bushfire conditions is not
significant. Both years include periods of elevated background PM10 and PM2.5 concentrations which exceed the
relevant 24-hour average criteria. Monitored concentrations of RCS were well below the annual average APAC.
In the absence of NOx monitoring in the Project area, with little anthropogenic activity, the background
concentrations of NOx are likely to be low, approaching zero. However for assessment purposes, alternative data
is sourced to conservatively represent potential background concentrations.

Impact Assessment Findings

The risk of impacts to health and the environment due to dust soiling from construction and decommissioning
works of the Project site and the pipeline corridor were assessed to be low, or in some cases negligible, with the
application of the proposed dust management and mitigation strategies.

During operation, exceedances of the PM10 and PM2.5 criteria are predicted at all receptors due to the maximum
background concentration exceeding the APAC before the Project contribution is added. The number of
additional exceedances (over and above those of the background concentrations) predicted to be generated by
the Project  are few (0 or 1 depending on receptor and stage of mining).

While elevated background concentrations of PM10 and PM2.5 result in exceedances of the 24-hour criteria at all
receptors before the Project contribution is considered, there are no exceedances of the PM10 24-hour APAC
due to Project impacts alone with the greatest Project contribution equivalent to 50% of the criterion at nearby
receptor R12 under Scenario 1, and 38% under Scenario 2. Over the 5 years of meteorological conditions
assessed, the second and third highest predicted corresponding concentrations are significantly lower than
these maximums, indicating that out of over 1800 meteorological condition scenarios, significantly elevated
concentrations at nearby sensitive receptors are few. Annual average PM10, PM2.5 and RCS criteria are met at all
receptors. Likewise, dust deposition rates are not predicted to result in significant impacts to the rainwater tanks
of nearby sensitive receptors, nor to surrounding vegetation.
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The power station and pumping station diesel generator emissions are predicted to result in exceedances of the
1-hour average NO2 concentration beyond the Project boundaries. Due to the rural and relatively remote nature
of these Project locations, however, the likelihood of a third party occupying these impacted areas for more
than a few minutes at a time is low. While the geographical extent to which the emissions from the power station
are predicted to exceed the annual average APAC relating to vegetation is not large, it does suggest that there
may be some detrimental effects to those areas, especially in the case of the power station where the impacts
may be to an area of cropland. The annual average APAC relating to human health is not applicable in this area
due to the absence of human receptors over this length of time. PM2.5 GLCs resulting from pumping station
emissions to air are negligible at the receptors such that cumulative concentrations are unlikely to be increased
by an measurable amount. These findings indicate that the risk of impacts from other products of diesel
combustion (e.g. SO2, VOCs, PAHs etc) will also be low.

Mitigation and Contingency Measures

The mining schedule, which will generally include only six active blocks at any one time will limit exposed areas
subject to wind erosion, with surface consolidation and revegetation occurring throughout the mine life, rather
than at the end.

Best practice dust emission mitigation measures will be employed for all aspects of the Project operations
including use of water sprays and misting systems and water trucks. Wheel generated dust from haul roads has
been identified as the primary potential source of dust emissions, therefore preparing and maintaining level and
well finished haul road surfaces with low silt content material will be considered a priority. Contingency
measures may include reducing the site speed limit for haul trucks during periods of hot and dry weather coupled
with increased water truck application.

Closing

The risk of impacts to health and the environment from the construction, operation and decommissioning of
the Project were assessed to be low, or in some cases negligible. With the application of the proposed
management and mitigation strategies, potential impacts on air quality due to the Project would be avoided,
minimised or managed to required standards such that the health and wellbeing of residents and the local
community would be protected.
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APPENDIX B

IAQM Construction Assessment Methodology
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Step 1 – Screening Based on Separation Distance

The Step 1 screening criteria provided by the IAQM guidance suggests screening out any assessment of impacts
from construction activities where sensitive receptors are located more than 350 m from the boundary of the
Site, more than 50 m from the route used by construction vehicles on public roads and more than 500 m from
the Site entrance.  This step is noted as having deliberately been chosen to be conservative, and will require
assessments for most projects.

Step 2a – Assessment of Scale and Nature of the Works

Step 2a of the assessment provides “dust emissions magnitudes” for each of four dust generating activities;
demolition, earthworks, construction, and track-out (the movement of soils and dusty materials onto public
roads by vehicles).  The magnitudes are: Large; Medium; or Small, with suggested definitions for each category.
The definitions given in the IAQM guidance for earthworks, construction activities and track-out, which are most
relevant to this Project, are as follows:

Demolition (Any activity involved with the removal of an existing structure [or structures].  This may also be
referred to as de-construction, specifically when a building is to be removed a small part at a time):

Large: Total building volume >50,000 m3, potentially dusty construction material (e.g. concrete), on-
site crushing and screening, demolition activities >20 m above ground level;

Medium: Total building volume 20,000 m3 – 50,000 m3, potentially dusty construction material,
demolition activities 10-20 m above ground level; and

Small: Total building volume <20,000 m3, construction material with low potential for dust release (e.g.
metal cladding or timber), demolition activities <10m above ground, demolition during wetter months.

Earthworks (Covers the processes of soil-stripping, ground-levelling, excavation and landscaping):

Large: Total site area greater than 10,000 m2, potentially dusty soil type (e.g. clay, which will be prone
to suspension when dry due to small particle size), more than 10 heavy earth moving vehicles active
at any one time, formation of bunds greater than 8 m in height, total material moved more than
100,000 t.

Medium: Total site area 2,500 m2 to 10,000 m2, moderately dusty soil type (e.g. silt), 5 to 10 heavy
earth moving vehicles active at any one time, formation of bunds 4 m to 8 m in height, total material
moved 20,000 t to 100,000 t.

Small: Total site area less than 2,500 m2, soil type with large grain size (e.g. sand), less than five heavy
earth moving vehicles active at any one time, formation of bunds less than 4 m in height, total material
moved less than 20,000 t, earthworks during wetter months.

Construction (Any activity involved with the provision of a new structure (or structures), its modification or
refurbishment.  A structure will include a residential dwelling, office building, retail outlet, road, etc):

Large: Total building volume greater than 100,000 m3, piling, on site concrete batching; sandblasting.

Medium: Total building volume 25,000 m3 to 100,000 m3, potentially dusty construction material (e.g.
concrete), piling, on site concrete batching.

Small: Total building volume less than 25,000 m3, construction material with low potential for dust
release (e.g. metal cladding or timber).
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Track-out (The transport of dust and dirt from the construction / demolition site onto the public road network,
where it may be deposited and then re-suspended by vehicles using the network):

Large: More than 50 heavy vehicle movements per day, surface materials with a high potential for
dust generation, greater than 100 m of unpaved road length.

Medium: Between 10 and 50 heavy vehicle movements per day, surface materials with a moderate
potential for dust generation, between 50 m and 100 m of unpaved road length.

Small: Less than 10 heavy vehicle movements per day, surface materials with a low potential for dust
generation, less than 50 m of unpaved road length.

In order to provide a conservative assessment of potential impacts, it has been assumed that if at least one of
the parameters specified in the ‘large’ definition is satisfied, the works are classified as large, and so on.

Step 2b – Risk Assessment

Assessment of the Sensitivity of the Area

Step 2b of the assessment process requires the sensitivity of the area to be defined.  The sensitivity of
the area takes into account:

The specific sensitivities that identified sensitive receptors have to dust deposition and human health
impacts

The proximity and number of those receptors

In the case of PM10, the local background concentration

Other site-specific factors, such as whether there are natural shelters such as trees to reduce the risk
of wind-blown dust.

Individual receptors are classified as having high, medium or low sensitivity to dust deposition and human health
impacts (ecological receptors are not addressed using this approach).  The IAQM method provides guidance on
the sensitivity of different receptor types to dust soiling and health effects as summarised in Table A-1.  It is
noted that user expectations of amenity levels (dust soiling) are dependent on existing deposition levels.
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Table A-1 IAQM Guidance for Categorising Receptor Sensitivity

Value High Sensitivity
Receptor

Medium Sensitivity
Receptor

Low Sensitivity
Receptor

Dust soiling Users can reasonably
expect a high level of
amenity; or
The appearance, aesthetics
or value of their property
would be diminished by
soiling, and the people or
property would reasonably
be expected to be present
continuously, or at least
regularly for extended
periods as part of the
normal pattern of use of
the land.

Users would expect to
enjoy a reasonable level of
amenity, but would not
reasonably expect to enjoy
the same level of amenity
as in their home; or
The appearance, aesthetics
or value of their property
could be diminished by
soiling; or
The people or property
wouldn’t reasonably be
expected to be present
here continuously or
regularly for extended
periods as part of the
normal pattern of use of
the land.

The enjoyment of amenity
would not reasonably be
expected; or
Property would not
reasonably be expected to
be diminished in
appearance, aesthetics or
value by soiling; or
There is transient exposure,
where the people or
property would reasonably
be expected to be present
only for limited periods of
time as part of the normal
pattern of use of the land.

Examples: Dwellings,
museums, medium- and
long-term car parks and car
showrooms.

Examples: Parks and places
of work.

Examples: Playing fields,
farmland (unless
commercially-sensitive
horticultural), footpaths,
short term car parks and
roads.

Health effects Locations where the public
are exposed over a time
period relevant to the air
quality objective for PM10

(in the case of the 24-hour
objectives, a relevant
location would be one
where individuals may be
exposed for eight hours or
more in a day).

Locations where the people
exposed are workers, and
exposure is over a time
period relevant to the air
quality objective for PM10

(in the case of the 24-hour
objectives, a relevant
location would be one
where individuals may be
exposed for eight hours or
more in a day).

Locations where human
exposure is transient.

Examples: Residential
properties, hospitals,
schools and residential care
homes.

Examples: Office and shop
workers, but will generally
not include workers
occupationally exposed to
PM10.

Examples: Public footpaths,
playing fields, parks and
shopping street.

According to the IAQM methods, the sensitivity of the identified individual receptors (as described above) is
then used to assess the sensitivity of the area surrounding the active construction area, taking into account the
proximity and number of those receptors, and the local background PM10 concentration (in the case of potential
health impacts) and other site-specific factors.  Additional factors to consider when determining the sensitivity
of the area include:

Any history of dust generating activities in the area

The likelihood of concurrent dust generating activity on nearby sites
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Any pre-existing screening between the source and the receptors

Any conclusions drawn from analysing local meteorological data which accurately represent the area
and if relevant, the season during which the works will take place

Any conclusions drawn from local topography

The duration of the potential impact (as a receptor may be willing to accept elevated dust levels for a
known short duration, or may become more sensitive or less sensitive (acclimatised) over time for
long-term impacts)

Any known specific receptor sensitivities which go beyond the classifications given in the IAQM
document.

The IAQM guidance for assessing the sensitivity of an area to dust soiling is shown in Table A-2.  The sensitivity
of the area should be derived for each of activity relevant to the project (i.e. construction and earthworks).

Table A-2 IAQM Guidance for Categorising the Sensitivity of an Area to Dust Soiling Effects

Receptor
sensitivity Number of receptors

Distance from the source (m)

<20 <50 <100 <350

High

>100 High High Medium Low

10-100 High Medium Low Low

1-10 Medium Low Low Low

Medium >1 Medium Low Low Low

Low >1 Low Low Low Low

Note: Estimate the total number of receptors within the stated distance. Only the highest level of area sensitivity from the table needs to be
considered.  For example, if there are 7 high sensitivity receptors < 20m of the source and 95 high sensitivity receptors between 20 and 50 m,
then the total of number of receptors < 50 m is 102. The sensitivity of the area in this case would be high.

A modified version of the IAQM guidance for assessing the sensitivity of an area to health impacts is shown in
Table A-3.  For high sensitivity receptors, the IAQM methods takes the existing background concentrations of
PM10 (as an annual average) experienced in the area of interest into account and is based on the air quality
objectives for PM10 in the UK.  As these objectives differ from the ambient air quality criteria adopted for use in
this assessment (i.e. an annual average of 25 µg/m3 for PM10) the IAQM method has been modified slightly.

This approach is consistent with the IAQM guidance, which notes that in using the tables to define the
sensitivity of an area, professional judgement may be used to determine alternative sensitivity
categories, taking into account the following factors:

Any history of dust generating activities in the area

The likelihood of concurrent dust generating activity on nearby sites

Any pre-existing screening between the source and the receptors

Any conclusions drawn from analysing local meteorological data which accurately represent the area,
and if relevant the season during which the works will take place

Any conclusions drawn from local topography

Duration of the potential impact

Any known specific receptor sensitivities which go beyond the classifications given in this document.



Technical Report G_Air
quality_Authorisation.docx Page 6 of 7

Table A-3 IAQM Guidance for Categorising the Sensitivity of an Area to Dust Health Effects

Receptor
sensitivity

Annual mean
PM10 conc.

Number of
receptors a,b

Distance from the source (m)

<20 <50 <100 <200 <350

High

>25 µg/m3

>100 High High High Medium Low

10-100 High High Medium Low Low

1-10 High Medium Low Low Low

21-25 µg/m3

>100 High High Medium Low Low

10-100 High Medium Low Low Low

1-10 High Medium Low Low Low

17-21 µg/m3

>100 High Medium Low Low Low

10-100 High Medium Low Low Low

1-10 Medium Low Low Low Low

<17 µg/m3

>100 Medium Low Low Low Low

10-100 Low Low Low Low Low

1-10 Low Low Low Low Low

Medium

>25 µg/m3
>10 High Medium Low Low Low

1-10 Medium Low Low Low Low

21-25 µg/m3

>10 Medium Low Low Low Low

1-10 Low Low Low Low Low

17-21 µg/m3
>10 Low Low Low Low Low

1-10 Low Low Low Low Low

<17 µg/m3
>10 Low Low Low Low Low

1-10 Low Low Low Low Low

Low - >1 Low Low Low Low Low

Notes: (a) Estimate the total within the stated distance (e.g. the total within 350 m and not the number between 200 and 350 m); noting that only
the highest level of area sensitivity from the table needs to be considered.

(b) In the case of high sensitivity receptors with high occupancy (such as schools or hospitals) approximate the number of people likely to be
present. In the case of residential dwellings, just include the number of properties.

Risk Assessment

The dust emission magnitude from Step 2a and the receptor sensitivity from Step 2b are then used in the
matrices shown in Table A-4 (demolition), Table A-5 (earthworks and construction) and Table A-6 (track-out) to
determine the risk category with no mitigation applied.
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Table A-4 Risk Category from Demolition Activities

Sensitivity of Area Dust Emission Magnitude

Large Medium Small

High High Risk Medium Risk Medium Risk

Medium High Risk Medium Risk Low Risk

Low Medium Risk Low Risk Negligible Risk

Table A-5 Risk Category from Earthworks and Construction Activities

Sensitivity of Area Dust Emission Magnitude

Large Medium Small

High High Risk Medium Risk Low Risk

Medium Medium Risk Medium Risk Low Risk

Low Low Risk Low Risk Negligible Risk

Table A-6 Risk Category from Trackout Activities

Sensitivity of Area Dust Emission Magnitude

Large Medium Small

High High Risk Medium Risk Low Risk

Medium Medium Risk Low Risk Negligible Risk

Low Low Risk Low Risk Negligible Risk

Step 3 - Site-Specific Mitigation

Once the risk categories are determined for each of the relevant activities, site-specific management measures
can be identified based on whether the Site is a low, medium or high-risk site.

Step 4 – Residual Impacts

Following Step 3, the residual impact is then determined after management measures have been considered.
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APPENDIX C

Meteorological Modelling
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WRF

The Weather Research and Forecast (WRF) model is a next-generation mesoscale numerical weather prediction
system designed for both atmospheric research and operational forecasting needs. The model serves a wide
range of meteorological applications across scales from tens of meters to thousands of kilometres.

For this assessment, the WRF modelling system was used to produce the meteorological field from which the
AERMET input files could be extracted at the Project location. Parameters used in the WRF model for this
assessment are presented Table B1. Data was also extracted at the location of the nearest BoM station at Swan
Hill to enable model validation to be undertaken (below).

Table C1 Meteorological Parameters – WRF

Parameter Domain 1 Domain 2 Domain 3 Domain 4
(Project)

Domain 5
(validation:  Swan
Hill)

Modelling domain
(km)

1,890 x 1,890 225 x 252 66 x 93 31 x 31 22 x 22

Grid resolution (km) 27 9 3 1 1

Number of vertical
levels

30 30 30 30 30

Parent Domain - 1 2 3 3

Microphysics WSM6 WSM6 WSM6 WSM6 WSM6

Cumulus
parametrization

Kain-Fritsch Kain-Fritsch Kain-Fritsch Kain-Fritsch Kain-Fritsch

Shortwave radiation
physics

Dudhia Dudhia Dudhia Dudhia Dudhia

Longwave radiation
physics

RRTM RRTM RRTM RRTM RRTM

Planetary boundary
layer

YSU YSU YSU YSU YSU

Model Data Validation

To provide confidence in the site representative meteorological dataset generated using WRF, meteorological
data representative of the Swan Hill AWS location was generated then compared with the observational data
recorded at Swan Hill AWS for validation purposes.

Modelled and observed wind data at Swan Hill AWS site are presented as annual and seasonal wind roses in
Figure C4 and Figure C5, respectively. The predicted wind data are in reasonably good agreement with the
observational data. Both model predictions and observational data indicate a southeasterly bias on an annual
basis, with the following observed for both datasets by season:

summer winds are from the south and southeastern quadrants

the distribution of winds in autumn is relatively evenly spread with the exception of the east from which
there are few winds

the distribution of winds in autumn is relatively evenly spread between the south west and north east, with
few winds from the east, southeast and south.

spring winds are predominantly from the southwestern quadrant.
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The comparison of the WRF meteorological modelling and observational data at the BoM station location
suggests that the modelling output at the Project site may also likely be generally representative of local
conditions.

Figure C4 Modelled Wind Data – Swan Hill
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Figure C5 Observed Wind Data – Swan Hill AWS
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Table C2 provides a summary of the model performance statistics, while Figure B6 and Figure B7 present the
observed and predicted wind speed and wind direction frequencies, respectively. The WRF predictions generally
under-predict the wind speeds and could therefore be considered conservative for modelling purposes.

Table C2 Model Performance Statistics

Parameter Statistic Observed Predicted

Wind Speed

Mean 4.4 4.1

Standard deviation 2.5 2.2

Index of agreement1 0.89

Wind Direction

Mean2 191 192

Standard deviation 94.2 97.2

Index of agreement1 0.79

1. The index of agreement (IOA) is a measure of the overall agreement between modelled and observed time series. It ranges between zero
for no agreement and 1 if the two time series are identical. The IOA shows no agreement if the time series are different by orders of
magnitude, even if they happen to be correlated, and hence is a more stringent measure of performance than the correlation coefficient.
IOAs of 0.7 - 0.8 are considered to indicate good dispersion model performance.

2 Scalar mean.

Figure C6 Wind Speed Frequency Comparison
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Figure C7 Wind Direction Frequency Comparison

Summary

Overall, WRF predictions are concluded to adequately represent the observed wind speeds and wind directions
recorded by the Swan Hill AWS BoM station. It is expected that WRF solutions extracted at the Project is likely
to be a good representation of the conditions experienced at that location.

Project Site Representative Meteorological Data

This section presents a summary of the key meteorological conditions predicted by WRF and AERMET at the
Project site.

Wind Speed and Direction

A summary of the annual wind behaviour predicted by WRF for the Project site is presented in Figure C8. Based
on the model predictions, the site experiences light to strong winds (between 1.5 m/s and 13.6 m/s), from all
directions but with some bias from the southwestern quadrant. There are few calm wind conditions (wind
speeds less than 0.5 m/s), predicted to occur approximately 0.9% of the time.

The seasonal wind roses indicate that in summer, when dust emissions are potentially greatest due to warm and
dry conditions, winds from the southern quadrant predominate.



Technical Report G_Air
quality_Authorisation.docx Page 7 of 10

Figure C8 Wind Roses for the Project Site, as Predicted by WRF
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The diurnal variations in maximum and average wind speed predicted by WRF at the Project in 2019 are
illustrated in Figure C9.  Wind speeds during the day are greater due to convective forcing. The frequency of
wind speeds predicted by WRF at the Project during 2019 are illustrated in Figure C10. Wind speed determines
both the distance of downwind transport and the rate of dilution as a result of ‘plume’ stretching. In general,
higher wind speeds promote dispersion and result in lower pollutant ground level concentrations.

Figure C9 WRF Predicted Diurnal Variation in Wind Speed for the Project (2019)
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Figure C10  WRF Predicted Wind Speed Frequency for the Project (2019)

Mixing Height

The diurnal variations in maximum and average mixing depths predicted by AERMET at the Project during 2019
are illustrated in Figure C11.  An increase in the mixing depth during the morning is apparent, arising due to the
onset of vertical mixing following sunrise.  The maximum average mixing heights occur in the early to mid-
afternoon, then begin to decrease due to the dissipation of ground-based temperature inversions and the
growth of the convective mixing layer.
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Figure C11  AERMET Predicted Diurnal Variation in Mixing Height for the Project (2019)
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APPENDIX D

Variable Emission File Configuration
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Variable Emission File – Calculation Steps

A brief summary of the steps used in calculating the hourly varying emission rates for each source are presented
below.
Step 1: Calculate daily/weekly/annual average emission rate (kg/year) for FP, CM and RE

FP = PM2.5 (FP) Fine Particulate – particulate of size less than 2.5 µm

CM = PM10 – PM2.5 (CM) Coarse Particulate – particulate of size between 10 µm and 2.5 µm

RE = TSP - PM10 (RE) Rest Particulate – particulate of size greater than 10 µm

Step 2: Identify the operating hours for each activity

Step 3: Classify the sensitivity of each type of activity to wind speed

Wind insensitive: activities with emission factor that is independent of wind speed (e.g. wheel generated
dust)

Wind sensitive: activities with emission factor that is a function of (wind speed/2.2)1.3 (e.g. loading)

Wind erosion: emission from exposed areas/stockpiles

Step 4: Identify the number of sources associated with each activity

Step 5: Calculate the hourly average emission rate for each activity per source

, , =
× 1000

× × 3600 ×
× ,

=
× 1000

=
×

For wind insensitive activities
= 1

For wind sensitive activities

= 2.2

.

2.2

.

For wind erosion activities

=
( )

Where:
FPAC,i,h- Fine particulates emission rate for Activity i (g/s) at hour h
CMAC,i,h- Fine particulates emission rate for Activity i (g/s) at hour h
CMAC,i,h- Fine particulates emission rate for Activity i (g/s) at hour h
OHi-daily Operating hours (1- 24) for Activity i
Ndays -Number of days in the meteorological data file
Ns,i -Number of sources associated with Activity i
WSh-Wind speed at the hour
n -number of hours in the meteorological data file

Note: If the activity was modelled as area source, the equation on the left column of the table needs to be
divided by the area of that activity.

Step 6: Calculate hourly average emission rate for each source

To calculate the emission rate for a particular source for a particular hour, add up the calculated emission rate
for each activity associated with source. For example, if Source 1 is associated with Activity 1, Activity 2 and
Activity 3, then:

ERS1,h,FP = FPAC,1,h+ FPAC,2,h+ FPAC,3,h

ERS1,h,CM = CMAC,1,h+ CMAC,2,h+ CMAC,3,h

ERS1,h,RE = REAC,1,h+ REAC,2,h+ REAC,3,h
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Inventory Activity Units TSP Emission Factor PM10 Emission Factor PM2.5 Emission Factor Source

Overburden Activities

Loading/unloading overburden
to/from trucks/front end loader,
excavator, or shovel

kg/t 0.74 × 0.0016

×
2.2

.

2

.
0.35 × 0.0016

×
2.2

.

2

.
0.053 × 0.0016

×
2.2

.

2

.
NPI EETM/

AP42 13.2.4

Bulldozers/front end loaders on
overburden i.e. dozers FEL pushing
material around

kg/hr
2.6 ×

.

.
0.3375 ×

.

.

0.105 * TSP NPI EETM/

AP42 11.9

Table 11.9-2

Graders kg/t 0.0034 × . 0.0034 × . NPI EETM/

AP42 11.9

Table 11.9-4

Hauling

Hauling on unsealed roads kg/VKT 0.4536

1.6093
× 4.9

12

.

×
× 1.1023

3

.

0.4536

1.6093
× 1.5

12

.

×
× 1.1023

3

.

0.4536

1.6093
× 0.15

12

.

×
× 1.1023

3

.

AP42 13.2.2

Hauling on sealed roads kg/VKT ( ( ) . × ( 1.1023) . )/1000 AP42 13.2.1

k = 3.23 k = 0.62 k = 0.15

Wind Erosion

Wind erosion kg/ha/h 0.4 0.2 0.03 * TSP

(AP42-13-2-5 Industrial
wind erosion states an
emission factor
multiplier for PM2.5 of
0.075*TSP)

NPI EETM

Drilling and Blasting

Drilling kg/hole 0.59 0.52 * TSP

(PM10 ratio assumed same
as blasting AP42 11.9.7
Table 11.9-2)

0.03 * TSP

(PM2.5 ratio assumed
same as blasting AP42
11.9.7 Table 11.9-2)

NPI EETM/

AP42 11.9

Table 11.9-4

Blasting kg/blast 0.00022 × . 0.52 * TSP 0.03 * TSP NPI EETM/

AP42 11.9

Table 11.9-2

A = horizontal area (m2)
M = material moisture content (%)
s = material silt content (or surface silt content in unpaved roads) (%)
u = wind speed (m/s)
d = drop height (m)
W = mean vehicle weight (tonnes)
S = mean vehicle speed (km/h)
sL = silt loading (%)
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Table G1 Annual Average Project Rn-222 and Rn-220 Concentrations

Receptor ID Area 1 Area 3

Rn-222 (Bq/m3) Rn-220 (Bq/m3) Rn-222 (Bq/m3) Rn-220 (Bq/m3)

R1 0.0046 1 0.0078 1.2

R2 0.014 2.1 0.010 1.5

R3 0.020 2.9 0.0056 0.84

R4 0.0035 0.52 0.0079 1.2

R5 0.0035 0.52 0.0082 1.2

R6 0.0041 0.62 0.010 1.5

R7 0.0062 0.93 0.025 3.8

R8 0.0061 0.91 0.0083 1.2

R9 0.018 2.7 0.12 18

R10 0.010 1.5 0.0078 1.2

R11 0.014 2.2 0.0073 1.1

R12 0.034 5.2 0.0075 1.1

R13 0.030 4.5 0.0075 1.1

R14 0.10 15 0.012 1.8

R15 0.021 3.2 0.0051 0.76

R16 0.0065 1.0 0.0030 0.46

R17 0.010 1.5 0.0054 0.81
Assumed emission rates: Rn-220 = 13.5 MBq/s; Rn-222 = 0.090 MBq/s
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Table G2 Annual Average TSP Concentrations and Dust Deposition Rates

Receptor
ID

TSP Concentration (µg/m3) Dust Deposition Rate (g/m2/year)

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 1 Scenario 2 Scenario 3 Scenario 4

R1 0.071 0.054 0.12 0.17 0.084 0.10 0.21 0.20

R2 0.26 0.22 0.14 0.24 0.31 0.39 0.24 0.27

R3 0.44 0.47 0.074 0.12 0.48 0.73 0.11 0.13

R4 0.052 0.036 0.10 0.13 0.056 0.065 0.18 0.13

R5 0.053 0.037 0.10 0.14 0.058 0.067 0.19 0.14

R6 0.061 0.042 0.14 0.18 0.066 0.072 0.25 0.20

R7 0.090 0.058 0.42 0.42 0.10 0.10 0.76 0.45

R8 0.092 0.047 0.072 0.13 0.10 0.080 0.11 0.14

R9 0.22 0.11 0.61 1.4 0.22 0.20 0.97 1.5

R10 0.17 0.080 0.061 0.11 0.19 0.14 0.090 0.092

R11 0.29 0.12 0.065 0.11 0.32 0.19 0.093 0.10

R12 0.94 0.97 0.081 0.14 1.08 1.5 0.12 0.14

R13 0.82 0.28 0.083 0.15 0.96 0.44 0.12 0.14

R14 2.1 3.4 0.17 0.31 2.6 6.4 0.26 0.34

R15 0.59 0.27 0.062 0.10 0.59 0.38 0.092 0.10

R16 0.12 0.065 0.032 0.051 0.11 0.086 0.044 0.046

R17 0.18 0.18 0.060 0.10 0.19 0.28 0.10 0.10



Technical Report G_Air
quality_Authorisation.docx Page 4 of 15

Figure G1 Annual Average Project Rn-222 – Area 1
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Figure G2 Annual Average Project Rn-220 – Area 1
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Figure G3 Annual Average Project Rn-222 – Area 3
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Figure G4 Annual Average Project Rn-220 – Area 3
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Figure G5 Scenario 1 Predicted Annual Average Project TSP Concentration
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Figure G6    Scenario 2 Predicted Annual Average Project TSP Concentration
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Figure G7   Scenario 3 Predicted Annual Average Project Dust TSP Concentration
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Figure G8   Scenario 4 Predicted Annual Average Project Dust TSP Concentration
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Figure G9 Scenario 1 Predicted Annual Average Project Dust Deposition Rate
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Figure G10   Scenario 2 Predicted Annual Average Project Dust Deposition Rate
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Figure G11  Scenario 3 Predicted Annual Average Project Dust Deposition Rate
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Figure G12  Scenario 4 Predicted Annual Average Project Dust Deposition Rate
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VHM Limited (VHM) engaged SLR Consulting Australia Pty Ltd (SLR) to prepare an air quality impact assessment
(AQIA) to support an Environmental Effects Statement (EES) for the Goschen Mineral Sands Project (Project).
VHM engaged SLR to undertake a 12-months baseline ambient air quality monitoring programme (AAQMP) at
the Project site to inform the AQIA as required by Environmental Protection Authority Victoria (EPAV)
Publication 1191 ‘Protocol for Environmental Management: Mining and Extractive Industries’ (EPAV, 2007)
(Mining PEM), an incorporated document of the State Environment Protection Policy (Ambient Air Quality)
SEPP(AQM). This report presents the results of the AAQMP from commencement on 1 September 2018 to 14
September 2020.

The primary component of the AAQMP is the continuous monitoring (as opposed to batch monitoring; e.g. 1-in-
6 days) of 24-hour average concentrations of particulate with an aerodynamic diameter of less than 10 microns
(PM10) and 2.5 microns (PM2.5), at the Project site.

In consultation with VHM, SLR commissioned two Met One E-BAM beta-attenuation monitors (BAM) to monitor
PM10 and PM2.5 at the Project site on 31 August 2018, prior to being able to secure a meeting with the
Environment Protection Authority Victoria (EPAV) to confirm the appropriateness of the instrumentation.

SLR and VHM were advised at a subsequent meeting with EPAV that the equipment did not hold United States
Environmental Protection Agency (USEPA) Federal Equivalent Method (FEM) designation or equivalency and
therefore did not comply with the relevant AS and was not appropriate for the AAQMP.

In consultation with VHM, SLR commissioned two USEPA FEM compliant BAM instruments (Met One E-BAM Plus
and Met One BAM-1022) on 18 December 2018 with monitoring commencing on 1 January 2019. SLR continued
to operate original E-BAM instruments in parrallel with the replacement instruments until the end of 2019 upon
which they were decommissioned and removed from site.

A summary of 24-hour concentrations for particulate monitoring (PM10, PM2.5 and deposited dust) is presented
in Table ES 1, Table ES 2 and Table ES 3,   respectively. These tables also identify recorded exceedances including
exceedances of the 24-hour average PM10, 24-hour average PM2.5 and monthly insoluble solids Mining PEM
criteria.  The number of exceedances of the relevant criterion indicates that the environment surrounding
Project is already considerably dusty and subject to the impacts of meteorological influences (dry periods) and
regional scale dust events (eg bushfires). It can be seen in Table ES 1 and Table ES 2 indicate that these impacts
are seasonal with most exceedances occurring in Quarter 1 (Q1) or Quarter 4 (Q4).

A comparison of the PM10 and PM2.5 USEPA FEM and non-USEPA FEM instruments is discussed and relationships
between the two instrument type datasets is presented.

Respirable Crystalline Silica (RCS) and arsenic concentrations throughout the monitoring period were all below
the Mining PEM annual average criteria. The annual average RCS concentrations for 2019 and 2020 (0.083 µg/m³
and 0.090 µg/m³, respectively) were below the Mining PEM criterion of 3 µg/m³. The annual average arsenic
concentrations for 2019 and 2020 (both 0.002 µg/m³) were below the Mining PEM criterion of 0.003 µg/m³.
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Table ES 1 Summary of 24-Hour Average PM10 Monitoring January 2019 to September 2020: E-BAM Plus

Monitoring Period
Concentration (µg/m3) a Exceedances of

Criterion b
Max. Ave. 70th %ile

1Q19

01-01-19 – 31-01-19 150 32 30 4

01-02-19 – 28-02-19 52 24 31 0

01-03-19 – 31-03-19 190 30 29 2

2Q19

01-04-19 – 30-04-19 64 28 30 1

01-05-19 – 31-05-19 26 8.5 10 0

01-06-19 – 30-06-19 12 5.1 5.7 0

3Q19

01-07-19 – 31-07-19 13 4.8 5.2 0

01-08-19 – 31-08-19 25 5.3 5.5 0

01-09-19 – 30-09-19 16 6.4 7.1 0

4Q19

01-10-19 – 31-10-19 82 16 16 1

01-11-19 – 30-11-19 47 18 22 0

01-12-19 – 31-12-19 42 16 16 0

1Q20

01-01-20 – 31-01-20 83 c 17 13 1

01-02-20 – 29-02-20 69 c 17 15 1

01-03-20 – 31-03-20 51 15 15 0

2Q20

01-04-20 – 30-04-20 62 12 16 1

01-05-20 – 31-05-20 65 9.4 8.0 1

01-06-20 – 30-06-20 13 5.3 6.2 0

3Q20

01-07-20 – 31-07-20 18 4.7 5.9 0

01-08-20 – 31-08-20 11 4.2 5.1 0

01-09-20 – 13-09-20 17 8.6 9.1 0

a Red font indicates measured concentration above adopted criterion.
b Mining PEM criterion of 60 µg/m3.
c Victoria experienced widespread bushfire impacts to air quality during these months.
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Table ES 2 Summary of 24-Hour Average PM2.5 Monitoring January 2019 to September 2020: BAM-1022

Monitoring Period
Concentration (µg/m3) a Exceedances of

Criterion b
Max. Ave. 70th %ile

1Q19

01-01-19 – 31-01-19 19 4.9 5.9 0

01-02-19 – 28-02-19 7.2 6.7 6.9 0

01-03-19 – 31-03-19 10 3.7 4.5 0

2Q19

01-04-19 – 30-04-19 9.1 3.4 4.3 0

01-05-19 – 31-05-19 3.1 1.0 1.3 0

01-06-19 – 30-06-19 5.5 1.2 1.3 0

3Q19

01-07-19 – 31-07-19 3.5 1.1 1.2 0

01-08-19 – 31-08-19 7.3 1.0 1.0 0

01-09-19 – 30-09-19 4.8 1.0 1.4 0

4Q19

01-10-19 – 31-10-19 5.3 2.4 3.7 0

01-11-19 – 30-11-19 17 3.3 3.4 0

01-12-19 – 31-12-19 45 c 6.7 6.4 1

1Q20

01-01-20 – 31-01-20 81 c 15 17 3

01-02-20 – 29-02-20 17 4.0 3.7 0

01-03-20 – 31-03-20 4.3 1.6 2.1 0

2Q20

01-04-20 – 30-04-20 5.2 2.6 3.2 0

01-05-20 – 31-05-20 4.7 1.5 2.0 0

01-06-20 – 30-06-20 4.1 1.5 2.2 0

3Q20

01-07-20 – 31-07-20 5.8 1.4 1.7 0

01-08-20 – 31-08-20 2.6 0.7 1.2 0

01-09-20 – 13-09-20 2.7 1.6 2.1 0

a Red font indicates measured concentration above adopted criterion.
b Mining PEM criterion of 36 µg/m3.
c Victoria experienced widespread bushfire impacts to air quality during these months.
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Table ES 3 Monthly RCS Monitoring 1 January 2019 to 25 August 2020: Partisol PM2.5

Monitoring Period Concentration (µg/m3)

01-01-2019 - 07-01-2019 0.32

27-02-2019 - 06-03-2019 0.15

30-04-2019 - 10-05-2019 0.053

25-06-2019 - 05-07-2019 <0.03

01-08-2019 - 11-08-2019 0.049

31-08-2019 - 10-09-2019 <0.02

30-09-2019 - 10-10-2019 <0.02

09-11-2019 - 19-11-2019 <0.02

19-12-2019 - 29-12-2019 0.12

08-01-2020 - 18-01-2020 0.37

27-02-2020 - 08-03-2020 0.35

08-03-2020 - 18-03-2020 0.025

18-03-2020 - 28-03-2020 <0.02

28-03-2020 - 07-04-2020 <0.03

27-04-2020 - 07-05-2020 <0.02

06-06-2020 - 16-06-2020 <0.02

06-07-2020 - 16-07-2020 <0.02

Annual Average Concentration (µg/m3) a 2019: 0.046
2020: 0.12

Criterion (µg/m3) 3
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Table ES 4 Monthly Arsenic Monitoring 1 January 2019 to 25 August 2020: Partisol PM10

Monitoring Period Concentration (µg/m3)

01-01-2019 - 08-01-2019 <0.012

27-02-2019 - 06-03-2019 <0.003

27-03-2019 - 05-04-2019 <0.002

30-04-2019 - 10-05-2019 <0.002

27-05-2019 - 06-06-2019 <0.002

25-06-2019 - 05-07-2019 <0.002

01-08-2019 - 11-08-2019 0.002

31-08-2019 - 10-09-2019 <0.002

30-09-2019 - 10-10-2019 <0.002

30-10-2019 - 09-11-2019 <0.002

19-12-2019 - 29-12-2019 <0.002

0.8-01-2020 - 18-01-2020 <0.002

27-02-2020 - 08-03-2020 <0.002

08-03-2020 - 18-03-2020 <0.002

28-03-2020 - 07-04-2020 <0.002

07-05-2020 – 17-05-2020 <0.002

06-06-2020 – 16-06-2020 <0.002

06-07-2020 – 16-07-2020 <0.002

15-08-2020 – 25-08-2020 <0.002

Annual Average Concentration (µg/m3) a 2019: 0.002

2020: <0.002

Criterion (µg/m3) 0.003
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Table ES 5 Monthly Dust Deposition Monitoring September 2018 to September 2020: Insoluble Solids

Monitoring Period Deposition Rate (g/m2/month) by Location a

Start Finish Loc 1 Loc 2 Loc 3 Loc 4

27-08-18 10:00 02-10-18 10:45 3.7 1.1 4.4 0.43

02-10-18 10:00 02-11-18 10:45 1.7 8.8 2.5 1.7

02-11-18 10:00 05-12-18 11:15 7.3 - - 0.93

02-11-18 10:15 16-01-19 19:10 2.2 1.7 1.5 2.4

16-01-19 15:45 26-02-19 16:10 13 2.2 2.1 3.9

26-02-19 15:10 26-03-19 13:25 1.4 0.49 1.0 0.49

26-03-19 12:45 29-04-19 14:00 2.7 1.6 1.7 0.90

29-04-19 13:20 27-05-19 14:15 43 131 8.2 5.2

27-05-19 13:10 26-06-19 09:40 2.5 3.9 1.2 0.85

26-06-19 08:45 31-07-19 11:15 10 1.3 0.39 0.82

31-07-19 10:15 03-09-19 14:30 0.60 0.80 0.90 0.40

03-09-19 13:20 03-10-19 14:05 1.0 0.85 1.0 1.3

03-10-19 13:20 30-10-19 15:00 8.3 1.0 1.3 0.69

30-10-19 14:00 02-12-19 15:00 7.8 1.7 2.5 1.7

02-12-19 14:15 21-01-20 14:50 16 1.6 5.6 1.3

21-01-20 14:25 26-02-20 08:40 0.76 0.95 10 -

26-02-20 08:40 27-03-20 09:27 2.2 2.2 2.1 2.5

27-03-20 08:45 27-04-20 14:04 1.6 1.3 5.8 1.1

27-04-20 13:19 29-05-20 07:54 5.7 0.91 0.37 1.8

29-05-20 07:19 30-06-20 07:27 3.1 2.7 1.2 0.53

30-06-20 06:53 31-07-20 08:22 13 1.4 1.8 2.6

31-07-20 07:43 14-09-20 14:16 12 1.5 0.6 0.8

Criterion b 4

Exceedances of criterion 10 2 5 1

a Red font indicates measured concentration above adopted criterion.
b Mining PEM criterion of 4 g/m2/month.
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GLOSSARY OF TERMS

Abbreviation Definition

AC Ash content

As Arsenic

AS Australian Standard

BAM Beta-attenuation monitor

BAM-1022 Proprietary name for Met One’s USEPA FEM (for PM2.5) BAM

CM Combustible Matter

DDG Dust deposition gauge

E-BAM Proprietary name for Met One’s BAM (non-USEPA FEM)

E-BAM Plus Proprietary name for Met One’s USEPA FEM (for PM10) BAM

EPAV Environment Protection Authority Victoria

FEM Federal Equivalent Method

HVAS High Volume Air Sampler

LVAS Low Volume Air Sampler

g/m2/month Grams per square metre per month

mm Millimetres

NIOSH National Institute for Occupational Safety and Health

Partisol Thermo Scientific Partisol 2025i sequential air sampler

PM10 Particulate matter with an aerodynamic diameter of less than 10 micron

PM2.5 Particulate matter with an aerodynamic diameter of less than 2.5 micron

RCS Respirable crystalline silica

µg/m3 Micrograms per cubic metre

USEPA United States Environment Protection Agency
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1 Introduction
VHM Limited (VHM) engaged SLR Consulting Australia Pty Ltd (SLR) to prepare an air quality impact assessment
(AQIA) to support an Environmental Effects Statement (EES) for the Goschen Mineral Sands Project (Project).
VHM engaged SLR to undertake a 12-months baseline ambient air quality monitoring programme (AAQMP) at
the Project site to inform the AQIA as required by Environmental Protection Authority Victoria (EPAV)
Publication 1191 ‘Protocol for Environmental Management: Mining and Extractive Industries’ (EPAV, 2007)
(Mining PEM), an incorporated document of the State Environment Protection Policy (Air Quality Management)
SEPP(AQM).

In consultation with VHM, the AAQMP has been extended in duration. This report presents the results of the
AAQMP from commencement on 1 September 2018 to conclusion on 14 September 2020 (the AAQMP
monitoring period).

1.1 AQIA Methodology

In accordance with the Mining PEM and SEPP(AQM) Schedule C ‘Modelling Emissions to Air’, the AQIA is to
model the dispersal of pollutant emissions to air from the Project using the Victorian regulatory model AERMOD
and must include background (existing) concentrations. In the absence of nearby background ambient air quality
monitoring data representative of the project area, 12-months of real-time continuous 24-hour monitoring of
particulate with an aerodynamic diameter of less than 10 microns (PM10) and of less than 2.5 microns (PM2.5)
must be conducted.  This should also include analysis of respirable crystalline silica (as PM2.5) and heavy metal
content (of PM10) as appropriate.

1.2 Scope

1.2.1 Background

On 31 August 2018 SLR commissioned two Met One E-BAM beta-attenuation monitors (BAM) with solar power
capability (due to the remoteness of the site) to monitor PM10 and PM2.5 at the Project site. Two Airmetrics
MiniVol low volume air samplers (LVAS) were also deployed to sample PM10 and PM2.5 for subsequent heavy
metals and RCS analysis. SLR understood these instruments were compliant with the relevant Australian
Standards (AS). In consultation with VHM, the equipment the was deployed prior to being able to secure a
meeting with the Environment Protection Authority Victoria (EPAV) to confirm the appropriateness of the
instrumentation.

SLR and VHM were advised at a subsequent meeting with EPAV that the equipment did not hold United States
Environmental Protection Agency (USEPA) Federal Equivalent Method (FEM) designation or equivalency and
therefore did not comply with the relevant AS and was not appropriate for the AAQMP.
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USEPA FEM compliant BAM instrument (Met One E-BAM Plus and Met One BAM-1022) were commissioned on
19 December 2018. The monitoring site was moved to a location near to a residence such that mains power
could be accessed due to the increased power demands of this equipment. The original E-BAM equipment was
moved to the new location with the intention of continuing to monitor for a three-month period to enable a
comparison of the data from the USEPA FEM compliant and non-compliant instruments during this period. SLR
continued to operate the E-BAM instruments at this location until the end of 2019 upon which they were
decommissioned and removed from site. In addition a Thermo Scientific Partisol 2025i sequentual air sampler
was comissioned to enable 7-10 day sampling of PM10 and PM2.5 for subsquent aresnic and RCS analysis,
respectively.

The scope of monitoring included monthly site visits by SLR staff to maintain and calibrate the equipment as
required.

2 Monitoring Locations
Four monitoring locations were commissioned on 31 August 2018, with a fifth location commissioned between
5 December 2018 and 19 December 2018 as presented in Table 1.

Table 1 Scope of Works at each Monitoring Location

Monitoring Location UTM Zone 54H Monitoring Period Parameters Monitored

Northing (m) Easting (m)

Location 1
Thompson Road Farm

6058547 m S
35°35’32.11”S

720482 m E
143°26’0.13”E

31 August 2018 – 14
September 2020

Dust deposition

Location 2
Crn Bennette and
Shepherd Road

6053640 m S
35°38’9.72”S

721622 m E
143°26’51.21”E

31 August 2018 – 14
September 2020

Dust deposition

Location 3
Jobling Road Farm

6057480 m S
35°36’9.72”S

717156 m E
143°23’49.27”E

31 August 2018 – 14
September 2020

Dust deposition

Location 4
Bish Road Farm

6058065 m S
35°35’44.19”S

722723 m E
143°27’30.21”E

31 August 2018 – 14
September 2020

Dust deposition

31 August 2018 –
5 December 2018

Continuous PM10 and PM2.5,

respirable crystalline silica,
heavy metals

Location 5
Thompson Road
Residence

6058297 m S
35°35’39.16”S

721960 m E
143°27’0.53”E

1 January 2019 – 13
September 2020

Continuous PM10 and PM2.5,

respirable crystalline silica,
heavy metals

Each of the five monitoring locations were in compliance with AS/NZS 3580.1.1: 2016 “Methods for sampling
and analysis of ambient air: Guide to siting air monitoring equipment“ with the exception of Location 2 which
did not meet the minimum distance to the dripline of a nearby tree ( 10 metres) for a background monitoring
location.  SLR considered this to be the most suitable location available to achieve the project objectives while
considering suitable discrete security measures, accessibility, impacts from farming machinery and meeting as
many of the siting criteria detailed in the standards.  Non-compliance with these criteria does not invalidate the
results, but may impose certain considerations when deriving conclusions from those results.
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Table 2 provides the siting details compared with the AS/NZS 3580.1.1 2016 recommended criteria.

Table 2 Siting Criteria Compliance

Site No.
Location
Type

AS3580.1.1 Compliance a
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Location 1
Thompson Road
Farm

Neighbourhood
/ Background Yes Yes Yes Yes Yes Yes

Location 2
Crn Bennette and
Shepherd Road

Neighbourhood
/ Background Yes No Yes Yes Yes Yes

Location 3
Jobling Road Farm

Neighbourhood
/ Background Yes Yes Yes Yes Yes Yes

Location 4
Bish Road Farm

Neighbourhood
/ Background Yes Yes Yes Yes Yes Yes

Location 5
Thompson Road
Residence

Neighbourhood
/ Background Yes Yes Yes Yes Yes Yes

a Non-compliance with these criteria does not invalidate the results but may impose certain considerations when deriving conclusions from the
results.

Refer to Appendix A for an overview of monitoring site location and photographs of the instruments installed
on site.

3 Monitoring Conditions
Annual and seasonal wind roses for the AAQMP monitoring period for Swan Hill Bureau of Meteorology station
(No. 077094), approximately 25 km northeast of Location 5, are provided in Figure 1 and Figure 2 for 2019 and
2020, respectively.
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Figure 1 Regional Area Wind Roses 2019
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Figure 2 Regional Area Wind Roses 2020
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4 Assessment Criteria
Assessment criteria for the AQIA are adopted from the Mining PEM as provided in Table 3 and inform the
AAQMP with regard to relevant averaging periods and limits of reporting (LOR). Note that the Air NEPM criteria
are specifically for State and Territory performance monitoring stations located in regions representative of
population greater than 25,000 and are not applicable to mining assessments except in exceptional
circumstances, however these have been included for comparison.

Table 3 Assessment Criteria

Indicator Criteria Units Averaging period Source

PM10 60 µg/m³ 24 hour Mining PEM

50 µg/m³ 24 hour Air NEPM

PM2.5 36 µg/m³ 24 hour Mining PEM

25 (20 in 2025) µg/m³ 24 hour Air NEPM

8 (7 in 2025) µg/m³ Annual Air NEPM

RCS (as PM2.5) 3 µg/m³ Annual Mining PEM

Arsenic 0.003 µg/m³ Annual Mining PEM

Dust deposition Rate 4 g/m2/month Monthly Mining PEM

5 Methodology

5.1 PM10

Continuous PM10 monitoring was performed using E-BAM SLR ID 2110 / SN P20746 in accordance with AS/NZS
3580.9.11:2008 (Amdt1 2009) “Methods for sampling and analysis of ambient air: Determination of suspended
particulate matter – PM10 beta attenuation monitors” and in general accordance with AS/NZS 3580.9.11: 2016.
Commissioning was performed from 26 August 2018 to 30 August 2018. Monitoring commenced from 1
September 2018.

Continuous PM10 monitoring was performed using USEPA FEM compliant E-BAM Plus SLR ID 2739 / SN X19174
in accordance with AS 3580.9.11:2016 (USEPA – EQPM-1215-226).  Commissioning were performed from
5 December 2018 to 19 December 2018.  Monitoring commenced from 1 January 2019.

AS 3580.9.11:2016 states that BAMs may record short-term (<24h) negative PM10 concentrations due to loss of
moisture or semi-volatile compounds in the collected particulate matter from the filter media. Short term
negative values resulting from such loss should be considered to be real data and should not be invalidated from
the dataset.

5.2 PM2.5

Continuous PM2.5 monitoring was performed using E-BAM SLR ID 2108 / SN P20741 in accordance with
AS 3580.9.12:2013 “Methods for sampling and analysis of ambient air: Determination of suspended particulate
matter – PM2.5 beta attenuation monitors”.  Commissioning was performed from 26 August 2018 to 30 August
2018.  Monitoring commenced on 1 September 2018.
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Continuous PM2.5 monitoring was performed using USEPA FEM compliant BAM-1022 SLR ID 2740 / SN X24567
in accordance with AS 3580.9.12:2013 (USEPA – EQPM-1013-209).  Commissioning was performed from
5 December 2018 to 19 December 2018.  Monitoring commenced on 1 January 2019.

AS 3580.9.12:2013 states that BAMs may record short-term (<24h) negative PM2.5 concentrations due to loss of
moisture or semi-volatile compounds in the collected particulate matter from the filter media. Short term
negative values resulting from such loss should be considered to be real data and should not be invalidated from
the dataset.

5.3 RCS

Batch PM2.5 monitoring for RCS was performed using a LVAS and 47mm PVC filters in accordance with AS/NZS
3580.9.10:2017 “Methods for sampling and analysis of ambient air: Determination of suspended particulate
matter – PM2.5 low volume sampler – Gravimetric method” and AS 2985: 2009 / NIOSH 7500. Commissioning
was performed from 26 August 2018 to 30 August 2018.  Monitoring commenced on 1 September 2018.

Batch PM2.5 monitoring for RCS was performed using a Partisol and 47mm PVC filters in accordance with AS
3580.9.7:2009 “Methods for sampling and analysis of ambient air: Determination of suspended particulate
matter – Dichotomous sampler (PM10, coarse PM and PM2.5) – Gravimetric method” and AS 2985: 2009
“Workplace atmospheres – Method for sampling and gravimetric determination of respirable dust” / NIOSH 7500
“Elements by ICP”. Commissioning was performed from 5 December 2018 to 19 December 2018.  Monitoring
commenced on 1 January 2019.

Gravimetric and crystalline silica (quartz) analysis was conducted by Simtars , NATA accreditation No. 2681.

5.4 Heavy Metals

Batch PM10 monitoring for heavy metals was performed using a LVAS and PTFE or quartz coated glass fibre filters
in accordance with AS/NZS 3580.9.9: 2017 “Methods for sampling and analysis of ambient air: Determination of
suspended particulate matter – PM10 low volume sampler – Gravimetric method” and AS/NZS 3580.9.15: 2014
“Methods for sampling and analysis of ambient air: Determination of suspended particulate matter – Particulate
metals high or low volume sampler gravimetric collection – Inductively coupled plasma (ICP) spectrometric
method”. Commissioning was performed from 26 August 2018 to 30 August 2018. Monitoring commenced from
1 September 2018.

Batch PM10 monitoring for heavy metals was performed using a Partisol and PTFE or quartz coated glass fibre
filters in accordance with AS/NZS 3580.9.7: 2009 and NIOSH 7300. Commissioning was performed from
5 December 2018 to 19 December 2018.  Monitoring commenced on 1 January 2019.

Gravimetric and heavy metals analysis was conducted by National Measurement Institute, NATA accreditation
No. 198.

5.5 Dust Deposition

Monthly dust deposition rate monitoring was conducted using dust deposition gauges in accordance with
AS/NZS 3580.10.1: 2016 “Methods for sampling and analysis of ambient air: Determination of particulate matter
– Deposited matter – Gravimetric method”. Commissioning was performed from 26 August 2018 to 30 August
2018. Monitoring commenced from 1 September 2018.
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Gravimetric analysis for total insoluble solids and ash content was conducted by ALS Environmental (NSW), NATA
accreditation No. 825.

5.6 Instrument Flow Rates

Instrument flow rates were calibrated using a BGI TetraCal air flow calibrator and inlet flow adaptor. The TetraCal
was calibrated by Vipac Engineers and Scientists Ltd, NATA accreditation No 676.

5.7 Temperature

Ambient temperature was monitored using a BGI TetraCal. The TetraCal was calibrated by Vipac Engineers and
Scientists Ltd, NATA accreditation No 676.

5.8 Pressure

Barometric pressure was monitored using a BGI TetraCal. The TetraCal was calibrated by Vipac Engineers and
Scientists Ltd, NATA accreditation No 676.

5.9 Data Averaging

Note that averaging of data has been calculated in accordance with National Environmental Protection (Ambient
Air Quality) Measure (Air NEPM) “Technical Paper No. 5 – Data Collection and Handling” (Air NEPM TP No.5)
(NEPC, 2001) which states:

An average concentration can be valid only if it is based on at least 75% of the expected samples in the
averaging period. This rule applies to all averaging periods, from the hourly concentrations that make
up basic air quality data to annual averages.

6 Measurement Uncertainty

6.1 PM10

The MetOne E-BAM Plus meets USEPA requirements accuracy and precision and for PM10 measurement. SLR
estimates that the measurement uncertainty associated with PM10 (24-hour average) by E-BAM Plus is ±2
µg/m3.1

6.2 PM2.5

The MetOne BAM-1022 meets USEPA requirements for Class III PM2.5 FEM. SLR estimates that the measurement
uncertainty associated with PM2.5 (24-hour average) by BAM-1022 is ±2 µg/m3.1

1 Equivalent Thermo-fisher 5014i USEPA FEM instrument specifications state ±2.0 g/m3 <80 g/m3; 4-5 g/m3 > 80 g/m3

(24-hour average).
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6.3 RCS

The measurement uncertainty associated with low volume sampling by dichotomous sampler (24-hour average)
is published in AS/NZS 3580.9.7 as ±5 µg/m3. Simtars estimate the uncertainty for analysis of quartz collected
on filters to be ±30% over the range 0.005 to 0.60 mg.

6.4 Metals

The measurement uncertainty associated with low volume sampling by dichotomous sampler (24-hour average)
is published in AS/NZS 3580.9.7 as ±5 µg/m3. AS/NZS 3580.9.15 indicates that field validation testing suggests
that the measurement uncertainty associated with the ICP spectrometric method is typically 10-20% depending
on the metal.

6.5 Dust Deposition

The measurement uncertainty, based on the laboratory sampling and weighing procedures, for deposited dust
(insoluble solids) is dependent on the laboratory result as follows, where the limit of reporting (LOR) =
0.1 g/m2/month:

Result < 10 times LOR: no limit

Result >10 times LOR; <20 times LOR: 0-50%

Result >20 times LOR: 0-20%.

7 Data Capture Objective
For State compliance monitoring in accordance with the Air NEPM (NEPC, 2016), to demonstrate compliance
with criteria the Air NEPM TP No.5 states that:

It is essential that data loss is kept to an absolute minimum.  For representative monitoring data and
for credible compliance assessment it is desirable to have data capture rates higher than 95%. 75%
data availability is specified as an absolute minimum requirement for data completeness.

To make a valid assessment of compliance for annual reporting, annual compliance statistics must be
based on hourly (daily for PM10 and lead) data that are at least 75% complete in each calendar quarter
(in addition to an annual data availability of at least 75% based on valid hourly (daily for PM10 and lead)
data).

While this baseline AAQMP is not subject to the requirements of the Air NEPM, in the absence of guidance in
the Mining PEM these data capture criteria inform the baseline AAQMP data capture objectives for 24-hour
average PM10 and PM2.5:

Annual (including each calendar quarter): >75%
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8 Results
Summary results for each of the parameters monitored are provided in the following sections. Full results for
PM10 and PM2.5 are provided in Appendix B. Note that Victoria was subject to widespread bushfire events
between late December 2019 and mid-February 2020. Intermittent periods of elevated PM2.5 concentrations
(and PM10 concentrations of which PM2.5 makes up a portion) are expected, and observed, during these periods
due to the bushfire smoke.

8.1 PM10

The E-BAM non-USEPA compliant monitoring data is summarised in Table 4. The USEPA compliant monitoring
data is summarised in Table 5. The 24-hour averaged datasets of each instrument are presented in Figure 3.

Table 4 Summary of 24-Hour Average PM10 Monitoring 1 September 2018 to 31 December 2019: E-BAM

Monitoring Period
Concentration (µg/m3) a

Exceedances
of Criterion c

Data Capture (%) c

Comment
Max. Ave.

70th

%ile Month Quarter

3Q18 01-09-18 – 30-09-18 - - - - 0 0
A

4Q18

01-10-18 – 31-10-18 25 7 7 0 61

7801-11-18 – 30-11-18 53 16 15 0 97

01-12-18 – 31-12-18 79 22 26 1 77 B

1Q19

01-01-19 – 31-01-19 130 27 27 2 100

10001-02-19 – 28-02-19 80 24 25 2 100

01-03-19 – 31-03-19 110 23 25 1 100

2Q19

01-04-19 – 30-04-19 35 17 19 0 100

8601-05-19 – 31-05-19 15 6.4 7.1 0 97

01-06-19 – 30-06-19 11 4.7 6.0 0 60 C

3Q19

01-07-19 – 31-07-19 - - - - 0

67

C

01-08-19 – 31-08-19 20 4.7 4.7 0 100

01-09-19 – 30-09-19 12 5.6 6.3 0 100

4Q19

01-10-19 – 31-10-19 63 13 11 1 100

4301-11-19 – 30-11-19 49 49 49 0 3 C

01-12-19 – 31-12-19 17 14 16 0 26 C

2018 59

2019 74

All 75

a Red font indicates measured concentration above adopted criterion.
b Mining PEM criterion of 60 µg/m3.
c Bold font indicates data capture does not meet AAQMP objective.

A Instrument failure on 30/08/18, fixed on next site visit 01/10/18

B Instrument blown over in strong winds on 13/12/18. Corrected on 19/12/18.

C Flow failure due to unresolved intermittent instrument issues.
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Table 5 Summary of 24-Hour Average PM10 Monitoring 1 September 2018 to 13 September 2020: E-BAM
Plus

Monitoring Period
Concentration (µg/m3) a

Exceedances
of Criterion b

Data Capture (%) c

Comment
Max. Ave.

70th

%ile Month Quarter

1Q19

01-01-19 – 31-01-19 150 32 28 4 100

10001-02-19 – 28-02-19 52 24 31 0 100

01-03-19 – 31-03-19 190 30 29 2 100

2Q19

01-04-19 – 30-04-19 64 28 30 1 100
99

01-05-19 – 31-05-19 26 8.5 10 0 97

01-06-19 – 30-06-19 12 5.1 5.7 0 100

3Q19

01-07-19 – 31-07-19 13 4.8 5.2 0 100
100

01-08-19 – 31-08-19 25 5.3 5.5 0 100

01-09-19 – 30-09-19 16 6.4 7.1 0 100

4Q19

01-10-19 – 31-10-19 82 16 16 1 100

7301-11-19 – 30-11-19 47 18 22 0 67 A

01-12-19 – 31-12-19 42 16 16 0 52 B

1Q20

01-01-20 – 31-01-20 83 d 17 13 1 32

64

B

01-02-20 – 29-02-20 69 d 17 15 1 59 B

01-03-20 – 31-03-20 51 15 15 0 100

2Q20

01-04-20 – 30-04-20 62 12 16 1 100

9901-05-20 – 31-05-20 65 9.4 8.0 1 97

01-06-20 – 30-06-20 13 5.3 6.2 0 100

3Q20

01-07-20 – 31-07-20 18 4.7 5.9 0 100

10001-08-20 – 31-08-20 11 4.2 5.1 0 100

01-09-20 – 13-09-20 17 8.6 9.1 0 100

2019 93

2020 88

All 91
a Red font indicates measured concentration above adopted criterion.

b Mining PEM criterion of 60 µg/m3.
c Bold font indicates data capture does not meet AAQMP objective.
d Victoria experienced widespread bushfire impacts to air quality during these months
A Temperature sensor plug broken leading to flow alarm – fixed during site visit 2 December 2019.

B Instrument alarmed and hanged (stopped recording data) due to intermittent instrument issues pump and/or flow controller module. Instrument
supplier unable to resolve. During 27 February 2020 site visit, timer added to cycle power off/on at midnight each night to overcome this issue.
Modem installed to monitor instrument operation remotely.
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Figure 3 24-Hour Average PM10 Datasets: E-BAM Plus and EBAM
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8.2 PM2.5

The E-BAM non-USEPA compliant monitoring data is summarised in Table 6. The USEPA compliant monitoring
data is summarised in Table 7. The 24-hour averaged datasets of each instrument are presented in Figure 4.

Table 6 Summary of 24-Hour Average PM2.5 Monitoring 1 September 2018 to 31 December 2019: E-BAM

Monitoring Period
Concentration (µg/m3)

Exceedances
of Criterion a

Data Capture (%) b

Comment
Max. Ave.

70th

%ile Month Quarter

3Q18 01-09-18 – 30-09-18 9.3 3.6 3.9 0 100 100

4Q18

01-10-18 – 31-10-18 6.7 4.1 4.6 0 100

9201-11-18 – 30-11-18 9.0 4.8 5.9 0 100

01-12-18 – 31-12-18 10 5.5 6.7 0 77

1Q19

01-01-19 – 31-01-19 15 6.8 7.5 0 100

9801-02-19 – 28-02-19 15 7.0 8.5 0 93

01-03-19 – 31-03-19 15 5.8 6.3 0 100

2Q19

01-04-19 – 30-04-19 15 6.1 7.0 0 100
99

01-05-19 – 31-05-19 10 3.8 3.8 0 97

01-06-19 – 30-06-19 6.5 3.2 3.3 0 100

3Q19

01-07-19 – 31-07-19 4.8 2.7 2.9 0 100
100

01-08-19 – 31-08-19 8.5 3.0 2.9 0 100

01-09-19 – 30-09-19 9.8 3.6 4.0 0 100

4Q19

01-10-19 – 31-10-19 12 5.5 5.4 0 35

47

A

01-11-19 – 30-11-19 6.8 3.4 4.0 0 50 A

01-12-19 – 31-12-19 21 5.2 5.1 0 55 A

2018 94

2019 86

All 86

a Mining PEM criterion of 36 µg/m3.
b Bold font indicates data capture does not meet AAQMP objective/
A Flow failure due to unresolved flow issues
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Table 7 Summary of 24-Hour Average PM2.5 Monitoring 1 January 2019 to 13 September 2020: BAM-1022

Monitoring Period
Concentration (µg/m3) a

Exceedances
of Criterion b

Data Capture (%) c

Comment
Max. Ave.

70th

%ile Month Quarter

1Q19

01-01-19 – 31-01-19 19 4.9 5.9 0 81

6301-02-19 – 28-02-19 7.2 6.7 6.9 0 7 A

01-03-19 – 31-03-19 10 3.7 4.5 0 100

2Q19

01-04-19 – 30-04-19 9.1 3.4 4.3 0 100

8501-05-19 – 31-05-19 3.1 1.0 1.3 0 55 A

01-06-19 – 30-06-19 5.5 1.2 1.3 0 100

3Q19

01-07-19 – 31-07-19 3.5 1.1 1.2 0 100

10001-08-19 – 31-08-19 7.3 1.0 1.0 0 100

01-09-19 – 30-09-19 4.8 1.0 1.4 0 100

4Q19

01-10-19 – 31-10-19 5.3 2.4 3.7 0 39

80

C

01-11-19 – 30-11-19 17 3.3 3.4 0 100

01-12-19 – 31-12-19 45 d 6.7 6.4 1 100

1Q20

01-01-20 – 31-01-20 81 d 15 17 3 94

9701-02-20 – 29-02-20 17 4.0 3.7 0 100 D

01-03-20 – 31-03-20 4.3 1.6 2.1 0 100

2Q20

01-04-20 – 30-04-20 5.2 2.6 3.2 0 100

9501-05-20 – 31-05-20 4.7 1.5 2.0 0 90

01-06-20 – 30-06-20 4.1 1.5 2.2 0 97

3Q20

01-07-20 – 31-07-20 5.8 1.4 1.7 0 100

10001-08-20 – 31-08-20 2.6 0.7 1.2 0 100

01-09-20 – 13-09-20 2.7 1.6 2.1 0 100

2019 82

2020 98

All 88

a Red font indicates measured concentration above adopted criterion.
b Mining PEM criterion of 36 µg/m3.
c Bold font indicates data capture does not meet AAQMP objective.
d Victoria experienced widespread bushfire impacts to air quality during these months.
A Tape break shortly after site visit, replaced on next site visit
B Short power interruption, instrument restart.
D During 27 February 2020 site visit, timer added to cycle power off/on at midnight each night to avoid any alarm issues. Modem installed to

monitor instrument operation remotely.
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Figure 4 24-Hour Average PM2.5 Datasets: BAM-1022 and E-BAM
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8.3 RCS
The Partisol RCS monitoring results are provided in Table 8. Laboratory test certificates are provided in Appendix C.

Table 8 RCS Monitoring 1 January 2019 to 25 August 2020: Partisol

Sample Number Monitoring Period Concentration
(µg/m3)

Laboratory Analysis
ReportStart - Finish Hours

8101/181016-90 - 181024-1 a 01-01-2019 - 07-01-2019 168 0.32 OL693765N1

8047/181101-11 - 181101-17 a 27-02-2019 - 06-03-2019 192 0.15 OL693771N1

8848-1/181024-63 30-04-2019 - 10-05-2019 224 0.053 OL693804N1

8815/181024-71 25-06-2019 - 05-07-2019 224 <0.03 OL693856N1

8963-1/181024-72 01-08-2019 - 11-08-2019 239 0.049 OL693878N1

9050-1/181024-75 31-08-2019 - 10-09-2019 239 <0.02 OL693896N1

9139-1/181024-80 30-09-2019 - 10-10-2019 239 <0.02 OL693920N1

9230/181024-82 09-11-2019 - 19-11-2019 239 <0.02 OL693939N1

9373-5/181024-86 19-12-2019 - 29-12-2019 239 0.12 OL693962N1

9373-7/181024-88 08-01-2020 - 18-01-2020 239 0.37 OL693962N1

9494/K9338 27-02-2020 - 08-03-2020 239 0.35 OL693988N1

9544/K9340 18-03-2020 - 28-03-2020 240 <0.02 OL694006N1

9734/K9343 28-03-2020 - 07-04-2020 240 <0.03 OL694053N1

9736/K9346 27-04-2020 - 07-05-2020 240 <0.02 OL694053N1

9873/SLRV56 06-06-2020 - 16-06-2020 240 <0.02 OL694053N1

10012-2/SLRV65 06-07-2020 - 16-07-2020 240 <0.02 OL694069N1

Annual Average Concentration (µg/m3) 2019: 0.046
2020: 0.12

Criterion (µg/m3) 3

a  Composite Sample:  Results presented were obtained from a composite sample of seven consecutive 24-hour Partisol samples and were not
included in annual average

8.4 Metals
The LVAS and Partisol metals monitoring results are provided in Table 9. Laboratory test certificates are provided in
Appendix C.
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8.5 Dust Deposition

The dust deposition insoluble solids and ash content monitoring results are provided in Table 10 and Table 11,
respectively. Corresponding plots of the results are provided in Figure 5 and Figure 6. Laboratory test certificates
are provided in Appendix C.

Table 10 Monthly Dust Deposition Monitoring 1 September 2018 to 14 September 2020: Insoluble Solids

Sample
Numbers

Monitoring Period Deposition Rate (g/m2/month) by Location a Laboratory
Analysis ReportStart Finish Loc 1 Loc 2 Loc 3 Loc 4

7837-7840 27-08-18 10:00 02-10-18 10:45 3.7 1.1 4.4 0.43 EN1806687

7330-7333 02-10-18 10:00 02-11-18 10:45 1.7 8.8 2.5 1.7 EN1807945

7512-7513 02-11-18 10:00 05-12-18 11:15 7.3 -b - b 0.93 EN1808475

7699-7702 02-11-18 10:15 16-01-19 19:10 2.2 1.7 1.5 2.4 EN1900474

7967-7970 16-01-19 15:45 26-02-19 16:10 13 2.2 2.1 3.9 EN1901498

8043-8046 26-02-19 15:10 26-03-19 13:25 1.4 0.49 1.0 0.49 EN1902211

8298-8301 26-03-19 12:45 29-04-19 14:00 2.7 1.6 1.7 0.90 EN1903081

8441-8444c 29-04-19 13:20 27-05-19 14:15 43 131 8.2 5.2 EN1903848

8608-8611 27-05-19 13:10 26-06-19 09:40 2.5 3.9 1.2 0.85 EN1904546

8811-8814 26-06-19 08:45 31-07-19 11:15 10 1.3 0.39 0.82 EN1905495

8959-8962 31-07-19 10:15 03-09-19 14:30 0.60 0.80 0.90 0.40 EN1906344

9038-9041 03-09-19 13:20 03-10-19 14:05 1.0 0.85 1.0 1.3 EN1907045

9132-9135 03-10-19 13:20 30-10-19 15:00 8.3 1.0 1.3 0.69 EN1907834

9214-9217 30-10-19 14:00 02-12-19 15:00 7.8 1.7 2.5 1.7 EN1908650

9366-9369 02-12-19 14:15 21-01-20 14:50 16 1.6 5.6 1.3 EN2000705

9490-9492 21-01-20 14:25 26-02-20 08:40 0.76 0.95 10 -d EB2006150

9523-9526 26-02-20 08:40 27-03-20 09:27 2.2 2.2 2.1 2.5d EM2005286

9589-9592 27-03-20 08:45 27-04-20 14:04 1.6 1.3 5.8 1.1 EM2007040

9720-9723 27-04-20 13:19 29-05-20 07:54 5.7 0.91 0.37 1.8 EM2009211

9831-9834 29-05-20 07:19 30-06-20 07:27 3.1 2.7 1.2 0.53 EM2011290

9976-9979 30-06-20 06:53 31-07-20 08:22 13 1.4 1.8 2.6 EM2013388

10111-10114 31-07-20 07:43 14-09-20 14:16e 12 1.5 0.6 0.8 EM2016080

Criterion 4 Mining PEM

Exceedances of criterion 10 2 5 1

a  Red text indicates measured concentration above adopted
criterion.

b  No access to location 2 and 3 due to poor road conditions.

c  Foreign material (e.g. insects, grass, soil) noted.
d  Location 4 not collected in February.
e  Collection delayed due to COVID-19 travel restrictions.
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Table 11 Monthly Dust Deposition Monitoring 1 September 2018 to 14 September 2020: Ash Content

Sample
Numbers

Monitoring Period Deposition Rate (g/m2/month) by Location a Laboratory
Analysis ReportStart Finish Loc 1 Loc 2 Loc 3 Loc 4

7837-7840 27-08-18 10:00 02-10-18 10:45 1.3 1.0 2.3 0.33 EN1806687

7330-7333 02-10-18 10:00 02-11-18 10:45 1.2 6.2 1.6 1.3 EN1807945

7512-7513 02-11-18 10:00 05-12-18 11:15 3.1 - - 0.82 EN1808475

7699-7702 02-11-18 10:15 16-01-19 19:10 1.4 1.2 1.3 2.1 EN1900474

7967-7970 16-01-19 15:45 26-02-19 16:10 2.9 1.7 1.8 2.8 EN1901498

8043-8046 26-02-19 15:10 26-03-19 13:25 0.55 0.49 0.91 0.49 EN1902211

8298-8301 26-03-19 12:45 29-04-19 14:00 1.2 1.4 1.6 0.85 EN1903081

8441-8444c 29-04-19 13:20 27-05-19 14:15 23 122 6.9 4.1 EN1903848

8608-8611 27-05-19 13:10 26-06-19 09:40 1.3 3.5 0.85 0.68 EN1904546

8811-8814 26-06-19 08:45 31-07-19 11:15 3.5 1.3 0.29 0.58 EN1905495

8959-8962 31-07-19 10:15 03-09-19 14:30 0.30 0.65 0.70 0.25 EN1906344

9038-9041 03-09-19 13:20 03-10-19 14:05 0.85 0.68 0.79 0.91 EN1907045

9132-9135 03-10-19 13:20 30-10-19 15:00 2.0 0.94 1.3 0.57 EN1907834

9214-9217 30-10-19 14:00 02-12-19 15:00 4.9 1.4 2.0 1.3 EN1908650

9366-9369 02-12-19 14:15 21-01-20 14:50 3.4 1.3 5.0 1.0 EN2000705

9490-9492 21-01-20 14:25 26-02-20 08:40 0.47 0.62 8.6 -d EB2006150

9523-9526 26-02-20 08:40 27-03-20 09:27 0.79 1.2 1.2 1.8d EM2005286

9589-9592 27-03-20 08:45 27-04-20 14:04 0.65 0.38 1.4 0.38 EM2007040

9720-9723 27-04-20 13:19 29-05-20 07:54 2.2 0.91 0.16 0.43 EM2009211

9831-9834 29-05-20 07:19 30-06-20 07:27 0.74 1.4 0.32 0.16 EM2011290

9976-9979 30-06-20 06:53 31-07-20 08:22 4.5 0.33 0.60 0.33 EM2013388

10111-10114 31-07-20 07:43 14-09-20 14:16e 4.2 0.71 0.19 0.23 EM2016080

a  Red text indicates measured concentration above adopted
criterion.

b  No access to location 2 and 3 due to poor road conditions.

c  Foreign material (e.g. insects, grass, soil) noted.
d  Location 4 not collected in February.
e  Collection delayed due to COVID-19 travel restrictions.
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Figure 5 Dust Depositions Rate 1 September 2018 to 14 September 2020: Insoluble Solids

Figure 6 Dust Depositions Rate 1 September 2018 to 14 September 2020: Ash Content
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9 Discussion

9.1 PM10

9.1.1 E-BAM Plus (USEPA FEM) and E-BAM (Non-USEPA FEM) Data Comparison

The data presented in Figure 3 indicates a relatively good correlation between the concentrations reported by
the two instruments. The difference in the PM10 concentrations reported by the instruments is presented in
Figure 7, overlaid on the individual datasets. In general, the E-BAM Plus instrument reports greater
concentrations, with an average difference between the two of 3.5 µg/m3 and an average absolute difference
of 4.9 µg/m3. The correlation coefficient value between the two PM10 datasets is 0.90, where the correlation
coefficient indicates a strong positive correlation as the value approaches 1 and a strong negative correlation as
it approaches -1. A correlation coefficient greater than 0.7 is considered a strong correlation.

Both datasets are provided in Appendix B.

Figure 7 Comparison of E-BAM Plus and E-BAM PM10 Datasets
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9.2 PM2.5

9.2.1 BAM-1022 (USEPA FEM) and E-BAM (Non-USEPA FEM) Data Comparison

The data presented in Figure 4 indicates a relatively good correlation between the concentrations reported by
the two instruments. The difference in the PM2.5 concentrations reported by the instruments is presented in
Figure 8, overlaid on the individual datasets. In general, the BAM-1022 instrument reports lower concentrations,
with an average difference between the two of -2.1 µg/m3 and an average absolute difference of 2.2 µg/m3. The
correlation coefficient value between the two PM2.5 datasets is 0.83.

Both datasets are provided in Appendix B.

Figure 8 Comparison of BAM-1022 and E-BAM PM2.5 Datasets
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9.5 Dust Deposition

Though the Mining PEM does not specify what fraction of deposited dust the criterion relates to, it is convention
for the criterion to apply to insoluble solids. Further assessment of the ash content dust deposition rate is made
against the criterion where the dust impacts from the identified source(s) are likely to be non-combustible,
mineral material, as is most associated with mining. A comparison of the insoluble solids and ash content
deposition rates indicates that the majority of the exceedances of the criterion are due primarily to combustible
material in the sample, e.g. small windblown parts of insects, vegetation etc.

The sample period beginning 29 April 2019 returned exceptional results for Location 1 and Location 2. The result
for Location 2 in particular cannot be considered representative of normal conditions given it is some 500%
greater than the next highest result of any location.

9.6 Data Capture

The data capture of the USEPA FEM compliant instrument datasets are summarised in Table 12 against the
AAQMP objective.

Table 12 USEPA FEM Instrumentation PM10 and PM2.5 Data Capture

Monitoring Period Data Capture %

PM10
 a PM2.5

 a Objective

1Q19 100 63 >75

2Q19 99 85 >75

3Q19 100 100 >75

4Q19 73 80 >75

1Q20 64 97 >75

2Q20 99 95 >75

3Q20 100 100 >75

2019 93 82 >75

2020 88 98 >75

All 91 89 >75

a Bold font indicates data capture does not meet AAQMP objective

Data capture is less than the AAQMP objective for the following periods:

PM10: 4Q19 and 1Q20

PM2.5: 1Q19

9.7 Data Validation

Data contained in this report has been validated against performance and calibration requirements for each
monitoring method. Data has been removed from the validated dataset for periods where the instrument has
not performed within specified performance limits (e.g. sample flow rate tolerance) and during periods where
maintenance and calibration has been conducted. Data exceptions are provided in Appendix D.
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10 Closing
Monitoring at the Project site commenced on 1 September 2018, with the introduction of USEPA FEM compliant
instrumentation on 1 January 2019. The AAQMP concluded on 14 September 2020.

The monitoring was conducted in accordance with the requirements of a Level 1 Mining PEM assessment, which
stipulates monitoring of real time continuous 24-hour PM10 and PM2.5 data for a 12-month period, analysis of
crystalline silica (PM2.5) and heavy metal content (PM10).
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APPENDIX A

Monitoring Site Location



640.11763-R01-v5.0.docx Page 2 of 3

 Figure A9 Overview of Air Quality Baseline Monitoring Locations



640.11763-R01-v5.0.docx Page 3 of 3

Site 1 – Monitoring Equipment Installed September 2018 to December 2018 – Location 1

Site 5 – Monitoring Equipment Installed January 2019 to Present – Location 5
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APPENDIX B

Monitoring Results Tables
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Table 13 Continuous 24-Hour Average Datasets

Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

01-09-2018 - - - 1.7

02-09-2018 - - - 2.2

03-09-2018 - - - 3.0

04-09-2018 - - - 4.0

05-09-2018 - - - 3.2

06-09-2018 - - - 2.1

07-09-2018 - - - 2.9

08-09-2018 - - - 3.8

09-09-2018 - - - 3.7

10-09-2018 - - - 2.8

11-09-2018 - - - 9.3

12-09-2018 - - - 5.9

13-09-2018 - - - 4.4

14-09-2018 - - - 4.7

15-09-2018 - - - 3.2

16-09-2018 - - - 3.2

17-09-2018 - - - 4.6

18-09-2018 - - - 3.8

19-09-2018 - - - 2.6

20-09-2018 - - - 2.5

21-09-2018 - - - 2.0

22-09-2018 - - - 2.3

23-09-2018 - - - 2.8

24-09-2018 - - - 4.1

25-09-2018 - - - 5.9

26-09-2018 - - - 3.7

27-09-2018 - - - 4.7

28-09-2018 - - - 2.5

29-09-2018 - - - 3.3

30-09-2018 - - - 3.9

01-10-2018 - - - 3.2

02-10-2018 - - - 5.5

03-10-2018 - 9.7 - 5.7

04-10-2018 - 6.9 - 4.0

05-10-2018 - 5.8 - 4.4

06-10-2018 - 5.9 - 3.5

07-10-2018 - 12.0 - 3.7

08-10-2018 - 6.6 - 4.2

09-10-2018 - 4.1 - 4.0

10-10-2018 - 7.5 - 3.9

11-10-2018 - 3.8 - 3.9

12-10-2018 - 5.5 - 3.9
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

13-10-2018 - 2.9 - 2.3

14-10-2018 - 2.5 - 2.9

15-10-2018 - 11.0 - 3.1

16-10-2018 - 10.0 - 4.9

17-10-2018 - 1.1 - 2.5

18-10-2018 - 1.9 - 0.7

19-10-2018 - 25.0 - 5.5

20-10-2018 - - - 6.7

21-10-2018 - - - 3.6

22-10-2018 - - - 4.3

23-10-2018 - - - 4.6

24-10-2018 - - - 3.4

25-10-2018 - - - 5.3

26-10-2018 - - - 3.7

27-10-2018 - - - 4.8

28-10-2018 - 0.2 - 4.5

29-10-2018 - 0.7 - 6.3

30-10-2018 - - - 4.5

31-10-2018 - - - 5.1

01-11-2018 - - - 7.9

02-11-2018 - 39.0 - 9.0

03-11-2018 - 23.0 - 6.0

04-11-2018 - 15.0 - 5.6

05-11-2018 - 14.0 - 6.3

06-11-2018 - 6.9 - 3.2

07-11-2018 - 8.7 - 2.7

08-11-2018 - 6.3 - 2.7

09-11-2018 - 8.5 - 2.9

10-11-2018 - 7.0 - 3.6

11-11-2018 - 9.7 - 5.0

12-11-2018 - 15.0 - 3.5

13-11-2018 - 22.0 - 6.0

14-11-2018 - 7.7 - 2.8

15-11-2018 - 6.6 - 3.2

16-11-2018 - 13.0 - 4.8

17-11-2018 - 11.0 - 3.4

18-11-2018 - 53.0 - 6.5

19-11-2018 - 35.0 - 6.8

20-11-2018 - 26.0 - 7.1

21-11-2018 - 28.0 - 4.5

22-11-2018 - 28.0 - 3.5

23-11-2018 - 7.8 - 2.9

24-11-2018 - 4.5 - 4.1
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

25-11-2018 - 4.5 - 1.8

26-11-2018 - 15.0 - 5.7

27-11-2018 - 14.0 - 5.9

28-11-2018 - 10.0 - 5.9

29-11-2018 - 7.3 - 5.6

30-11-2018 - 11.0 - 4.3

01-12-2018 - 35.0 - 7.0

02-12-2018 - 34.0 - 6.5

03-12-2018 - 14.0 - 5.6

04-12-2018 - 7.1 - 3.5

05-12-2018 - 79.0 - 4.0

06-12-2018 - 32.0 - 7.0

07-12-2018 - 37.0 - 9.7

08-12-2018 - 20.0 - 4.5

09-12-2018 - 14.0 - 6.3

10-12-2018 - 8.2 - 4.5

11-12-2018 - 8.5 - 3.8

12-12-2018 - 21.0 - 6.7

13-12-2018 - - - -

14-12-2018 - - - -

15-12-2018 - - - -

16-12-2018 - - - -

17-12-2018 - - - -

18-12-2018 - - - -

19-12-2018 - - - -

20-12-2018 - 20.0 - 3.2

21-12-2018 - 11.0 - 1.6

22-12-2018 - 4.3 - 2.6

23-12-2018 - 5.7 - 4.4

24-12-2018 - 17.0 - 6.7

25-12-2018 - 14.0 - 5.0

26-12-2018 - 15.0 - 7.0

27-12-2018 - 26.0 - 4.9

28-12-2018 - 40.0 - 8.8

29-12-2018 - 26.0 - 4.4

30-12-2018 - 25.0 - 6.0

31-12-2018 - 20.0 - 8.5

01-01-2019 25.0 15.0 4.6 7.2

02-01-2019 15.0 15.0 2.7 9.1

03-01-2019 14.0 10.0 2.1 4.1

04-01-2019 60.0 59.0 5.9 11.0

05-01-2019 23.0 23.0 5.9 7.3

06-01-2019 9.4 9.5 0.8 3.5
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

07-01-2019 11.0 10.0 1.9 3.7

08-01-2019 18.0 18.0 2.3 5.2

09-01-2019 15.0 10.0 2.0 3.0

10-01-2019 16.0 10.0 1.4 3.8

11-01-2019 17.0 16.0 2.7 4.2

12-01-2019 81.0 50.0 5.9 7.5

13-01-2019 23.0 17.0 5.2 7.4

14-01-2019 33.0 28.0 7.5 11.0

15-01-2019 43.0 34.0 7.8 9.8

16-01-2019 40.0 38.0 7.0 13.0

17-01-2019 30.0 27.0 6.1 7.5

18-01-2019 28.0 27.0 2.6 6.6

19-01-2019 14.0 13.0 2.0 3.9

20-01-2019 15.0 13.0 3.0 4.9

21-01-2019 12.0 11.0 2.3 5.2

22-01-2019 24.0 22.0 7.3 9.1

23-01-2019 23.0 19.0 3.5 5.8

24-01-2019 81.0 68.0 11.0 12.0

25-01-2019 150.0 130.0 19.0 15.0

26-01-2019 23.0 20.0 - 6.4

27-01-2019 16.0 12.0 - 2.6

28-01-2019 17.0 14.0 - 4.0

29-01-2019 17.0 17.0 - 3.6

30-01-2019 57.0 47.0 - 9.3

31-01-2019 25.0 21.0 - 3.9

01-02-2019 19.0 17.0 - 8.3

02-02-2019 40.0 33.0 - 11.0

03-02-2019 46.0 37.0 - 10.0

04-02-2019 52.0 76.0 - 15.0

05-02-2019 20.0 21.0 - 11.0

06-02-2019 20.0 80.0 - 13.0

07-02-2019 11.0 11.0 - 7.5

08-02-2019 16.0 16.0 - 6.9

09-02-2019 40.0 33.0 - 6.2

10-02-2019 13.0 13.0 - 5.3

11-02-2019 16.0 13.0 - 4.3

12-02-2019 31.0 23.0 - 3.8

13-02-2019 11.0 9.7 - 3.8

14-02-2019 11.0 8.8 - 3.3

15-02-2019 10.0 8.8 - 4.0

16-02-2019 15.0 19.0 - 4.4

17-02-2019 17.0 19.0 - 8.6

18-02-2019 30.0 25.0 - 4.9
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

19-02-2019 24.0 19.0 - 9.4

20-02-2019 13.0 11.0 - 3.5

21-02-2019 15.0 13.0 - 3.8

22-02-2019 19.0 18.0 - 4.3

23-02-2019 18.0 14.0 - 5.4

24-02-2019 44.0 33.0 - 6.8

25-02-2019 31.0 25.0 - 7.5

26-02-2019 24.0 19.0 - 10.0

27-02-2019 32.0 25.0 7.2 -

28-02-2019 39.0 32.0 6.1 -

01-03-2019 27.0 23.0 5.5 10.0

02-03-2019 34.0 26.0 3.9 7.5

03-03-2019 28.0 23.0 2.4 5.9

04-03-2019 37.0 29.0 5.6 5.8

05-03-2019 44.0 35.0 3.4 6.1

06-03-2019 32.0 25.0 2.0 5.0

07-03-2019 13.0 9.5 1.2 3.1

08-03-2019 17.0 14.0 1.9 2.3

09-03-2019 20.0 14.0 1.6 3.4

10-03-2019 30.0 20.0 0.5 3.0

11-03-2019 8.8 7.2 0.6 2.8

12-03-2019 37.0 40.0 2.3 2.4

13-03-2019 13.0 9.8 2.7 4.8

14-03-2019 15.0 9.9 2.1 4.0

15-03-2019 16.0 13.0 2.2 3.6

16-03-2019 21.0 16.0 4.5 4.3

17-03-2019 21.0 48.0 3.1 6.9

18-03-2019 28.0 26.0 10.0 6.3

19-03-2019 21.0 17.0 6.4 15.0

20-03-2019 14.0 13.0 3.2 7.5

21-03-2019 20.0 18.0 7.4 5.8

22-03-2019 22.0 21.0 5.8 10.0

23-03-2019 40.0 29.0 4.5 11.0

24-03-2019 21.0 13.0 1.9 5.4

25-03-2019 76.0 55.0 4.7 3.3

26-03-2019 17.0 13.0 4.2 7.0

27-03-2019 24.0 15.0 5.2 5.9

28-03-2019 29.0 15.0 4.3 6.3

29-03-2019 190.0 110.0 9.8 12.0

30-03-2019 19.0 11.0 0.9 2.8

31-03-2019 3.7 3.4 0.6 2.1

01-04-2019 9.0 5.6 0.5 1.6

02-04-2019 16.0 10.0 1.1 4.5
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

03-04-2019 16.0 11.0 1.0 2.9

04-04-2019 22.0 14.0 4.0 5.5

05-04-2019 46.0 32.0 4.3 7.0

06-04-2019 23.0 16.0 4.7 6.0

07-04-2019 29.0 17.0 2.4 4.5

08-04-2019 28.0 17.0 2.6 15.0

09-04-2019 17.0 9.5 2.1 4.5

10-04-2019 14.0 7.8 1.1 3.0

11-04-2019 18.0 10.0 1.7 2.8

12-04-2019 20.0 12.0 1.8 4.1

13-04-2019 19.0 12.0 2.6 5.0

14-04-2019 23.0 16.0 6.4 8.9

15-04-2019 28.0 20.0 6.0 11.0

16-04-2019 36.0 24.0 4.4 11.0

17-04-2019 44.0 28.0 4.6 8.3

18-04-2019 27.0 15.0 3.4 5.4

19-04-2019 27.0 17.0 6.0 7.2

20-04-2019 37.0 23.0 5.6 10.0

21-04-2019 24.0 11.0 2.0 3.1

22-04-2019 14.0 9.8 1.3 4.1

23-04-2019 22.0 13.0 4.3 5.3

24-04-2019 38.0 24.0 9.1 12.0

25-04-2019 48.0 27.0 2.4 5.0

26-04-2019 64.0 35.0 4.2 6.4

27-04-2019 26.0 15.0 3.8 7.0

28-04-2019 27.0 14.0 2.1 3.0

29-04-2019 32.0 19.0 2.0 5.0

30-04-2019 54.0 29.0 3.1 6.2

01-05-2019 26.0 15.0 1.9 4.2

02-05-2019 3.9 3.7 1.6 3.4

03-05-2019 4.7 7.3 0.4 2.2

04-05-2019 5.5 4.5 0.5 2.6

05-05-2019 4.8 3.5 0.2 1.5

06-05-2019 5.3 4.9 0.7 2.6

07-05-2019 15.0 11.0 3.1 3.8

08-05-2019 7.1 5.4 0.9 2.8

09-05-2019 14.0 7.5 1.1 3.8

10-05-2019 3.5 3.2 0.5 1.8

11-05-2019 3.9 4.1 0.7 2.6

12-05-2019 2.0 3.0 0.1 2.5

13-05-2019 2.1 3.3 -0.1 1.7

14-05-2019 5.2 4.4 1.3 3.3

15-05-2019 9.7 7.4 - 5.7
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

16-05-2019 10.0 8.2 - 6.6

17-05-2019 15.0 12.0 - 8.0

18-05-2019 17.0 13.0 - 10.0

19-05-2019 14.0 12.0 - 6.5

20-05-2019 10.0 6.9 - 4.0

21-05-2019 10.0 7.0 - 3.5

22-05-2019 7.7 6.4 - 3.7

23-05-2019 7.6 5.7 - 3.0

24-05-2019 - - - -

25-05-2019 12.0 5.8 - 3.0

26-05-2019 6.1 4.8 - 2.0

27-05-2019 8.3 5.9 - 4.6

28-05-2019 8.3 4.4 - 3.0

29-05-2019 6.0 4.5 1.8 3.7

30-05-2019 6.9 5.2 1.3 3.0

31-05-2019 4.5 3.5 0.9 3.2

01-06-2019 11.0 7.7 5.5 5.8

02-06-2019 4.8 3.5 1.6 3.8

03-06-2019 3.0 2.4 0.5 2.0

04-06-2019 2.8 2.4 0.6 1.9

05-06-2019 2.2 1.8 0.6 1.3

06-06-2019 2.9 2.9 1.0 2.5

07-06-2019 4.0 3.9 1.9 3.5

08-06-2019 7.8 6.1 2.8 6.5

09-06-2019 7.4 6.3 1.3 5.4

10-06-2019 5.4 11.0 1.6 2.9

11-06-2019 12.0 6.1 0.7 2.9

12-06-2019 5.9 3.4 1.0 2.5

13-06-2019 6.5 11.0 1.0 1.9

14-06-2019 6.3 3.5 1.1 2.9

15-06-2019 3.8 2.9 0.0 2.2

16-06-2019 4.6 3.7 0.5 2.9

17-06-2019 4.8 5.0 1.0 3.0

18-06-2019 2.5 1.7 0.1 2.1

19-06-2019 4.0 - 0.6 2.7

20-06-2019 3.5 - -0.2 2.8

21-06-2019 2.6 - 0.6 2.0

22-06-2019 2.6 - 0.9 2.2

23-06-2019 2.5 - 1.1 3.2

24-06-2019 5.6 - 2.5 4.9

25-06-2019 5.1 - 1.2 4.0

26-06-2019 8.5 - 2.9 4.9

27-06-2019 5.5 - 0.7 3.2
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

28-06-2019 7.4 - 1.2 4.7

29-06-2019 2.9 - 0.2 1.7

30-06-2019 5.5 - 1.5 2.5

01-07-2019 4.4 - 0.7 1.4

02-07-2019 5.3 - -0.1 2.2

03-07-2019 4.5 - 0.9 2.8

04-07-2019 5.8 - 2.9 4.8

05-07-2019 5.2 - 2.2 4.4

06-07-2019 3.1 - 0.0 2.3

07-07-2019 3.1 - 0.2 2.7

08-07-2019 2.3 - -0.3 1.1

09-07-2019 1.6 - -0.2 1.2

10-07-2019 7.3 - 0.1 2.3

11-07-2019 9.1 - 2.8 4.2

12-07-2019 4.3 - 0.7 2.2

13-07-2019 5.6 - 1.4 2.5

14-07-2019 5.2 - 0.9 2.3

15-07-2019 3.4 - 1.1 2.9

16-07-2019 0.9 - 0.3 2.0

17-07-2019 1.3 - 0.0 0.9

18-07-2019 4.7 - 1.0 2.0

19-07-2019 5.0 - 1.2 2.8

20-07-2019 3.7 - 0.1 2.1

21-07-2019 9.9 - 3.5 4.1

22-07-2019 9.5 - 2.6 4.2

23-07-2019 13.0 - 2.2 3.5

24-07-2019 4.1 - 0.3 2.2

25-07-2019 4.9 - 1.2 3.6

26-07-2019 4.8 - 0.4 2.3

27-07-2019 4.0 - 0.7 3.2

28-07-2019 2.9 - 1.1 2.9

29-07-2019 3.7 - 1.0 2.9

30-07-2019 3.0 - 1.4 2.0

31-07-2019 4.8 - 3.0 3.4

01-08-2019 3.8 4.3 2.2 8.5

02-08-2019 1.7 2.2 -0.5 1.8

03-08-2019 3.8 3.2 0.2 2.3

04-08-2019 2.7 4.1 0.9 2.1

05-08-2019 4.1 4.4 1.0 3.5

06-08-2019 4.7 4.8 0.4 2.7

07-08-2019 6.3 4.4 1.0 2.7

08-08-2019 25.0 20.0 7.3 7.6

09-08-2019 6.8 6.0 2.3 3.7
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

10-08-2019 1.7 1.2 0.7 2.1

11-08-2019 3.7 2.9 0.3 2.1

12-08-2019 5.7 4.5 1.6 2.5

13-08-2019 1.0 2.1 0.1 1.6

14-08-2019 1.8 2.7 -0.2 2.0

15-08-2019 8.6 4.6 -0.2 3.8

16-08-2019 5.5 5.4 0.1 2.9

17-08-2019 3.3 3.6 0.6 2.1

18-08-2019 3.4 2.6 0.0 2.3

19-08-2019 3.8 3.6 0.1 2.0

20-08-2019 4.3 3.3 0.4 2.4

21-08-2019 3.6 3.3 1.0 2.0

22-08-2019 8.5 6.4 2.6 3.0

23-08-2019 15.0 12.0 4.5 6.3

24-08-2019 8.8 6.9 1.9 4.8

25-08-2019 3.5 2.8 0.6 1.4

26-08-2019 3.8 3.7 0.2 2.0

27-08-2019 1.8 2.4 0.4 2.0

28-08-2019 2.4 2.1 0.4 1.6

29-08-2019 6.3 4.7 1.5 2.3

30-08-2019 5.2 5.7 1.2 3.5

31-08-2019 3.8 7.1 -0.4 2.4

01-09-2019 6.3 4.0 0.0 2.0

02-09-2019 4.5 7.0 0.7 2.6

03-09-2019 7.8 5.1 -0.1 4.2

04-09-2019 3.6 3.8 0.7 2.5

05-09-2019 5.9 6.7 2.1 3.2

06-09-2019 5.4 5.1 0.6 2.9

07-09-2019 4.3 5.3 0.5 4.2

08-09-2019 9.6 4.3 0.5 2.8

09-09-2019 9.8 8.3 2.5 3.9

10-09-2019 4.3 4.8 0.5 2.7

11-09-2019 4.9 5.7 0.6 3.3

12-09-2019 12.0 12.0 2.9 4.8

13-09-2019 3.8 3.0 0.2 1.8

14-09-2019 4.3 4.7 1.4 2.9

15-09-2019 9.7 7.0 1.0 5.7

16-09-2019 6.4 6.3 2.4 5.1

17-09-2019 5.8 6.3 1.1 3.9

18-09-2019 6.8 4.6 1.4 3.1

19-09-2019 6.6 5.5 0.6 5.8

20-09-2019 16.0 12.0 4.8 9.8

21-09-2019 4.9 4.5 1.6 3.3
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

22-09-2019 2.8 3.2 0.2 2.6

23-09-2019 2.1 2.7 -0.4 1.0

24-09-2019 2.1 2.5 -0.6 2.1

25-09-2019 1.4 2.7 0.0 2.0

26-09-2019 7.7 6.2 0.4 3.3

27-09-2019 12.0 10.0 0.5 5.7

28-09-2019 8.7 7.2 1.9 5.3

29-09-2019 6.1 4.9 1.0 3.2

30-09-2019 6.0 4.0 1.7 3.1

01-10-2019 9.3 6.7 1.4 4.9

02-10-2019 15.0 12.0 1.8 12.0

03-10-2019 16.0 17.0 4.2 7.1

04-10-2019 8.0 8.8 2.1 5.1

05-10-2019 11.0 11.0 4.6 4.9

06-10-2019 26.0 20.0 5.1 9.0

07-10-2019 3.1 4.0 0.9 1.6

08-10-2019 5.9 3.2 0.0 2.0

09-10-2019 5.6 6.5 0.6 4.0

10-10-2019 3.9 3.2 0.3 5.4

11-10-2019 7.5 5.7 2.6 4.6

12-10-2019 16.0 10.0 - -

13-10-2019 13.0 7.8 - -

14-10-2019 14.0 7.9 - -

15-10-2019 6.1 6.3 - -

16-10-2019 3.7 4.8 - -

17-10-2019 10.0 7.0 - -

18-10-2019 26.0 18.0 - -

19-10-2019 8.9 6.9 - -

20-10-2019 9.8 8.0 - -

21-10-2019 10.0 9.8 - -

22-10-2019 8.0 8.4 - -

23-10-2019 17.0 7.8 - -

24-10-2019 34.0 22.0 - -

25-10-2019 82.0 46.0 - -

26-10-2019 24.0 14.0 - -

27-10-2019 11.0 6.8 - -

28-10-2019 5.0 5.3 - -

29-10-2019 11.0 7.8 - -

30-10-2019 20.0 26.0 - -

31-10-2019 39.0 63.0 5.3 -

01-11-2019 47.0 49.0 9.1 -

02-11-2019 12.0 - 2.0 -

03-11-2019 14.0 - 2.3 4.1
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

04-11-2019 8.0 - 0.5 2.6

05-11-2019 6.2 - 1.7 2.3

06-11-2019 28.0 - 3.0 4.0

07-11-2019 34.0 - 4.4 4.0

08-11-2019 4.8 - -0.1 2.0

09-11-2019 7.0 - 2.4 2.3

10-11-2019 7.0 - 1.3 1.9

11-11-2019 30.0 - 4.0 6.8

12-11-2019 37.0 - 4.8 6.0

13-11-2019 15.0 - 3.1 4.4

14-11-2019 6.9 - 0.4 1.1

15-11-2019 8.9 - 0.0 2.1

16-11-2019 16.0 - 3.3 4.0

17-11-2019 12.0 - 2.2 2.9

18-11-2019 22.0 - 2.3 -

19-11-2019 20.0 - 2.3 -

20-11-2019 21.0 - 3.6 -

21-11-2019 - - 17.0 -

22-11-2019 - - 2.0 -

23-11-2019 - - 2.8 -

24-11-2019 - - 4.8 -

25-11-2019 - - 5.3 -

26-11-2019 - - 1.9 -

27-11-2019 - - 3.2 -

28-11-2019 - - 2.8 -

29-11-2019 - - 3.8 -

30-11-2019 - - 1.7 -

01-12-2019 - - 2.0 -

02-12-2019 - - 2.3 -

03-12-2019 18.0 16.0 3.9 4.7

04-12-2019 11.0 11.0 3.0 3.1

05-12-2019 16.0 17.0 2.9 6.7

06-12-2019 12.0 10.0 2.5 5.2

07-12-2019 16.0 14.0 3.5 5.1

08-12-2019 16.0 13.0 3.3 5.3

09-12-2019 24.0 17.0 3.5 4.3

10-12-2019 17.0 12.0 2.6 3.7

11-12-2019 15.0 - 2.0 3.7

12-12-2019 13.0 - 1.8 2.9

13-12-2019 12.0 - 2.5 2.6

14-12-2019 9.7 - 1.8 4.0

15-12-2019 16.0 - 1.9 2.8

16-12-2019 13.0 - 1.8 2.6
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

17-12-2019 14.0 - 2.7 3.3

18-12-2019 42.0 - 20.0 21.0

19-12-2019 - - 4.7 7.6

20-12-2019 - - 16.0 -

21-12-2019 - - 14.0 -

22-12-2019 - - 5.6 -

23-12-2019 - - 7.9 -

24-12-2019 - - 6.4 -

25-12-2019 - - 7.9 -

26-12-2019 - - 8.9 -

27-12-2019 - - 5.2 -

28-12-2019 - - 6.8 -

29-12-2019 - - 8.1 -

30-12-2019 - - 45.0 -

31-12-2019 - - 5.5 -

01-01-2020 - - 3.7 -

02-01-2020 - - 6.7 -

03-01-2020 - - 6.7 -

04-01-2020 - - 14.0 -

05-01-2020 - - 4.0 -

06-01-2020 - - 62.0 -

07-01-2020 - - 81.0 -

08-01-2020 - - 22.0 -

09-01-2020 - - 22.0 -

10-01-2020 - - 14.0 -

11-01-2020 - - 3.8 -

12-01-2020 - - 2.0 -

13-01-2020 - - 32.0 -

14-01-2020 - - 28.0 -

15-01-2020 - - 19.0 -

16-01-2020 - - 22.0 -

17-01-2020 - - 12.0 -

18-01-2020 - - 11.0 -

19-01-2020 - - 7.7 -

20-01-2020 - - - -

21-01-2020 9.3 - - -

22-01-2020 -1.0 - -0.4 -

23-01-2020 83.0 - 4.2 -

24-01-2020 14.0 - 4.1 -

25-01-2020 7.4 - 1.3 -

26-01-2020 5.9 - 0.5 -

27-01-2020 13.0 - 1.9 -

28-01-2020 12.0 - 2.6 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

29-01-2020 12.0 - 3.3 -

30-01-2020 15.0 - 1.8 -

31-01-2020 - - 52.0 -

01-02-2020 - - 12.0 -

02-02-2020 - - 1.4 -

03-02-2020 - - 2.6 -

04-02-2020 - - 2.9 -

05-02-2020 - - 8.8 -

06-02-2020 - - 6.8 -

07-02-2020 - - 14.0 -

08-02-2020 - - 17.0 -

09-02-2020 - - 3.3 -

10-02-2020 - - 1.2 -

11-02-2020 - - 2.1 -

12-02-2020 8.0 - 3.6 -

13-02-2020 13.0 - 3.7 -

14-02-2020 18.0 - 3.7 -

15-02-2020 6.5 - 1.1 -

16-02-2020 6.4 - 3.1 -

17-02-2020 12.0 - 3.5 -

18-02-2020 69.0 - 4.8 -

19-02-2020 10.0 - 1.5 -

20-02-2020 11.0 - 2.8 -

21-02-2020 7.1 - -0.5 -

22-02-2020 9.5 - 2.4 -

23-02-2020 45.0 - 5.9 -

24-02-2020 15.0 - 1.7 -

25-02-2020 26.0 - 2.1 -

26-02-2020 - - 2.1 -

27-02-2020 19.0 - 3.0 -

28-02-2020 7.6 - 0.1 -

29-02-2020 5.7 - 0.2 -

01-03-2020 28.5 - 1.7 -

02-03-2020 10.4 - 0.7 -

03-03-2020 18.2 - 1.9 -

04-03-2020 14.2 - 1.7 -

05-03-2020 2.9 - 0.3 -

06-03-2020 7.9 - 1.6 -

07-03-2020 7.4 - -0.3 -

08-03-2020 7.9 - 1.6 -

09-03-2020 8.5 - 1.2 -

10-03-2020 9.6 - 2.3 -

11-03-2020 14.1 - 0.9 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

12-03-2020 11.7 - 0.8 -

13-03-2020 40.7 - 2.4 -

14-03-2020 19.8 - 1.8 -

15-03-2020 6.4 - 0.6 -

16-03-2020 9.7 - -0.6 -

17-03-2020 12.8 - 0.3 -

18-03-2020 15.2 - 1.1 -

19-03-2020 34.6 - 2.1 -

20-03-2020 12.3 - 2.5 -

21-03-2020 7.7 - 0.8 -

22-03-2020 10.7 - 0.7 -

23-03-2020 12.8 - 2.5 -

24-03-2020 9.8 - 1.4 -

25-03-2020 14.9 - 1.1 -

26-03-2020 14.9 - 3.7 -

27-03-2020 21.6 - 4.3 -

28-03-2020 16.6 - 2.3 -

29-03-2020 50.8 - 3.8 -

30-03-2020 10.6 - 2.1 -

31-03-2020 12.3 - 3.7 -

01-04-2020 16.3 - 2.5 -

02-04-2020 5.2 - 3.8 -

03-04-2020 5.4 - 1.4 -

04-04-2020 7.6 - 2.0 -

05-04-2020 9.8 - 1.1 -

06-04-2020 3.5 - 0.0 -

07-04-2020 3.3 - 1.2 -

08-04-2020 4.1 - 1.4 -

09-04-2020 5.6 - 3.6 -

10-04-2020 3.8 - 0.8 -

11-04-2020 19.8 - 3.8 -

12-04-2020 10.3 - 2.9 -

13-04-2020 12.0 - 5.0 -

14-04-2020 17.3 - 3.0 -

15-04-2020 17.2 - 2.8 -

16-04-2020 19.3 - 2.5 -

17-04-2020 10.6 - 1.9 -

18-04-2020 7.3 - 2.5 -

19-04-2020 11.6 - 1.5 -

20-04-2020 18.8 - 4.5 -

21-04-2020 21.0 - 4.9 -

22-04-2020 16.5 - 4.7 -

23-04-2020 62.1 - 4.3 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

24-04-2020 10.5 - 2.8 -

25-04-2020 22.5 - 5.2 -

26-04-2020 4.0 - 1.5 -

27-04-2020 10.2 - 3.0 -

28-04-2020 9.3 - 2.8 -

29-04-2020 2.6 - 1.3 -

30-04-2020 5.0 - 0.7 -

01-05-2020 5.2 - 1.8 -

02-05-2020 8.7 - 2.4 -

03-05-2020 12.1 - 2.8 -

04-05-2020 3.0 - -0.1 -

05-05-2020 7.0 - 3.7 -

06-05-2020 7.0 - -

07-05-2020 65.1 - -

08-05-2020 28.0 - 4.0 -

09-05-2020 6.3 - 1.3 -

10-05-2020 7.9 - 1.6 -

11-05-2020 6.7 - 0.6 -

12-05-2020 7.5 - 0.0 -

13-05-2020 6.4 - 0.5 -

14-05-2020 6.6 - 2.0 -

15-05-2020 7.7 - 2.5 -

16-05-2020 10.5 - 3.6 -

17-05-2020 9.8 - 4.7 -

18-05-2020 12.6 - 3.6 -

19-05-2020 7.2 - 1.1 -

20-05-2020 - -

21-05-2020 4.8 - -0.1 -

22-05-2020 8.1 - 2.0 -

23-05-2020 1.2 - -0.2 -

24-05-2020 1.1 - -0.1 -

25-05-2020 2.6 - 0.6 -

26-05-2020 4.5 - 0.6 -

27-05-2020 5.1 - 0.1 -

28-05-2020 5.3 - -0.9 -

29-05-2020 5.5 - 0.9 -

30-05-2020 6.0 - 0.8 -

31-05-2020 11.3 - 1.0 -

01-06-2020 5.3 - 0.9 -

02-06-2020 2.8 - -0.2 -

03-06-2020 7.1 - 1.8 -

04-06-2020 12.5 - 3.9 -

05-06-2020 9.3 - 1.0 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

06-06-2020 8.9 - 3.2 -

07-06-2020 3.6 - 1.8 -

08-06-2020 2.4 - -

09-06-2020 8.0 - 4.1 -

10-06-2020 5.7 - 3.1 -

11-06-2020 5.3 - 2.4 -

12-06-2020 6.0 - 3.2 -

13-06-2020 5.5 - 1.9 -

14-06-2020 6.9 - 1.9 -

15-06-2020 5.5 - 0.5 -

16-06-2020 4.2 - 0.7 -

17-06-2020 3.9 - 0.7 -

18-06-2020 9.0 - 1.6 -

19-06-2020 5.6 - 0.9 -

20-06-2020 4.3 - 0.2 -

21-06-2020 1.5 - -0.5 -

22-06-2020 0.3 - -0.5 -

23-06-2020 1.3 - -0.7 -

24-06-2020 0.7 - -0.4 -

25-06-2020 3.1 - 0.5 -

26-06-2020 9.7 - 0.5 -

27-06-2020 5.4 - 0.7 -

28-06-2020 5.5 - 3.6 -

29-06-2020 6.8 - 3.8 -

30-06-2020 4.3 - 2.4 -

01-07-2020 5.9 - -0.8 -

02-07-2020 6.6 - 0.3 -

03-07-2020 3.3 - -0.3 -

04-07-2020 2.4 - 0.5 -

05-07-2020 0.3 - -0.4 -

06-07-2020 1.7 - 0.8 -

07-07-2020 1.3 - 0.0 -

08-07-2020 4.1 - 2.0 -

09-07-2020 7.0 - 4.0 -

10-07-2020 8.4 - 1.7 -

11-07-2020 2.7 - 0.0 -

12-07-2020 1.5 - -0.2 -

13-07-2020 5.0 - 2.1 -

14-07-2020 3.2 - 0.8 -

15-07-2020 2.6 - 1.9 -

16-07-2020 3.3 - 1.1 -

17-07-2020 3.9 - 0.6 -

18-07-2020 4.7 - 0.9 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

19-07-2020 6.0 - 1.0 -

20-07-2020 7.5 - 1.1 -

21-07-2020 1.4 - 0.4 -

22-07-2020 0.8 - 0.8 -

23-07-2020 1.3 - 0.1 -

24-07-2020 3.4 - 0.5 -

25-07-2020 6.6 - 5.1 -

26-07-2020 5.7 - 3.7 -

27-07-2020 7.9 - 5.8 -

28-07-2020 4.9 - 1.4 -

29-07-2020 3.6 - 1.3 -

30-07-2020 12.6 - 3.5 -

31-07-2020 17.7 - 4.2 -

01-08-2020 10.6 - 2.4 -

02-08-2020 5.8 - 1.0 -

03-08-2020 7.2 - 1.7 -

04-08-2020 4.7 - 0.0 -

05-08-2020 7.5 - 2.2 -

06-08-2020 3.9 - 0.3 -

07-08-2020 3.2 - 1.8 -

08-08-2020 0.0 - 0.0 -

09-08-2020 1.7 - -0.5 -

10-08-2020 4.2 - 1.9 -

11-08-2020 3.7 - 0.7 -

12-08-2020 4.0 - 1.2 -

13-08-2020 1.6 - -0.8 -

14-08-2020 1.0 - -0.4 -

15-08-2020 1.1 - -0.5 -

16-08-2020 0.4 - -0.7 -

17-08-2020 0.9 - 0.1 -

18-08-2020 5.1 - 0.3 -

19-08-2020 3.1 - -0.9 -

20-08-2020 3.2 - 0.0 -

21-08-2020 2.7 - -0.2 -

22-08-2020 3.1 - 1.3 -

23-08-2020 3.6 - 1.6 -

24-08-2020 1.6 - 0.6 -

25-08-2020 0.5 - 0.0 -

26-08-2020 2.9 - -0.3 -

27-08-2020 6.8 - 1.1 -

28-08-2020 10.5 - 2.6 -

29-08-2020 8.9 - 1.2 -

30-08-2020 11.0 - 2.4 -
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Date PM10 (µg/m³) PM2.5 (µg/m³)

USEPA FEM Compliant Non-USEPA FEM Compliant USEPA FEM Compliant Non-USEPA FEM Compliant

31-08-2020 6.7 - 1.0 -

01-09-2020 6.0 - 2.7 -

02-09-2020 15.7 - 1.6 -

03-09-2020 9.3 - 1.6 -

04-09-2020 16.9 - 2.7 -

05-09-2020 8.2 - 2.1 -

06-09-2020 8.7 - 2.5 -

07-09-2020 6.1 - 1.1 -

08-09-2020 10.0 - 1.9 -

09-09-2020 9.0 - 2.1 -

10-09-2020 6.6 - 2.0 -

11-09-2020 6.0 - 0.6 -

12-09-2020 7.8 - -0.5 -

13-09-2020 2.0 - 0.2 -
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APPENDIX C

Laboratory Test Certificates
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APPENDIX D

PM10 and PM2.5 Data Exceptions
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Table 14 PM10 and PM2.5 Data Exceptions

Start Finish Parameter Reason

08/09/2018 01/10/2018 PM10 (E-BAM) Filter tape break

1/12/2018 1/12/2018 PM10 (E-BAM); PM2.5 (E-BAM) Maintenance/Calibration

13/12/2018 19/12/2018 PM10 (E-BAM); PM2.5 (E-BAM) Instrument relocation - offline

26/01/2019 26/02/2019 PM2.5 (BAM-1022) Filter tape break

27/02/2019 28/02/2019 PM2.5 (E-BAM) Maintenance/Calibration

15/05/2019 28/05/2019 PM2.5 (BAM-1022) Tape break

24/05/2019 24/05/2019 PM10 (E-BAM Plus; E-BAM);
PM2.5 (E-BAM)

Power interruption to site

19/06/2019 31/07/2019 PM10 (E-BAM) Invalidated – flow out of range

12/10/2019 30/10/2019 PM2.5 (BAM-1022) Instrument didn’t restart after power outage

12/10/2019 02/11/2019 PM2.5 (E-BAM) Invalidated – flow out of range

2/11/2019 11/12/2020 PM10 (E-BAM) Invalidated – flow out of range

18/11/2019 02/12/2019 PM2.5 (E-BAM-1022) Invalidated – flow out of range

11/12/2019 20/01/2020 PM10 (E-BAM) Instrument alarm - offline - decommissioned

20/12/2019 21/01/2020 PM2.5 (E-BAM) Invalidated – flow out of range - decommissioned

21/11/2019 02/12/2019 PM10 (E-BAM Plus) Instrument didn’t restart after power outage

19/12/2019 20/01/2020 PM10 (E-BAM Plus) Instrument flow issues

31/01/2020 11/02/2020 PM10 (E-BAM Plus) Instrument flow issues – resolved with daily power
cycle

06/05/2020 07/05/2020 PM2.5 (E-BAM-1022) Instrument didn’t restart after power outage

20/05/2020 20/05/2020 PM10 (E-BAM Plus)
PM2.5 (E-BAM-1022)

Power interruption to site

08/06/2020 08/06/2020 PM2.5 (E-BAM-1022) Instrument didn’t restart after power outage
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