
Appendix AA
Air Quality 

Impact Assessment Report

McArthur River Mine

Overburden Management Project

Draft Environmental Impact Statement

AA



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by 

Todoroski Air Sciences Pty Ltd 

Suite 2B, 14 Glen Street 

Eastwood, NSW 2122 

Phone:  (02) 9874 2123 

Fax:  (02) 9874 2125 

Email: info@airsciences.com.au 

AIR QUALITY IMPACT AND 

GREENHOUSE GAS ASSESSMENT 

MCARTHUR RIVER MINE  

McArthur River Mining Pty Ltd 

7 February 2017 

Job Number 16060580 



   

 

 

 

 

 

 

 

 

 

 

Author(s): Aleks Todoroski Philip Henschke 

Position: Director Atmospheric Physicist 

 

 

DOCUMENT CONTROL 

Report Version Date Prepared by Reviewed by 

WORKING DRAFT - 001 13/10/2016 P Henschke & A Todoroski  

DRAFT – 002  01/11/2016 P Henschke & A Todoroski A Todoroski 

FINAL – 001 07/02/2017 P Henschke & A Todoroski A Todoroski 

 

This report has been prepared in accordance with the scope of works between Todoroski Air Sciences Pty Ltd (TAS) 

and the client. TAS relies on and presumes accurate the information (or lack thereof) made available to it to conduct 

the work. If this is not the case, the findings of the report may change. TAS has applied the usual care and diligence 

of the profession prevailing at the time of preparing this report and commensurate with the information available. 

No other warranty or guarantee is implied in regard to the content and findings of the report. The report has been 

prepared exclusively for the use of the client, for the stated purpose and must be read in full. No responsibility is 

accepted for the use of the report or part thereof in any other context or by any third party. 

Air Quality Impact and  

Greenhouse Gas Assessment  

McArthur River Mine 



   

 

 

 

EXECUTIVE SUMMARY 

This assessment investigates the potential air quality effects and calculates the greenhouse gas 

emissions that may arise as a result of The Overburden Management Project at McArthur River Mine 

located in the Gulf of Carpentaria in the Northern Territory (the Project).     

Improved geochemical sampling and analysis of the overburden material at McArthur River Mine 

indicates that relative to the previous Phase 3 Development Project information, a larger proportion of 

the material is non-benign and could potentially have environmental implications if not appropriately 

managed.  The Project seeks to re-design the overburden management facilities at McArthur River Mine 

to manage the potential impacts associated with the non-benign material. The revised design is 

significantly different from the original design thus requires environmental assessment.  This assessment 

is prepared in accordance with the applicable regulatory requirements and guidelines and forms part 

of the environmental impact assessment prepared for the Project.  

The climatic conditions in the area surrounding the McArthur River Mine are typical of northern Australia 

with a wet and dry season each year.  The ambient air quality levels that are monitored at various 

locations beyond the influence of the mining operation indicate that air quality in the region is generally 

good and is typically below the relevant air quality criteria.  

Three indicative mine plan years were selected for assessment and these represent a range of potential 

worst-case impacts over the life of the Project.  The mine plan years were selected with reference to the 

maximum rate of activity and the location of activities which would contribute to the highest dust levels 

in any year.  Air dispersion modelling with the CALPUFF modelling suite is utilised in conjunction with 

estimated emission rates for the air pollutants generated by the various mining activities.   

The assessment predicts that potential air quality impacts are within acceptable criteria for the 

townships of Borroloola, Devils Spring, Campbell Spring and the identified areas of temporary 

occupation.   

The estimated annual average greenhouse emission is 0.29 million tonnes of carbon dioxide equivalent 

(Mt CO2-e) material (Scope 1 and 2), which is calculated to be approximately 0.05 per cent of the 

Australian greenhouse emissions for the year to December 2015 period and approximately 2.33 per cent 

of the Northern Territory greenhouse emissions for the 2014 period.   

The effects of a changing climate would likely have some influence on the potential dust emissions 

associated with the Project.  The changes to climate variables are likely to be relatively balanced; 

encouraging and suppressing dust generation at different times.  Nevertheless, actual dust emissions 

would be managed accordingly on a day-to-day basis and the effects of climate change on any given 

day would be expected to be managed through the measures adopted.    
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1 INTRODUCTION 

Todoroski Air Sciences has prepared this report for MET Serve Pty Ltd on behalf of McArthur River 

Mining Pty Ltd, a Glencore company.  It provides an assessment of the potential air quality impacts 

associated with The Overburden Management Project at McArthur River Mine (MRM) (hereafter referred 

to as ‘the Project’).   

The Project essentially seeks to re-design the overburden management facilities at MRM following an 

improved understanding of the overburden geochemistry at the site.   

To assess the potential air quality impacts associated with the proposed Project, this report incorporates 

the following aspects: 

 A background to MRM and description of the Project; 

 A review of the existing meteorological and air quality environment surrounding MRM; 

 A description of the dispersion modelling approach used to assess potential air quality impacts; 

 Presentation of the predicted results and discussion of the potential air quality impacts; 

 Suggested air quality monitoring, mitigation and management measures; and  

 An assessment of the potential greenhouse gas emissions associated with the Project and 

climate change impacts. 

1.1 Background 

Previously at MRM, Potentially Acid Forming (PAF) material was estimated to comprise approximately 

35% of the total overburden material to be excavated during the life of the mine, with the remaining 

65% being Non Acid Forming (NAF) benign material.   

Improved geochemical sampling and analysis of the overburden material has indicated that of the 

approximately 65% NAF material, a large proportion is non-benign and could potentially have 

environmental implications if not appropriately managed, including the potential to generate saline and 

metalliferous drainage. 

This finding has necessitated a re-design of the overburden management facilities at MRM.  As such, 

the re-design is considered to be significantly different from the designs proposed and approved as 

part of the Phase 3 Environmental Impact Statement (EIS) and therefore requires additional 

environmental assessment and approval at an EIS level. 

The Final Terms of Reference (TOR) governing the assessment requirements of the Project were 

provided to MRM in September 2014.  The TOR broadly defines the scope of the EIS by the following 

statements:  

“This TOR document will address those aspects of the Project that have significantly changed since the 

assessment of the Phase 3 EIS in 2012 and the Phase 3 authorisation in 2013” … 

and … 
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“Henceforth, where the term ‘the Project’ is used in this document, it refers to the components of the mine 

that have been, are being or will be altered from the 2012 assessment and or would be affected by those 

alterations to those components and are defined as being within the scope of these TOR”.  

1.2 Project description 

MRM mine is currently operating per its Phase 3 EIS approval conditions and an approved Mining 

Management Plan (MMP) covering the operating period 2015 to 2018.  The Project aims to address the 

overburden management operations from 2018 onwards. 

The following sections define the components of the Project which have changed since the Phase 3 EIS 

and are the focus of this assessment.  Those components which have not been altered are excluded.  

1.2.1 Project Definition – Changes since Phase 3 EIS 

The components of the MRM operation that have changed significantly since the assessment of the 

Phase 3 EIS in 2012 and the MRM Phase 3 Development Project authorisation in 2013 (or prior EIS 

approvals) are outlined below. 

 Overburden (waste rock) classification and management, including:  

 a revised overburden classification system;  

 a revised in-field testing and validation methodology;  

 an improved overburden block model;  

 an improved design and construction methodology for the development of the Northern 

Overburden Emplacement Facility (NOEF);  

 removal of the South (OEF) and East (OEF) Overburden Emplacement Facilities (SOEF and 

EOEF) between the flood protection levee and the McArthur River diversion channel. These 

were proposed in the Phase 3 EIS and subsequently approved based on the understanding 

that they would comprise NAF material only, which by inference means benign NAF. 

However, these have now been withdrawn given that the volume of benign NAF material 

has significantly reduced under the new classification system and this material will now be 

utilised in the construction of the NOEF.  Small temporary OEFs will be placed on the inside 

of the flood protection levee, between the levee and the open cut. Non benign material 

placed here will be returned to the open cut following cessation of mining activities; and, 

 Revised NOEF cover, closure and management approach. 

 Open Cut development, including:  

 Revised mine staging to suit in-pit dumping late in the mine life, and scheduling;  

 Altered final void geometry, including a benign NAF material quarry;  

 Placement and permanent storage of overburden within the open cut during the final 6-7 

years of mining operations;  

 Placement of temporary EOEF and SOEF rock within the open cut at cessation of mining;  

 Placement of tailings within the open cut following cessation of mining operations; and, 

 Revised final void closure and management.  

 Tailings Storage Facility (TSF) design, including:  
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 A revised TSF cell configuration;  

 Revised tailings placement and water management;  

 Revised seepage collection infrastructure; and,  

 A revised approach to TSF closure (removal of the TSF at closure and placement within the 

final void).  

 Water management system, including:  

 Revised water management dam configurations;  

 Proposed water treatment; and, 

 A revised approach to water handling and storage.  

 Revised Life of Mine (LOM) and phasing, including:  

 An extended Project duration;  

 An extended decommissioning phase;  

 An adaptive management and monitoring phase; and,  

 Long-term monitoring and maintenance.  
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2 AIR QUALITY ASSESSMENT CRITERIA 

2.1 Preamble 

Air quality criteria are benchmarks set to protect the general health and amenity of the community in 

relation to air quality.  The sections below identify the potential air emissions generated by the Project 

and the applicable air quality criteria. 

2.2 Particulate matter 

Particulate matter consists of dust particles of varying size and composition.  Air quality criteria refer to 

measures of the total mass of all particles suspended in air defined as the Total Suspended Particulate 

matter (TSP).  The upper size range for TSP is nominally taken to be 30 micrometres (µm), as in practice, 

particles larger than 30µm will settle out of the atmosphere too quickly to be regarded as air pollutants. 

Two sub-classes of TSP are also included in the air quality criteria, namely PM10, particulate matter with 

aerodynamic diameters of 10µm or less, and PM2.5, particulate matter with aerodynamic diameters of 

2.5µm or less.  For clarity, the PM10 fraction includes the PM2.5 fraction. 

Mining activities generate particles in all of the above size categories.  The great majority of the particles 

generated are due to the abrasion or crushing of rock and ore and general disturbance of fine, dust 

generating material.  These particulate emissions will generally be larger than 2.5µm as sub-2.5µm 

particles are usually generated through combustion processes or as secondary particles formed from 

chemical reactions rather than through mechanical processes that dominate emissions on mine sites.  

Combustion particulate matter can be more harmful to human health as the particles have the ability 

to penetrate deep into the human respiratory system, due to their size and can be comprised of acidic 

and carcinogenic substances. 

A study of the particle size distribution from mine dust sources in 1986 conducted by the State Pollution 

Control Commission (SPCC) of 120 samples found that PM2.5 comprised approximately 4.7 percent (%) 

of the TSP, and PM10 comprised approximately 39.1% of the TSP in the samples (SPCC, 1986).  The 

emissions of PM2.5 occurring from mining activities are small in comparison to the total dust emissions 

and in practice, the concentrations of PM2.5 in the vicinity of mining dust sources are likely to be low. 

Particulate matter, typically in the upper size range, that settles from the atmosphere and deposit on 

surfaces is characterised as deposited dust.  The deposition of dust on surfaces may be considered a 

nuisance and can adversely affect the amenity of an area by soiling property in the vicinity. 

2.2.1 National Environmental Protection (Ambient Air Quality) Measure 

The National Environment Protection Council (NEPC) Act 1994 and subsequent amendments define the 

National Environment Protection Measures (NEPMs) as instruments for setting environmental objectives 

in Australia. 

It is important to note that NEPM air quality standards are not designed to be applied to a specific 

project.  The NEPM standards apply to the average exposure to air pollutants of the general population, 

in each state.  The NEPM requires that the states report to the Commonwealth on the trends in air 

quality by way of reference to the standards.  
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The NEPC agreed to vary the Ambient Air Quality National Environmental Protection Measure by 

approving an amending instrument on 15 December 2015.  The amending instrument took effect on 4 

February 2016. 

The Ambient Air Quality NEPM specifies national ambient air quality standards for air pollutants 

including PM10 and PM2.5.  The standard for PM10 and PM2.5 is outlined in Table 2-1.   

Table 2-1: NEPM standards for PM10 and PM2.5  

Pollutant Averaging Period Maximum concentration standard 

PM10 
Annual 25µg/m³ 

24 hour 50µg/m3 

PM2.5  
Annual 8µg/m3 

24 hour 25µg/m3 

Source: NEPC, 2016 

µg/m³ = micrograms per cubic metre 

As with each of the NEPM standards, these apply to the average, or general exposure of a population, 

rather than to "hot spot" locations near industry, where impacts are assessed via impact assessment 

criteria.    

2.2.2 Northern Territory EPA impact assessment criteria 

The Northern Territory Environment Protection Authority (NT EPA) applies the New South Wales (NSW) 

guidelines and impact assessment criteria for air quality.  Table 2-2 summarises the current air quality 

criteria as outlined in the NSW Environment Protection Authority (EPA) document Approved Methods for 

the Modelling and Assessment of Air Pollutants in New South Wales (NSW EPA, 2017)1.   

The air quality criteria for total impacts relate to the total dust burden in the air and not just the dust 

from the Project.  Consideration of background dust levels needs to be made when using these criteria 

to assess potential impacts. 

Table 2-2: Air quality impact assessment criteria 

Pollutant Averaging period Impact Criteria 

TSP Annual Total 90µg/m³ 

PM10 
Annual Total 25µg/m³ 

24 hour Total 50µg/m³ 

PM2.5  
Annual Total 8µg/m3 

24 hour Total 25µg/m3 

Deposited dust 
Annual Incremental 2g/m²/month 

Total 4g/m²/month 

Source: NSW EPA, 2017 

g/m²/month = grams per square metre per month 

 

In comparison to the NEPM standards, the NSW EPA include criteria for TSP concentrations and 

deposited dust levels.   

                                                      
1 On 20 January 2017 the Approved Methods were revised to add the PM2.5 NEPM criteria as impact assessment 

criterion and to tighten the annual average PM10 criterion from 30 to 25µg/m3.  
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2.3 Other air pollutants  

Emissions of other air pollutants also potentially arise from mining operations.  These include lead, zinc 

and sulphur dioxide. 

2.3.1 Lead 

Lead is a soft malleable metal found naturally in small amounts in the earth’s crust.  It is poisonous to 

humans when ingested or inhaled and is a neurotoxin that accumulates in both soft tissue and bones, 

potentially damaging the nervous system and causing brain damage.  

When lead is released to air from industrial sources or vehicles, it may travel long distances before 

settling to the ground, where it usually sticks to soil particles.  Lead may move from soil into ground 

water depending on the type of lead compound and the characteristics of the soil (US EPA, 2016). 

The Ambient Air Quality NEPM standard for Lead is outlined in Table 2-3.   

Table 2-3: NEPM standard for Lead  

Pollutant Averaging period Maximum concentration standard 

Lead Annual 0.5µg/m³ 

Source: NEPC, 2016 

2.3.2 Zinc 

Zinc is a bluish-white, lustrous metal.  It is commonly used for galvanization, acting as an anti-corrosion 

agent, and is also used as an alloy.   

Zinc is not listed in the NEPM Ambient Air Quality Measure and as a result the Ontario Ministry of the 

Environment (MOE) Ambient Air Quality Criteria was adopted for this assessment.  The Ontario ambient 

air quality criteria for zinc is outlined in Table 2-4.   

Table 2-4: Ontario MOE Ambient Air Quality Criteria for Zinc 

Pollutant Averaging period Maximum concentration standard 

Zinc 24 hour 120µg/m³ 

Source: MOE, 2012 

2.3.3 Sulphur dioxide 

Sulphur dioxide (SO2) is a colourless, toxic gas with a pungent and irritating smell. It commonly arises 

in industrial emissions due to the sulphur content of the fuel.  Sulphur dioxide can harm the human 

respiratory system and make breathing difficult, and it can damage plant foliage.  Sulphur dioxide 

emissions are generally only associated with large industrial activities.  Due to its potential to impact on 

human health, sulphur is actively removed from fuel to prevent the release and formation of sulphur 

dioxide. 

The Ambient Air Quality NEPM standard for sulphur dioxide is outlined in Table 2-5.   

Table 2-5: NEPM standard for sulphur dioxide 

Pollutant Averaging period Criterion 

Sulphur dioxide 

1 hour 0.20ppm / 572µg/m³ 

24 hours 0.08ppm / 229µg/m³ 

Annual 0.02ppm / 57µg/m³ 

Source: NEPC, 2016 

ppm = parts per million   
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3 LOCAL SETTING 

The MRM is located on the Carpentaria Highway in the Northern Territory (NT), situated approximately 

44 kilometres (km) southwest of the Borroloola Township and approximately 28 km south of Devils 

Spring (see Figure 3-1).  The mine targets one of the world’s largest zinc and lead deposits and is the 

world’s largest bulk producer of zinc concentrate. 

Concentrate produced at MRM is transported to the Bing Bong loading facility where it is transferred 

to a bulk carrier for export.  The Bing Bong loading facility is located on the coast, approximately 95 km 

north-northeast of MRM (see Figure 3-1).   

The land use surrounding MRM is comprised of predominantly grazing areas and is subject to few 

anthropogenic emission sources other than the mining operations and processing facilities.  The Bing 

Bong loading facility is also located in an isolated location comprised of predominantly natural land in 

the coastal environment.  

Both MRM and the Bing Bong loading facility are positioned tens of kilometres away from the nearest 

township. The influence of air emissions from these operations on the townships of Borroloola and 

Devils Spring would likely be low.  Similarly, any air emissions generated at the townships would have 

little influence at MRM and the Bing Bong loading facility.   

Areas of Temporary Occupation which include camps and areas used by the local population 

intermittently have also been identified and are shown in Figure 3-1.  Campbell Spring comprises of 

several privately-owned dwellings and the Caranbirini Conservation Reserve is a publicly accessible 

recreational area accessed from the Carpentaria Highway.    

The Carpentaria Highway has a section of road approximately 15 km long that runs through the MRM 

mining leases. Given the temporal nature of user of the highway (i.e. people in vehicles travelling 

approximately 100 kilometres per hour (km/h) past MRM) there is limited potential for significant air 

quality impacts.   

Sensitive receptor locations are defined as off-site locations where people are likely to reside or work.  

The accommodation village within the MRM mine lease is occupied by MRM employees and is not a 

sensitive receptor for the purpose of this assessment.  The potential risk of exposure to airborne 

pollutants to MRM’s workers at the accommodation facilities and when working on-site is managed by 

MRM’s Air Quality Management Plan and also MRM’s occupational health and safety protocols. For 

example, the Health and safety protocols include hygiene management protocols for reducing potential 

for lead ingestion, conducting regular blood testing of employees, and personnel protective equipment 

requirements, and the Air Quality Management Plan includes measures to mitigate the generation of 

air pollutants as well as in real-time air quality trigger levels to instigate actions to minimise and manage 

day to day dust levels at the accommodation village.   
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ATO = Area of Temporary Occupation 

Figure 3-1: MRM and Bing Bong loading facility locations 

 

An aerial view of the MRM site is presented in Figure 3-2.  The NOEF is located to the north of the 

active open cut area and processing mill and to the northeast of the TSF.  The Carpentaria Highway runs 

essentially north to south through the MRM site between the NOEF and the TSF.  The mine 

accommodation village and airstrip are located to the southwest of the active open cut and the 

processing mill. 
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Figure 3-2: Aerial view of site 

 

Figure 3-3 presents a pseudo three-dimensional (3D) visualisation of the topography in the general 

vicinity of MRM.  The local topography surrounding the site is gently undulating and only mildly 

elevated in some areas to the northwest and west of the site.  The MRM site is situated adjacent to the 

McArthur River which flows along a southwest to northeast axis in a depressed region of the terrain.    

These terrain features would have an effect on the local wind distribution patterns and flows.  
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Figure 3-3: Representative view of the local terrain features surrounding the MRM 
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4 EXISTING ENVIRONMENT 

This section describes the existing environment including the local climate, meteorological conditions 

and ambient air quality in the area surrounding MRM. 

4.1 Local climate 

Long-term climatic data collected at the closest Bureau of Meteorology (BoM) weather station at 

McArthur River Mine Airport (Station Number 014704) were analysed to characterise the local climate 

in the proximity of MRM.   

The McArthur River Mine Airport weather station is located approximately 2 km southwest of the active 

open cut at MRM (refer to Figure 4-1). 

 
Figure 4-1: Location of McArthur River Mine Airport weather station 

 

Table 4-1 and Figure 4-2 show climatic parameters which have been collected from the McArthur River 

Mine Airport over a 27 to 38 year (yr) period.  These data assist in characterising the local climatic 

conditions based on the long-term meteorological parameters.  

The climatic conditions in the area surrounding the MRM are typical of northern Australia which is 

characterised by two seasons per year; the dry season occurring from April to November and the wet 

season from December to March.  

The data indicate that November is the hottest month with a mean maximum temperature of 38.6 

degrees Celsius (ºC) and July is the coldest month with a mean minimum temperature of 12.2 ºC.  
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Rainfall peaks during the wet season and declines during dry season.  The data show January is the 

wettest month with an average rainfall of 210.7 millimetres (mm) and August is the driest month with 

an average rainfall of 0.3 mm.  Average annual rainfall for the station is 766.1 mm occurring over an 

average of 49.2 days. 

Relative humidity levels exhibit variability over the day and seasonal fluctuations.  Mean 9am relative 

humidity levels range from 46 % in September to 75 % in February.  Mean 3pm relative humidity levels 

vary from 21 % in August and September to 53 % in February.   

Wind speeds during the warmer months tend to have a greater spread between the 9am and 3pm 

conditions compared to the colder months.  The mean 9am wind speeds range from 5.5 km/h in March 

to 9.4 km/h in September.  The mean 3pm wind speeds vary from 9.4 km/h in February to 13.2 km/h in 

October. 

Table 4-1: Monthly climate statistics summary – McArthur River Mine Airport 

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann. 
Temperature 

Mean max. temperature (oC) 36.0 35.3 35.1 34.8 32.4 29.8 30.0 32.0 35.4 37.9 38.6 37.6 34.6 

Mean min. temperature (oC) 24.9 24.7 23.5 20.7 16.7 12.6 12.2 13.3 17.2 21.1 24.1 25.0 19.7 

Rainfall 

Rainfall (mm) 210.7 178.6 146.3 31.7 7.5 1.7 2.2 0.3 4.4 19.4 57.3 127.1 766.1 

Mean No. of rain days (≥1mm) 10.8 11.0 9.0 2.7 0.8 0.3 0.2 0.0 0.4 1.5 4.5 8.0 49.2 

9am conditions 

Mean temperature  (oC) 29.4 28.7 28.2 27.2 23.9 20.3 19.8 21.5 26.0 29.5 31.0 30.7 26.3 

Mean relative humidity (%) 71 75 71 59 50 48 48 47 46 48 53 62 57 

Mean wind speed (km/h) 6.9 5.9 5.5 6.9 8.7 8.7 8.1 8.6 9.4 9.3 8.2 7.2 7.8 

3pm conditions 

Mean temperature (oC) 34.1 33.6 33.4 33.6 31.5 29.1 29.3 31.1 34.3 36.6 37.0 35.9 33.3 

Mean relative humidity (%) 50 53 47 34 28 25 24 21 21 23 30 39 33 

Mean wind speed (km/h) 10.2 9.4 10.1 10.7 10.2 10.5 11.0 11.8 13.1 13.2 12.5 11.4 11.2 

Source: Bureau of Meteorology, 2016 (accessed 20 July 2016) 
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Figure 4-2: Monthly climate statistics summary – McArthur River Mine Airport 

 

4.2 Local meteorological conditions 

Annual and seasonal windroses prepared from the available data collected at the McArthur River Mine 

Airport and Borroloola weather stations for the 2015 calendar period are presented in Figure 4-3 and 

Figure 4-4, respectively.  

Analysis of the windroses shows that on an annual basis the general wind direction is from the north to 

northeast sectors with very few winds originating from the northwest quadrant.  In summer the winds 

predominately occur from the north and north-northeast.  The autumn and winter wind distributions 

are similar, showing dominant winds from the south-southeast and northeast.  The spring windrose 

indicates winds typically occur from the north-northeast.  
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Figure 4-3: Annual and seasonal windroses for McArthur River Mine Airport (2015) 
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Figure 4-4: Annual and seasonal windroses for Borroloola (2015) 
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4.3 Local air quality 

This section reviews the ambient air quality monitoring data collected from a number of monitoring 

locations in the vicinity of MRM.  The air quality monitors reviewed in this assessment include 29 Low 

Volume Air Samplers (LVAS) measuring PM10 and particulate lead and zinc, 18 dust deposition gauges 

and two sulphur dioxide monitors.  

4.3.1 Low Volume Air Samplers 

The locations of the ambient LVAS monitors reviewed in this report are presented in Figure 4-5.  For 

the purposes of making the analysis in this report clear, the monitoring sites have been divided into 

groups based on their relative position at MRM.  These include a West and East group (see Figure 4-5) 

which represent impact sites.  Two additional dust monitoring sites have also been established at a 

distance greater than 3 km from the majority of sources at MRM and are designed to act as control 

sites.  

 
Figure 4-5: Locations of the ambient dust monitoring sites at MRM 
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Ambient air quality monitoring data collected from July 2014 to June 2015, and July 2015 to June 2016 

periods are analysed.   

Monitoring is conducted monthly at each location for a 24-hour period, however due to site constraints 

not all locations are able to be sampled every month.  This means that when assessing annual 

compliance per the NEPM Ambient Air Quality Measure, the requirement to have a dataset at least 75% 

complete in each calendar quarter cannot be met (NEPC, 2002).   

For the purposes of this analysis, the annual compliance level is used as a guide for comparison with 

the measured levels and available data.  Data from the MRM control sites are presented for reference 

as bars on the eastern and western MRM monitoring figures. 

Recorded levels that are at or below the limit of detection of the method are presented at the detection 

limit level.  The limit of detection for PM10 is 13.9µg/m³ and for lead and zinc is 0.07µg/m³. 

4.3.1.1 Particulate dust (PM10) 

A summary of the available data collected from the MRM monitors from July 2014 to June 2015 and 

July 2015 to June 2016 is presented in Table 4-2.  The recorded 24-hour average PM10 concentrations 

for the western and eastern monitoring locations are presented graphically in Figure 4-6 to Figure 4-9.   

A review of Table 4-2 indicates that during the July 2014 to June 2015 period, 15 of the 31 monitoring 

sites (with sufficient data for an annual average calculation) experienced annual averages greater than 

the annual average NEPM standard of 25µg/m3, ranging from 26µg/m3 at DMV45 to 92.1µg/m3 at 

DMV43.  During the July 2015 to June 2016 period, 10 of the 29 monitoring sites experienced annual 

averages above the annual average standard.  

With respect to the short-term concentrations, 20 of the 29 monitoring sites experienced maximum 24-

hour average PM10 concentrations above the 50µg/m² criteria during the July 2014 to June 2015 period.  

In the July 2015 to June 2016 period, 13 of the 29 monitoring sites experienced recorded maximum 24-

hour average levels above 50µg/m3. 

The results presented in Figure 4-6 to Figure 4-9 tend to show that the majority of the elevated levels 

were recorded in the dry season (May – October). 

It is important to note that all but the two “control sites” are in close proximity to mining activity, and 

the recorded dust levels would be affected by dust from the nearby mining activity. The two “control 

sites” that are approximately 3 km away from mining activity show much lower levels of dust, but there 

would be some small contribution from mining activity. 
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Table 4-2: Summary of PM10 levels from MRM monitoring (µg/m³) 

Area 
Site Annual average* Maximum 24-hour average 

NT 
Criteria 

NEPM 
Standard 

Jul 2014 –  
Jun 2015 

Jul 2015 –  
Jun 2016 

Criteria Jul 2014 –  
Jun 2015 

Jul 2015 –  
Jun 2016 

Control DMV01 30 25 21.3 18.4 50 30.8 35.8 

Control DMV10 30 25 24.8 20.1 50 57.9 30.0 

East DMV22 30 25 55.8 49.2 50 116.9 106.0 

East DMV23 30 25 57.5 41.2 50 137.6 78.5 

East DMV24 30 25 31.8 29.3 50 51.5 56.0 

East DMV27 30 25 35.7 23.9 50 68.8 47.2 

East DMV28 30 25 36.3 34.1 50 70.1 101.9 

East DMV30 30 25 34.3 26.6 50 80.4 61.1 

East DMV31 30 25 22.0 25.1 50 42.8 52.8 

East DMV32 30 25 - - 50 - 14.3 

East DMV33 30 25 - - 50 - 19.0 

East DMV43 30 25 92.1 41.3 50 169.4 64.7 

East DMV44 30 25 34.4 22.5 50 60.8 45.3 

East DMV45 30 25 26.0 23.1 50 54.2 51.1 

East DMV46 30 25 - - 50 76.4 17.2 

East DMV47 30 25 - 22.5 50 - 47.2 

West DMV03 30 25 18.9 19.6 50 28.8 34.3 

West DMV05 30 25 28.9 18.8 50 78.9 28.2 

West DMV06 30 25 24.3 23.3 50 55.6 52.8 

West DMV07 30 25 34.2 23.7 50 78.8 38.5 

West DMV08 30 25 23.3 21.0 50 46.1 39.2 

West DMV12 30 25 28.1 26.8 50 87.2 46.3 

West DMV13 30 25 24.7 21.1 50 46.3 32.8 

West DMV15 30 25 22.2 22.7 50 61.9 53.8 

West DMV17 30 25 18.7 19.9 50 33.2 36.4 

West DMV19 30 25 26.7 23.5 50 79.3 58.2 

West DMV20 30 25 21.6 21.0 50 53.6 36.9 

West DMV25 30 25 32.1 24.9 50 51.9 42.9 

West DMV26 30 25 - - 50 16.4 - 

West DMV42 30 25 43.6 28.3 50 110.3 75.3 

West DMV48 30 25 - 29.4 50 - 81.3 

* Note that annual average results are based on the available data; i.e. only relatively few 24-hour measurements have been 

taken over the full year, thus there is significant uncertainty and variation in the annual average levels relative to the actual 

case. 
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Figure 4-6: 24-hour average PM10 concentrations at western MRM monitoring sites – July 2014 to June 2015 

 

 
Figure 4-7: 24-hour average PM10 concentrations at eastern MRM monitoring sites – July 2014 to June 2015 
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Figure 4-8: 24-hour average PM10 concentrations at western MRM monitoring sites – July 2015 to June 2016 

 

 
Figure 4-9: 24-hour average PM10 concentrations at eastern MRM monitoring sites – July 2015 to June 2016 
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4.3.1.2 Particulate lead 

This section presents the PM10 results for lead.  Recorded levels at or below the limit of detection are 

presented at the detection limit level of 0.07µg/m³. 

A summary of the available lead data collected from the MRM monitoring sites from July 2014 to June 

2015 and July 2015 to June 2016 is presented in Table 4-3. The recorded 24-hour average lead 

concentrations are presented graphically in Figure 4-10 to Figure 4-13.   

There are no annual average data available for comparison with the annual average criteria, and 

conversely there are no 24-hour average criteria for comparison with the available data. The maximum 

measured 24-hour levels would generally be much higher than the actual annual average levels.  

A review of Table 4-3 indicates that during the July 2014 to June 2015 period, the maximum 24-hour 

average lead concentrations recorded at seven of the 14 eastern monitoring sites were above the criteria 

of 0.5µg/m².  All of the western monitoring sites were below the criteria.  During the July 2015 to June 

2016 period, four of the 14 eastern monitoring sites recorded levels above the criteria.   

The figures indicate that the particulate lead concentrations were significantly higher at the eastern 

monitors than the western monitors.  The data show that none of the western monitors recorded levels 

above the criteria. The elevated lead levels typically occurred during the dry season, at locations near 

the processing mill.   

Table 4-3: Summary of lead levels from MRM monitoring (µg/m³)  

Area 
Site Maximum 24-hour average 

Criteria* Jul 2014 – Jun 2015 Jul 2015 – Jun 2016 

Control DMV01 0.5 0.07 0.07 

Control DMV10 0.5 0.07 0.07 

East DMV22 0.5 4.39 2.46 

East DMV23 0.5 1.24 1.01 

East DMV24 0.5 1.08 0.92 

East DMV27 0.5 0.72 0.49 

East DMV28 0.5 0.54 1.29 

East DMV30 0.5 0.08 0.07 

East DMV31 0.5 0.07 0.07 

East DMV32 0.5 - 0.07 

East DMV33 0.5 - 0.07 

East DMV43 0.5 0.54 0.19 

East DMV44 0.5 1.03 0.36 

East DMV45 0.5 0.43 0.21 

East DMV46 0.5 0.42 0.07 

East DMV47 0.5 - 0.07 

West DMV03 0.5 0.07 0.08 

West DMV05 0.5 0.07 0.08 

West DMV06 0.5 0.07 0.08 

West DMV07 0.5 0.11 0.07 

West DMV08 0.5 0.07 0.08 

West DMV12 0.5 0.17 0.15 

West DMV13 0.5 0.07 0.07 

West DMV15 0.5 0.08 0.10 

West DMV17 0.5 0.07 0.07 

West DMV19 0.5 0.29 0.07 

West DMV20 0.5 0.07 0.07 

West DMV25 0.5 0.18 0.15 

West DMV26 0.5 0.07 - 
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Area 
Site Maximum 24-hour average 

Criteria* Jul 2014 – Jun 2015 Jul 2015 – Jun 2016 

West DMV42 0.5 0.13 0.07 

West DMV48 0.5 - 0.07 

* The criteria apply to the annual average level, whereas only the maximum 24-hour average values are shown in the table. 

 

 
Figure 4-10: 24-hour average lead concentrations at western MRM monitoring sites – July 2014 to June 2015 

 

 
Figure 4-11: 24-hour average lead concentrations at eastern MRM monitoring sites – July 2014 to June 2015 
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Figure 4-12: 24-hour average lead concentrations at western MRM monitoring sites – July 2015 to June 2016 

 

 
Figure 4-13: 24-hour average lead concentrations at eastern MRM monitoring sites – July 2015 to June 2016 
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4.3.1.3 Particulate zinc 

This section presents the PM10 results for zinc.  Recorded levels at or below the limit of detection are 

presented at the detection limit level of 0.07µg/m³. 

A summary of the available zinc data collected from the MRM monitoring sites from July 2014 to June 

2015 and July 2015 to June 2016 is presented in Table 4-4. The recorded 24-hour average PM10 

concentrations are presented graphically in Figure 4-14 to Figure 4-17.   

A review of Table 4-4 and Figure 4-14 to Figure 4-17 indicate that all of the recorded monitoring data 

were significantly lower than the 24-hour average zinc criteria of 120µg/m3 during the July 2014 to June 

2015 period and the July 2015 to June 2016 period. 

Table 4-4: Summary of zinc levels from MRM monitoring (µg/m³)  

Area 
Site Maximum 24-hour average 

Criteria Jul 2014 – Jun 2015 Jul 2015 – Jun 2016 

Control DMV01 120 0.10 0.18 

Control DMV10 120 0.17 0.17 

East DMV22 120 7.15 5.57 

East DMV23 120 3.35 2.04 

East DMV24 120 2.00 2.28 

East DMV27 120 1.88 1.01 

East DMV28 120 1.82 2.01 

East DMV30 120 0.17 0.14 

East DMV31 120 0.17 0.18 

East DMV32 120 - 0.08 

East DMV33 120 - 0.13 

East DMV43 120 1.15 0.40 

East DMV44 120 3.60 1.13 

East DMV45 120 0.74 0.42 

East DMV46 120 1.00 0.14 

East DMV47 120 - 0.17 

West DMV03 120 0.15 0.17 

West DMV05 120 0.08 0.14 

West DMV06 120 0.17 0.24 

West DMV07 120 0.24 0.26 

West DMV08 120 0.13 0.21 

West DMV12 120 0.50 0.46 

West DMV13 120 0.19 0.22 

West DMV15 120 0.22 0.17 

West DMV17 120 0.14 0.13 

West DMV19 120 0.71 0.10 

West DMV20 120 0.15 0.21 

West DMV25 120 0.65 0.47 

West DMV26 120 0.07 - 

West DMV42 120 0.32 0.17 

West DMV48 120 - 0.17 
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Figure 4-14: 24-hour average zinc concentrations at western MRM monitoring sites – July 2014 to June 2015 

 

 
Figure 4-15: 24-hour average zinc concentrations at eastern MRM monitoring sites – July 2014 to June 2015 
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Figure 4-16: 24-hour average lead concentrations at western MRM monitoring sites – July 2015 to June 2016  

 

 
Figure 4-17: 24-hour average zinc concentrations at eastern MRM monitoring sites – July 2015 to June 2016  
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4.3.2 Dust deposition 

The dust deposition monitoring site locations considered in this assessment are shown in Figure 4-18.  

 

Figure 4-18: Location of the dust deposition monitoring sites at MRM 

 

Table 4-5 summarises the annual average deposition levels at each gauge during 2009 to 2012. The 

results indicate the majority of gauges record an annual average insoluble deposition level below the 

criterion of 4 g/m²/month.  The dust deposition gauges that indicate levels above 4 g/m²/month are 

positioned near to the Mill processing area. 

Table 4-5: Annual average dust deposition (g/m²/month) 

Year 
Annual average 

Criteria 2009 2010 2011 2012 

Dust03 4 0.8 0.8 0.5 0.7 

Dust05 4 0.6 0.4 0.3 0.3 

Dust06 4 1.0 0.4 0.3 0.4 

Dust08 4 2.2 2.2 0.6 0.9 

Dust12 4 1.2 1.1 0.4 0.8 

Dust13 4 0.9 0.8 0.7 0.9 

Dust15 4 1.5 1.3 1.1 1.1 

Dust17 4 0.8 0.5 0.7 0.9 

Dust19 4 0.6 0.5 0.4 0.4 

Dust20 4 0.8 0.6 0.4 0.4 



  28 

 

16060580_MRM_AQIA_170207.docx 

 

Year 
Annual average 

Criteria 2009 2010 2011 2012 

Dust21 4 4.2 8.0 3.1 2.2 

Dust22 4 8.4 6.3 5.7 7.0 

Dust23 4 2.6 2.5 2.3 2.7 

Dust24 4 8.9 7.5 10.1 4.7 

Dust25 4 0.8 0.7 0.6 0.5 

Dust26 4 0.7 0.7 0.5 0.7 

Dust27 4 2.8 2.0 1.6 1.0 

Dust28 4 15.3 10.9 10.6 7.9 

 

4.3.3 Sulphur dioxide monitoring 

Continuous ambient sulphur dioxide monitoring was conducted by McArthur River Mining at Devils 

Spring and Borroloola (refer to Figure 3-1).    

The recorded 24-hour average sulphur dioxide concentrations from the available data at the monitors 

are presented graphically in Figure 4-19.  A summary of the available sulphur dioxide monitoring data 

collected from July 2015 to June 2016 is presented in Table 4-6.   

A review of Table 4-6 and Figure 4-19 indicate that all of the recorded monitoring data were 

significantly lower than the 24-hour and annual average sulphur dioxide criteria of 229 µg/m3 and 57 

µg/m3 during the monitoring period. 

Table 4-6: Summary of sulphur dioxide levels from MRM monitoring (µg/m³) 

Site 
Annual average Maximum 24-hour average 

Criteria Jul 2015 – Jun 2016 Criteria Jul 2015 – Jun 2016 

Devils Spring 57 1.1 229 12.2 

Borroloola 57 0.2 229 7.4 

 

 

Figure 4-19: 24-hour average sulphur dioxide concentrations at Devils Spring and Borroloola  
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5 DISPERSION MODELLING APPROACH 

5.1 Introduction 

The following sections are included to provide the reader with an understanding of the air dispersion 

model and modelling approach used to calculate how emissions from the project are dispersed in the 

air and the levels of these emissions at locations away from the project.  

An air dispersion model is a complex simulation of how the prevailing weather conditions affect how air 

pollutants travel and disperse in the atmosphere away from the project.  Such models are used to predict 

future impacts of the project on the surrounding environment.  

For this assessment, the CALPUFF modelling suite is used for air dispersion modelling.  The CALPUFF 

model is an advanced "puff" model that can simulate the effects of complex local terrain on the 

dispersion meteorology over the entire modelling domain in a three dimensional, hourly varying time 

step.  CALPUFF is an air dispersion model approved for use in air quality impact assessments.  The model 

setup used is in general accordance with NT guidelines which refer to the NSW Methods, as set out  in 

the document Generic Guidance and Optimum Model Setting for the CALPUFF Modeling System for 

Inclusion into the 'Approved Methods for the Modeling and Assessments of Air Pollutants in NSW, 

Australia’ (TRC, 2011). 

5.2 Modelling methodology 

Modelling was undertaken using a combination of TAPM and the CALPUFF Modelling System.  The 

CALPUFF Modelling System includes three main components: CALMET, CALPUFF and CALPOST and a 

large set of pre-processing programs designed to interface the model to standard, routinely available 

meteorological and geophysical datasets.  

TAPM is a prognostic air model used to simulate the upper air data for CALMET input. The 

meteorological component of TAPM is an incompressible, non-hydrostatic, primitive equation model 

with a terrain-following vertical coordinate for three dimensional simulations.  The model predicts the 

flows important to local scale air pollution, such as sea breezes and terrain induced flows, against a 

background of larger scale meteorology provided by synoptic analysis. 

CALMET is a meteorological model that uses the geophysical information and observed/simulated 

surface and upper air data as inputs and develops wind and temperature fields on a three dimensional 

gridded modelling domain.  

CALPUFF is a transport and dispersion model that advects "puffs” of material emitted from modelled 

sources, simulating dispersion processes along the way.  It typically uses the three dimensional 

meteorological field generated by CALMET.  

CALPOST is a post processor used to process the output of the CALPUFF model and produce tabulations 

that summarise the results of the simulation.  

5.2.1 Meteorological modelling 

The TAPM model was applied to the available data to generate a three dimensional upper air data file 

for use in CALMET.  The centre of analysis for the TAPM modelling used is 16deg18.5min south and 
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136deg9.5min east.  The simulation involved an outer grid of 30 km, with three nested grids of 10 km, 

3 km and 1 km with 35 vertical grid levels. 

CALMET modelling used a nested approach where the three dimensional wind field from the coarser 

grid outer domain is used as the initial starting field for the finer grid inner domains.  This approach has 

several advantages over modelling a single domain.  Observed surface wind field data from the near 

field as well as from far field monitoring sites can be included in the model to generate a more 

representative three dimensional wind field for the modelled area.  Off domain terrain features for the 

finer grid domain can be allowed to take effect within the finer domain, as would occur in reality.  The 

coarse scale wind flow fields also give a better set of starting conditions with which to operate the finer 

grid run. 

The CALMET initial domain was run on a 60 x 60 km area with a 1.2 km grid resolution and refined for 

a second domain on an 11 x 11 km grid with a 0.1 km grid resolution.  The available meteorological 

data for January 2015 to December 2015 from two nearby meteorological monitoring sites were 

included in the simulation and define the modelling period.  Table 5-1 outlines the parameters used 

from each station.  Three dimensional upper air data was sourced from TAPM output.   

Table 5-1: Surface observation stations 

Weather Stations 
Parameters 

WS WD CH CC T RH SLP 

McArthur River Mine Airport (BoM) (Station No. 014704)       

Borroloola Airport (BoM) (Station No. 014723)       

WS = wind speed, WD= wind direction, CH = cloud height, CC = cloud cover, T = temperature, RH = relative humidity, SLP = sea level pressure 

Local land use and detailed topographical information including local mine topography was included in 

the simulation to produce realistic fine scale flow fields (such as terrain forced flows) in surrounding 

areas, as shown in Figure 5-1.  
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Figure 5-1: Representative snapshot of wind field for the Project, one of the 8,760 hours in 2015 that were modelled. 

 

CALMET generated meteorological data were extracted from a central point within the CALMET domain 

and are graphically represented in Figure 5-2 and Figure 5-3.  

Figure 5-2 presents the annual and seasonal windroses from the CALMET data. The CALMET modelling 

results reflect the expected wind distribution patterns of the area based on the measured data and the 

expected terrain effects on the prevailing winds.  This is evident as the data are similar to those measured 

at the McArthur River Mine Airport weather station as shown in Figure 4-3. 

On an annual basis, winds from the north-northeast and northeast are most frequent.   During summer, 

winds from the north-northeast dominate the distribution with fewer winds from the northeast 

quadrant.  The autumn and winter wind distributions are similar to each other with the majority of winds 

originating from the south-southeast and southeast quadrant.  In spring, winds from the north-

northeast and northeast are most predominant.   
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Figure 5-2: Windroses from CALMET extract (Cell ref 4939) 

 

Figure 5-3 includes graphs of the temperature, wind speed, mixing height and stability classification 

over the modelling period and is consistent with the conditions expected to occur in the area. 
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Figure 5-3: Meteorological analysis of CALMET extract (Cell ref 4939) 
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5.2.2 Dispersion modelling 

CALPUFF modelling is based on the application of three particle size categories; fine particulate, coarse 

matter and rest (the remaining fraction up to 30 µm).  The distribution of particles for each particle size 

category was derived from measurements in the SPCC (1986) study (refer Section 2.2) and is presented 

in Table 5-2. 

Table 5-2: Distribution of particles 

Particle category Size range Distribution(1) 

Fine particulate 0 to 2.5µm 4.68% of TSP 

Coarse matter 2.5 to 10µm 34.4% of TSP 

Rest 10 to 30µm 60.92% of TSP 
(1)Particle distribution sources from SPCC (1986) 

Each particle-size category is modelled separately and later combined to predict short-term and long-

term average concentrations for PM2.5, PM10, and TSP.  Dust deposition was predicted using the proven 

dry deposition algorithm within the CALPUFF model.  Particle deposition is expressed in terms of 

atmospheric resistance through the surface layer, deposition layer resistance and gravitational settling 

(Slinn and Slinn, 1980 and Pleim et al., 1984).  Gravitational settling is a function of the particle size 

and density, simulated for spheres by the Stokes equation (Gregory, 1973). 

CALPUFF is capable of tracking the mass balance of particles emitted into the modelling domain.  For 

each hour CALPUFF tracks the mass emitted, the amount deposited, the amounts remaining in the 

surface mixed layer or the air above the mixed layer and the amount advected out of the modelling 

domain.  The versatility to address both dispersion and deposition algorithms in CALPUFF, combined 

with the three dimensional meteorological and land use field, generally results in a more accurate model 

prediction compared to other Gaussian plume models (Pfender et al., 2006). 

Emissions from each activity occurring at the Project were represented by a series of volume sources in 

the CALPUFF model via an hourly varying emission file.  Meteorological conditions associated with dust 

generation (such as wind speed) and levels of dust generating activity were considered in calculating 

the hourly varying emission rate for each source.  It should be noted that as a conservative measure, 

the effect of the precipitation rate (rainfall) in reducing dust emissions has not been included in this 

assessment.   

5.3 Modelling scenarios 

The assessment considers three mine plan years (scenarios) to represent the Project.  The scenarios 

selected were chosen to represent potential worst-case impacts in regard to the quantity of material 

extracted in each year, the location of the operations and their potential to generate dust.   

The proposed production schedule for the Project was analysed to determine those periods where 

material extracted and handled at the mine was at a maximum, and thus where the amount of dust 

generated would also be at a maximum.  These periods were then matched with the nearest available 

mine plan year for use in the dispersion modelling.  

The three mine plan years chosen for the assessment nominally represent year 2019 (Scenario 1), 2022 

(Scenario 2) and 2027 (Scenario 3).  Indicative mine plans for each of the respective years are presented 

in Figure 5-4 to Figure 5-6. 



  35 

 

16060580_MRM_AQIA_170207.docx 

 

The indicative mine plan years show the continued extraction of ore material from the open cut and the 

gradual progression of the open cut in an easterly direction.  Emplacement of waste material occurs to 

the north of the active open cut at the NOEF.  The footprint of the NOEF area expands gradually over 

time with the waste volumes and other stockpiles of material established as required.   

For each of the scenarios, the ore material extracted from the active open cut is hauled to the Mill and 

unloaded to the hopper or ROM stockpile, located to the west of the active open cut.  Ore is processed 

at the Mill before being transported off-site as concentrate, to Bing Bong.  Tailings generated from 

processing the ore are pumped to the TSF. 
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Figure 5-4: Indicative mine plan – Scenario 1 
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Figure 5-5: Indicative mine plan – Scenario 2 
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Figure 5-6: Indicative mine plan – Scenario 3 
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5.4 Emission estimation 

5.4.1 Particulate matter 

For each of the chosen modelling scenarios, dust emission estimates have been calculated by analysing 

the various types of dust generating activities taking place and utilising suitable emission factors. 

The emission factors applied are considered the most applicable and representative for determining 

dust generation rates for the proposed activities.  The emission factors were sourced from both locally 

developed and United States EPA (US EPA) developed guidance documentation.   

Total dust emissions from all significant proposed dust generating activities for MRM incorporating the 

Project are summarised in Table 5-3.   

The dust emissions presented in Table 5-3 include dust mitigation measures applied at the Project, 

however it is important to note that there are many additional dust mitigation measures that would all 

help to minimise Project dust levels, but cannot be included in the modelling, e.g. a site induction to 

improve employee awareness of dust management cannot be explicitly modelled.  Further details on 

the full range of dust control measures that are proposed for the Project are provided in Section 9.1.  

The detailed emission inventories and emission estimation calculations which show the mitigation 

measures that were explicitly included in the modelling are presented in Appendix A.  

Table 5-3: Estimated emissions for MRM incorporating the Project (kg of TSP per year) 

Activity Scenario 1 Scenario 2 Scenario 3 

TS - Topsoil removal 5,163 5,975 1,810 

TS - Loading topsoil to haul truck 293 339 103 

TS - Hauling topsoil to emplacement area 1,689 2,823 526 

TS - Emplacing topsoil at emplacement area 293 339 103 

OB - Drilling overburden 13,875 13,875 13,875 

OB - Blasting overburden 24,155 24,155 24,155 

OB - Loading OB to haul truck 24,182 22,220 22,505 

OB - Hauling to emplacement area (Alluvium) 179,967 2,795 - 

OB - Hauling to emplacement area 1,679,224 1,715,338 1,914,368 

OB - Emplacing at area (Alluvium) 2,467 38 - 

OB - Emplacing at area 21,714 22,181 22,505 

OB - Dozers in open cut 8,272 8,001 8,563 

OB - Dozers on OEF and rehab 12,407 12,002 12,845 

ROM - Drilling ROM 16,981 16,981 16,981 

ROM - Blasting ROM 3,227 3,227 3,227 

ROM - Loading ROM to haul truck 5,492 9,251 8,229 

ROM - Hauling ROM to hopper 64,765 123,969 119,092 

MILL - Unloading ROM to ROM pad and/or crusher 2,746 4,626 4,114 

MILL - Rehandle ROM at hopper 2,471 4,163 3,703 

MILL - Primary crushing 233,596 393,480 349,999 

MILL - Convey to screen 315 315 315 

MILL - Screening 3,671 6,183 5,500 

MILL - Convey to secondary and tertiary crushers 105 105 105 

MILL - Secondary crushing 105,118 177,066 157,500 

MILL - Screening 3,671 6,183 5,500 

MILL - Conveying 105 105 105 

MILL - Tertiary crushing 86,777 154,440 136,346 
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Activity Scenario 1 Scenario 2 Scenario 3 

MILL - Screening 3,030 5,393 4,761 

MILL - Convey to transfer point 143 143 143 

MILL - Transfer point 7,545 13,429 11,856 

MILL - Unloading to HMP feed stockpile 1,257 2,237 1,975 

MILL - Convey to HMP 130 130 130 

MILL - Unloading to Ore stockpile 1,257 2,237 1,975 

MILL - Processing ore (enclosed and wet - no emissions) - - - 

MILL - Loading Product to trucks for dispatch 16,761 27,591 26,493 

MILL - Hauling Product off-site 13,947 22,959 22,045 

MILL - Dozer on stockpiles 23,643 23,643 23,643 

MILL - Unloading rejects to stockpile 958 1,182 1,105 

MILL - Loading rejects to haul truck 958 1,182 1,105 

MILL - Hauling rejects to emplacement 20,291 25,031 23,402 

MILL - Unloading rejects at emplacement 958 1,182 1,105 

WE - Overburden emplacement areas 255,792 276,378 173,010 

WE - TSF Domain 63,510 63,510 48,180 

WE - Open cut 120,187 116,508 102,404 

WE - Stockpiles 7,912 7,912 7,912 

Grading roads 47,003 47,003 47,051 

Total TSP emissions (kg/yr) 3,088,026 3,367,829 3,330,372 

Note: Totals may vary slightly due to rounding. 

TS – topsoil, OB – overburden, ROM – Run of mine, MILL – Ore processing facility, WE – wind erosion 

 

5.4.2 Lead and zinc 

To estimate the potential emissions of particulate lead and zinc arising from the Project, the fraction of 

lead and zinc in the TSP emissions is characterised from available monitoring data and data regarding 

overburden and ore feed compositions.  Table 5-4 presents the percentages of TSP for lead and zinc 

for various emission sources determined in 2012 by URS.   

Table 5-4: Percentages of TSP for Lead and Zinc for various emission sources 

Type Lead Zinc 

Ore Feed  4.3% 9.8% 

Concentrate 10.4% 46% 

Tailings 1.2% 7.29% 

Waste Rock  0.15% 0.49% 

Haul Roads 0.009% 0.059% 

Source: URS, 2012 

The percentages for lead and zinc are then applied to the TSP inventory to estimate emissions of 

particulate lead and zinc.  A summary of estimated emission inventories for lead and zinc are presented 

in Table 5-5.  

Table 5-5: Estimated emissions of lead and zinc for MRM incorporating the Project 

Activity Scenario 1 Scenario 2 Scenario 3 

Lead emissions (kg/yr) 30,328 45,170 40,377 

Zinc emissions (kg/yr) 77,190 113,460 101,504 
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5.5 Accounting for background pollutant levels 

All significant dust generating operations in the vicinity of MRM were included in the dispersion model 

to assess the total potential air quality impact.  

Other, non-mining sources of particulate matter in the wider area (background sources such as wind 

erosion of the land and fires) also contribute to existing ambient dust levels.  These sources have not 

been individually accounted for in the dispersion modelling as it is impractical to do so; however an 

allowance for their contribution to total dust levels is required to fully assess the total potential impact. 

For annual average predictions, the contribution to the prevailing background dust level from other 

non-modelled dust sources was estimated by analysing the available background air quality monitoring 

data at the site.   

The annual average PM10 background level was estimated from the control sites and the DMV03 LVAS 

monitoring data presented in Section 4.3.1.  The average of the monitoring data collected during the 

July 2014 to June 2015 and July 2015 to June 2016 periods were applied to calculate a potential 

background dust level of 20.5µg/m³.  It is noted that this level would likely be influenced to some degree 

by dust from activity at MRM, but more so by other sources in the surrounding environment, and the 

natural levels of dust.  Estimated background dust levels, excluding the potential effects of dust from 

MRM activity, are anticipated to be approximately 5.5µg/m3 lower than the measured data, leading to 

an estimated background annual average PM10 level of 15.0µg/m3.  

For dust deposition, the Dust05 monitor was assumed to represent background dust deposition levels 

as this monitor is located sufficiently away from the influence of activities occurring at MRM.  The 

maximum recorded level 0.6g/m²/month from the data reviewed in Section 4.3.2 has been applied, 

and no correction for a possible contribution from MRM activity was considered required. 

In the absence of TSP data, estimates of the annual average background TSP concentration has been 

determined on the basis of the PM10 data and the relationship that PM10 typically comprises 

approximately 39.1% of the TSP level (SPCC, 1986).  This approach likely results in a conservative 

estimation of the ambient TSP levels as it is almost invariably the case that PM10 is the limiting criterion 

for extractive operations. Applying this relationship based on the measured annual average PM10 

concentration of 15.0µg/m3 conservatively estimates an annual average TSP concentration value of 

38.4µg/m3.   

The estimated annual average contribution from other non-modelled background dust sources is 

presented in Table 5-6. 

Table 5-6: Estimated contribution from other non-modelled background dust sources 

Pollutant Averaging period Unit Estimated contribution 

TSP Annual µg/m³ 38.4 

PM10 Annual µg/m³ 15.0 

Dust deposition Annual g/m²/month 0.6 
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6 DISPERSION MODELLING RESULTS 

The dispersion model predictions for each of the assessed scenarios are presented in this section.  The 

results presented are for the operation in isolation (incremental impact) and operating with other 

sources (total (cumulative) impact) and show the estimated: 

 Maximum 24 hour average PM2.5 and PM10 concentrations;  

 Annual average PM2.5 and PM10 concentrations;  

 Annual average TSP concentrations;  

 Annual average dust (insoluble solids) deposition rates;  

 Annual average Lead concentrations; and,  

 Maximum 24 hour average Zinc concentrations. 

It is important to note that when assessing impacts per the maximum 24-hour average criterion, the 

predictions show the highest predicted 24-hour average concentrations that were modelled at each 

point within the modelling domain for the worst day (a 24-hour period) in the one year long modelling 

period.   

The nearest sensitive receptors to the Project are identified as the townships of Borroloola and Devils 

Spring, Campbell Spring, the Caranbirini Conservation Reserve and various Areas of Temporary 

Occupation. Areas of Temporary Occupation include camps and areas used by the local population 

intermittently. The Caranbirini Conservation Reserve is a public reserve and may be accessed by the 

general public on an intermittent basis for day visits only, as overnight camping is prohibited.  

Potential air quality impacts at Borroloola, Devils Spring, Campbell Spring and the various Areas of 

Temporary Occupation were assessed as discrete receptors with the locations shown in Figure 6-1.   

Associated isopleth diagrams of the incremental dispersion modelling results are presented in 

Appendix B. 

To account for sources not explicitly included in the model, and to fully account for all cumulative dust 

levels, the unaccounted fractions of background dust levels (which arise from the other non-modelled 

sources), were added to the annual average model predictions as described in Section 5.5.  

As noted, sensitive receptor locations are defined as off-site locations where people are likely to reside 

or work.  The accommodation village within the MRM mine lease is occupied by MRM employees and 

is not a sensitive receptor for the purpose of this assessment. However, the potential risk of exposure 

to airborne pollutants to MRM’s workers at the accommodation facilities it has been considered in 

Appendix C of this report.   
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Figure 6-1: Assessed sensitive receptor locations  

 

  



  44 

 

16060580_MRM_AQIA_170207.docx 

 

6.1 Predicted particulate matter levels 

6.1.1 Scenario 1 

Table 6-1 presents the model predictions at each of the sensitive receptor locations. The values 

presented in bold indicate predicted values above the relevant criteria.  

Figure B-1 to Figure B-6 in Appendix B present isopleth diagrams of the predicted incremental 

modelling results for each of the assessed dust metrics in Scenario 1. 

Table 6-1: Modelling predictions for Scenario 1 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

PM10 

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

Incremental impact Total impact 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual 

average 

Annual 

average 

 

Annual 

average 

Annual 

average 

Air quality criteria 

25 8 50 - - 2 25 90 4 

Borroloola (1) <1 <1 <1 <1 <1 <0.1 15 38 <1 

Devils Spring (1) <1 <1 5 <1 <1 <0.1 15 38 <1 

Campbell Spring <1 <1 2 <1 <1 <0.1 15 38 <1 

ATO 2 <1 <1 4 <1 <1 <0.1 15 38 <1 

ATO 3 <1 <1 4 <1 <1 <0.1 15 38 <1 

ATO 4 <1 <1 7 <1 <1 <0.1 15 38 <1 

ATO 5 <1 <1 7 <1 <1 <0.1 15 38 <1 

ATO 6 2 <1 14 2 2 <0.1 17 40 <1 

ATO 7 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 8 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 9 <1 <1 3 <1 <1 <0.1 15 38 <1 

Caranbirini 

Conservation 

Reserve (2) 

2 <1 14 2 2 <0.1 17 40 <1 

(1) These locations would have additional dust due to activity in the village.  

(2) Approximate model predictions based on the predicted levels within the reserve.   
ATO = Area of Temporary Occupation 

The results in Table 6-1 indicate that all the assessed receptors are predicted to experience maximum 

24-hour average and annual PM2.5 and PM10 concentrations, annual average TSP concentrations and 

annual average dust deposition levels below the relevant air quality standard/ criteria.   

6.1.2 Scenario 2 

Table 6-2 presents the model predictions at each of the sensitive receptor locations. The values 

presented in bold indicate predicted values above the relevant criteria.   

Figure B-7 to Figure B-12 in Appendix B present isopleth diagrams of the predicted incremental 

modelling results for each of the assessed dust metrics in Scenario 2. 
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Table 6-2: Modelling predictions for Scenario 2 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

PM10 

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

Incremental impact Total impact 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual 

average 

Annual 

average 

 

Annual 

average 

Annual 

average 

Air quality criteria 

25 8 50 - - 2 25 90 4 

Borroloola (1) <1 <1 <1 <1 <1 <0.1 15 38 <1 

Devils Spring (1) <1 <1 5 <1 <1 <0.1 15 38 <1 

Campbell Spring <1 <1 2 <1 <1 <0.1 15 38 <1 

ATO 2 <1 <1 5 <1 <1 <0.1 15 38 <1 

ATO 3 <1 <1 4 <1 <1 <0.1 15 38 <1 

ATO 4 <1 <1 7 <1 <1 <0.1 15 38 <1 

ATO 5 1 <1 7 <1 1 <0.1 15 39 <1 

ATO 6 2 <1 15 2 3 <0.1 17 41 <1 

ATO 7 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 8 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 9 <1 <1 3 <1 <1 <0.1 15 38 <1 

Caranbirini 

Conservation 

Reserve (2) 

2 <1 15 2 3 <0.1 17 41 <1 

(1) These locations would have additional dust due to activity in the village.  

(2) Approximate model predictions based on the predicted levels within the reserve.   
ATO = Area of Temporary Occupation 

The results in Table 6-2 indicate that all the assessed receptors are predicted to experience maximum 

24-hour average and annual PM2.5 and PM10 concentrations, annual average TSP concentrations and 

annual average dust deposition levels below the relevant air quality standard/ criteria.   

6.1.3 Scenario 3 

Table 6-3 presents the model predictions at each of the sensitive receptor locations. The values 

presented in bold indicate predicted values above the relevant criteria.   

Figure B-13 to Figure B-18 in Appendix B present isopleth diagrams of the predicted incremental 

modelling results for each of the assessed dust metrics in Scenario 3. 
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Table 6-3: Modelling predictions for Scenario 3 

Receptor ID 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

PM10 

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

Incremental impact Total impact 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual 

average 

Annual 

average 

 

Annual 

average 

Annual 

average 

Air quality criteria 

25 8 50 - - 2 25 90 4 

Borroloola (1) <1 <1 <1 <1 <1 <0.1 15 38 <1 

Devils Spring (1) <1 <1 5 <1 <1 <0.1 15 38 <1 

Campbell Spring <1 <1 2 <1 <1 <0.1 15 38 <1 

ATO 2 <1 <1 5 <1 <1 <0.1 15 38 <1 

ATO 3 <1 <1 4 <1 <1 <0.1 15 38 <1 

ATO 4 <1 <1 6 <1 1 <0.1 15 39 <1 

ATO 5 <1 <1 7 <1 1 <0.1 15 39 <1 

ATO 6 2 <1 14 2 2 <0.1 17 40 <1 

ATO 7 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 8 <1 <1 3 <1 <1 <0.1 15 38 <1 

ATO 9 <1 <1 3 <1 <1 <0.1 15 38 <1 

Caranbirini 

Conservation 

Reserve (2) 

2 <1 14 2 2 <0.1 17 40 <1 

(1) These locations would have additional dust due to activity in the village.  

(2) Approximate model predictions based on the predicted levels within the reserve. 

ATO = Area of Temporary Occupation 

The results in Table 6-3 indicate that all the assessed receptors are predicted to experience maximum 

24-hour average and annual PM2.5 and PM10 concentrations, annual average TSP concentrations and 

annual average dust deposition levels below the relevant air quality standard/ criteria.   

6.1.4 Further analysis of 24-hour average PM10 concentrations 

Time series plots of the predicted 24-hour average PM10 concentrations at four locations around the 

site were analysed to better understand the nature of the emissions on a short-term (24-hour) basis. 

The four locations considered are shown in Figure 6-2, and the time series plots at each location, 

showing the 24-hour PM10 level predicted for each day of the year are presented in Figure 6-3 to Figure 

6-5, for each scenario modelled.  

The results show that locations 1 and 2 which are north of the NOEF, may experience their highest 24-

hour average impacts during the dry season. This is expected as these locations are closest to the largest 

sources of dust at the site (haul roads) and are closest to the exposed bare surfaces of the NOEF which 

would experience short-term wind erosion on very windy days. The dry season winds which tend to 

blow towards the north more frequently (see Figure 4-3) would also have influenced this significantly. 

Location 4 shows the highest effects in the wet season, and location 3 also shows a significant 

proportion of the higher dust levels in the wet season. Locations 4 and 3 are to the south of mine 

activities and the winds tend to blow towards the south and west in the wet season, (see Figure 4-3). 

However another key factor to consider is that locations 4 and 3 are closest to the Mill. The dust 

emissions from the Mill are not greatly affected by rainfall, given that they arise mainly from the 
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processing of ore, and not from activity on surfaces which may be wet during rain events (as occurs on 

the haul roads and for wind erosion in the NOEF).  

As mentioned in Section 5.2.2, as a conservative measure, the effect of the precipitation rate (rainfall) 

in reducing dust emissions has not been considered in this assessment.  It is likely that the inclusion of 

rainfall in the dispersion modelling would have a positive effect in reducing dust emissions and hence 

the level of predicted impacts.  However because rainfall mainly affects sources of dust related to 

exposed surfaces, such as wind erosion and wheel generated dust, the reductions in impact due to 

rainfall would be largest at locations nearest the NOEF and main haul roads and less so from the Mill. 

The results thus indicate that the model is producing results that are in-line with what would be expected 

to occur, but with some degree of overestimation in the predicted impacts given that the conservative 

approach of excluding rainfall effects has been adopted. 

 
Figure 6-2: Receptor locations used for examination of daily dust effects 
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Figure 6-3: Predicted 24-hour average PM10 concentrations for Scenario 1 
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Figure 6-4: Predicted 24-hour average PM10 concentrations for Scenario 2 

 



  50 

 

16060580_MRM_AQIA_170207.docx 

 

 

Figure 6-5: Predicted 24-hour average PM10 concentrations for Scenario 3 
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6.2 Predicted lead concentrations 

Figure B-19 to Figure B-21 in Appendix B show the predicted annual average lead concentrations due 

to emissions from the Project for each scenario. Table 6-4 presents the incremental model predictions 

at sensitive receptor locations for each of the assessed scenarios.  The results indicate that the predicted 

levels of lead for each scenario would not exceed the air quality standard of 0.5µg/m³. 

Table 6-4: Incremental modelling predictions for annual average lead concentrations (µg/m³) 

Receptor ID 

Scenario 1 Scenario 2 Scenario 3 

Air quality standard 

0.5 0.5 0.5 

Borroloola <0.1 <0.1 <0.1 

Devils Spring <0.1 <0.1 <0.1 

Campbell Spring <0.1 <0.1 <0.1 

ATO 2 <0.1 <0.1 <0.1 

ATO 3 <0.1 <0.1 <0.1 

ATO 4 <0.1 <0.1 <0.1 

ATO 5 <0.1 <0.1 <0.1 

ATO 6 <0.1 <0.1 <0.1 

ATO 7 <0.1 <0.1 <0.1 

ATO 8 <0.1 <0.1 <0.1 

ATO 9 <0.1 <0.1 <0.1 

Caranbirini Conservation 

Reserve* 
<0.1 <0.1 <0.1 

* Approximate model predictions based on the predicted levels within the reserve.   
ATO = Area of Temporary Occupation 

6.3 Predicted zinc concentrations 

Figure B-22 to Figure B-24 in Appendix B show the predicted maximum 24-hour average zinc 

concentrations due to emissions from the Project for each scenario. Table 6-5 presents the incremental 

model predictions at sensitive receptor locations for each of the assessed scenarios.  The results indicate 

that the predicted levels of zinc would be well below the adopted criteria of 120µg/m³.   

Table 6-5: Incremental modelling predictions for 24-hour average zinc concentrations (µg/m³) 

Receptor ID 

Scenario 1 Scenario 2 Scenario 3 

Air quality criteria 

120 120 120 

Borroloola <1 <1 <1 

Devils Spring <1 <1 <1 

Campbell Spring <1 <1 <1 

ATO 2 <1 <1 <1 

ATO 3 <1 <1 <1 

ATO 4 <1 <1 <1 

ATO 5 <1 <1 <1 

ATO 6 <1 <1 <1 

ATO 7 <1 <1 <1 

ATO 8 <1 <1 <1 

ATO 9 <1 <1 <1 

Caranbirini Conservation 

Reserve* 
<1 <1 <1 

* Approximate model predictions based on the predicted levels within the reserve.   
ATO = Area of Temporary Occupation  
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7 ASSESSMENT OF SULPHUR DIOXIDE IMPACTS 

7.1 Introduction 

Some of the overburden material proposed to be stored in the NOEF contains pyritic material that may 

oxidise in the presence of water and oxygen (i.e. air containing oxygen) and release sulphur dioxide.  As 

the reaction is exothermic, the internal temperature of reactive parts of the NOEF may increase when 

the heat generated is greater than the heat dissipated.  This situation may arise below the surface of the 

NOEF.   

The plumes resulting from the oxidation are termed “smokers” and typically produce a visible smoke 

plume.  Where a reactive part of the NOEF reaches a temperature of approximately 100°C, the oxidation 

reaction may accelerate and may no longer require water to be sustained.  When this occurs, the 

emissions may not necessarily be visible, but may be noticeable as a localised heat haze. 

An Environmental Audit Program for MRM was issued by the NT EPA on the 24 April 2015 in regard to 

the identification of potential off-site environmental impacts related to the air emissions emanating 

from the NOEF.   

Specific components of the Environmental Audit Program are detailed in four separate reports that were 

required to be produced as part of the program. These include: Draft Initial SO2 Desktop Assessment of 

the Spontaneous Combustion at the NOEF of McArthur River Mine, Northern Territory (TAS, 2015a); Air 

Quality Model Validation Dry Season Campaign 2015 (TAS, 2015b) and Air Quality Model Validation 

Wet Season Campaign 2016 (TAS, 2016a). The Environmental Report Air Quality Audit Program report 

(TAS, 2016b) provides a summary of the audit program, and forms part of the MRM response to the 

NT EPA. 

This section provides a summary of the findings of the Environmental Audit Program and discusses the 

potential for risk associated with sulphur dioxide emissions from the NOEF.  

7.2 Methodology 

Site specific air quality monitoring campaigns were conducted on 28 to 30 July 2015 representing the 

dry season and on 19 to 21 February 2016 for the wet season.  The focus of the campaign monitoring 

was to perform attended source plume monitoring to determine the rate of sulphur dioxide emission 

from the NOEF, and to use the results in an air dispersion model in order to predict potential impacts 

under all weather conditions and at all locations through a verified model.   

During the attended monitoring campaigns, visible smokers were identified in the NOEF and were the 

focus of the monitoring.  However, non-visible “smokers” were also detected in the field measurements 

and were traced to the source of emissions producing detectable hot gases. The exact locations of these 

non-visible smokers were also established via analysis of the data and separately with the use of the 

dispersion model.   
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The total emission rate measured for the sources identified during the wet season campaign was up to 

14g/s of sulphur dioxide which is approximately half of that for the dry season emission rate which was 

up to 27g/s of sulphur dioxide.   

Air dispersion modelling, for a full range of weather conditions, (i.e. for every hour of a complete year) 

was conducted to examine whether the emissions from the NOEF may lead to any potential off-site 

impacts under weather conditions different to those experienced during the attended dry and wet 

season monitoring campaigns. Refer to (TAS, 2015a), (TAS, 2015b), (TAS, 2016a) and (TAS, 2016b) 

for further details. 

7.3 Results 

Isopleth diagrams of the dispersion modelling results for the dry and wet season monitoring campaigns 

are presented in Figure B-25 to Figure B-32 in Appendix B. 

The modelling results, based on the dry season campaign emission estimations, indicate the potential 

for 10-minute and 1-hour average sulphur dioxide levels to be above the relevant criteria alongside the 

NOEF beside the Carpentaria Highway.   

The modelling results for the wet season campaign emissions estimations indicate that no impact in any 

publicly accessible area is predicted to arise, and that the impact is confined to the vicinity of the NOEF.   

The predicted sulphur dioxide levels from both the dry and wet season modelling indicated that it is 

unlikely for the sulphur dioxide levels to exceed the relevant criteria at the nearest permanent residences 

in Devils Spring and Borroloola.  

7.4 Discussion 

The modelling results indicate that the sulphur dioxide emissions during the wet season campaign 

would not exceed the criteria off-site.  This contrasts with the results during the dry season campaign 

when there was some potential for 10-minute and 1-hour average sulphur dioxide emissions to be 

above the ambient criteria along the Carpentaria Highway.  This is considered to be more likely to be 

due to the lower emissions observed during the wet season campaign arising from better management 

of any oxidising material than due to seasonal meteorological variations (however the prevailing 

conditions would also play some role).  

The monitoring data from the two monitoring stations in Borroloola and Devils Spring indicate no 

significant levels of sulphur dioxide (see Section 4.3.3).  There does not appear to be a risk of impacts 

occurring at these locations based on the modelling results. 

As long as the oxidising material is well managed and controlled at the NOEF such that the emissions 

would not be greater than during the wet season campaign monitoring, the results indicate that it would 

be unlikely for the sulphur dioxide levels outside the NOEF to exceed the relevant criteria. 
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The number of sources, their emission rate and size will vary over time depending on variables such as 

the weather conditions and the state of the OEFs.  The composition of the NOEF is not uniform 

throughout the life of the Project and may also vary over time as reactions are exhausted or accelerated, 

materials are moved and sections of the NOEF are remediated (excavated, cooled, compacted and 

capped). The changing direction of prevailing wind, any excess oxygen (from air) or water ingress or 

lack thereof may also play a role, which is one of the reasons for conducting two monitoring campaigns: 

one in the dry season and one in the wet season.  
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8 RISK ASSESSMENT  

A risk assessment of the potential for air quality impacts has been conducted, using Glencore’s 

Corporate Risk Framework presented in Table 8-1 and Table 8-2.  

Table 8-1: Glencore Risk Matrix 

LIKELIHOOD [of the event occurring with that consequence] 

Basis of Rating E - Rare D - Unlikely C - Possible B - Likely A – Almost Certain 

LIFETIME 

OR 

PROJECT OR TRIAL OR 

FIXED TIME PERIOD 

OR 

NEW PROCESS / PLANT / 

R&D 

Unlikely to occur during a 

lifetime 

OR 

Very unlikely to occur 

OR 

No known occurrences in 

broader worldwide 

industry 

Could occur about once 

during a lifetime 

OR 

More likely NOT to occur 

than to occur 

OR 

Has occurred at least once 

in broader worldwide 

industry 

Could occur more than 

once during a lifetime 

OR 

As likely to occur as not to 

occur 

OR 

Has occurred at least once 

in the mining / 

commodities trading 

industries 

May occur about once 

per year 

OR 

More likely to occur than 

not occur 

OR 

Has occurred at least 

once within Glencore 

May occur several times 

per year 

OR 

Expected to occur 

OR 

Has occurred several times 

within Glencore 

5 Catastrophic 15 (M) 19 (H) 22 (H) 24 (H) 25 (H) 

4 Major 10 (M) 14 (M) 18 (H) 21 (H) 23 (H) 

3 Moderate 6 (L) 9 (M) 13 (M) 17 (H) 20 (H) 

2 Minor 3 (L) 5 (L) 8 (M) 12 (M) 16 (M) 

1 Negligible 1 (L) 2 (L) 4 (L) 7 (M) 11 (M) 
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Table 8-2: Glencore Consequence Categories and Definitions 

 CONSEQUENCE [potential foreseeable outcome of the event] 

Health & Safety Environment Financial Impact 
Image & Reputation / 

Community 

Legal & 

Compliance 

5 Catastrophic  Multiple fatalities (5 

or more fatalities in 

a single incident) 

 Multiple cases (5 or 

more) of Permanent 

Damage Injuries or 

Diseases that result 

in permanent 

disabilities in a 

single incident 

 Unconfined and 

widespread 

 Environmental 

damage or effect 

(permanent; >10 

years) 

 Requires major 

remediation  

 Unsustainable effect 

on company 

finances and 

budgeting, and 

creates an inability 

to continue 

operations, leading 

to Project closure. 

 Loss of multiple major customers or 

large proportion of sales contracts 

 Sustained campaign by one or more 

international NGOs resulting in 

physical impact on the assets or loss 

of ability to operate 

 Security incident resulting in multiple 

fatalities or major equipment damage 

 Formal expression of significant 

dissatisfaction by government 

 Grievance from internal or external 

stakeholder alleging human rights 

violation resulting in multiple fatalities 

 Major litigation / 

prosecution at 

Glencore corporate 

level 

 Nationalisation / loss 

of licence to operate 

4 Major  Fatality or 

permanent 

incapacity / health 

effects 

 Long-term (2 to 10 

years) impact 

 Requires significant 

remediation 

 Major effect on 

company finances 

and budgeting, and 

poses major 

restrictions on 

operations, leading 

to sub-optimal 

Project 

development 

 Negative media coverage at national 

level 

 Scrutiny from government and NGOs 

 Complaints from multiple “final” 

customers 

 Loss of major customer 

 Loss of community support 

 Negative impact on share price 

 Major litigation / 

prosecution at 

Division level 

3 Moderate  Lost time / disabling 

injury / occupational 

health effects / 

multiple medical 

treatments 

 Medium-term (<2 

years) impact 

 Requires moderate 

remediation 

 Moderate  effect on 

company finances 

and budgeting, and 

poses moderate 

restrictions on 

operations, which 

could potentially 

lead to sub-optimal 

Project 

development  

 Negative media coverage at local / 

regional level over more than one day 

 Complaint from a “final” customer 

 Off-spec product 

 Community complaint resulting in 

social issue 

 Major litigation / 

prosecution at 

Operation level 

2 Minor  Medical Treatment 

Injury (MTI) / 

occupational health 

effects 

 Restricted Work 

Injury (RWI) 

 Short-term impact  

 Requires minor 

remediation 

 Minor undesirable 

effect on company 

finances and 

budgeting, and 

poses minor 

restrictions on 

operations  

 Complaint received from stakeholder 

or community 

 Negative local media coverage 

 Regulation breaches 

resulting in fine or 

litigation 

1 Negligible  First Aid Injury (FAI) / 

illness 

 No lasting 

environmental 

damage or effect 

 Requires minor or no 

remediation 

 Can be funded 

within current 

budget, with no 

negative impact on 

profitability, 

workforce numbers 

or community 

investment projects.   

 Negligible media coverage  Regulation breaches 

without fine or 

litigation 
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The likelihood of air quality impacts occurring is predicted to vary depending on the pollutant assessed.   

Based on the risk assessment matrix, the overall risk of the potential air quality impacts is considered 

low at all off-site receptors. There are no air quality impacts predicted to occur at any off-site sensitive 

receptor due to MRM activity, hence the likelihood of any air impacts is assessed as “unlikely” and the 

severity of any consequence is considered to be “minor”.  

The assessment of sulphur dioxide shows that impacts may arise from the NOEF, and that there is 

potential for impacts along a stretch of the Carpentaria Highway if emissions are not well managed at 

all times. The consequences are considered to be low as there is very little traffic on the stretch of road, 

and it is unlikely for any person to be present for long enough to experience any issue, even if the 

emissions are not managed ideally. 

The severity of the consequences of any air quality impacts on people are considered to be minor as 

any effects would be localised to the site, and have very little influence at the sensitive receptor locations. 

Site workers have access to personal protective equipment for dust and lead, and it is understood that 

blood-lead testing is carried out to monitor for excessive exposure and to facilitate corrective 

intervention where required. Air quality management procedures at MRM include measures to minimise 

the generation of air pollution from the activities taking place.  
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9 MITIGATION AND MANAGEMENT 

9.1 Dust management 

A range of air quality mitigation measures for the control of dust emissions are applied at the current 

MRM operations. A summary of the key dust controls applied at the site is provided in Table 9-1.  Not 

all of these controls can be included in an air dispersion model, (e.g. a site induction). Where applicable 

these controls have been applied in the dust emission estimates shown in Table 5-3. The emissions 

inventories in Appendix A show the dust controls that can be explicitly included in the modelling, (e.g. 

watering of haul roads). 

Table 9-1: Summary of dust mitigation measures at MRM 

Activity Dust mitigation measure 

General 
 Site induction is to include air quality requirements to ensure employee 

awareness of visual dust plumes and potential for dust impacts. 

Hauling on unsealed & sealed 

roads 

 Watering of haul road surfaces.  

 Prevent material being deposited/ spilled on haul roads. 

 Speed limits on all roads. 

 Trafficable areas clearly marked, minimised, and vehicle movements 

restricted to these areas. 

 Trafficable areas and vehicle manoeuvring areas regularly maintained. 

 Disused roads are rehabilitated as soon as practicable.  

 Visual monitoring and inspections of dust from unsealed roads to determine 

control effectiveness. 

Material extraction/unloading 

 Application of water using dust suppression sprinklers on areas where dusty 

prior to extraction.   

 Water truck with water cannon to supply selective dust suppression when 

required. 

 Minimise the double handling and stockpiling of material.  

 Fall distance of materials during loading and unloading minimised. 

 Operations relocated/ rescheduled during high dust periods, where 

practicable. 

Dozer and grader operation 

 Avoid use during unfavourable conditions (i.e. high wind speeds). 

 Travel speed minimised in dusty conditions. 

 Travel on defined routes between work areas, pre-water route where 

feasible. 

 Visual monitoring and inspections of dust levels from dozer operations.  

 Water haul roads immediately after grading, where possible. 

Exposed areas 

 Only the minimum area necessary for mining will be disturbed. 

 Overburden emplacement areas rehabilitated as soon as feasible. 

 Stabilisation on areas inactive for long periods. 

 Regular watering of cleared areas where appropriate.  

Mill 

 Water sprays to minimise dust when unloading ROM to hopper; 

 Slower tipping at ROM hopper during adverse weather conditions. 

 Use visual triggers for implementation of further dust mitigation. 

 Enclosed facility with internal water sprays at feeder, crusher, conveyor and 

transfer points as necessary. 

 Enclosed conveyors and transfer points. 

 All conveyors to be fitted with appropriate cleaning and collection devices.  

 Regularly clean areas where spilt material can build up, e.g. under transfer 

chutes and conveyors.  

 Water sprays, enclosures and wind breaks for crushers and screens. 
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Activity Dust mitigation measure 

ROM stockpiles 

 Minimise drop heights when stacking. 

 Manual implementation of water sprays and/or water cart during dusty 

periods. 

 Visual surveillance of dust plumes during activity. 

TSF 

 Capping of TSF Cell 1 with clay layer to minimise generation of tailings dust. 

 Tailings deposition via 47 spigots around the periphery of Cell 2, where these 

spigots are operated on a rotation/ cycle of approximately 35 to 40 days to 

keep the exposed tailings surface at least periodically damp, thereby 

reducing dust generation.  

 

9.2 Sulfur Dioxide  

To manage the emission of sulphur dioxide, MRM has developed a protocol for selective handling and 

emplacement of overburden material.  The purpose of this protocol is to avoid/ minimise as far as 

possible the ingress of water and oxygen to pyritic material (i.e. to avoid/ minimise the conditions that 

produce sulphur dioxide). 

Management measures for the emplacement of overburden with the propensity to produce sulphur 

dioxide emissions involves paddock dumping and capping with clay material to prevent oxygen and 

water ingress.  In addition, MRM conducts ongoing inspections of the NOEF to identify sulphur dioxide 

emissions from the existing NOEF (e.g. by visual inspection of “smokers” or using thermal cameras).  

Where sources of sulphur dioxide are identified, management measures include capping and/or 

excavation, cooling and capping of emission sources.  

9.3 Air quality monitoring program 

The air quality monitoring at MRM is currently under review and will be presented in the Air Quality 

Management Plan for the site which is being developed in consultation with the relevant government 

agencies and is scheduled to be implemented in early 2017.   

This section outlines the proposed air quality monitoring program for MRM with exact locations of the 

monitoring equipment to be confirmed following field verifications.  

The proposed air quality monitoring network is shown in Figure 9-1. 

Air quality monitoring for MRM is proposed to be conducted at: 

 Compliance locations – those sensitive receptor locations where the air quality assessment 

criteria would apply; and,  

 Diagnostic locations – locations where air quality performance can be assessed through 

monitoring of air quality concentrations/ deposition rates upwind and downwind of MRM 

operations. Air quality assessment criteria would not apply at these locations, however, 

operational performance triggers apply at a selection of monitoring sites.  

9.3.1 Compliance monitoring 

Compliance monitoring of PM10 and sulphur dioxide would occur at a location between MRM and the 

nearest sensitive receptor locations to the north (see Figure 9-1).  As the sensitive receptor locations 
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are located further from the MRM mining operations, compliance with the PM10 and sulphur dioxide 

goals at the monitoring site will infer compliance at the sensitive receptor locations. 

9.3.2 Diagnostic monitoring 

Diagnostic monitoring will use a range of monitoring methods including: 

 Dust deposition monitoring - conducted using 16 dust deposition gauges (DDG1 to DDG16).  

This will also allow for metal speciation analysis of the total deposited material will be conducted 

to determine the rate of lead and zinc deposition.  

 Real-time PM10 monitoring - using a two Tapered Element Oscillating Mass Balances (TEOMs) 

(DTM1 and DTM2) and six portable light-scattering aerosol monitors (DRT1 to DRT6).  The 

portable light-scattering aerosol monitors provide the ability to relocate the monitoring 

according to the changes in the location of major activities occurring at the mine.    

 A High Volume Air Sampler (HVAS) – located near the mill and used to measure TSP for a12-

month period.  A PM10 head will then be fitted so that the HVAS will measure PM10 thereafter.  

 Airmetric MiniVol Tactical Air Samplers (Low Volume Air Samplers) – deployed at the monitoring 

sites for 24-hours every 12 days and will measures ambient levels of dust and metals (DMV1 to 

DMV10). 

 Real-time SO2 monitoring – conducted at two monitoring stations located north of the NOEF 

and at the Accommodation Village.  Handheld/ personal SO2 monitors will also be used by 

MRM workers/ contractors to manage risk when working in proximity to the NOEF. 

9.3.3   Meteorological monitoring 

Meteorological monitoring is conducted by the BoM at McArthur River Mine Airport.  This station is 

capable of continuously monitoring wind speed, wind direction, temperature, rainfall, relative humidity, 

barometric pressure and other meteorological parameters.   

The meteorological station would meet the requirements as defined by Standards Australia AS 2923-

1987: Guide for measurement of horizontal wind for air quality applications and United States 

Environmental Protection Agency publication EPA 454/R-99-005: Meteorological monitoring guidance 

for regulatory modelling applications.  
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Figure 9-1: Air quality monitoring network at MRM 
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10 GREENHOUSE GAS ASSESSMENT 

10.1 Introduction 

Dynamic interactions between the atmosphere and the surface of the earth create the unique climate 

equilibrium that enables life on earth.  Solar radiation from the sun provides the heat energy necessary 

for these interactions to take place, with the atmosphere acting to regulate and maintain the complex 

equilibrium that enables life on earth.  A large part of the atmospheric regulation occurs due to the 

"greenhouse effect" with the absorption and reflection of solar radiation dependent on the composition 

of specific greenhouse gases (GHG) and air pollutants in the atmosphere.  

Over the last century, the composition and concentration of GHG in the atmosphere has increased due 

to increased anthropogenic activity.  Climatic observations indicate that the average pattern of global 

weather is changing as a result.  The measured increase in global average surface temperatures indicate 

an unfavourable and unknown outcome if the rate of release of GHG emissions remains at the current 

rate.  

This assessment aims to estimate the predicted GHG emissions to the atmosphere due to the Project 

and to provide a comparison of the direct emissions from the Project at the territory and national level.  

A climate change impact assessment is also conducted to gauge the effects a changing climate would 

have on the air quality impacts associated with the Project. 

10.2 International Policy  

The United Nations Framework Convention on Climate Change (UNFCCC) is the main global forum for 

climate change negotiations that aims to stabilise GHG concentrations in the atmosphere to prevent 

dangerous climate impacts.  

The Kyoto Protocol is an international agreement under the UNFCCC that commits developed countries 

to setting internationally binding GHG reduction targets.  The first commitment period of the Kyoto 

Protocol started in 2008 and ended in 2012 and saw a number of countries committed to reduce GHG 

emissions to an average of five per cent of 1990 levels of GHG emissions to the atmosphere.  The second 

commitment period started in 2013, which extends to 2020, and saw counties commit to reduce GHG 

emissions by at least 18 % below the 1990 level of GHG emissions to the atmosphere.  

A historical global climate agreement (the Paris Agreement) was signed at the UNFCC 21st Conference 

of the Parties (COP21) in Paris in November and December 2015.  The Paris Agreement sets in place a 

framework for all countries to take climate action from 2020, building on existing international efforts 

in the period up to 2020.  The key outcomes of the Paris Agreement include: 

 A global goal to hold average temperature increase to well below 2ºC and pursue efforts to 

keep warming below 1.5ºC above pre-industrial levels. 

 All countries to set mitigation targets from 2020 and review targets every five years to build 

ambition over time, informed by a global stocktake. 

 Robust transparency and accountability rules to provide confidence in countries’ actions and 

track progress towards targets.  
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 Promoting action to adapt and build resilience to climate impacts. 

 Financial, technological and capacity building support to help developing countries implement 

the Agreement.  

10.3 Australian Policy 

Australia has an active role in global action for GHG emission reduction and adaptation to the impacts 

of climate change in the context of coordinated global action.  Australia is a party to the UNFCC and 

has agreed to the Kyoto Protocol and the Paris Agreement which sees Australia commit to reduce GHG 

emissions to 26-28 per cent of 2005 levels by 2030.   

The Australian Government is implementing national policies to reduce emissions and adapt to the 

impacts of climate change in the context of coordinated global action.  The Direct Action Plan outlines 

the means to achieving the reduction targets with the Emissions Reduction Fund as the primary means.   

The Emissions Reduction Fund offers incentives for businesses that seek out actions to reduce GHG 

emissions.  This approach applies a carbon credit scheme which allows businesses to create credited 

emissions reductions which can then be exchanged between other businesses.  A safeguard mechanism 

of the Emissions Reduction Fund includes establishing an emissions baseline for large emissions facilities 

to ensure that emissions reductions are not overtaken by a rise in emissions elsewhere. 

10.4 Glencore and Climate Change  

Glencore acknowledges the science of global climate change as outlined by the Intergovernmental 

Panel on Climate Change (IPCC) and with the COP21.  Glencore aims to manage climate change issues 

as a business via four broad areas: 

1. Internal risk and materiality assessments; 

2. Management of energy and carbon footprint; 

3. Proactive engagement with a range of stakeholders; and, 

4. Support for the development of low-emission technologies.  

10.5 Greenhouse gas inventory 

The National Greenhouse Accounts (NGA) Factors document published by the Department of the 

Environment and Energy (2016c) defines three scopes for different emission categories based on 

whether the emissions generated are from "direct" or "indirect" sources. 

Scope 1 emissions encompass the direct sources from the Project defined as:  

"...from sources within the boundary of an organisation as a result of that organisation's activities" 

(Department of the Environment and Energy, 2016c).  

Scope 2 and 3 emissions occur due to the indirect sources from the Project as:  
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"...emissions generated in the wider economy as a consequence of an organisation's activities (particularly 

from its demand for goods and services), but which are physically produced by the activities of another 

organisation" (Department of the Environment and Energy, 2016c).  

For the purpose of this assessment, emissions generated in all three scopes defined above provide a 

suitable approximation of the total GHG emissions generated from the Project.  

Scope 3 emissions can be a significant component of the total emissions inventory; however, these 

emissions are generally not directly controlled by the operation.  These emissions are understood to be 

considered in the Scope 1 emissions from other various organisations related to the mine.   

Scope 3 emissions can also arise from a number of various other sources indirectly associated with the 

operation of the Project such as emissions generated by employees travelling to and from the site.  The 

relatively minor individual contributions that are difficult to accurately quantify due to the diversity and 

nature of the sources, have not been considered further in this assessment. 

10.5.1 Emission sources 

Scope 1 and 2 GHG emission sources identified from the operation of the Project are the on-site 

combustion of diesel fuel, explosives and the on-site consumption of electricity.  Scope 3 emissions 

have been identified as indirect emissions resulting from the extraction, production and transport of 

diesel and electricity for use on-site.  

Estimated quantities of materials that have the potential to emit GHG emissions associated with Scope 

1, 2 and 3 emissions for the Project have been summarised in Table 10-1 below.  These estimates are 

based on an annual average use for the life of the Project.   

Table 10-1: Summary of quantities of materials estimated for the Project 

Period Diesel (kL) Electricity (MWh) Explosives (t) 

Annual 26,824 320,865 6,273 

Total 536,479 6,417,303 125,453 

 

10.5.2 Emission factors 

To quantify the amount of carbon dioxide equivalent (CO2-e) material generated from the Project, 

emission factors obtained from the NGA Factors (Department of the Environment and Energy, 2016c) 

and other sources as required and are summarised in Table 10-2.  The emission factors include 

consideration of methane (CH4) and nitrous oxide (N2O). 

Table 10-2: Summary of emission factors  

Type 

Energy  

content  

factor 

Emission factor Units Scope Source 

CO2 CH4 N2O 

Diesel 
38.6 69.9 0.1 0.5 kg CO2-e/GJ 1 Table 4 (DoEE, 2016c) 

3.6   3 Table 40 (DoEE, 2016c) 

Electricity 
 0.67   kg CO2-e/kWh 2 Table 5 (DoEE, 2016c) 

0.1   3 Table 41 (DoEE, 2016c) 

Explosives*  0.18   t CO2-e/tonne 1 Table 4 (DCC, 2008) 
*Assumes all explosives considered as Heavy ANFO 

Department of the Environment and Energy (DoEE) 

Department of Climate Change (DCC) 
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10.6 Summary of greenhouse gas emissions 

Table 10-3 summarises the estimated annual CO2-e emissions due to the operation of the Project based 

on the quantities of materials estimated for the project (see Table 10-1) and the applicable emissions 

factors (see Table 10-2). 

Table 10-3: Summary of CO2-e emissions for the Project (t CO2-e) 

 Annual Total 

Diesel 
Scope 1 72,996 1,459,920 

Scope 3 3,727 74,549 

Electricity 
Scope 2 214,980 4,299,593 

Scope 3 32,087 641,730 

Explosives Scope 1 1,129 22,582 

 

10.7 Contribution of greenhouse gas emissions 

Table 10-4 summarises the emissions associated with the Project based on Scopes 1, 2 and 3. 

Table 10-4: Summary of CO2-e emissions per scope (t CO2-e) 

Period Scope 1 Scope 2 Scope 3 

Annual 74,125 214,980 35,814 

Total 1,482,502 4,299,593 716,279 

 

The estimated annual greenhouse emissions for Australia for the year to December 2015 period was 

535.7 Mt CO2-e (Department of the Environment and Energy, 2016a).  In comparison, the estimated 

annual average greenhouse emission for the Project is 0.29Mt CO2-e (Scope 1 and 2).  Therefore, the 

average annual contribution of greenhouse emissions from the Project in comparison to the Australian 

greenhouse emissions for the year to December 2015 period is estimated to be approximately 0.05 per 

cent.  

At a territory level, the estimated greenhouse emissions for NT in the 2014 financial year period was 

12.4 Mt CO2-e (Department of the Environment and Energy, 2016b).  The average annual 

contribution of greenhouse emissions from the Project in comparison to the NT greenhouse emissions 

for the 2014 period is estimated to be approximately 2.33 per cent. 

The estimated greenhouse gas emissions generated in all three scopes are based on approximated 

quantities of materials and where applicable generic emission factors.    

10.8 Climate Impact Assessment 

10.8.1 Introduction 

This section presents an assessment of the effects that a changing climate would have on the air quality 

impacts associated with the Project.  

A review of the projections of future climate for the Monsoonal North (CSIRO, 2015) indicates that: 

 Future substantial warming is projected with very high confidence for mean, maximum and 

minimum temperature; 
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 There is high confidence that natural climate variability will be the major driver of annual mean 

rainfall changes in the short-term (by 2030), however the direction (increase or decrease) of the 

annual rainfall change is uncertain.  There is generally a low confidence in long-term (2090) 

annual rainfall projections; 

 Small changes are projected to mean surface wind speed with high confidence in the short-

term.  In the long-term little change is projected with medium confidence; 

 The projections indicate that there is high confidence in both short-term and long-term periods 

and that the potential evapotranspiration will increase in all seasons.  The level of increase is 

less certain as there is only medium confidence in the magnitude of the projections; and, 

 There is high confidence in little changes to solar radiation and relative humidity in the short-

term.  In the long-term there is low confidence in solar radiation projections (models projecting 

both increases and decreases) and medium confidence in a decrease to relative humidity. 

10.8.2 Methodology 

To assess the impact of climate change on the Project’s air quality impacts, three global climate model 

(GCM) future scenarios were selected to provide a range of projected changes to the relevant climate 

variables for the short-term (2030) and long-term (2090).  Details of the methodology are set out in 

‘Proposed Approach for Assessing Climate Change Impacts for the MRM OMP EIS’ (WRM, 2016). 

These included the best case, worst cast and maximum consensus (most likely) scenarios.  The models 

were identified using the Climate Change Australia (CSIRO and BoM, 2015) projection builder tool 

using ranked climate variables relevant to air quality, as presented in Table 10-5.   

Table 10-5: Ranked climate variables relevant to air quality 

Climate Variable Best Case Change Best Case Rank Worst Case Change Worst Case Rank 

Rainfall Increase 1 Decrease 1 

Wind Speed Little Change 3 Increase 3 

Maximum Daily Temp Small increase 4 Large Increases 4 

Humidity Increase 6 Decrease 6 

Solar Radiation Decrease 5 Increase 5 

Evapotranspiration Decrease 2 Increase 2 

 

To determine the likely changes in climate variables at the Project location, the results from the three 

short-term and long-term GCM scenario projections were then adjusted to account for the difference 

between the historical baseline dataset (1889 to 2015) and GCM reference dataset (1986 to 2005).   

These synthetic climate datasets were retrieved for the Project site from the Queensland Climate Change 

Centre of Excellence (QCCCE) SILO Data Drill Service.  The Project Data Drill data were derived by 

interpolation of recorded climate data between regional stations as described by Jeffreys et al. (2001). 

The Data Drill provides a continuous daily data set between 1889 and 2015 (baseline period). 
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10.8.3 Results 

Table 10-6 and Table 10-7 present the Climate Change Australia projection builder (CSIRO and BoM, 

2015) projected annual climate variable changes for the best case, worst case and maximum consensus 

scenarios, for the short-term (2030) and long-term (2090) periods respectively. 

Table 10-6: Project annual climate variable changes for the three scenarios - 2030 

Scenario 
Representative 

Model 
Model 

Consensus 
Rainfall 

Wind 
Speed 

Maximum 
Daily 

Temperature 
Humidity 

Solar 
Radiation 

Evapotranspiration 

Best Case MIROC5 Very Low 6.4% 0.4% 0.65°C 0.9% -0.3% 2.8% 

Worst 
Case 

GFDL-ESM2M Low -10.2% 2.2% 1.13°C -6.8% 2.0% 1.5% 

Maximum 
Consensus 

CanESM2 High 0.2% -1.5% 1.25°C -0.9% 0.3% 4.4% 

 

Table 10-7: Project annual climate variable changes for the three scenarios - 2090 

Scenario 
Representative 

Model 
Model 

Consensus 
Rainfall 

Wind 
Speed 

Maximum 
Daily 

Temperature 
Humidity 

Solar 
Radiation 

Evapotranspiration 

Best Case MIROC5 Very Low 5.5% -0.4% 1.79°C -0.9% 0.2% 5.8% 

Worst 
Case 

HadGEM2-CC Low -7.1% -1.1% 2.17°C -2.7% -0.5% 6.6% 

Maximum 
Consensus 

CanESM2 Moderate 2.7% -2.0% 2.39°C -1.3% 0.2% 8.5% 

Table 10-8 presents the annual climate variable statistics from the historical baseline and GCM 

reference datasets.  The table also provides the percent differences of the baseline data to the GCM 

reference data.  The comparisons of the data show that: 

 The annual average daily temperatures in the GCM reference period are higher than those in 

the historical baseline data period; 

 The annual rainfalls in the historical baseline period are lower than the GCM reference period 

for average, median and 90th percentile; 

 The median and 90th percentile pan evaporation and 10th percentile actual evapotranspiration 

values for the historical baseline period are lower than the equivalent GCM reference period 

values.   However the average and 10th percentile pan evaporation values and the average, 

median, 90th percentile actual evapotranspiration values for the historical baseline period are 

higher than those in the GCM reference period.  This may be due to the higher rainfalls 

experienced in the GCM reference period when compared to the historical baseline period; 

 The solar radiation values in the historical baseline period are higher than those in the GCM 

reference period for all calculated statistics; and, 

 The atmospheric water vapour pressure values in the historical baseline period are lower than 

those in the GCM reference period for all calculated statistics.
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Table 10-8: Project SILO Data Drill - historical baseline (1889 to 2015) and GCM reference datasets (1986 to 2005) 

  
  

Air 
Temperature 

Max (°C) 

Air 
Temperature 

Min (°C) 

Rainfall 
(mm/annum) 

Class A 
Evaporation 

(mm/annum) 

Shortwave 
Solar 

Radiation 
(MJ/m2) 

Atmospheric 
Water 
Vapour 

Pressure 
(hPa) 

Relative 
Humidity 

(%) @ 
T.Max 

Relative 
Humidity 

(%) @ 
T.Min 

Morton's estimate 
of actual 

evapotranspriation 
over land 

(mm/annum) 

Mean 
Sea Level 
Pressure 

(hPa) 

SILO 
Statistics 

1889-2015 
Baseline 
Period 

10th 
Percentile 

33.4 18.8 443.2 2584.6 20.0 19.7 35.3 78.5 913.1 1006.3 

Average 34.1 19.5 714.1 2738.9 21.0 20.6 37.7 84.8 1039.0 1009.3 

Median 34.1 19.3 658.3 2755.2 21.2 20.7 37.5 85.2 1030.6 1006.3 

90th 
Percentile 

34.8 20.6 1054.9 2825.4 21.9 21.5 40.5 90.6 1159.0 1013.3 

  

SILO 
Statistics 

1986-2005 
GCM 

Reference 
Period 

10th 
Percentile 

33.4 19.4 406.7 2446.8 19.9 20.5 35.1 76.9 926.1 1012.3 

Average 34.3 20.3 742.5 2726.5 20.6 21.2 38.3 82.0 1021.0 1013.1 

Median 34.3 20.6 682.0 2776.3 20.5 21.1 38.2 81.7 999.1 1013.1 

90th 
Percentile 

35.2 21.5 1360.7 2932.6 21.5 22.2 40.8 86.3 1156.8 1013.9 

  

Percent 
Differences 
of Baseline 

to GCM 
Reference 

Period 

10th 
Percentile 

0.02°C -0.59°C 8.2% 5.3% 0.4% -4.3% 0.8% 1.9% -1.4% -0.6% 

Average -0.19°C -0.84°C -4.0% 0.5% 2.4% -2.9% -1.8% 3.3% 1.7% -0.4% 

Median -0.25°C -1.23°C -3.6% -0.8% 3.2% -2.1% -1.7% 4.1% 3.1% -0.7% 

90th 
Percentile 

-0.44°C -0.83°C -29.0% -3.8% 1.9% -2.9% -0.8% 4.7% 0.2% -0.1% 
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The sensitivity ranges in climate variables relevant to air quality from the three short-term and long-

term GCM scenario projections, adjusted with the SILO baseline at the Project location, are presented 

in Table 10-9.   

Table 10-9: Climate impact sensitivity analysis range 

Scenario 
Representative 

Model 
Model 

Consensus 
Rainfall 

(%) 

Maximum 
Daily 

Temperature 
(°C) 

Solar 
Radiation 

(%) 

Evapotranspiration 
(%) 

SILO Drill Data – annual average historical baseline and GCM differences 

N/A N/A N/A -4.0% -0.19 2.4% 1.7% 

Short-term GCM data (2030) minus historical baseline and GCM differences 

Best Case MIROC5 Very Low 10.4% 0.84 -2.7% 1.1% 

Worst Case GFDL-ESM2M Low -6.2% 1.13 -0.4% -0.2% 

Maximum 
Consensus 

CanESM2 High 4.2% 0.41 -2.1% 2.7% 

Long-term GCM data (2090) minus historical baseline and GCM differences 

Best Case MIROC5 Very Low 9.5% 1.98 -2.2% 4.1% 

Worst Case HadGEM2-CC Low -3.1% 2.36 -2.9% 4.9% 

Maximum 
Consensus 

CanESM2 Moderate 6.7% 2.58 -2.2% 6.8% 

 

 

The results in Table 10-9 show that the maximum consensus (most likely) scenario for both the short 

and long-term would result in increases to annual rainfall, maximum daily temperatures and 

evapotranspiration.  Annual average solar radiation is projected to decrease in both the short and long-

terms.   

Changes to these variables would likely have some impact on the annual dust emissions generated at 

the Project.  For example the increase in annual average rainfall and decrease in solar radiation would 

likely favour a reduction of dust emissions.  However the anticipated warmer daily maximum 

temperatures and increased evapotranspiration may on the other hand tend to increase daily maximum 

dust emissions.   

The effect of the potential changes in climate variables upon dust emissions generated by the Project 

is overall likely to be relatively balanced by small increases and decreases in emissions on any given day.  

However the dust emissions generated by the Project occur on relatively short time frames (hours to 

days), and would be managed accordingly (e.g. increased watering on hotter days with higher rates of 

evaporation). 
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11 SUMMARY AND CONCLUSIONS 

This study has examined potential air quality impacts associated with the Overburden Management 

Project at MRM.  

Three indicative mine plan years have been assessed using conservative emission estimation and 

dispersion modelling.  

The air dispersion modelling results indicate that the Project would not lead to any off-site impacts at 

Borroloola, Devils Spring, Campbell Spring or the identified areas of temporary occupation.  The 

Caranbirini Conservation Reserve is also unlikely to experience any adverse air quality impacts 

associated with the Project.  Given the temporal nature of users on the Carpentaria Highway there is 

limited potential for significant air quality impacts.  

The assessment of sulphur dioxide shows that impacts may arise from the NOEF, and that there is 

potential for impacts along a stretch of the Carpentaria Highway if emissions are not well managed at 

all times. The consequences are considered to be low as there is very little traffic on the stretch of road, 

and it is unlikely for any person to be present for long enough to experience any issue, even if the 

emissions are not managed ideally. 

The estimated annual average greenhouse gas emission for the Project based on an annual average 

level of production is calculated to be 0.29Mt CO2-e material (Scope 1 and 2).  This is equivalent to 

approximately 0.05 per cent of the Australian greenhouse emissions for the year to December 2015 

period and approximately 2.33 per cent of the NT greenhouse emissions for the 2014 period.   

The climate impact assessment indicates that for the assessed long-term and short-term scenarios, there 

would be increases to annual rainfall, maximum daily temperatures and evapotranspiration.  Annual 

average solar radiation is projected to decrease in both the short and long-terms.  The projected 

changes to these climate variables would have some effect on the dust emissions generated at the 

Project, both increasing and decreasing emissions on any given day, however it is expected that any 

potential additional dust impacts would be managed on a daily basis and thus any influence of climatic 

changes on dust impacts would be negligible.  
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The Overburden Management Project at MRM – Dust Emission Calculation  

The mining schedule and mine plan designs provided by the proponent have been combined with 

emissions factor equations that relate to the quantity of dust emitted from particular activities based on 

intensity, the prevailing meteorological conditions, and composition of the material being handled.  

Emission factors and associated controls have been sourced from the US EPA AP42 Emission Factors 

(US EPA, 1985 and Updates), the State Pollution Control Commission document "Air Pollution from 

Coal Mining and Related Developments" (SPCC, 1983), the National Pollutant Inventory document 

“Emission Estimation Technique Manual for Mining, Version 3.1” (NPI, 2012) and the NSW EPA 

document, “NSW Coal Mining Benchmarking Study: International Best Practise Measures to Prevent 

and/or Minimise Emissions of Particulate Matter from Coal Mining”, prepared by Katestone 

Environmental (Katestone, 2011).  

The emission factor equations used for each dust generating activity are outlined in Table A-1 below. 

Detailed emission inventories for each modelled year are presented in Table A-2 to Table A-4. 
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Table A-1: Emission factor equations 

Activity Emission factor equation Variables Control Source 

Topsoil removal 
𝐸𝐹 = 0.029 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - - US EPA, 

1985 

Drilling  

𝐸𝐹 = 0.59 𝑘𝑔/ℎ𝑜𝑙𝑒 - - US EPA, 

1985 

NPI, 2012 

Blasting 
𝐸𝐹 = 0.00022 × 𝐴1.5 𝑘𝑔/𝑏𝑙𝑎𝑠𝑡 A = area to be blasted (m²) - US EPA, 

1985 

Loading / emplacing overburden 

and ROM 

𝐸𝐹 = 𝑘 × 0.0016 ×  (
𝑈

2.2

1.3 𝑀

2

1.4

⁄ )  𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 
Ktsp = 0.74 

U = wind speed (m/s) 

M = moisture content (%) 

50% - water sprays at hopper NPI, 2012 

Hauling on unsealed surfaces 
𝐸𝐹 =  (

0.4536

1.6093
) ×  𝑘 ×  (𝑠 12⁄ )0.7  

×  (1.1023 × 𝑀 3⁄ )0.45 𝑘𝑔/𝑉𝐾𝑇 

S = silt content (%) 

M = average vehicle gross mass 

(tonnes) 

75% - watering of trafficked areas US EPA, 

1985 

Dozers on overburden 𝐸𝐹 = 2.6 ×  
𝑠1.2

𝑀1.3
 𝑘𝑔/ℎ𝑜𝑢𝑟 

S = silt content (%) 

M = moisture content (%) 

- US EPA, 

1985 

Dozers on ROM 𝐸𝐹 = 35.6 × 
𝑠1.2

𝑀1.3 
 𝑘𝑔/ℎ𝑜𝑢𝑟 

S = silt content (%) 

M = moisture content (%) 

50% - water sprays US EPA, 

1985 

Primary crushing 𝐸𝐹 = 0.2 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 65% - water sprays + wind break NPI, 2012 

Secondary crushing 
𝐸𝐹 = 0.3 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 90% - watering + enclosure + wind 

break 

NPI, 2012 

Tertiary crushing 
𝐸𝐹 = 0.3 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - 90% - watering + enclosure + wind 

break 

NPI, 2012 

Screening 
𝐸𝐹 = 0.0011 𝑘𝑔/𝑡𝑜𝑛𝑛𝑒 - - US EPA, 

1985 

Conveying material  𝐸𝐹 = 0.4 𝑘𝑔 ℎ𝑎⁄ /ℎ𝑜𝑢𝑟 - 70% - enclosed SPCC, 1983 

Wind erosion on exposed areas / 

stockpiles 

𝐸𝐹 = 0.1 𝑘𝑔 ℎ𝑎⁄ /ℎ𝑜𝑢𝑟 - 30% - area of undisturbed land  

50% - water sprays 

US EPA, 

1985 

Grading roads 
𝐸𝐹 = 0.0034 ×  𝑠2.5 𝑘𝑔/𝑉𝐾𝑇 S = speed of grader (km/hr) - US EPA, 

1985 
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Table A-2: Emission inventory – Scenario 1 

 

ACTIVITY
TSP emission 

(kg/y)
Intensity Units

Emissio

n Factor
Units

Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4
Units

Variable 

5
Units

Variable 

6
Units

TS - Topsoil removal 5,163               178,032      tonnes/year 0.03 kg/t

TS - Loading topsoil to haul truck 293                  178,032      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

TS - Hauling topsoil to emplacement area 1,689               178,032      tonnes/year 0.038 kg/t 155 tonnes/load 1.8 km/return trip 3.3 kg/VKT 2.0 % silt content 300       Ave GMV (tonnes)75 % Control

TS - Emplacing topsoil at emplacement area 293                  178,032      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

OB - Drilling overburden 13,875             23,517        holes/year 0.59 kg/hole

OB - Blasting overburden 24,155             133             blasts/year 182 kg/blast 8,800    Average blast area (m2)

OB - Loading OB to haul truck 24,182             52,995,293 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Hauling to emplacement area (Alluvium) 179,967           5,407,139   tonnes/year 0.133 kg/t 180 tonnes/load 7.2 km/return trip 3.3 kg/VKT 2.0 % silt content 312       Ave GMV (tonnes)75 % Control

OB - Hauling to emplacement area 1,679,224        47,588,154 tonnes/year 0.141 kg/t 190 tonnes/load 8.0 km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

OB - Emplacing at area (Alluvium) 2,467               5,407,139   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Emplacing at area 21,714             47,588,154 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Dozers in pit 8,272               11,221        hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

OB - Dozers on dump and rehab 12,407             16,832        hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

ROM - Drilling ROM 16,981             28,782        holes/year 0.59 kg/hole

ROM - Blasting ROM 3,227               133             blasts/year 24 kg/blast 2,300    Average blast area (m2)

ROM - Loading ROM to haul truck 5,492               3,337,081   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

ROM - Hauling ROM to hopper 64,765             3,337,081   tonnes/year 0.078 kg/t 190       tonnes/load 4.4        km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

MILL - Unloading ROM to ROM pad and/or crusher 2,746               3,337,081   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Rehandle ROM at hopper 2,471               3,003,373   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Primary crushing 233,596           3,337,081   tonnes/year 0.200 kg/t 65 % Control

MILL - Convey to screen 315                  0.1              ha 3,504    kg/ha/year

MILL - Screening 3,671               3,337,081   tonnes/year 0.0011 kg/t

MILL - Convey to secondary and tertiary crushers 105                  0.03            ha 3,504    kg/ha/year

MILL - Secondary crushing 105,118           3,337,081   tonnes/year 0.3000 kg/t 90 % Control

MILL - Screening 3,671               3,337,081   tonnes/year 0.0011 kg/t

MILL - Conveying 105                  0.03            ha 3,504    kg/ha/year

MILL - Tertiary crushing 86,777             2,754,818   tonnes/year 0.300 kg/t 90 % Control

MILL - Screening 3,030               2,754,818   tonnes/year 0.0011 kg/t

MILL - Convey to transfer point 143                  0.04            ha 3,504    kg/ha/year

MILL - Transfer point 7,545               2,754,818   tonnes/year 0.00274 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s1.39 moisture content in %

MILL - Unloading to HMP feed stockpile 1,257               2,754,818   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Convey to HMP 130                  0.04            ha 3,504    kg/ha/year

MILL - Unloading to Ore stockpile 1,257               2,754,818   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Processing ore (enclosed and wet - no emissions) -                  tonnes/year

MILL - Loading Product to trucks for dispatch 16,761             458,015      tonnes/year 0.037 kg/t 10 moisture content in %

MILL - Hauling Product off-site 13,947             458,015      tonnes/year 0.122 kg/t 98         tonnes/load 6.6        km/return trip 1.8 kg/VKT 2.0 % silt content 81         Ave GMV (tonnes)75 % Control

MILL - Dozer on stockpiles 23,643             2,880          hours/year 16.4 kg/h 3 silt content in % 5 moisture content in % 50 % Control

MILL - Unloading rejects to stockpile 958                  582,263      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Loading rejects to haul truck 958                  582,263      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Hauling rejects to emplacement 20,291             582,263      tonnes/year 0.139 kg/t 160       tonnes/load 6.8        km/return trip 3.3 kg/VKT 2.0 % silt content 302       Ave GMV (tonnes)75 % Control

MILL - Unloading rejects at emplacement 958                  582,263      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

WE - Overburden emplacement areas 255,792           584             ha 876       kg/ha/year 50 % Control

WE - TSF Domain 63,510             145             ha 876       kg/ha/year 50 % Control

WE - Open pit 120,187           196             ha 876       kg/ha/year 30 % Control

WE - Stockpiles 7,912               18               ha 876       kg/ha/year 50 % Control

Grading roads 47,003             76,370        km 0.62 kg/VKT 8 speed of graders in km/h4 number of graders

Total TSP emissions (kg/yr) 3,088,026     
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Table A-3: Emission inventory – Scenario 2 

 

ACTIVITY
TSP emission 

(kg/y)
Intensity Units

Emissio

n Factor
Units

Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4
Units

Variable 

5
Units

Variable 

6
Units

TS - Topsoil removal 5,975               206,038      tonnes/year 0.03 kg/t

TS - Loading topsoil to haul truck 339                  206,038      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

TS - Hauling topsoil to emplacement area 2,823               206,038      tonnes/year 0.055 kg/t 155 tonnes/load 2.6 km/return trip 3.3 kg/VKT 2.0 % silt content 300       Ave GMV (tonnes)75 % Control

TS - Emplacing topsoil at emplacement area 339                  206,038      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

OB - Drilling overburden 13,875             23,517        holes/year 0.59 kg/hole

OB - Blasting overburden 24,155             133             blasts/year 182 kg/blast 8,800    Average blast area (m2)

OB - Loading OB to haul truck 22,220             48,695,598 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Hauling to emplacement area (Alluvium) 2,795               83,971        tonnes/year 0.133 kg/t 180 tonnes/load 7.2 km/return trip 3.3 kg/VKT 2.0 % silt content 312       Ave GMV (tonnes)75 % Control

OB - Hauling to emplacement area 1,715,338        48,611,627 tonnes/year 0.141 kg/t 190 tonnes/load 8.0 km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

OB - Emplacing at area (Alluvium) 38                    83,971        tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Emplacing at area 22,181             48,611,627 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Dozers in pit 8,001               10,855        hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

OB - Dozers on dump and rehab 12,002             16,282.13   hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

ROM - Drilling ROM 16,981             28,782        holes/year 0.59 kg/hole

ROM - Blasting ROM 3,227               133             blasts/year 24 kg/blast 2,300    Average blast area (m2)

ROM - Loading ROM to haul truck 9,251               5,621,136   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

ROM - Hauling ROM to hopper 123,969           5,621,136   tonnes/year 0.088 kg/t 190       tonnes/load 5.0        km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

MILL - Unloading ROM to ROM pad and/or crusher 4,626               5,621,136   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Rehandle ROM at hopper 4,163               5,059,022   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Primary crushing 393,480           5,621,136   tonnes/year 0.200 kg/t 65 % Control

MILL - Convey to screen 315                  0.1              ha 3,504    kg/ha/year

MILL - Screening 6,183               5,621,136   tonnes/year 0.0011 kg/t

MILL - Convey to secondary and tertiary crushers 105                  0.03            ha 3,504    kg/ha/year

MILL - Secondary crushing 177,066           5,621,136   tonnes/year 0.3000 kg/t 90 % Control

MILL - Screening 6,183               5,621,136   tonnes/year 0.0011 kg/t

MILL - Conveying 105                  0.03            ha 3,504    kg/ha/year

MILL - Tertiary crushing 154,440           4,902,856   tonnes/year 0.3000 kg/t 90 % Control

MILL - Screening 5,393               4,902,856   tonnes/year 0.0011 kg/t

MILL - Convey to transfer point 143                  0.04            ha 3,504    kg/ha/year

MILL - Transfer point 13,429             4,902,856   tonnes/year 0.00274 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s1.39 moisture content in %

MILL - Unloading to HMP feed stockpile 2,237               4,902,856   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Convey to HMP 130                  0.04            ha 3,504    kg/ha/year

MILL - Unloading to Ore stockpile 2,237               4,902,856   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Processing ore (enclosed and wet - no emissions) -                  tonnes/year

MILL - Loading Product to trucks for dispatch 27,591             753,946      tonnes/year 0.037 kg/t 10 moisture content in %

MILL - Hauling Product off-site 22,959             753,946      tonnes/year 0.122 kg/t 98         tonnes/load 6.6        km/return trip 1.8 kg/VKT 2.0 % silt content 81         Ave GMV (tonnes)75 % Control

MILL - Dozer on stockpiles 23,643             2,880          hours/year 16.4 kg/h 3 silt content in % 5 moisture content in % 50 % Control

MILL - Unloading rejects to stockpile 1,182               718,280      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Loading rejects to haul truck 1,182               718,280      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Hauling rejects to emplacement 25,031             718,280      tonnes/year 0.139 kg/t 160       tonnes/load 6.8        km/return trip 3.3 kg/VKT 2.0 % silt content 302       Ave GMV (tonnes)75 % Control

MILL - Unloading rejects at emplacement 1,182               718,280      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

WE - Overburden emplacement areas 276,378           631             ha 876       kg/ha/year 50 % Control

WE - TSF Domain 63,510             145             ha 876       kg/ha/year 50 % Control

WE - Open pit 116,508           190             ha 876       kg/ha/year 30 % Control

WE - Stockpiles 7,912               18               ha 876       kg/ha/year 50 % Control

Grading roads 47,003             76,370        km 0.62 kg/VKT 8 speed of graders in km/h4 number of graders

Total TSP emissions (kg/yr) 3,367,829     
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Table A-3: Emission inventory – Scenario 3 

 

ACTIVITY
TSP emission 

(kg/y)
Intensity Units

Emissio

n Factor
Units

Variable 

1
Units

Variable 

2
Units

Variable 

3
Units

Variable 

4
Units

Variable 

5
Units

Variable 

6
Units

TS - Topsoil removal 1,810               62,411        tonnes/year 0.03 kg/t

TS - Loading topsoil to haul truck 103                  62,411        tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

TS - Hauling topsoil to emplacement area 526                  62,411        tonnes/year 0.034 kg/t 155 tonnes/load 1.6 km/return trip 3.3 kg/VKT 2.0 % silt content 300       Ave GMV (tonnes)75 % Control

TS - Emplacing topsoil at emplacement area 103                  62,411        tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

OB - Drilling overburden 13,875             23,517        holes/year 0.59 kg/hole

OB - Blasting overburden 24,155             133             blasts/year 182 kg/blast 8,800    Average blast area (m2)

OB - Loading OB to haul truck 22,505             49,320,012 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Hauling to emplacement area (Alluvium) -                  -             tonnes/year 0.000 kg/t 180 tonnes/load 0.0 km/return trip 3.3 kg/VKT 2.0 % silt content 312       Ave GMV (tonnes)75 % Control

OB - Hauling to emplacement area 1,914,368        49,320,012 tonnes/year 0.155 kg/t 190 tonnes/load 8.8 km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

OB - Emplacing at area (Alluvium) -                  -             tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Emplacing at area 22,505             49,320,012 tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

OB - Dozers in pit 8,563               11,617        hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

OB - Dozers on dump and rehab 12,845             17,425.25   hours/year 0.7 kg/h 2 silt content in % 5 moisture content in %

ROM - Drilling ROM 16,981             28,782        holes/year 0.59 kg/hole

ROM - Blasting ROM 3,227               133             blasts/year 24 kg/blast 2,300    Average blast area (m2)

ROM - Loading ROM to haul truck 8,229               4,999,992   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

ROM - Hauling ROM to hopper 119,092           4,999,992   tonnes/year 0.095 kg/t 190       tonnes/load 5.4        km/return trip 3.4 kg/VKT 2.0 % silt content 317       Ave GMV (tonnes)75 % Control

MILL - Unloading ROM to ROM pad and/or crusher 4,114               4,999,992   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Rehandle ROM at hopper 3,703               4,499,993   tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in % 50 % Control

MILL - Primary crushing 349,999           4,999,992   tonnes/year 0.200 kg/t 65 % Control

MILL - Convey to screen 315                  0.1              ha 3,504    kg/ha/year

MILL - Screening 5,500               4,999,992   tonnes/year 0.0011 kg/t

MILL - Convey to secondary and tertiary crushers 105                  0.03            ha 3,504    kg/ha/year

MILL - Secondary crushing 157,500           4,999,992   tonnes/year 0.3000 kg/t 90 % Control

MILL - Screening 5,500               4,999,992   tonnes/year 0.0011 kg/t

MILL - Conveying 105                  0.03            ha 3,504    kg/ha/year

MILL - Tertiary crushing 136,346           4,328,451   tonnes/year 0.3000 kg/t 90 % Control

MILL - Screening 4,761               4,328,451   tonnes/year 0.0011 kg/t

MILL - Convey to transfer point 143                  0.04            ha 3,504    kg/ha/year

MILL - Transfer point 11,856             4,328,451   tonnes/year 0.00274 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s1.39 moisture content in %

MILL - Unloading to HMP feed stockpile 1,975               4,328,451   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Convey to HMP 130                  0.04            ha 3,504    kg/ha/year

MILL - Unloading to Ore stockpile 1,975               4,328,451   tonnes/year 0.00046 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s5 moisture content in %

MILL - Processing ore (enclosed and wet - no emissions) -                  tonnes/year

MILL - Loading Product to trucks for dispatch 26,493             723,944      tonnes/year 0.037 kg/t 10 moisture content in %

MILL - Hauling Product off-site 22,045             723,944      tonnes/year 0.122 kg/t 98         tonnes/load 6.6        km/return trip 1.8 kg/VKT 2.0 % silt content 81         Ave GMV (tonnes)75 % Control

MILL - Dozer on stockpiles 23,643             2,880          hours/year 16.4 kg/h 3 silt content in % 5 moisture content in % 50 % Control

MILL - Unloading rejects to stockpile 1,105               671,541      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Loading rejects to haul truck 1,105               671,541      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

MILL - Hauling rejects to emplacement 23,402             671,541      tonnes/year 0.139 kg/t 160       tonnes/load 6.8        km/return trip 3.3 kg/VKT 2.0 % silt content 302       Ave GMV (tonnes)75 % Control

MILL - Unloading rejects at emplacement 1,105               671,541      tonnes/year 0.00165 kg/t 1.390 average of (wind speed/2.2)^1.3 in m/s2 moisture content in %

WE - Overburden emplacement areas 173,010           395             ha 876       kg/ha/year 50 % Control

WE - TSF Domain 48,180             110             ha 876       kg/ha/year 50 % Control

WE - Open pit 102,404           167             ha 876       kg/ha/year 30 % Control

WE - Stockpiles 7,912               18               ha 876       kg/ha/year 50 % Control

Grading roads 47,051             76,449        km 0.62 kg/VKT 8 speed of graders in km/h4 number of graders

Total TSP emissions (kg/yr) 3,330,372     
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Appendix B 

Isopleth Diagrams 



  B-1 

 

16060580_MRM_AQIA_170207.docx 

 

 

Figure B-1: Predicted maximum 24-hour average PM2.5 concentrations due to emissions from the Project in Scenario 1 
(µg/m³) 
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Figure B-2: Predicted annual average PM2.5 concentrations due to emissions from the Project in Scenario 1 (µg/m³) 
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Figure B-3: Predicted maximum 24-hour average PM10 concentrations due to emissions from the Project in Scenario 1 
(µg/m³) 
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Figure B-4: Predicted annual average PM10 concentrations due to emissions from the Project in Scenario 1 (µg/m³) 
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Figure B-5: Predicted annual average TSP concentrations due to emissions from the Project in Scenario 1 (µg/m³) 
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Figure B-6: Predicted annual average dust deposition levels due to emissions from the Project in Scenario 1 
(g/m²/month) 
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Figure B-7: Predicted maximum 24-hour average PM2.5 concentrations due to emissions from the Project in Scenario 2 
(µg/m³) 
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Figure B-8: Predicted annual average PM2.5 concentrations due to emissions from the Project in Scenario 2 (µg/m³) 
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Figure B-9: Predicted maximum 24-hour average PM10 concentrations due to emissions from the Project in Scenario 2 
(µg/m³) 
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Figure B-10: Predicted annual average PM10 concentrations due to emissions from the Project in Scenario 2 (µg/m³) 
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Figure B-11: Predicted annual average TSP concentrations due to emissions from the Project in Scenario 2 (µg/m³) 
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Figure B-12: Predicted annual average dust deposition levels due to emissions from the Project in Scenario 2 
(g/m²/month) 
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Figure B-13: Predicted maximum 24-hour average PM2.5 concentrations due to emissions from the Project in Scenario 3 
(µg/m³) 
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Figure B-14: Predicted annual average PM2.5 concentrations due to emissions from the Project in Scenario 3 (µg/m³) 
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Figure B-15: Predicted maximum 24-hour average PM10 concentrations due to emissions from the Project in Scenario 3 
(µg/m³) 
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Figure B-16: Predicted annual average PM10 concentrations due to emissions from the Project in Scenario 3 (µg/m³) 
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Figure B-17: Predicted annual average TSP concentrations due to emissions from the Project in Scenario 3 (µg/m³) 
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Figure B-18: Predicted annual average dust deposition levels due to emissions from the Project in Scenario 3 
(g/m²/month) 
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Figure B-19: Predicted annual average Lead concentrations due to emissions from the Project in Scenario 1 (µg/m³) 
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Figure B-20: Predicted annual average Lead concentrations due to emissions from the Project in Scenario 2 (µg/m³) 
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Figure B-21: Predicted annual average Lead concentrations due to emissions from the Project in Scenario 3 (µg/m³) 
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Figure B-22: Predicted maximum 24-hour average Zinc concentrations due to emissions from the Project in Scenario 1 
(µg/m³) 
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Figure B-23: Predicted maximum 24-hour average Zinc concentrations due to emissions from the Project in Scenario 2 
(µg/m³) 
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Figure B-24: Predicted maximum 24-hour average Zinc concentrations due to emissions from the Project in Scenario 3s 
(µg/m³) 
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Source: TAS, 2016b 

Figure B-25: Validated modelling results annual average sulphur dioxide – Dry season (µg/m³) 
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Source: TAS, 2016b 

Figure B-26: Validated modelling results 24-hour average sulphur dioxide – Dry season (µg/m³) 
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Source: TAS, 2016b 

Figure B-27: Validated modelling results 1-hour average sulphur dioxide – Dry season (µg/m³) 
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Source: TAS, 2016b 

Figure B-28: Validated modelling results 10-minute average sulphur dioxide – Dry season (µg/m³) 
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Source: TAS, 2016b 

Figure B-29: Validated modelling results annual average sulphur dioxide – Wet season (µg/m³) 
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Source: TAS, 2016b 

Figure B-30: Validated modelling results 24-hour average sulphur dioxide – Wet season (µg/m³) 
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Source: TAS, 2016b 

Figure B-31: Validated modelling results 1-hour average sulphur dioxide – Wet season (µg/m³) 
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Source: TAS, 2016b 

Figure B-32: Validated modelling results 10-minute average sulphur dioxide – Wet season (µg/m³) 
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Appendix C 

Assessment of internal mine lease impacts at 

Accommodation Village



  C-1 

 

16060580_MRM_AQIA_170207.docx 

 

Assessment of internal mine lease impacts at Accommodation Village 

The accommodation village at MRM is not considered a sensitive receptor location for the purposes of 

this assessment as it is situated within the boundary of the mine.  The potential risk of exposure to 

airborne pollutants to MRM’s workers at the accommodation facilities and when working on-site are 

managed by MRM’s occupational health and safety protocols (e.g. hygiene management protocols to 

reduce potential for lead ingestion, regular blood testing for employees, personnel protective 

equipment requirements).  

Nevertheless, the accommodation village at MRM has been assessed as a single discrete receptor in the 

dispersion modelling to predict the likely air quality impacts as a result of the Project.  The location of 

the discrete receptor for the accommodation village is shown in Figure C-1. 

 
Figure C-1: Sensitive receptor location for accommodation village 

 

Predicted particulate matter levels 

Table C-1 presents the model predictions for the accommodation village, the values presented in bold 

indicate predicted values above the relevant criteria.   
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Table C-1: Modelling predictions for Accommodation Village 

Scenario 

PM2.5  

(µg/m³) 

PM10  

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

PM10 

(µg/m³) 

TSP 

(µg/m³) 

DD 

(g/m²/mth) 

Incremental impact Total impact 

24-hour 

average 

Annual 

average 

24-hour 

average 

Annual 

average 

Annual 

average 

Annual 

average 

Annual 

average 

 

Annual 

average 

Annual 

average 

Air quality criteria 

25 8 50 - - 2 25 90 4 

1 10 2 75 15 25 0.6 30 63 1 

2 13 2 103 16 27 0.7 31 66 1 

3 12 2 91 13 23 12 28 61 1 

 

The results indicate that the predicted maximum 24-hour average PM10 concentrations range from 

75µg/m³ to 103µg/m³ at the accommodation village receptor.  The annual average PM10 concentrations 

are predicted to range from 28µg/m³ to 31µg/m³. 

All other dust metrics are predicted to be below the relevant standard/ criteria.   

Further analysis of the number of days per year that the accommodation village would experience 24-

hour average PM10 concentrations above 50 µg/m³ is presented in Table C-2.  The analysis indicates 

that the receptors would experience between 7 and 17 days per year above criteria for the assessed 

scenarios.   

Table C-2: Predicted number of days above 50µg/m³ for accommodation village receptor 

Receptor ID Scenario 1 Scenario 2 Scenario 3 

Acc. Village 7 17 9 

 

Times series plots of the predicted 24-hour average PM10 concentrations in the accommodation village 

for each scenario are presented in Figure C-2.  The plots indicate that predicted 24-hour average PM10 

impacts typically occur during the start and end of the year, i.e. during the months of January and 

December, in the wet season.   

As mentioned in Section 5.2.2, as a conservative measure, the effect of the precipitation rate (rainfall) 

in reducing dust emissions has not been considered in this assessment.  The effects in reality would be 

less than predicted once rainfall is considered, (e.g. the period of elevated impacts on days 350 to 362 

in Figure C-2 coincide with almost two weeks of nearly constant rainfall, which is not included in the 

model predictions). 
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Figure C-2: Predicted 24-hour average PM10 concentrations for Acc. Village in Scenario 1, 2 and 3 
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Predicted lead and zinc concentrations 

Table C-3 presents the model predictions for the accommodation village, the values presented in bold 

indicate predicted values above the relevant standard/ criteria. 

The air dispersion modelling results indicate that for lead, the predicted level would exceed the air 

quality standard of 0.5µg/m³ in Scenario 2. The predicted levels for zinc would be below the relevant 

criteria for the assessed scenarios.  

Table C-3: Incremental modelling predictions for annual average lead concentrations (µg/m³) 

Pollutant 
Scenario 1 Scenario 2 Scenario 3 Air quality 

standard/ criteria 

Lead 0.4 0.6 0.5 0.5 

Zinc 7 12 11 120 

 

The potential air quality impacts predicted for the accommodation village would be managed by the 

Air Quality Management Plan for MRM, and the health of the workers would be managed through 

MRM’s occupational health and safety protocols.  As noted the Air Quality Management Plan for the 

site which is being developed in consultation with the relevant government agencies and is scheduled 

to be implemented in early 2017.   

The Air Quality Management Plan includes a trigger action response plan (TARP), which includes 

operational performance indicators/ trigger levels at monitoring location and associated response 

protocols (i.e. contingency measures) in the event of an exceedance of these performance indicators/ 

trigger levels. 

The overall objective of the TARP is a trajectory of maintaining or improving air quality surrounding the 

MRM and maintaining air quality levels below the relevant criteria at off-site sensitive receptor locations.  


