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Important information about your Coffey Report 
 

Engagement 

• This report has been prepared by Coffey Services 
Australia Pty Ltd (“Coffey”) at the request of Kalbar 
Operations Pty Ltd (“Client”) exclusively for the 
benefit and reliance of the Client.  

• The report has been prepared in accordance with 
the scope of work and purpose outlined in the 
proposal for a baseline health risk assessment for 
the proposed Fingerboards Mineral Sands Project 
dated 18 November 2018.  

• The basis of Coffey’s engagement by the Client is that 
Coffey’s liability, whether under contract, tort, statute, 
equity or otherwise, is limited as set out in the terms of 
engagement.  

No Warranty 

• This report is scoped in accordance with the Client’s 
instructions, having due regard to the assumptions that 
Coffey can be reasonably expected to make in 
accordance with sound professional1 practice and 
exercising the obligations and the level of skill, care and 
attention required of it under the terms of engagement.  

• It is based on generally accepted practices and 
standards at the time it was prepared.  

• No other warranty, express or implied, is made as to the 
professional advice included in this report.  

Limits of Investigation and Information 

• This report was prepared between January 2019 and 
August 2020 and is based on the conditions 
encountered and information reviewed at the time of 
preparation.  

• Coffey disclaims responsibility for any changes that may 
have occurred or may occur after this time.  

• Where site inspections have been made, they have been 
limited in their scope to external visual inspections.  

• The report is also based on information provided to 
Coffey by other parties.  

• The risk assessment methodology adopted in this report 
is generally consistent with the National Environmental 
Protection (Assessment of Site Contamination) 
Measure, amended in 2013, and the sources of 
information outlined in this report 

• Coffey’s report is strictly prepared on the basis that the 
information that has been provided can be relied on and 
is accurate, complete and adequate.  

• Coffey has made no independent verification of this 
information beyond the agreed scope of work and takes 
no responsibility for any inaccuracies or omissions to 
that information.  

• Coffey takes no responsibility and disclaims all liability 
whatsoever for any loss or damage that the Client or any 
other party may suffer from any conclusions based on 

information provided to Coffey, except to the extent that 
Coffey expressly indicates in the report that it has verified 
the information to its satisfaction. 
• If the reader becomes aware of any inaccuracy or 

any change to any of the facts, findings or 
assumptions made either in Coffey’s report or 
elsewhere, the reader should inform Coffey so that it 
can assess its significance and review its comments 
or recommendations.  

Third Parties 

• No third party may use or rely on this report unless 
otherwise agreed by Coffey, in writing. Where such 
agreement is provided, Coffey will provide a letter of 
reliance to the agreed third party in the form required 
by Coffey. 

• Coffey does not represent that the report is suitable 
for, or authorized for, use by any third party.  

• It is not possible to make a proper assessment of this 
report without a clear understanding of the terms of 
engagement under which the report has been 
prepared, including the scope of the instructions and 
directions given to Coffey, and the assumptions 
made by the relevant Coffey consultants who 
prepared the report.  

• The report has been prepared in accordance with the 
scope of work and Client’s instructions. The report 
may not address issues which would need to be 
addressed with a third party if that party’s particular 
circumstances, requirements and experience with 
such reports were known; and the report may make 
assumptions about matters of which a third party is 
not aware.  

• Coffey therefore accepts no responsibility or liability 
for the use of, or reliance on, the report by any third 
party and the use of, or reliance on, the report by any 
third party is at the risk of that party.   

• Data or opinions contained within the report may not 
be used in other contexts or for any other purposes 
without Coffey’s prior written approval and review.  

• It is the responsibility of third parties to independently 
make enquiries or seek advice in relation to their 
particular requirements and proposed use of any site 
to which the report may relate.  

Report should be read in full 

• This report should be read in full. Coffey accepts no 
responsibility for use of any part of this report in any 
other context or for any other purpose.  

• This report does not purport to give legal advice. 
Legal advice can only be given by qualified legal 
practitioners.  

• This report is not to be reproduced either wholly or in 
part without prior written permission from Coffey. 
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Glossary 
Term Definition 

absorbed dose (Gy) The energy absorbed per unit mass by matter (or air) from ionising radiation 
which impinges on it. The unit of gray.  

access road Roads providing access to the mine site and mine infrastructure area. 

acute exposure A single exposure to a substance which results in severe biological harm or 
death. Acute exposures are usually characterised as lasting no longer than a 
day, as compared to longer, continuing exposure over a period of time. 

biota The animal and plant life of a particular region, habitat, or geological period. 

chemicals of potential 
concern 

Substances that are identified as being present and potentially hazardous. 

chronic exposure Where contact with a substance occurs over a long period of time. 

coarse sand tailings The coarse non-economic sands produced in separating mineral sands from the 
ore in the wet concentrator plant. 

contamination The condition of land, water or other media where any chemical substance or 
waste has been added as a direct or indirect result of human activity at above 
background level and represents, or potentially represents, an adverse health or 
environmental impact. 

contingency water dam The dam built to receive and store groundwater from the Latrobe Group Aquifer 
for use in the mining unit plant and wet concentrator plant. 

dermal contact exposure Contact of a substance with the skin. 

detection limit The lowest concentration of a substance than can reliably be distinguished from 
a zero concentration. 

dryland agriculture The cultivation of crops entirely under natural rainfall without irrigation, or the 
grazing of livestock. 

effective dose (Sv)  A measure of dose which accounts for both the type of radiation involved and 
the radiological sensitivities of the organs and tissues irradiated. The unit of 
sievert. 

ephemeral waterway A waterway, such as a stream, that only flows during or immediately following 
rain fall events. 

equivalent dose (Sv) A measure of dose in organs and tissues which accounts for the type of 
radiation involved. 

exposure Contact by a receptor with a substance. 

exposure assessment The process of evaluating how people may be exposed to a substance and 
estimating the type and magnitude of their exposures, such as which exposure 
route, how often and for how long. 

exposure pathway The course a contaminant takes from the source to the point where a person 
may be exposed and the route the exposure occurs. 

exposure route The way a substance comes into contact with a receptor. 

fines tailings The fine sands, clay and silt produced in separating mineral sands from the ore 
in the wet concentrator plant. 

freeboard The height of the watertight portion of a construction above a given level of 
water in a river, dam or pond etc. 

freshwater storage dam The dam built to receive and store water from the Mitchell River for use in the 
mining unit plant, wet concentrator plant and dust suppression. It is also water 
source for ablutions and potable water following treatment. 

geochemical abundance 
index 
(GAI) 

A measure of the enrichment of elements in whole rock samples. The GAI 
compares the actual concentration of an element in a sample with the median 
abundance for that element in the most relevant media (such as crustal 

https://rais.ornl.gov/home/glossary.html#Toxic%20substance
https://rais.ornl.gov/home/glossary.html#exposure
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Term Definition 
abundance, soils, or a particular rock type). The main purpose of the GAI is to 
provide an indication of any elemental enrichment that may be of environmental 
importance. 

Glenaladale deposit The mineral sands deposit in the Gippsland Basin located near Glenaladale 
south of the Mitchell River on the Munro Plain. 

haul road An internal road used to transport overburden, ore or tailings to sites within the 
project area including the overburden stockpiles, mine void and tailing storage 
facilities. 

heavy mineral concentrate 
(HMC)  

Zircon, rutile and ilmenite rich mineral sands produced in the wet concentrator 
plant. 

ilmenite  FeTiO3, a mineral containing titanium dioxide (TiO2) principally used to produce 
pigments. 

Infrastructure corridor The area containing the haulage road, rail siding, 66kV powerline and water 
pipeline from the groundwater borefield. 

ionizing radiation  Radiation, which is capable of causing ionization, (the process by which one or 
more electrons are removed from, or sometimes added to, an atom leaving the 
atom in a charged state). 

laydown area The area required to store materials and/or equipment (e.g., pipe, steelwork or 
aggregate).  

leucoxene A form of titanium dioxide (TiO2) principally used to produce pigments. 

magnetic heavy mineral 
concentrate (mags) 

Ilmenite-rich mineral concentrate. 

mine infrastructure area The area containing the wet concentrator plant, product stockpiles, workshops, 
administration and amenities. 

mine site The area to be mined including the mine void and progressive rehabilitation 
areas. 

mine void The open pit excavated to extract the mineral sands. The location of the pit 
moves as the resource is progressively mined. 

mining unit plant 
(MUP) 

The plant located in the mine void where the ore is mixed with water to form a 
slurry which is pumped to the wet concentrator plant. 

monazite A mineral comprising rare-earth minerals, phosphorous and thorium. 

naturally occurring 
radioactive material  
(NORM)  

Radioactive material containing naturally occurring radionuclides. 

non-magnetic heavy 
mineral concentrate (non-
mags)  

Zircon-rich mineral concentrate. 

non-mineralised areas Elements are immobile due to containment in rock. 

overburden The substrate removed to expose the mineral sands sequence. 

overburden dump A temporary or permanent out-of-pit stockpile for storing overburden. 

particulate matter A suspension of fine solid or liquid particles in air such as dust, fog, fume, mist, 
smoke, or sprays. Particulate matter suspended in air is commonly known as an 
aerosol. 

point of exposure The location where a person may come into contact with a substance. 

process water dam The dam built to receive and store water from the mining unit plant and wet 
concentrator plant for reuse in these processes. 

project area The area potentially disturbed by the proposed activities. This area includes the 
mine site, mine infrastructure and a safety buffer. 
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Term Definition 

radiation  Electromagnetic waves or quanta, and atomic or sub-atomic particles, 
propagated through space or through a material medium. 

radiation activity (Bq) The measure of quantity of radioactive materials. The unit of becquerel. 

radiation dose A generic term which may mean absorbed dose, equivalent dose or effective 
dose depending on context. 

radioactive decay  The spontaneous transformation of the nucleus of an atom into another state, 
accompanied by the emission of radiation; for a quantity of such atoms, the 
expectation value of the number of atoms present decreases exponentially with 
time. 

radioactive half-life  The time taken for half of the radioactive atoms initially present to decay. Half-
lives can range from a tiny fraction of a second to millions of years depending 
on the particular radioactive element. 

radioactivity units  The rate at which a radioactive atom disintegrates is used to express the 
amount of radioactive material. The unit of measurement used is the becquerel 
(Bq) where 1 Bq equals one disintegration per second. 

radionuclide A species of atomic nucleus which undergoes radioactive decay. 

radon Used generically, all isotopes of the element radon, having atomic number 86, 
but typically used to refer to the radioactive gas radon-222. 

rare-earth bearing minerals Monazite and xenotime. Minerals with atomic numbers ranging from 57 to 71, 
as well as scandium and yttrium. They are used in magnets and electronic 
components. Rare-earth bearing minerals are a by-product of heavy mineral 
concentrate production. 

receptor population A group of people identified within a specified area and/or sharing similar 
characteristics. 

risk The probability that a substance may cause harm. 

rutile A form of titanium dioxide (TiO2) principally used to produce pigments. 

specific activity  The activity of a radionuclide per unit mass of the element, or the activity of a 
radioactive material per unit mass of that material. 

stockpile A temporary pile or heap of material including topsoil, soil conditioners, 
overburden, lime and heavy mineral concentrate. 

tailings storage facility 
(TSF) 

The dam or dams constructed outside of the mine void or in the mine void to 
receive fines and/or coarse sand tailings. 

the project Fingerboards Mineral Sands Project. 

toxicity The degree of harmful effects posed by a substance to humans or other 
receptors. 

transport pathway The potential transport mechanisms following release of a contaminant. 

wet concentrator plant 
(WCP) 

The plant where the target mineral sands (zircon, rutile, ilmenite and rare-earth 
bearing minerals) are separated from the fines and coarse sand tailings using 
cyclone technology. 

zircon Zirconium silicate (ZrSiO4), a mineral used in the manufacture of glazes in 
ceramics, as well as in numerous industrial and technological applications. The 
key product targeted by the Fingerboards Mineral Sands Project. 
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1. Introduction 
The Fingerboards Mineral Sands Project (the project) is located in East Gippsland, Victoria and 
involves mining of mineral sands from the Fingerboards resource, which lies within the more 
extensive Glenaladale deposit. Kalbar Operations Pty Ltd (Kalbar) propose to mine areas of enriched 
grades of mineral sands occurring close to the ground surface within the project area. Kalbar 
proposes to construct, operate, rehabilitate and (ultimately) close the mineral sands mine and 
associated infrastructure that form the project.  

Coffey Services Australia Pty Ltd (Coffey) has been engaged by Kalbar to prepare the environment 
effects statement (EES) for the project. The EES will be based on findings of specialist technical 
studies related to environmental and social aspects of the project. This report presents the results of 
the Human Health Risk Assessment (HHRA) component, prepared by Coffey.  

1.1. Project overview 
The project involves mining of the Fingerboards resource, which is located within the more extensive 
Glenaladale mineral sands deposit (Glenaladale deposit). The Fingerboards resource contains an 
estimated 1.19 billion tonnes (Bt) of ore at 0.5% zircon, 1.4% titanium minerals (rutile and ilmenite) 
and 0.05% rare-earth minerals. Kalbar plans to use strip mining methods to extract ore enriched in 
these minerals that occurs close to the ground surface.  

Over eight million tonnes (Mt) of magnetic and non-magnetic heavy mineral concentrate (HMC) will be 
produced from 170 Mt of ore for up to 20 years. The mine life includes approximately two years for 
construction and commissioning and 15 years of production at full capacity (12 Mt/year) followed by 
closure activities (decommissioning, rehabilitation and post-closure). Final closure may require an 
additional five years of management. 

The proposed project area is approximately 1,675 hectares (ha), of which about 1,350 ha is proposed 
to be directly disturbed by mining and infrastructure over the life of the project. Mining is proposed to 
be a 24-hour, 365 days-a-year operation, using conventional earthmoving machinery, conveying 
systems, and a dry, strip mining method.  

Figure 1.1 shows the general arrangement for the proposed mine and associated infrastructure. 

The mining method is dry, strip mining using conventional earthmoving equipment with progressive 
backfilling of the mine void with tailings. The ore will initially undergo onsite processing before being 
magnetically separated into magnetic and non-magnetic concentrate and exported for secondary 
processing in Asia. 
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1.2. Legislative context 
1.2.1. EES scoping requirements 
The EES responds to requirements set out in the Scoping Requirements for Fingerboards Mineral 
Sands Project EES (scoping requirements) issued by the Minister for Planning in March 2018. The 
scoping requirements specify the specific matters to be investigated and documented in the EES. The 
scoping requirements identified key issues for the project including the potential for health risks that 
could arise from elevated levels of airborne pollutants and noise.  

The EES scoping requirements include the following draft evaluation objective relevant to human 
health: 

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

This objective has guided the assessment undertaken to determine the potential risk to human health 
of project activities. 

1.2.2. Relevant regulations and guidance 

Key legislation, policy and regulations of relevance to the assessment of human health are 
summarised below. 

National Environmental Protection Measure (Assessment of site contamination), amended 
2013 
The National Environment Protection (Assessment of Site Contamination) Measure (ASC NEPM) 
1999 was made under the National Environment Protection Council Act 1994 and is given effect by 
individual legislation and guidelines in each state and territory. The National Environment Protection 
Council (NEPC) agreed to vary the NEPM by approving an amending instrument to the ASC NEPM. 
The amendment of the ASC NEPM took effect in each jurisdiction on 16 May 2013, the day after it 
was registered on the Federal Register of Legislative Instruments. 

The ASC NEPM aims to provide adequate protection of human health and the environment, where 
site contamination has occurred, through the development of an efficient and effective national 
approach to the assessment of site contamination. The amended ASC NEPM (2013) aims to provides 
a nationally consistent approach to the assessment of site contamination to ensure sound 
environmental management practices by the community which includes regulators, site assessors, 
environmental auditors, landowners, developers and industry. 

The NEPM provides guidance on the assessment of site contamination and the determination of 
potential human health and ecological risks where chemical substances or asbestos contamination is 
present to inform any remediation or management required to make the site fit for current or future 
land use, or impacts associated with the transport of contaminants to off-site receptors. The NEPM 
does not provide guidance on contamination by radioactive substances, unexploded ordinance, 
pathogenic materials and waste, or explosive gas mixtures.  

Victorian Radiation Safety Regulations 

The principal framework for the regulation of radiation protection and radioactive waste management 
within the Project will be the regulatory requirements contained within the Victorian Radiation Act 
2005 and the Radiation Regulations 2017. The act and regulations define the levels of prescribed 
radioactive substances and their application and the provisions relating to the limits of occupational 
and public exposures arising from the mining and processing operations. 



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

4 

 

1.3. Project area 
The term ‘project area’ is used in this report to refer to the area potentially disturbed by project 
activities, consistent with that adopted in the socioeconomic impact assessment (SEIA) prepared by 
Coffey (2020a). The project area is 1,675 ha bisected by the Bairnsdale-Dargo Road located 
approximately 20 km west of Bairnsdale, in East Gippsland Shire. The project area is irregularly 
shaped and includes the mine site, mine infrastructure and a safety buffer (Figure 1.1). Infrastructure 
associated with the project such as water pipelines, power supply infrastructure and road upgrades 
are located outside of the project area in East Gippsland and Wellington shires and Latrobe City.   

The main land use in the project area is grazing (sheep and cattle). Other land uses in the project 
area include timber plantations, rural residential properties and public roads (Matrix Planning, 2020). 
There are two dwellings within the project area, with one being used as a site office, and the other 
unoccupied. This dwelling will not be occupied for the life of the project. Eight additional dwellings are 
located outside, but within 1 km of the project area. One of these dwellings is owned by Kalbar and 
will not be occupied during construction, operation or closure of the project. 

1.4. Study area 
The HHRA is intended to identify contaminants that may be released to the environment as a result of 
the project’s activities. The assessment study area is therefore defined to delineate areas potentially 
affected by project activities. The study area generally incorporates the portions of East Gippsland 
and Wellington shires as shown in Figure 1.2, where project activities and most of the associated 
infrastructure will be located. Any impacts associated with changes that may be required to existing 
infrastructure, such as Port Anthony and Barry’s Beach Marine Terminal, have not been assessed in 
this report. 

East Gippsland Shire is located in southeast Victoria, between 280 and 550 km from Melbourne city 
centre. Wellington Shire is located west of East Gippsland Shire, between 130 and 205 km from the 
Melbourne city centre. The regional area of interest includes the project area and the area within a 
5 km radius of the project area. The study area includes transport routes used to convey product from 
the project area which may include road and rail routes that extend beyond the regional area as 
shown in Figure 1.2.  
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2. Purpose and scope of work 
The HHRA aims to evaluate the baseline and predicted health risks associated with project activities 
to potential receptor populations located outside the project area (i.e., off-site). 

2.1. Purpose 
The purpose of the HHRA is to: 

• Assess the baseline health risks to off-site populations for the identified contaminants likely to be 
associated with the project. 

• Assess the potential health risks based on predicted project activities. 

The HHRA has drawn on the findings of specialist studies completed to inform the EES including 
baseline investigations for various environmental aspects, such as air quality and radiation. Potential 
impacts to environmental values have also been predicted that are associated with the proposed 
project activities. 

2.2. Scope 
The HHRA included a desktop review of relevant project reports, specialist reports and investigations 
conducted to inform the EES. The scope included: 

• Compiling the data and information collected for other EES technical studies to develop a 
conceptual site model. 

• Undertaking a baseline evaluation of health risks to off-site populations associated with selected 
chemical and radionuclide hazards. 

• Evaluating potential health risks associated with predicted off-site conditions to identified 
populations as a result of project activities. 

Potential exposures to project employees and contractors are not within the scope of the EES and will 
be assessed separately by Kalbar in accordance with relevant workplace health and safety 
requirements. 

Health issues associated with noise and social amenity are not addressed in this HHRA, which is 
focussed on issues relating to contaminant releases and exposures to off-site populations. Potential 
impacts on amenity from noise are addressed in the Socioeconomic Impact Assessment (Coffey, 
2020a). 

A tiered approach was adopted for the health risk evaluation as described below: 

• A Tier 1 risk assessment draws on available site-specific data to develop a conceptual site model 
and determine the potentially complete exposure pathways to the selected chemical and 
radionuclide hazards associated with proposed project activities. 
A major component of the Tier 1 risk assessment is the Tier 1 screening evaluation. The 
screening evaluation is a risk-based analysis comparing site data with generic published 
screening criteria for a particular receptor population and media (for example, residential 
occupant’s drinking water source). This tier has the lowest data requirement, generic exposure 
assumptions, and applies the most conservative criteria. A Tier 1 risk assessment will be 
conducted to assess baseline conditions as well as predicted conditions associated with proposed 
project activities. 

• A Tier 2 health risk evaluation is a more detailed site-specific assessment in which risks to 
potentially exposed populations are assessed using site-specific data on pathways, land uses and 
the characteristics of the exposed populations. A Tier 2 evaluation usually involves the use of a 
quantitative exposure model. A Tier 2 evaluation is more complex than a Tier 1 evaluation and 
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requires more site-specific information to reduce the default assumptions adopted in a Tier 1 
assessment. The requirement for a Tier 2 assessment, remediation or management are 
evaluated in the event the Tier 1 screening criteria are exceeded in the assessment of baseline or 
predicted health risks, and where the qualitative interpretation indicates it is warranted. 
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3. Structure of the HHRA 
The HHRA has been structured as follows: 

• Chapter 1: Introduction including legislative context, project outline, defining the project and study 
area, and the studies used to assess the potential baseline and future health impacts. 

• Chapter 2: Purpose and scope of the HHRA. 
• Chapter 3 (this chapter): Structure of the HHRA. 
• Chapter 4: Risk assessment methodology. 
• Chapter 5: Conceptual site model: 

 Describes the environmental setting, the receiving environments and the receptor populations 
that are found in these locations.  

 Provides a general description of the proposed mine site and activities. Includes discussion of 
the modelling outcomes of potential releases resulting from project activities. 

 Discussion of proposed management measures that were assumed to minimise the release 
of contaminants to the environment during construction and operation phases. 

• Chapter 6: Exposure pathway identification: 
 Reviews the source, transport pathway, receptor and exposure route linkages as all four of 

the steps must be present for a complete exposure pathway to exist. The selection of 
exposure pathways requiring further evaluation is based on the proposed project description 
regarding contaminant sources, transport pathways and receptor and exposure routes.  

 Identifies the contaminants of potential concern. 
 Selects the receptor populations who may be exposed. 
 Refines the exposure routes and pathways that require further evaluation. 

• Chapter 7: A brief overview of the toxicities of the contaminants of concern. 
• Chapter 8: Exposure evaluation Tier 1 screening assessment: 

 Presents the screening criteria selected to conduct a Tier 1 screening assessment of the 
baseline data. 

 Provides information regarding when and where baseline investigations were undertaken, the 
types of sampling undertaken and references to the reports detailing methodology and 
results.  

 Summarises the baseline data for air, soil, crops, sediment, surface water, tank water and 
groundwater.  

 Presents a Tier 1 evaluation of baseline conditions for human receptors. Media sampled in 
the baseline investigations are compared to screening criteria to determine which 
contaminants of potential concern (COPC) and exposure pathways may require a more 
detailed evaluation.  

 Presents a summary of the data, exceedances and rates the uncertainties in the data set. 
• Chapter 9: Exposure evaluation Tier 1 predicted screening assessment: 

 Provides information regarding the assumptions adopted in predicting future concentrations 
associated with project activities, and references reports detailing methodology and results.  

 Summarises the predicted contaminant levels in air, soil, sediment, waters and biota.  
 Presents a qualitative Tier 1 evaluation of predicted conditions for human receptors. Predicted 

concentrations in media are compared to screening criteria to determine which COPCs and 
exposure pathways may require more detailed evaluation or management. 

• Chapter 10: A discussion of the key uncertainties. 
• Chapter 11: Conclusions of the Tier 1 health risk evaluation of the baseline and potential impacts 

to the identified human receptors relating to project activities. 
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4. Risk assessment methodology 
The human health risk assessment for the project was conducted in accordance with the methodology 
outlined in the Australian ‘National Environment Protection (Assessment of Site Contamination) 
Amendment Measure 2013’ (NEPM, 2013), referred to herein as the NEPM, and the ‘Guidelines for 
Assessing Human Health Risks from Environmental Hazards’ (enHealth, 2012b). The specific 
provisions within the NEPM relevant to the HHRA are: 

• Guideline on Investigation Levels for Soil and Groundwater, Schedule B1. 
• Guideline on Site-Specific Health Risk Assessment Methodology, Schedule B4. 
• Guideline on Derivation Health-Based Investigation Levels, Schedule B7. 

Additional reference resources have been used as appropriate where necessary information or 
guidance is not available in NEPM (2013), and include documents from the following sources: 

• Australian Radiation Protection and Nuclear Safety Agency. 
• Environmental Health Standing Committee. 

• Environment Protection Authority Victoria. 

• International Atomic Energy Agency. 

• National Environment Protection Council. 

• National Health and Medical Research Council. 

• Risk Assessment Information System. 
• United Nations Scientific Committee on the Effects of Atomic Radiation. 

The risk assessment process conducted as part of this HHRA comprises issue identification, data 
evaluation, toxicity assessment, exposure assessment and risk characterisation. The conceptual site 
model was generated early in the process and refined as more data was collected. The methodology 
adopted is summarised in Figure 4.1. 

Evaluation of uncertainty is an integral part of each stage of projects and helps to provide realistic 
information in the assessment. The findings of this HHRA can be utilised, as required, as part of the 
ongoing risk management and risk communication processes employed by Kalbar. 
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Data collection and evaluation 

• Collection and analyses of relevant site data 
• Development of conceptual site model 
• Evaluate uncertainties 

Risk Characterisation 

• Characterise potential for adverse health effects to occur 
• Evaluate uncertainty 
• Undertake sensitivity analysis 
• Summarise risk information and evaluation 

Risk Communication and Risk Management 

Issues Identification 

• What are we trying to find out? 
• What are the sources and hazards associated with the project? 
• What exposure pathways should be investigated? 
• What decisions need to be made and when (urgency of answers)? 
• Problem formulation 

Toxicity assessment 

• Review qualitative and quantitative toxicity information   
• Determine appropriate dose-response relationships 
• Identify most appropriate quantitative toxicity reference values 
• Evaluate uncertainties 

Exposure assessment 

• Analyses of contaminant releases 
• Identification of potential exposure pathways 
• Estimation of exposure concentrations for each pathway 
• Estimation of contaminant intake for each pathway 
• Evaluate uncertainties 

Figure 4.1  Risk Assessment Process (Adapted from NEPM, 2013) 
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4.1. Human health-related studies 
The mineral sands resource at Glenaladale has been the subject of multiple investigations to develop 
the approach to processing the fine-grained heavy minerals and better understand the potential 
impacts associated with mining the ore deposit.  

Several key studies undertaken as part of the EES for the project are relevant to developing the 
conceptual site model and the evaluation of baseline and predicted health effects considered in this 
HHRA. These studies are summarised in Table 4.1. 

Table 4.1  HHRA related studies 

Related studies and data sources Prepared by 

Radiation Assessment Report SGS Radiation Services, April 2020 

Groundwater and Surface Water Impact Assessment Coffey Services, May 2020 

Stage Two Air Quality and Greenhouse Gas Assessment Katestone Environmental, April 2020  

Landform, Geology, and Soil Investigation Landloch, April 2020  

Horticultural Impact Assessment RMCG, April 2020 

Landscape Stability and Sediment Transport Regime 
Assessment 

Water Technology, April 2020 

Land Use and Planning Impact Assessment Matrix Planning, April 2020 
Socioeconomic Impact Assessment Coffey Services, May 2020  
Geochem Testing of Fingerboard Tailings and Overburden - 
Preliminary Report 

Environmental Geochemistry International, 
April 2020 

Rainwater Tank Report Ventia, October 2019 

The focus of the HHRA is the assessment of potential exposures to chemical hazards that may be 
released to media beyond the boundary of the project area (i.e., off-site), associated with project 
activities. Other hazards, such as noise or socioeconomic changes, have been identified as 
potentially impacting human health and wellbeing. Whilst these issues are not evaluated in this 
HHRA, the potential impacts are discussed in greater detail in the following reports: 

• Fingerboards Mineral Sands, EES Noise and Vibration Assessment, prepared by Marshall Day 
Acoustics, March 2020. 

• Fingerboards Mineral Sands Project, Socioeconomic Impact Assessment, prepared by Coffey 
Services, May 2020. 
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5. Conceptual site model 
The conceptual site model describes the environmental setting of the study area and project area and 
includes an overview of the geological and hydrogeological aspects. Land use and populations are 
summarised to determine potentially exposed populations. The model also describes the proposed 
project and the activities that will be undertaken in the construction, processing, transport and 
rehabilitation so that contaminant sources and potential releases can be understood. 

5.1. Contamination overview 
Site contamination is defined as the condition of land, water or other media where a chemical 
substance or waste has been added as a direct or indirect result of human activity at above 
background level and represents, or potentially represents, an adverse health or environmental 
impact. A chemical substance may occur naturally in soil, water or other media, at concentrations that 
potentially present an adverse health or environmental impact, however in this instance the chemical 
is not considered to be a contaminant. 

High levels of metals, metalloids and radioactive substances are often present in ore bodies. Soils, 
ambient air and water in these areas may contain elevated levels of these substances as a result of 
natural mineralisation. In this report, a chemical substance is considered a contaminant where it may 
be present in soil, water, air or other media as a result of project-related activities. A chemical 
substance that is naturally occurring and present in various media as a result of natural processes is 
considered to present at natural background concentrations. An example is where an ore is exposed 
along a stream bank and metals in the ore dissolve or in particle form are transported in the stream 
water. Likewise, an introduced chemical substance may also be present in media as a direct or 
indirect result of human activities unrelated to the project and may also contribute to the ambient 
background level. 

5.2. Environmental setting 
5.2.1. Hydrogeological setting 

Surface water 

The main natural drainage features within the study area are the Mitchell River and Perry River (the 
most easterly sub-catchment in the Thomson River Basin). The majority of surface water runoff from 
the project area drains via gullies along the northern and eastern boundary, including Perry Gully, 
Simpsons Gully and Lucas Creek, all of which discharge directly to the Mitchell River. The central and 
northwestern boundary of the project area drains north to Long Marsh Gully and Moilun Creek, which 
also discharge to the Mitchell River.  

The southwestern portion of the project area is drained via an ephemeral tributary of Honeysuckle 
Creek, itself a tributary of the Perry River. These creeks are dammed at several points where surface 
water is retained during dry periods. Honeysuckle Creek discharges to the Perry River which passes 
the project area approximately 7 km to the west, and discharges to Lake Wellington.  

The water drainage lines cross cleared farmland or commercial forest plantations and have been 
impacted by activities associated with these land uses (clearing, grazing, cropping, logging etc.). 
None of the waterways or water bodies are in, or close to, their natural state and the streams in the 
project area were observed to have a naturally high sediment load (Aquatica, 2016). 

Aside from constructed dams within ephemeral drainage lines, there are no permanent surface water 
features within the project area. The ephemeral waterways and catchments are shown in Figure 5.1.  



Project area catchment, gullies and waterways

Fingerboards Mineral Sands Project
Watercourse from Vicmap
Project area, mining area area from Kalbar
Imagery from Google Earth (Capture date 23/12/2016)
Waterway catchments from Water Technology 2019
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Groundwater 

The water table is encountered within the Coongulmerang Formation at depths ranging from 5 to 
10 mbgl near the Mitchell River. Groundwater recharge to the Coongulmerang Formation aquifer is 
likely to be dominated by rainfall across the project area and surrounding agricultural land.  

The drainage lines within the project area exist as incised surface drainage channels and gullies and 
are likely to act as localised groundwater recharge points during storm and flood events. Outside of 
storm or flood events these drainage lines generally remain dry except where dams have been 
constructed. 

Shallow groundwater within the unconfined Coongulmerang Formation migrates towards the north 
east, and east towards the Mitchell River generally following the surface topography. The 
groundwater discharge provides a base flow to the Mitchell River during low rainfall periods. The 
movement of groundwater within the Mitchell River alluvial aquifer is likely to be complex and highly 
altered by the extraction of groundwater for irrigation. Flow is also likely to be influenced by seasonal 
recharge of the aquifer from the Mitchell River.  

Currently the extraction of groundwater from the Coongulmerang Formation within the project area is 
limited. One stock and domestic bore is registered within the project area, extracting groundwater 
from 100 m depth. The current rate of groundwater extraction is not expected to represent a 
significant component of discharge from the aquifer.  

Detailed information regarding groundwater and surface water regionally and within the project area is 
detailed within the groundwater and surface water study report (Coffey, 2020b). 

Domestic and agricultural water sources 

East Gippsland Water provides drinking water to several communities in the regional area including 
Bairnsdale, Paynesville, Lindenow, Lindenow South, Eagle Point, Sarsfield, Nicholson, Merrangbaur, 
Sunlakes, Toorloo, Kalimna, Swan Reach, Metung, and Nowa Nowa, comprising almost 
20,000 connections. 

The water is obtained from both the Mitchell River and drawn from the Mitchell River aquifer. River 
water is drawn at Glenaladale northwest of Bairnsdale into water storage basins at Woodglen, located 
2.5 km east of five aquifer extraction points. The extraction bores are sited on the eastern side of the 
Mitchell River. The Woodglen storage basins are the initial storage point for all water supplied to 
Mitchell system customers. Water is then processed at the Woodglen Water Treatment Plant before it 
is passed into the main water supply pipeline for the system. 

The groundwater in the Coongulmerang Formation, likely to be migrating from the project area 
(EMM, 2020; Coffey, 2020b), is not extracted for the water supplied to customers within the Mitchell 
system by East Gippsland Water. The East Gippsland Water gauging station measuring water flow in 
the Mitchell River is located up river of the Coongulmerang Formation aquifer discharge area. 

Rural properties generally harvest rainwater for their drinking water and domestic water supply. 
Farmers and residents may use one or more of the following water sources for various agricultural 
uses, including crop irrigation and stock watering: 

• Private dams. 
• Private groundwater extraction bores. 
• Pumped water from local waterways, particularly the larger rivers and creeks. 

https://www.egwater.vic.gov.au/customer-info/water-supply-systems/woodglen-boosts-the-regions-long-term-water-supplies/
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5.2.2. Land use and social setting 

Land use 

Land within the project area and immediately surrounding regional area is freehold private land used 
for dryland agriculture and, to a lesser extent, timber production and rural living. Dryland agricultural 
activities are primarily the grazing of livestock; beef cattle and sheep for wool. Land uses in the vicinity 
of the project area also include dairy, hobby farms, plantations, state forest, and residential, leisure 
and commercial uses in small rural settlements, the closest of which is Glenaladale. The low-lying 
regional area to the northeast of the project boundary is used for horticulture. Pine and blue gum 
timber plantations are located at the western end of the project area. 

Other than the Bairnsdale – Dargo Road, all land within the project area is in a Farming Zone under 
the East Gippsland Planning Scheme. There are two dwellings within the project area, with one being 
used as a site office, and the other unoccupied. This dwelling will not be occupied for the life of the 
project. 

Land bordering the Mitchell River is zoned for Public Conservation and Resource Zone. Further Public 
Conservation and Resource Zoned land is located immediately to the west of the project area.  

Additional information regarding land use within the project area is detailed within the Land Use and 
Planning Impact Assessment report (Matrix Planning, 2020). 

Settlements, towns and social settings 

There are nine settlements and towns within a 10-km-wide radius of the project area. The bulk of 
residents live in owner occupier households on rural residential living and farming properties.  

An overview of the settlements and towns within the study area is presented below with population 
estimates obtained from the Australian Bureau of Statistics (ABS, 2016): 

• Glenaladale is a settlement located 1.5 km north of the project area. It has a population of 
61 people and consists of scattered residences (approximately 30), a community hall, recreation 
reserve, playground and Country Fire Authority facilities.  

• Stockdale is a settlement 10 km west of the project area with a population of 55 people. It 
consists of approximately 25 scattered residences.  

• Iguana Creek settlement is located 3.5 km north of the project area, has a population of 44 people 
and consists of approximately 18 scattered residences.  

• Fernbank is a rural community 7 km south of the project area with a population of 152 people. 
There are approximately 70 scattered residences and a bed and breakfast.  

• Woodglen is located 3 km northeast of the project area with scattered residences and a 
population of 43 people. The Woodglen Campus, which forms part of Lindenow Primary School is 
located within the settlement.  

• Wuk Wuk is a settlement 5 km northeast of the project area with a population of 88 people. It 
consists of scattered residences and a caravan park. 

• Walpa is a rural community located over 3 km east of the project area with a population of 
154 people and approximately 64 residences. Some of these residences are scattered while 
others are situated within a more structured settlement with houses on town allotments.  

• Lindenow is a town located 6 km east of the project area with a population of 449 people. The 
town has a primary school, kindergarten, community hall, general store, post office, café, hotel, 
farm supplies business, recreation facilities, short-term accommodation and approximately 
185 residences.  

• Lindenow South (5 km southeast of the project area) is a rural community with a population of 
434 people and approximately 160 residences. The town has a general store, primary school and 
recreation facilities.  
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The settlements and towns noted above are presented in Figure 1.2. Other towns in proximity to the 
project area include Bairnsdale (population of 14,728), a large regional service centre located 
approximately 20 km to the east of the project area, Briagolong (population of 1,081), Stratford 
(population of 2,617) and Maffra (population of 5,280) in Wellington Shire (located between 20 and 
30 km southwest of the project area).  

Additional information regarding the social setting within the project area is detailed within the Socio-
Economic Impact Assessment report (Coffey, 2020a). 

5.3. Project description 
The Fingerboards Mineral Sands Project (the project) is located in East Gippsland, Victoria and 
involves mining of mineral sands from the Fingerboards resource, which lies within the more 
extensive Glenaladale deposit. Kalbar Operations Pty Ltd (Kalbar) propose to mine areas of enriched 
grades of mineral sands occurring close to the ground surface within the project area. Kalbar 
proposes to construct, operate, rehabilitate and (ultimately) close the mineral sands mine and 
associated infrastructure that form the project. 

The Glenaladale mineral sands deposit occurs within unconsolidated sediments and contains heavy 
minerals such as zircon, rutile, ilmenite and rare-earth minerals (monazite and xenotime). The 
proposed project area is approximately 1,675 hectares (ha), of which about 1,350 ha is proposed to 
be directly disturbed by mining and infrastructure over the life of the project. 

The mineral resource estimate for the Fingerboards resource contains 1.19 billion tonnes (Bt) of ore at 
0.5% zircon, 1.4% titanium minerals and 0.05% rare-earth minerals. Kalbar plans to produce eight 
million tonnes (Mt) of magnetic and non-magnetic heavy mineral concentrate (HMC) from 170 Mt of 
ore for up to 20 years. The mine life includes approximately two years for construction and 
commissioning and 15 years of production at full capacity (12 Mt/year) followed by closure activities 
(decommissioning, rehabilitation and post-closure). Final closure may require an additional five years 
of management.  

Figure 1.1 shows the general arrangement for the proposed mine and associated infrastructure. 

5.3.1. Mining and mineral processing 
The mining method is open cut dry mining using conventional earthmoving equipment including 
scrapers, excavators and trucks and tractor scoops for topsoil removal. The mine void location will be 
progressive with the clearing of vegetation and stripping of topsoil and overburden occurring ahead of 
the active mining area. Topsoil and overburden (which includes subsoil) will be stockpiled separately 
adjacent to the proposed active mine void within the disturbed area. The backfilling with overburden, 
tailings and topsoil will be directly returned to areas behind the active mining area as it advances, to 
minimise stockpiling and rehandling, and for the progressive rehabilitation to occur. The process is 
shown in Figure 5.2. 

Mining is proposed to be a 24-hour, 365 days-a-year operation, using conventional earthmoving 
machinery, conveying systems, and a dry, strip mining method.  

The ore will be sent to two mining unit plants (MUPs), mixed with water to form a slurry, and pumped 
to a wet concentrator plant (WCP). At the WCP, the slurry will undergo initial processing to produce 
HMC and non-economic mineral sands tailings. The HMC will then be separated using wet high 
intensity magnets to produce magnetic and non-magnetic concentrates. The concentrates will be 
exported for further processing in mineral separation plants in Asia into commercial products such as 
zircon and rutile. The concentrates will be stockpiled at a loading facility adjacent to the WCP before 
being transported to port via road and rail. 
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5.3.2. Transportation 
The concentrates will be transported to port via road and rail. During operations, the project will 
generate approximately 40 return B-double trips per day, or 80 total B-double movements per day, 
comprising 40 trips from the mine site to the first delivery point and 40 trips back to the mine site.  

All truck loads will be covered or containerised and vehicles will not travel in convoys. Concentrate 
product will be loaded into lined containers from the stockpiles at the loading facility near the WCP.  

The new rail bridge over the Avon River at Stratford is due to be completed in 2021, prior to 
commencing transport of HMC from the project. Kalbar’s preferred transport option is to build a 
purpose-built rail siding close to the project area at Fernbank East and to use a private haulage road 
within the infrastructure corridor to access this siding from the project area. The alternative to a 
nearby purpose-built rail siding would be to upgrade the existing rail siding in Bairnsdale. This option 
would involve haulage of HMC via Bairnsdale-Dargo Road and Lindenow-Glenaladale Road to the 
Princes Highway and then to Bairnsdale. For both options, concentrate will be transported by rail from 
the rail siding to the Port of Melbourne. 

In the event that the upgrading of the Avon River rail bridge is delayed, approximately half of the 
concentrate will be transported in bulk by road from the mine site to Port Anthony or the adjacent 
Barry Beach Marine Terminal, and the remaining concentrates will be transported in containers from 
the project area to the existing rail siding in Maryvale. Containerised concentrate will be transported 
by rail from the Maryvale rail siding to the Port of Melbourne. No more than 40 trucks containing 
concentrate, either for bulk or container shipments, are expected to leave the project area every 
24 hours. 

Figure 5.3 shows the proposed transport routes from the project area. 

Noise issues associated with road or rail transport of heavy mineral concentrate are not covered in 
this HHRA which is focussed on contaminant releases off-site. Information relating to potential health 
impacts from noise can be found in the Noise and Vibration Assessment (Marshall Day Acoustics, 
2020). The assessment states that, based on limited information in available standards and also from 
Marshall Day Acoustics’ database, individual plant items typically indicate maximum noise levels 5 to 
15 decibels (dB) higher than operating levels. The Noise and Vibration Assessment predicted no 
operating noise levels higher than 41 dB Leff (effective noise level in dB) and applying this difference 
to the average noise levels predicted at externally assessable locations indicates that site noise levels 
are expected to be well below the 60 to 65 dB Lmax (maximum sound level in dB) sleep disturbance 
criteria. The relevant objective in the World Health Organisation guidelines states that for noise 
experienced internal to a building, individual noise events exceeding 45 dBA [Lmax] should be avoided 
(for areas where the background level is low).  

In the context of noise from trucks on public roads, truck haulage on public roads is no longer the 
preferred transport option. Therefore, the risk of health impacts from sleep disturbance would be 
avoided if the preferred transport option is implemented, being transport to the new private rail siding 
at Fernbank East. If haulage via the public road network was to proceed under a non-preferred 
transport option, Marshall Day Acoustics has indicted that short-term maximum noise levels from 
trucks on public roads would exceed sleep disturbance levels at a number of dwellings. These 
exceedances may increase the likelihood of some of the health effects cited in the World Health 
Organisation guidelines being experienced by occupants of affected dwellings. Occupants may 
already experience noise-related effects from truck pass-by events during the night period. Baseline 
levels would need to be determined to assess the potential magnitude of any change due to 
increased traffic at night due to the project.  
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5.3.3. Tailings 
Two types of tailings will be produced from the processing of the ore in the WCP: fines tailings from 
the thickener in the WCP; and the coarser sand fraction from the gravity separators. Both types of 
tailings are non-economic materials. 

Initial mining period 

For an initial period of approximately four months, the coarse sand tailings will be placed in an area 
off the mine path within Perry Gully. Once sufficient space is available for depositing tailings directly 
into the mine void, the deposited tailings in Perry Gully will be covered with overburden and topsoil 
prior to rehabilitation. This tailings material will remain in place post-closure.  

For an initial period of up to four and a half years, the fines tailings (less than 38 µm - equivalent to 
about 23% of the ore tonnage) will be deposited as a slurry into a constructed temporary tailings 
storage facility (TSF) located on the future mine path. As mined out areas of the void become 
available, the fines tailings will be placed in contained cells within the mine void. The fines tailings 
stored in the temporary TSF will be placed within the mine void prior to the mining of the ore under the 
facility. 

The design, construction, monitoring and rehabilitation of this TSF will comply with the Department of 
Economic Development, Jobs, Transport and Resources – Technical Guideline Design and 
Management of Tailings Storage Facilities (DEDJTR, 2017).  

Ongoing mining 

Following the initial period, both coarse and fines tailings will be placed in the unlined void floor, 
consistent with DEDJTR (2017) guidance, which states that, “where tailings are inert, there is no risk 
of contaminants leaching to groundwater and the underlying substrate provides a low permeability 
foundation, a liner may not be required”.  

Rehabilitation 

Mined cells will be progressively backfilled with tailings and covered with overburden (including 
manufactured subsoil) and topsoil. The land will then be returned to pre-mining land use and 
capability, native vegetation, or other agreed post-mining land use. 

5.3.4. Water supply, storage and management 
Approximately 3 GL of water will be required for processing, dust suppression and rehabilitation on an 
annual basis. Water for the project will be sourced from surface water (winterfill from the Mitchell 
River) and groundwater from the Latrobe Group Aquifer (from a proposed borefield within the 
infrastructure options area).  

The project will recycle and reuse water where practicable (such as flood run-off and supernatant 
water from the TSF and tailings area within the mine void) and optimise operations to maximise water 
use efficiency. The project will require construction of dams for freshwater storage, process water, 
contingency water, and water management. Groundwater would be pumped to site via a dedicated 
pipeline and stored in the contingency water storage dam. Winterfill from the Mitchell River will be 
pumped to site and stored the freshwater storage dam. Recycled water will be separately stored in 
process water storages. The process water dam and contingency water dam will be turkey-nest style 
dams. 

Water management 

The project will reuse water where practicable (such as flood runoff and supernatant water from the 
TSF and tailings area within the mine void) and will optimise operations to maximise water use 
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efficiency. Water within the project area will be segregated according to its quality, as far as 
practicable. Water management dams will be constructed to separately manage water from 
undisturbed areas and areas of disturbed ground.  

Process water will be used to transport ore through the processing circuits from the MUPs to the WCP 
in what will effectively be a closed water circuit. 

Water management at the site also includes the management of undisturbed runoff, sediment laden 
runoff, process plant runoff, mine contact runoff, freshwater associated with surface water and 
rainwater, and external catchment flows.  

Runoff from undisturbed areas will be diverted around active mining areas where possible and 
released to the downstream catchment. Sediment-laden runoff will be managed by sedimentation 
dams to be dewatered following storm events, with sediment-laden water to be transferred to the 
process water system using pumps fitted with flow meters. Mine contact runoff will be managed in 
mine contact water dams located on drainage lines associated with mining activities. 

Kalbar will work with the East Gippsland Catchment Management Authority (East Gippsland CMA) 
and West Gippsland Catchment Management Authority (West Gippsland CMA) to provide input for 
the preparation and implementation of any plans necessary to minimise risks in relation to drinking 
water in the catchment, in the context of the mining operation. 

Runoff management 

The management of runoff from within the project area will be segregated according to its water 
quality, as far as practically possible. The water management system considers undisturbed runoff, 
sediment-laden runoff, and mine-contact runoff, as described below: 

• Undisturbed runoff (rainfall runoff from undisturbed or rehabilitated areas, upstream of active 
mining areas). Undisturbed runoff will be diverted around active mining areas where possible and 
released to the downstream catchment. Diversion may include temporarily capturing undisturbed 
runoff in undisturbed water management dams to prevent it from entering active mining areas. 
Water will then be reticulated to downstream of the mine areas in a controlled manner and 
released to the downstream environment. The use of scour-resistant materials will be included in 
the design, where necessary, to reduce erosion downstream of the discharge point. Pipelines will 
be used to divert clean water around mining operations. 

• Sediment-laden runoff (runoff from topsoil stockpiles and minor disturbance areas where the 
water quality may be characterised by increased suspended solid concentrations). Water from 
these areas will be managed by sedimentation dams. Sedimentation dams will be dewatered 
following storm events with sediment-laden water to be transferred to the process water system 
using pumps fitted with flow meters.  

• Mine contact runoff (includes runoff that comes into contact with the mine void and other 
disturbed mine areas). Mine contact water has potential to contain higher concentrations of 
suspended solids, nutrients and elements. Mine contact runoff will be managed in mine contact 
water dams located on drainage lines downstream (and upstream where necessary) of mining 
activities. Dams will be sized to capture runoff for a 1% AEP 72-hour storm event, selected as 
representative of a storm event caused by an ‘east coast low’. Diversion bunds will be used where 
necessary to divert mine contact water towards water management dams. 

Dams will be managed to allow maximum freeboard for storm events and will be emptied to the 
process water system as soon as practicable in anticipation of further storm events. Water will be 
transferred from water management dams to the process water system using pumps fitted with flow 
meters, and volumes will be recorded by Kalbar to inform licence or offset requirements. Nineteen 
water management dams are proposed to be located across the project area over the life of the 
project  
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Wastewater and runoff 

Wastewater from ablutions and the office will be held in septic tanks, serviceable as necessary by a 
licenced contractor. Runoff water from mobile equipment service areas and the mining contractors’ 
workshop will be directed to an interceptor trap to extract hydrocarbons, prior to it being discharged to 
the drain and sump network. The trap will be emptied of hydrocarbons routinely by a licensed 
contractor for disposal at a licensed facility. 

5.3.5. Power supply and infrastructure corridor 
The power demand for the MUPs and WCP is estimated at 9,000 kilovolt-ampere (kVA) and will be 
supplied from the national 66 kV grid. During construction, power will be sourced from diesel 
generators, and during operations and closure from the 66 kV network. 

Infrastructure to support the project will be located in the infrastructure options areas, which includes 
an infrastructure corridor extending from the WCP south to a proposed new rail siding at Fernbank 
East, groundwater borefield, pump station options on the Mitchell River, water pipeline options, 
Bairnsdale rail siding options, road diversion corridor, roundabout assessment area, and road 
maintenance and upgrade areas, as shown in Figure 5.4. The infrastructure corridor will contain a 
private haulage road to the Fernbank East rail siding, a powerline corridor (containing 66 kV and 
22 kV powerlines) and a pipeline carrying groundwater to the project area from the borefield.  

5.4. Proposed management measures to address release 
of contaminants 

Management measures to address potential releases of contaminants to the environment are 
proposed for the construction and operation of the project. These measures are noted in this report as 
their implementation is assumed to minimise and manage potential releases of contaminants to the 
environment that may otherwise be evaluated in this HHRA to assess the associated potential health 
risks.  

To inform and develop the conceptual site model and determine potential exposure pathways the 
successful implementation of the Project Environmental Management Framework (as outlined in EES 
Chapter 12: Environmental Management Framework) has been assumed. The specific management 
measures that relate to this HHRA and the associated key proposed management measures 
assumed to be implemented are summarised in Section 6.1, Section 9 and Appendix A. 
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6. Exposure pathway identification  
Exposure pathway identification is a four-step process involving the identification of contaminant 
sources, how contaminants are transported to other media and locations, and which receptors may be 
exposed as a result. The complete exposure route linkage process is presented in Figure 6.1. 

 

 

 

 

 

 

The contaminant sources and locations are determined based on the project description (refer to 
Chapter 3) to identify which receptor groups may potentially be exposed to contaminants released to 
the environment as a result of the project activities, particularly during the construction and operation 
phases. Once contaminants are released to the environment they may be transported to other media 
and locations where receptors may be exposed. An example of this process would be: 

• Source: Project area construction, operations, processes and related activities such as mined 
sands brought to the surface and stockpiled.  

• Transport pathways: The fate and transport of contaminants once released from the source, 
usually via wind, water, sediments, soil, food etc. For example, a transport pathway could be 
rainfall resulting in the transport of dissolved metals (leached from the sand stockpile) to 
groundwater which subsequently discharges to hydraulically downgradient waterways. 

• Receptors: The point of exposure will depend on where the receptor is located. In this example, 
the receptors would include rural or town residents using the water for drinking, domestic or 
recreational purposes, or consuming aquatic biota (such as fish) that resided in the impacted 
downstream region of the river. 

• Exposure route: Once the source-pathway-receptor linkages have been identified, the potential 
direct and indirect routes of exposures can be determined. The route of exposure describes how 
a contaminant enters the body either via ingestion, inhalation or dermal (skin) contact. 

The following sections discuss each of the exposure pathway links.  

6.1. Contaminant source identification 
The identification of contaminant sources is generally determined by the project construction and 
operations activities. Aspects of the project construction, mining process and rehabilitation are 
summarised in Section 5.3. The potential release of contaminants to the environment and the 
mechanisms for contaminant transport are discussed in this section to identify receptors that could be 
exposed. 

6.1.1. Soil 
The primary source of contaminants within the project area relate to naturally occurring minerals, 
metals and radionuclides in soil in the ore body, although they are also present in the overburden and 
topsoils. Once these soils are disturbed, either by natural means (such as flooding, wind, rain and 
other weathering processes) or via the open mining method and related storage and processing, 
these substances may be released and transported to other environmental media. Mining-related 
contaminant releases to the environment are potentially more significant over a shorter time period 
than natural weathering processes. 

EXPOSURE  
ROUTE 

SOURCE RECEPTOR PATHWAY 

Figure 6.1  Source - Pathway – Receptor – Exposure Route Linkage Process 
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The generation of dust and fine particulate matter containing metals and radionuclides will occur when 
dry soil material is disturbed. Dust from mining consists primarily of larger, non-respirable, particles 
generated through the handling of sand and soil, and via wind erosion of stockpiles and exposed 
ground. Larger particles are mostly associated with dust nuisance or amenity impacts in residential 
areas, through settling or deposition of the particles. Elevated dust deposition rates can reduce public 
amenity, through soiling of clothes, buildings, crops and other surfaces in the area.  

Dust typically emitted as a result of mining operations is assessed in terms of total suspended 
particulates (TSP), particulate matter with an aerodynamic diameter less than 10 micrometres (PM10) 
and particulate matter with an aerodynamic diameter less than 2.5 micrometres (PM2.5). Very fine 
particles (such as PM2.5) are mostly generated through combustion processes and vehicle exhaust. 
Laboratory and epidemiological studies have identified that these particles, if present in elevated 
levels, have the potential to cause adverse health impacts in susceptible people.  

Dust emissions from mineral sands mining can include metals, including radionuclides such as 
uranium and thorium, and respirable crystalline silica. Metals, radionuclides and respirable crystalline 
silica in dust have been based on site-specific analysis of material samples provided by Kalbar. 
Detailed information on the composition of overburden, ore, product, tailings and other mining by-
products can be found in the Geochemical Report (EGi, 2020) prepared for the project and the 
percentages of silica, arsenic and heavy metals contained in ore, overburden, topsoil and fine tailings 
from material samples provided by Kalbar, in addition to the Summary Geochemistry and Mineralogy 
(Kalbar Operations, 2020) report prepared by Kalbar. 

6.1.2. Water 
Groundwater and surface water within the project area and surrounds come into contact with 
minerals, metals and radionuclides in soils naturally due to the local geology and weathering 
processes that have occurred over time. Project activities in the construction, operation and 
rehabilitation phases will increase the contact of these naturally occurring compounds in soils with 
surface water and groundwater, potentially increasing the levels in those waters as a result. 

The East Gippsland Water obtains water from the Mitchell River and its associated aquifer system on 
a seasonal basis to supply customers in several communities in the region. Groundwater flow paths 
and direction from the project site have been modelled to assess the potential for the migration of 
contaminants to off-site receptors (EMM, 2020). The modelling undertaken by EMM (2020) indicates 
current and future discharges (associated with project activities) to the Michell River occurs to the east 
of the project site. 

The East Gippsland Water Mitchell River offtake point, raw water storages and groundwater bores 
associated with obtaining water from the Mitchell River aquifer, are located upstream of discharge 
areas associated with groundwater and surface waters related to the project. Potential impacts 
associated with the Woodglen Aquifer, Storage and Recovery site, located to the north of the project 
site, as well as the associated groundwater extraction bores located beyond the Mitchell River to the 
northeast, are discussed further in Section 9.3. On this basis, potential exposures to metals or 
radiation associated with project activities to customers via their use of water originating from the 
Mitchell River aquifer is an incomplete exposure pathway. 

6.1.3. Exhaust emissions 
The products of fossil fuel combustion will produce oxides of nitrogen (NOx), sulphur dioxide (SO2) 
and carbon monoxide (CO). Emissions of nitrogen dioxide, carbon monoxide, and particulates will 
occur from on-site electricity generation during the early stages of the project, prior to the supply of 
electricity from the grid, as well emissions from on-site vehicles. 

6.1.4. Project-related air pollution sources and management 
The key project activities that have the greatest potential for impacts on local air quality were identified 
as follows: 
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• Emissions of combustion products from vehicle exhausts and diesel generators during the 
construction phase and from vehicle exhausts in the operational phase. 

• Fugitive dust emissions from the construction of the mine site infrastructure.  
• Fugitive dust emissions from the operational mining activities. 
• Fugitive dust emissions from closure (decommissioning, rehabilitation and post-closure) activities. 

Dust management measures that will be applied on-site include:  

• Mining processes – extraction, processing operations and rehabilitation: 
 Water or appropriate suppressants will be applied to working surfaces, stockpiles, haul roads 

and other areas as required to minimise dust generation. 
 Drop heights for topsoil and overburden during creation of stockpiles will be minimised as far 

as practicable to reduce dust generation. 
 Ore will be processed as a slurry to reduce dust emissions. 
 Suppressants and water will be applied to exposed areas and stockpiles, where rehabilitation 

is not yet practical, to reduce potential for dust generation. In particular, during drier months 
when less rainfall is expected. 

 Areas will be cleared in a staged manner only as required to reduce dust generation by 
minimising the area of exposed ground surfaces at any one time. 

 Topsoil stripping will be planned and conducted in consideration of forecast and actual 
weather conditions to minimise dust generation. 

 The mine void will be progressively backfilled and rehabilitated to minimise the area required 
for topsoil and overburden stockpiles. 

• Transport, movement and storage of ore, overburden, topsoil and tailings: 
 Water or appropriate suppressants will be applied to working surfaces, stockpiles, haul roads 

and other areas as required to minimise dust generation. 
 Ore will be transferred across the project area as a slurry to reduce potential for dust 

emissions.  
 Construction of the wear course of internal haul roads will use an optimal size grading of 

aggregate with road stabilisation and compaction agents.  
 Haul vehicles will travel on designated haul roads only and haul routes will be minimised 

where possible. 
During operations, a monitoring program will be implemented that includes feedback to operational 
dust management measures, and a complaints management process. 

6.1.5. Project-related water pollution sources and management 
The project has the potential to impact on the water environment through a range of proposed 
activities. Potential impacts to groundwater and surface water are primarily associated with project 
activities in the mine area, particularly in relation to water collection, distribution, storage and disposal.  

Water supply for the project will include both surface water and groundwater sources. Pipelines will be 
constructed from the borefield (south of the project area) to the contingency water storage dam and 
from the Mitchell River to the freshwater storage dam. The process water dam and contingency water 
dam will be turkey-nest style dams. Water management dams will capture and store run-off waters. 
Dams that receive water in excess of their capacity will discharge water via an engineered spillway to 
the downstream catchment. Water storage facility types, usage and construction information are 
summarised in Table 6.1. 
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Table 6.1  Water storage facilities in the project area 

Water storage Purpose Water type Construction 
type 

Seepage 
management 

Fresh water 
storage dam 

Storage of winter fill from Mitchell 
River. 

Clean water Excavated and 
constructed in 
project area. 

Local clay or 
plastic 

Contingency 
water storage 
dam 

Storage of groundwater from 
Latrobe Group. 

Clean water Turkey nest style Local clay or 
plastic 

Process water 
dam 

Storage of process water. Process water Turkey nest style Local clay or 
plastic 

Water 
management 
dams 

Retention of undisturbed runoff or 
mine contact water in disturbed 
catchments. 

Stormwater 
runoff 

Engineered 
embankment  
(in some cases, 
pre-mined void 
may be used 
together with 
engineering 
assessment). 

Dependent upon 
geotechnical 
studies. 
Lining for 
erosion 
protection where 
required. 

Sediment 
ponds 

Retention of sediment laden 
runoff from stockpiles and minor 
disturbance activities outside of 
mine contact areas.  

Stormwater 
runoff 

Constructed in 
existing drainage 
depression. 

None 

Runoff and process water will be managed onsite to minimise the potential for offsite impacts, as 
summarised below: 

• Undisturbed runoff (rainfall runoff from undisturbed or rehabilitated areas, upstream of active 
mining areas) will be diverted around active mining areas where possible. Diversion may include 
temporary storage in undisturbed water management dams, and controlled release to the 
downstream catchment.  

• Sediment-laden runoff (runoff from topsoil stockpiles and minor disturbance areas which may 
result in increased suspended solid concentrations) will be collected and managed by 
sedimentation dams. The dams will be dewatered following storm events, with the sediment-laden 
water transferred to the process water system.  

• Mine contact runoff (water that has come into contact with disturbed soils/ore material and has the 
potential to contain higher concentrations of suspended solids, nutrients and elements) will be 
managed in water dams located on drainage lines associated with mining activities. Excess 
stored mine contact water would be pumped to a water treatment plant prior to storage in the 
freshwater dam. 

• Process water will be used to transport ore through the processing circuits from the mining unit 
plant to the wet concentrator. Although mainly a closed circuit, supplemental supply will be 
sourced from water storages and water management dams on the mine site as the water quality 
is not critical. Water associated with rainfall or draining/seeping into the mine voids and 
associated mine infrastructure will be pumped to the process water dam. 

The following is a summary of project activities that may potentially impact groundwater or surface 
water quality: 

• During extreme precipitation events water levels in onsite storages (such as freshwater storage 
dam, process water ponds, the TSF, mine voids and sediment retention ponds) can rise above 
the maximum design operating level, and potentially lead to the discharge of mine contact water 
via spillways to the downstream catchment. The release of mine contact water during storm 
events may discharge water with elevated metals concentrations and sediments impacting on the 
beneficial uses of surface water in the Mitchell River and Perry River. 
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• Construction, mining and processing activities (for example excavating overburden and ore, 
transporting excavated material) have the potential to mobilise fine material in surface runoff and 
drainage, thereby leading to off-site impacts through sedimentation.   

• When the mine void has been established with sufficient capacity, both coarse sand and fine 
tailings will be backfilled to the mine void. The placement of tailings to the mine void may result in 
seepage to the unconfined Coongulmerang Formation aquifer. Tailings seepage has potential to 
impact surface water due to the discharge of reduced quality groundwater to the Mitchell River 
and/or Perry River impacting the beneficial uses of surface water.  

The management measures related to water that are associated specific project activities are 
discussed below. 

• Mine infrastructure development, operation and distribution impacts: 
 Waste, aside from septic waste, will be removed from site and disposed of by licensed 

contractors. 
 Rainfall runoff water from vehicle workshops, vehicle service areas and fuelling areas will be 

captured and directed to an interceptor trap to extract hydrocarbons, prior to it being 
discharged to the drain and sump network. The trap will be emptied of hydrocarbons routinely 
by a licensed contractor for disposal offsite at a license facility. 

 Surface runoff will be directed around or away from areas of land disturbance, stockpiles, 
embankments or nearby sensitive areas, where practicable. 

 Runoff that comes into contact with construction areas will be captured by surface water 
management infrastructure and directed to sedimentation dams. If required, flocculant 
treatment (i.e., alum, gypsum or hydrated lime) will be used to drop suspended sediment 
levels in the stormwater. 

 Erosion within gullies will be controlled using primary and secondary sediment traps 
constructed at appropriate sites. Catchment water onsite will be retained to approximately 
10% annual-exceedance-probability. 

 All site drains will be designed and profiled to reduce water flow velocity, to reduce erosion. 

• Disposal of tailings in the fines TSF: 
 The temporary TSF will be constructed using engineered cells with lined walls. Water will be 

managed using a decant system, sumps and drains to capture and reuse seepage. 
 The project will recover and reuse water where practicable (such as run-off from ore 

stockpiles and supernatant water from the TSF and tailings area within the mine void) and 
optimise operations to maximise water use efficiency. 

• Disposal of tailings and process water in the unlined mine void: 
 The project will recover and reuse water where practicable (such as run-off from ore 

stockpiles and supernatant water from the TSF) and optimise operations to maximise water 
use efficiency. 

• The design, construction and operation of the freshwater storage dam will follow the Australian 
National Committee on Large Dams (ANCOLD) Guidelines on the Consequence Categories for 
Dams (October 2012). 

• The project will recover and reuse water where practicable (such as run-off from ore stockpiles 
and supernatant water from the TSF) and optimise operations to maximise water use efficiency. 

• Freeboards on the freshwater storage dam, process water dam and sedimentation ponds will be 
maintained to allow for storm events and high rainfall periods, in accordance with Australian and 
Victorian regulatory requirements. 

• The design and placement of infrastructure in the project area will consider potential for flow 
accumulation and increased flood risk. 
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6.2. Contaminant transport pathways 
Based on the project description and the identification of potential contaminant sources, key features 
and activities have been identified for further consideration in the HHRA, as presented in Table 6.2.   

The sources and contaminants considered to be managed as a result of the implementation of project 
management measures (refer to section 6.1 and Appendix A) have been italicised. These sources 
and associated contaminants, and pathways have not been evaluated qualitatively where the 
proposed management measures are understood to mitigate the potential release of contaminants at 
these source areas. 

Table 6.2  Potential source identification 

Feature/activity Source media Potential contaminants Transport pathway 

Project area 

Construction: Clearing, 
topsoil removal and creation 
of stockpiles from the mine 
development areas 
including: 
• Mine site. 
• Tailings embankment. 
• Tailing storage facility. 
• Water treatment plant. 
• Freshwater storage dam. 
• Process and contingency 

water storage dams. 
• Water and tailings 

pipelines. 
• Ore processing area. 
• Drainage systems and 

bunding. 
• Access roads. 
• Laydown areas. 
• Ancillary infrastructure. 

• Disturbed soil and 
exposed soil 
surfaces. 

• Topsoil and 
overburden 
stockpiles. 

• Metals and metalloids. 
• Particulate matter 

(PM2.5, PM10). 
• Radionuclides. 

• Dust.  
• Leaching to runoff 

waters. 
• Leaching to 

groundwater and 
discharge to surface 
water bodies. 

• Runoff to surface 
waters. 

Air emissions from 
vehicles and 
generators. 

• Particulate matter 
(PM2.5, PM10). 

• Gaseous nitrous oxide 
(NO2) and sulphur 
dioxide (SO2). 

• Carbon monoxide. 
• Diesel particulate 

matter (including 
polyaromatic 
hydrocarbons 
(PAHs)). 

• Dust. 
• Air. 

Spills, leaks of fuels 
to mine process 
water. 

Petroleum hydrocarbon 
mixtures. 

Runoff to surface waters. 

• Storage and distribution of 
hazardous materials such 
as flocculants, diesel, 
acetylene, oil and grease. 

• Fuel farm. 
• Mining fleet workshop. 
• Plant and mobile 

equipment. 
• Workshops and wash-

down bays. 

• Spills, leaks of 
fuels to soils. 

• Spills, leaks of 
flocculants to soils. 

• Petroleum 
hydrocarbon mixtures. 

• Flocculant. 

• Leaching to 
groundwater and 
discharge to surface 
water bodies. 

• Runoff to surface 
waters. 
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Feature/activity Source media Potential contaminants Transport pathway 

Mine site operations 
including: 
• Ore extraction. 
• Wet concentrator plant. 
• Rock screening plant. 
• Mining unit plants. 
• Loading facility. 
• Stockpile and materials 

handling. 
• Tailings processing and 

storage. 
• Access roads. 
• Ancillary infrastructure. 

• Disturbed soil and 
exposed soil 
surfaces. 

• Exposed ore. 
• Exposed 

stockpiled soils, 
tailings and HCM. 

• Metals and metalloids. 
• Particulate matter 

(PM2.5, PM10). 
• Radionuclides. 

• Dust.  
• Leaching to runoff 

waters. 
• Leaching to 

groundwater and 
discharge to surface 
water bodies. 

• Groundwater 
extraction. 

• Runoff to surface 
waters. 

Air emissions from 
vehicles. 

• Particulate matter 
(PM2.5, PM10). 

• Gaseous nitrous oxide 
(NO2) and sulphur 
dioxide (SO2). 

• Carbon monoxide. 
• Diesel particulate 

matter (including 
PAHs). 

• Dust. 
• Air. 

Water treatment plant, 
wastewater and slurry 
pipelines and process water 
dam. 

• Wastewater 
seepage/discharge 
and sediment 
discharge.  

• Leaks, spills to 
surrounding soils. 

• Metals and metalloids. 
• Radionuclides. 

• Leaching to 
groundwater and 
discharge to surface 
water bodies. 

• Runoff to surface 
waters. 

Mine Rehabilitation and 
Closure 

Disturbed soil and 
exposed soil 
surfaces. 

• Metals and metalloids. 
• Particulate matter 

(PM2.5, PM10). 
• Radionuclides. 

• Dust. 
• Leaching to 

groundwater and 
discharge to surface 
water bodies. 

• Groundwater 
extraction. 

Infrastructure / activities off-site 

Construction of off-site 
infrastructure relating to 
power lines, groundwater 
borefield, infrastructure 
corridor (power line and 
water pipeline), diversion or 
haulage roads and possible 
railway siding. 

Disturbed soil and 
exposed soil surfaces 
(1). 
 

• Metals and metalloids. 
• Particulate matter 

(PM2.5, PM10). 
 

• Dust. 
• Leaching to runoff 

waters. 
• Leaching to 

groundwater and 
discharge to surface 
water bodies. 

• Runoff to surface 
waters. 

Air emissions from 
vehicles. 

• Particulate matter 
(PM2.5, PM10). 

• Gaseous nitrous oxide 
(NO2) and sulphur 
dioxide (SO2). 

• Carbon monoxide. 
• Diesel particulate 

matter (including 
PAHs). 

• Dust. 
• Air. 
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Feature/activity Source media Potential contaminants Transport pathway 

Vehicle use of transport 
routes and haulage roads. 

Radiation. • Radionuclides. 
• Particulate matter 

(PM2.5, PM10). 
• Gaseous nitrous oxide 

(NO2) and sulphur 
dioxide (SO2). 

• Carbon monoxide. 
• Diesel particulate 

matter (including 
PAHs). 

• Dust. 
• Air. 

Italicised text: Indicates these sources, contaminants and transport pathways are expected to be mitigated as part of the 
implementation of the project management measures and therefore have only been evaluated further where management may 
not be sufficient to prevent the release or transport of all contaminated media. 
1 Likely to be minimal given the short period involved and the minimal disturbance of soils therefore not considered further. 

Other low-volume contaminant sources associated with ancillary infrastructure such as workshops, 
offices, construction camp, laboratories, flocculants and reagent storage, sewage treatment plants, 
security building and general waste disposal storage have not been considered in the HHRA as it is 
assumed the risks will be mitigated by routine site management and mitigation measures common to 
the mining industry. Examples of this include bunding storage areas, using oil-water separators to 
reduce hydrocarbon concentrations in hydrocarbon-impacted runoff water, routine waste 
management housekeeping and having safety buffers around hazardous areas. Diesel particulate 
matter associated with vehicle use will be captured using particulate filtration technologies included in 
the vehicles. 

The focus of the HHRA is on planned or expected contaminant releases associated with the 
movement of soils, dust emissions, water and tailings storage and exhaust emissions; therefore, 
unplanned events such as the uncontrolled release of mine contact water via spillways from water 
management dams during a major rain or flood event are not addressed in this report. 

6.2.1. Selection of chemicals of potential concern  
Based on the project activities identified in Section 5.3 and the testing of surface soils for radiation 
activity (SGS, 2020) and metals (Landloch, 2020), heavy mineral concentrate, overburden and tailings 
leachate (EGi, 2020), and waters (Coffey, 2020b), the following likely COPC were identified for the 
Tier 1 assessment: 

• Metals: Arsenic, cadmium, chromium, copper, lead, mercury, molybdenum, nickel, selenium and 
zinc – selected based on abundance in tailings soils1 and toxicity to humans2. Other metals 
considered in the Tier 1 assessment of air included the following: 
 Radionuclides found in the soils, overburden and ore, associated with uranium and thorium 

and their decay chain products. 
 Other major elements found in the soils, overburden and ore: titanium, iron, aluminium and 

manganese. 
 Other minor elements found in the soils, overburden and ore: tin, vanadium and tungsten. 

• Particulates (PM10, PM2.5), NO2 and SO2: Ambient air-based contaminants present as a result of 
dust generation and combustion of fossil fuels. 

• Respirable crystalline silica: In fine particulates present as a result of dust generation. 

 

 
1 Elements that were identified in the Geochemical Abundance Index (GAI) above 0 (EGI, 2020). 
2 Copper, zinc and selenium are essential micronutrients; however they may be toxic when in excess of human requirements. 
Arsenic, cadmium, lead and mercury do not have a known beneficial role in humans.  
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6.3. Receptors of concern 
Receptors were identified based on their location in relation to the potential transport pathways of 
contaminants released by the project activities. Receptors’ exposures are also dependant on their 
activities and behaviours which are often determined by environmental factors, land uses and the 
resources (i.e., waterways) available at each location. This section describes the selected off-site 
receptor populations potentially impacted by the project. The receptor descriptions provide the 
information required to refine the selection of potential routes of exposure based on their location and 
potential activities (i.e., swimming or farming).   

Receptor populations of interest have generally been identified within a 5 km radius beyond the 
project area boundary. The air quality report (Katestone, 2020) presents 49 locations where sensitive 
receptor settings were identified, all generally within a 3 km radius of the project area boundary or in 
the project area near the project boundary. Sensitive receptors may include young children, older 
people and people with chronic health conditions. 

The 5 km buffer area was selected to give a representative spread of residences surrounding the 
project area. Only residences in a rural setting are present within the 5 km buffer. No hospitals, 
churches or other sensitive receptors are located within the vicinity of the project area. The exception 
is the Woodglen campus of the Lindenow Primary School at Woodglen, approximately 3 km from the 
project area boundary. This facility is primarily used for their outdoor education program and pottery 
classes. Areas of commercial horticultural operations also exist in the vicinity of the project (discussed 
in further detail in the Horticulture Impact Assessment (RMCG, 2020)). 

The identified receptor populations assessed in the HHRA include: 

• Regional residents - Residential occupants located within a 5 km radius of the project area. 
Based on the distance to identified settlements and towns in the area, these may include the 
residents of Glenaladale, Iguana Creek, Woodglen, Wuk Wuk and Walpa. 

• Transport route residents - Residential occupants located adjacent to heavy mineral 
concentrate transport routes. Residents included in this population will depend on the selected 
transport route(s). 

• Horticultural farmers located in the Lindenow Valley, within 5 km distance of the project area. 

• Recreational users of waterways located within 5 km distance of the project area. 

Any given receptor could be included in one or more of the above receptor populations. 

Primary school campuses have been identified at Woodglen and at South Lindenow, which also has a 
kindergarten, approximately 6 km from the project area. Young children less than six years old, are 
likely to attend both these facilities and are sensitive populations due to their behaviours and 
physiology. Exposure periods for this age group are greater in a residential setting, therefore where 
exposures are considered acceptable for residential occupants, this would also apply to users of 
primary schools and kindergartens. Where health risks in an off-site residential setting are not found 
to be acceptable, further assessment of this subset of young children may also be warranted. 

Figure 6.2 shows the locations of receptor populations identified within the project area and the 
surrounding regional area. 

  



F
e
rn

b
a
n
k
-G

le
n
a
la

d
a
le

 R
o
a
d

F
e
rn

b
a
n
k
-G

le
n
a
la

d
a
le

 R
o
a
d

Chettles Road
Chettles Road

Bairnsdale-Dargo Road

Bairnsdale-Dargo Road

Princes Highway

Princes Highway

L
in

d
e
n
o
w

-G
le

n
a
la

d
a
le

 R
o
a
d

L
in

d
e
n
o
w

-G
le

n
a
la

d
a
le

 R
o
a
d

C
o
w

e
lls

 L
a
n
e

C
o
w

e
lls

 L
a
n
e

Mitchell River
Mitchell River

Racecourse RoadRacecourse Road

R31R31 R32 R32 

R53R53

R62R62

R61R61
R56R56

R54R54

R16R16

R48R48
R18R18

R19R19

R1R1

R2R2

R3R3

R9R9

R10R10

R13R13

R6R6

R36R36

R4R4

R5R5

R7R7

R15R15

R42R42

R26R26

R63R63

R64R64

R27R27

R35R35
R20R20

R21R21

R43R43

R12R12

R37R37
R11R11 R14R14

R38R38
R41R41 R39R39

R46R46

R40R40

R8R8
R25R25

R49R49
R22R22 R44R44

R17R17
R45R45

R55R55

R57R57

R58R58

R59R59

R60R60

R47R47
R30R30

R28R28

R29R29

R23 R23 

R24 R24 

R34 R34 

R33 R33 

R50 R50 

R51 R51 R52 R52 

R74R74
R75R75

R73R73R72R72

R71R71
R70R70

R69R69
R67R67

R66R66
R68R68

R65R65

LindenowLindenow

FernbankFernbank

Lindenow
South

Lindenow
South

WalpaWalpa

GlenaladaleGlenaladale

BairnsdaleBairnsdale

WoodglenWoodglen Wuk WukWuk Wuk

Iguana CreekIguana Creek

Perry River

Perry River

Project area

Infrastructure options area

Occupied sensitive
receptor 

Unoccupied residence

Regional receptors

Horticultural farmers

Transport route residents

Recreational users

Private haulage road to
Fernbank East rail siding

Transport option to
Bairnsdale rail siding

Transport route to
Maryvale rail siding

B-double approved route 

Water pipeline option 

Pump station option 

Groundwater borefield

Road diversion corridor

Roundabout assessment
area 

Bairnsdale rail siding

Fernbank East rail siding

Road maintenance
and upgrade 

Road

Rail

Watercourse

Locality

LEGEND Mitchell River 
National Park

515,000 520,000 525,000 530,000 535,000 540,000 545,000 550,000

515,000 520,000 525,000 530,000 535,000 540,000 545,000 550,000

5
,8

0
5
,0

0
0

5
,8

1
0
,0

0
0

5
,8

1
5
,0

0
0

5
,8

2
0
,0

0
0

5
,8

2
5
,0

0
0

5
,8

0
5
,0

0
0

5
,8

1
0
,0

0
0

5
,8

1
5
,0

0
0

5
,8

2
0
,0

0
0

5
,8

2
5
,0

0
0

10km50 10km50

Project:

Source: 
Project area, infrastructure, transport routes, receptors from Kalbar.
Roads, railway,National Park, horticultural farmers from Vicmap. 
Imagery from Google Earth (Capture date 23/12/2016)

Potential receptors 6.2754-ENAUABTF11607

Date:
25/03/2020

File Name:
 11607_9_23_6.2_GIS_v1_6

Fingerboards Minerals Sands Project

Human Health Risk Assessment

Figure No:

W
O

R
 R

ef
er

en
ce

: 7
5
4
-E

N
A

U
A

B
T

F
1
1
6
0
7
_
9
_
2
3
_
6
.2

_
G

IS
_
v
1
_
6



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

34 

 

6.4. Exposure routes 
Routes of exposure, whereby a contaminant may enter the body, are via inhalation, ingestion and 
dermal contact. Examples of exposure routes that may be relevant to this assessment include: 

• Inhalation of contaminants that volatilise readily such as found in fuel combustion or air 
emissions.   

• Inhalation of contaminants in airborne particulate matter. 

• Ingestion of contaminants in food and water (and incidental ingestion of contaminants in other 
forms such as dust, soil and aerosols). 

• Dermal contact with contaminants in media such as soil, sediment and water. 

The physico-chemical characteristics and extent of the COPC and the behaviour of the receptors of 
interest will determine the method of exposure and subsequent systemic absorption. 

6.5. Selection of potential exposure pathways 
The selection of potential complete exposure pathways is based on the linkages between the 
contaminant source, and how the contaminant is transported to a receptor. The conceptual site model 
in Figure 6.3 presents the potential sources, release from that source, and transport of contaminants, 
and the location of receptor populations. 

The exposure pathways for human receptors in the selected study area to potential contaminants 
associated with baseline and mining activities are presented in Table 6.3. Pathways that were 
selected for further evaluation in the baseline and/or impact assessments are also noted. Pathways 
not selected were assessed qualitatively as being either incomplete (i.e., the COPC would not reach a 
receptor) due to distance from the source and likely extent of substance migration in off-site areas, or 
can be extrapolated from the evaluation of more sensitive receptors i.e. residents verses visitors or 
workers to the regional area. The qualitative assessments are discussed in further detail in Section 8 
and Section 9. 

Table 6.3  Plausible chronic exposure pathway evaluation – human receptors  

Potential 
COPC 
source 

Transport Exposure 
point 

Exposure route Potential 
receptors in off-

site areas 

Selected for 
baseline / 

impact 
evaluation 

Air 
emissions 

Volatiles in 
air 

Outdoor air Inhalation of 
volatiles 

Regional residents N 

Horticultural farmers N 

Transport route 
residents 

Y 

Recreational users N 

Particulates 
transported 
in air 

Outdoor air • Particulate 
inhalation. 

• Radiation. 

Regional residents Y 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users N 

Plant via 
foliage or 
soil 
deposition 
and uptake 

• Ingestion of 
contaminated 
food.  

Regional residents Y 

Horticultural farmers Y 

Transport route 
residents 

N 
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Potential 
COPC 
source 

Transport Exposure 
point 

Exposure route Potential 
receptors in off-

site areas 

Selected for 
baseline / 

impact 
evaluation 

• Incidental 
ingestion of soil. 

• Radiation 

Recreational users N 

Water 
sources 
used for 
drinking  

• Ingestion of 
contaminated 
water. 

• Radiation. 

Regional residents Y 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users N 

Water Surface 
water 

Drinking and 
domestic 
purposes 

• Direct ingestion. 
• Dermal contact. 
• Radiation. 

Regional residents Y 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users N 

Recreation • Incidental 
ingestion. 

• Dermal contact. 
• Radiation. 

Regional residents N 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users Y 

Ingestion freshwater 
biota. 

Recreational users N 

Groundwater Drinking and 
domestic 
purposes 

• Direct ingestion. 
• Dermal contact. 
• Radiation. 

Regional residents Y 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users N 

Recreation • Incidental 
ingestion. 

• Dermal contact. 
• Radiation. 

Regional residents N 

Horticultural farmers N 

Transport route 
residents 

N 

Recreational users Y 

Baseline data for dust in ambient air, water (surface waterways, rainwater tanks and groundwater), 
sediment and soil was obtained from within the project area and at selected locations in the 
surrounding regional area. This data provides information on the baseline exposures to the identified 
contaminants and associated exposure pathway to receptors within the regional area or along the 
transport route. 

  



2
TRACKS

Potential exposure pathways
Recreational receptors
• Incidental ingestion:
 groundwater or surface water
• Dermal contact: groundwater
 or surface water
• Internal/external radiation

Potential exposure pathways
Horticultural farmers
• Ingestion of contaminated food 
• Incidental ingestion of soil
• Internal radiation

Potential exposure pathways
Transport route receptors
• Inhalation of exhaust gases
• External radiation

Potential exposure pathways
Regional receptors
• Inhalation of fine dust particulates
• Domestic use: ingestion and dermal contact of
 groundwater, surface water or harvested rainwater
• Other uses: ingestion and dermal contact of
 groundwater or surface water
• Internal/external radiation

Mitchell River

Lindenow Valley

Swimming

Fishing

Horticultural farming

Horticultural farming

Piped water

Irrigation

Dust air
emissions

Mine infrastructure
and processing

Mine void

Rehabilitated
mine

Stockpiles Rural residentsTemporary tailings
storage facility

Water storage

Project area Regional area

Runoff to local tributaries
for Mitchell River
(or Perry River)

Infiltration to
groundwater

Groundwater boresShallow groundwater flow direction
east and northeast

(Coongulmerang Formation)

File Name:

Project:

Figure No:Date:
02.06.2020

6.3
ENAUABTF11607_9_23_6-3_GRA

754-ENAUABTF11607
Conceptual site model –

potential exposure pathwaysFingerboards Mineral Sands Project

Kalbar Operations Pty Ltd

AI
 R

efe
re

nc
e: 

11
60

7_
HH

RA
_G

RA
00

1.a
i_8



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

37 

 

7. Understanding contaminant toxicity 
Radiation, particulate material and metals can cause toxic and other health effects in humans, as 
described below.  

7.1. Radiation from naturally occurring radionuclides 
Radiation is invisible waves or tiny particles that travel through space as energy. Radiation associated 
with naturally occurring radionuclides, such as thorium and uranium, is released from radioactive 
atoms when these unstable atoms disintegrate and form new atoms with different physical and 
chemical properties. This type of ionising radiation produces energy that is sufficient to cause damage 
to matter, particularly living tissue.  

There are three main types of ionising radiation normally associated with radioactive elements in the 
environment:  

• Alpha particles are quite large particles, in nuclear terms, and can interact readily with matter 
and lose energy quickly. Alpha particles can be stopped easily by a sheet of paper, clothing or the 
first layer of skin.  

• Beta particles are energetic and small, much smaller than alpha particles, therefore have greater 
penetration in matter, for example they can pass through 1 to 2 cm of water or flesh.  

• Gamma rays are transmitted as waves, like light and heat, but have much higher energy. 
Gamma rays can travel long distances and have great penetrating power, being able to pass 
through a human body.  

There are other forms of radiation, such as X-rays and neutrons, which have similar properties to the 
types described above and can cause similar biological effects, however these are usually associated 
with artificial sources used in medicine and industry. 

People are exposed to ionising radiation from many sources, both natural and artificial. The annual 
dose, averaged over the population of the world, is approximately 2.8 mSv in total (UNSCEAR, 2000). 
Over 85% of this total is from natural sources, mainly due to radon gas build-up inside dwellings. 
Other natural sources include cosmic radiation from outer space, radioactivity in the environment and 
in food and drinking water. Medical exposures account for about 14% of the total. Other artificial 
sources, such as occupational exposure, consumer products and the nuclear industry, account for 
less than 1% of the total.  

The exposure to natural sources of radiation varies widely throughout the world depending on the 
latitude and altitude at which people live, the composition of the local geology, the construction of the 
dwelling they live in, and the food they consume. In some regions of the world the average dose from 
natural background radiation exceeds 10 mSv per year. 

The average annual dose in Australia is probably well below the global average because the 
contribution from radon exposure is known to be less than in the northern hemisphere. Typical 
exposures (ARPANSA, 2015) are, for example:  

• 1.5 mSv per year – natural background in Australia. 

• 5 mSv – dose received during a CT scan. 

• 0.06 mSv – dose received from a chest X-ray.  

• 1 mSv – average annual dose received by uranium miners in Australia.  

• 0.11 mSv – dose received during air travel London to Melbourne return. 

The annual limit for members of the public is 1 mSv per year, after the background level has been 
subtracted.   
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The potential health risks associated with exposure to ionising radiation depends on the type of 
radiation, the total dose received, the rate at which the dose is received, the part of the body exposed, 
and the person’s age and state of health at the time of exposure. Studies of populations who have 
been exposed to radiation levels much higher than the background levels have shown the most 
significant long-term health effect of exposure to radiation is cancer. Studies involving populations 
exposed at lower doses is difficult given cancers are only observed several years after exposure and 
often the cause cannot be identified or distinguished from other potential risk factors.  

The summary above is based on information provided in SGS (2020). More information can be found 
in the Radiation Assessment report for the project or from ARPANSA (2015). 

7.2. Particulates in airborne dust 
Dust typically emitted as a result of mining operations is assessed in terms of total suspended 
particulates (TSP), particulate matter with an aerodynamic diameter less than 10 micrometres (PM10) 
and particulate matter with an aerodynamic diameter less than 2.5 micrometres (PM2.5). Dust particles 
generated from mining generally comprise primarily of larger, non-respirable, particles generated 
through the handling of rock and soil. Very fine particles (such as PM2.5) are mostly generated through 
combustion processes and vehicle exhaust. Laboratory and epidemiological studies have identified 
that these particles, if present in elevated levels, have the potential to cause adverse health impacts 
in susceptible people.  

Crystalline silica is a mineral that is found in most types of rocks, clays, sands, gravel and shale. It 
makes up over 12% of the earth’s crust. Crystalline silica may form particles that are small enough to 
inhale and be transported to the deeper parts of the lungs when undergoing high-energy operations 
such as mining, crushing, carving, cutting or grinding any materials that contain the mineral. 
Respirable crystalline silica particles that those are smaller than 10 micrometres (PM10) and the 
overwhelming majority of natural crystalline silica in air exists as α-quartz which is measured in the 
PM2.5 fraction. Inhalation exposures to respirable crystalline silica particles has the potential to cause 
serious health conditions including silicosis. 

7.3. Metals 
Copper, zinc and selenium are essential micronutrients and are needed in certain amounts for certain 
processes in the body however they may be toxic when in excess of human requirements. Arsenic, 
cadmium, lead and mercury do not have a known beneficial role in humans 

These metals usually occur in soil at low concentrations as a result of natural process such as 
weathering of rocks and minerals. Metal toxicity is dependent on the route of exposure (primarily 
entering the body’s systemic system via inhalation or ingestion), the type of metal and what form it is 
in which will also influence its absorption into the body. Metals that are inhaled or ingested (via 
sources such as food or drink) have the potential to cause adverse health effects, depending on the 
dose and period of exposure.   
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8. Human health risk assessment - baseline 
This section presents the screening criteria selected for the Tier 1 risk assessment and the baseline 
data collected from each of the receiving environments as reported in the referenced technical report. 
The baseline data describes the existing environment within and surrounding the project area. The 
data is summarised in this section and the sampling locations and data sets (if applicable) are 
presented in the appendices.  

8.1. Tier 1 screening assessment 
A Tier 1 screening assessment compares measured chemical concentrations in each identified media 
with guideline criteria or standards developed by various health or environmental agencies. The 
criteria are generally derived using scientific studies and other safety factors to estimate chemical 
specific doses that are considered to have no adverse effects.  

The selection of appropriate criteria is discussed within each environmental media section below. In 
general, the adopted Tier 1 screening criteria was consistent with the technical report that informed 
the Tier 1 screening assessment. Further information or discussion is presented where uncertainties 
or differences were noted. 

Treatment of non–detections – approach and limitations 

Samples that reported a concentration below the laboratory limit of reporting are considered to be 
non-detections. The adoption of a zero concentration for each non-detect sample is likely to 
underestimate the concentration of a substance in environment media, and similarly, the adoption of 
the laboratory limit of reporting (LOR) concentration is considered to overestimate potential 
concentrations of a substance. Therefore, in such instances where the LOR was available, half of the 
LOR concentration was adopted in the calculation of average concentrations. This approach is 
considered reasonable (NEPM, 2013) particularly when the LOR is well below the selected screening 
criteria. The higher the LOR, the higher the estimated non-detect concentration.   

Whilst this approach is generally reasonable, data sets which consist of more than 15% non-detect 
results are likely to be skewed when statistical calculations are applied. Where a data set includes a 
large number of non-detect contaminant concentration estimations and the LOR is relatively high, the 
calculated average concentrations can be magnified when a data set is left censored. In other words, 
the bias is increased where the data set contains a higher proportion of non-detect samples, or a 
small data set. As a conservative approach, no adjustments were made via the use of statistical 
software when analysing the data in this assessment. Each dataset is noted where half the LOR has 
been adopted in the Tier 1 screening assessment as not all the datasets were available for analysis. 

8.1.2. Air 
Depending on the concentration, size and composition, dust has the potential to cause adverse health 
impacts. Dust can affect people in various ways, depending upon the source and size of particles 
present. Dust is typically assessed in terms of total suspended particulates (TSP) and respirable 
particulate matter small enough to enter the lung bronchi or bronchioles. Respirable particulate matter 
assessed are PM10 and PM2.5. The source of the dust particles will generally determine its composition 
therefore this baseline assessment is focussed on the metal and radionuclide content of the dust and 
particulate matter. High dust deposition rates may cause aesthetic issues or health effects if 
incidentally consumed. 

The Tier 1 evaluation of particulate matter and dust deposition relies upon the information detailed in 
the following reports: 

• Fingerboards Minerals Sands Project Stage Two Air Quality and Greenhouse Gas Assessment 
prepared by Katestone Environmental Pty Ltd (2020). 

• Fingerboards Project Radiation Assessment Report prepared by SGS Radiation Services (2020). 
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• Fingerboards Minerals Sands Project Horticultural Impact Assessment prepared by RMCG 
(2020). 

The baseline data is compared with the adopted screening criteria to characterise the existing 
conditions within and surrounding the current air quality in the project area. The Tier 1 evaluation 
relies upon the information detailed in the Fingerboards Minerals Sands Project Stage Two Air Quality 
and Greenhouse Gas Assessment prepared by Katestone Environmental Pty Ltd (Katestone, 2020). 
The data is summarised in this section and the sampling locations and data sets (if available) are 
presented in Appendix B. 

Screening criteria  

The legislative context for air quality is summarised in this section and discussed in greater detail in 
the technical report (Katestone, 2020). The legislative context for air quality associated with 
radionuclides is summarised in in greater detail in the technical report (SGS, 2020).   

The State Environment Protection Policy (Ambient Air Quality) (SEPP AAQ) (EPA, 2016) sets air 
quality objectives and goals for the whole State of Victoria and adopts the requirements of 
the National Environment Protection Council (Ambient Air Quality) Measure (NEPM AAQ). The State 
Environment Protection Policy (Air Quality Management) (SEPP AQM) (EPA, 2001) establishes the 
framework for managing air emissions in Victoria to ensure the environmental quality objectives set 
out in the SEPP AAQ are met. The SEPP AQM provides a management framework to address: 

• Ambient (or regional) air quality. 

• Particular sources (for example, industry, motor vehicles and open burning). 

• Local air quality impacts.  

All mining and extractive industries in Victoria are required to comply with the SEPP AQM. The SEPP 
AQM incorporates three Protocols for Environmental Management (PEM). Of these, the Protocol for 
Environmental Management (Mining and Extractive Industries (MEI)) is relevant to the project and 
sets out the statutory requirements for the assessment and management of emissions to the air 
environment arising from activities undertaken in the operation of mining and extractives sites. 

The PEM MEI requires particulate matter (PM10 and PM2.5) and respirable crystalline silica to be 
included in an air quality assessment. Other substances that require assessment are dependent on 
the mine location and/or extractive operations. As discussed in Section 6.2.1, the following 
substances of concern have been selected for the assessment of air quality associated with the 
project: 

• Gases:  
 Nitrogen dioxide (NO2), sulfur dioxide (SO2). 

• Particulate matter: 
 Particles as PM10. 
 Particles as PM2.5.  
 Respirable crystalline silica (defined as the PM2.5 fraction). 
 Arsenic. 
 Heavy metals (including antimony and lead). 
 Radionuclides. 

The ambient air quality Tier 1 screening criteria relevant to the project have been selected based on 
the PEM MEI, where established. Screening criteria from the following sources were selected by 
Katestone (2020) for the remaining substances: 

• Environmental Protection (Air) Policy 2008 (Air EPP), Queensland Department of Environment 
and Science (DES, 2008). 

http://www.comlaw.gov.au/Series/F2007B01142
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• Approved Methods for the Modelling and Assessment of Air Pollutants in New South Wales (NSW 
Approved Methods) (NSW EPA, 2017). 

• Texas Commission on Environmental Quality (TCEQ, 2018). 

• Registry of Toxic Effects of Chemical Substances (National Institute for Occupational Safety and 
Health (NIOSH, 2017). 

The selected Tier 1 air quality screening criteria are presented in Table 8.1. The air screening criteria 
presented in this HHRA were adopted directly from the Air Quality report (Katestone, 2020) to ensure 
consistency between the reports. Some limitations of this approach have been noted in the footnotes 
to Table 8.1. 

Table 8.1  Ambient air quality Tier 1 screening criteria 

Substances Averaging 
period 

Tier 1 screening 
criteria 

Source 

Particles as PM10 24 hours 60 µg/m3 PEM MEI (EPA, 2007) 

Particles as PM2.5 24 hours 36 µg/m3 PEM MEI (EPA, 2007) 

Dust deposition Monthly 120 mg/m2/day Queensland DES (DES, 2008) (1) 

Annual 2 g/m2/month (2) (NSW EPA, 2017) 

4 g/m2/month (3) 

Respirable crystalline 
silica (as PM2.5) 

Annual 3 µg/m3 PEM MEI (EPA, 2007) 

Nitrogen dioxide (NO2) 1 hour 260 µg/m3 PEM MEI (EPA, 2007) 

Sulfur dioxide (SO2) 1 hour 570 µg/m3 SEPP AQM (EPA, 2001) 

Carbon monoxide 
(CO) 

1 hour 33.4 µg/m3 PEM MEI (EPA, 2007) 

Radionuclides Annual As low as reasonably 
achievable 

PEM MEI (EPA, 2007) 

Arsenic (total 
inorganic) 

Annual 0.003 µg/m3 PEM MEI (EPA, 2007) 

Cadmium  1 hour 5.4 µg/m3 TCEQ (2018) (4) 

Annual 0.0033 µg/m3 TCEQ (2018) (4) 

Cobalt 1 hour 0.21 µg/m3 TCEQ (2018) (4) 

Annual 0.0017 µg/m3 TCEQ (2018) (4) 

Chromium III (6) 1 hour 3.6 µg/m3 TCEQ (2018) (4) 

Annual 0.041 µg/m3 TCEQ (2018) (4) 

Copper (8) 1 hour 10 µg/m3 TCEQ (2018) (4) 

Annual 1 µg/m3 TCEQ (2018) (4) 

Iron (7) 24 hours 60 µg/m3 PEM MEI (EPA, 2007) (5,7) 

Manganese  1 hour 2.7 µg/m3 TCEQ (2018) (4) 

Annual 0.25 µg/m3 TCEQ (2018) (4) 

Molybdenum (8) 1 hour 30 µg/m3 TCEQ (2018) (4) 

Annual 3 µg/m3 TCEQ (2018) (4) 

Nickel  1 hour 0.33 µg/m3 TCEQ (2018) (4) 

Annual 0.059 µg/m3 TCEQ (2018) (4) 
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Substances Averaging 
period 

Tier 1 screening 
criteria 

Source 

Lead Rolling three 
month 

0.15 µg/m3 NAAQS (5) 

Antimony (8) 1 hour 5 µg/m3 TCEQ (2018) (4) 

Annual 0.5 µg/m3 TCEQ (2018) (4) 

Selenium (8) 1 hour 2 µg/m3 TCEQ (2018) (4) 

Annual 0.2 µg/m3 TCEQ (2018) (4) 

Tin (8) 1 hour 20 µg/m3 TCEQ (2018) (4) 

Annual 2 µg/m3 TCEQ (2018) (4) 

Titanium (8) 1 hour 50 µg/m3 TCEQ (2018) (4) 

Annual 5 µg/m3 TCEQ (2018) (4) 

Uranium (8) 1 hour 2 µg/m3 TCEQ (2018) (4) 

Annual 0.2 µg/m3 TCEQ (2018) (4) 

Vanadium (8) 1 hour 20 µg/m3 TCEQ (2018) (4) 

Annual 2 µg/m3 TCEQ (2018) (4) 

Thorium - - - (9) 

Tungsten (8) 1 hour 50 µg/m3 TCEQ (2018) (4) 

Annual 5 µg/m3 TCEQ (2018) (4) 

Zinc (8) 1 hour 20 µg/m3 TCEQ (2018) (4) 

Annual 2 µg/m3 TCEQ (2018) (4) 

Zinc oxide (8) 1 hour 20 µg/m3 TCEQ (2018) (4) 

Annual 2 µg/m3 TCEQ (2018) (4) 

Zirconium (8) 1 hour 50 µg/m3 TCEQ (2018) (4) 

Annual 5 µg/m3 TCEQ (2018) (4) 
1 https://environment.des.qld.gov.au/assets/documents/regulation/pr-co-common-conditions-prescribed-eras.pdf  
2 Maximum increase in deposited dust level above background levels. 
3 Maximum total deposited dust level. 
4 TCEQ effect screening level (ESL) for the indicators presented here apply to the PM10 fraction, except for zinc and zinc oxide 
for which the particle size fraction is not defined. TCEQ Interoffice Memorandum (2018, as cited in Katestone 2020) states that 
short-term generally indicates 1-hour and long-term indicates annual average. 
5 TCEQ ESL database notes ‘must meet NAAQS’ The National Ambient Air Quality Standards (NAAQS) for PM10 is 
150 µ/ g/m3. It is more conservative to adopt the PEM objective for 24-hour PM10. 
6 Kalbar have advised Katestone all chromium emissions due to the Project are expected to be Chromium III. 
7 Assessed via PM10 
8 TCEQ effect screening level (ESL): Interim value based on an occupational exposure standard. 
9 Not included in the PEM (other than As Low As Reasonably Achievable) or the TCEQ ESL database. 

Baseline screening assessment  

Particulate matter – respirable crystalline silica 

The overwhelming majority of natural crystalline silica exists as α-quartz, which is measured in the 
PM2.5 fraction. Concentrations of α-quartz in air have been reported based on analysis of the mass of 
α-quartz gathered on the PCV filters from the high-volume samplers during two stages of the ambient 
monitoring program. Whilst the measurements were not collected over the required 84 days in one 
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year (PEM specifies up to one week per month) due to the unavailability of filters, they were based on 
samples analysed for α-quartz over 72 days.  

The data gaps were addressed using a conservative approach that accounted for the seasonal 
variation in particulate concentrations prior to determining the annual average ambient background 
concentration as shown in Table 8.2. Cristobalite, a silica of the same composition but different crystal 
structure, was also measured. 

Table 8.2  Baseline summary respirable crystalline silica measurements: 1 July 2017 – 30 Sept 2018 
[µg/m3] 

Instrument Number of 
days 

sampled 

Health screening criteria Maximum 
[µg/m3] 

Average 
[µg/m3] 

Annual average [µg/m3] 

α-quartz 72 3 0.56 0.12 

Cristobalite 56 0.54 0.08 

Respirable crystalline silica (α-
quartz + cristobalite) 

- 0.98 0.24 

The average and maximum concentrations did not exceed the Tier 1 health screening criteria 
indicating baseline levels in the project area are likely to be acceptable, despite the limitations in the 
measurements obtained. 

Particulate matter and metals 

An air quality monitoring program was conducted over a 12-month period to characterise the ambient 
background air quality in accordance with the PEM and EPA requirements. Twenty-four-hour average 
concentrations of PM10 and PM2.5 for the 12-month period from 1 October 2017 to 30 September 2018 
are summarised in Table 8.3. Twenty-four-hour average concentrations of metals for the 15-month 
period from 1 July 2017 to 30 September 2018 are summarised in Table 8.3. 

Table 8.3  Baseline summary 24-hour ambient particulate matter  

COPC Date range Maximum over 
24-hour (1)  

[µg/m3] 

Health screening criteria Average (2) 
[µg/m3] 

Annual average [µg/m3] 

PM10  1 October 2017 to 30 
September 2018 

57.3 60 11.4 

PM2.5 13.7 36 3.3 

Arsenic 1 July 2017 to 
30 September 2018 

0.008 0.003 0.001 

Cadmium 0.0003 0.0033 0.0002 

Cobalt 0.001 0.0017 0.001 

Chromium III2  0.029 0.041 0.004 

Copper 0.004 1 0.001 

Iron 0.25 60 0.085 

Manganese 0.009 0.25 0.002 

Molybdenum 0.004 3 0.002 

Nickel 0.006 0.059 0.001 

Lead 0.02 0.15 (2,3) 0.002 

Antimony 0.024 0.5 0.003 

Selenium 0.004 0.2 0.002 

Tin 0.01 2 0.005 
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COPC Date range Maximum over 
24-hour (1)  

[µg/m3] 

Health screening criteria Average (2) 
[µg/m3] 

Annual average [µg/m3] 

Thorium 0.003 ALARA (4) 0.003 

Titanium 0.02 5 0.002 

Uranium 0.003 0.2 0.002 

Vanadium 0.007 2 0.001 

Tungsten 0.023 5 0.006 

Zinc 1.5 2 0.059 

Zinc oxide 2.6 2 0.171 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria 
1 Note maximum concentrations are not comparable to the annual average Tier 1 screening criteria. 
2 Iron I assessed via PM10. 
3 Air quality criteria for lead is a three month rolling average. 
4 As low as reasonably achievable. 

The monitoring data show the annual average concentrations for all metals, PM10 and PM2.5 were 
measured below the air quality criteria. Cobalt and arsenic were both considered to comprise >30% of 
their allowable annual average concentration, although the cobalt concentration was the minimum 
detection limit. Arsenic was also measured below the minimum detection limit on a number of 
occasions. 

Particulate matter - radiation 

Thirty-three PM10 air samples, collected from 30 June 2017 to 30 November 2017 within the project 
area by Katestone (2020), were analysed for uranium and thorium content. The results are 
summarised in Table 8.4. The air sampler (located at the project area weather station) and analytical 
results are shown in Appendix B. 

Table 8.4  Environmental PM10 uranium and thorium data summary and Tier 1 assessment: June - Nov 
2017 

COPC Number of 
samples below the 
limit of detection 

Number of 
samples not 
measured or 

available 

Tier 1 
screening 

criteria  
(μg/m-3) 

Airborne dust concentration 
range  
(μg/m-3) 

Thorium 32 0 0.043 <0.003 – 0.003 

Uranium 31 2 0.2 (1) 
2 (2) 

<0.002 - <0.003 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Annual exposure. 
2 1-hour period. 

All concentrations of thorium and uranium were less than or equal to the minimum detection limit for 
the specified sampling technique.  

Additional sampling of high-volume air sample filters (PM10 and PM2.5), collected between January 
2018 and May 2019 with a minimum sampling volume of 5,000 m3, were analysed for radioactivity 
(SGS, 2020). Only one PM10 filter was provided for analysis with the results of the three PM2.5 filters 
averaged, as presented in Table 8.5. 
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Table 8.5  Environmental gross alpha and beta airborne activity concentrations in dust (January 2018 to 
May 2019) 

Dust fraction Dust 
Concentration 

(µg/m3) 

Dust Concentration 
Range 
(µg/m3) 

Gross radioactivity concentration 
(µBq/m3) 

Gross alpha Gross beta 

PM2.5 6.3 (1) 5.8 – 7.2 601 458 

PM10 5.5 5.5 319 842 
1 Averaged over three samples collected at three locations. 

A sample of PM10 and PM2.5 were also analysed to determine the key radionuclides present in each 
dust sample. The analysis confirmed both the gross alpha and gross beta radioactivity concentrations 
were primarily attributable to lead-210 and polonium-210. These radionuclides are both present in the 
atmosphere at elevated levels as a result of naturally occurring radon-222 gas diffusion from soil pore 
spaces.   

Ambient radiation  

A survey was undertaken in May 2017 to measure the ambient external radiation levels within the 
project area and adjacent regional area. Spot measurements were conducted at intervals of <0.5km in 
areas where ore deposit was close to the surface to 2 km intervals where land access was restricted. 
The radiation survey meter measured ambient dose equivalent rates at a height of approximately 1 m 
above the ground at each location and the values averaged. The fixed position integrated absolute 
dose measurements were conducted at several locations across the project area on each day of the 
survey. Further detail regarding the sampling methodology is presented in the SGS Radiation 
assessment report (SGS, 2020). 

The results of the ambient gamma radiation survey are presented in Table 8.6.  

Table 8.6  Terrestrial ambient gamma radiation survey results – May 2017 

Survey area Number survey 
locations 

Background terrestrial 
radiation level in 

Australia  
(µGy/hour) 

Absorbed dose rate 
free–in-air  
(µGy/hour) 

Mine area (1) 107 0.09 0.13 

Perry Gully 7 0.33 

Perry Gully southern wall 9 0.14 

Project area beyond mine area  33 0.09 
1 The main mining area is located directly north of the Bairnsdale-Dargo Road within the project area. 

The average levels of gamma radiation in ambient air measured in the project area are consistent with 
background terrestrial radiation levels encountered in Australia. 

Dust deposition – project area 

Dust deposition monitoring of total insoluble solids has been conducted from September 2017 to 
September 2018 in the project area. The recorded total insoluble solids for this period are presented 
in Table 8.7. 
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Table 8.7  Baseline summary dust deposition  

COPC Number 
of 

samples 

Health 
screening 

criteria 

Units Range 
(g/m2/month) 

Range 
(mg/m2/day) 

Average 

Dust 
deposition 

10 120 mg/m2/day - 3.3 – 53.3 29.7 

10 2 (1) g/m2/month -1.2 – 1.3 - - 

4 (2) g/m2/month 0.1 – 1.6 - 0.89 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Maximum increase in deposited dust level. 
2 Maximum total deposited dust level. 

The baseline dust deposition rates are below the adopted Tier 1 health screening criteria.  

Dust deposition – Lindenow area 

The Lindenow Valley is located in the Mitchell River flats, north east of the project area. The valley 
includes approximately 4,700 hectares of irrigated vegetable production. Vegetable crops produced in 
the Lindenow Valley include beans, broccoli, capsicum, carrots, cauliflowers, sweet corn, lettuce, 
spinach and baby leaf salad vegetables, peas, pumpkin, and onions. Wine grapes are also produced 
in the area.   

Baseline dust deposition data on produce grown in the Lindenow Valley is not available. A description 
of what is grown, and the methods of harvesting is provided as context for the prediction of potential 
impacts associated with dust deposition and low residual dust likely to remain on produce based on 
current practices.  

In addition to existing local and regional dust sources, dust is generated in the production areas 
during land preparation (such as soil conditioning, application of soil amendments and bed forming), 
crop planting and seeding, crop monitoring, harvesting and packing. Current production, harvesting 
and packing practices are summarised below and in more detail in the Horticultural Impact Report 
(RMCG, 2020). 

The produce grown in the area is understood to currently use overhead irrigation and rainfall to wash 
away dust or soil particulates. Post-harvest, head type vegetables, e.g., broccoli or cauliflower, are 
trimmed and packed without washing; which sometimes done in the field. Loose leaf salad mix 
vegetables are washed and sanitised after harvest while large leafy vegetables, e.g., kale or silver 
beet are usually packed dry, without washing. Herb bunches are usually packed unwashed unless 
part of salad mixes. Green beans and snow peas may by washed, depending on the type of 
grading/processing line used. Root vegetables, including carrots and beetroot, are washed. Based on 
current practices, very low or negligible levels of residual dust particles are likely to would remain on 
produce following harvesting and packaging. 

Wine grapes may or may not be washed prior to crushing depending on preferences of the wine 
maker. Using unwashed grapes appears to be the preference for most growers. 

Approximately 80% of local fresh vegetable and salad crops from the study area are transported 
interstate (mostly to Sydney), with approximately 20% sold in Victoria and 1% exported. It is not 
known whether the produce is also available to local residents. 

Gases 

EPA Victoria conducts ambient air quality monitoring of NO2 and SO2 at Traralgon. Monitoring data 
from 2013 to 2017 is summarised in Table 8.8. 
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Given the rural land settings in the vicinity or the project area, the ambient levels of NO2 and SO2 are 
expected to be lower than the baseline data adopted at Traralgon. The selected baseline data for 
background concentrations of exhaust pollutants is therefore considered to be conservative approach. 

Table 8.8  Baseline summary of adopted gas exhaust emissions, 2013 to 2017 

COPC Number of 
annual 

data 

Health screening criteria Maximum annual 70th percentile 
level over 2013-2016 period 

(µg/m3) µg/m3 Averaging 
period 

Nitrogen dioxide (NO2) 5 260 1 hour 73.9 

Sulfur dioxide (SO2) 5 445 1 hour 200.2 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria 

No exceedances of the Tier 1 health screening criteria for gas exhaust emissions in Traralgon were 
measured in the years from 2013 to 2016. The Traralgon data is likely to overestimate background 
levels in a more rural setting and the baseline levels of exhaust gases in air in the regional area 
surrounding the project area are likely to be lower. 

8.1.3. Soil 
Soil samples were collected in the project area of the topsoil (from surface to 300 mm), overburden 
(soils between the topsoil layer and the orebody), ore body and tailings. Samples were also collected 
from regional areas and analysed as composites. The regional areas were selected based on land 
uses such as river flats, grazing land or native forests. The soil sampling and metal analysis was 
conducted by Landloch and further detail can be found in the Fingerboards Minerals Sands Project 
Landform, Geology, and Soil Investigation report (Landloch, 2020). Where available, the sampling 
locations and data are presented in Appendix C. 

The Tier 1 evaluation of soil relies upon the information detailed in the following reports: 

• Fingerboards Minerals Sands Project Landform, Geology, and Soil Investigation prepared by 
Landloch Pty Ltd (Landloch, 2020). 

• Fingerboards Project Radiation Assessment Report prepared by SGS Radiation Services (SGS, 
2020). 

Screening criteria - metals 

Tier 1 screening criteria for metals in soils have been derived for various settings including residential, 
commercial and public areas/open space. The National Environmental Protection Measure (amended 
in 2013) (NEPM, 2013) derived health investigation levels (HILs) for soil. As a conservative approach 
the HIL A – low density residential screening criteria have been adopted where available. Where Tier 
screening levels have not been established in the NEPM, regional screening levels (RSLs) developed 
by the US EPA, protective of a residential setting, have been adopted. The selected Tier 1 soil 
screening criteria are presented in Table 8.9. 

Table 8.9  Tier 1 screening criteria – soil [mg/kg] 

Substance Tier 1 screening criteria 
Residential land use (1) 

Source 

Arsenic 100 NEPM (2013) 

Cadmium  20 NEPM (2013) 

Chromium VI 100 NEPM (2013) 

Cobalt 100 NEPM (2013) 

Copper  6000 NEPM (2013) 
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Substance Tier 1 screening criteria 
Residential land use (1) 

Source 

Lead 300 NEPM (2013) 

Mercury (inorganic) 40 NEPM (2013) 

Nickel  400 NEPM (2013) 

Selenium 200 NEPM (2013) 

Thorium NE - 

Thallium 0.78 (2) USEPA (2018) 

Uranium  NE - 

Vanadium  390 (2) USEPA (2018) 

Zinc 7400 NEPM (2013) 

NE – Not established. Refer to screening criteria for radionuclides. 
1 Low density residential setting which includes consumption of home grown produce. 
2 USEPA Regional Screening Level – Residential (USEPA, 2018). 

Screening criteria - radionuclides 

Radionuclides decay over time and a succussion of elements is created along the decay chain until a 
stable element, usually lead, is produced. Naturally occurring uranium and thorium each have a 
distinct decay series of elements. Tier 1 screening criteria were selected for the key long-lived 
radionuclides of both natural uranium and thorium based on the range of these elements in soils 
worldwide. 

Tier 1 screening criteria for radionuclides in soils are based the levels of naturally occurring 
radionuclides measured in soils globally. The selected Tier 1 soil screening criteria are presented in 
Table 8.10. 
 

Table 8.10  Tier 1 screening criteria – soil [Bq/kg] 

Substance Tier 1 screening criteria 
Median range in soils globally 

Source 

Uranium-238 16 - 110 UNSCEAR (2000) 

Thorium-232 11 - 64 UNSCEAR (2000) 

Potassium-40  140 - 850 UNSCEAR (2000) 

Baseline screening assessment – metals 

Soils in the regional area (adjacent to the project area) and from within the project area were analysed 
for metal concentrations.  

Topsoil in regional areas outside project area 

Soil sampling of topsoils in areas adjacent to the project area was undertaken to assess baseline 
metal concentrations in various land use or geological settings. Composite soil samples were 
collected for selected metal analysis from the following regional areas: 

• River flats: Located north-northeast of the project area on the northern side of Mitchell River. 

• Margin area and river flat: Located immediately north-northeast of the project area, between the 
project area and the Mitchell River. 

• Grazing area 1: Located north of the project area. 
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• Grazing area 2: Located South-south east of the project area. 

• Mixed use: Located northeast of the project area. 

• Native forest: Located northwest of the project area. 

Topsoil samples were collected to tillage depth (assumed to be 200 mm below surface) in areas 
where horticultural activities are undertaken and to 50 mm below surface in areas used for grazing. 
Further detail showing the regional areas and analytical data from each area is presented in 
Appendix C. The Tier 1 soil screening assessment of regional area topsoils is presented in 
Table 8.11. 

Table 8.11  Tier 1 human health screening assessment – regional topsoil (1) [mg/kg] 

Substance Tier 1 screening 
criteria 

Average 
concentration 

Concentration range 

Arsenic 100 3 0.8 - 4.5 

Cadmium  20 0.1 0.1 - 0.2 

Chromium  100 (2) 55.8 34 - 137 

Cobalt 100 3.7 0.7 - 9.5 

Copper  6000 7.7 4 - 28 

Lead 300 8.1 3.5 - 17.5 

Mercury (inorganic) 40 0.01 0.01 - 0.02 

Nickel  400 9.7 6 - 24 

Selenium 200 0.4 0.2 - 0.65 

Thallium 0.78 0.1 0.02 - 0.1 

Vanadium  390 41.2 13 - 63.7 

Zinc 7400 26.7 10 - 65 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Regional area land uses: River flats, margin to river flats, grazing land, mixed use and native forest. 
2 Based on chromium VI content rather than total chromium. 

All composite samples reported concentrations of metals below the adopted Tier 1 human health 
screening criteria except for one. The composite sample collected from the native forest region 
exceeded the Tier 1 screening level (derived to be protective of residential receptor populations) for 
chromium. It is likely the analytical result is a measure of the total chromium in soil rather than just the 
chromium IV content.  

Topsoil and overburden in the project area 

Soil sampling within the project area was undertaken to assess baseline metal concentrations in 
topsoil and overburden. Sampling has also been conducted on the ore and fine tailings. All were 
produced from pilot plant testing of composite drill cores. The analytical data is presented in 
Appendix C. The Tier 1 soil screening assessment of project area soil materials are presented in 
Table 8.12. 

Thallium was detected in one overburden sample at levels that exceed the adopted Tier 1 screening 
criteria. All other samples reported concentrations below the criteria. Chromium was detected at 
elevated levels in one topsoil sample and exceedances were noted in numerous samples taken from 
the overburden, ore and tailing fines, noting the criteria is based on chromium VI and the mineral 
chromite in the ore and overburden is the less toxic chromium III. One ore sample exceeded the 
screening criteria for vanadium and all other exceedances were associated with fine tailing samples.  

Most receptors are not currently exposed to naturally occurring substances in the subsurface within 
the project area as baseline exposures are associated with topsoils. Offsite receptors will not be 



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

50 

 

directly exposed to the project area soils except where the subsurface soils are exposed resulting in 
potential contaminant or substance migration to the regional area via the generation of dust, runoff 
waters or groundwater infiltration. Exposures to regional receptors from subsurface soils are 
addressed in Section 9. 
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Table 8.12  Tier 1 human health screening assessment – concentrations of metals in project area soils (1) [mg/kg] 

Substance Tier 1 
screening 

criteria 

Topsoil (2) 
0.0-0.2 mbgs 

Overburden  
0.2 – 24 mbgs 

Bulk ore Fines, tailings and slimes 

No. 
samples 

Average Range No. 
sample

s 

Average Range No. 
sample

s 

Average Range No. 
sample

s 

Average Range 

Arsenic 100 19 3.4 0.6 - 7 91 8.4 0.5 - 76 4 30.20 2.4 - 71 12 42.4 5.4 - 66.8 

Cadmium  20 19 0.07 0.05 - 0.2 91 0.03 0.005 - 0.26 4 0.05 0.05 - 0.05 12 0.05 0.05 - 0.05 

Chromium  100 (2) 20 37 5 - 120 99 97.7 14 - 279 5 295.4 104 - 441 13 401.4 74 - 663 

Cobalt 100 20 8 0.9 - 37.4 99 15.6 0.6 - 96.2 5 4.42 1.2 - 8 13 5.1 1.1 - 9.1 

Copper  6000 20 14.6 6 - 26 99 13.7 6 - 36 5 17.2 10 - 22 13 25.9 6 - 54 

Lead 300 19 8.7 0 - 18 91 11.6 0.5 - 40 4 7.0 2 - 11 12 12.3 4 - 16 

Mercury 
(inorganic) 

40 19 0.01 0.0005 - 
0.06 

91 0.02 0.0005 - 
0.15 

4 0.04 0.01 - 0.07 12 0.01 0.0005 - 
0.04 

Nickel  400 20 16.7 4 - 66 99 29 4 - 120 5 12.0 6 - 20 13 21.5 6 - 38 

Selenium 200 19 0.6 0.5 - 1 91 0.95 0.025 - 5 4 0.6 0.5 - 1 12 0.6 0.5 - 1 

Thallium 0.78 19 0.06 0.05 - 0.1 91 0.1 0.02 - 1.4 4 0.05 0.05 - 0.05 12 0.06 0.05 - 0.1 

Vanadium  390 20 44.6 10 - 78.9 99 50.1 4.1 - 186 5 149 34 - 392 13 450.6 48.4 - 769 

Zinc 7400 20 73.8 10 - 470 99 37.7 2.5 - 190 5 36 20 - 50 13 33 2.5 - 70 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Produced from composite drill cores collected for the pilot plant tests. 
2 Half the LOR adopted for the calculation of average concentrations.  
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Baseline screening assessment - radiation 
The activity concentrations of key long-lived naturally-occurring radionuclides of both the natural 
uranium and thorium decay-series, namely, uranium-238 (U-238), radium-226 (Ra-226) and lead-210 
(Pb-210) in the uranium series, and radium-228 (Ra-228) and thorium-228 (Th-228) in the thorium 
series were measured, as well as potassium-40 (K-40) that is associated with stable potassium in the 
soil. 

Soil - regional areas 
Tier 1 screening assessment for the naturally occurring radionuclides in soils, and their key long-lived 
decay series elements are based on comparison with levels measured in soils globally. It is 
understood 10 samples were collected in May 2018 for each of the regional areas representing 
different land and/or geological settings. The samples collected in each area were homogenised prior 
to analysis. Additional individual samples were collected in December 2018 from each regional area 
at depths of 20 cm, consistent with the root systems of vegetable and grain crops. The comparison of 
average radionuclide concentrations measured in composite and individual soil samples in regional 
areas in the vicinity of the project area (refer to earlier regional soil section), with Tier 1 soil screening 
criteria, are presented in Table 8.13. 

Table 8.13  Tier 1 screening assessment – average concentrations in regional soils [Bq/kg] 
Soil sample ID and 

location 
Radionuclide activity (Bq/kg dry weight) (2) 

Potassium-40 Uranium (238U) series Thorium (232Th) 
series 

Uranuim-238 
(as thorium-

234) 

Radium-
226 

Lead-
210 

Radium-
228 

Thorium-
228 

Tier 1 screening 
criteria (1) 

140 - 850 16 - 110 11 - 64 

001 - River flats 577 45 39 42 49 51 

002 - Margin to flats 172 51 49 59 72 71 

003 - Grazing land 58 44 38 55 42 45 

004 - Grazing land <28 14 9 19 8 8 

005 - Mixed use 77 27 26 40 31 33 

006 - Native forest 62 80 79 98 99 98 
Bold text indicates a value outside the adopted Tier 1 screening criteria range. 
1 Median range in soils measured globally (UNSCEAR, 2000). 
2 All reported results have an uncertainty that should be calculated using a coverage factor of two, for example a result of 
86 Bq/kg has an uncertainty of 16, therefore the actual activity may range from 70 to 102 Bq/kg. 

Using the average of the uranium-238 and radium-226 concentrations, the radioactive concentration 
of uranium in surface soil can be estimated and compared to the acceptable global screening range. 
Similarly, the radioactive concentration for thorium-232 can be estimated from the mean activity 
concentrations of its two decay products, radium-228 and thorium-228. 

The radionuclide activity concentrations identified in the composite samples are comparable to 
concentrations found naturally in soils worldwide with the exception of thorium in the native forest 
area which also measured the highest radionuclide activity associated with uranium. Lead-210 is 
observed to have elevated concentrations with respect to radium-226 in most samples, likely to be 
due to washout of lead-210 from the atmosphere.   

Soil - project area 
Eight surface soil samples to a depth of 5 cm were collected from various locations across the project 
area in May 2017, with additional samples (7A and 7B) collected in December 2018. The comparison 
of measured radionuclide concentrations in soil samples in the project area with Tier 1 soil screening 
criteria are presented in Table 8.14. Sample locations are presented in Appendix C. 
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Table 8.14  Tier 1 screening assessment – Project area surface soils [Bq/kg] 
Soil sample ID and location Radionuclide activity (Bq/kg dry weight) (2) 

Potassium
-40 

Uranium (238U) series Thorium (232Th) series 

Uranuim-238 
(as thorium-

234) 

Radiu
m-226 

Lead-
210 

Radium-
228 

Thorium-
228 

Tier 1 screening criteria (1) 140 - 850 16 - 110 11 - 64 

SS-01 Perry Gully creek bed 
(upstream of wombat 
hole) 

156 349 273 330 648 627 

SS-02 Simpsons Gully ridge 70 78.9 80.9 86.9 128 125 

SS-03 Perry Gully creek bed 
(wombat hole) 

283 362 314 306 635 630 

SS-04 State forest 25 20.1 18.9 26.5 17.7 16.3 

SS-05 Perry Gully ridge 199 710 613 612 1260 1200 

SS-06 Kalbar house 14 9.5 9.9 16.9 7.1 8.8 

SS-07 Plantation 18 23 15.5 35.3 14 15.8 

SS-08 Careys Road 104 147 142 158 230 214 

7A Blue Gum Plantation  63 42 29 31 47 47 

7B Wet Concentrator area 11 20 12 20 11 11 

Bold text indicates a value outside the adopted Tier 1 screening criteria range. 
1 Median range in soils globally. 
2 All reported results have an uncertainty that should be calculated using a coverage factor of two, for example a result of 
86 Bq/kg has an uncertainty of 16 therefore the actual activity may range from 70 to 102 Bq/kg. 

Based on the average of the uranium-238 and radium-226 concentrations, the radioactive 
concentration of uranium in surface soil samples SS-02, SS-04, SS-06, SS-07, 7A and 7B do not 
exceed the upper range found in surface soils worldwide. The radioactive concentration for thorium-
232, estimated from the mean activity concentrations of its two decay products, radium-228 and 
thorium-228, indicate soil samples SS-04, SS-06 and SS-07 do not exceed the upper range in soils 
globally.  

Soil samples SS-01, SS-02, SS-03, SS-05 and SS-08 have elevated radionuclide activities such that 
they are not considered to be comparable to the upper range of natural background activity 
associated with thorium-232. Note these samples were collected from or near the surface, and the ore 
body was observed at the soil surface, particularly in some areas of Perry Gully. 

Lead-210 is observed to have elevated concentrations with respect to radium-226 in all samples, 
likely to be due to washout of lead-210 from the atmosphere.   

Baseline screening assessment - plant uptake in regional soils 
Crops and home-grown vegetables are known to be grown the Lindenow Valley and other regional 
areas in the vicinity of the project area. Plants will directly uptake natural radionuclides from the soil if 
present in elevated concentrations. 

Screening criteria 
Potential exposures to radiation are assessed in relation to the effective dose which is measured in 
units of sieverts. The effective dose accounts for the type of radiation (such as alpha, beta or gamma) 
and the radiological sensitivities of tissues or organs irradiated.  

The Victoria Radiation Regulations (2017) have determined that an individual’s annual whole-body 
radiation exposure, in terms of effective dose, not exceed 1 mSv. To put this into context, the 
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presence of naturally occurring radionuclides in the environment is estimated to be responsible for 
approximately half the effective radiation dose. 

Baseline screening assessment – radiation 
In order to undertake a baseline evaluation of the effective radiation dose associated with the 
ingestion of locally grown vegetables or crops, SGS estimated the radionuclide activity in crops as a 
result of direct uptake and the resulting annual dose (SGS, 2020). The radionuclide activity in crops 
was estimated based on the radionuclide content in composite soil samples measured in five regional 
areas and the use of radionuclide transfer modelling published by the International Atomic Energy 
Agency (IAEA, 2010). Transfer factors relating to temperate terrestrial environments were adopted, 
noting the soil type, the plant group and the radionuclide.   

The assumptions and results of the modelling and the estimated radionuclide activity in crops grown 
near the project area are presented in Table 8.15. The sampling locations and data tables are 
presented in Appendix G. 

Table 8.15  Estimated radionuclide uptake in crops grown in regional farming soils 

Soil sample  
location ID and region 

Plant/crop group (1) Radionuclide activity in crops 
(Bq/kg) 

U-238 Ra-226 Pb-210 Ra-228 

001 - River flats Leafy vegetables 1.04 3.82 4.78 4.88 

002 - Margin to flats Leafy vegetables 1.04 4.50 6.06 5.41 

003 - Grazing land Cereals/grain 0.35 0.98 0.92 1.11 

004 - Grazing land Cereals/grain 0.13 0.2 0.33 0.19 

005 - Mixed use (grazing 
and crops) 

Cereals/grain 0.20 0.52 0.61 0.61 

1 Based on the information provided to SGS, farm areas 001 and 002 were assumed to grow leafy green vegetables and the 
other areas assumed cereals or grains were the predominant crop present. 

The uptake dose in leafy vegetables, grains and cereals were estimated based on the crops grown in 
each region and conservative daily ingestion amounts. The calculated annual dose for an adult 
member of the public was determined based on the absorption of soluble radioactive species and 
corresponding dose conversion factors provided in the 2004 Occupational Radiation Protection in the 
Mining and Processing of Raw Materials published by the International Atomic Energy Agency (IAEA, 
2004). 

The estimated annual radiation dose associated with the consumption of vegetables and the 
incidental ingestion of soils by farmers assumed an intake of 238.9 g/day of leafy vegetables or 
402 g/day cereals/grains (enHealth, 2012a) based on average consumption rates of a young adult. 
The incidental ingestion of soils whilst farming assumed an ingestion rate of 50 mg/day. The 
estimated annual radiation doses are presented in Table 8.16. 

Table 8.16  Estimated annual radiation doses associated with vegetable and incidental soil ingestion by 
farm workers in regional farming areas 

Soil sample  
location ID and region 

Plant/crop group Potential annual dose (1) 
(mSv) 

Uptake dose from 
vegetables 

Soil ingestion dose 

Tier 1 screening criteria 1 mSv (annual radiation exposure) (1,3) 

001 - River flats Leafy vegetables 0.61 <0.01 

002 - Margin to flats Leafy vegetables 0.92 <0.01 
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Soil sample  
location ID and region 

Plant/crop group Potential annual dose (1) 
(mSv) 

Uptake dose from 
vegetables 

Soil ingestion dose 

003 - Grazing land Cereals/grain 0.14 <0.01 

004 - Grazing land Cereals/grain 0.04 <0.01 

005 - Mixed use Cereals/grain 0.13 <0.01 

1 Doses estimated based on farm workers. 
2 Effective dose from all sources.  
3 The world average annual radiation dose as a result of the ingestion of any radioactive material varies considerably from 
0.2 mSv – 1.0 mSv (ARPANSA, 2015). 

The estimated annual dose to farmers and consumers crops grown in the regional areas adjacent to 
the project area varies depends on the amount and type of radionuclides in soil and the conservative 
assumptions associated with daily intakes. The calculations do not take into account the cultivation 
methods or the potential dilution that may occur as the result of the addition of fertilisers. Whilst the 
intake dose assumed the annual diet consisted entirely of local produce, this is unlikely as other 
vegetables are likely to be sourced from stores therefore the intake is considered likely to be 
overestimated.   

The world average annual radiation dose as a result of the ingestion of all radioactive material varies 
considerably from 0.2 mSv – 1.0 mSv (ARPANSA 2015). The estimated annual doses calculated from 
the baseline soil data, as shown in Table 8.16, also reflects this variation. 

8.1.4. Sediment 
Sediment samples taken within gullies were obtained between 100 and 300 mm below ground 
surface. Sediments were sampled within each catchment, generally from the centre of the channel or 
valley floor where no channel was observed. Sampling from upstream of the site on the Mitchell River 
was not possible due to the large cobbles present which, due the high energy flow of the Mitchell 
River, sediments are flushed through the system. The sediment sampling was undertaken by Water 
Technology and the data used in this HHRA is reported in greater detail in the Fingerboards Mineral 
Sands Landscape Stability and sediment transport regime assessment (Water Technology, 2020a).   

The Tier 1 evaluation of sediment relies upon the information detailed in the following report: 

• Fingerboards Mineral Sands Landscape Stability and Sediment Transport Regime Assessment 
(Water Technology, 2020a).   

Screening criteria - metals 
Tier 1 screening criteria were primarily sourced from the Revision of the ANZECC/ARMCANZ 
Sediment Quality Guidelines published by CSIRO (Simpson et al., 2013). Where values were not 
established in the Simpson et al. (2013) report, screening criteria3 were selected from the NEPM 
(NEPM, 2013) and the Western Australian Contaminated Sites Management Series: Assessment 
levels for Soil, Sediment and Water (DEC, 2010). The DEC adopted assessment levels to determine 
whether soil or sediment is potentially contaminated and are based on various sources, including 
those of the previous 1999 NEPM which derived criteria using a different methodology for metals that 
were not re-evaluated and included in the amended NEPM (2013). The adopted Tier 1 screening 
criteria for metals in sediments are presented in Table 8.17. 

 

 

3 Note the adopted criteria from NEPM in the Water Technology report (2020a) could not be found however they were similar to 
the NEPM HIL-A therefore these were adopted in this HHRA. 
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Table 8.17  Tier 1 screening criteria – sediments [mg/kg dry weight] 

Substance Tier 1 screening criteria Source 

Arsenic 20 Simpson et al. (2013) 

Barium 300 (1) DEC (2010) 

Beryllium 60 NEPM (2013) 

Boron 4500 NEPM (2013) 

Cadmium 1.5 Simpson et al. (2013) 

Chromium 80 Simpson et al. (2013) 

Cobalt 50 DEC (2010) 

Copper 65 Simpson et al. (2013) 

Lead 50 Simpson et al. (2013) 

Manganese 500 (1) DEC (2010) 

Mercury 0.15 Simpson et al. (2013) 

Nickel 21 Simpson et al. (2013) 

Selenium 200 NEPM (2013) 

Vanadium 50 (1) DEC (2010) 

Zinc 200 Simpson et al. (2013) 
1 Based on the 1999 NEPM criteria which are lower than NEPM 2013 HIL-A criteria. 

Baseline screening assessment – sediment 
Sediment sampling methodology and data are described in greater detail in the Fingerboards Mineral 
Sands Landscape Stability and Sediment Transport Regime Assessment (Water Technology, 2020a).   

The sampling locations and data tables are presented in Appendix D. The Tier 1 sediment screening 
assessment of samples collected in waterways within catchments relevant to the project area and 
regional areas is presented in Table 8.18. 

Table 8.18  Tier 1 screening assessment – sediments in project and regional waterways (1) [mg/kg dry 
weight] 

Substance Number 
samples 

Tier 1 
screening 

criteria 

Average concentration Concentration range 

Arsenic 22 20 3.9 0.2 - 10.5 

Barium 22 300 29.3 2.2 - 96.9 

Beryllium 22 60 0.3 0.05 - 0.8 

Boron 22 4500 3.4 2.5 - 13 

Cadmium 22 1.5 0.1 0.05 - 0.05 

Chromium 22 80 7.7 0.8 - 20.8 

Cobalt 22 50 1.6 0.05 - 5.5 

Copper 22 65 2.0 0.1 - 7.9 

Lead 22 50 5.5 0.3 - 40.5 

Manganese 22 500 74.4 1.4 - 460 

Mercury 22 0.15 0.1 0.05 - 0.05 

Nickel 22 21 2.2 0.1 - 4.8 

Selenium 22 200 0.7 0.5 - 3 
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Substance Number 
samples 

Tier 1 
screening 

criteria 

Average concentration Concentration range 

Vanadium 22 50 17.9 2 - 57 

Zinc 20 200 8.1 0.7 - 24.2 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Honey Suckle Creek, Moilun Creek Unnamed Tributary 3, Lucas Creek, Simpson Gully, Perry Gully, Perry River, Mitchell 
River and Moilun Creek Unnamed Tributary 1. 

All sediment sampling results were below the adopted Tier 1 screening criteria with the exception of 
one sample in Lucas Creek. Two samples were collected from Lucas Creek and second sample was 
below the screening criteria (40 mg/kg) indicating vanadium levels are elevated particularly compared 
to the other waterways sampled which were below 32 mg/kg. 

Baseline screening assessment - radiation 
Sediment samples obtained from waterways within the catchments relevant to the project area and 
regional areas were not analysed for radiation activity and the baseline radionuclide content of the 
sediments in project area and surrounding waterways is limited to Perry Creek (refer Table 8.15. 
Whilst radionuclides are present in areas where exposed ore body is present, as evident with the 
elevated levels measured at Perry Creek, it is unlikely similar levels would be present where ore 
material is not in present at the surface or walls of the water banks. It is noted the ephemeral nature 
of many of these waterways suggests potential direct contact exposures with sediments are likely to 
be minimal and infrequent. 

8.1.5. Surface water 
Baseline surface water conditions in catchments within and immediately surrounding the project area 
have been assessed based on sampling from ten surface water locations in the project area and six in 
the Mitchell River. Baseline surface water monitoring was conducted in the project area on one to five 
occasions at each location from June 2017 to February 2020. Sampling of water within the Mitchell 
River was conducted between June 2017 and March 2020, with three to eleven samples collected at 
each location over this period. The surface water monitoring activities were conducted by both Coffey 
and Ventia. 

The Tier 1 evaluation of groundwater relies upon the information detailed in the following reports: 

• Fingerboards Minerals Sands Groundwater and Surface Water Impact Assessment prepared by 
Coffey Services Australia (Coffey, 2020b). 

• Fingerboards Project Radiation Assessment Report prepared by SGS Radiation Services (2020). 

Screening criteria 
The Australian Drinking Water Guidelines published by NHMRC & NRMMC (2011; version 3.5, 
updated in August 2018) were selected to assess baseline conditions in surface water associated with 
potable water use. To evaluate baseline conditions assoicated with recreational water use (such as 
swimming), the Australian drinking water guildeline value was adjusted by a factor of 10 based on the 
assumption that swimming would account for 10% of the two litres of water consumed per day per 
person. This assumption is consistent with the Guidelines for Managing Risks in Recreational Water 
(NHMRC, 2008) 

The adopted Tier 1 screening criteria for metals in surface water are presented in Table 8.19. 
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Table 8.19  Tier 1 health screening criteria – surface water [mg/L] 

Substance Tier 1 screening 
criteria 

(Potable water) 

Source(1) Tier 1 screening criteria 
(Recreation water) (4) 

Antimony 0.003 NHMRC & NRMMC (2011) (2) 0.03 

Arsenic 0.01 NHMRC & NRMMC (2011) 0.1 

Barium 2 NHMRC & NRMMC (2011) 20 

Boron 4 NHMRC & NRMMC (2011) 40 

Cadmium 0.002 NHMRC & NRMMC (2011) 0.02 

Chromium 0.05 (3) NHMRC & NRMMC (2011) 0.5 

Copper 2 NHMRC & NRMMC (2011) 20 

Lead 0.01 NHMRC & NRMMC (2011) 0.1 

Manganese 0.5 NHMRC & NRMMC (2011) 5 

Mercury 0.001 NHMRC & NRMMC (2011) 0.01 

Molybdenum 0.05 NHMRC & NRMMC (2011) 0.5 

Nickel 0.02 NHMRC & NRMMC (2011) 0.2 

Selenium 0.01 NHMRC & NRMMC (2011) 0.1 

Zinc 3 NHMRC & NRMMC (2011) 30 

Radionuclides: Gross 
alpha activity 

0.5 (5) Bq/L NHMRC & NRMMC (2011) - 

Radionuclides: Gross 
beta activity 

0.5 (5) Bq/L NHMRC & NRMMC (2011) - 

1 The guideline value derived for health endpoints selected unless only the aesthetic value has been established. 
2 Version 3.5, updated in August 2018. 
3 Based on hexavalent chromium. 
4 Adjusted drinking water value: x10. 
5 Radium-226 and radium-228 to be determined if the gross alpha radioactivity exceeds 0.5 Bq/L, or the gross beta activity 
(with the contribution of potassion-40 subtracted) exceeds 0.5 Bq/L. 

Baseline screening assessment – surface water 
Surface water sampling within the project area and Mitchell River varied from one to eleven occasions 
during the period June 2017 to January 2020 with later additional locations having fewer sampling 
events. Surface water sampling methodology and tabulated results data are provided in greater detail 
in the Fingerboards Mineral Sands Groundwater and Surface Water Impact Assessment (Coffey, 
2020b). The analytical data used in this assessment is based on the results for total metals, as 
summarised in Table 8.20. The sampling locations and data tables (showing total and filtered 
concentrations) are presented in Appendix E. 

The Tier 1 health screening assessment of samples collected in surface water within the project area 
and regional areas is presented in Table 8.20. 

Table 8.20  Tier 1 health screening assessment – Metals in surface waters within project and regional 
areas (1) [mg/L] 

Substance Number 
samples 

Tier 1 screening 
criteria 

Average 
concentration 

Concentration range 

Drinking 
water 

Recreational 
water 

Antimony 84 0.003 0.03 <0.001 <0.001 - 0.0025 

Arsenic 65 0.01 0.1 0.002 <0.001 - 0.023 
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Substance Number 
samples 

Tier 1 screening 
criteria 

Average 
concentration 

Concentration range 

Drinking 
water 

Recreational 
water 

Barium 62 2 20 <0.05 <0.05 - 0.169 

Boron 21 4 40 0.10 0.025 - 0.45 

Cadmium 64 0.002 0.02 <0.001 <0.001 

Chromium 65 0.05 (2) 0.5 0.01 <0.001 - 0.056 

Copper 65 2 20 0.002 <0.001 - 0.019 

Lead 65 0.01 0.1 0.002 <0.001 - 0.019 

Manganese 84 0.5 5 0.09 0.003 - 2.36 

Mercury 60 0.001 0.01 <0.001 <0.001 

Molybdenum 84 0.05 0.5 <0.001 <0.001 - 0.004 

Nickel 65 0.02 0.2 <0.01 <0.01 - 0.015 

Selenium 84 0.01 0.1 <0.005 <0.005 - 0.005 

Zinc 65 3 30 0.01 0.0025 - 0.109 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
Italicised text indicates an exceedance of the adopted Tier 1 health screening criteria – Recreation water. 
1 Non-detections were assumed to be half the LOR. Refer to section 8.1. 
2 Based on hexavalent chromium. 

Exceedances of the adopted Tier 1 health screening criteria for drinking water were identified at three 
locations in the project area in one or two sampling events: (SW01) for chromium, lead and 
manganese; (SW02) lead and (SW5) arsenic and manganese. The chromium concentration 
measured in water was based on total chromium, however the screening criteria was derived to be 
protective of the toxic chromium VI species. On the basis that the Tier 1 criteria is only marginally 
exceeded, and potentially as a result of the presence of chromium III, it is likely the chromium levels 
are acceptable on the one occasion the total chromium measured at SW01 exceeded the screening 
criteria. 

No exceedances were recorded of the Tier 1 screening criteria for recreational uses. 

Baseline screening assessment - radiation 
Surface water samples were collected from nine locations, two within the Mitchell River and three in 
the project area, in May 2017 and September 2018. The samples were analysed for gross alpha and 
beta radioactivity. The Tier 1 health screening assessment of samples collected in surface waters 
within the project area and regional areas is presented in Table 8.21. The sample locations and 
analytical tables are presented in Appendix E.  



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

60 

 

Table 8.21  Tier 1 health screening assessment – radioactivity in surface water in project and regional 
areas [Bq/L] 

Radionuclide 
activity 

Number 
samples 

Tier 1 screening criteria 
Bq/L 

Average 
concentration(4) 

Concentration 
range 

Project area waterways (1) 
Gross alpha 7 0.5 0.13 0.031 - 0.395 
Gross beta (3) 0.5 0.08 0.042-0.139 
Regional area (2) 
Gross alpha 2 0.5 0.05 0.041 - 0.055 
Gross beta (3) 0.5 <0.066 <0.066 
Project and regional waterways - combined 
Gross alpha 5 0.5 0.11 0.031 - 0.395 
Gross beta (3) 0.5 0.09 0.042 - 0.139 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria. 
1 Locations sampled include Stephensons Dam, Simpson Gully Dam and Perry Gully.  
2 Upstream and downstream locations in Mitchell River, in relation to the project area. 
3 Excludes potassion-40.  
4 Non-detections were assumed to be half the LOR. Refer to section 8.1. 

No exceedances of the 0.5 Bq/L threshold criteria were noted in surface water sample locations 
indicating additional analysis for radium-226 and radium-228 was not required. One location was 
selected based on the highest gross alpha and beta concentrations, project well SW03 at Perry Gully 
for the analysis of individual radionuclide content, including radium-226 and radium-228. The 
individual radionuclide concentrations are presented in Appendix E. The radium-226 and radium-228 
concentrations reported were below the Tier 1 screening criteria.   

8.1.6. Rainwater tanks and dams 
Rainwater harvested from roofs of buildings are subject to a number of potential contaminant sources 
including from material settling on roofs and the different types of tanks used. Consequently, baseline 
data is very important to understand current levels of potential metal exposures from rainwater. The 
source of interest for all regional receptors that use rainwater for drinking and domestic purposes is 
associated with the future settlement of project-related dust on roofs which may impact the quality of 
harvested water. 

A baseline rainwater tank assessment was undertaken by Ventia in August and September 2019 
(Ventia, 2019). Baseline water samples were collected from rainwater collection, distribution and 
storage systems at 11 of the 13 selected residential properties identified as potentially sensitive 
receptors, located within or in the vicinity of the project area. A survey was undertaken for each tank 
sampled to obtain information on its construction, condition, collection/distribution system and usage. 
The survey included photos of rainwater harvesting, distribution and storage systems (such as the 
roof, gutters, overflow, and areas where corrosion was present).  

Samples were obtained from the tap outlet on the tank, where present, and/or at the outlet most 
frequently used by the household for drinking water purposes. Samples were collected following a 
flush interval and water quality parameters measured. Samples were analysed for total metals and 
radionuclide activity. The Tier 1 evaluation of tank water relies upon the information contained in 
Kalbar Rainwater Tank Report (Ventia, 2019). 

Dam water on private properties, and pond water from ephemeral waterways within the project area, 
were assessed for radionuclide content and metals. These sites were generally located in the 
northwest of the regional and project areas. The locations and data are presented in Appendix H. 

Screening criteria 
The Australian Drinking Water Guidelines published by NHMRC & NRMMC (2011; version 3.5, 
updated in August 2018) were selected to assess baseline conditions in water stored for potable 
water use such as harvested rainwater stored in tanks or dam water. To evaluate baseline conditions 
associated with recreational water use (such as swimming in dams), the Australian drinking water 
guildeline value was adjusted by a factor of 10 based on the assumption that swimming would 
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account for 10% of the 2 L of water consumed per day per person. This assumption is consistent with 
the Guidelines for Managing Risks in Recreational Water (NHMRC, 2008). 

The adopted Tier 1 screening criteria for metals in surface water are presented in Table 8.22. 

Table 8.22  Tier 1 health screening criteria – surface water [mg/L] 

Substance Tier 1 screening 
criteria 

(Drinking water) 

Source(1) Tier 1 screening criteria 
(Recreation water) (5) 

Antimony 0.003 NHMRC & NRMMC (2011) (2) 0.03 

Arsenic 0.01 NHMRC & NRMMC (2011) 0.1 

Barium 2 NHMRC & NRMMC (2011) 20 

Boron 4 NHMRC & NRMMC (2011) 40 

Cadmium 0.002 NHMRC & NRMMC (2011) 0.02 

Chromium 0.05 (3) NHMRC & NRMMC (2011) 0.5 

Copper 2 NHMRC & NRMMC (2011) 20 

Lead 0.01 NHMRC & NRMMC (2011) 0.1 

Manganese 0.5 NHMRC & NRMMC (2011) 5 

Mercury 0.001 NHMRC & NRMMC (2011) 0.01 

Molybdenum 0.05 NHMRC & NRMMC (2011) 0.5 

Nickel 0.02 NHMRC & NRMMC (2011) 0.2 

Selenium 0.01 NHMRC & NRMMC (2011) 0.1 

Zinc 3 NHMRC & NRMMC (2011) 30 

Radionuclides: Gross 
alpha activity 

0.5 (4) Bq/L NHMRC & NRMMC (2011) - 

Radionuclides: Gross 
beta activity 

0.5 (4) Bq/L NHMRC & NRMMC (2011) - 

1 The guideline value derived for health endpoints selected unless only the aesthetic value has been established. 
2 Version 3.5, updated in August 2018. 
3 Based on hexavalent chromium. 
4 Radium-226 and radium-228 to be determined if the gross alpha radioactivity exceeds 0.5 Bq/L, or the gross beta activity (with 
the contribution of potassion-40 subtracted) exceeds 0.5 Bq/L. 
5 Adjusted drinking water value: x10. 

Baseline screening assessment – harvested rainwater  
Residential drinking water sampling methodology and tabulated results data are provided in greater 
detail in the Kalbar Rainwater Tank Report (Ventia, 2019). The analytical data used in this 
assessment is based on the results for total metals, as summarised in Table 8.23. The sampling 
locations and data tables are presented in Appendix H. 

The Tier 1 health screening assessment of samples collected at households where the rainwater is 
harvested for drinking water within the project area and regional area is presented in Table 8.23. 

Table 8.23  Tier 1 health screening assessment – metals in drinking water, associated with harvested 
rainwater, within project and regional area (1) [mg/L] 

Substance Number 
samples 

Tier 1 screening 
criteria(Drinking 

water) 

Average 
concentration (2) 

Concentration range 

Antimony 11 0.003 0.0005 <0.001 

Arsenic 11 0.01 0.0005 <0.001 
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Substance Number 
samples 

Tier 1 screening 
criteria(Drinking 

water) 

Average 
concentration (2) 

Concentration range 

Barium 11 2 0.014 0.003 - 0.085 

Cadmium 11 0.002 0.0003 <0.0001 - 0.0016 

Chromium 11 0.05 (3) 0.005 <0.01 

Copper 11 2 0.01 0.001 - 0.035 

Lead 11 0.01 0.001 <0.001 - 0.002 

Manganese 11 0.5 0.01 0.001 - 0.044 

Mercury 11 0.001 0.00005 <0.0001 

Molybdenum 11 0.05 0.0005 <0.001 

Nickel 11 0.02 0.0005 <0.001 - 0.001 

Selenium 11 0.01 0.005 <0.01 

Zinc 11 3 0.92 0.082 - 3.13 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
1 Data obtained from R1, R2, R3, R4, R6, R7, R10, R15, R19, R28 and R29. 
2 Non-detections were assumed to be half the LOR. Refer to section 8.1. 
3 Based on hexavalent chromium. 

No exceedances of the adopted Tier 1 health screening criteria for drinking water were identified 
based on average concentrations. One exceedance of the zinc screening criteria was reported at 
R19. The screening criteria for zinc is based on aesthetic rather than health end points. An elevated 
zinc concentration indicates corrosion is likely to be occurring of galvanised pipes or fittings within the 
collection, storage or distribution systems for rainwater at this location.   

Baseline screening assessment - radiation 
Harvested rainwater samples were collected from 11 locations and analysed for gross alpha and beta 
radioactivity. The Tier 1 health screening assessment of harvested rainwater samples collected within 
the project area and regional areas is presented in Table 8.24. The sample locations and analytical 
tables are presented in Appendix H. 

Table 8.24  Tier 1 health screening assessment – radioactivity in surface water in project and regional 
area [Bq/L] 

Radionuclide 
activity 

Number 
samples 

Tier 1 screening criteria 
Bq/L 

Average 
concentration 

Concentration range 

Gross alpha 
11 

0.5 0.025 <0.05 

Gross beta (3) 0.5 0.05 <0.10 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria. 
1 Locations sampled include Stephensons Dam, Simpson Gully Dan and Perry Gully.  
2 Upstream and downstream locations in Mitchell River, in relation to the project area. 
3 Excludes potassion-40. 

No exceedances of the 0.5 Bq/L threshold criteria were noted in harvest rainwater samples collected 
at any location indicating additional analysis for radium-226 and radium-228 was not required. 

Baseline screening assessment - dams 
Water from private dams located on regional rural farms are also known to be used for various uses, 
including irrigation of crops and/or stock watering. Baseline data on dams in use for more sensitive 
purposes such as drinking water or domestic use was collected from two farm properties within the 
project area. Samples were also collected from two ponds created in ephemeral waterways in the 
project area and included in this evaluation as stock may use the water for drinking purposes. The 
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analytical data used in this assessment is based on the results for total metals, as summarised in 
Table 8.25. The sampling locations and data tables are presented in Appendix H. 

The Tier 1 health screening assessment of samples collected at households where the dam water is 
harvested for drinking water within the project area and regional area is presented in Table 8.25. 

Table 8.25  Tier 1 health screening assessment – metals in drinking water harvested from dams within 
the project area [mg/L] 

Substance Number 
samples 

Tier 1 screening 
criteria  

Average 
concentration 

Concentration range 

Drinking 
water 

Recreation 
water 

Antimony 14 0.003 0.03 <0.001 <0.001 

Arsenic 14 0.01 0.1 0.005 <0.001 - 0.023 

Barium 9 2 20 0.07 <0.05 - 0.169 

Boron 5 4 40 0.05 0.025 - 0.16 

Cadmium 14 0.002 0.02 <0.001 <0.001 

Chromium 14 0.05 (2) 0.5 (2) 0.01 <0.001 - 0.056 

Copper 14 2 20 0.005 <0.001 - 0.019 

Lead 14 0.01 0.1 0.006 <0.001 - 0.019 

Manganese 14 0.5 5 0.28 0.013 - 2.36 

Mercury 14 0.001 0.01 <0.001 <0.001 

Molybdenum 14 0.05 0.5 <0.001 <0.001 

Nickel 14 0.02 0.2 <0.01 <0.01 - 0.015 

Selenium 14 0.01 0.1 0.005 0.005 - 0.005 

Zinc 14 3 30 0.02 0.0025 - 0.109 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
Italic text indicates an exceedance of the adopted Tier 1 health screening criteria – Recreation water. 
1 Non-detections were assumed to be half the LOR. Refer to section 8.1. 
3 Based on hexavalent chromium. 

Exceedances of the adopted Tier 1 health screening criteria for drinking water were identified at three 
locations in the project area in at least one sampling events: (SW01) for chromium, lead and 
manganese; (SW02) lead and (SW5) for arsenic and manganese. The chromium concentration 
measured in water was based on total chromium, noting that the screening criteria was derived to be 
protective of the more toxic chromium VI species. On the basis that the Tier 1 criteria is only 
marginally exceeded, and potentially as a result of the presence of chromium III, the chromium VI 
levels are likely to be below screening criteria given the one occasion the total chromium measured at 
SW01 exceeded the screening criteria. 

No exceedances were recorded of the Tier 1 screening criteria for recreational water use. 

Baseline screening assessment – radiation 
Ponded water samples were collected from two locations within ephemeral waterways in the project 
area and analysed for gross alpha and beta radioactivity. The Tier 1 health screening assessment of 
ponded water samples collected within the project area is presented in Table 8.26. The sample 
locations and analytical tables are presented in Appendix H. 
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Table 8.26  Tier 1 health screening assessment – radioactivity in ponded water in project area [Bq/L] 

Radionuclide 
activity 

Number 
samples 

Tier 1 screening criteria 
Bq/L 

Average 
concentration 

Concentration 
range 

Gross alpha 
4 

0.5 0.036 0.03 – 0.04 

Gross beta (2) 0.5 0.05 0.042 – 0.055 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria. 
1 Locations sampled (SW1) Stephensons Dam and (SW2) Simpson Gully Dam.  
2 Excludes potassion-40. 

No exceedances of the 0.5 Bq/L threshold criteria were noted in dam water samples collected 
indicating additional analysis for radium-226 and radium-228 was not required. 

8.1.7. Surface runoff water 
Water Technology (2020b) conducted a baseline water runoff quality analysis to estimate the 
concentrations of some metals in undisturbed surface runoff. Haunted Hills formation soils were 
analysed and are considered to be representative of the surface soil across most of the undisturbed 
mine area. 

Screening criteria 
No Tier 1 health screening criteria are available for surface water runoff. The Tier 1 screening criteria 
were conservatively adopted from the Australian Drinking Water Guidelines (NHMRC & NRMMC, 
2011), and were adjusted by a factor of 10 consistent with the Guidelines for Managing Risks in 
Recreational Water (NHMRC, 2008). 

Baseline screening assessment – surface water runoff 
Selected metal concentrations in natural surface runoff were estimated from laboratory testing 
conducted on four samples of Haunted Hill formation soils. A 1:5 water extract was collected using 
20 g of soil and 100 g of deionised water following mechanical agitation for 1 hour. The extract was 
subsequently tested for metals. The results were reported as milligrams per kilogram of soil to 
represent the milligrams of each metal that will be water soluble from one kilogram of each soil 
sampled. 

To estimate concentrations in undisturbed surface runoff, a 1:20 dilution ratio was adopted, based on 
the assumption that 1 kg of soil will come into contact with 20 litres of water. Further details on the 
sampling, laboratory analysis and assumptions made during predictive calculations are provided in 
Water Technology (2020b). 

The Tier 1 health screening assessment of metals in surface water runoff associated with undisturbed 
soils representative of soils within the project area and the regional area is presented in Table 8.27. 

Table 8.27  Tier 1 health screening assessment – metals in surface water runoff within project and 
regional area (1) [mg/L] 

Substance Number 
samples 

Tier 1 screening criteria Average 
concentration (1) 

Drinking water Recreational water 

Arsenic 31 0.01 0.1 0.0025 

Copper 31 2 20 0.0013 

Lead 31 0.01 0.1 0.0007 

Manganese 31 0.5 5 0.003 

Nickel 31 0.02 0.2 0.0019 

Zinc 31 3 30 0.0053 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
Italicised text indicates an exceedance of the adopted Tier 1 health screening criteria – Recreation water. 
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No exceedances were noted of the Tier 1 screening criteria for drinking water or recreational uses. 

8.1.8. Groundwater 
Baseline groundwater conditions within and immediately surrounding the project area have been 
assessed based on nine groundwater monitoring wells, seven of which were installed within the 
project area and two northeast of the site toward the Mitchell River. The depth of the monitoring wells 
installed in the project area ranged from 23 metres below ground surface (mbgs) to 65 mbgs, 
targeting the Coongulmerang Formation aquifer, except for one monitoring well (MW09d) which 
targeted the deeper aquifer in the Seaspray/Balook Formation at 207mbgs. Regional monitoring wells 
were installed to 11 mbgs depth. 

Baseline groundwater monitoring was conducted on four occasions during 2017 and 2018. Monitoring 
at well MW09d, located in the south-eastern portion of the project area, was conducted during the first 
monitoring event in June 2017 only. Monitoring activities were undertaken by Coffey (June 2017) and 
Ventia (October to November 2017, January and April 2018, June, July, September and December 
2019, and March/April 2020). 

The Tier 1 evaluation of groundwater relies upon the information detailed in the following reports: 

• Fingerboards Minerals Sands Groundwater and Surface Water Impact Assessment prepared by 
Coffey Services Australia (Coffey, 2020b). 

• Fingerboards Project Radiation Assessment Report prepared by SGS Radiation Services (2020). 

Screening criteria 
Groundwater in the project area and regional areas are considered suitable for potable use, based on 
the low levels of total dissolved solids (below 600 mg/L). Groundwater in the study area is also 
considered suitable for extraction for recreational uses. Whilst the extraction of groundwater for these 
uses are not known to currently exist, the adopted Tier 1 screening criteria is protective of drinking 
water and domestic use.   

The Australian Drinking Water Guidelines (NHMRC & NRMMC, 2011) were selected to assess 
baseline conditions in groundwater associated with potable water use. To evaluate baseline 
conditions associated with extraction for recreational water use (such as filling a swimming pool or 
sprinkler play), the Australian drinking water guideline value was adjusted by a factor of 10 based on 
the assumption swimming would account for 10% of the two litres of water consumed per person per 
day. This assumption is consistent with the Guidelines for Managing Risks in Recreational Water 
(NHMRC, 2008). 

The ADWG provides health-based guidance values initially based on gross alpha and beta 
radioactivity. Where the gross alpha radioactivity exceeds 0.5 Bq/L, or the gross beta radioactivity 
(with potassium-40 contributions subtracted) exceeds 0.5 Bq/L, the radium-226 and radium-228 
activity concentrations should be determined. Radium-226 (an alpha emitter) and radium-228 (a beta 
emitter) are formed as a result of radioactive decay of uranium-238 and thorium-232.    

The adopted Tier 1 screening criteria for metals in groundwater are presented in Table 8.28 

Table 8.28  Tier 1 health screening criteria – groundwater [mg/L] 

Substance Tier 1 screening 
criteria 

(Potable water) 

Source(1) Tier 1 screening criteria 
(Recreation water) (4) 

Antimony 0.003 NHMRC & NRMMC (2011) (2) 0.03 

Arsenic 0.01 NHMRC & NRMMC (2011) 0.1 

Barium 2 NHMRC & NRMMC (2011) 20 

Boron 4 NHMRC & NRMMC (2011) 40 

Cadmium 0.002 NHMRC & NRMMC (2011) 0.02 
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Substance Tier 1 screening 
criteria 

(Potable water) 

Source(1) Tier 1 screening criteria 
(Recreation water) (4) 

Chromium 0.05 (3) NHMRC & NRMMC (2011) 0.5 

Copper 2 NHMRC & NRMMC (2011) 20 

Lead 0.01 NHMRC & NRMMC (2011) 0.1 

Manganese 0.5 NHMRC & NRMMC (2011) 5 

Mercury 0.001 NHMRC & NRMMC (2011) 0.01 

Molybdenum 0.05 NHMRC & NRMMC (2011) 0.5 

Nickel 0.02 NHMRC & NRMMC (2011) 0.2 

Selenium 0.01 NHMRC & NRMMC (2011) 0.1 

Zinc 3 NHMRC & NRMMC (2011) 30 

Radionuclides: Gross 
alpha activity 

0.5 (5) Bq/L NHMRC & NRMMC (2011) - 

Radionuclides: Gross 
beta activity 

0.5 (5) Bq/L NHMRC & NRMMC (2011) - 

1 The guideline value derived for health endpoints selected unless only the aesthetic value has been established. 
2 Version 3.5, updated in August 2018. 
3 Based on hexavalent chromium. 
4 Adjusted drinking water value: x10 
5 Radium-226 and radium-228 to be determined if the gross alpha radioactivity exceeds 0.5 Bq/L, or the gross beta activity 
(with the contribution of potassion-40 subtracted) exceeds 0.5 Bq/L 

Baseline screening assessment – groundwater 
Six of the groundwater bores in the project area were sampled on nine occasions during the period 
June 2017 to March/April 2020. The two groundwater bores in the regional area were sampled on 
nine occasions during the period June 2017 to March/April 2020. Only filtered water results were 
reported for metals with one exception where total metal concentrations were reported at MW01 on 
one occasion (June 2019).  The deeper groundwater monitoring well was sampled on two occasions. 

Groundwater sampling methodology and data are described in greater detail in the Fingerboards 
Mineral Sands Groundwater and Surface Water Impact Assessment (Coffey, 2020b). The analytical 
data is summarised Table 8.29 and the sampling locations and data tables are presented in 
Appendix F. 

The Tier 1 health screening assessment of samples collected in groundwater from monitoring wells 
within the project area and regional areas is presented in Table 8.29. 

Table 8.29  Tier 1 health screening assessment – Metals (1) in groundwater within project and regional 
areas (2) [mg/L] 

Substance Number 
samples 

Tier 1 screening criteria Average 
Concentration (1) 

Concentration Range 
(1) Drinking 

water 
Recreational 

water 

Antimony 65 0.003 0.03 <0.001 <0.001 - 0.001 

Arsenic 65 0.01 0.1 0.003 <0.001 - 0.017 

Barium 44 2 20 0.19 0.007 - 0.7 

Boron 21 4 40 <0.05 <0.05 - 0.08 

Cadmium 65 0.002 0.02 0.0002 <0.0001 - 0.0087 

Chromium 65 0.05 (3) 0.5 0.003 <0.001 - 0.116 

Copper 65 2 20 0.003 <0.001 - 0.035 
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Substance Number 
samples 

Tier 1 screening criteria Average 
Concentration (1) 

Concentration Range 
(1) Drinking 

water 
Recreational 

water 

Lead 65 0.01 0.1 0.001 <0.001 - 0.046 

Manganese 65 0.5 5 0.94 0.001 - 4.83 

Mercury 65 0.001 0.01 <0.0001 <0.0001 - 0.0002 

Molybdenum 65 0.05 0.5 <0.001 <0.001 - 0.004 

Nickel 65 0.02 0.2 0.12 <0.001 - 0.733 

Selenium 65 0.01 0.1 0.01 0.005 

Zinc 64 3 30 0.16 0.006 - 1.05 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
Italicised text indicates an exceedance of the adopted Tier 1 health screening criteria – Recreation water. 
1 Analytical results based on filtered samples only. 
2 Non-detections were assumed to be half the LOR. Refer to Section 8.1. 
3 Based on hexavalent chromium. 

The average groundwater concentrations were below the Tier 1 screening criteria for drinking water, 
with the exception of nickel and manganese which exceedances. The concentrations exceeding 
Tier 1 screening criteria for drinking water were reported for arsenic at one regional monitoring well 
(MW04) and project area well (MW01). The Tier 1 screening criteria for drinking water was exceed for 
cadmium (MW04), with exceedances of manganese at all project and regional monitoring locations, 
and nickel, also at all project and regional monitoring locations.   

Metal concentrations reported at all project and regional monitoring locations were below the adopted 
Tier 1 screening criteria for recreational use apart from nickel concentrations reported at one 
monitoring well (MW4) located off-site to the northeast near the Mitchell River. 

With the exception of one well (MW09d) the monitoring bores targeted the local aquifer. During 
sampling, the bores generally had low yields and were unlikely to provide enough extracted water for 
domestic or other beneficial uses. Monitoring well MW09d targeted the deeper aquifer within the 
Balook Formation and is not expected to be affected as a result project activities. 

The Groundwater and Surface Water Impact Assessment report (Coffey, 2020b) noted groundwater 
within the Coongulmerang Formation of the project area is characterised by concentrations of 
dissolved metals (i.e., arsenic, nickel, cadmium, copper and zinc) that are higher than commonly 
encountered in similar (but un-mineralised) formations. This result is not unexpected given the 
presence and composition of heavy minerals in the area, and the slightly acidic nature of the 
groundwater. 

Screening assessment - radiation 
Groundwater samples were collected from seven monitoring wells in May 2017 and September 2018 
and analysed for gross alpha and beta radioactivity. The Tier 1 health screening assessment of 
samples collected in groundwater within the project area and regional areas is presented in 
Table 8.30. 

Table 8.30  Tier 1 health screening assessment – radioactivity in groundwater in project and regional 
areas [Bq/L] 

Radionuclide activity Tier 1 screening criteria 
Bq/L 

Average 
concentration 

Concentration range 

Project area 

Gross alpha 0.5 0.16 0.065 - 0.277 

Gross beta (1) 0.5 0.15 0.052 - 0.347 
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Radionuclide activity Tier 1 screening criteria 
Bq/L 

Average 
concentration 

Concentration range 

Regional area 

Gross alpha 0.5 0.26 0.117 - 0.425 

Gross beta (1) 0.5 0.24 0.121 - 0.314 

Project and regional areas - combined 

Gross alpha 0.5 0.19 0.065 - 0.425 

Gross beta (1) 0.5 0.18 0.052 - 0.347 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria. 
1 Excludes potassion-40. 

No exceedances of the 0.5 Bq/L threshold criteria were noted at the groundwater monitoring locations 
sampled indicating additional analysis for radium-226 and radium-228 was not required. However, as 
part of the baseline assessment, the three locations which reported the highest gross concentration, 
one project well (MW06) and two regional wells (MW03, MW04), were also analysed for individual 
radionuclide content including radium-226 and radium-228. The individual radionuclide concentrations 
are presented in Appendix F. The highest concentration was measured at regional monitoring well 
MW04 (radium-226 at 0.15 Bq/L), below the screening criteria.   

All but one well (MW09d) targeted the local aquifer. During sampling, the monitoring wells generally 
had low yields and were unlikely to provide enough extracted water for domestic or other beneficial 
uses. Monitoring well MW09d targeted the deeper aquifer within the Balook Formation and is not 
expected to be affected by project activities.  

8.2. Tier 1 summary and data uncertainties 
The outcomes of the Tier 1 screening assessment are summarised in Table 8.31. 

Based on the available data, the Tier 1 baseline assessment indicates all regional receptor 
populations are likely to be exposed to acceptable levels of the selected background substances and 
contaminants in air, soil, sediments, extracted drinking water (groundwater and surface water) and 
surface water.   

Although a relatively conservative approach has been adopted, the uncertainties regarding the 
adequacy and quality of the data set and potential data gaps should be accounted for when 
considering the conclusions of the Tier 1 baseline evaluation. In particular, where uncertainties or 
data gaps are noted in Table 8.31, additional data collection should be considered prior to the 
commencement of construction, to refine the outcomes of this HHRA. 
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Table 8.31  Summary Tier 1 evaluation, and associated uncertainties/limitations  

Media Substance Data availability Uncertainties/limitations Significance of data 
gaps/uncertainties 
 

Data gap refinement Exceedance of 
screening criteria 

Air Metals Collected over two 
stages using different 
sampling methods 
however a full 12-month 
period using consistent 
methodology was not 
achieved due to filter 
availability issues. 

Based on one location near 
the centre of the project 
area. One data location may 
not provide enough certainty 
around baseline conditions in 
downwind regional areas. 
Concentrations in regional 
areas not measured. Project 
area assumed to be 
representative of regional 
area. 

Low – medium 
 
 

Specific baseline data 
for downwind regional 
areas. Useful should 
future monitoring 
indicate increases in 
project area levels. 

No exceedances  

PM10, PM2.5 

Respirable 
crystalline 
silica  

Sampled over a 15-
month period. 

No exceedances  

Radionuclides Sampling undertaken 
predominantly in the 
project area. 

No exceedances  

Ambient 
gamma 
radioactivity 

156 locations sampled 
across the project and 
mine area. 

Regional area not sampled. 
Transport routes not 
sampled. 

Low. 
Regional areas. 
expected to be lower. 

NA No exceedances 

NOx, SO2  Annual ambient air 
monitoring data from 
Traralgon used during 
2013 – 2017 period. 

Rural setting ambient air 
quality assumed to be better 
than the town. 
Data set used is not current.   

Low Local area baseline 
monitoring data would 
be more useful to gauge 
impacts from project 
activities. 

Dust 
deposition 

Dust deposition data was 
collected monthly over a 
10-month period from 
one location in the project 
area – assumed to be 
centrally located. 

Based on one location near 
the centre of the project 
area. One data location is 
considered low and may not 
provide enough certainty 
around baseline conditions in 
downwind regional areas. 
Concentrations in regional 
areas not measured. Project 
area assumed to be 

Low – medium 
 
 

Specific baseline data 
for downwind regional 
areas. Useful should 
future monitoring 
indicate increases in 
project area levels. 

No exceedances 
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Media Substance Data availability Uncertainties/limitations Significance of data 
gaps/uncertainties 
 

Data gap refinement Exceedance of 
screening criteria 

representative of regional 
area. 

Soil Metals Composite soil samples 
collected from six 
locations within the 
regional area. 

Lindenow Valley region 
potentially a sensitive area. 
Small data set used - one 
composite sample from 
either side of the Mitchell 
River.  

Medium - high 
 

Additional baseline data 
against which to monitor 
potential changes.  
 

No exceedances of 
average concentrations. 

Radionuclides Exceedance of upper 
global median range in 
the native forest.   

Crops Metals No data collected to date 
from locations within the 
regional area.   
Baseline radioactivity 
conservatively estimated 
in crops based on 
available soil data. 

Lindenow Valley region 
potentially a sensitive area. 
 

Medium - high 
 

Crop sampling to be 
undertaken prior to 
commencement of 
project to refine 
baseline estimates. 

No data available  

Radionuclides Wide variation in annual 
dose estimates but all 
below criteria and within 
global range associated 
with ingestion. 

Surface 
water 

Metals Surface water data 
obtained at six locations 
in project area waters 
and six locations within 
the Michell River over 
one to eleven sampling 
events 

- - - Three locations within 
the project area 
reported exceedances 
of 1-2 metals in 1 -2 
events.  

Radionuclides Surface water data 
obtained at three 
locations in project area 
waters and two locations 
within the Michell River in 
one sampling event. 

Limited data set, particularly 
in off-site waters between 
the project area and Mitchell 
River. 

Low - medium  
 

Additional baseline data 
against which to monitor 
potential changes.  
 

No exceedances 

Tank water Metals Harvested rainwater data 
obtained from 11 tanks 
located in the project and 
regional areas. 

- - - No exceedances were 
reported. 

Radionuclides 

Groundwater Metals Shallow groundwater was 
sampled on nine 

Limited number of regional 
bores, although two bores 

Medium Additional locations to 
increase robustness of 

No average 
concentrations 
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Media Substance Data availability Uncertainties/limitations Significance of data 
gaps/uncertainties 
 

Data gap refinement Exceedance of 
screening criteria 

occasions at both project 
area (six wells) and 
regional area (two wells).  

located in the area 
hydraulically down-gradient 
of the project area. 
Filtered water samples only. 

 the baseline data set 
associated with 
beneficial uses of 
groundwater in regional 
area. 
Addition of total metal 
analysis in future 
investigations. 

exceeded in project or 
regional areas. 
Nickel and manganese 
exceedances of ADWG 
in project and regional 
wells in most sampling 
events. 
Marginal arsenic 
exceedances in all 
events reported at one 
regional well. 
Exceedance of 
cadmium (regional 
area). 

Radionuclides Groundwater was 
sampled on one occasion 
in both project area (six 
wells) and regional area 
(two wells). 

Limited number of regional 
bores, although two wells 
located in the area 
hydraulically down-gradient 
of the project area. 
Regional bores reported 
higher levels of radionuclides 
than most project bore 
location. 

Medium 
 

Additional locations to 
increase robustness of 
the baseline data set 
associated with 
beneficial uses of 
groundwater in regional 
area. 
 
 

No exceedances. 
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9. Tier 1 screening assessment – predicted 
The Tier 1 screening criteria adopted in the assessment of predicted contaminant concentrations are 
discussed in Section 8.1. The prediction of contaminant concentrations during the project 
construction, operations and closure were estimated based on quantitative modelling calculations, or 
qualitatively, as appropriate. 

9.1. Air: Impacts in vicinity of the project area 
9.1.1. Background 

Dust generation, management and modelling 
The key air pollutant associated with a mineral sands project is dust. Dust emissions will occur in the 
construction and operational stages of the mine. Dust from mining consists primarily of larger, non-
respirable, particles generated through the handling of rock and soil and through wind erosion of 
stockpiles and exposed ground, and from wheel generated dust as vehicles transport material across 
the site.   

Dust emissions from individual activities during the construction and operational stages of the project 
have been calculated for the key dust generating activities and included in the air modelling 
conducted by Katestone (2020). Emissions of TSP, PM10 and PM2.5 from mining activities were 
predicted at the point of exposure the identified key receptors located outside and within the project 
area. Dispersion modelling was used to predict ground-level concentrations of key pollutants due to 
project activities. 

The modelling included: 

• Emissions inventory which accounted for a range of measures intended to reduce emissions from 
the project, including optimisation of haul route lengths and haul road surface material. Other dust 
management measures that will be applied on-site (and assumed in the modelling) include:  
 Water or appropriate suppressants will be applied to working surfaces, stockpiles, haul roads 

and other areas as required to minimise dust generation. 
 Drop heights for topsoil and overburden during creation of stockpiles will be minimised as far 

as practicable to reduce dust generation. 
 Ore will be processed as a slurry to reduce dust emissions. 
 Suppressants and water will be applied to exposed areas and stockpiles, where rehabilitation 

is not yet practical, to reduce potential for dust generation. In particular, during drier months 
when less rainfall is expected. 

 Areas will be cleared in a staged manner only as required to reduce dust generation by 
minimising the area of exposed ground surfaces at any one time. 

 Topsoil stripping will be planned and conducted in consideration of forecast and actual 
weather conditions to minimise dust generation. 

 The mine void will be progressively backfilled and rehabilitated to minimise the area required 
for topsoil and overburden stockpiles. 

• Emissions of respirable crystalline silica were estimated as a fraction of PM2.5 emissions of 
overburden, topsoil, and ore using silica contents from on-site samples of materials provided by 
Kalbar. 

• Emissions of metals and radionuclides were estimated as a fraction of PM10 emissions of 
overburden, topsoil and ore, using metal contents from on-site samples of materials provided by 
Kalbar. 

Total emissions of dust from mining operations are largely dependent on the site layout, extraction 
methods, ore/overburden transportation methods, vehicle fleet, overburden emplacement methods 
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and extent of exposed disturbed areas. Other factors that also affect emissions include ore type, ore 
moisture content and particle size distribution, rainfall and mitigation measures that may be employed. 
The dust emission calculations endeavour to represent these factors, although some uncertainties will 
be present.  

Air emissions – exhaust gases 

Diesel generators are expected to provide electricity during the construction stage. The key pollutants 
emitted by the generators are oxides of nitrogen (NOX), oxides of sulfur (SOX), carbon monoxide (CO) 
and to a lesser extent, particulates, which were included in the dispersion model. 

Trace emissions of these pollutants would also occur due to the combustion of fuels on site in 
vehicles. These emissions are expected to be negligible and were not considered further in the air 
emissions modelling. 

9.1.2. Particulate matter and dust deposition 

Construction 

The project involves a construction period of approximately nine months. Metal contaminants in dust 
emissions during the construction phase were not modelled as the calculated dust emission rates 
were less than a third of the dust emission rates associated with activities during the operating phase 
(not excluding product haulage). The majority of dust control measures proposed are assumed to be 
used during the mine operational phase will also be implemented during construction which would 
therefore ensure air quality compliance during the construction phase when particulate emissions are 
estimated to be significantly lower. 

Table 9.1 presents the maximum ground-level concentrations of particulates and dust deposition rates 
predicted due to activities during construction. The modelling inputs, assumptions and tables of 
predicted concentrations of air pollutants associated with particulate matter and dust deposition, at all 
receptors in the selected modelling years, can be found in the air quality assessment report 
(Katestone, 2020). 

Table 9.1  Tier 1 assessment of predicted particulates in air at ground level at sensitive receptors – 
construction phase (1) 

Pollutant Averaging  
period 

Statistic Units Tier 1 screening 
criteria 

Maximum  
concentration at any 

receptor in year 1 

PM10 24-hour Maximum µg/m3 60 57.8 

PM2.5 24-hour Maximum µg/m3 36 13.94 

Respirable 
crystalline silica 

Annual Average µg/m3 3 0.43 

Dust deposition Monthly Maximum mg/m2/day 120 58.7 

Annual Average g/m2/month 2 0.062 

Annual Average g/m2/month 4 1.0 
1 Including background levels.  

Using standard mitigation measures, the following contaminants are predicted to comply with the 
adopted Tier 1 health screening criteria: 

• 24-hour average concentrations of PM10 and PM2.5 at all regional receptors.   

• Annual average concentrations of respirable crystalline silica at all regional receptors. 

• Monthly maximum dust deposition rates at all regional receptors. 

• Annual average dust deposition rates at all regional receptors. 
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Operations 

Particulate matter, respirable crystalline silica and dust deposition 
Three years in the projected mine life were selected for air quality modelling: year 5 (potentially the 
worst-case conditions at that stage of the project), year 8 and year 12. A summary of the maximum 
concentrations of predicted particulates in air and dust deposition at ground level in year 5, predicted 
at regional receptor locations, are presented in Table 9.2. 

The modelling inputs, assumptions and tables of predicted concentrations of air pollutants associated 
with particulate matter and dust deposition, at all receptors in the selected modelling years, can be 
found in the air quality assessment report (Katestone, 2020). 

Table 9.2  Tier 1 assessment of predicted particulates in air at ground level at sensitive receptors – 
operation phase (1) 

Pollutant Averaging  
period 

Statistic Units Tier 1 
screening 

criteria 

Maximum  
concentration at any 

receptor in year 5 

PM10 24-hour Maximum µg/m3 60 59.7 (2) 

PM2.5 24-hour Maximum µg/m3 36 17 

Respirable 
crystalline silica 

Annual Average µg/m3 3 0.9 

Dust deposition Monthly Maximum mg/m2/day 120 79 

Annual Average g/m2/month 2 0.47 

Annual Average g/m2/month 4 1.4 

Bold text indicates an exceedance of the adopted Tier 1 screening criteria. 
1 Including background levels.  
2 Seven receptors included additional dust mitigation measures. 

Using standard mitigation measures, the following contaminants are predicted to comply with the 
adopted Tier 1 health screening criteria: 

• 24-hour average and maximum concentrations of PM2.5 at all regional receptors.   

• Annual average concentrations of respirable crystalline silica at all regional receptors. 

• Monthly maximum and annual average dust deposition rates at all regional receptors 

Using standard mitigation measures, predicted 24-hour average concentrations of PM10 are predicted 
to exceed the Tier 1 screening criteria on, at most, three days of the year. On the days with elevated 
concentrations, the project contributes between 19 and 88% to the total 24-hour average PM10 

concentration at the worst-affected receptor. Additional mitigation measures, for example, ceasing 
overburden transport in both pits, and product transport between 6:00 p.m. and 7:00 a.m. on selected 
days, would be sufficient to prevent these exceedances. 

Using standard, and when necessary, additional mitigation measures as noted above, the predicted 
24-hour average concentrations of PM10 is predicted to comply with the adopted Tier 1 health 
screening criteria at all regional receptors. 

Metals 

A summary of the maximum concentrations of predicted metal in particulates in air, predicted at 
ground level at sensitive receptor locations, are presented in Table 9.3. 

The modelling inputs, assumptions and tables of predicted concentrations of air pollutants associated 
with metals in dust particulates, at all receptors in the selected modelling years, can be found in the 
air quality assessment report (Katestone, 2020). The maximum predicted levels are expected in 
year 5 and are presented in Table 9.3. 
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Table 9.3  Tier 1 assessment of predicted metals (3) in particulates at sensitive receptors – operation 
phase (year 5) 

Pollutant 1-hour average Annual average 

Max. conc. at 
any receptor 

due to 
Project 
(µg/m3) 

Tier 1 
screening 

criteria 
(µg/m3) 

Max. % of air 
quality criteria 

Max. conc. at 
any receptor 

due to 
Project + 

background 
(1) (µg/m3) 

Tier 1 
screening 

criteria  
(µg/m3) 

Max. % of air 
quality design 

criteria 

Arsenic 0.042 NA - 0.0017 0.003 56.2% 

Cadmium 0.00051 5.4 0.009% 0.00022 0.0033 6.6% 

Cobalt 0.0085 0.21 4.0% 0.0012 0.0017 71.4% 

Chromium 0.065 3.6 1.8% 0.0049 0.041 11.9% 

Copper 0.0098 10 0.1% 0.0012 1 0.1% 

Lead 0.006 0.15 (1) 4% 0.0026 NA - 

Manganese 0.14 2.7 5.1% 0.0045 0.25 1.8% 

Nickel 0.018 0.33 5.5% 0.0015 0.059 2.6% 

Selenium 0.0005 2 0.03% 0.0022 0.2 1.1% 

Tin 0.0036 20 0.02% 0.0047 2 0.2% 

Thorium 0.01 NA - 0.004(2) - - 

Uranium 0.0025 2 0.1% 0.0022 0.2 1.1% 

Vanadium 0.096 20 0.5% 0.0025 2 0.1% 

Tungsten 0.0021 50 0.004% 0.0061 5 0.1% 

Zinc 0.03 20 0.2% 0.061 2 3.0% 

Zinc Oxide 0.03 20 0.2% 0.17 2 8.6% 

Zirconium 0.15 50 0.3% 0.0026 5 0.1% 
Bold text indicates an exceedance of the adopted Tier 1 screening criteria; NA – Not available. 
1 Lead design criteria applies to a rolling 3-month average but is compared here to maximum 1-hour concentrations.   
2 24-hour average.   
3 Iron is not presented here as compliance is determined through the assessment of PM10. 

The results show that ground-level concentrations of all heavy metals are predicted to comply with the 
Tier 1 screening criteria at all receptors.   

The highest levels were predicted for arsenic 56.2% of the air quality design criteria and cobalt at 
71.4%. Predicted ground-level concentrations of arsenic have been conservatively calculated from the 
predicted ground-level PM10 concentrations and the highest value of the arsenic content in topsoil, 
overburden, ore and tailings. The high predicted cobalt level is predominantly due to ambient 
background concentrations and the project is predicted to contribute at most 8.5% of the air quality 
criteria for this metal.  

9.1.3. Dust - internal radiation 
Whilst not within the scope of this HHRA occupational exposures to workers in the project area, as a 
result of inhaled airborne dust particles containing radioactive material, was estimated by SGS (2020) 
and used as a basis to demonstrate exposures to regional receptors would be also be acceptable. 
The inhaled dust containing radioactive materials can lead to internal exposure to radiation.  

The estimated doses from internal radiation exposures to workers was based on an annual exposure 
of 2,000 hours. The maximum annual estimate internal dose was 0.21 mSv. Worker exposures would 
also include external radiation sources such as emitted from ore or HMC, as well as radon/thoron 
gases. The total estimated exposures to workers did not exceed the occupational annual limit of 
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20 mSv, nor the limit for members of the public of 1 mSv per year (following the subtraction of 
background levels).  

Based on the health risks estimated for workers in the mine area, SGS concluded the potential 
exposures to the regional receptor populations was unlikely to exceed the public exposure limit even if 
conservative exposure assumptions were assumed. Additional lines of evidence included: 

• The generation and release of dust during mining or processing from the project area is expected 
to be very low due to the management of dust and wet separation techniques used during 
processing of the ore.   

• Actual doses to regional residents are negligible given the nature of the dust particulate material 
generated and the substantial dilution as a result of atmospheric dispersion. 

9.1.4. Dust deposition – crops 
Crop farmers located in the vicinity or down-wind of the project area are concerned the mine will 
generate excessive amounts of dust that will not be contained on the project area due to: 

• Prevailing southwesterly winds that may blow dust across the valley. 

• Generation of large quantities of dust due to the fine clay soils and the proposed excavation and 
transport activities. 

• Management of dust within the boundary of the site given the size of the site. 

Dust deposition 

Issues associated with dust deposition were evaluated qualitatively in the horticultural assessment 
(RMCG, 2020). Elevated dust deposition on plant leaves can reduce the amount of light reaching the 
leaf surface and limit the plant’s capacity to photosynthesise which in turn may lead to a reduction in 
productive growth and yield. Furthermore, dust particles landing on some types of vegetable crops 
can cause visual market defects. This is particularly an issue for brassica vegetables (cauliflowers, 
broccoli) and other head vegetables (lettuce), bunched leaf lines such as kale or silver beet and 
loose-leaf salad lines (e.g., baby leaf crops such as spinach, kale, lettuce types, rocket) and herbs.  

Dust issues with prepacked salad leaves would be managed through the washing and sanitation 
currently required for food safety. Overhead irrigation and rain should wash dust off leaf surfaces. 
Dust removal from ‘hairy’ or ‘crinkly’ leaves (e.g., kale) may be more problematic than from smooth 
leaf surfaces (e.g., spinach). 

A dust deposition rate of 0.1 g/m2 per month was estimated in the crop farming areas associated with 
project activities based on dust modelling (Katestone, 2020). When combined with background dust 
deposition in this area, the annual measured deposition rate of 1.0 g/m2 per month was below the 
Tier 1 assessment criteria of 4.0 g/m2 per month. 

Dust deposition - radiation 

Emission modelling  
Dust modelling undertaken by Katestone (2020) was used by SGS (2020) to estimate the annual 
dose to a member of the public as a result of the consumption of vegetables grown the farming areas 
adjacent to the project area.   

The identified exposure pathways associated with deposition of dust relating to project activities may 
be complete where residential receptors are located within the dust settlement zone include:   

• The incidental ingestion of soil containing radioactive material as a result of farming or gardening 
activities. 

• The consumption of vegetables contaminated with airborne dust containing radionuclides which 
has settled directly onto vegetables.  

• The consumption of vegetables containing radioactivity as a result of plant uptake from soil.    
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SGS used internationally recognised models used for the prediction of radionuclide transfer rates in 
terrestrial and freshwater environments (IAEA, 2010) to estimate the annual dose to residential 
receptor populations as a result of consumption of the vegetables containing radioactive material. 

The average annual deposition rates estimated for the crop growing region were used to evaluate the 
impact on soil radioactivity concentrations in which crops are grown. The following assumptions were 
adopted to estimate the intake doses: 

• Dust deposition rate of 0.2 g/m2 per month. 

• The entire dust deposited is heavy mineral concentrate product, the material with the greatest 
activity concentrations.  

• The deposited dust is homogenously distributed through the top 2 cm of soil.  

• Dust deposition occurs for a 20-year period over the life of the mine operations.  

• None of the vegetables are protected from the weather. 

• The amount of leafy vegetables consumed every day was 238.9 grams or 402 g/day of 
cereal/grain products. 

• The incidental ingestion of soil was conservatively assumed to be 50 mg/day. 

• Vegetables are not washed prior sale or consumption. 

Tier 1 screening assessment – predicted intake from soil and vegetables 
The estimated intake doses of radiation at baseline, over 10 years and 20 years following the 
commencement of project operations are presented in Table 9.4. 

Table 9.4  Estimated annual radiation doses from ingestion of vegetables grown in regional farms and 
incidental ingestion of soil 

Soil 
sample 
location 

Vegetable consumption 

Vegetable 
type 

Annual dose baseline 
(mSv) 

Annual dose year 10 
(mSv) 

Annual dose year 20 
(mSv) 

001 River 
flats 

Leafy 
vegetables 

0.612 0.6151 0.6180 

002 Margin 
to flats 

Leafy 
vegetables 

0.915 0.9181 0.9210 

003 
Grazing 
land  

Cereals/grain 0.138 0.1393 0.1401 

004 
Grazing 
land 

Cereals/grain 0.038 0.0389 0.0397 

005 Mixed 
use 

Cereals/grain 0.127 0.1276 0.1284 

None of the estimated doses exceeds the annual limit for members of the public of 1 mSv per year, 
after the background level has been subtracted.  

The increased doses are not considered to be significant based on a comparison of the estimated 
doses for the years following commencement of project operations with those calculated as baseline 
intakes (current exposures). In addition, when considering the variation in natural radioactivity levels 
encountered in soils worldwide, the impact is negligible of dust deposition on existing soil 
concentrations as a result of emissions predicted from project activities.  

9.1.5. Dust - rehabilitation and decommissioning 
Rehabilitation of the project area will occur in a progressive manner. Rehabilitation activities were 
included in the air modelling assessment conducted by Katestone (2020) of operational year 5, 8 and 
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12. Rehabilitation of exposed areas will generate dust emissions due to the earthworks. Dust 
emissions due to wind erosion will be reduced in the areas where vegetation is established.  

Dust emissions due to rehabilitation activities during operations were predicted to be relatively small. 
Assuming compliance with relevant assessment criteria is achieved during the operation phase, 
compliance with relevant assessment criteria is also expected during any subsequent rehabilitation 
and decommissioning activities in the closure period where dust management is continued. On this 
basis, the post-operational periods were not considered quantitatively in the Katestone assessment. 

9.1.6. Exhaust gases 
Air dispersion modelling of key exhaust pollutants emitted from the diesel generators used during the 
construction phase was undertaken to predict the maximum concentration at each of the sensitive 
receptor locations. A summary of the maximum concentrations of key exhaust pollutants predicted at 
sensitive receptors is presented in Table 9.5. 

The modelling inputs, assumptions and tables of predicted concentrations of air pollutants associated 
with exhaust emissions at all receptors and for all five dispersion modelling periods can be found in 
the air quality assessment report (Katestone, 2020). 

Table 9.5  Tier 1 assessment of predicted maximum concentrations of exhaust pollutants at sensitive 
receptors – construction phase 

Pollutant Averaging  
period 

Tier 1 screening 
criteria  
(µg/m3) 

Ambient  
background  

included 

Maximum concentration at 
any receptor for any 

modelled year 

% of design  
criteria 

NO2 1-hour 260 - 3.1 1.2% 

41.0 44.6 17% 

SO2 1-hour 570 - 0.0023 <0.001% 

17.2 17.2 3% 

CO 1-hour 33.4 - 2.2 7.0% 

PM10 24-hour 60 - 0.1 0.3% 

PM2.5 24-hour 36 - 0.1 0.2% 

All predicted concentrations of exhaust pollutants at sensitive receptors are expected to comply with 
the air quality design criteria. The estimated percentage contributions of emissions associated with 
project activities are low and acceptable. 

9.2. Soils 
9.2.1. Rehabilitated mine area - radionuclides 
An evaluation of the potential for a measurable increase in the external radiation levels above a 
rehabilitated mined area where tailings have been disposed of was undertaken by SGS (2020). The 
qualitative evaluation provided by SGS noted that the radionuclide concentrations in sand tailings will 
be reduced as a result of the ore processing and the extraction of the HMC. The placement of sand 
tailings into the mine pit will contain a lower uranium and thorium content than the original ore, 
therefore external radiation levels from the disposed material would be less than that currently 
associated with the undisturbed mineral resource.  

Rehabilitation of the pit area with the overburden and subsoil cover would further attenuate the 
gamma radiation field. As a result, the external radiation dose at ground level was qualitatively 
determined not be significantly different to the ambient background radiation levels in the region and 
is not considered further. 
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9.3. Drinking water and related water use 
The project has the potential to impact on the water environment through a range of activities. 
Potential impacts to groundwater and surface water are expected to be primarily associated with 
project activities in the mine area.  

9.3.1. Surface water 
A surface water impact assessment was undertaken by Coffey (2020b) to evaluate the potential 
impacts of contaminants migrating to surface water via stormwater runoff or ore stockpile runoff due to 
project activities. In addition, an extreme rainfall event could cause uncontrolled discharge of stored 
mine-related water.  

Heavy rainfall on exposed soils, including ore stockpiles, has the potential to leach metals and 
radionuclides from the soils and rocks, mobilising these contaminants in runoff towards surface water 
features. Chemical contaminants, as well as increased sediment load, could impact the quality of 
surface water if not managed effectively.   

Proposed management of stormwater runoff includes the installation of drains to divert stormwater 
runoff around the operational area to prevent water from entering the mine void and to reduce the 
volume of water contacting the stockpiled ore. Any rain falling within the mine void and mine area that 
has potential be impacted by contaminants will be pumped to the process water dams for reuse as 
mine process water. Similarly, rain infiltration and runoff from the ore stockpiles and broader 
operational area, will be diverted to the process water dams for reuse as mine process water. 

Sedimentation ponds will be constructed to prevent unmanaged sediment releases from the project 
area to the Mitchell River and Perry River. Engineered stormwater management controls will be 
installed prior to the start of construction and maintained throughout construction and operation of the 
mine. Management of surface water flows around the mine and mining infrastructure will be based on 
slowing water flow to the rivers to reduce the potential for erosion and sedimentation. Erosion will be 
controlled using primary and secondary sediment traps constructed at appropriate sites. These traps 
will be constructed in the eroding gullies to slow runoff and allow surface water flows to the Mitchell 
River without uncontrolled sediment impacts. 

During extreme precipitation events, water levels in on-site storages (such as the freshwater storage 
dam, process water ponds, TSF, mine voids and sediment retention ponds) could rise above the 
maximum design operating level. In such events, there is potential for uncontrolled discharges and 
subsequent impacts to surface water features. The levels of metals or radionuclides in surface water 
systems could increase as a result of such discharges, should they occur. 

The mine void will be mainly dry and is not expected to accumulate large volumes of water to the 
extent that it could lead to overflow from the void. Freeboards on the sedimentation ponds and other 
water storages will be maintained to allow for storm events and high rainfall periods. 

Metals in mine contact water 

Mine contact water will be collected in water management dams installed downstream of mining 
activities. Mine contact water will not be released to the downstream environment under normal 
operation conditions. Water quality in the drainage gullies will therefore be at background surface 
runoff concentrations 

An assessment of water quality impacts from the periodic release of mine contact water from the site 
to the surface water system was conducted by Water Technology (2020c). Mine contact water may 
discharge from water management dam spillways to the downstream environment during 
exceptionally wet years. The quality of this water has been estimated by Water Technology (2020b) 
and the health screening assessment of metals in mine contact water runoff is presented in Table 9.6. 
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Table 9.6  Tier 1 health screening assessment – Metals in mine contact water runoff (1) [mg/L] 

Contaminant Number samples Tier 1 screening criteria Average 
concentration 

Drinking water Recreational water 

Arsenic 31 0.01 0.1 0.0025 

Copper 31 2 20 0.0013 

Lead 31 0.01 0.1 0.0005 

Manganese 31 0.5 5 0.0018 

Nickel 31 0.02 0.2 0.0011 

Zinc 31 3 30 0.003 

Bold text indicates an exceedance of the adopted Tier 1 health screening criteria – Drinking water. 
Italicised text indicates an exceedance of the adopted Tier 1 health screening criteria – Recreation water. 
1 A total suspended solids concentration of 454 mg/L was estimated for mine contact water discharging via water management 
dam spillways and assumes a 30-minute settling time in the settling pond without the application of a flocculant. Although the 
total suspended solid levels in an uncontrolled discharge of mine contact runoff are predicted to be high, due to the infrequency 
with which dam overflows occur, a significant siltation event above background levels is not expected during the life of the 
mine. 

No exceedances of the Tier 1 screening criteria for drinking water or recreational uses were noted. 
This result indicates that release of mine contact water would not increase potential contaminants 
(sediment, nutrients or heavy metals) above background levels in the downstream receiving waters of 
the Mitchell River or Perry River. 

Radionuclides 

A qualitative assessment was undertaken by SGS (2020) of the potential for migration of 
radionuclides from the rehabilitated tailings areas into the Mitchell River that might be used for 
drinking, for stock use, or crop irrigation.  

The main source of water for local agriculture use north of the project area is the Mitchell River. No 
significant long-term impact was identified on radioactivity levels in the Mitchell River arising from 
operations, and the disposal of tailings and other waste. This conclusion was primarily based on the 
low migration potential of radionuclide constituents in heavy mineral sands, which are considered to 
be highly inert and bound strongly in the mineral structure.  

Monitoring of the Mitchell River waters will be undertaken as part of the overall environmental 
monitoring program to confirm there are no significant impacts from project activities on water sources 
in the region. Whilst there may be natural, seasonal and regional variations in radium concentrations, 
the conditions specific to the area must be considered when assessing possible long-term impacts of 
mining or mineral processing on the water sources discharging the Mitchell River. 

9.3.2. Rainwater tanks and dams 

Rainwater 

Rainwater harvested from the roofs of buildings are subject to a number of contaminant sources. The 
source of interest relates to the settlement of dust on the roofs associated with project activities, which 
are subsequently washed into a rainwater tank used for drinking water and domestic purposes. 

The predicted dust deposition rates due to the project (plus ambient) were predicted by Katestone 
(2020) as typically less than 60 mg/m2/day for offsite areas, with a peak max monthly value of 
79 mg/m2/day. Metal levels in rainwater harvested in tanks for drinking water and domestic uses were 
calculated based on the following assumptions: 

•  Maximum dust deposition rate – 59.7 mg/m2/day. 

•  Roof collection area 280 m2 (14 m x 20 m home). 

•  Assumed density of accumulated dust – 1.65 gram/cm3. 
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•  Rainwater collection tank – 10,000 L with a base diameter of 2.6 m. 

• Volume of rainwater harvested – 242 m3 per year. 

Based on the assumed parameters, the dust deposition on the roof would not exceed 6.1 kg per year, 
and a volume of 0.0037 m3 per year. Assuming all dust collected on the roof is transported to the tank 
during rain events and that a first flush device is not present, the rate of tank sediment accumulation 
would equal 0.7 mm per year. Assuming a 20-year mine life, the total contribution to sediment 
accumulation in the rainwater collection tank is not expected to exceed 14 mm. The overall 
sedimentation in tanks with a first flush device is expected to be negligible.   

The maximum concentrations of metals in fine and course tailings and the maximum leachability 
results for tailings, heavy mineral concentrate and overburden (based on Australian Standard 
Leaching Procedure AS4439.2) reported by EGi (2020) were used to estimate the concentration of 
metals that may dissolve into the tank water. The measured concentrations of metals in leachate are 
considered to very conservative given the pH of the tank water would be considerably less acidic than 
that adopted in the leaching test.  

The maximum predicted dissolved concentrations of metals in tank water, associated project-related 
dust, was based on the following: 

• The percentage of dissolved metals associated with fine tailings in water at pH 2 (used to 
calculate the mass of each metal dissolved in the tank).  

• Amount of rainwater collected per year, based on average local rainfall of 865 mm/year. 

• The maximum predicted concentration metals in dust (refer to Table 8.3). 

The maximum predicted dissolved concentrations of metals in harvested rainwater in an off-site tank 
associated with project-related dust is predicted to be negligible (<1 x 10-10 mg/L per year). The 
Victorian Department of Health adopts the Guidance on the Use of Rainwater Tanks (enHealth, 2010) 
which notes sediments levels should be checked every two to three years and cleaned if sediments 
cover the tank base. 

Dams 

Dust deposition on dams or other surface water storage impoundments may occur as a result of 
project activities. Dust particulates are expected to sink and be deposited in the sediments at the 
bottom of the dam. Dam sediments generally remain undisturbed except if biota are present (such as 
yabbies). The potential for intake via pipes will depend on the water level and the location and depth 
of the pipe inlet. Inlets located near the bottom of the dam, or floating and lower with decreasing water 
levels, may pump water and some sediments.  

Given the predicted dust deposition rates are within acceptable levels, the actual exposure increase 
to metals or radionuclides would be minimal where filters are in place for sensitive water uses such as 
drinking or domestic purposes. Baseline data indicates that even where dam or surface waters are in 
contact with ore body soils, all results complied with the Australian drinking water guidelines (refer to 
SGS (2020) and Coffey (2020b) for further detail).   

9.3.3. Groundwater 
A groundwater impact assessment was undertaken by Coffey (2020b) to evaluate the potential 
impacts of contaminants migrating to groundwater as a result of project activities. The assessment 
assumed full implementation of the design and management requirements and found that 
groundwater impacts due to contamination resulting from spills or leaks would be negligible.   

Disposal of saturated fine tailings to the TSF, or placement of tailings material in the mine void, 
creates the potential for water with elevated concentrations of dissolved metals, radionuclides and 
other contaminants to infiltrate to the underlying aquifer. The additional contaminant load (above 
background) to the underlying groundwater may be altered from baseline conditions. Such changes 
could result in the water being unsuitable for the extractive uses such as drinking, domestic and 
recreation purposes. The discharge of contaminated groundwater to regional waterways may also 
impact on the use of surface waters for potable or recreational purposes. 
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Metals 

Leachability results for fine tailings material was reported by EGi (2020) and have been adopted as 
the anticipated quality of fine tailings water. Fine tailings leachate water quality did not exceed 
drinking water health criteria. Leachable concentrations of aluminium (0.07 mg/L1) and iron 
(0.09 mg/L1), whilst not considered to pose a potential health risk, may create aesthetic issues (such 
as taste or colour) if present in drinking water.   

The COPC measured in leachate are compared with Tier 1 screening criteria in Table 9.7. 

Table 9.7  Tailings, heavy mineral concentrate and overburden leachate concentrations [mg/L] 

Metal Tier 1 
screening 

criteria 
 

Leachate concentration [mg/L] 

Fine tailings Sand tailings Heavy mineral 
concentrate 

Overburden 
gravelly 

clay 

Overburden 
sandy clay 

Oct 2018 Nov 
2018 

Oct 2018 Nov 
2018 

Oct 2018 Nov 
2018 

Oct 2018 

Antimony   0.003 - <0.001 - <0.001 - <0.001 - - 

Arsenic   0.01 0.007 0.009 0.002 0.005 0.003 0.004 0.006 0.003 

Barium   2 - 0.005 - 0.003 - 0.003 - - 

Boron   4 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Cadmium   0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 

Chromium 
VI  

0.05 (1) - <0.005 - <0.005 - 0.034 - - 

Copper   2 0.001 0.002 <0.001 <0.001 <0.001 0.002 0.007 0.004 

Lead   0.01 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.008 0.004 

Manganese 0.5 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.029 <0.005 

Mercury   0.001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 

Molybdenum   0.05 0.002 0.003 <0.001 <0.001 0.001 0.001 0.001 <0.001 

Nickel   0.02 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.016 0.004 

Selenium   0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Zinc   3 0.001 0.002 <0.001 0.003 <0.001 0.002 0.029 0.015 
1 Based on hexavalent chromium. 

Predicted concentrations of dissolved metals, based on measured concentrations in leachate 
associated with fine tailings, sand tailings, heavy mineral concentrate and overburden soils are all 
below the Tier 1 screening criteria for drinking water and recreational water. On this basis, leachate 
water is not considered to represent a risk to potable water supply via a groundwater infiltration 
pathway.   

In addition to the potential release of metal contaminants, ore processing uses minimal amounts of 
additives (primarily flocculants). Seepage water quality is unlikely to be significantly different from 
natural groundwater recharge that would infiltrate through the unmined ore.  

Radionuclides 

The potential for significant migration of radionuclides from the rehabilitated tailings site into a 
groundwater aquifer that might be used for drinking, for stock use, or crop irrigation was evaluated 
qualitatively by SGS (2020). The potential for long-term impact on radioactivity levels in groundwater 
arising from mining, mineral processing and the disposal of tailings and other waste was found to be 
unlikely to change significantly from current conditions. The following assumptions were made in the 
assessment:  

• Groundwater monitoring wells installed within the project area provided a very low yield and the 
minimal groundwater able to be extracted would not be sufficient for agriculture or any other use.  
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• Overall radionuclide levels in tailings disposed of into the mine void will be lower than those of the 
original ore and leachate levels are not expected to increase.  

• Radionuclide constituents of heavy mineral sands are known to be highly inert and bound strongly 
in the mineral structure. The potential for migration of radioactivity into the groundwater in the 
area will be similar to the existing situation.  

Groundwater monitoring will be conducted as part of the overall environmental monitoring program to 
confirm no significant impacts from the project on water sources in the region. Natural, seasonal and 
regional variations in radium concentrations should be considered when assessing possible long-term 
impacts of mining or mineral processing on the groundwater conditions in the area. 

Particle track modelling 

Mine-related seepage impacts were assessed through modelling of particle tracking from the mine 
site to determine if flow paths exist between the mine and the Woodglen ASR site. The particle 
tracking impact assessment was undertaken by EMM (2020). Particles were simulated in the 
Coongulmerang Formation and Latrobe Valley Group/Balook Formation across the boundaries of the 
mine footprint and tracked through the duration of mining. Particle tracking was performed on two 
scenarios. One, a no mining case with baseline flows only, and the other a mining case with predicted 
seepage rates and groundwater extraction occurring from the Woodglen ASR site at the maximum net 
usage of 171 ML/year, consistent with the water extraction license.  

Modelling of the baseline flows from 2012, corresponding to the time the ASR system became active 
at Woodglen, indicates groundwater flow paths in the Coongulmerang Formation travel downwards to 
the Latrobe Valley Group/Balook formation shortly after release. These shallower aquifers show 
groundwater flow direction that is predominantly south to east with some discharge to the Mitchell 
River floodplain locally.   

Modelling of the flow paths associated with seepage from the mining scenario indicates some 
additional flow to the Mitchell River floodplain locally and a greater flow distance southward due to the 
higher transmissivity of this geological unit and the prevailing groundwater gradient. 

Detailed particle tracking modelling has shown the presence of seepage and mounding of the water 
table at the mine site does not result in any significant deviation in flow paths towards the Woodglen 
ASR site to the north, even with groundwater extraction occurring from the ASR bores. Thus, 
groundwater quality impacts at Woodglen from project activities are deemed insignificant. 

Contaminant monitoring 

Prior to construction, a groundwater monitoring plan will be developed to include: 

•  Groundwater level and quality monitoring around the open voids and TSF from pre- to post 
mining, to assess contaminant migration. 

•  Periodic review of the monitoring data to identify and assess any water quality changes.  

To comply with statutory requirements, a groundwater monitoring program will be implemented to 
monitor water quality data for the aquifer within the potentially impacted areas associated with the 
Mitchell River floodplain. The plan will include trigger levels for environmental protection and for 
implementation of mitigation measures. 

The monitoring plan will include monitoring of water levels, field water quality parameters and 
sampling and analysis (at a NATA accredited laboratory) of groundwater chemistry including 
radionuclides and metals. Monitoring activities will continue for a suitable period post-closure. The 
time over which monitoring will be required depends on the outcomes of future data assessment and 
evaluation programs, and the agreed closure criteria. 
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9.4. Additional radiation health risks to the public 
9.4.1. Impacts along transport routes 
The transport of any material via road, train or other modes is required by law to be packaged and 
contained. To prevent the release of dust and particulate matter, the transport of materials from the 
project area will include the containment of the HMC in the form of sealed shipping containers for the 
rail option, and haulage trucks enclosed with a retractable tarpaulin for road transport.   

Specific compliance with codes relating to the transport of radioactive materials are also required. 

Radionuclides 

The uranium and thorium concentrations in HMC will require compliance with the Code of Practice for 
the Safe Transport of Radioactive Material (RPS C-2, 2014). To ensure the safety of drivers and other 
receptors, the code requires there be no possibility of loss of material during transport and sets limits 
for radiation levels on the outside of packages and containers containing radioactive material. The 
potential for radiation exposures to sensitive receptors along transport routes due to inhalation is 
assumed to be managed adequately through these requirements and has not been considered 
further. 

Potential future radiation exposures to receptor populations along the proposed transports routes 
were qualitatively evaluated by SGS (2020). The following exposure scenarios were assessed:  

1. A passenger vehicle is following a truck loaded with concentrate is conservatively estimated to 
range from negligible to less than 0.001 mSv per year based on the following assumptions: 
 A separation distance between the passenger vehicle and truck of 25 m driving in township or 

settlement areas. 
 A separation distance of 5 m in urban areas with traffic lights (exposure time: 1 hour/year). 
 A separation distance of 55 m when on open road at speeds of 100 km/h. 

2. A passenger vehicle waiting at a rail crossing while a freight train of concentrate passes is 
predicted to be exposed to a maximum dose of less than 0.002 mSv per year based on the 
following assumption: 
 A separation distance of 2 m (exposure time: 1 hour/year). 

3. A resident living on a trucking route is estimated to receive a maximum dose of less than 
0.001 mSv per year based on the following assumptions: 
 A separation distance of 10 m. 
 40 trucks pass the property in a 24-hour period (exposure time: 8.1 hours/year). 
 A resident who occupies the dwelling 365 days/year, 24 hours a day. 

4. An accidental spill of concentrate during transport may conservatively expose a member of the 
public at the scene to an estimated maximum dose of less than 0.02 mSv per year based on the 
following assumptions: 
 A significant quantity of dry concentrate is released to the environment. 
 Airborne dust concentration of 2 mg/m3. 
 No respiratory protection is worn. 
 A separation distance of 3 m (exposure time: 8 hours/event). 
 An emergency response plan is not implemented during this period. 

The modelled scenarios indicate that none of the estimated doses exceed the annual limit for 
members of the public of 1 mSv per year, after the background level has been subtracted. On this 
basis, transport of HMC does not pose an unacceptable level of radiation exposure to members of the 
public or residential occupants along these transport routes. 
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9.4.2. Impacts to a critical group of the public 
The group of individuals most likely to the impacted by the project were assessed for potential 
exposures to radiation as a result of project activities. The population of residents within the farming 
district directly north of the project area (and south of the Mitchell River) were selected as the Critical 
Group (SGS, 2020).  

This group was chosen as they would be located downwind when the predominant (and strongest) 
winds blow from the project area towards them i.e. when wind blows from the southwest. The wind 
direction was derived from a review of the meteorological data collected in the project area between 1 
October 2017 and 30 September 2018. Residents in this area are considered most likely to be 
exposed given the wind direction and the proposed mining activities that will be undertaken in the 
north-eastern portions of the project area. Regional residents located in other directions surrounding 
the project area are considered to have significantly lower exposures. 

The farming area of interest is shown in Appendix I, as well as the wind rose diagram for the period 
data was collected.   

The average annual dust concentrations deposited off-site, as modelled by Katestone (2020), were 
adopted to estimate the annual dose resulting from inhalation to regional receptors. The assumptions 
used to estimate the annual dose include: 

 Dust has an aerosol median aerodynamic diameter (AMAD) particle size of 1 µm. 

 Dust concentration of 60 µg/m3, based on the maximum concentration of PM10 at year 5 of the 
project – a conservative assumption given the maximum PM2.5 concentration (which would 
represent the 1 µm AMAD) is estimated to be 9 µg/m3 over the life of the project. 

 Dust is wholly comprised of ore – a conservative assumption given dust generated as result 
of project activities will include a blend of overburden, tailings and other materials with lower 
radioactivity concentrations. 

 Dose coefficient is 1.1 x 10-2 mSv Bq-1 based on thorium, which is higher and therefore more 
conservative than uranium. 

 Breathing rate of 0.93 m3/h conservatively adopted based on an adult male, who have a daily 
air intake that is higher than females and children. 

 Exposure period based on 24 hours a day every day over a year, when in reality, a person 
could be expected to be out of the area of exposure for part of the day and/or several days 
over the year. 

The maximum annual effective dose to region residents in the critical group via inhalation of dust was 
estimated by SGS (2020) to be 29 µSv. 

Combined estimated impacts to regional residents in the critical group 

The combined potential dose to the critical group is based on the outcomes of the estimated 
exposures presented in section 9.1 (air sources), section 9.2 (soil sources), section 9.3 (water 
sources) and section 9.4.1 (transport routes). The estimated annual radiation dose for an individual 
within the Critical Group is presented in Table 9.8. 

Table 9.8  Estimated annual radiation doses for a resident of the Critical Group 

Exposure pathway Annual dose 
year 20 [µSv] 

Airborne dust inhalation, ore material, 1 µm AMAD(1), occupancy at residence 8760 
hours, breathing rate 0.93 m3/h 

29 

Radon and thoron inhalation dose as a result of the project  Negligible 

Consumption of leafy vegetables grown solely in ‘Margin to Flats’. Ore deposition at 
0.2 g/m2/month, distributed evenly through top 20 cm of soil. 

5.8 
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Exposure pathway Annual dose 
year 20 [µSv] 

Ingestion of ore as a result of dust deposition, 50 mg/day, 10% ore 1..2 

Drinking water from harvested rainwater Negligible 

Following truck loaded with HMC, 5 m separation distance, 1 hr/year Negligible 

Waiting at rail crossing when HMC shipment passing, 2 m separation, 1 hr/year 1.2 

Total 37 µSv 

Acceptable annual dose limit for the public (after background)  1000 µSv 

1. Aerosol median aerodynamic diameter. 

The annual estimated dose to the members within the Critical Group is estimated to be considerably 
lower than the acceptable annual dose limit for the public (after background) of 1 mSV (1000 µSv). 

9.5. Potential exposures following mine closure 
The open voids will be progressively backfilled with sand tailings and clay/silt tailings which will then 
be covered with overburden, subsoil and topsoil and rehabilitated. The fines tailings will be either 
buried deeply or mixed in an approximately 50:50 ratio with overburden material to form subsoils, then 
covered by a layer of 200 to 300 mm depth of topsoil. Given the distance of future receptor 
populations to the tailings and the low periods of potential exposure, the health impacts to members 
of the public from exposure to gamma radiation from tailings and overburden backfilled into the mine 
void is considered to be negligible.   

The Radioactive Waste Management Plan developed for the site will cover the closure of the mine 
site, rehabilitation of the area, any long-term controls over future land use, maintenance of records 
pertaining to past operations at the site, a program for long-term radiation monitoring and surveillance 
(which may also include ground and/or surface water monitoring if warranted), site inspection to 
assess the post-closure integrity of the rehabilitated areas and contingency plans for remediation of 
any defects that might become apparent in the rehabilitated site. 

Upon closure, the mine area will be rehabilitated so that in most cases the post-closure topography 
and surface drainage gullies will approximate the pre-mining surface topography, to the extent 
practicable, and will be revegetated as soon as practically possible to prevent erosion. The 
infrastructure designed to capture run-off (and eroded sediments) will be maintained until vegetation 
is sufficiently established to ensure the landscape is stabilised.   

Monitoring activities are likely to continue for several years post-closure, depending on the agreed 
closure criteria. Surface waters and the seepage of mine contact water from the TSF, process water 
storage and mine voids will be monitored post-closure so that proactive management of identified 
impacts, if any, can be implemented. Given potential impacts to surface water and groundwater will be 
identified during operations, closure and post-closure, and addressed accordingly, the potential future 
exposures to the selected receptor populations post-closure is considered to be negligible.  
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10. Uncertainty and variability analysis 
Risk assessments require assumptions to be made regarding site conditions, human behaviour and 
activities relating to exposure and chemical toxicity. Even though site-specific parameters were 
included where available (e.g., dietary and local food information, and analytical data), it is not 
possible to fully describe current and future conditions and human activities in the region adjacent to 
the project area for the entire period considered in the risk assessment (i.e., 70 years for a residential 
setting).   

The adopted screening criteria and assumptions considered for this risk assessment were generally 
conservative in nature, to account for uncertainty and variability in the parameter estimates, and to 
protect public health by providing a deliberate margin of safety. The inclusion of upper estimate 
exposures provided a very conservative estimate of maximum plausible exposures in the evaluation 
exposures to radionuclides associated with project activities to off-site receptors.   

Whilst the quantification of risk estimates can be tailored for individuals or groups based on their 
location, diet and activities, some uncertainty will remain. The aim of this section is to provide a 
qualitative appraisal of the uncertainties associated with this risk assessment. 

10.1. Uncertainty assessment 
The evaluation of potential uncertainties and data gaps for the baseline assessment is presented in 
Section 8.2. An evaluation of the key uncertainties of this risk assessment is presented in Table 10.1. 

Table 10.1  Uncertainty assessment 

Parameter Evaluation of uncertainty 

Exposure 
assumptions 

A number of conservative exposure assumptions were included in the adopted screening 
criteria, in addition to the estimation of risks associated with exposure to radiation (see 
radiation item below). For example, it was assumed that in a residential setting the same 
individual would be exposed to the same concentration for 365 days/year over a 20-year 
period. When combined, the assumptions deliberately overestimate the most likely exposure. 

Data adequacy A review of the available data and the identification of data adequacy and data gaps was 
undertaken as part of the Tier 1 screening assessment (refer to Section 8.2).     

COPC 
concentrations 

The average or maximum concentrations of each COPC reported or estimated in the baseline 
investigations and the predicted concentrations were utilised in this assessment to represent a 
reasonable scenario and a worst-case scenario. The adoption of average concentrations of 
COPCs measured in each media is generally considered to be representative of likely 
exposures. Concentrations of some contaminants are higher in some locations than others. 
Adopting half the LOR associated with analytical data where the data set is left censored (i.e., 
a large number of non-detect samples) on the calculated averages, overestimates the COPC 
concentrations adopted for the Tier 1 screening evaluations by presenting a higher average 
concentration than is present.     

Air modelling Uncertainties in the air modelling were noted by Katestone (2020). The study necessarily relied 
on the accuracy of a number of data sets including, but not limited to meteorological 
information and calculation of emission rates from mining activities. 
Katestone note that where uncertainty exists in important properties of the proposed activities 
within the project or the environment, their assessment erred on the side of caution and 
selected inputs that would provide for overestimates of ground-level concentrations of air 
pollutants. Katestone also noted that the model domain is limited in size and does not extend 
across all areas where impacts due to the project may be of concern, e.g., areas used for 
horticulture to the east of the project, although concentrations of dust, heavy metals and dust 
deposition rates due to the project in areas outside the model domain are generally expected 
to be lower than those predicted within the model domain.  

Radiation SGS (2020) made a number of assumptions in the radiation dose assessment associated with 
farming crops and exposures relating to road or rail transport of the HCM (see Section 9). A 
conservative ‘worst case’ value was used where specific information was not available or 
where a range was provided.  
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Parameter Evaluation of uncertainty 

Proposed 
management 
measures during 
construction, 
operations and 
rehabilitation 

Assumptions were made about management of potential releases of contaminants to the 
environment. The health risk assessment evaluation of potential exposures considered 
modelling associated with dust migration, runoff waters, infiltration to groundwater and 
discharge to Mitchell and Perry rivers. The modelling of such releases to environmental media 
resulting from project activities are based on the implementation of key management measures 
during the construction and operations phases, to prevent or minimise the release of 
contaminants to air, groundwater, surface waters and during the transport of HCM via road or 
rail.   

Taken as a whole, the assumptions used in the risk assessment are considered to be conservative 
and tend to adopt the Precautionary Principle (enHealth, 2012b) in estimating risk. The risk 
assessment approach presented does not consider a fully probabilistic estimate of risk (i.e., 
evaluation of all the permutations of each input value), but presents conditional estimates based on a 
number of assumptions regarding exposure and toxicity that have been incorporated in the screening 
criteria adopted. Thus, it is necessary to specify the assumptions and uncertainties inherent in the risk 
assessment to place the risk estimates into perspective.  

Risk assessment methodologies reflect an iterative process of development and as such it should be 
recognised that this exposure assessment and risk assessment are based on existing methodologies 
and their limitations which may be subject to change. 
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11. Conclusions 
Baseline and modelled proposed project conditions have been qualitatively or semi-qualitatively 
evaluated for human health via a Tier 1 screening assessment to assess receptors such as young 
children and adults in residential and recreational settings in the regional area adjacent to the project 
area, and along the transport routes. The regional area of interest was selected based on proximity to 
mining activities, downstream of groundwater discharge or runoff to waterways or downwind in the 
prevailing wind direction. Contaminant sources and potential migration to downstream and downwind 
receptors were reviewed to determine potentially complete pathways. The transport routes of HMC 
have yet to be finalised, although haulage via both road and rail were evaluated. 

11.1. Receptor populations and potential exposure 
pathways 

Receptor populations were identified based on distance to the project area, land use and other 
activities. Individuals may belong to more than one of the defined receptor populations. Potential 
exposure pathways for each receptor group were evaluated to determine which were considered 
complete and required further assessment. Four receptor populations were identified: 

• Regional residents: Defined as residential receptors located within a 5 km radius of the project 
area.  
 May include the residents of Glenaladale, Iguana Creek, Woodglen, Wuk Wuk and Walpa. 

Rural farms with residential occupants were also considered in this receptor group.  
 Considered to potentially be exposed to metals, crystalline silica and radionuclides in 

respirable particles as a result of dust generated during mining activities in the project area. 
 May also consume or come into contact with an increase in metals and radionuclides in 

extracted groundwater or surface water migrating from the project area, associated with 
project activities. 

 Washing of dust into rainwater tanks which may then be ingested was considered to be a 
complete pathway. 

• Horticultural farmer populations: Lindenow Valley, within 5 km of the project area.  
 Large number of farms growing vegetable or grain crops are located in this area.   
 Agricultural workers are the main receptor populations.  
 The deposition of dust containing metal and radionuclide contaminants on food crops and 

soils and subsequent consumption was considered to be a potentially complete exposure 
pathway. 

• Transport route residents: Residential occupants located along the road or rail routes used to 
transport HCM transport routes. Transport route residents are considered to potentially be 
exposed to radiation associated with radionuclides in the HCM contained within trucks or rail cars. 

• Recreational users of waterways: Located within 5 km of the project area.   
 Activities such as swimming or fishing as well as those who use extracted groundwater to fill a 

swimming pool or for sprinkler play.   
 Potential exposure via dermal contact or incidental ingestion of water containing metals or 

radionuclides. 

The conclusions of the Tier 1 baseline and predicted human health assessments are summarised 
below. 

11.2. Human health – baseline conditions 
The Tier 1 screening assessment determined no exceedances of the adopted human health 
screening criteria for air, groundwater and surface waters (radionuclides), soil or sediments.  



Fingerboards Mineral Sands Project  
Human Health Risk Assessment 
 

Coffey, A Tetra Tech Company 
754-ENAUABTF11607_HHRA_Rev0 
August 2020 

90 

 

The maximum level of arsenic, cadmium, chromium, lead, nickel and manganese in groundwater 
exceeded the adopted screening criteria for drinking water, although only the maximum nickel 
concentration exceeded the recreational screening criteria. The maximum level of arsenic, chromium, 
lead and manganese in surface waters exceeded the adopted screening criteria for drinking water, 
although no exceedances of the recreational screening criteria were observed. 

The outcomes of the Tier 1 health screening assessment comparison of baseline levels of substances 
of concern in each environmental media are presented in Table 11.1. The selected receptor 
populations potentially exposed to identified contaminants associated with project activities are also 
presented.  

Table 11.1  Tier 1 screening assessment – baseline assessment  

Media Substance Relevant receptors 
in off-site areas 

Average 
concentration 

Maximum 
concentration 

Air 
Fine particulate 

matter 
PM10 Regional residents Below criteria Below criteria 

PM2.5 Below criteria Below criteria 

Respirable crystalline 
silica (1) 

Below criteria Below criteria 

Metals Below criteria Below criteria 

Radionuclides No exceedances 

Dust Deposition Below criteria NA 

Exhaust gases NO2, SO2 Transport route 
residents 

Below criteria 

Regional residents Below criteria 

Ambient air Radiation Transport route 
residents 

Within background levels 

Regional residents 

Soil 
Topsoil – 

regional area 
Metals Regional residents Below criteria 

Radionuclides Within average global range 

Crops Radionuclides (2) Horticultural farmers Within global average intake range 

Sediment Metals Recreational users Below criteria 

Water 
Surface water Metals Regional residents Below criteria 4 exceedances (3) 

Recreational users Below criteria 

Radionuclides Regional residents Below criteria 

Recreational users Below criteria 

Harvested 
rainwater 

Metals Regional residents Below criteria 

Radionuclides Below criteria 

Groundwater Metals Regional residents 2 exceedances (4) 4 exceedances (5) 

Recreational users Below criteria 1 exceedance (7) 

Radionuclides Regional residents Below criteria 

Recreational users Below criteria 
1 Measured as PM2.5. 
2 Based on a quantitative assessment undertaken by SGS (2020). 
3 Arsenic, chromium, lead and manganese4. Manganese and nickel. 
5 Arsenic, cadmium, manganese and nickel. 
6Nickel 
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11.3. Human health – modelled predicted project 
conditions 

The potential impacts during the construction, operational and rehabilitation stages of the project were 
predicted on the basis that releases of contaminants would be minimised as a result of the proposed 
management measures. Different methodologies were adopted to qualitatively assess exposures or 
quantitatively estimate concentrations of contaminants at the point of exposure. Almost all the 
qualitative and quantitative assessments undertaken to inform this HHRA made allowances in their 
evaluations for the application of proposed key management measures as noted in this report.  

The Tier 1 screening assessment determined future exposures to the COPC in air, groundwater and 
surface, soil or sediments were not substantially different to the baseline conditions. The risk profile to 
the identified receptors of concern is considered to be low and acceptable.   

The Tier 1 health screening assessment of potential exposures to the identified human receptor 
populations in off-site areas to contaminants associated with mining activities are presented in Table 
11.2.  

Table 11.2  Tier 1 screening assessment – modelled/predicted project impacts  

Media Contaminant Relevant receptors 
in off-site areas 

Construction Operations / 
rehabilitation 

Air 

Fine particulate 
matter 

PM10 Regional residents Additional management measures may 
be required on days where 

meteorological conditions indicate a 
greater potential for dust migration 

offsite. 

PM2.5 Below criteria Below criteria 

Respirable crystalline 
silica (1) 

Below criteria Below criteria 

Metals Below criteria Below criteria 

Radionuclides Low and acceptable 

Dust Deposition Low and acceptable 

Exhaust gases NO2, SO2 Transport route 
residents 

Negligible 

Regional residents Negligible 

Ambient air Radiation Transport route 
residents 

Negligible 

Regional residents Negligible 

Soil 

Topsoil   Metals Regional residents NA NA 

Radionuclides NA Low and 
acceptable post 

rehabilitation 

Crops Radionuclides (2) Horticultural farmers Low and acceptable 

Water 

Surface water Metals Regional residents Low and acceptable 

Recreational users Low and acceptable 

Radionuclides Regional residents Low and acceptable 

Recreational users Low and acceptable 
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Media Contaminant Relevant receptors 
in off-site areas 

Construction Operations / 
rehabilitation 

Rainwater 
tanks and dams 

Metals Regional residents Negligible 

Recreational users Negligible 

Groundwater Metals Regional residents Low and acceptable 

Recreational users Low and acceptable 

Radionuclides Regional residents Low and acceptable 

Recreational users Low and acceptable 
1 Measured as PM2.5. 
2 Based on a quantitative assessment undertaken by SGS (2020). 

11.4. Limitations 
The conclusions of the HHRA are based on the available data provided in the specialist assessments 
and other technical reports prepared for the project, the current project description, the limitations of 
the predictive modelling, and assuming implementation of the proposed management measures. 

The risk assessment has been limited to addressing the impacts of selected substances, to a specific 
assumed receptor population under a defined exposure scenario, based on information available at 
the time of the assessment. The risk assessment approach presented does not consider a fully 
probabilistic estimate of risk, but presents conditional estimates based on assumptions regarding 
exposure and toxicity consistent with the internationally endorsed regulatory approaches. Further 
assessments would be required to assess risk where off-site uses vary from the assumed regional 
conditions noted and/or exposure settings used in this risk assessment. 
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Appendix A – Environmental Management 
Framework and Sub-Plans  

 

  



 

 

  
 
 

This page has been left intentionally blank 

  



 

 

  
 
 

Environmental management plans  
Management measures to address potential releases of contaminants to the environment are 
proposed for the construction and operation of the project. The framework for environmental 
management of the project is set out in Chapter 12 of the EES. Environmental management plans will 
be prepared to cover the construction and operation phase of the project, and will identify specific 
monitoring and management that is required to protect potential exposures to receptors in the HHRA 
study area.  

Several specific sub-plans will also be developed and implemented as part of the EMP process. The 
implementation of these measures has been assumed in the HHRA. The specific sub-plans that relate 
to this HHRA include: 

• Air quality sub-plan. 

• Surface water and groundwater sub-plan. 

• Radiation sub-plan (including radiation management plan, radioactive waste management plan, 
and radiation environment plan). 

• Traffic management sub-plan. 

• Fire and emergency management sub-plan. 

• Rehabilitation sub-plan (including mine rehabilitation and closure plan).



 
 

  

 

 



 
 

  

 

Appendix B – Baseline data and sample locations – 
Air 

 

 

 

 

  



 
 

  

 

This page has been left intentionally blank 

 

 

 



 

 
 
 
BASELINE DATA - Air 
 

  



 

  



 

 

 

 



 

  



 

 

  



 

  



 

 
 

 

 

 

PREDICTED  - AIR QUALITY 
 

  



 



 

  



 

 



 

  



 

 



  



 

  



 



 



 

  



 

 

 

 

 

 

BASELINE DATA - Air 
  



 

 

  



 

 

 

 

 



 

 

Appendix C – Baseline data and sample locations – 
Soil 
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BASELINE DATA - Soil 
 

 

  



 

 

  



 

 

 

 

 

 

 

BASELINE DATA - Soil 
 

 

  





 



 



 

 

  



 

 

 

 

BASELINE DATA – Leaching 
  





 

 



 

 

Appendix D – Baseline data and sample locations – 
Sediment 
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Table 5-2 Metals analysis for sediment samples collected as part of this study.  
  

Guideline Values S01 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 S22 

Barium mg/kg 300* 24.9 32.8 11.2 96.9 61.7 50.9 34.2 75.7 33 16.3 18.5 24.8 67.6 11.3 8.9 2.2 25.1 2.3 9.8 12 9.3 14.3 

Arsenic mg/kg 20# 2.3 10.5 0.3 3.3 2.7 2.8 3.2 9.9 8.6 5.1 5.4 5.6 2.9 8.3 4.3 0.2 1 0.8 1.2 1.7 2 2.6 

Cobalt mg/kg 50* 0.6 0.9 0.5 2 0.9 1.7 5.5 4.1 1.5 1.2 1.4 2.5 0.8 0.7 0.7 <0.1 1.5 0.1 1.1 1.4 2.2 2.9 

Beryllium mg/kg 70+ 0.3 0.6 <0.1 0.5 0.3 0.3 0.2 0.8 0.2 <0.1 0.5 0.6 0.3 0.1 <0.1 <0.1 0.3 <0.1 0.2 0.2 0.2 0.2 

Boron mg/kg 5000+ <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 12 13 

Manganese mg/kg 500* 17.1 30.9 45.4 237 112 120 460 89.3 34 18.9 14.6 48 168 13.2 22 1.5 26.5 1.4 32.1 53.1 33.4 57.5 

Cadmium mg/kg 1.5# <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Chromium mg/kg 80# 5.9 14.2 2.7 9.3 7.7 6.6 3.5 14.4 9.4 14.9 11.9 12.5 5.7 20.8 8.8 0.8 4.9 1.5 2.2 2.4 3.6 4.6 

Copper mg/kg 65# 1.3 1.6 0.4 2.6 1.7 2.3 0.8 5.9 2 1.6 1.6 1.6 2.2 1.6 0.8 0.2 1.8 0.1 1 1.2 3.8 7.9 

Vanadium mg/kg 50* 17 34 12 19 15 14 57 40 19 19 21 21 13 32 23 2 8 10 3 3 5 7 

Lead mg/kg 50# 5 9.5 1.8 6.8 6 4.1 2.9 10.1 4.4 2.9 5 2.8 3.8 2.2 1.6 1.3 3.6 0.3 1.4 1.6 3.4 40.5 

Nickel mg/kg 21# 1.3 2 0.4 2.8 1.7 2.1 0.8 4.2 2.8 2.5 3.5 3.9 1.3 0.9 0.5 0.1 1.4 0.3 2.6 3.8 4.4 4.8 

Selenium mg/kg 200+ 1 2 <1 <1 <1 <1 <1 3 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Zinc mg/kg 200# 0.7 0.9 <0.5 19.7 12.6 3.3 2.3 6 13.9 5.2 3.6 15.1 7.9 3.2 2.3 <0.5 4.9 0.7 7.6 10.3 18.3 24.2 

Mercury mg/kg 0.15# <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

# Source from CSIRO ANZECC/ARMCANZ Sediment Quality Guidelines (Simpson et al.,2013). 

+ Source from NEPC NEPM 2013 Schedule B1 (NEPC, 2013).  

* Sources of assessment levels presented in the Western Australian Contaminated Sites Management Series: Assessment levels for Soil, Sediment and Water  (DEC, 2010). Assessment levels adopted by DEC for determining if soil or sediment is 
potentially contaminated. Lowest values used where soil and sediment assessment levels differ.  
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Figure 5-2 On-site, sediment sampling locations. 

 

Figure 5-3 Perry River sediment sampling locations. 
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Figure 5-4 Mitchell River sediment sampling locations. 



 

 

Appendix E – Baseline data and sample locations – 
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Event based monitoring locations (EMM, 2018)   
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Appendix F – Baseline data and sample locations – 
Groundwater 
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Appendix G – Baseline data and sample locations – 
Crops 
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BASELINE DATA - Crops 
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Appendix H – Baseline data and sample locations – 
Rainwater & Dams 
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BASELINE DATA – Dam water 
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BASELINE DATA – Harvested rainwater 
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Appendix I – Critical Group 
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Appendix 1: Distribution of winds recorded at the on-site meteorological monitoring station.  (Katestone, 2020) 



 

 

 

Appendix 2: Critical group population area 
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