Mulga Rock Uranium Project
Public Environmental Review
Air Quality and Atmospheric Gases

12.

Air Quality and Atmospheric Gases

12.1

Relevant Environmental Objectives, Legislation, Policies and Guidelines

12.1.1

EPA Objective

The EPA applies the following objective to the assessment of proposals that may affect air quality:
To maintain air quality for the protection of the environment and human health and amenity, and to
minimise the emissions of greenhouse and other atmospheric gasses through the application of best
practice.
12.1.2

Regulatory Framework

The main air emissions with potential impacts associated with the project are:
•

Dust from mining and processing activities, as well as land clearing, haulage and associated
infrastructure.

•

Sulphur, carbon and nitrogen oxides and particulates from local power generation utilising hydrocarbon
based fuel (diesel or gas).

The protection of air quality and atmospheric gasses at the MRUP is assessed using the following legislation,
standards and guidance documents:
•

•

Air Quality (particulate matter and other pollutants):
─

Environmental Protection Act 1986 (WA) (EP Act).

─

Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).

─

National Environment Protection (Ambient Air Quality) Measure (2013).

─

Victorian Environmental Protection Authority (Vic EPA) Design Criteria.

─

WA Environmental Protection Authority (EPA) Guidance Statements.

Greenhouse gas:
─

•

National Greenhouse and Energy Reporting Act 2007.

Radiation:
─

Mines Safety and Inspection Act 1994, & Mines Safety and Inspection Regulations 1995.

─

Radiation Safety Act 1975.

─

Radiation Safety (General) Regulations 1983-2003.

─

Radiation Safety (Transport of Radioactive Substances) Regulations 2002.

─

Managing Naturally-Occurring Radioactive Material (NORM) in Mining and Mineral Processing –
Guidelines (‘The WA NORM Guidelines’).

Environmental Protection Act 1986
This is an act which is designed to protect the environment of the State which includes limiting any alteration of
the environment to the detriment or potential detriment of an environmental value, which includes air quality.
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Environment Protection and Biodiversity Conservation Act 1999
The EPBC Act is the Australian Government’s key piece of environmental legislation which focuses on the
protection of MNES – of which there are nine matters with one being nuclear actions (including uranium mining).
The Project is a uranium mining project and the environment is considered a protected matter where nuclear
actions are involved. Air quality is considered part of the environment.
National Environment Protection Measures
The National Environment Protection (Ambient Air Quality) Measure (Air NEPM) 2003 was developed to provide
benchmark standards for ambient air quality to ensure all Australians have protection from the potential health
effects of air pollution.
Air Toxics NEPM
The National Environment Protection (Air Toxics) Measure (Air Toxics NEPM 2011) provides a framework for
monitoring, assessing and reporting on ambient levels of five air toxics; benzene, formaldehyde, toluene, xylenes
and polycyclic aromatic hydrocarbons (PAHs), in order to facilitate the collection of information for the future
development of air quality standards for these pollutants (NEPC 2004).
Consistent with the application of environmental quality criteria, Air NEPM standards have not been applied within
the Project disturbance area. However, as sensitive receptors are present with this area, such as the
accommodation camp, Air NEPM standards have been applied at the location of such sensitive receptors.
Assessment of compliance with NEPM standards has been made for the maximum predicted concentration
(Appendix E1).
Victorian Environmental Protection Authority Design Criteria
The Victorian Environment Protection Authority (Vic EPA) Design Criteria established under the Victorian State
Environment Protection Policy (Air Quality Management) (SEPP-AQM) were used during this assessment where
NEPM standards were not available.
Similar to Air NEPM, SEPPAQM design criteria have not been applied within the Project disturbance area but
have been applied at sensitive receptors located within this area. SEPPAQM design criteria are taken at the 99.9
th
percentile concentration for averaging times of one hour or less, which corresponds to the 9 highest hourly
concentration when using one year of meteorological data (Appendix E1).
WA Environmental Protection Authority Guidance Statements
There are no specific state-wide criteria for TSP. Historically, the EPA has applied the standard and limits for
TSP from the Environmental Protection (Kwinana) (Atmospheric Wastes) Policy 1999 (Kwinana EPP). The
Kwinana EPP defines limits (concentrations of atmospheric waste that shall not be exceeded) and standards
(concentrations of atmospheric waste that should desirably not be exceeded) for TSP.
There are no specific state-wide criteria for dust deposition. EPA has applied the NSW Department of
Environment and Conservation (NSW DEC) dust deposition standard provided in the Approved Methods for the
Modelling and Assessment of Air Pollutants in NSW. NSW DEC impact assessment goals for dust deposition
such that nuisance dust impacts could be avoided are:
2

•

Maximum increase in deposited dust of 2g/m /month.

•

Maximum total deposited dust level of 4g/m /month (Appendix E1).

2
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National Greenhouse and Energy Reporting Act 2007
This is an act which introduces a single national reporting framework for the reporting and dissemination of
information related to greenhouse gas emissions and the energy production and consumption of corporations.
Radiation Safety Act 1975
This is an act which regulates the keeping and use of all substances, whether natural or artificial, and regardless
of form, which consists of or contains more than the maximum prescribed concentration of any radioactive
element. There are two key subsidiary pieces of legislation:
•

Radiation Safety (General) Regulations 1983. These regulations define radioactive substances and
cover the licensing of premises.

•

Radiation Safety (Transport of Radioactive Substances) Regulations 2002. These regulations cover
the transport of radioactive materials in Western Australia and the storing, packing and stowing of such
materials for transport, including licensing requirements and the development of an approved radiation
protection program.

The Radiological Council is an independent statutory authority established under s.13 of Radiation Safety Act
1975, which assists the Minister for Health to protect public health; the Radiological Council issues the licence
required to mine or mill radioactive substances.
WA NORM Guidelines
This Guideline was developed by the Department of Mines and Petroleum (DMP) to manage naturally-occurring
radioactive material (NORM) in Mining and Mineral Processing. The Guidelines deal with pre-operational,
operational monitoring and reporting requirements, with a particular emphasis on air monitoring strategies,
airborne radioactivity sampling and dust control strategies.
Applicable Guidance and Position Statements
Consideration was also given to the following documents:
•

DEC 2011, A guideline for managing the impacts of dust and associated contaminants from land
development sites, contaminated sites remediation and other related activities, Perth, Western
Australia.

•

Department of Environment (DoE) 2006, Guidance Notes: Air Quality and Air Pollution Modelling,
Perth, Western Australia.

•

EPA 2002, Guidance Statement No. 12: Minimising Greenhouse Gas Emissions, Perth, Western
Australia.

12.2

Project Air Quality Assessment Criteria

Assessment criteria for the Project are summarised in Table 12.1 (Appendix E1).
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Table 12.1

Assessment Criteria

Pollutant

Averaging period

Max. /
th
99.9 %ile

Exceedence goals

Criterion

1

Mine operations
Total suspended
particles
Particulates as PM10
Dust deposition

3

24-hours

Maximum

90μg/m

24-hours

Maximum

50μg/m

1-hour

99.9 %ile

80μg/m

Annual

Maximum

20μg/m

Annual

Maximum

2.0g/m /month

3
3
3

2

2

Power station (other pollutants)
Carbon monoxide

3

8-hours

Maximum

1 day per year

11,254μg/m

1-hour

Maximum

1 day per year

247μg/m

Annual

Maximum

None

62μg/m

1-hour

Maximum

1 day per year

572µg/m

3

24-hours

Maximum

1 day per year

229µg/m

3

Annual

Maximum

None

57µg/m

Xylenes

3-minutes

99.9 %ile

350μg/m

Formaldehyde

3-minutes

99.9 %ile

40μg/m

Acetaldehyde

3-minutes

99.9 %ile

76μg/m

Benzene

Annual

Maximum

10.5µg/m

3-minutes

99.9 %ile

650μg/m

24-hours

Maximum

4,114µg/m

Annual

Maximum

411µg/m

Nitrogen dioxide

Sulphur dioxide

Toluene
Notes

3

3

3
3

3
3
3

3
3

3

1: Temp 0degC, pressure 101.325 kPa (1 atm).
2: Incremental increase in dust deposition from the Project.

12.3

Existing Environment

12.3.1

Sensitive Receptors

The nearest sensitive receptors to the Project are presented in Table 12.2. The closest historical settlement
(located approximately 90km distant) is no longer occupied. The proposed accommodation camp will be located
on the site, approximately 6km from the processing plant.
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Table 12.2

Sensitive Receptor Locations

Name

Description

Easting, m

Northing, m

Distance from
MRUP processing
plant (km)

Tropicana Gold Mine

Active mine

651,500

6,763,700

110

Pinjin

Existing pastoral station

473,900

6,672,300

105

Cundeelee

Abandoned Aboriginal
settlement

540,500

6,601,000

90

Tenement boundary

MRUP boundary

566,740

6,673,620

15

Tenement boundary 2

MRUP boundary

585,170

6,677,920

9

Access Road

PNC and TPG access road

542,745

6,703,620

40

Accommodation
Village

Conceptual village location

573,980

6,687,670

6

12.3.2

Climate

The climate of the MRUP area is classified as desert with hot summers and cool-mild winters. Rainfall throughout
the year does not vary considerably with 20-40mm/month falling in the summer months (November-March), often
associated with cyclonic events, and 10-30mm/month in winter (April-October), with a total annual average rainfall
of approximately 280mm. Daytime temperatures typically reach 30 to 40°C in summer and 18 to 30°C in winter,
with lows of 15 to 22°C and 5 to 15°C respectively. Pan evaporation (around 2,650mm/yr) greatly exceeds rainfall
throughout the year and thus the environment exists in a water deficit condition. Daily pan evaporation rates vary
from 11-12mm/day (330-360mm/month) in summer to 2-3mm/day (75-100mm/month) in winter.
This data was derived from three dedicated meteorological stations located in the proposed MRUP, which have
been measuring key parameters from 2009 to present, with the data validated against the BoM Laverton AWS
records.
During the summer months wind direction is predominately southeasterly (i.e. to the northwest), while in winter
the prevailing wind direction is easterly.
12.3.3

Dust

The MRUP area has an elevated natural background dust concentration that is contributed to by sources such as
bush fires or wind erosion. There are limited anthropogenic sources of pollutants in the area (Tropicana Gold
Mine approximately 110km to the northeast and the Pinjin settlement approximately 105km to the west).
Contributions from anthropogenic sources are unlikely to be of any significance given the lack of development in
the vicinity (Appendix E1).
12.3.4

Greenhouse Gases

Existing anthropogenic greenhouse gas emissions within the MRUP are minimal and associated with exploration
activities.
12.3.5

Radiation

An assessment of baseline radiation was undertaken by Radiation Advice and Solutions Pty Ltd (Appendix F1)
which is summarised in the sections below. The impact of radiation discussion within this section is limited to
non-human (flora and fauna) environmental receptors. The potential impacts of radiation on human health are
discussed in Section 13.
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12.3.5.1

Radionuclides in Soil

Worldwide background level of radionuclides in soils is about 3ppm Uranium (U) (or approximately 40BqU/kg) and
about 10ppm Thorium (Th) (or about 40BqTh/kg). In arid (and leached-out) central Australia the figures are
expected to be lower. The Kintyre ERMP noted averages of 24 and 21Bq/kg for U and Ra respectively, and
13Bq/kg for Th (Appendix F1).
Monitoring of radionuclides in soils over the MRUP for uranium and thorium indicating averages of about 1.0 and
11.0ppm for uranium and thorium respectively. This is consistent with a surface material dominated by Aeolian
sediments. The radionuclide levels are low across the Southwest Great Victoria Desert in comparison to world
averages (Appendix F1).
12.3.5.2

Radionuclides in Airborne Dust

Radionuclide concentrations in airborne dust are usually determined through particulate sampling and analysis of
the collected particulates. As noted in Section 12.4.1, the amount of airborne dust mass and activity is highly
variable, however the concentration ratios conform with direct soil assay results.

12.4

Surveys and Investigations

Several air quality and atmospheric gas surveys have been commissioned by Vimy for the MRUP:
•

Dispersion Modelling (Appendix E1). This specifically addressed:
─

Dust concentration and deposition baseline surveys.

─

Development of a dust dispersion and deposition model.

─

Development of a dispersion model for the power station.

─

Development of a greenhouse gas emission estimate.

•

Occupational and Environmental Radiation Predictions and Controls (Appendix F1).

12.4.1

Dust Characterisation

Vimy conducted a baseline investigation program for airborne dust (PM10) and dust deposition as follows:
•

•

High volume air sampler (HVAS):
─

56 samples taken from May 2012 to February 2015.

─

Sample periods range from 1 to 37 days, but are usually one to four weeks long.

Dust deposition gauge:
─

9 samples each at up to ten sites taken from July 2013 to February 2015.

─

Sample periods range from 29 to 86 days (one to three months).

Between May 2012 and February 2015 the HVAS indicated the amount of airborne dust recorded was highly
3
3
variable with the average over each sampling period typically ranging between 2.6μg/m and 35μg/m . One high
3
reading of 98.5μg/m , recorded over a 10 day sample period, was the result of particulates caused by a local
3
bushfire. The weighted average over the entire period was 13.5μg/m .
Dust deposition gauges are located at 10 different sites and recorded the dust deposited over nine different time
periods from July 2013 through to February 2015. Seasonal variations in dust deposition were as expected, with
higher concentrations being measured during the typical dust season for the area (October through to April). The
2
average rate of dust deposition was 0.6g/m /month.
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12.4.2

Dust Dispersion Model

Vimy commissioned a consultant to develop a dispersion model (Appendix E1). The purpose of the air quality
assessment and modelling was to:
•

Characterise pre-operational baseline air quality over the project, and the climate, local meteorology
and the existing air environment and particulates within the Project area.

•

Model various scenarios representative of various stages of the project, including post-closure.

•

Present the cumulative air quality impacts of the proposed project on the air environment.

•

Model of potential emissions (including pollutants other than dust) from power generation and impacts
upon sensitive receptors.

The air quality model uses estimates of dust emissions from the following processes:
•

•

Mechanical emission dust sources:
─

Loading ore and overburden

─

Hauling ore and overburden

─

Light vehicle traffic (including buses)

─

Grading of haul roads

─

Overburden dumping and dozing

─

Ore dumping and conveying (transfer points) within the processing plant.

Wind erosion dust sources:
─

Active pit area (worst case, when the pit depth is minimal)

─

Overburden landform

─

Roads (haul and light vehicle roads)

─

Tailings dam (surface storage only)

─

Ore stockpile.

The processes were used to calculate increases in dust concentration at the sensitive receptors in units of µg/m
2
and project originated dust deposition in units of g/m /month.

3

The modelling was conducted in accordance with the DER’s Air Quality and air pollution modelling guidance
notes (DEC 2006).
Due to the scale of the domain modelled, air dispersion modelling was carried out using the US EPA approved
CALPUFF non steady state air dispersion model. Vimy provided surface meteorological observations for three
on-site automatic weather stations to inform CALMET (the 3D meteorological model pre-processor to CALPUFF),
and coupled with upper air data synthetised using The Air Pollution Model (TAPM). Model development used
weather data for the year 1 June 2012 through 31 May 2013, chosen as the most representative of characteristic
local meteorological conditions.
CALPUFF was then used to simulate the dispersion characteristics and concentrations of airborne pollutants
generated by the proposed activities.
The resulting dispersion model was used to assess four operational years and one year at closure (Appendix E1):
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•

Scenario 1, Year 3 – the highest production year during the onset of mining, with a surface tailings dam
still in production.

•

Scenario 2, Year 10 – the highest predicted production year for the life of mine.

•

Scenario 3, Year 11 – high mining rate, also with two active pits.

•

Scenario 4, Year 14 – elevated mining rate, two active pits and production of an ore stockpile for
processing in later years.

•

Scenario 5, closure (first year) – the first year after mine closure, with the largest surface areas with
partial rehabilitation.

The closure scenario was included in order to quantify the dust impacts of the site upon the conclusion of mining,
but while the rehabilitation process (revegetation) is not fully complete. It is anticipated that rehabilitation will not
be complete until full vegetation establishment (closure plus five years). The first closure year was chosen as it
has the highest surface area of landforms that have incomplete rehabilitation (Appendix E1).
12.4.3

Power Generation Dispersion Model

The principal pollutants from diesel fired power stations are products of combustion and include:
•

Oxides of nitrogen (NOx).

•

Sulphur dioxide (SO2).

•

Particulate matter less than 10 microns in aerodynamic diameter (PM10).

•

Volatile organic compounds (VOCs).

These products were modelled using the CALPUFF dispersion model. Worst case emissions were estimated for
the site by assuming that the 19 diesel generators (1MW each) at the processing plant and the single 1MW diesel
generator at the borefield are operating at maximum capacity for the modelling year (Appendix E1).
12.4.4

Greenhouse Gas Emission Estimate

Greenhouse gases will be produced from a number of sources throughout the minesite and power station. These
are:
•

Vehicle movements (combustion of diesel).

•

Energy production from the power station (combustion of diesel) for operation of minesite and
borefield.

•

Use of carbonates for production of uranium oxide and other precious metal concentrates.

Other processes considered comparatively small and excluded from the study were (Appendix E1):
•

Use of oils, greases and lubricants in workshops.

•

Onsite waste management.

•

Overall land use change.

The following processes considered to be under the operational control of contractors, were also relatively small
and are not included within the assessment (Appendix E1):
•

Air transport of personnel to site.

•

Delivery of goods to site and removal of wastes.
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The total greenhouse footprint is expected to vary by a small amount over the course of the MRUP. Emissions for
the worst case scenario year were estimated. This year includes:
•

Vehicle transport of ore to the edge of pit.

•

Power station running at full capacity.

•

Production of uranium oxide and other precious metal concentrates.

This worst case year was used to produce an overall greenhouse emission footprint for the 16-year period. In
reality, total carbon emissions are likely to be less than the estimates in this assessment, as this assessment
focused on the worst case emissions (Appendix E1).
12.4.5

Radiological Assessment for Non-human Biota

Vimy commissioned JRHC Enterprises Pty Ltd to provide an assessment of the radiation related impacts to
non-human biota from the proposed MRUP. This was based on predicted radon concentrations and radionuclide
deposition rates.
The impact of radionuclide in dust and associated dispersion modelling has been addressed separately under
Section 13.
The calculated radionuclide concentrations in various source materials are shown in Table 12.3 (refer
Appendix F1).
Table 12.3

Radionuclide Analysis Mined Materials
Uranium
Grade
(ppm)

Material

Radionuclide Concentration(Bq/g)
238

234

U

U

Th

230

Ra

226

1

Pb

210

Po

210

Ore

600

7.5

7.5

7.5

5.8

5.8

5.8

Low-grade ore

300

3.75

3.75

3.75

2.75

2.75

2.75

Non-mineralised
overburden

20

0.25

0.25

0.36

0.36

0.36

0.25
238

226

234

230

Note 1: Measurements were available only for U and Ra . It has been assumed that the U and Th concentrations will
be the same as the U238 concentrations. It has been assumed that the concentrations of Pb210 and Po210 will be the same as the
Ra226 concentration.

The average sources of dust emissions for the modelled scenarios discussed in Section 12.4 are shown in
Table 12.4 as proportions of total emitted dust (Appendix F1).
Table 12.4

Average Proportion of Dust Emission for All Years of Operation

Emission Source

Proportion of TSP Emissions (%)

Ore

7.4%

Low-grade ore

20.9%

Overburden landforms

71.5%

The radon emanation rates used in the modelling are provided in Table 12.5.
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Table 12.5

Estimated Radon Releases
Emission Rate (MBq/s)

Source of Radon
Year 3

Year 10

Year 11

Year 14

Mining

0.26

0.36

0.58

0.66

Low-grade and Overburden Stockpiles

0.60

0.90

1.20

1.50

Tailings

0.30

0.30

0.30

0.30

Processing Plant

0.45

0.45

0.45

0.45

Total

1.61

2.01

2.53

2.91

Due to the lack of data on radon emanation for the non-mineralised (or barren) overburden landforms, extremely
conservative emanation rates were assigned to these overburden landforms, consistent with low-grade
mineralisation (400ppm U3O8). Given the prominence of such landforms in the later years of the Project, the
emanation rates modelled are expected to be materially greater than actual rates. Vimy will collect data from
actual equivalent landforms during geotechnical investigation trenching at the Ambassador deposit, being
conducted from November 2015 onwards. This data will be used to update the emissions model.
The impacts to non-human biota are assessed as a calculated incremental dose rate. The assessment is based
on the results of the air quality modelling conducted by GHD (GHD 2015e) which provide a measure of project
originated radioactivity in the environment outside the Project area. It then uses recognised standard methods to
calculate a radiological impact.
The sensitive receptor locations, as defined by the air quality modelling, are locations where members of the
public and workers at the accommodation village might potentially be impacted by project activities and
associated air emissions (refer to Table 12.2). The locations on the southeast project boundary (approximately
9km from the proposed processing plant location) and northwestern access road into the operations
(approximately 40km from the proposed processing plant location) are not permanently occupied locations, but
provide estimates of “worst case” exposure situations (Appendix F1).
The impact to non-human biota is assessed by determining the change in radiation dose rates to standard
species of flora and fauna as a result of emissions from the operation. The change in concentration is then used
as input data for an ERICA (Environmental Risk Ionising Contaminants: Assessment and Management)
assessment which calculates a dose to set of reference species (Appendix F1).
The ERICA Software Tool is a widely used method for assessing radiological impacts to plants and animals. The
software uses a collection of impact databases and is based on a three tiered approach to assessing the
radiological risk to plants and animals. Tier one is the simplest assessment level, requiring the minimum input
data, and if the results of an assessment meet a predefined screening level, then further assessment is not
required. If the screening level is exceeded, then more detailed tiered assessments occur. Tier two assessments
are also undertaken if further data is available. The idea behind the tiered approach is that assessments are
undertaken with an appropriate level of information and effort. The screening level is the radiation dose rate,
below which no effects would be observed and the ERICA default level is set at 10µGy/h (Appendix F1).

12.5

Potential Impacts

The construction and operational stages of the Project have the potential to increase dust generation at the site
by mechanical sources, such as trucking, and increased erosional sites from land clearance.
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12.5.1

Dust Emissions

12.5.1.1

Predicted Dust Concentration

The modelling showed predicted dust concentration impacts are anticipated to be the highest during Scenario 2
(Year 10) which represented the highest mining throughput and therefore the greatest dust emissions. However,
predicted impacts at receptors are all lower than assessment criteria. The results indicate that:
•

The highest predicted concentration impacts are at the closest receptor (MRUP accommodation
village) and range between 22% and 52% of the various assessment criteria for the four scenarios.

•

Predicted concentrations at MRUP site boundaries during mining years range between 5% and 42% of
the guidelines for the scenarios.

•

When considering the three population receptors surrounding MRUP, as they are a significant distance
from the MRUP, the predicted concentrations during mining years range from 0.1% to 0.7% percent of
any of the criteria.

•

Predicted concentrations at receptors during the closure scenario are lower than those during mining
years (Appendix E1).

The percentages presented above are an indication of the approximate proportion of the criterion.
Results for Scenario 2 (the highest prediction production year for the life of mine) are presented in Table 12.6 and
Figure 12.1 to Figure 12.5, with ambient levels excluded.
Table 12.6

Scenario 2, Year 10 Predicted Concentrations at Receptors

Receptor

PM10, µg/m

Averaging period

TSP, µg/m

3

24-hour

1-hour

24-hour

1-hour

Max

Max

th

99.9 %ile

Max

99.9 %ile

20

50

80

90

--

1: Tropicana Gold Mine

0.002

0.03

0.11

0.11

0.41

2: Pinjin

0.009

0.01

0.21

0.20

0.76

3: Cundeelee

0.009

0.14

0.57

0.50

2.09

4: Tenement boundary

1.539

9.21

25.84

29.89

84.39

5: PNC X TPG access road

0.964

1.69

6.22

6.11

23.35

6: Accommodation village

3.161

13.64

30.13

42.73

94.87

7: Tenement boundary 2

0.727

8.19

19.42

25.81

60.02

Rank
Guideline

Annual

3
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12.5.1.2

Predicted Dust Deposition

The modelling showed predicted dust deposition is highest at the MRUP accommodation village, though well
below the monthly deposition criteria (less than 1%). Deposition at other sites is predicted to be much lower
(Appendix E1).
The reason for the predicted low emissions is due to the significant distance between source and receptors.
Large particles will be deposited closer to the sources than any of the receptor locations. Smaller particles will
remain airborne further from the emission sources, but are less prone to deposition. Results for Scenario 2 are
presented in Table 12.7 (Appendix E1).
Table 12.7

Scenario 2, Year 10 Predicted Dust Deposition at Receptors

Receptor

Dry deposition

Wet deposition

g/m /s

2

g/m /mth

g/m /yr

g/m /s

g/m /mth

g/m /yr

g/m /s

g/m2/mth

g/m2/yr

--

--

--

--

--

--

--

2

--

1: Tropicana
Gold Mine

5.4 × 10-13

1.4 × 10-6

1.7 × 10-5

6.3 × 10-12

1.7 × 10-5

2.0 × 10-4

6.8 × 10-12

1.8 × 10-5

2.1 × 10-4

2: Pinjin

3.2 × 10-12

8.6 × 10-6

1.0 × 10-4

1.5 × 10-11

3.9 × 10-5

4.6 × 10-4

1.8 × 10-11

4.7 × 10-5

5.6 × 10-4

3: Cundeelee

2.5 × 10-12

6.7 × 10-6

7.9 × 10-5

5.3 × 10-12

1.4 × 10-5

1.7 × 10-4

7.8 × 10-12

2.1 × 10-5

2.5 × 10-4

4: Tenement
boundary

1.3 × 10-8

3.5 × 10-2

4.2 × 10-1

2.0 × 10-10

5.5 × 10-4

6.4 × 10-3

1.3 × 10-08

3.6 × 10-2

4.2 × 10-1

5: PNC X TPG
access road

8.8 × 10-11

2.4 × 10-4

2.8 × 10-3

1.4 × 10-10

3.7 × 10-4

4.4 × 10-3

2.3 × 10-10

6.1 × 10-4

7.1 × 10-3

6: Accommodation village

7.7 × 10-9

2.1 × 10-2

2.4 × 10-1

5.3 × 10-10

1.4 × 10-3

1.7 × 10-2

8.2 × 10-09

2.2 × 10-2

2.6 × 10-1

7: Tenement
boundary 2

5.4 × 10-10

1.4 × 10-3

1.7 × 10-2

1.3 × 10-10

3.4 × 10-4

4.0 × 10-3

6.6 × 10-10

1.8 × 10-3

2.1 × 10-2

Guideline

12.5.1.3

2

2

Total deposition

2

Units

2

2

2

Cumulative Impacts from Regional Background Dust

As there are limited anthropogenic dust sources in the area, the majority of dust in the area will be through dust
emission processes that naturally occur in the environment. Namely, wind erosion from open areas and bushfire
smoke. The impact of a nearby bushfire on air quality can be very significant, as measured during the
November 2014 fire that burnt the majority of the Project area, and over the following months.
Dust emissions from the MRUP project, regional background sources, or both, have the potential to dominate in
the neighbourhood of the minesite (a scale of kilometres from the site); however further afield, where the
receptors are located (tens of kilometres), background regional conditions and their own local neighbourhood
sources will dominate (Appendix E1).
The highest predicted incremental increase in ground-level concentration from mining activities is approximately
3
14µg/m (PM10, 24-hr avg) (at the accommodation village). However, times of elevated dust emissions from
MRUP will likely correlate with elevated regional dust due to wind erosion in the surrounding environment. Based
on the predicted concentrations at the MRUP accommodation camp, the cumulative concentration may on
occasion exceed guideline values, but this cannot be quantified without hourly or daily measurements being taken
at the MRUP site, though MRUP contribution will likely have only contributed up to 25% of the overall dust
concentration (Appendix E1).
2

Dust deposition monitoring undertaken at the MRUP site ranges from 0.1 to 0.3g/m /month for six of nine sample
2
periods. Three sample periods have consistently elevated measurements, ranging from 0.3 to 4.0g/m /month.
These measured deposition values are three to seven orders of magnitude greater than the predicted mine dust
deposition at receptor locations. The predicted deposition is significantly lower due to the separation distances
between the sources and the receptor (Appendix E1).
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12.5.1.4

Consideration of Cumulative Impacts from Other Sources

The plots show that the range of any measurable dust impact (taken as 10% of the assessment criterion) is
approximately 30km. That is, any location outside of a radius of 30km from the minesite is unlikely to distinguish
MRUP dust contributions from other regional sources. As the closest major dust source to MRUP is Tropicana
(110km from MRUP), cumulative impacts from the two sources are likely to be insignificant (Appendix E1).
12.5.2

Power Generation Emissions

The modelling conducted by GHD (Appendix E1) showed the predicted concentrations at all receptors are below
the assessment criteria for all assessed pollutants. Predicted ground level concentrations at the borefield power
generation site are also below these assessment criteria (Table 12.8 and Table 12.9).
Table 12.8

Predicted Concentrations at Receptors, µg/m

Receptor

3

NO21

CO

PM10

SO2

8-hour

1-hour

Annual

1-hour

24hour

Annual

1-hour

24-hour

Annual

Max

Max

--

99.9 %ile

Max

--

Max

Max

--

11,254

247

62

80

50

20

572

229

57

1: Tropicana Gold Mine

0.2

0.4

0.002

0.04

0.010

0.0005

0.014

0.0013

0.000070

2: Pinjin

0.5

0.6

0.012

0.11

0.03

0.003

0.022

0.0038

0.00041

3: Cundeelee

1.2

1.3

0.013

0.3

0.05

0.003

0.046

0.0067

0.00046

4: Tenement boundary

10

14

0.12

3

0.4

0.03

0.48

0.051

0.0042

5: PNC X TPG access
road

4

3

0.07

0.6

0.2

0.02

0.11

0.027

0.0023

6: Accommodation
village

7

16

0.1

2

0.3

0.03

0.54

0.04

0.0045

7: Tenement boundary 2

11

14

0.1

3

0.4

0.02

0.49

0.06

0.0030

3,647

2,171

126

480

168

33

75

22

4.3

12

37

0.1

3

0.5

0.04

1.3

0.07

0.0050

Averaging period
Rank
Guideline

8: Plant power station
9: Borefield

1. Taken as 20% of NOx result
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Table 12.9
Receptor
Averaging
period
Rank
Guideline

Predicted Concentrations at Receptors (VOC components), µg/m

3

Acetaldehyde

Benzene

Formaldehyde

3-min

3-min

3-min

3-min

24-hour

annual

3-min

99.9%ile

99.9%ile

99.9%ile

99.9%ile

max

--

99.9%ile

76

10.5

40

650

4114

411

350

Toluene

Xylene

1: Tropicana
Gold Mine

6.2 × 10

-2

7.9 × 10

-3

4.2 × 10

-4

1.9 × 10

-5

6.0 × 10

-4

6.2 × 10

-5

2.2 × 10

-4

2: Pinjin

1.7 × 10

-1

2.3 × 10

-2

2.5 × 10

-3

5.0 × 10

-5

1.6 × 10

-3

1.7 × 10

-4

5.8 × 10

-4

3: Cundeelee

3.9 × 10

-1

4.0 × 10

-2

2.8 × 10

-3

1.2 × 10

-4

3.8 × 10

-3

3.9 × 10

-4

1.4 × 10

-3

4: Tenement
boundary

3.9 × 10

0

3.1 × 10

-1

2.5 × 10

-2

1.2 × 10

-3

3.7 × 10

-2

3.9 × 10

-3

1.3 × 10

-2

5: PNC X TPG
access road

9.3 × 10

-1

1.6 × 10

-1

1.4 × 10

-2

2.8 × 10

-4

9.1 × 10

-3

9.3 × 10

-4

3.3 × 10

-3

6: Accommodation village

2.3 × 10

0

2.6 × 10

-1

2.7 × 10

-2

7.0 × 10

-4

2.2 × 10

-2

2.3 × 10

-3

8.1 × 10

-3

7: Tenement
boundary 2

3.8 × 10

0

3.4 × 10

-1

1.8 × 10

-2

1.1 × 10

-3

3.7 × 10

-2

3.8 × 10

-3

1.3 × 10

-2

8: Plant power
station

7.0 × 10

2

1.3 × 10

2

2.6 × 10

1

2.1 × 10

-1

6.8 × 10

0

7.0 × 10

-1

2.4 × 10

9. Borefield

4.7 × 10

0

5.2 × 10

-1

3.0 × 10

-2

1.4 × 10

-3

4.6 × 10

-2

4.7 × 10

-3

1.7 × 10

12.5.2.2

0

-2

Consideration of Cumulative Impacts and Background Concentrations

There are limited anthropogenic sources of pollutants other than dust in the area. The Tropicana Gold Mine is the
closest major source and this is located more than 110km away. Background anthropogenic levels are unlikely to
be significantly different when considered with the MRUP sources. Emissions from power generation were
modelled separately from dust emissions from the remainder of the mine. GHD (Appendix E1) noted the
predicted dust concentrations due to power generation are only elevated directly at the power station (dust
generation point), and this would have occurred during low dispersion events. As such, cumulative impacts at the
power station are significant. However, predicted concentrations at the accommodation camp are small, so there
is negligible cumulative impact.
12.5.3

Greenhouse Gas Emissions

Total greenhouse gas emissions for the life of mine (construction and operation) are estimated from:
•

16 operational year emissions.

•

Construction emissions.

Table 12.10 summarises the total emissions for the MRUP (Appendix E1).
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Table 12.10

Summary of Total Greenhouse Gas Emissions
Source

Total Emissions
(tonnes CO2-e)

Percentage of total

543,136

15%

2,609,980

73%

443,520

12%

3,596,635

100%

Total diesel fleet
Total electricity
Total production of product
All emissions
12.5.4

Radiological Assessment

The modelling of the radon emissions was used to calculate concentrations at sensitive receptor locations. For
dust, emission factors outlined in Section 12.4.2 are used to provide dust concentrations at sensitive receptor
locations.
12.5.4.1

Radon

The predicted annual average ground level concentrations at each of the main receptor locations can be seen in
Table 12.11. These figures do not include naturally occurring background radon concentrations which are
3
approximately 10 to 20Bq/m (Appendix F1).
Table 12.11

Annual Average Radon Ground Level Concentrations
Ground Level Concentrations
3
Annual Average (Bq/m )

Location
Year 3

Year 10

Year 11

Year 14

Accommodation Village

0.26

0.37

0.52

0.52

Cundeelee

0.001

0.001

0.002

0.002

Pinjin

0.001

0.001

0.002

0.002

Tropicana Gold Mine

<0.001

<0.001

<0.001

<0.001

Southeastern boundary

0.19

0.20

0.21

0.19

Northwest boundary

0.02

0.03

0.04

0.07

The incremental annual average radon concentration from the air quality modelling at Year 14 of operations,
when radon emissions are at their highest rates is presented in Figure 12.6.
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12.5.4.2

Airborne Dust

Airborne dust has been calculated from the modelled dust concentrations and can be seen in Table 12.12
(Appendix F1).
Table 12.12

Annual Ground Level Concentrations (maximum result for all modelled years)
Ground Level
Concentrations PM10
3
Dust (µg/m )

Assumed Ground Level
Concentrations TSP Dust
3
(µg/m )

Equivalent
Radionuclide
Concentration
3
(µBq/m )

Accommodation camp

3.16

6.32

9.48

Cundeelee

0.01

0.02

0.03

Pinjin

0.01

0.02

0.03

Tropicana Gold Mine

<0.01

<0.02

<0.03

Southeastern boundary

0.73

1.46

2.19

Northwest boundary

0.96

1.92

2.88

Location

12.5.4.3

Dust Deposition

The radionuclide deposition rates for the life of the project have been calculated from the modelled dust
deposition rates and presented in Table 12.13 (Appendix F1).
Table 12.13

Cumulative Dust Deposition (16 years)
Location

Accommodation Village

Ground Level Concentrations
2
Dust Deposition (g/m )

Radionuclide Deposition
2
(Bq/m )

8.62

12.9

Cundeelee

4.6 × 10

-3

6.9 × 10

-3

Pinjin

1.1 × 10

-2

1.7 × 10

-2

Tropicana Gold Mine

4.3 × 10

-3

6.5 × 10

-3

Southeastern boundary

3.8 × 10

-1

5.7 × 10

-1

Northwest boundary

1.7 × 10

-1

2.6 × 10

-1

12.5.4.4

Non-human Biota Impact

This section provides an assessment of the potential radiological impacts on non-human biota from the operation.
The assessment conducted by JHRC (Appendix F1) considers airborne emissions from the project which results
in the deposition of radioactive dusts on surrounding soils and is summarised below.
The ERICA assessment was conducted using a soil radionuclide concentration of 0.862Bq/kg (for each long lived
uranium-238 series radionuclide). This is the location of the highest radionuclide deposition, being at the
proposed accommodation village. The output of the assessment can be seen in Table 12.14 which shows that
the 10µGy/h screening level (trigger level) was not exceeded.
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Table 12.14

Output of ERICA Assessment
Concentration
Ratio source

Dose Rate
(µGy/h)

Screening Level
(µGy/h)

Lichen and bryophytes

ERICA default

0.182

10

Arthropod – Detritivorous

ERICA default

0.007

10

Flying insect

ERICA default

0.006

10

Grasses & herbs

ERICA default

0.035

10

Mollusc – Gastropod

ERICA default

0.007

10

Shrub

ERICA default

0.051

10

Bird

ERICA default

0.005

10

Amphibian

ERICA default

0.009

10

Reptile

ERICA default

0.009

10

ARPANSA 2014

0.020

10

Tree

ERICA default

0.004

10

Mammal (small burrowing)

ERICA default

0.008

10

Mammal (large)

ERICA default

0.008

10

Organism

Kangaroo

The species with the highest level of exposure is lichen and bryophytes, however the impact level remains well
below the trigger level for further assessment.
It can be concluded that the ERICA assessment indicated that there is no radiological risk to reference plants and
animals from emissions from the proposed project. For further discussion of this assessment, refer to Section 6
Flora and Vegetation and Section 7 Terrestrial Fauna.

12.6

Management of Impacts

For the identified impacts, Vimy has adopted the following hierarchy of controls to reduce the risk to a level that is
as low as reasonably achievable (ALARA):
•

Avoid.

•

Minimise.

•

Mitigate.

•

Rehabilitate.

•

Offset.

12.6.1

Dust Management

Dust generated during the construction and operational phases of the MRUP, including any potential
radionuclides in dust, is not expected to produce any significant residual environmental impacts on air quality or
non-human biota.
Operation of the diesel power generators will be monitored continuously and any performance degradation will be
identified using built-in board sensors. Diesel power generators installed for the power station will automatically
start up and shut down based on the required load, conserving fuel and reducing emissions.
Emissions from the diesel power generators are minimised by ensuring each is well maintained and operated
using ultra low sulphur (50ppm) diesel.
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Residual impacts will be limited by the application of the following Environmental Management Plans (EMPs):
•

Dust Management Plan (MRUP-EMP-024).

•

Ground Disturbance Management Plan (MRUP-EMP-019).

•

Rehabilitation and Revegetation Management Plan (MRUP-EMP-030).

•

Radioactive Waste Management Plan (MRUP-EMP-029).

•

Rehabilitation and Revegetation Management Plan (MRUP-EMP-030).

•

Mine Closure Plan (MRUP-EMP-031).

The overall air quality objective of these MPs is to ensure that impacts are minimised locally, through dust
emissions and pollutants from power generation, and globally from the emission of greenhouse gases.
The Ground Disturbance Management Plan (MRUP-EMP-019), the Rehabilitation and Revegetation Management
Plan (MRUP-EMP-030) and Conceptual Mine Closure Plan (MRUP-EMP-030) and will address:
•

Minimum necessary clearing of vegetation.

•

Rehabilitation of cleared areas as soon as practicable in order to reduce areas likely to generate dust.

•

Landforms at closure designed to minimise dust generation.

The Dust Management Plan (MRUP-EMP-024) will address minimisation of dust generation by:
•

Applying dust suppression measures such as water spraying to all dust generating activities:
─

material handling activities such as excavation and truck loading

─

around material stockpiles

─

within the primary crushing circuit

─

along all transport corridors as necessary.

•

Ensure that tailings deposition is subaqueous and exposed tailings are not allowed to dry.

•

Vehicle speed restrictions are applied.

•

Off-road travel is restricted.

•

Hygiene measures are applied to areas where dust build-up could occur.

The following management plans (yet to be developed) will contribute to air quality and atmospheric gases
management for the MRUP:
•

Greenhouse Gas Management Plan (MRUP-EMP-017).

•

Radiation Management Plan (MRUP-EMP-028).

12.6.1.1

Dust Monitoring

Dust emissions will be monitored at various monitoring locations around the MRUP site as required under the
Dust Management Plan (MRUP-EMP-024). The objectives of the monitoring program will be to provide timely
dust concentration data (TSP, PM10 and PM2.5) to assist with the management of environmental objectives for the
Project. Data will be compared with preliminary performance indicators to determine compliance and also the
effectiveness of the compliance targets. Together, the monitoring data and performance indicator targets will
allow for an evaluation of the impact of the Project on ambient air quality and trigger corrective actions if required.

Page 299

Mulga Rock Uranium Project
Public Environmental Review
Air Quality and Atmospheric Gases

Fuel use related to all fuel consuming activities will be monitored as required under the Greenhouse Gas
Management Plan (MRUP-EMP-017) and this information will be subject to analysis to determine fuel use
efficiency as related to particular activities.
Other monitoring will be conducted in accordance with the requirements of the specific EMPs.
If monitoring actions indicate that management targets outlined in Table 12.15 have been exceeded then the
associated corrective actions outlined below will be implemented.
Table 12.15

Dust Management Corrective Actions

Management target
No decline in vegetation health at flora
monitoring locations attributed to dust
levels

No exceedance of ambient dust level
trigger at monitoring locations

No exceedance of ambient dust
deposition level trigger at monitoring
locations

Observation of visible excessive dust at
minesite

12.6.1.2

Action in case of failure
•

Conduct investigation to determine specific cause of the impact.

•

Implement appropriate dust control measures to reduce further
impact (e.g. speed reduction in strategic locations).

•

Raise as environmental incident report.

•

Conduct investigation to determine specific cause of the impact.

•

Implement appropriate dust control measures to reduce further
impact.

•

Review Dust MP procedures and update where necessary to
reduce further impacts.

•

Raise as environmental incident report.

•

Conduct investigation to determine specific cause of the impact.

•

Implement appropriate dust control measures to reduce further
impact.

•

Review Dust MP procedures and update where necessary to
reduce further impacts.

•

Conduct investigation to determine specific cause of the impact.

•

Implement necessary controls to prevent further impacts (e.g.
increase water cart usage and reduce work load in certain wind
conditions).

•

Raise as environmental incident report.

Radiation Monitoring

A comprehensive environmental and occupational radiation monitoring program will be developed for operations.
The aim of this program is to provide data for the assessment of doses to the public, to measure any radiological
impacts on the off-site environment and to ensure that the radiation controls for off-site impacts are effective.
A detailed environmental monitoring program will be developed and an outline of the monitoring program is shown
in Table 12.16.
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Table 12.16

Outline Environmental Radiation Management Program

Environmental Pathway

Measurement Method

Location and Frequency

Direct (external) gamma

Handheld environmental
gamma monitor

Annual survey at perimeter of operational area

Radon Decay Product
Concentrations

Real time monitors

Monitors will rotate between off-site locations

Dispersion of dust containing
long-lived, alpha-emitting
radionuclides

High volume samplers

Monitors will rotate between approved off-site
locations

Dispersion of dust containing
long-lived, alpha-emitting
radionuclides

Dust deposition gauges

Sampling at identified locations.
Samples composited for one year then
radiometrically analysed

Seepage of contaminated water

Groundwater sampling from
monitoring bores

A network of monitoring bores will be sampled
quarterly and analysed for radionuclides and
other constituents

Run off of contaminated water

Surface water sampling

Opportunistic surface water sampling will occur
following significant rainfall events

Radionuclides in potable water
supplies

Sampling and radiometric
analysis

Annually

Other monitoring will be conducted in accordance with the requirements of the specific EMPs.

12.7

Predicted Outcomes

Taking into account the MRUP design and proposed management measures to be implemented, Vimy believes
that the proposal will meet the EPA’s objective with regard to air quality and atmospheric gases.
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13.

Human Health

13.1

Relevant Environmental Objective

13.1.1

EPA Objective

The EPA applies the following objective to the assessment of proposals that may affect human health:
To ensure that human health is not adversely affected.
13.1.2

Regulatory Framework

The protection of human health is covered by the following key statutes:
•

Radiation Safety Act 1975 (WA) (RSA).

•

Mines Safety and Inspection Act 1994 (WA) (MSIA).

•

Australian Radiation Protection and Nuclear Safety Act 1998 (Cth) (ARPANS Act).

•

Environmental Protection Act 1986 (WA) (EP Act).

•

Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).

Radiation Safety Act 1975
This is an act which regulates the keeping and use of all substances, whether natural or artificial, and regardless
of form, which consists of or contains more than the maximum prescribed concentration of any radioactive
element.
There are two key subsidiary pieces of legislation:
•

Radiation Safety (General) Regulations 1983. These regulations define radioactive substances and
cover the licensing of premises.

•

Radiation Safety (Transport of Radioactive Substances) Regulations 2002. These regulations cover
the transport of radioactive materials in Western Australia and the storing, packing and stowing of such
materials for transport; it includes licensing requirements and the development of an approved
radiation protection program.

The Radiological Council is an independent statutory authority established under s.13 of RSA, which assists the
Minister for Health to protect public health; the Radiological Council issues the licence required to mine or mill
radioactive substances. Vimy will be required to prepare a Radiation Management Plan (RMP), a Radioactive
Waste Management Plan (RWMP), a Transport Radiation Management Plan (TRMP) and a Mine Closure Plan
(MCP) all of which require the approval of the Radiological Council.
Mines Safety and Inspection Act 1994
This act covers the laws relating to the safety of mines and mining operations and the inspection and regulation of
mines, mining operations and all equipment and other substances supplied to or used at mines. It is also
intended to promote and improve the safety and health of persons at mines. The Mines Safety Inspection Act and
subsidiary legislation is administered by the Department of Mines and Petroleum (DMP).
The Mines Safety and Inspection Regulations 1995, Part 16 details requirements relating to radiation safety
including authorised limits, preparation of a radiation management plan, control of exposure, reporting, stockpile
management and disposal of waste material and long term waste management.
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The DMP has also published the Managing Naturally Occurring Radioactive Material (NORM) in Mining and
Mineral Processing – Guidelines. There are seven guidelines in the series that address a system of radiation
protection in mining and provide detailed information on how to manage radiation hazards in mining and
processing operations. The NORM guidelines have informed the studies and approach to identification and
management of human health. Pertinent guidelines include:
•

NORM 2.2 – preparation of radiation management plan – mining and processing.

•

NORM 3.1 – pre-operational monitoring requirements.

•

NORM 4.2 – controlling NORM – management of radioactive waste.

•

NORM 4.3 – controlling NORM – transport of NORM.

•

NORM 5 – dose assessment.

Australian Radiation Protection and Nuclear Safety Act 1998
The Australian Radiation Protection and Nuclear Safety Act is complementary to the State legislative framework
described above. Under this act, the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) is
created and the agency publishes the ‘Radiation Protection Series’ which is a range of publications
(encompassing Fundamentals, Codes and Guides) designed to promote practices which protect human health
and the environment from harmful effects of radiation. ARPANSA is recognised as the national authority on
radiation protection in Australia and is responsible for the establishment of the National Directory for Radiation
Protection (NDRP). The NDRP aims to standardise the requirements for radiation protection across the country.
Key publications that are relevant to the protection of Human Health from the Proposal include:
•

RPS C-2 (Code for the Safe Transport of Radioactive Material (2014)).

•

RPS No.9 (Code of Practice and Safety Guide for Radiation Protection and Radioactive Waste
Management in Mining and Mineral Processing (2005)) – otherwise known as the ‘Mining Code’.

•

RPS No. 20 (Safety Guide for Classification of Radioactive Waste (2010)).

Radioactive waste arising from uranium mining is subject to the provisions of the Mining Code (RPS No.9). The
Mining Code requires the operator to develop and obtain approval for, prior to the commencement of operations,
a Radiation Management Plan (RMP) and Radioactive Waste Management Plan (RWMP).
Environmental Protection Act 1986
This is an act which is designed to protect the environment of the State which includes limiting any alteration of
the environment to the detriment or potential detriment of an environmental value, which includes human health.
Environment Protection and Biodiversity Conservation Act 1999
The EPBC Act is the Australian Government’s key piece of environmental legislation which focuses on the
protection of MNES – of which there are nine matters with one being nuclear actions (including uranium mining).
Accordingly, the MRUP triggers assessment under the EPBC Act.
Site-specific MRUP Plans
The following Management Plans (MPs) have been or will be prepared to ensure that the impact upon human
health from the development of the MRUP is minimised:
•

Tailings Management Plan (MRUP-EMP-013).

•

Acid and Metalliferous Drainage Management Plan (MRUP-EMP-016).
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•

Greenhouse Gas Management Plan (MRUP-EMP-017).

•

Transport Radiation Management Plan (MRUP-EMP-022).

•

Emergency Response Management Plan (MRUP-EMP-023).

•

Dust Management Plan (MRUP-EMP-024).

•

Fire Management Plan (MRUP-EMP-025).

•

Waste Management Plan (MRUP-EMP-026).

•

Spill Response Management Plan (MRUP-EMP-027).

•

Radiation Management Plan (MRUP-EMP-028).

•

Radioactive Waste Management Plan (MRUP-EMP-029).

•

Mine Closure Plan (MRUP-EMP-031).

•

Chemical and Hydrocarbon Management Plan (MRUP-EMP-037).

13.2

Existing Environment – Background Radiation

13.2.1

Natural Background Radiation

Radiation is a natural phenomenon, it is present everywhere; worldwide natural radiation doses to populations
arise from exposure to cosmic rays, gamma radiation from uranium and thorium naturally present in soil and rock,
from inhalation of radon in air which has passed over continental landmass, and from radionuclides ingested in
food and water.
Natural background radiation is highly variable; worldwide annual average dose to the human population is
quoted by United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) to be about
2.4mSv/year (UNSCEAR 2008). However, some locations incur doses which are more than tenfold higher. The
general Australian background dose is 1.5mSv/year which compares favourably with Cornwall (UK) where the
equivalent figure is 7.8mSv/year (ANSTO 2015a).
This proposal relates to uranium, which is an element found everywhere on earth in trace quantities and was first
discovered in the 18th Century. Uranium is a naturally occurring metal with an atomic number of 92 and is
represented by the letter U. Everything around us, including uranium, is made up of atoms. Atoms can be
simplistically, but reasonably considered to consist of a nucleus made up of protons and neutrons, and electrons
which orbit around the nucleus.
The number of protons in the nucleus, also known as the atomic number, determines the element to which the
atom belongs. Each element has its own atomic number. If the number of protons in the nucleus is changed, then
the element to which the atom belongs is changed. If an atom has 92 protons, the atom is a uranium atom.
The number of neutrons in an atom is also important and may vary, but does not change the element to which the
atom belongs. Atoms of an element with different numbers of neutrons are called “isotopes”. Uranium 238 is an
example of an isotope, where the number 238 refers to the number of protons and neutrons in the nucleus (92
protons + 146 neutrons = 238). Uranium 235 is another uranium isotope with a nucleus made up of 92 protons +
143 neutrons.
Some isotopes of some elements are unstable and will spontaneously emit radiation in the form of sub-atomic
particles, or “electro-magnetic energy”. This process is called “radioactivity” or “radioactive decay”, and the atoms
that undergo this process are called “radioactive”. The radiation produced from this decay is known as “ionising
radiation”. Radioactive atoms do not all decay at the same time, or at the same rate. The scientifically accepted
way of describing the decay process is by using the term “half-life”. The half-life of a radioactive atom can vary
from a fraction of a second to billions of years.
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The isotopes of the elements formed by the radioactive decay of uranium 238 are themselves radioactive and as
they in turn decay, they form a “decay series”. When uranium ore is processed, the uranium is extracted by
chemical and physical processes with the aim of removing only the uranium isotopes to produce the ‘yellow cake’
product (uranium peroxide). This leaves the other isotopes in the process wastes (tailings), which need to be
appropriately managed as they will continue their radioactive decay. The uranium 238 decay series is presented
below in Table 13.1 with Uranium 238 as the start of the decay chain and Lead 206 is the final stable isotope.
Table 13.1

Uranium 238 Decay Series

Uranium 238 Decay Series

Isotope

Type of Decay

Half-life*
9

Uranium-238

Alpha

4.5 × 10 years

Thorium-234

Beta

24.1 days

Protactinium-234

Beta

1.17 minutes

Uranium-234

Alpha

2.4 × 10 years

Thorium-230

Alpha

7.7 × 10 years

Radium-226

Alpha

1.6 × 10 years

Radon-222

Alpha

3.8 days

Polonium-218

Alpha

3.05 minutes

Lead-214

Beta

26.8 minutes

Bismuth-214

Beta

19.9 minutes

Polonium-214

Alpha

1.64 × 10 seconds

Lead-210

Beta

22 years

Bismuth-210

Beta

5 days

Polonium-210

Alpha

138 days

Lead-206

---

Stable

5
4
3

-4

A resource for further background information and a general introduction to radiation protection in mining and
processing of radioactive ores is the Radiation Workers Handbook which is available from the Minerals Council of
Australia (http://www.minerals.org.au/resources/uranium/radiation).
13.2.2

Surveys and Investigations of Background Radiation (Pre-operational)

Radiation monitoring has taken place at the Project area in various forms since 2007 (Appendix F1):
•

Passive Radon Monitors (PRMs) were first set up in 4th Quarter of 2007 and then continuously for
9 months from October 2012.

•

Environmental Thermoluminescent Dosimeters (TLDs) as issued by ARPANSA have been used to
monitor average gamma dose rates at 10 different locations over a three year period.

•

A High Volume Sampler has been used since May 2012 to collect airborne dust and that dust has then
been analysed for radionuclide concentrations.

•

Continuous monitoring of radon daughter products (using an Environmental Radon Daughter Monitor
(ERDM)) has taken place since May 2012.

•

Continuous environmental monitoring of radon-222 gas was undertaken over the period December
2014-January 2015 (using Durridge RAD7 units).

•

Soil samples were obtained in various locations and analysed for radioactivity reported in Appendix F1
and reproduced in Table 13.2.
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•

Groundwater samples were obtained from various locations and analysed for radioactivity SGS
(Australian Radiation Services) Laboratory.

The locations of the PRMs, the TLDs and the ERDM used during monitoring are shown in Figure 13.1. The
location of the dust monitors is shown in Figure 13.2. The findings from these environmental radiation studies are
that the MRUP area has radiation levels similar to the rest of inland Australia, with gamma, airborne radon and
radon decay products, and soil radionuclide measurements all within the normal range (Appendix F1). This is not
surprising given the uranium orebody does not outcrop to surface and is covered by at least 35m of overburden.
In addition to the investigations of the pre-mining environment, tests were undertaken of the ore to determine the
radon emanation rates. Both dry and water saturated ore samples were tested using:
•

The Countess Method using Charcoal canisters.

•

Continuous radon monitors (Durridge Rad7 units).
2

The results for the broken dry ore showed Rn-222 emission rates of 0.5Bq/m /s for 315ppm U3O8 ore and
2
2.24Bq/m /s for 830ppm U3O8 ore (Appendix F1).
13.2.3

Existing Radiological Environment at MRUP

Gamma Radiation
The levels of background radiation depend primarily on the concentrations of natural radionuclides in soil, namely
Uranium 238 and Thorium 232 and their daughters and K-40. Typical gamma background levels across Australia
range from below 0.1 to above 0.25µSv/h. The background gamma radiation for the MRUP (0.06µSv/h) is similar
to the Kintyre Project in WA (0.09µSv/h) and the Australian average (0.07µSv/h) (Appendix F1) based on
environmental TLD surveys. This result is consistent with naturally occurring gamma radiation dose rates
observed elsewhere in inland Australia.
MRUP background radiation has been assessed using surface and aerial surveys. The background radiation is
characterised by low levels of gamma radiation consistent with Aeolian sediment landforms covering the deposits
that are at depth. A ground spectrometer survey recorded equivalent uranium and thorium grades ranging from
0.4 to 4ppm and 3 to 25ppm respectively.
Environmental background gamma dose rates were also assessed using TLDs placed in 10 locations across the
site over four years. The MRUP average from the TLDs is approximately 0.06µGy/h, with some variability by
location and time (Appendix F1). The measured gamma dose rates are attributed to the gamma radiation
naturally emanating from the surface and from cosmic radiation primarily originating from the sun.
Radionuclides in Soil
Assessment of radionuclides in soils over the MRUP has been carried out through two conventional soil sampling
programs where the first 10-20cm of the soil profile was sampled. The laboratory analysis of the surface soils at
the MRUP site has yielded the results provided in Table 13.2.
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Table 13.2

Surface Soil Analysis
Radionuclide concentration

Sources of soil

Value

Uranium
ppm

MRUP 1996
(<180µm fraction)

Range

MRUP 2014
(<180µm fraction)

Range

Average
Average

Number of
Samples

Thorium

Bq/kg

1

ppm

0.06-0.85

Bq/kg

0.02-2.4

0.18

4.6

0.43

0.06-0.71

2

1.4

0.21-8.82

0.31

7.8

2.59

20.7

214
102

1. Assuming a specific activity of 2528kBq/g for U and 8kBq/g for Th, and assuming secular equilibrium in both cases.
2. Partial leaches via cold dilute HCl.

As shown in Table 13.2 there is little evidence of significant mineralisation in the surface soils in the area. This is
consistent with regional geochemical surveys in similar environmental settings in Australia. Generally speaking,
the radionuclide levels are low across the Southwest Great Victoria Desert (where the MRUP is located) in
comparison to world averages (UNSCEAR 2008), as shown by a regional geochemical soil survey carried out by
the GSWA in 2010 (Morris 2013), and both regional and project-scale detailed airborne radiometric surveys.
Radionuclides in Groundwater
The water quality for the MRUP is hypersaline as detailed in Section 11 and accordingly is not fit for human
consumption or livestock purposes. Notwithstanding, samples of groundwater were taken and the laboratory
analysis of the groundwater sample taken at the MRUP site has yielded the results provided in Table 13.3.
Table 13.3

Groundwater Radionuclide Analysis
Radionuclide concentration

Sample
Ref

Naturally Occurring U238 Series (Bq/L)
Uranium-238

Radium-226

Lead-210

Polonium-210

Thorium-230

<0.02

2.01 ± 0.19

<0.19

0.025 ± 0.013

0.021 ± 0.014

NND5030

0.22 ± 0.02

1520 ± 110

<6.1

0.014 ± 0.010

0.277 ± 0.049

NND5036

1.5 ± 0.1

77.3 ± 5.5

1.06 ± 0.23

0.036 ± 0.016

2.56 ± 0.24

NND5040

0.30 ± 0.02

13.9 ± 1.0

0.34 ± 0.10

0.0105 ± 0.0089

0.271 ± 0.071

Bore #1

<0.07

0.178 ± 0.022

<0.15

0.0038 ± 0.0051

0.065 ± 0.031

Bore #2

<0.13

1.28 ± 0.16

<0.63

0.0090 ± 0.0071

0.0133 ± 0.0085

Bore #3

<0.13

1.27 ± 0.12

<0.54

0.0114 ± 0.0076

0.31 ± 0.11

RC1279

Airborne Dusts
Radionuclide concentrations in airborne dust are usually assessed by air particulate sampling and analysis of the
collected particulates. Sampling for the MRUP involved high volume samplers to collect TSP and dust deposition
gauges. The high volume samples via assay of the collected dust provide the concentrations of radionuclides in
air and the dust deposition gauges measure the rate at which airborne dust deposits on the ground. The location
of the sampling equipment is provided in Figure 13.2.
3

Very low concentrations of alpha-emitting radionuclides were recorded (0-0.002Bq/m ) which is consistent with
low levels of uranium observed in surface soils in the area. Results from stationary dust deposition gauges
located over the Project area for the period from August 2013 – October 2014 found that the dust deposition
2
2
varied between 0.1 to 3g/m /month. For comparison, an average dust deposition value of 1.5g/m /month was
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reported for the Kintyre Uranium Project ERMP document (2013). The MRUP is located in a similar arid
environment and the recorded figures are consistent with other arid inland projects in Australia.
Radon and Radon Decay Products
Radon 222 is a naturally occurring gas that is present in the atmosphere generated by the radioactive decay of
parent radium in soil and rock. Radon 222 has a half-life of 3.8 days.
PRMs were placed in 10 locations across the project (refer to Figure 13.1). The average radon concentration
3
based on 10 locations and 4 different quarters of monitoring was approximately 25Bq Rn/m with the results
showing a noticeable temporal and locational variability. December 2014-January 2015 monitoring using
Durridge RAD7 units showed results consistent with the results from the passive monitors. Table 13.4 shows a
comparison of measured radon concentrations at MRUP with reported radon concentrations at other uranium
project and mining areas.
Table 13.4

Comparison Radon Concentrations
Location

Airborne Radon
3
Concentration Bq/m

Lake Way, WA

27

Beverley, SA

36

Honeymoon, SA

28

Olympic Dam, SA

20

Kintyre, WA

16

Mulga Rock, WA

25

The radon decay products being measured are, like radon itself, highly variable dependent on weather and
atmospheric stability. A series of radon progeny spot measurements were undertaken between 2012 and 2014.
3
The measured potential alpha energy concentration (PAEC) varied between of 0.01-0.2µJ/m with most of the
3
measured radon progeny readings less than 0.04µJ/m . These measured radon progeny levels are consistent
with the mean radon gas levels observed and demonstrate some for the short term variability to be expected in
radon gas concentration due to short term variations in the weather (Appendix F1).
13.2.4

Background Radiation Summary

The measured radioactivity levels in environmental media (water, soils and air) in the vicinity of the MRUP is
lower than in the wider region. The orebody is overlain by a substantial layer of non-mineralised soils which limit
the surface radioactivity observed at the site.

13.3

Mining and Processing

13.3.1

Mining

The mining process is detailed in Section 5, with the following pertinent aspects from a radiological perspective.
The project comprises two distinct mining centres Mulga Rock East (MRE) and Mulga Rock West (MRW), which
are approximately 20km apart. Mining will commence at MRE which will include the location of the plant. The
MRUP will be mined using open cut mining techniques.
Open cut mining techniques include excavation using truck and shovel for initial slot and smaller pits. After
mining the ore exposed by the first slot, a pit void is created approximately 200-300m in length. At this point a
dozer trap and conveyor waste handling system is installed to progress the mining front and convey the
overburden to backfill the mined out section of the pit (initial slot).
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13.3.2

Processing

Beneficiation Plant
Run of mine (ROM) ore feed is initially crushed and then conveyed from the pit to a semi-mobile beneficiation
plant. At the beneficiation plant, the crushed ore will be pulped in a log washer to fully liberate the fine
carbonaceous clay material from the coarse sands. The resulting slurry is screened at 2mm and the coarse
oversized material stacked in a stockpile to be trucked to the main process plant where it will be fed to a
semi-autogenous grinding mill.
The <2mm slurry is then deslimed at 0.045mm and the resulting fines, which are high in uranium are sent to the
main process plant. The mid-size fraction (<2mm >0.045mm) representing approximately 75% of the initial ROM
feed, is then beneficiated using a two-stage spiral gravity circuit. The final beneficiated slurry is then pumped to
the mill at the main process plant.
Main Process Plant
The main process plant will receive beneficiated ore from the mine and then grind this feed to 80% passing a size
of 150µm using a mill circuit. The milled ore is then leached for 4 hours at 40ºC using sulphuric acid. The leach
discharge is then pumped to a resin-in-pulp (RIP) circuit where the slurry is contacted with an ion-exchange resin
to recover the uranium present in solution. The RIP circuit has eight contact stages and is analogous to a gold
carbon-in-pulp circuit except resin is used instead of activated carbon.
Uranium-loaded resin is then recovered and uranium stripped from the resin using a sodium chloride solution.
The strip solution, which now contains the uranium, is further concentrated and then precipitated using
concentrated caustic to generate a sodium diuranate (SDU) precipitate. The SDU precipitate is then re-dissolved
using sulphuric acid and precipitated from solution using hydrogen peroxide to generate a final uranyl peroxide or
“yellowcake” product. The final uranium product is washed, filtered, dried and packaged in steel drums ready for
transport.
The slurry from the uranium RIP circuit has no recoverable uranium remaining but is further processed to recover
the base metals still in solution. The uranium-barren leach solution is recovered using a counter current
decantation circuit.
13.3.3

Risks from Methane in Lignite Ores

Hazard Overview
The uranium ore is associated with lignite and the mining and/or processing of lignite presents a hazard. There is
a potential for lignite to release methane or for spontaneous combustion of the lignite to occur particularly when
dewatering of the lignitic ore has allowed the ingress of oxygen.
Methane is a colourless odourless gas at room temperature and standard pressure and is the main component of
natural gas. Under hazardous material classification, methane is classified as an extremely flammable gas.
Methane is lighter than air and will, if not contained, dissipate quickly. The risk is that methane may accumulate
in sufficient concentrations to present a flammable or explosive atmosphere. The minimum concentration of a
particular combustible gas or vapour necessary to support its combustion in air is defined as the Lower Explosive
Limit (LEL) for that gas. Below this level, the mixture is too “lean” to burn. The maximum concentration of a gas
or vapour that will burn in air is defined as the Upper Explosive Limit (UEL). Above this level, the mixture is too
“rich” to burn. The range between the LEL and UEL is known as the flammable range for that gas or vapour. The
LEL for methane is 5% and UEL is 15% by volume.
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Mining Risk from Methane
The ore being mined within the MRUP can be characterised as carbonaceous material which also contains
considerable quantities of sand and silts within or just above the water table. The overburden material is
unconsolidated sands that is highly porous and therefore provides a permeable layer above the carbonaceous
material preventing build-up of methane gases. The strip mining method will provide a wide shallow mining face
that provides natural ventilation that will prevent build-up of methane to LEL levels.
The mining method will involve dewatering and is expected to involve draining the ore such that the water table is
reduced to around 1m below the base of the pits being mined. The dewatering will reduce the amount of water in
the ore to field capacity which is the amount of water held in material once excess water has drained away and
downward movement of water ceases. The ore is expected to retain at least 30% water and therefore minimise
the risk of oxidation of the carbonaceous material. In addition methane that may be produced through this
process would dissipate quickly preventing build-up of methane to LEL levels. Once mining has been completed
the dewatering in that area will cease and the water table is predicted to return to pre-mining levels. Accordingly
the risk of methane generation through oxidation is limited to active mining.
Processing Risk from Methane
Once the ore has been mined it will be screened and separated into different size fractions through a beneficiation
plant located near to the mining pit. The sandy material will be deposited back in the pit into previously mined
areas to the depth of the ore.
The beneficiated material and fine material fraction will then be made into slurry and pumped to the main
processing plant. The processing method is a wet process outlined as outlined above. The wet process controls
the spontaneous combustion of the material and the design of the facility will address the potential for methane
build up. The ventilation controls necessary to address radon gas hazards will also address methane hazards.
13.3.4

Workforce

The operating MRUP is anticipated to employ a peak work force of 315 personnel at full production capacity. The
operation will be staffed by fly-in-fly-out (FIFO) workforce. The workforce can be grouped based on their likely
exposure and the similar exposure groups for the MRUP with respect to radiation are:
•

Mine workers (e.g. geologist, pit technical, equipment operator).

•

Process workers (e.g. operators, maintenance personnel).

•

Administration and Support Personnel (e.g. catering, managers, cleaners).

•

Transport (of U3O8 off-site).

13.4

Radiation Overview of Proposed Project

13.4.1

Overview

The potential radiological impact on workers depends upon the work being undertaken, its location and duration
and the measures implemented to reduce exposure. The primary pathways through which workers will be
exposed to radiation are:
•

Direct external gamma radiation from gamma emitters within the ore, tailings and process streams.

•

The inhalation of radon 222 gas and radon progeny.

•

The inhalation of long-lived alpha radiation emitting radioactive dust (LLA).
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In addition to the three primary radiation exposure pathways listed above there is a potential for workers to
receive a radiation exposure from the ingestion of radioactive material. The ingestion pathway is regarded as a
less important radiation exposure pathway because it can and will be prevented by the strict industrial hygiene
measures in place at the mine. Limited worker radiation exposures from external gamma radiation, the inhalation
of radon and radon progeny and to the inhalation of airborne LLA are unavoidable. The ingestion of radioactive
materials by workers is avoidable and hence this radiation exposure pathway is of less importance.
13.4.2

External Gamma Radiation

The orebody contains gamma emitting material which is currently shielded by the covering overburden. Once the
ore is mined there will be gamma radiation emitted by:
•

Exposed ore in the open pit.

•

Stockpiling of ore prior to processing.

•

Ore being processed during the initial stages of processing.

•

The waste stream in the process plant.

•

Exposed tailings in the repository.

•

Exposure to final product including during transport to port.

MRUP workers who work adjacent to the ore and mineralised waste rock will receive gamma radiation exposures
from the ore. For workers within mobile equipment about half the gamma radiation will be stopped by the steel
surrounding the operator’s compartment.
The MRUP mill will separate the radioactive components of the ore into various process streams. Each of the mill
process circuits will exhibit a characteristic gamma radiation field dependant on the specific process and on the
ore grade being processed. The non-uranium radionuclides will report to tailings.
The product processing circuits will produce low levels of gamma radiation from the build-up of yellowcake within
the circuits. Since most of the gamma radiation in the ore and waste streams originates from Ra-226 and its
immediate progeny, the process waste streams and the TSFs are considered the important sources of gamma
radiation during operations and during early stages of closure.
Drying and packaging will be undertaken within an autonomous and enclosed facility. The product will be
packaged into 205 litre heavy gauge plastic lined steel drums and sealed. Aged U product emits gamma radiation
but the handling of the drums will not contribute significantly to the gamma radiation exposures of workers at
MRUP. The truck drivers hauling loads of uranium product from the mine to the port will receive low levels of
gamma radiation from the load.
13.4.3

Radon 222 Gas and the Short Half-life Progeny

Radon 222 is a noble gas that is produced by the radioactive decay of Ra-226. It has a half-life of 3.8 days. That
is long enough for the radon gas to diffuse through the exposed ore or tailings to the surface where it will be
released into the atmosphere. Although it is chemically inert, radon can move with the groundwater and again be
released into the atmosphere when this water daylights in the pit.
Because the Rn-222 is a noble gas it is not readily absorbed into the lungs of workers when inhaled. The
important part of the worker dose is from the inhalation of the short-lived radon progeny that follows immediately
after the radioactive decay of Rn-222.
The subsequent sections will discuss Rn-222 emanating from various parts of the mine and convert the projected
level of Rn-222 to a dose rate from the inhalation of the short-lived radon progeny. The primary sources of radon
gas will be from:
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•

Rn-222 emanating from the ore surface and ore stockpiles.

•

Rn-222 emanating from exposed tailings.

•

Gases released from the ore during processing (the grinding and primary leach circuits).

•

Rn-222 released from the ground water during mining and dewatering.

13.4.4

Long Lived Radioactive Airborne Dust (LLA)

The LLA can be separated into three categories:
•

Ore dust from the pit, ore stockpiles, haulage systems and initial part of the process plant (grinding and
leach). The ore dust contains all 14 radionuclides in the U-238 decay chain (Table 13.1).

•

Dust from the waste stream including the tails. The process waste stream contains primarily the
radionuclides from Th-230 onwards as listed in Table 13.1.

•

Concentrated uranium from the late stages of the mill including packing and drying. The concentrated
uranium contains U-238 and the subsequent three radionuclides listed in Table 13.1.

While Rn-222 will emanate naturally from the orebody when it is exposed, the suspension of radioactive LLA
generally follows from work activities such as:
•

Haulage.

•

The wind blowing over dry stockpiles and tailings.

•

Dried spills of ore and process materials. That includes spills when process systems are opened for
maintenance.

•

Emissions from the process tanks and grinding circuits.

13.4.5

Ingestion of Radioactive Material

By the nature of uranium mining, there will be large quantities of radioactive material within the mining areas, the
ore stockpiles and within the mill circuits. Hence, it will be important that the mining operations make adequate
provision to control the spread of this radioactive material and to maintain clean areas where workers can eat and
perform other non-radioactive work. Examples of such clean areas would include:
•

Lunch rooms.

•

Office areas.

•

Accommodation.

Other radioactive work areas will require periodic assessment and cleaning to ensure that the levels of radioactive
contamination are maintained at acceptable levels. Examples of such areas would include:
•

The cabs of mobile equipment.

•

Any equipment that requires maintenance work in a shop.

•

Maintenance shops generally.

•

General areas in the processing facility that are prone to radioactive spills.
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13.5

MRUP Radiation Assessment

13.5.1

Gamma Radiation Levels

A worker standing on a large orebody or near a large ore stockpile will effectively be subject to gamma radiation
from a semi-infinite plane source. There are a number of theoretical calculations and practical measurements
available in the literature which allow for the calculation of the gamma dose rates to be expected from the 600ppm
U3O8 MRUP ore.
In-pit gamma dose rate assessments were carried out using, as guidance from the literature, a figure of
3.5µSv/hr per 1000ppm U3O8, applicable over an extensive flat slab, such as an extended ore bench or large
stockpile (Appendix F1). This number is also supported by professional experience including direct readings on
other ore bodies, and by recent ore drum readings onsite, recently reported in the literature (Appendix F3). Since
the average ore grade at MRUP is approximately 600ppm U3O8, the expected dose rate over bare ore, without
shielding, using this guidance is 2.1µSv/hr.
Workers seated in the cabs of mobile equipment would be partially shielded by the steel around them. This would
reduce the gamma dose rate in the cab by a factor of about 50%. The mineralised waste rock would produce
lower gamma radiation levels depending on the degree of mineralisation.
Other sources of gamma radiation include:
•

The grinding circuit and the leach tanks. The front end of the mill will contain the complete suite of
radionuclides in the U-238 decay chain and hence the gamma radiation from the grinding mill and
leach tanks will be comparable to that directly off the orebody although the steel walls of the grinding
mill and leach tanks will provide shielding. Allowing for shielding the gamma dose rates directly
adjacent to the grinding mill and the primary leach tanks are calculated to be:
3.5µSv/hr (1000ppm ore) × 50% = 1.8µSv/hr

•

The mill waste stream will carry the Ra-226 and its progeny to the tailings storage facility. Since the
bulk of the gamma emitting radionuclides follow directly after the decay of Ra-226, these circuits will
emit gamma radiation at a rate similar to that of the ore. Hence the gamma dose rate directly adjacent
to the tailings is calculated to be 3.5µSv/hr.

•

Allowing for the shielding provided by the walls of the tanks and pipes the calculated gamma dose rate
adjacent to a large tank is:
3.5µSv/hr × 50% = 1.8µSv/hr. This conservative dose rate calculation ignores the internal shielding
within the tanks and pipes provided by the liquids within containment.

•

The tailings storage facility will contain the gamma emitting radionuclides which will build back up after
the processing. The gamma radiation levels directly above unshielded tailings will be comparable to
the gamma levels above the orebody (3.5µSv/hr).

The gamma dose rate calculations above are predicated on the workers being close to a large quantity of the
radioactive material. When workers are located at a distance away from these sources of gamma radiation, the
gamma dose rates will decrease with distance until the dose rates reach normal background levels.
13.5.2

Radon and Radon Progeny

As noted in Section 13.2.1 Rn-222 follows in the U-238 decay chain from the radioactive decay of Ra-226.
Consequently it is to be expected that Rn-222 will be present in any location where material containing Ra-226 is
exposed to the atmosphere. The projected radon gas releases by Sonter (Appendix F1) from parts of the mining
process at MRUP are listed in Table 13.5.
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Table 13.5

Radon Emanation Rates
Radon
Release

Project Element
2

Open pit areas (20ha at any one time, using an emanation rate = 2BqRn/m /sec)

0.4MBq/s

2

Tailings (60ha exposed at any one time, using emanation rate = 0.5BqRn/m /sec)

0.3MBq/s

Radon from Plant: assume complete release during grinding and leaching

0.45MBq/s

Pit dewatering

0.2MBq/s

13.5.3

In-Pit Radon Levels

The open pit will be mined in 20ha blocks with the extended open mined out pit extending 500m by 1200m at a
depth of 50m. The radon gas generated within the ore will diffuse up to the surface of the orebody through the
pore spaces. It can also be carried by groundwater. While the mechanisms by which radon gas reaches the air
within the pit are complex, the calculations by Sonter (Appendix F1) found that the projected flux rate of Rn-222
2
from the MRUP pit floor was 2Bq/m /s.
The Rn-222 released from the floor of the pit will move with the wind currents and dissipate in the atmosphere.
The experience elsewhere is that for most weather conditions the radon concentrations encountered during open
pit mining are low, simply because of the rapid dispersion of the radon gas into the atmosphere. During calm
periods and during weather inversions the dissipation of the radon will decrease and the corresponding levels
within the pit will increase. As an example of the radon levels that may be encountered the following calculation
assumes that the pit is at maximum depth and that the winds are blowing over the pit at 1m/s.
Modelling of radon concentrations in-pit that was carried out assumed the following:
•

Dimensions of exposed ore of 20ha.

•

2Bq/m /s radon emanation.

•

Overall pit dimensions of 500m by up to 1,200m, depth 50m.

•

Corresponding volume of air capped by atmospheric inversion at surface.

•

Low airspeeds, of 1m/s (3.6km/hr); giving air transit times of 500 seconds in contact with ore, and total
in-pit air age up to 1200 seconds.

2

2

5

Calculating for instantaneous radon injection rate into ‘pit box’ then (2Bq/m /s × 20ha) = 4 × 10 Bq/s.
7

3

Volume into which Rn is injected = (20ha × 50m) = 1 × 10 m .
3

So concentration increase rate ΔC/Δt = 0.04Bq/m /s.
Maximum concentration occurs at maximum air transit time across ore, which is 500 seconds, which equates to
3
20Bq/m .
These are conservative assumptions. During hot windy conditions the radon in the pit will disperse rapidly. The
Rn-222 moving up from the pit will spread out over the minesite, giving rise on average to slightly elevated radon
gas levels within a distance of 1km from the pit. As an example, the measurements of Rn-222 found at and
around Key Lake found that the mean ambient radon concentrations reached natural background levels at about
5km from the minesite (Cameco 2005).
Once in the atmosphere the Rn-222 will decay to the short lived radon progeny, which when inhaled can deliver a
radiation dose to workers.
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The assumed age of the air in the open pit is 20 minutes, which leads to a PAEC of in-growth radon decay
3
products of 0.05 to 0.1µJ/m for the conservative assumptions listed above, and in the worst case of wind along a
pit long axis (Appendix F1).
13.5.4

Process Plant Radon Levels

The main processing facility will be located near Ambassador and Princess Pits with the above-ground tailings
storage facility to the west. Experience at other mines is that radon is largely released through the crushing and
grinding circuits and the initial leaching where radon is released from the pore space in the material and also from
within the grains of ore particles.
The Rn-222 release at the process plant (Table 13.8) was calculated by neglecting any release of radon during
the initial crushing of the ore at the pit and assuming all the radon was released during grinding and the initial
leach at the mill. This conservative calculation yielded a radon release of 0.45MBq/s within the plant. Unlike the
case for the open pit, releases of radon at the process plant will be generally at elevation from the upper ends of
grinding screens or process tanks and not from the floor as is the case for the open pit.
The calculation of potential radon levels within the process plant assumed an open box of 500m × 500m × 10m
high. Note that there will be no physical walls around the process plant but the plant will contain tanks and
equipment which will somewhat inhibit the flow of air through the plant. Assuming this is released into a box of
6 3
500 × 500 ×10m with a volume of 2.5 × 10 m we obtain a radon concentration increase of:
6

3

3

ΔC/Δt = 0.45MBq/s/2.5 × 10 m = 0.18Bq/m /s.
Assuming a wind speed of 1m/s we obtain a transit time across the process plant of 500s.
Hence the maximum predicted radon gas concentration is:
3

ΔC/Δt × 500s = 90Bq/m .
The effective dose rate to workers will depend on the age of the Rn-222. A simple conversion to effective dose
rate yielded a dose rate to workers of 0.7µSv/h.
This calculation neglects the effect of heating of the plant by the sun and the heat of the process equipment which
will cause the contaminated air to rise instead of flowing through the “box”. Hence this calculation of the effective
radon dose rate in the plant is very conservative.
BHP (BHP 2011) reported that radon decay products contribute 5% of the average annual total dose and that the
annual dose from this pathway was 0.1–0.2mSv due to the small sources of radon in the plant compared to the
mine and the generally good natural ventilation. That would imply a mean effective dose from the inhalation of
radon progeny of 0.1µSv/h as compared to the conservative calculation of dose from the inhalation of radon
progeny presented above.
13.5.5

In-Pit Airborne Long Lived Dust (LLA)

The mining operations at MRUP will give rise to the suspension of radioactive dust in the air. The concentrations
of airborne dust will be quite variable both temporally and spatially depending on the work taking place, on the
wind conditions and on the moisture content of the radioactive materials. The actual radiation dose received by
workers will also be dependent on the Radiation Management Program provided to ensure that the doses
received from the inhalation of radioactive dust are minimised.
3

The assumed mean level of inhalable dust within and around the pit is 2.5mg/m (Appendix F1).
-2

3

Assuming an ore grade of 600ppm U3O8 the uranium content within 2.5mg is 1.6 × 10 Bq/m .
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There are eight alpha radiation emitters in the U-238 decay chain.
Assuming that the constituents of the U-238 decay chain are in secular equilibrium we obtain an alpha radiation
-2
3
3
3
airborne activity of 1.6 × 10 Bq/m × 8 alpha emitters = 0.125αdps/m or 0.125Bqα /m .
3

For a worker inhaling this air at the standard rate of 1.2m /h, this translates to an inhalation intake of 0.15Bqα/h.
As per Appendix C.9 of the WA NORM-5 Guide the conversion between inhaled activity and effective dose for
5µm AMAD particles containing uranium ore is given by:
Effective Dose 0.0035mSv/Bqα
Hence a worker breathing this air with no respiratory protection is subject to an inhalation dose rate of
0.15Bqα/h × 0.0035mSv/Bqα = 0.525µSv/h
13.5.6

Process Plant Long Lived Dust (LLA)

A significant proportion of dust emissions are typically generated by crushing areas of the processing circuit. The
MRUP process plant receives slurry feed that is ground to 150µm in a mill circuit, then leached, and then pumped
to a resin-in-pulp (RIP) circuit, then onto a stripping circuit and finally precipitated, and packaged. The handling of
the final product is handled in a sealed autonomous facility with dust extraction and scrubbing equipment.
Accordingly, the process itself is not predicted to generate measurable emissions of dust. Infrequent, low level
dust emissions will arise from periodic maintenance, sampling and larger spillages from process systems.
The processing plant is not predicted to provide a significant source of dust contributing to processing workers
exposure. The plant is located within 1km of the mining pits and above-ground tailings facilities and to provide a
conservative estimate of dust exposure the dust levels from the processing plant have been assumed to be the
3
same as the mining areas, namely a ambient mean airborne dust level of 2.5mg/m (Sonter Appendix F1). This
corresponds to an effective dose rate of 0.53µSv/h for someone inhaling the dust.
In practice the levels will be lower due to distance from the source and because of the controls that will be
implemented within the process plant.

13.6

Projected MRUP Worker Doses

The previous sections have provided the dose rate calculations for the MRUP site. These dose rate calculations
did not take into account the reduction in worker radiation exposures resulting from the implementation of a
stringent radiation management program as specified in the WA NORM-2.2 Guide. The effects of a
comprehensive radiation management program, including the ALARA provision, are discussed in a separate
section.
This section will continue with the annual worker dose estimates using the conservative dose rate projections
provided above and are more conservative than the estimates presented in Appendix F1.
13.6.1

Total Annual Dose Miners

The mining areas will comprise the following facilities which present sources of radiation exposure:
•

Mining pit.

•

Above-ground TSF.

•

In-pit TSF.
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Gamma
Gamma dose is reflective of the time spent by the worker in proximity to the source. Table 13.6 presents a
summary of dose predictions based on the following assumptions:
•

The geologist spends 30% of their working time in the pit (i.e. 750h).

•

The pit technicians spend 50% of their working time in the pit (i.e. 1250h).

•

The heavy equipment operators spend 100% of their time in the pit but their gamma dose rates are
attenuated by 50% from the shielding provided by their equipment (i.e. 1.05µSv/h × 2500h/year)

Table 13.6

Representative Mine Worker Gamma Dose Predictions
Worker Type

Estimated annual gamma dose

Geologists

1.6mSv

Pit Technicians

2.6mSv

Mine heavy equipment operators

2.6mSv

Radon Progeny
3

The mean radon progeny levels in the pit were calculated at 0.03µJ/m . For a worker in the open pit with no
respiratory protection for 2500 h/year this would correspond to an annual radon progeny exposure of:
3

3

0.03µJ/m × 2500h/year = 25µJ h/m = 0.08mSv
Many workers will spend only a limited time in the open pits. The heavy equipment operators who will spend
most of their time in the open pits will have the radon progeny in the cabs reduced by the ventilation systems of
the cabs in mobile equipment.
Airborne Dust
As stated previously the projected dust levels in the pit will give rise to an effective dose rate of 0.525µSv/h for
someone breathing the air with no respiratory protection. That corresponds to annual effective dose of 1.31mSv
for a worker breathing the air for 2500h/year. The doses presented in Table 13.7 are based on same exposure
times assumed for external gamma radiation and assume that the filtration systems for the cabs of mobile
equipment remove all the airborne dust.
Summary of Mine Worker Doses
Table 13.7

Mine Worker Total Dose Prediction
Radiation pathway

Limit/Standard

Worker category
Gamma

Dust (LLa)

RnDP

Total (mSv/y)

mSv/y

Geologist

1.6

0.4

0.1

2.1

20

Pit Technician

2.6

0.6

0.1

3.3

20

Mine heavy
equipment

2.6

0.1

1

0.2

2.9

2

20

Note 1: Assumes protection factor of 10 for standard cabin air conditioning re removal of airborne dust.
Note 2: Experience at other mines indicates there is some attenuation of radon progeny by vehicle ventilation systems but this
has not been included here.

Page 317

Mulga Rock Uranium Project
Public Environmental Review
Human Health

13.6.2

Total Dose Process Plant Workers

The processing facility will consist of three main areas and doses were estimated for workers in these areas as
follows:
•

Beneficiation plant.

•

Concentrator section which consists of ore handling, ore crushing and grinding areas.

•

Hydrometallurgical section, which consists of acid leach circuits and precipitation of final product
uranium.

•

Final product handling.

Gamma
The annual gamma dose for process plant workers will depend on the gamma dose rates and the time workers
spend adjacent to sources of gamma radiation. As discussed in Section 13.5.1 the maximum projected gamma
dose rates in the process plants are 1.8µSv/h. If a worker spent the entire working year adjacent to such a
gamma radiation source, his annual gamma radiation dose would be 4.5mSv. However, process workers will
spend significant time in the control room and in parts of the plant that do not exhibit significant external gamma
radiation. The experience at other mines indicates the average annual gamma contribution to overall dose of
process operators and maintenance workers is about 1mSv/y (Appendix F). This is supported by dose
information at Olympic Dam (BHP 2011). In other words, process workers can be expected to spend about 25%
of their working time adjacent to gamma emitting process equipment with the remainder of their time spent
elsewhere.
Similarly, maintenance workers will work on non-radioactive as well as radioactive equipment.
The annual external gamma dose to process workers and maintenance workers presented in Table 13.8 assumes
that these workers spend about 25% of their working hours adjacent to gamma emitting equipment.
Table 13.8

Representative Process Worker Gamma Dose
Worker Type

Estimated annual gamma dose

Process Operator

1.3mSv

Maintenance Worker

1.3mSv

Radon
Section 13.5.4 presented a conservative calculation of the effective dose rate from the inhalation of radon
progeny of 0.7µSv/h and the operating experience at the Olympic Dam process plant which found that process
workers were subject to a mean radon progeny effective dose rate of 0.1µSv/h.
In light of the conservative nature of the radon concentration calculation, this document has elected to project a
mean annual effective dose rate from the inhalation of radon progeny of 0.1µSv/h.
A worker subjected to this effective dose rate would receive an annual radon progeny effective dose of 0.25mSv.
Airborne Dust
In Section 13.5.6, the projected effective dose rate from the inhalation of radioactive dust for the site generally
was projected to be 0.525µSv/h. This projection is predicated on the assumption that the airborne dust directly
associated with the process plant will be primarily from the re-suspension of spills and from the maintenance of
radioactive equipment and that the radiation exposure from such spills will be minimised by operational controls.
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Accordingly, exposure for a full year (2500h) at this rate will deliver an effective annual dose of 1.31mSv.
For comparison, the Olympic Dam EIS (BHP 2009) reported average effective doses to workers in the
hydrometallurgical plant from the inhalation of dust of 0.75mSv/year.
The calculated dust exposures and the measured operational dust exposures at Olympic Dam can be considered
equivalent and within the uncertainty of the dose estimates. For the purposes of this document the projected
annual effective doses from the inhalation of dust for MRUP process workers have been set at 1.3mSv/year.
Summary of Process Worker Doses
The conservative predicted total dose for metallurgical plant workers and maintenance workers (rounded to
0.1mSv) is presented in Table 13.9.
Table 13.9

Representative Process Worker Total Annual Dose Projection
Radiation pathway

Limit/Standard

Worker category
Gamma

Dust (LLa)

RnDP

Total (mSv/y)

mSv/y

Process Operator

1.3

1.3

0.2

2.8

20

Maintenance
Worker

1.3

1.3

0.2

2.8

20

The conservative dose projections in Table 13.9 can be compared to the actual operating exposures at Olympic
Dam (Olympic Dam EIS (2009)) which reported the average total doses to workers in the hydrometallurgical plant
of 1.5mSv/yr.
13.6.3

Other Workgroups

MRUP Support Personnel and Camp
MRUP support personnel based remotely from the mine and processing facility will be based near the camp. The
camp is located approximately 10km to the west of the processing plant, TSF, Princess and Ambassador pits; and
approximately 4km to the northeast of Shogun and Emperor Pits. Given the distance from the operational areas
these group of employees have been considered under the public exposure assessment refer to Section 13.7.8.
Construction Workers
A construction workforce of up to 1,200 workers would be employed to build the accommodation village,
processing plant and associated infrastructure. While some mine pre-stripping and mining will occur during
construction, it will be away from the construction activities and therefore doses to construction workers are
expected to be at natural background levels. Any construction work that occurs within the designated radiation
areas after mine operations commence will be managed and monitored in a similar manner as the production
workforce.
Regular area monitoring would be conducted during construction to ensure that construction worker doses remain
well below the public limit of 1mSv/y.
Transport Workers
The uranium product is to be transported via truck to port facilities in South Australia for export. The product is to
be contained within sealed drums and then within secured sea containers, accordingly, gamma radiation is the
relevant exposure pathway. Drivers can be exposed to gamma radiation when checking and securing their load
and then in the truck cabin for the duration of their shipment.
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Vimy intends to use two drivers per truck enable continuous movement of product to the port, approximately
2,450km from the mine which equates to approximately 30 hours exposure per driver per shipment with the
drivers sleeping in the cabs to facilitate continuous transport.
Gamma dose rates in truck cabins have been measured to be approximately 1µSv/h (BHP 2009). The dose
prediction is based on the 1µSv/h external gamma dose rate, an exposure time of 30h per shipment and 48
shipments per year for each driver. This corresponds to an approximate annual dose rate of 1.4mSv. Doses to
the public from the transport of product are dealt with in Section 13.7.9.
Management of the transport of the uranium concentrate from the minesite to the port facilities and the issue of
driver radiation exposure will be as part of the Radiation Management Plan (MRUP-EMP-028) and Transport
Radiation Management Plan (MRUP-EMP-022).
13.6.4

Predicted Worker Dose Summary

Table 13.10 provides a summary of the predicted worker exposures for the MRUP without the controls provided in
the following section with comparison to the applicable exposure standard. Notwithstanding that predicted levels
are below exposure standards, Vimy is committed to controlling radiation exposure and the management
measures to be applied are outlined in Section 13.8.
Table 13.10

Predicted Dose Summary

Worker Type

Predicted Value

Limit/Standard

Geologist

2.1mSv/y

20mSv/y

Pit technician

3.3mSv/y

20mSv/y

Equipment Operator

2.9mSv/y

20mSv/y

Metallurgical Plant

2.8mSv/y

20mSv/y

Maintenance Workers

2.8mSv/y

20mSv/y

Transport

1.4mSv/y

20mSv/y

The conservative predicted dose for personnel working on the MRUP are well below the applicable exposure limit,
however Vimy is committed to minimising radiation exposure and will apply the management principles and
measures outlined in Section 13.8.

13.7

Public and Environmental Radiation Assessment

13.7.1

Sensitive Receptors

Impacts are assessed as projected radiation doses to members of the public and as a calculated dose rate for
non-human biota. The assessments are based on the results of air quality modelling which provide a measure of
project originated radioactivity in the environment outside the mine tenement area and uses recognised standard
methods to calculate the radiological impact (Appendix B of Appendix F1).
The sensitive receptors locations, as defined by the air quality modelling, are locations where people may be
located and where the non-human biota impact assessments are necessary. These are as follows:
•

Tropicana Gold Mine, an active mining operation, located approximately 110km northeast of the
operation.

•

Pinjin, an existing pastoral station located approximately 105km west of the operation.
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•

Cundeelee, an abandoned Aboriginal community, located approximately 90km NW of the operation,
(note that this location has been included on the basis that it may be used by an Aboriginal community
in the future).

•

The proposed location of the mining accommodation village, located within the mining lease area and
approximately 10km from the processing plant.

An additional two locations were selected for public and environmental radiological assessment. One of these
locations is on the south east project boundary (approximately 9km from the processing plant location) and one is
located on the north western access road into the operations (approximately 40km from the processing plant
location). These are not permanently occupied locations, but are intended to provide estimates of “worst case”
exposure situations.
13.7.2

Impact Assessment Approach

For members of the public the potential exposure pathways were identified and the predicted dose estimated.
Table 13.11 provides a summary of the approach to dose estimation.
Table 13.11

Dose Estimation Methods

Dose Pathway

Member of Public

Gamma Radiation

Modelled

Inhalation of radionuclides in dust

Estimation based on air quality modelling results

Inhalation of RnDP

Estimation based on air quality modelling results

Ingestion of radionuclides

Estimation based on modelled dust deposition and transfer factors

The impact to non-human biota (flora and fauna) is assessed by determining the change in radiation doses to
standard species of flora and fauna as a result of emissions from the operation. The change in concentration is
then used as input data for an ERICA assessment which calculates a dose to a set of reference species. The
method for determining the change in media concentration is via modelled dust deposition results.
In addition to the production and ore grading information provided previously the assessment of public exposure
takes into account a number of other factors. The values and assumptions used in the assessment are
summarised in Table 13.12. The assumptions presented below are generally more conservative than those
presented for the occupational exposure section.
Table 13.12

Public Assessment Criteria
Criteria

Value/Assumption

Exposure hours

8760/y

Breathing rate

1.0m /h

Ore grade and radioactivity relationship

1ppm U = 12.3mBq(U

Tailings radionuclide concentration

equal to ore (excluding U)

Deposited dust mixing depth (Kaste 2007)

10mm

3

3

238

)/g

Density of soil in environment (1m )

1.5 tonnes

Radon emanation rate from ore

50Bq/m /s per percent of U

Radon emanation rate from tailings

Same as ore

Dose conversion factor for Rn and RnDP in equilibrium (ICRP 1993)

1.1µSv/(µJh/m³)

Dust inhalation dose conversion factor (ARPANSA 2005)

7.2µSv/αdps

TSP (Total Suspended Solids)

Doubled PM10 Results

2
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13.7.3

Radionuclide Analysis

Previous work (ANSTO 1989) has indicated that radionuclides in the ore and the waste material are not in secular
equilibrium. The calculated radionuclide concentrations are shown in Table 13.13.
Table 13.13

Radionuclide Analysis of Ore
Radionuclide Concentration(Bq/g)

1

Uranium
Grade
(ppm)

U238

U234

Th230

Ra226

Pb210

Po210

Ore

600

7.5

7.5

7.5

5.8

5.8

5.8

Low-grade ore

300

3.75

3.75

3.75

2.75

2.75

2.75

Waste Rock

20

0.25

0.25

0.36

0.36

Material

0.25
238

0.36

Note 1: Measurements were available only for U and Ra . It has been assumed that the U and Th230 concentrations will
be the same as the U238 concentrations. It has been assumed that the concentrations of Pb210 and Po210 will be the same as the
Ra226 concentration.

13.7.4

226

234

Gamma

Gamma radiation exposure to members of the public from sources within the Project area is considered to be
negligible due to the distance between the sources and the public during operations. The sources of gamma
radiation (for example ore stockpiles) are well within the project boundary and at least 5km from the closest
publicly accessible area (the northwest corner of the project by the site access road).
Gamma radiation intensity reduces significantly with distance (as one divides by the distance squared when the
source is at a distance). The gamma shine at the closest accessible area would not be discernible from natural
background levels.
13.7.5

Dust Emission Factor

The dust sources for the air quality assessment are based on standard emission factors for equipment and
processes (Appendix E1). The air quality modelling uses estimates of dust emissions from various processes and
3
calculates increases in dust concentration at the sensitive receptors in units of µg/m . The modelling was
conducted for a number of scenarios to reflect changing operation status and location of the source terms. The
maximum modelled annual average dust concentration at each receptor has been used for the dose assessment.
The outcome from the modelling was averaged for the all years of the operation to assess source term
contribution and then a weighted average technique was used to calculate the radionuclides. Assuming secular
equilibrium, which provides a more conservative estimate, and using the radionuclide composition shown in
Table 13.13, the average specific activity of the suspended dust from the mine for use in the assessment is
calculated to be 1.5Bq/g. Potential higher emissions from the processing plant have not been included in the long
term modelling due to the wet processing method (slurry), the enclosed final packing area and the ventilation
exhaust scrubbing systems at emission points from the plant.
Figure 2, Appendix B of Appendix F1, shows the incremental annual average PM10 dust concentrations for a
typical modelled year (Year 10 of operations). The maximum modelled annual average dust concentrations at
each receptor location are presented in Table 13.14. The dust concentration was multiplied by the weighted
specific activity to provide an activity concentration.
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Table 13.14

Annual Ground Level Concentrations (Maximum Result for All Modelled Years)
Ground Level
Concentrations PM10
3
Dust (µg/m )

Assumed Ground Level
Concentrations TSP Dust
3
(µg/m )

Equivalent
Radionuclide
1
Concentration
3
(µBq/m )

Accommodation Village

3.16

6.32

9.48

Cundeelee

0.01

0.02

0.03

Pinjin

0.01

0.02

0.03

Tropicana Gold Mine

<0.01

<0.02

<0.03

Southeastern boundary

0.73

1.46

2.19

Northwest boundary

0.96

1.92

2.88

Location

Note 1: For each member of the U-238 decay chain

The air quality modelling has calculated the cumulative dust deposition for the life of the project. Table 13.15
presents the radionuclide activity deposition rate.
Table 13.15

Cumulative Dust Deposition (16 years)
Location

Accommodation Village

Ground Level Concentrations
2
Dust Deposition (g/m )

Radionuclide Deposition
2
(Bq/m )

8.62

12.9

Cundeelee

4.6 × 10

-3

6.9 × 10

-3

Pinjin

1.1 × 10

-2

1.7 × 10

-2

Tropicana Gold Mine

4.3 × 10

-3

6.5 × 10

-3

Southeastern boundary

3.8 × 10

-1

5.7 × 10

-1

Northwest boundary

1.7 × 10

-1

2.6 × 10

-1

1

Note 1: for each member of the Decay Chain

13.7.6

Radon Emissions

The air quality assessment (Appendix B of Appendix F1) describes four scenarios for radon emission based on
various stages of the project. The emission rates modelled indicate that Year 14 of the project has the highest
annual average radon emissions. Figure 1, Appendix B of Appendix F1, shows the incremental annual average
radon concentration as per the air quality modelling at Year 14 of operations, when radon emissions are at their
highest rates. The plots of incremental radon concentrations for other modelled years can be found in the air
quality reports (Appendix B of Appendix F1).
The predicted annual average ground level concentrations at each of the main receptor locations is presented in
3
Table 13.16 excluding natural background radon concentrations (which are 10 to 20Bq/m ).
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Table 13.16

Annual Average Radon Ground Level Concentrations
Ground Level Concentrations
3
Annual Average (Bq/m )

Location
Year 3

Year 10

Year 11

Year 14

Accommodation Village

0.26

0.37

0.52

0.52

Cundeelee

0.001

0.001

0.002

0.02

Pinjin

0.001

0.001

0.002

0.02

Tropicana Gold Mine

<0.001

<0.001

<0.001

<0.001

0.19

0.20

0.21

0.19

0.02

0.03

0.04

0.07

Southeastern boundary
1

Northwest boundary

Note 1: Modelled location is on access road.

13.7.7

Bush Tucker

The MRUP area is sparse with minimal plants and animals in the region, mainly because of the lack of surface
water. Accordingly, the ingestion of bush tucker is not considered to present a significant contribution to overall
doses to the public. However, bush tucker is a potential pathway and a conservative assessment was undertaken
to evaluate dose contribution.
Given the remote location of the operation and the distance to sensitive receptors a hypothetical model has been
used. To assess the potential doses from the consumption of bush foods, an estimate of the amount of food
consumed was made. AAEC (AAEC 1985) assumed an intake of 155kg/y of plant material and 125kg/y of animal
material for traditional owners of the Maralinga lands and these estimates have been used in this assessment.
The model assumes that the people are permanently located at the site (i.e. 8,760h/y) and only consume locally
sourced food.
To assess the contribution of the project to increased doses the change in soil radionuclide concentration from
dust deposition was calculated. This was used to calculate concentration of radionuclides in plants and animals
from the soil using published concentration ratios. The dose was estimated by applying the ingestion dose factors
to the human intake of the plants and animals. Table 13.17 presents the calculated ingestion dose.
Table 13.17

Data for Ingestion Dose Assessment
Dose (mSv/y)
Location

Vegetation
Ingestion

Meat Ingestion

Total
Ingestion

Accommodation Village

0.144

0.085

0.229

Cundeelee

<0.001

<0.001

0.001

Pinjin

<0.001

<0.001

0.001

Tropicana Gold Mine

<0.001

<0.001

0.001

Southeastern boundary

0.006

0.004

0.010

Northwest boundary

0.003

0.002

0.005

The ingestion doses presented are highly conservative as the local environment is unlikely to support this level of
food supply being an arid inland area with minimal water supply. Further settlements such as the Accommodation
Village or the Tropicana Gold Mine would not consume any local food at all. In practice, it is expected that actual
ingestion doses will be below any measurable level.
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13.7.8

Public Dose Prediction

An estimate of the potential annual dose from the ingestion exposure pathway as a result of emissions from the
project has been made for people living at the sensitive receptor locations and consuming food from that location.
Note that the Mulga Rock area is sparse with minimal plants and animals in the region, mainly because of the lack
of surface water. Therefore, permanently consuming locally grown food is unlikely to occur in practice, however
the assessment is provided to show the most conservative assessment of ingestion doses. Also, due to the
distance of the receptors, the gamma contribution to overall dose will be negligible.
Table 13.18 summarises the total annual radiation exposure project for members of the public at the locations
specified.
Table 13.18

Public Total Dose Estimates
Exposure Pathway Dose (mSv/y)

1

Location

2

Gamma

Dust

RnDP

Ingestion

Accommodation Village

<0.001

0.004

0.073

0.229

0.306

Cundeelee

<0.001

<0.001

0.003

0.001

0.005

Pinjin

<0.001

<0.001

0.003

0.001

0.005

Tropicana Gold Mine

<0.001

<0.001

<0.001

0.001

0.003

Southeastern boundary

<0.001

0.001

0.030

0.010

0.041

Northwest boundary

<0.001

0.001

0.010

0.005

0.016

13.7.9

Total Dose

Product Transportation

During the routine trucking of final uranium product to Port Adelaide, there is the potential for members of the
public to be exposed to gamma radiation. The exposure is limited due to relatively low gamma dose rates and the
limited exposure times.
Since the uranium product will be contained within sealed containers the only radiation exposure pathway
considered was external gamma radiation emanating from the load. The external gamma dose rates from a
container have been measured to be 5µSv/h at 1m from a container of uranium oxide, and 1µSv/h and 0.2µSv/h
at a distance of 5m and 10m respectively (BHP Billiton 2009). Two scenarios were considered:
•

Scenario 1: Assume a member of the public is travelling behind a product container on a truck for six
hours at a distance of 5m. The external gamma radiation dose received will be 1µSv/h × 6h =
0.006mSv.

•

Scenario 2: Assume someone stands permanently on the side of a road and that 50 loaded trucks
pass this member of the public at a distance of 1m during the course of one year. The external gamma
radiation exposure of this member of the public will be 5µSv/h × 1/60h per truck × 50 trucks/year =
0.004mSv/year.

In the event of an incident during transit, the emergency response plan would be initiated. The priorities of the
response are first aid and containment of product. The area would be segregated and spilt product covered and
removed.

13.8

Proposed Management

MRUP will develop and implement a corporate Radiation Protection Program which will be equivalent to that
implemented at other Australian uranium mines.
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As part of the approval and authorisation process, a draft Radiation Management Plan (RMP) will be developed
for the Project and provided to the DMP and Radiological Council prior to construction. The RMP would include
details of radiation protection and radioactive waste management specific to the plant and address the
requirements of the Western Australian NORM Guidelines (DMP 2010) and the ARPANSA Mining Code
(ARPANSA 2005).
A Transport Radiation Management Plan (TRMP) will be developed which will include an Emergency Response
Assistance Plan (ERAP). The transport carrier will be required to develop a plan consistent with the MRUP
ERAP.
This section sets out the principles that will be applied in managing worker radiation exposures and radioactive
waste. It outlines the way these principles will be applied to the Project, including an outline of the radiation
control methods and an overview of the proposed monitoring.
13.8.1

Principles for the Management of Radiation

The basic international standard for radiation protection is produced by the International Commission on
Radiological Protection (ICRP). It was the ICRP that first formulated the concept that worker radiation doses
should be maintained As Low As Reasonably Achievable (ALARA), social and economic factors taken into
account (ICRP 26).
The ICRP has maintained this position since that time so that the requirements of any radiation protection
program are:
•

Worker dose limits must not be exceeded.

•

Worker doses should be maintained ALARA.

The requirements of the MRUP Radiation Management Plan are specified in detail in the WA NORM 2.2 Guide.
The basic elements in the Radiation Protection Plan that MRUP will provide include:
8.

Management control over work practices.

9.

Personnel qualification and training.

10.

Control of occupational and public exposure to radiation.

11.

Planning for unusual situations.

These broad goals will be achieved through:
•

Worker notification of radiation sources.

•

Work procedures and protective clothing to limit worker dose.

•

Incorporating radiological controls into the design of the plant and mine.

•

Application of engineering controls where appropriate.

•

Worker training to control and reduce worker dose.

•

A worker dosimetry program to measure the workers doses received.

•

Reporting of worker doses to the regulatory authorities.

These measures have been showed to be effective at other uranium mines and will used at the proposed MRUP.
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13.8.2

Radiation Control in Design

Hazards and risks, including radiation, are most effectively controlled through good design decisions at an early
stage. MRUP will review:
•

The mine plan including the location of ore, mineralised rock stockpiles and radioactive wastes with a
view to minimising the site radiation levels and with a particular emphasis on the control of LLA.

•

The design of the process equipment with an intent to minimise the radiation levels within the plant,
providing for the clean-up of spills and facilitating the maintenance of radioactive systems.

•

The provision of controlled entry points to radioactive areas to ensure stringent contamination control
and to limit the spread of radioactive contamination to non-radioactive areas.

13.8.3

Radiation Control in the Mine

Access to the main mining areas will be restricted to ensure that only appropriately trained and qualified
personnel enter the main mine work area.
Gamma radiation levels will be relatively low in the mine, but the gamma radiation levels are sufficient to generate
gamma radiation exposures of up to 5mSv per year for workers spending all of their working hours for a full year
on ore. Such gamma radiation exposures are unlikely to occur in practice due to shielding from equipment and
work areas and because mine workers do not spend their full shift in locations where they are exposed to ore.
While the addition of additional gamma radiation shielding within equipment cabs may be considered, it is unlikely
to be required.
For production drill operators and charge up crews who may be required to spend extended time directly on the
ore, a workplace exposure plan will be developed based on actual dose rate measurements. The plan would
estimate doses (based on exposure time and dose rate) and if necessary provide a pad of inert material placed
on the ore to provide shielding during drilling and charging activities.
Workers will be monitored with TLD gamma monitors and direct-reading personal electronic dosimeters will be
issued to workers who may be in higher exposure situations, allowing real time readout and dose assessment.
The results of this monitoring will be regularly reviewed and individuals whose doses may be approaching the
target levels may be assigned to other duties.
Results of the gamma radiation dose monitoring will be used to improve the radiation management measures
where appropriate.
Active radon (and therefore RnDP) control in the mining areas is unlikely to be necessary during mining
operations. However, during stable atmospheric conditions (night time in winter months), RnDP concentrations
may increase due to natural processes (e.g. formation of temperature inversions) and these are not directly
amenable to control. However, measures will be taken to limit the exposures arising from such situations which
may include the use of respiratory protective equipment, task rotation or scheduling. Examples of scheduling
controls include delaying work in-pit by pedestrians until atmospheric inversion conditions break up, which would
be expected to occur by about 7am.
All heavy equipment operating in the pit will have air-conditioned cabs equipped with HEPA filters which will
reduce the dust levels in the cabins and also reduce radon progeny levels to some extent.
Continuous radon progeny monitors will be installed in the pit at times when stable atmospheric conditions are
likely to occur to provide a warning of abnormally elevated radon progeny levels. Should essential work be
required when high concentrations exist, then respiratory protection will be utilised.
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Routine mine dust suppression measures will minimise doses from inhalation of radioactive dust as will the
maintenance of high standards of cleanliness inside the cabs of mobile equipment and all equipment used in the
pit generally. Dust suppression measures will primarily involve the use of water during ore handling or haulage.
13.8.4

Radiation Control in the Processing Facility

The plant will be designed for ease of access so that spills can be effectively cleaned up before they become dust
sources. Ample wash-down water points, hoses and sumps will be supplied for spillage clean-up.
The material being supplied to the beneficiation plant located adjacent to the pit will retain some moisture
following the dewatering process providing some natural attenuation of the dust. The plant may generate some
LLA and release of radon gas embedded in the ore. The plant will separate the ore and send a slurry to the
process plant for further treatment. Dust suppression controls applied to mining areas will also be applied to this
area. Radon levels will be monitored and controls such as vent points from the crusher will be implemented as
necessary.
Given the wet processing method, spillage control becomes important and all areas will be bunded. Spilled
material will be collected and pumped back to vessels or to the tailings management system as required. Tanks
containing radioactive process slurries will be suitably bunded to capture at least the volume of the tank in the
event of a catastrophic failure. The tailings pipeline corridor will be bunded, and designed to contain spillage from
tailings pipeline failures. Pressure sensors will be installed on pipelines to give early warning of failure and
facilitate prompt response to spillages that may occur.
The uranium precipitation, drying and packing section of the plant handles a product of up to 85% uranium
concentration, requiring specific radiation protection measures, particularly dust control. The technology for the
safe and secure packing of uranium concentrate into drums has been used for many years at uranium production
facilities in Australia. It consists of a totally enclosed packing booth with an automated drum filling process
operating under negative pressure to prevent releases of dust. The negative pressure is maintained by an
extraction ventilation system, and air is scrubbed prior to release. Typically, uranium product packing scrubbers
remove more than 99% of exhausted dusts and particulates.
The standard operating practice requires all product packing workers to change into dedicated overalls prior to
entry to the area, and then change when leaving the area. Access to the product drying and packing area will be
by ‘swipe-card’, with only authorised personnel allowed access. The swipe-card system will also log entry and
exit and will record names of personnel and the total amount of time each person spends in this controlled area.
During operations, the emission of dust and radon from tailings cells will be controlled by the inherent moisture
levels within the tailings. Elevated moisture levels reduce the amount of radon that is emitted because the radon
is unable to escape from the water saturated pore spaces of around the tailings particles.
The moisture also prevents dusting. As the tailings material dries and becomes competent and safe to drive on, it
will be progressively covered.
13.8.5

Construction and Commissioning

During construction and commissioning, the area will be subject to dust monitoring, to establish exposure levels
and to identify dust sources. Based on the results of monitoring, additional dust control measures may be
implemented. In situations where engineering solutions cannot be found, procedures will be used (such as work
permits) and as a final measure, respiratory protection will be utilised.
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13.8.6

General Management Measures

Access Control
Access to operating areas will be controlled to ensure that only those who have been properly trained in specific
radiological protection measures can be admitted. As part of this process, controlled and supervised areas will be
established for radiation control purposes.
A supervised area is one in which working conditions are kept under review but in which special procedures to
control exposure to radiation are not normally necessary.
A controlled area is one in which employees are required to follow specific procedures aimed at controlling
exposure to radiation. Controlled areas are likely to include the mine (both mining areas and tailings management
areas), ore handling, beneficiation plant and product precipitation drying and packing areas.
To facilitate the control of people, vehicles and contamination, the operations area will be divided by fencing into
‘clean’ and ‘potentially-contaminated’ areas. Access to the potentially-contaminated area will be via a security
gate.
Change-room facilities will be established which will have a clean side and a dirty side. Workers will come to work
through the clean side and change into work clothes and exit through the dirty side into the “potentiallycontaminated’ areas. At the end of shift workers will enter the dirty side, remove their work clothes and shower,
then proceed to the clean side where they will change back into clean clothes before returning to camp. All work
clothes will be laundered on site.
Egress from the potentially contaminated area by vehicle will be via a wheel-wash to prevent contaminated
material being transported off-site by vehicles. In general, vehicles that are likely to be regularly in contact with
higher grade uranium mineralisation (for example mine vehicles) will be kept within the contaminated area.
Equipment that must be taken off-site (for example for specialist servicing or repair) will be required to be cleaned
and then checked for contamination by suitably trained staff.
Radiation Safety Expertise
MRUP will provide suitably qualified and experienced radiation safety professionals to assist it during the design,
construction and operational phases of the Project. Qualified radiation protection personnel would be employed
to implement and direct the RMP.
Induction and Training
All employees will receive an induction informing them of the hazards associated with the workplace, of which
radiation is one hazard. Area inductions will provide further information on the radiation risks associated with the
particular work area. For example, workers who will work in the mine will receive more detailed information on
radon, radon decay products and controls.
Specific training will be provided to personnel involved in the handling of uranium concentrates. Managers and
supervisors will receive additional training in the recognition and management of situations that have the potential
to increase a person’s exposure to radiation. This is similar to the Hazard Observation (HAZOB) reporting
system, and will also contribute to the annual review of performance of the plans.
A specific radiation safety work permit system will be implemented for use before any non-routine work in a
potentially high exposure situation is undertaken. This includes work such as maintenance in the product packing
area, where the work permit would list all controls and instructions with respect to radiation protection.
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Record Keeping
A computer-based data management system will be used to store and manage all information relating to radiation
management and monitoring. The system will allow the recording of ‘raw’ and processed data and all relevant
supplementary information such as calibration records, dose conversion factors, formulae used to estimate doses
and employee occupation, work area, and time spent in various exposure situations.
Information that can be used to identify a person is considered confidential, and only authorised personnel will be
able to access such data (including the relevant authorities). Periodic and statutory reports will be prepared from
information stored in the electronic database. Periodic dose reports would be provided to individuals.
Worker radiation monitoring records would be made available to the CEO of ARPANSA via the Australian
National Radiation Dose Register (ANRDR), in accordance with confidentiality requirements.
Incident Response
It is not expected that radiological emergencies would arise. However, plans for incidents or accidents that may
result in exposure radiation or loss of containment of radioactive material will be prepared as part of the overall
site emergency response plan and include:
•

Immediate response to medical conditions.

•

Evacuation of non-essential personnel.

•

Stabilisation of the source(s) of radiation.

•

Assessment of the likely source(s) of radiation exposure and the types of radiation.

•

Contamination of the person(s) and the area.

The plan will also include requirements for post-incident response, including counselling of all people involved or
affected by the incident, detailed investigation of the incident, including root cause analysis to prevent recurrence,
and procedures for estimating any radiation doses that may have arisen. Appropriate external experts will be used
to assist as required.
Review of Performance
Radiation monitoring results will be reviewed on an ongoing basis to determine the adequacy and effectiveness of
engineering and management controls to reduce radiation exposures of people and the environment. Targets for
the following year will be set and progress towards these targets will be monitored (at quarterly intervals). This is
considered as an important aspect of the ALARA process for the MRUP.
Monitoring
An occupational and environmental radiation monitoring program would be developed and implemented. The final
programs will form part of the RMP and would be submitted to the appropriate authorities for approval prior to
operations. The plans would include support systems such as servicing and calibration of monitoring instruments.
Occupational Monitoring Program
Table 13.19 provides an outline of a conceptual occupational monitoring program and the monitoring will be
conducted to fulfil two major aims:
•

To provide data to assess the doses received by workers.

•

To determine the effectiveness of radiation protection controls.
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Table 13.19

Conceptual Occupational Monitoring Program

Radiation type

Direct External Gamma
Radiation

Inhalation LLA dust

Inhalation RnDPs
Surface alpha/beta
contamination

Measurement Method

Application

Thermoluminescent dosimeter (TLD)
badges

All plant and pit personnel

Electronic Personal Dosimeters
(EPDs)

Specific maintenance tasks/purpose

Gamma survey meters

Routine surveys, pit and plant

Personal Air Samplers (PAS) plus
drawer assembly alpha detector

Issue to personnel in each Work Group;
plus investigative

Locational

For investigative purposes

Grab samples (Borak, Rolle)

For investigative purposes

Continuous Rn and RnDP monitors

Continuous in-pit, in-plant, for control;
investigation

Alpha/beta probe, survey

Workplace and crib-room checks
Equipment and outgoing checks

As part of the operational ALARA program, a series of action levels would be established to ensure that
exposures remain controlled. These will be defined in consultation with the DMP and radiation health regulators
during the development of the RMP and subject to adjustment as MRUP gains experience with site operations.
A preliminary indication of action levels together with response is presented in Table 13.20. Trigger levels are a
management tool for reducing exposures, and are not a regulated limit. An action level system requires that
personnel take specified remedial action when monitoring results exceed the specified level. In some cases, the
action would include a formal reporting and investigation procedure.
The development of site specific Action Levels will form part of the Radiation Management Plan and will be
subject to adjustment as MRUP gains experience with site operations. Table 13.20 provides a preliminary
indication of action levels that may be set, and the remedial actions that may be required.
Table 13.20 Proposed Occupational Action Levels
Radiation

Trigger Level

Actions
Limit exposure time, relocate activity or introduce
additional shielding if practicable

Gamma Dose Rates

5µSv/h

Loose Surface Contamination in
radioactive areas

4000Bq/m

Airborne dust concentrations

5mg/m

Electronic personal dosimeters

100µSv in one week

Identify cause and introduce appropriate
mitigation such as changes in work practices,
relocation or additional shielding.

Thermoluminescent dosimeter
(quarterly Result)

1mSv

Identify cause and employ appropriate mitigation
such as changes in work practices or additional
shielding

Radon Progeny Levels

5µJ/m

3

3

3

Immediate clean up
Identify cause and employ appropriate mitigation
measures such as dust suppression,
housekeeping or ventilation

Restrict access to areas, introduce additional
ventilation or require personal protection
equipment
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13.8.7

Radioactive Waste Management

A Radioactive Waste Management Plan (RWMP) has been developed for MRUP that details the waste streams
and management of radioactive wastes. This Plan together with the Mine Closure Plan provides the framework
for identify, managing and disposing of radioactive waste streams generated by the project. The RWMP is
provided in Appendix H3.
The RWMP is structured in accordance with the specific requirements outlined in document 4.2 of the NORM
Guidelines. Radioactive waste is generally defined as material for which there is no further use, and which
contains an average radionuclide concentration that exceeds 1Bq/g or is contaminated with radioactive material.
The MRUP will adapt and implement the waste classification methodology outlined in ARPANSA RPS 20.
RPS 20 notes that facilities for disposal of very low level waste (Very LLW) or low level waste (LLW) should:
•

Have sufficient capacity so that the radioactive waste only occupies a small percentage of the total
volume.

•

Have 2m or so of soil or clean fill cover of the radioactive waste.

•

Have leachate control.

•

Be suitable for any other of the waste characteristics – e.g. non-radioactive hazardous constituents.

•

Take into account land use restrictions post-closure.

Contaminated waste will include tyres, process plant equipment, vehicles and general wastes such as personal
protective equipment. This will be disposed of at the site waste disposal area in constructed trenches that will be
progressively covered by local inert overburden material reclaimed from mining operation and covered by
Quaternary sediments and growth medium.
Process material wastes, such as collected spillage or slimes from the sedimentation dams will be reprocessed or
disposed of with the tailings. The MRUP will have surface tailings disposal facilities and in-pit tailings disposal
facilities and the operation of these facilities is addressed in Section 11.
13.8.8

Post-closure

The closure and rehabilitation of the mine will be subject to compliance with an agreed Mine Closure Plan
(Appendix H1). The above-ground tailings facility will be capped, covered and rehabilitated in a manner that
prevents radon emanation. The majority of the tailings will be deposited back in-pit and covered with sufficient
overburden to control radon emanation.
Plant and equipment will be cleaned and any radioactive material captured and disposed of in a suitable manner.
Once rehabilitation has been fully implemented there will be no alpha-emitting dust or radioactive gas emanations
at above natural background levels.
There will be no further transport of uranium concentrate and therefore no further gamma emissions from
transport. The radiological dose assessment on all workers and all members of the public post closure, once
rehabilitation has been completed, will return to natural background levels.
13.8.9

Human Health Summary

The radiation assessment completed for the MRUP demonstrates that the project is being designed with
recognition of radiation hazards, processes and tasks to enable effective control of worker and public doses as a
result of the project. The predicted dose assessment for both workers and member of the public without the
controls detailed are a fraction of the regulatory limit. Exposure trigger levels together with response actions will
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be defined within the yet to be approved RMP to ensure worker and public impacts are not greater than predicted
in this document.
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14.

Heritage

14.1

Relevant Environmental Objectives, Legislation, Policies and Guidelines

14.1.1

EPA Objective

The EPA applies the following objectives to the assessment of proposals that may affect heritage:
To ensure that historical and cultural associations, and natural heritage, are not adversely affected.
14.1.2

Regulatory Framework

The protection of heritage is covered by the following statutes:
•

Aboriginal Heritage Act 1972 (WA) (AHA).

•

Environmental Protection Act 1986 (WA) (EP Act).

•

Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).

•

Native Title Act 1993 (Cth).

Aboriginal Heritage Act 1972
This is an Act which requires the preservation of places and objects customarily used by, or traditional to, the
original inhabitants of Australia or their descendants or anything associated with or incidental to such matters.
Environmental Protection Act 1986
This is an act which is designed to protect the environment of the State which includes limiting any alteration of
the environment to the detriment or potential detriment of an environmental value, which includes heritage values,
whilst having regard to its various principles.
Environment Protection and Biodiversity Conservation Act 1999
This act is designed to enhance the management and protection of Australia’s heritage places, including World
Heritage properties. It provides for the listing of historic or Indigenous places that are of outstanding national
heritage value to the Australian nation.
Native Title Act 1993
This act provides a system for the management and protection of native title rights and interests in land, as well
as the co-existence of other valid land uses. It provides a process for traditional owners to lodge a claim for
recognition of their native title rights and interests. While claims are being considered, the registered native title
claimants maintain a right to negotiate over proposed developments within their claim boundaries.
Guidance and Position Statements
The following EPA position and guidance statements set the framework for identification and assessment of
impacts to heritage:
•

EPA April 2004, EPA Guidance Statement No. 41 – Assessment of Aboriginal Heritage; provides
guidance where Aboriginal heritage is linked directly to the physical and biological attributes of the
environment, thereby making ‘Aboriginal heritage’ a relevant environmental factor, in cases where the
protection and management of those attributes are potentially threatened as a result of any proposal.
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•

Department of Aboriginal Affairs and Department of Premier and Cabinet (DAA & DPC) April 2013,
Aboriginal Heritage Due Diligence Guidelines; provides guidance including an Aboriginal Heritage Risk
Matrix for the general assistance of those undertaking the development of a proposal where there is
the potential to impact Aboriginal heritage.

14.2

Historical Context

There is abundant evidence from archeological records that Aboriginal people occupied and passed through
traditional lands (which include the Great Victoria Desert) for more than 20,000 years following inland colonisation
from coastal areas of Australia which occurred much earlier (~60,000-40,000 years). While no dating is available
for archeological sites in the southwestern Great Victoria Desert, the artefacts recorded in various archeological
surveys, coupled with landscape dating, provide an insight into likely minimum ages for the colonisation of the
south-western portion of the region. The presence of tula adzes and other backed artefacts and microliths across
the region is consistent with a regional distribution showing settlement 3,500-2,500 years ago (Smith 2013). This
is also supported by regolith dating at the MRUP showing that the dunes of the southwest portion of the Great
Victoria Desert had likely stabilised (other than through minor localised Aeolian redistribution following bushfires)
by around 6,700 years ago (Morris 2013).
By contrast to the more temperate coastal regions, contact with Europeans in the desert region came late due to
the inhospitable nature of the country and the lack of rock exposure that was driving early prospectors to discover
mineral resources.
Three of the early explorers’ records are most relevant to the MRUP, being:
•

Giles (1876).

•

Carnegie (1896).

•

Lindsay (Elder, 1891-1892).

All three passed through, or close to, the MRUP area and provided detailed first insight into Aboriginal populations
in that region. The records report very small population groups sparsely distributed, with no evidence of
permanent site occupation away from very rare water or gnamma holes (a minimum of 25km away from the
MRUP), other than signs of survival-style subsistence such as the digging of mallee tree roots to draw water.
Further archeological research suggests occupation of this semi-arid/arid zone would have been opportunistic
and required environmental adaptation to survive (either behavioural change or climactic change). In general
terms, occupation by Aboriginal people was more likely to occur close to water and food sources. In dunal areas
where the dunes are close together there is less likelihood occupation could occur due to the increased cover of
sand (Appendix G4).
From the turn of the twentieth century, the desert people began to migrate out of their traditional lands, moving
west towards the townships of the Kalgoorlie-Boulder and Leonora Goldfields, Mount Margaret and Laverton.
Their movement was accelerated by various droughts and the establishment of missions, most notably the Mount
Margaret Aboriginal Mission in 1921 (and later the Cundeelee mission), about 200km to the north-northwest of the
MRUP. A number of the participants in ethnographic surveys for MRUP in 2010 were born at the Mount Margaret
Mission.
The closest Aboriginal communities to MRUP were the Cundeelee and Coonana sites. Cundeelee was a ration
depot and then a mission (est. 1950). It was chosen to relocate Spinifex people (or Anangu Pitjantjatjara, whose
country straddles the West Australian and South Australian border) who were removed from their land during the
time of the Maralinga atomic tests. In the 1980s, recurring problems with access to water and other resources led
to the closure of Cundeelee and the majority of residents moved to Coonana, about 170km east of
Kalgoorlie-Boulder, along the Trans-Access Road. Coonana saw a steady decline in population from around 300
people living there in the mid-1980s to only a handful of people in 2010. In 2014, it is understood only one
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resident remains. Most original residents of the Cundeelee or Coonana communities have now resettled in
Tjuntjuntjara, in the southwest corner of the Spinifex country, a territory clearly identified in the November 2000
determination by the National Native Title Tribunal (Cane 1998).

14.3

Existing Environment

In 2015, there are no current native title claims over the MRUP area. A pre-existing claim was in place by the
Wongatha people – this covered an area to the north of the proposed mining area and included the area where
the MRUP extraction borefield will be located. This claim was subsequently rejected by the Federal Court in
February 2007 (Harrington-Smith v Western Australia (No 9) ([2007] FCA 31)). Since that time, the Wongatha
people have asserted ‘traditional rights’ over the area and are recognised as the appropriate traditional owner
group for the MRUP area.
A search of the DAA’s Aboriginal Heritage Inquiry System shows there is one Registered Site (ID 1986; Minigwal
3) located at the edge of the proposed overburden landform for the Emperor pit (Figure 14.1). It is described on
the register as an artefact/scatter site and, as such, is an archeological site (containing physical evidence of past
activity). A further four registered sites, which are also artefact scatters, are in the same vicinity of the Project
area. One sits 370m from the Emperor OL and three are further away – between 2-6km from any planned
disturbance. There are no registered ethnographic sites (significant due to spiritual, social, aesthetic or historical
reasons).

14.4

Surveys and Investigations

There has been a total of five surveys commissioned by Vimy (and preceding entities involved in developing the
MRUP):
•

An ethnographic survey of the region around the MRUP was undertaken by McKeich in 1982 on behalf
of PNC Exploration (Australia) Pty Ltd. McKeich interviewed twelve Aboriginal elders from Cundeelee
who then discussed the issues concerning their relationship to the land in question more widely within
their community, and provided feedback (Appendix G2). McKeich also interviewed Aboriginal people
from Mt Margaret and had a meeting with seven elders from that community (Appendix G3). The
findings derived from Cundeelee and Mt Margaret people were the same, namely that the area had no
present significance and that within the Project area there were no specific mythological, sacred or
camping sites of which they were aware. McKeich specifically reported in August 1982 that “No extant
Aboriginal groups have any economic, political, or religious claims upon the specified area although the
people from Mt Margaret or some others may have an interest in the north-west section.”

•

An archeological survey for Aboriginal sites was undertaken in 1983 by O’Connor on behalf of PNC
Exploration (Australia) Pty Ltd. The survey located six sites containing surface scatters of stone
artefacts (Appendix G5). Only one site, at a granite outcrop known as Malcolm Soak, was deemed to
be archeologically significant. The site is outside the MRUP disturbance footprint (about 25km to the
southeast). Artefact scatters found at the other sites suggest that occupation of those sites was very
short term and opportunistic in nature, probably linked to the very ephemeral nature of available water
(Appendix G5).

•

Two ethnographic surveys were undertaken on behalf of Energy and Minerals Australia Ltd (EAMA;
since renamed Vimy Resources Ltd) in July 2010 (a men’s survey) and October 2010 (a women’s
survey). The surveys engaged senior Wongatha people as nominated by the North East Independent
Body (NEIB), the Wongatha’s consultative body for heritage matters in the region at the time of the
survey. Consistent with the findings of the previous survey, neither of these surveys identified any
ethnographic sites (Appendix G1).

•

A further archeological survey was undertaken by Warranup Pty Ltd on behalf of EAMA in July 2010.
It consisted of archeological surveys of one hectare quadrants surveyed along 10m spaced pedestrian
transects designed to represent a variety of different environments within the Project area. No
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archeological sites were identified within the survey areas, and no artefacts were identified in any of the
areas with sand cover, such as dunes (Appendix G4). A total of 22 isolated artefacts were located in
flat areas of depression where water drains to between the dunes, such as claypans (Appendix G4).
More information is provided in Sections 14.4.1 and 14.4.2 on the two most recent studies for ethnography and
archeology.
Regionally, since around 2005, the Tropicana Joint Venture (AngloGold Ashanti Australia and Independence
Group) has developed the Tropicana Gold Project (a large gold deposit located 110km northeast of Mulga Rock),
with first production achieved in late 2013. Project heritage documentation released as part the Environmental
Impact Assessment (EIA) process, which included proposals for infrastructure adjacent to the Mulga Rock Project
area, provides details of eight ethnographic surveys conducted over JV tenure over a period from 2002 to 2008
(Mattner and Bergin 2009).
This tenure included the Mulga Rock Project’s proposed extraction borefield and the western access corridor.
Details from these ethnographic surveys for Tropicana are described in:
•

Machin B 2004, Heritage surveys over a selection of AngloGold Ashanti tenements including EMA’s
proposed water supply area.

•

Mathieu C and Glendenning W 2008, East and west access corridors.

Mattner and Bergin (2009), in a summary report for AngloGold Ashanti reported no ethnographic sites were
identified for surveys in development areas, nominated tenure or infrastructure corridors.
In assessing potential infrastructure corridors during the Tropicana Gold Mine EIA, Anglogold Ashanti Australia
also carried out a survey of European heritage around the former Pinjin town site (Hocking 2007). That survey
identified that the former Pinjin town site and associated area (including the Old Pinjin Homestead, part of the
current Pinjin pastoral lease) weren’t included on any heritage listing, nor included in or near the Goldfields
Esperance heritage rail network. It documented likely first gold production at Pinjin in 1897, followed by mining
tenements applications in 1903 and declaration of a public reserve for the Pinjin cemetery in 1908. In the 1960s,
the Pinjin homestead was moved to its current location, and the Pinjin pastoral Lease transferred to its current
owners (Tisala Pty Ltd).
14.4.1

Ethnography Surveys

A men’s survey was undertaken in July 2010 with a group of six Wongatha men, a heritage specialist and
representatives of EAMA. The group were taken to the proposed development area and shown the location of
the proposed pits. They traversed the tenement areas and made various stops to review maps and walk sections
of the MRUP area. At the conclusion of the survey, the men confirmed that they knew of no significant sites in the
area and that they had not identified any new sites (Appendix G1). In 2014, when it was apparent the Project
description had changed to include additional mining areas within the previously surveyed area, the survey
participants were contacted to confirm their advice in the context of the Project changes. Affidavits were supplied
to support this.
A women’s survey was undertaken in October 2010 with a group of six Wongatha women, a heritage specialist
and representatives of EAMA. The group undertook the survey of the MRUP tenements in a similar fashion to the
men’s group and provided advice to say they knew of no sites of cultural significance in the area. They had not
identified any new sites. The group were also consulted again in 2014 regarding Project changes and confirmed
their earlier advice.
Recent changes in the Project description – increasing the size of the disturbance footprint and life of the mine to
16 years – have been communicated to senior Wongatha representatives through direct consultation and will be
included in future project updates. A plan to consult with the broader traditional owner group is included as part of
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the Project Stakeholder Consultation Management Plan (MRUP-EMP-036). The Project changes do not change
the results of the survey as both groups provided advice for the entire MRUP area, inclusive of the revised
disturbance footprint.
14.4.2

Archeological Surveys

The comprehensive archeological survey conducted in 2010 was designed to underpin an environmentally-based
predictive model for ongoing management of potential heritage sites across the MRUP area, similar to the model
developed for the Olympic Dam Operation in a similar environment (Hughes et al. 2011).
Warranup Pty Ltd conducted the survey on foot across 63 one hectare transects. Twenty-two isolated artefacts
were identified, generally silcrete flakes or core with little evidence of reworking. Glendenning (Appendix G4)
advised the discoveries were non-diagnostic and did little more than provide evidence that Aboriginal people had
passed through the area at some time. 22 isolated artefacts were identified and recorded and provided guidance
for the development of a predictive model – with sites more likely to be found in and around claypans, kopi and
drainage depressions between dunes than on dunes, sand covered swales or sand sheets/plains (Appendix G4).
As identified earlier by O’Connor (Appendix G5), few assemblages contain retouched implements, being primarily
flakes or pieces with a single retouched edge. Those flake assemblages suggest opportunistic flake production
for maintenance/sustenance rather than for extractive tasks, also consistent with the general lack of quarries or
grinding stones. Whilst this might reflect a sampling bias rather than an intrinsic feature of archeological sites, it is
consistent with other observations made in the region that suggest low density and transient site occupancy,
reliant on rapidly shifting resources (rather than seed exploitation), primarily in the form of surface water and bush
tucker.

14.5

Potential Impacts on Heritage Sites

The potential impacts to Aboriginal heritage from development of the MRUP relate to the interference or damage
to any sites in the disturbance footprint. The results of surveys conducted for the Project suggest the activities of
the MRUP will not impact on any known sites and are unlikely to impact on any unknown sites.
The location of unknown sites is likely to be in locations defined by Glendenning’s predictive model. The model
showed the MRUP activities were unlikely to disturb sites on top of dunes, sand covered swales or sandplains but
claypans, drainage depressions and kopai areas were more likely to contain archeological artefacts or evidence
or prior activities (Appendix G4). While the MRUP topography has a general lack of such features, the predictive
model will assist to highlight the location of potential sites. The potential risk of disturbing unknown Aboriginal
heritage sites is considered to be low. The risk will be mitigated through the implementation of appropriate
management plans as outlined in Section 14.6.

14.6

Management of Impacts to Heritage

The overall objective for Aboriginal heritage is to avoid or minimise disturbance to any heritage sites during the
course of the development and operation of the MRUP. This will be achieved through the preparation and
implementation of various management plans (MPs). The following MPs have been or will be prepared:
•

Ground Disturbance Management Plan (MRUP-EMP-019).

•

Heritage Management Plan (MRUP-EMP-034).

•

Document and Data Control Management Plan (MRUP-EMP-038).

•

Environmental Induction and Training Management Plan (MRUP-EMP-039).

The Ground Disturbance and Heritage Management Plans are contained in Appendix K1.
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The achievement of the following objectives will assist in delivering such an outcome:
•

No unauthorised disturbances to heritage artefacts or sites.

•

No adverse impacts upon historical and cultural values within and surrounding the MRUP area.

•

Ensure awareness of heritage values amongst operating workforce.

The management of impacts to Aboriginal heritage will be predominantly achieved through the Heritage
Management Plan (MRUP-EMP-034) and the use of a Ground Disturbance Permit (GDAP) (MRUP-POL-001).
This will ensure that prior to any ground disturbing activities being undertaken, the proposed area of disturbance
is cross checked against a database maintained under the Document and Data Control Management Plan
(MRUP-EMP-036) containing the spatial location of all known heritage site locations and all areas where there is
a risk that heritage sites might be present (using the predictive model). If the checks reveal any risk of
disturbance, the areas proposed to be cleared will be surveyed to identify the exact location of the site or the
particular areas where there is risk of such disturbance, and any sites will be delineated and restrictions
established so that the heritage values are not impacted; or they are not impacted until suitable clearance
authorisation has been given under the Aboriginal Heritage Act 1972.
In addition to this the Heritage Management Plan (MRUP-EMP-034) will ensure that if any sites are found during
clearing activity the work will immediately be stopped so that an appropriate assessment of the potential artefacts
can be undertaken. DAA will be notified and appropriate consultation undertaken.
As part of their induction under the Environmental Induction and Training Management Plan (MRUP-EMP-039) all
of the site based workforce will be:
•

Educated about Aboriginal cultural and heritage matters.

•

Trained to identify sites that should not be disturbed.

•

Educated as to the importance avoiding disturbance to such sites.

The Heritage Management Plan (MRUP-EMP-034) will also ensure that all vehicle movements will be confined to
existing roads (unless off-road travel is authorised) so as to minimise the risk of disturbing heritage sites.
In the unlikely event that an Aboriginal site is identified and cannot be avoided, permission to disturb the site will
be sought through the appropriate DAA approvals processes and in consultation with traditional owners. No
historical or cultural associations are expected to be adversely affected by the development of the Project.

14.7

Monitoring

The monitoring of potential disturbance to areas that contain known heritage sites, or are in close proximity to
known heritage sites, or are believed to be at risk of containing potential heritage sites will be undertaken using
the protocols established under the Ground Disturbance Management Plan (MRUP-EMP-019). This Plan
requires a comparison between the areas proposed for disturbance and a central database containing the
location of known heritage risk sites prior to the issue of a GDAP (MRUP-POL-001) authorising such disturbance.
This database will be regularly updated to reflect the latest information under the Document and Data Control
Management Plan (MRUP-EMP-038).
Information being entered into the database will include any relevant observations made by operators undertaking
clearing or other activities in the field or as a result of further survey work if deemed required.
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14.7.1

Trigger and Contingency Actions

The following triggers would lead to contingency actions:
•

Trigger – Identification of a heritage site in a location being cleared, or proposed to be cleared:
─

14.8

Contingency action – Isolation of the site to prevent disturbance; investigation to determine
exact spatial location and heritage significance; application for authorisation to disturb under
s.18 Aboriginal Heritage Act 1972, if it is a site and disturbance cannot be avoided.

Predicted Outcomes

The survey work undertaken suggests that no known Aboriginal sites (whether ethnographically or archeologically
determined) will be impacted as a result of the development of the MRUP. Based on survey results and
archeological modelling, any undiscovered Aboriginal heritage sites are more likely to be located in topographic
depressions, including claypans and kopai areas, where drainage water would have temporarily collected. This
likelihood will be considered ahead of all actions in such areas.
Through the implementation of the MPs and the management strategies outlined in Section 14.6, Vimy is
confident that the EPA’s objective with respect to heritage can be met. It is Vimy’s expectation that the Project
will not disturb Aboriginal sites or Aboriginal objects as defined under ss.5&6 of the AHA. The level of impact to
Aboriginal heritage is considered to be low and therefore does not require consideration of an offset.
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15.

Rehabilitation and Closure

15.1

Relevant Environmental Objectives, Legislation, Policies and Guidelines

15.1.1

EPA Objective

The EPA applies the following rehabilitation and closure objectives to the assessment of proposals:
To ensure that premises are closed, decommissioned and rehabilitated in an ecologically sustainable
manner.
15.1.2

Regulatory Framework

In addition to the EPBC Act and the EP Act, rehabilitation and closure is covered by the following relevant policy
guidance statements and legislation:
•

ANCOLD 2012, Guidelines on Tailings Dams- Planning, Design, Construction, Operation and Closure
May 2012. This is a list of guidelines that Tailings Dams should comply with.

•

ANZECC/ARMCANZ 2000, Australian and New Zealand guidelines for fresh and marine water quality.
National Water Quality Management Strategy Paper No 4. Australian and New Zealand Environment
and Conservation Council & Agriculture and Resource Management Council of Australia and New
Zealand, Canberra. 1,500pp. These guidelines aim to achieve the sustainable use of Australia's and
New Zealand's water resources by protecting and enhancing their quality while maintaining economic
and social development.

•

ANZMEC & MCA 2000, Strategic Framework on Mine Closure – Discussion Paper. Proponents are
expected to follow the principles and objectives identified in this document.

•

ARPANSA 2005, Radiation Protection and Radioactive Waste Management in Mining and Mineral
Processing. This is a Code of Practice and Safety Guide intended to foster uniform high standards of
radiation protection and radioactive waste management in mining and mineral processing throughout
Australia. Also known as the Mining Code (2005).

•

ARPANSA Technical Report 167 – A review of existing Australian radionuclide activity concentration
data in non-human biota inhabiting uranium mining environments. This report provides a summary and
evaluation of existing radionuclide concentration data in non-human biota common to Australian
uranium mining environments.

•

ARPANSA 2011, Joint convention on the safety of spent fuel management and on the safety of
radioactive waste management, Australian National Report. Wastes from the mining and processing of
uranium ores are subject to this legally binding international treaty on radioactive waste safety.

•

Contaminated Sites Act (2003) (WA) Perth. An Act providing for the identification, recording,
management and remediation of contaminated sites – where contaminated refers to substances having
the potential to harm human health, the environment or any environmental value.

•

Department of Industry, Tourism and Resources (DTIR) 2006, Mine Closure and Completion, Leading
Practice Sustainable Development Program for the Mining Industry. Dept. of Industry Tourism and
Resources, Canberra, ACT. A handbook that addresses mine rehabilitation through the identification
of key issues affecting sustainable development in the mining industry.

•

DITR 2015, Leading Practice Sustainable Development Program for the Mining Industry – Risk
Assessment and Management. Department of Industry, Tourism and Resources, Canberra, Australia.

•

DMP & EPA 2015, Guidelines for Preparing Mine Closure Plans, Perth, Western Australia. These
guidelines aim to ensure that, for every mine, a planning process is in place so that mines can be
closed, decommissioned and rehabilitated in a manner that meets DMP and EPA objectives for
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rehabilitation and closure. The guidelines recognise that closure planning is a progressive process and
has been designed to ensure that a planning process results in closure, decommissioning and
rehabilitation that is ecologically sustainable, consistent with agreed post-miming outcomes and land
uses, and without unacceptable liability to the State.
•

DMP 2013, Code of Practice – Tailings Storage Facilities in Western Australia. Perth, Western
Australia. A Code designed to assist those involved with tailings storage facilities to meet their
legislative obligations for work health and safety under the Mines Safety and Inspection Act 1994 and
environmental matters under the Mining Act 1978.

•

DMP 2015, Guide to Departmental requirements for the management and closure of tailings storage
facilities (TSFs). Perth, Western Australia. A guide provided to assist tailings storage facilities (TSFs)
designers and operators by describing the reports that should be submitted to the DMP in accordance
with section 4 of the Mining Proposal guidelines as required by the Mining Act 1978 and the Tailings
storage facilities in Western Australia – code of practice.

•

DMP 2015, Guide to the preparation of a design report for tailings storage facilities (TSFs). Perth,
Western Australia. A guide provided to assist TSF designers with preparing the design report for a
TSF to be submitted to the DMP in accordance with section 4 of the Mining Proposal guidelines as
required by the Mining Act 1978 and the Tailings storage facilities in Western Australia – code of
practice.

•

EPA 2006, Guideline for the Assessment of Environmental Factors: Guidance Statement No. 6.
Rehabilitation of Terrestrial Ecosystems. Environmental Protection Authority, Perth, Western Australia.
This guidance applies to terrestrial habitats where natural ecosystems will be reinstated in land that
has previously been cleared, it only addresses general principles and focuses on effective use of
completion criteria to measure biodiversity in rehabilitation projects.

•

IAEA 2009, Establishment of Uranium Mining and Processing Operations in the Context of Sustainable
Development: Nuclear Energy Series- NF-T-1.1. A Report providing stakeholders with practical
information and historical examples of experience gained from the introduction of uranium mining and
processing operations in specific areas and the subsequent effects of mine closures; it focuses on the
criteria necessary for the sustainable development of uranium mining and processing operations in the
context of the four cornerstones (environment; social issues; economics; and governance) of
sustainable development.

•

IAEA 2010, Best Practice in Environmental Management of Uranium Mining: Nuclear Energy Series No
NF-T-1.2. This is an overall guide to what is best practice in modern uranium mining and provides
operators with guidelines and examples of the implementation of the principles of best practice
operating in the uranium mining and processing industry with respect to the extraction and processing
of uranium ores.

•

Mining Act 1978. The Mining Act 1978 (the Mining Act) outlines the law as it relates to mining. The
Mining Act as it relates to closure requires an operation to make safe all holes, pits, trenches and other
disturbances on the surface of the land which are likely to endanger the safety of any person or animal.
Take all necessary steps to prevent fire and damage to trees or other property. A Mine Closure Plan is
required to be approved by the Department and reviewed every 3 years, or as specified by the
Department.

•

Radiation Safety Act 1975. This is an act which regulates the keeping and use of all substances,
whether natural or artificial, and regardless of form, which consists of or contains more than the
maximum prescribed concentration of any radioactive element. There are two key subsidiary pieces of
legislation:

•

Radiation Safety (General) Regulations 1983. These regulations define radioactive substances and
cover the licensing of premises.
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•

Radiation Safety (Transport of Radioactive Substances) Regulations 2002. These regulations cover
the transport of radioactive materials in Western Australia and the storing, packing and stowing of such
materials for transport; it includes licensing requirements and the development of an approved
radiation protection program.

15.2

Conceptual Characterisation of MRUP at Closure

The overall objective of closure is to construct safe, stable, non-polluting landforms that demonstrate sustainable
closure land uses. In order to achieve this closure objective Vimy will:
•

Ensure the interests of relevant stakeholders are considered during all stages of closure planning.

•

Establish and refine rehabilitation objectives and completion criteria, based on the findings of
monitoring and research, that are appropriate to the agreed post-mine land use.

•

Construct safe, stable, non-polluting landforms that are geomorphologically and functionally consistent
with the surrounding landscape and capable of sustaining agreed post-mine land use, and do not
impact on surrounding environmental values or uses.

•

Rehabilitate disturbed areas to meet agreed post-mine land use objectives and completion criteria.

•

Develop indicators to demonstrate (through monitoring) when rehabilitation activities meet the
established objectives and completion criteria.

Through the implementation of the above closure objective, it is anticipated that:
•

No significant long term physical offsite impacts will occur as a result of operations.

•

No significant long term impact on baseline surface or groundwater flow patterns and quality will occur
as a result of operations.

•

No unsafe areas will remain after closure whereby members of the general public and animals could be
harmed.

•

Rehabilitated and closed operational areas will be aesthetically consistent with the surrounding
landform and consider stakeholder expectations.

Following cessation of mining, and subsequent rehabilitation and closure of post-mine landforms, the land use of
the area will be self-sustaining native ecosystems of regional relevance.
Vimy has committed to backfilling and rehabilitating the mine voids to reduce the residual environmental impacts
of the operation. At closure, and following decommissioning of infrastructure, and rehabilitation of disturbed areas
to agreed post-mine land use, the post-mine landform at the MRUP will consist of:
•

One above-ground, single-lift (maximum height 10m) TSF; 106ha in area.

•

Several (nominally seven) overburden landforms (OL), to store the overburden material that is not
placed back within the mine void.

•

Backfilled mine voids (either backfilled to surface or to not less than 10m from the water table).

•

Two in-pit TSFs (approximately 237ha).

•

Various rehabilitated surface disturbance areas (including offices, plant, roads and tracks).

The post-mine landforms will not exceed the height of the regional dunal system, nominally up to 358-360m AHD,
and therefore the post-mine landforms will ‘fit’ into the landscape and thus will not impede or adversely impact on
the surrounding environment. All other disturbance areas will be rehabilitated to the agreed post-mine land use.
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The expected post-mine landforms of the MRUP are illustrated in Figure 15.1 to Figure 15.3. Revegetated
post-mine landforms of the MRUP are illustrated in Figure 15.4 to Figure 15.6.
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The MRUP is designed to have a low residual impact. The post-mine landforms will be generally congruent with
the surrounding land surface, consisting of an undulating surface of large Aeolian dunes separated by localised
topographic depressions and flat plains. This incorporation of the post-mine land surface into the surrounding
environment will ensure that the broad surface hydrological and pedogenic processes of the region are
maintained. All disturbance surfaces will be rehabilitated and revegetated as required under the Rehabilitation
and Revegetation Management Plan (MRUP-EMP-030) and the Mine Closure Plan (MRUP-EMP-031) to achieve
safe, stable, non-polluting landforms capable of sustaining the post-mine land use and not adversely impacting
surrounding environmental values. The Mine Closure Plan (MRUP-EMP-031) is provided as Appendix H1.
Rehabilitation and closure of the MRUP will involve the following broad stages:
•

Backfilling of mine voids with either overburden, beneficiation rejects or tailings.

•

Reconstruction of the surficial soil and overburden profile (i.e. cover system) to support the desired
post-mine land use.

•

Revegetation of the backfilled and reconstructed mine voids with suitable native species to achieve the
agreed post-mine land use.

•

Rehabilitation of the above-ground TSF and OL and revegetation with suitable native species to
achieve a sustainable ecosystem.

•

Decommissioning and removal of above-ground infrastructure.

•

Disposal of and appropriate treatment of all contaminated soil material.

•

Rehabilitation of above-ground disturbance areas.

15.3

Pre- and Post-Mine Condition: Residual Impacts

Stakeholder expectations will be considered in all rehabilitation activities necessary to meet the desired closure
objective. Backfilling of the mine voids and reconstruction of the soil profile, as outlined in the conceptual Mine
Closure Plan (Appendix H1), will likely restore the pre-mine hydrology (encompassing both surface hydrology and
groundwater hydrogeology) and pedogenic function (the function performed by soil) of the landform, such that
negligible residual impacts are expected. Localised changes to surface hydrology will be evident where pits have
been partially backfilled creating depressions. Re-establishment of these key ecosystem processes will facilitate
the return of the biotic component of the environment leading to a stable and sustainable post-mine landform that
will be congruent with the pre-mine ecosystem.
Residual impacts are expected only where infrastructure is left in place, as per stakeholder requirements. This is
likely to be restricted to roads and tracks, airstrip, and possibly the bore extraction and reinjection infrastructure
that will allow future users to access groundwater sources. Given the post-mine landforms will be broadly
congruent with the pre-existing environment, and that the revegetation to be re-established will be aligned to the
capability of the reconstructed profile to sustainably support their growth requirements, all disturbance areas are
expected to be successfully rehabilitated resulting in no residual impact on the area.
Although an above-ground TSF and a number of OLs will be constructed and remain as permanent land forms,
they have been designed so that they are height limited to the regional dunal landforms. The post-closure
landforms will therefore blend into the landscape, and be protected from excessive wind erosion by shadowing
from the higher dunes (i.e. boundary layer effect). The surfaces of these post-mine landforms have been
designed to be stable and resistant to both wind and water erosion, while the surficial soil profile has been
designed to ensure that a sustainable revegetation is achieved. The above-ground TSF and the OLs are
therefore not expected to impact on the surroundings and will likely produce a sustainable ecosystem that is
congruent with the surrounding environment and aligned with stakeholder expectations; hence they are not
deemed residual impacts.
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15.4

Closure Planning Life Cycle

Closure planning is considered an iterative process, whereby it is continually updated and revised following
results of rehabilitation trials, monitoring, identification and implementation of new techniques and technologies,
modifications to mining schedules, and changes in stakeholder and regulatory expectations. As such closure
planning is initially conceptual, addressing broad closure objectives, and progressively becomes more detailed as
the operation progresses. The closure planning life cycle to be applied at the MRUP is shown in Figure 15.7.
Vimy is committed to achieving the best environmental outcome for this project, and consequently a mining
schedule has been proposed that will involve the continuous backfilling of the mine void behind the mining front,
to facilitate progressive rehabilitation throughout the operation. This allows rehabilitation concepts and theories to
be tested relatively early in the mine life, and for this understanding to continually develop over time, until a
defined rehabilitation prescription, that achieves the desired closure goal, is established.
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15.5

Radioactive Waste Management Plan

Radioactive waste is generally defined as material for which there is no further use, and which contains an
average radionuclide concentration that exceeds 1Bq/g or is contaminated with radioactive material.
A preliminary Radioactive Waste Management Plan (RWMP; MRUP-EMP-029) has been prepared for the MRUP
and is reproduced as Appendix H3. The RWMP outlines the radioactive waste streams and the approach to
managing residual radioactive materials to ensure that the post closure radiation levels at the site are not
perceptibly different from the measured pre-development radiation levels.
The key features of the plan are to:
•

The identification and characterisation of all waste streams.

•

All radioactive waste from mining and processing will be contained or otherwise encapsulated.

•

Processing waste (tailings) will be disposed of into an above-ground TSF initially, but once mining
voids become available all subsequent processing waste will be disposed of into in-pit TSFs where the
material will be covered and permanently isolated from sensitive receptors.

•

Waste water that may contain entrained radioactive dusts and sediments will be disposed of into one of
the TSFs, similar to the processing waste.

•

Any other potentially radioactive waste, such as collected spillage, slimes from sedimentation dams or
water from wash-down facilities or site runoff will be disposed of into one of the TSFs, similar to the
processing waste.

•

Other contaminated waste (such as used PPE) will be recycled if decontamination is possible or will
otherwise be disposed of into locally constructed appropriate disposal facilities.

•

All facilities will be consistent with the requirement of the Conceptual Mine Closure Plan (MRUP-EMP031), the Tailings Management Plan (MRUP-EMP-013) and the Groundwater Management Plan
(MRUP-EMP-010).

The Preliminary RWMP aims to:
•

Consider the Project Key Environmental Factors (PKEFs) and demonstrate how the environmental
objectives of the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) Radiation
Protection Series (RPS 6, RPS 9, RPS 15) and the International Atomic Energy Agency Safety
Standard SSR-5 ‘Disposal of Radioactive Waste’ (IAEA 2011) are to be achieved.

•

Identify and characterise the waste streams associated with the operation of the Project, in accordance
with RPS 20 (ARPANSA 2010).

•

Identify preliminary controls and risk categories for the management of tailings, process and surface
waters based on Australian National Committee on Large Dams guidelines (ANCOLD 2012).

•

Consider International Atomic Energy Agency Nuclear Energy Series publications

A description of how potential impacts on the environmental factors are managed are discussed throughout this
PER and summarised in Table E4 (Summary of Impacts and Proposed Management Measures). The RWMP
notes that good design in conjunction with effective management systems based on appropriate standards, will
ensure that the PKEFs will be protected.
The main waste streams that are generated from operations that require management are:
•

Approximately 30 to 50Mtpa of non-radioactive inert overburden and surficial soil materials will be
mined.
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•

Approximately 1.2-1.5Mtpa of non-radioactive course silica sands which will be separated via in-pit
beneficiation process and mixed with the basal portion (2-5m) of the oxidised Eocene sediments
(overburden) and preferentially placed at the base of the mined pit.

•

Approximately 1.2-1.3Mtpa of processing plant tailings will be produced and disposed in the TSFs.
Three TSFs are proposed for the MRUP, one above-ground TSF and two in-pit TSFs (Princess Pit and
the Ambassador In-pit TSFs). The tailings are the processing residue that has passed through the
processing plant and had uranium extracted, leaving the remaining radionuclides in the uranium decay
series.

•

Water that may have come into contact with radioactive materials from areas which may contain
uranium bearing materials, including surface run off, and leachate that has infiltrated materials such as
tailings.

•

Miscellaneous wastes that may have become contaminated through contact with ores and process
residues (referred to as contaminated waste), including discarded conveyor belts, rubber lining
material, pipes, filter media and used personal protective equipment.

The RWMP has adapted the classification methodology from ARPANSA RPS 20. Initial waste classifications
indicate that radioactive waste for the Project are likely to be classified as very low level waste (Very LLW) or low
level waste (LLW). ARPANSA RPS 20 notes that facilities for disposal of Very LLW or LLW should:
•

Have sufficient capacity so that the radioactive waste only occupies a small percentage of the total
volume.

•

Have 2m or so of soil or clean fill cover over the radioactive waste.

•

Have leachate control.

•

Be suitable for any other of the waste characteristics e.g. it will need to be able to cater for clinical
waste or radioactive waste containing non-radioactive hazardous constituents, if applicable.

•

Take into account land use restrictions post-closure.

Project tailings would be classified as low level waste (LLW), thereby allowing disposal in engineered surface
landfill type facilities. The relatively low radionuclide activity from the waste streams identified for the MRUP,
along with their ease of classification, segregation and disposal and encapsulation options identified combined
with the discharge environment and natural processes controlling solids and liquid transfers support the
classification of the tailings as being a low level NORM waste.
Contaminated waste will include tyres, process plant equipment, vehicles and general wastes such as personal
protective equipment. This will be disposed of at the site waste disposal area in constructed trenches that will be
progressively covered by inert overburden material reclaimed from mining operation and covered by Quaternary
sediments and growth medium.
Process material wastes, such as collected spillage or slimes from the sedimentation dams will be disposed of
with the tailings.
Upon completion of the detailed design of the MRUP, the Conceptual RWMP will be revised to include detailed
waste registers and classifications for all radioactive waste streams for the Project (including intermediate
processing waste). The revision will detail controls and determine risk categories for the management of tailings,
process and surface waters based on the ANCOLD (May 2012) guidelines.
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15.6

Conceptual Mine Closure Plan

A Conceptual Mine Closure Plan (CMCP; MRUP-EMP-031) has been prepared for the MRUP and is provided in
Appendix H1. This CMCP has been completed in accordance with the EPA/DMP Guidelines for Preparing Mine
Closure Plans (2015) and will be regularly updated in accordance with Figure 15.7.
The CMCP Plan together with RWMP, provide the framework to identify, manage and dispose of radioactive
waste streams generated by the project.
The overall mining plan for the MRUP will see the landforms progressively close and rehabilitate mined pit during
the mining operations.
15.6.1

Closure Objectives

The overall objective of closure as stated in the CMCP, is to construct safe, stable, non-polluting landforms that
demonstrate sustainable closure land uses. In order to achieve this objective Vimy will:
•

Ensure the interests of relevant stakeholders are considered during all stages of closure planning.

•

Establish and refine rehabilitation objectives and completion criteria, based on the findings of
monitoring and research, that are appropriate to the agreed post-mine land use.

•

Construct safe, stable, non-polluting landforms that are geomorphologically and functionally consistent
with the surrounding landscape and capable of sustaining agreed post-operational land use, and do not
impact on surrounding environmental values or uses.

•

Rehabilitate disturbed areas to meet agreed post-operational land use objectives and completion
criteria.

•

Develop indicators to demonstrate (through monitoring) when rehabilitation activities meet the
established objectives and completion criteria.

Through the implementation of the above closure objectives, it is anticipated that:
•

No significant long term physical offsite impacts will occur as a result of operations.

•

No significant long term impact on baseline surface or groundwater flow patterns and quality will occur
as a result of operations.

•

No unsafe areas will remain after closure whereby members of the general public and animals could be
harmed.

•

Rehabilitated and closed operational areas will be aesthetically consistent with the surrounding
landform and consider stakeholder expectations.

Following cessation of mining, and subsequent rehabilitation and closure of post-mine landforms, the land use of
the area will be self-sustaining native ecosystems of regional relevance.
15.6.2

Decommissioning Plan

Decommissioning will need to consider radiation and this will be managed through the development of an
inventory of all materials and equipment at the site, nominating final disposal location for each item on the
inventory. The plan will also have a schedule to assist the operation to be carried out in an efficient manner.
A strict protocol will be developed to segregate equipment that has been potentially exposed to radioactive
contamination from other equipment.
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The decommissioning and deconstruction of the infrastructure facilities may result in three main types of
materials, namely:
•

Materials that can be sold or otherwise passed on to third parties.

•

Other materials not contaminated by uranium.

•

Materials that have been contaminated by uranium that exhibit a surface radioactivity above a trigger
level.

Material that cannot be re-used or is uneconomic to re-use shall be disposed of as waste in accordance with the
Preliminary RWMP and other legislative requirements. This includes but is not limited to:
•

The use of appropriate radiometric and other testing, removal and sorting procedures.

•

The use of registered, licensed contractors.

•

The selection of appropriate disposal techniques.

•

Tracking of volumes and materials.

All materials not removed from site will be buried in designated areas, one accommodating all the
uncontaminated materials and the other all materials contaminated by uranium.
15.6.3

Post-closure

The closure and rehabilitation of the mine will be subject to compliance with an agreed CMCP (Appendix H1).
The above-ground tailings facility will be capped, covered and rehabilitated in a manner that prevents radon
emanation. The majority of the tailings (over 90%) will be deposited back in-pit and covered with sufficient
overburden to control radon emanation.
Plant and equipment will be cleaned and any radioactive material captured and disposed of in a suitable manner.
Once rehabilitation has been fully implemented there will be no alpha-emitting dust or radioactive gas emanations
that are predicted to be above background levels.
There will be no further transport of uranium concentrate and therefore no further gamma emissions from
transport. The radiological dose assessment on all members of the public and the environment post closure,
once rehabilitation has been completed, is predicted to return to background levels.

15.7

Potential Impacts of Radiation on Non-human Biota

The potential impact to non-human biota is assessed by determining the change in radiation dose rates to
standard species of flora and fauna as a result of emissions from the operation. The change in concentration is
then used as input data for an ERICA (Environmental Risk Ionising Contaminants: Assessment and Management)
assessment which calculates a dose to set of reference species (Appendix B in Appendix F1).
The ERICA Software Tool is a widely used method for assessing radiological impacts to plants and animals. The
screening level is the radiation dose rate, below which no effects would be observed and the ERICA default level
is set at 10µGy/h (Appendix B in Appendix F1). The output of the assessment can be seen in Table 15.1 which
shows that the 10µGy/h screening level (trigger level) was not exceeded.
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Table 15.1

Output of ERICA Assessment
Concentration
Ratio source

Dose Rate
(µGy/h)

Screening Level
(µGy/h)

Lichen and bryophytes

ERICA default

0.182

10

Arthropod – Detritivorous

ERICA default

0.007

10

Flying insect

ERICA default

0.006

10

Grasses & herbs

ERICA default

0.035

10

Mollusc – Gastropod

ERICA default

0.007

10

Shrub

ERICA default

0.051

10

Bird

ERICA default

0.005

10

Amphibian

ERICA default

0.009

10

Reptile

ERICA default

0.009

10

ARPANSA 2014

0.020

10

Tree

ERICA default

0.004

10

Mammal (small burrowing)

ERICA default

0.008

10

Mammal (large)

ERICA default

0.008

10

Organism

Kangaroo

The species with the highest level of exposure is lichen and bryophytes, however the impact level remains well
below the trigger level for further assessment. It can be concluded that the ERICA assessment indicated that
there is no radiological risk to reference plants and animals from emissions from the proposed project.
The potential impacts of radiation on non-human biota are expanded within Section 12 and summarised below.

15.8

Material Physical and Geochemical Characterisation

15.8.1

Soil and Overburden Materials

Physical and geochemical characterisation of the soil and overburden materials likely to be disturbed during
mining has been investigated and reported by Soilwater Consultants (SWC) (Appendix H2). A summary of the
beneficial and limiting properties exhibited by these materials is presented in Table 15.2.
All surficial sands, comprising the Quaternary Dunal Sands, exhibit optimal physical and chemical properties for
material handling (i.e. excavation and trucking) and vegetation growth. They are non-saline, non-dispersive,
non-sodic, and have very low erosion and hard-setting potentials, primarily due to the dominance of sand-sized
particles, and corresponding absence of a finer fraction (i.e. silt + clay). Laboratory scale rainfall simulation test
work undertaken on these sandy materials identified that no runoff will be generated at any slope angle due to
their very high permeability (typically > 5m/day). Although this is the case, geotechnically sands on steep slopes
are typically not stable, and consequently a slope design criteria of 10-12° was identified as optimal to produce a
safe and stable post-mine land surface.
The Quaternary sands play an important role as an evaporative buffer, to prevent underlying (slightly) more
clayey subsoils from hard-setting, and in facilitating lateral root exploration to maximise the volume of soil profile
accessed by the vegetation (i.e. the surface soils are friable, with low coherence, and thus roots are able to easily
penetrate through the sandy matrix).
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All Quaternary sands are chemically infertile, containing negligible nutrient content, and have very low water
holding capacities. Consequently, roots of the native vegetation must access a large volume of the soil profile to
obtain sufficient plant available water (PAW) to meet their transpiration requirements.
Underlying the surficial sand, and covering the entire MRUP, exists a thin reddish brown sandy loam material.
This material was deposited, most likely under alluvial conditions, prior to the change to more Aeolian deposition
that has formed the surface materials. This material has good water holding capacity, and it is circum-neutral,
non-saline and non-sodic. This material does however, exhibit some dispersive and hard-setting properties,
primarily in response to its very low salinity; hence there are effectively no salts or electrolytes in the soil solution
to flocculate the soil and thus it disperses and the mobile clay fraction facilitates the hard-setting of this material.
In response to these observations and results of laboratory testing, it was recommended by SWC (Appendix H2)
that if these materials are to be used in rehabilitation, then they will need to be covered by at least 50cm of
Quaternary sand to prevent them from structurally degrading.
The reddish brown sandy loam was deposited onto a pre-existing calcrete surface, which in most cases
represented the upper portion of the Miocene sediments. This material is physically stable and non-dispersive,
2+
non-erodible and ‘non hard-setting’ due to the dominance of Ca , both on the exchange sites as well as in the
soil solution. It also has a high acid neutralising capacity (ANC; up to 100kg H2SO4/t) and thus can be used to
effectively treat any potential acid rock drainage.
The calcrete material is classified as strongly alkaline (i.e. pH up to 9) and is typically saline with elevated
electrical conductivity (EC) values approaching 100 milliSiemens per metre (mS/m). These properties are in
contrast to all of the overlying soils which are slightly acidic and non-saline; hence their use in rehabilitation may
impact plant growth of those species more susceptible to acidity and salinity.
Table 15.2
Material
Quaternary
sand (including
yellow and red
Sands)

Red loam or
sandy clay

Calcrete

Miocene/
oxidised
Eocene

Key Properties and Behaviour of the Soil and Overburden Materials at the MRUP
Material Class
Soil

Soil

Overburden

Overburden

Beneficial properties

Limiting properties

•

Non-dispersive and
erosion-resistant.

•

Negligible water holding or
PAW content.

•

Negligible surface water flow with
vertical infiltration dominating.

•

•

Friable, low soil strength and not
hardsetting.

High permeability that may
exacerbate ponding and
subsurface lateral flow at a
texture contrast boundary.

•

Optimal soil chemical properties (i.e.
slightly acidic to neutral pH).

•

Good water holding and PAW
capacity.

•

•

Optimal soil chemical properties (i.e.
non-saline and neutral – alkaline
pH).

Although non-sodic, the low
salinity results in this material
being dispersive and highly
erodible.

•

Hardsetting.

•

Strongly alkaline and often
high salinity that may impact
some susceptible species.

•

Physically stable and
non-dispersive, non-erodible and
non-hardsetting.

•

High to very neutralising capacity.

•

Sandy regions are physical stable,
have low salinity and are slightly
acidic in pH.

•

Sandy regions have low
water holding and PAW
contents.

•

Clayey regions have optimal water
holding and PAW content to support
native plant species, although
considerable heterogeneity in its
spatial distribution exists.

•

Clayey regions are
dispersive, erodible, and
hardsetting and have a low
permeability and relatively
high salinity that may impact
on revegetation growth.
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15.8.2

Ore and Tailings Materials

The physical and geochemical properties of the ore and tailings materials have been characterised by ANSTO
(ANSTO 2015) and summarised by SWC (Appendix F1). This information was used as the source terms for the
solute fate and transport modelling undertaken by GHD (Appendix D8) to assess the long term impacts that
tailings seepage may have on groundwater quality (Section 11).
Ore
The orebody represents a thin organic rich layer at and directly below the redox boundary (i.e. at and directly
below the groundwater level). The orebody only has a thickness of 2-5m, with the uranium and base metals Co,
Cu, Ni and Zn) accumulated at the redox interface and strongly bound to the organic matter surfaces, either by
ion exchange or complexation with functional groups (i.e. carboxylate anion – RCOO ; where R represents the
‘rest of the molecule’; C is a carbon atom; and OO represents two oxygen atoms). It comprises up to 40%
organic matter and varies from lignite to organic rich (approximately 3% organic matter) sandstone. In addition to
organic matter, the orebody is composed of quartz (35–88%) and kaolinite (6-15%), with minor feldspars and
sulphides.
Particle size distribution data shows that the ore is composed of around 6-15% clay (< 2µm fraction;
corresponding to the kaolinite mineralogy) and 6-50% silt (< 20µm fraction), with the remainder of the material
comprised of well-graded sand. The permeability of the ore material is governed by the silt and clay content, and
varies from 0.02 to 0.7m/day (Appendix D2). The cation exchange capacity (CEC) of the material is appreciable,
reflecting the presence of organic matter and is typically greater than 20 milliequivalent of hydrogen per 100g of
soil (meq/100g), with CEC values over 60mq/100g not uncommon. The exchange complex is dominated by
sodium (Na), and thus the material is considered sodic, with Exchangeable Sodium Percentage (ESP) values
> 6% and likely to be around 20-30%. The ore material is therefore expected to be dispersive and erodible if
stockpiled.
The Total Sulphur (Total S) content of the ore material has been assessed during extensive geological drilling,
and varies from < 0.1% to a maximum of 13.4%. Following block model optimisation of the orebody, the average
Total S content of the ore to be mined is 1.64%. Test work undertaken by ANSTO (ANSTO 2015) identified that
the majority (80-90%) of the Total S is composed of the sulphide form (sulphide-S), and thus it can be assumed
that ore material below the redox boundary contains on average 1.3-1.5% sulphide-S. Based on this sulphide
content, the maximum potential acidity (MPA) of the orebody will likely be around 43 kg H2SO4/t. The Eocene
sediments below the redox boundary have an inherent acidic pH (typically < 5; Appendix H2), likely due to
previous and potentially contemporaneous sulphide oxidation (e.g. Cl/SO4 ratio of groundwater within the MRUP
varies from 3.3 to 9.5, with an average of 5.1), and thus they contain no readily available acid neutralising
capacity (ANC). Consequently, the MPA value of 43kg H2SO4/t effectively equates to the net acid producing
potential (NAPP) of the material. Measured (net acid generation (NAG) values of equivalent materials (ANSTO
2015) vary from 15 to 57kg H2SO4/t.
The above results indicate that the ore material to be mined at the MRUP is classified as potentially acid forming
(PAF) and may release acidity under appropriate conditions. Although this is the case, the surrounding receiving
environment, is already acidic (prior to disturbance), and thus the likely additional inputs of acidity into the already
strongly acidic groundwater system is not likely to cause adverse environmental impact.
The potential for the ore material, including the clay enriched lignite and lignite to release metals and metalloids
during leaching has been tested using the Australian Standard Leach Procedure (Appendix H2). The results
show that only Cd, Co, Fe, Se and Zn are expected to leach from the ore (lignite) materials, with all other
elements strongly retained in the solid phase (i.e. through strong organic-metal complexes); hence not mobile to
leaching solutions.
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Tailings
The tailings to be generated from the processing of the orebody will have a target particle size of P80 at 150µm.
Detailed hydrometer test work shows that after beneficiation of the sand fraction the tailings will contain 50-60%
silt + clay (i.e. < 20µm) and clay (< 2µm) contents of 25%. It will therefore behave like a silty clay, with low
permeability and appreciable water holding capacity at field state. The Atterberg Limits (a basic measure of the
critical water contents of fine-grained soils) obtained for the tailings reflect their fine texture with liquid limits (LL; %
water content at which behaviour changes from liquid to plastic) and plastic limits (PL; % water content at which
behaviour ceases to be plastic and instead break apart) of around 53% (LL) and 45% (PL). The plasticity index
(PI; ~ 8) and Activity (A; ~ 0.32) indicate that the tailings is slightly-plastic and non-reactive or inactive.
Geochemically the tailings material closely resembles the ore material, albeit with significantly lower U and base
metal contents. There is generally no alteration or loss of sulphides within the leach and base metals plant, and
thus the tailings are considered PAF with Total S grade approximating the ore material (i.e. 1.6%) and
corresponding average sulphide-S levels in the range of 1.3–1.5%. Based on these sulphur levels, the tailings
will have a MPA and NAPP of around 40-45kg H2SO4/t.
Following processing the tailings materials are expected to contain elevated Ba, Cr and V, as the majority of the
Co, Cu, Ni and Zn, including U, is removed during processing. The potential for the tailings to generate
metalliferous drainage was tested by ANSTO (Appendix H2) using the Australian Standard Leach Procedure.
This testing, using actual site water, identified that Mn and Pb were the only metals showing enhanced mobility,
when the extraction of Co, Cu, Ni and Zn are considered. Given the organic carbon in the orebody is preserved
during processing, and the majority of the elements of environmental concern are strongly complexed to this
material, the potential for the tailings to generate metalliferous drainage is considered low.
With the TSF the following controls limit the potential of the tailings to generate acid metalliferous drainage
(AMD):
•

The high carbon content of the generated tailings expected to contain around 40% Total Carbon, with
the majority of this, given the pH of the tailings, to be organic carbon. This means that microbial
decomposition of the organic material will result in a continual consumption of available oxygen
favouring reducing (Eh) conditions below the approximate ~600-700mV (SHE) needed to oxidise
2+
3+
Ferrous (Fe ) to Ferric (Fe ), which has the potential to oxidise sulphides.

•

The inherent buffering capacity – although the pH of the tailings would suggest no readily available
acid neutralisation capacity (ANC) is present (i.e. no carbonates present), microbial decomposition of
the organic matter, under depleted oxygen and sulphur reducing conditions, will produce biogenic
alkalinity which will assist in neutralising the released acidity.

•

Limited oxygen diffusion into clayey tailings at field capacity. The tailings are relatively clayey and,
based on their particle size distribution, are expected to have a high field capacity of around 30% (v/v);
and a corresponding air-filled porosity of only 10% (v/v). Under these conditions the oxygen diffusion
-7
rate is expected to be low (< 8.0 × 10 m/s) and limiting to sulphide oxidation (i.e. to completely oxidise
the 1.64% Total S, assuming it is all sulphidic, approximately 30g of oxygen/kg of soil is needed).
Based on the very low oxygen diffusion rates at field capacity in the clayey tailings, insufficient oxygen
will be available to fully oxidise the sulphides.

•

Low permeability of the tailings following draining. The permeability of the tailings is expected to
decrease sharply as the tailings consolidate and drain. At field capacity the permeability of the tailings
-1
-8
is expected to be around 1.0 × 10 cm/d (equivalent to 1.1 × 10 m/s). Consequently, the transport and
seepage of any oxidation reaction products (i.e. AMD) from the base of the TSF, once it is at field
capacity, will be limited.
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15.9

Radon Exhalation Performance of Cover Systems

Radon emanation rates were measured from dry samples for two different ore types (lignitic and sandy) using
charcoal canisters backed by continuous radon and thoron emanation rates measured using a Durridge RAD 7
unit (Appendix F3). Tests were also carried out with samples saturated with site water and capped with Eocene
clay material to assess their respective emanation attenuation potential. Results were as follows:
•

Radon emanation rates from saturated vs. dry ore decreased by greater than 95% to less than
2
0.1Bq/m /s. This is due to the diffusion coefficient of radon being much lower in water than in air. That
attenuation factor achieved in a submerged configuration is likely to be greater than that achieved
through what will merely be a saturated medium.

•

A 35cm Eocene sand clay cap achieved greater than 99% attenuation of the radon emanation rate.
The proposed 2m thick capping structure for the surface and in-pit tailings (1m capillary break and 1m
growth medium) is expected to result in similar radon attenuation factors following drainage of the
tailings leachate.

Following the completion of two geotechnical investigation trenches at the Ambassador deposit in late 2015-early
2016, Vimy intends on conducting further radon and thoron emanation test-work on loose bulk mineralised
samples excavated from the base of the trench to confirm the previous radon emanation test work using
small-scale canisters. These ore samples will undergo processing in a pilot plant, and similar radon emanation
measurements will be taken over the tailings generated and rate assumptions for various landforms updated
accordingly.
This supports the concept of benign radon emanation rates associated with the final MRUP tailings reconstructed
landforms, decreasing in a logarithmic manner over time with the decay of radium left in those tailings. The
proposed cover systems for the various post-mine landforms (including the backfilled pits, TSF and OLs) will be
sufficient to reduce radon exhalation to below background levels.
Given the very short half-life of thoron (55.6 seconds), it wasn’t considered relevant for the scope of closure.

15.10

Landscape Evolution Modelling of Post-mine Landforms

To establish the long term evolution of the post-mine landforms, erosion modelling on actual site materials was
undertaken using a laboratory scale rainfall simulator, with the results entered into WEPP (Watershed Erosion
Prediction Project) to determine the optimal post-mine landform configuration based on the material properties
(Appendix H2). During the rainfall simulator test work, intense rainfall events (including 1:100 year 72 hr event)
were incorporated to get accurate measurements of predicted sediment loss and surface runoff.
The WEPP model results showed that the proposed reconstructed soil profiles for the various post-mine
landforms were stable at all slope angles, and negligible runoff occurred due to the sandy nature of the surface
cover (i.e. the majority of the rainfall infiltrated the surface sands, with sediment losses typically less than DMP
stability criteria of 5t/ha/yr).
To establish the long term stability of the post-mine landforms, SIBERIA Landscape Evolution Modelling (a
complex topographic evolution model capable of assessing gully development and incision and landform
containment design) was undertaken over a 10,000 year period. Both the above-ground TSF and an OL from
Ambassador (AWOL) were modelled. The OL was modelled with 1m of permeable growth medium (nominally
Quaternary sands), overlying the sandy Miocene and Eocene sediments. In contrast, the above-ground TSF is
comprised of a shallow sandy growth medium overlying the clayey embankment walls and tailings.
A 3D image of the AWOL landform (to the left of the image) and the above-ground TSF (behind AWOL) is
illustrated in
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Figure 15.8. The results of the SIBERIA modelling over 10,000 years for the AWOL and above-ground TSF
landforms are presented in Figure 15.9 and Figure 15.10 respectively.
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The SIBERIA model results demonstrate that in the absence of vegetation cover:
•

The OL landform was more stable than the above-ground TSF due to the high infiltration rates of the
OL materials which limited surface runoff reducing the erosion potential.

•

The above-ground TSF has a limited depth of highly permeable sands covering an engineered wall
(high clay content). The contact between the highly permeable sand and low permeable clay
engineered wall on the TSF concentrates water during high rainfall events and increases the potential
for erosion. Although there is the potential for some of the underlying substrate to become exposed in
some of the deeper gullies, in practice surface sealing following infilling and natural dust deposition will
limit this.

•

In the above-ground TSF scenario the magnitude of erosion and sediment loss is substantial, but it is
considering a theoretical 10,000 year period (without dust deposition or vegetation cover) and
peneplanation (a geomorphological process describing the reduction of hills into plains) of any
landform would occur over this period.

The shape of the planned above-ground TSF is different to the one modelled, however the internal structure,
composition, and design prescription, which influenced the erodibility of the landform, remain the same.
Vegetation establishment and growth was not considered in the SIBERIA model, and thus the results represent
worst case. The positive results obtained from the WEPP modelling (Appendix H2), which considers a 100 year
period, for the yellow dunal sand cover indicates that over this period, which is sufficient to establish a functioning
and sustainable ecosystem on the post-mine landforms, the proposed post-mine landforms will be stable.

15.11

Materials Balance and Scheduling

This project is still in the initial stages of mine planning, with a Definitive Feasibility Study (DFS) yet to be
completed. Detailed material movements and mine scheduling will be undertaken as part of the DFS and the
information obtained from this work incorporated into the existing conceptual MCP. Preliminary growth medium
balances and waste volumes are presented in the CMCP and reproduced as Table 15.3 and Table 15.4.
Table 15.3 indicates that there is significantly more growth medium available through the pre-mining stripping
process than is required for rehabilitation.
Table 15.3

Estimated Growth Medium and Overburden Volumes to be Managed for Each Mine Pit
3

Potential salvaged growth medium (m )

3

Used growth medium (m )

Stripped from pits

Stripped from
OL footprints

Required for pits
(including in-pit
TSFs)

Required for OL
(including TSF)

Princess

1,490,000

1,470,000

990,000

1,740,000

Ambassador

4,700,000

2,800,000

2,880,000

1,380,000

Shogun

2,300,000

1,400,000

920,000

710,000

Emperor

8,950,000

3,720,000

1,280,000

1,860,000

Subtotal

17,440,000

7,920,000

5,080,000

4,950,000

Deposit

Total volume

25,360,000

9,030,000

Table 15.4 indicates that landforms will be reduced in size or removed as part of the closure planning process.
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Table 15.4

OL

OL During Operations and Closure

Surface Area
(footprint)
(ha)

Maximum
height (m)

Maximum
Volume (m3)

PNOL (Princess
North OL)

16.3

30

2,266,800

PEOL (Princess
East OL)

130.7

30

25,214,000

AEOL
(Ambassador
East OL)

136.0

30

23,715,000

ASOL
(Ambassador
South OL)

32.9

30

4,675,600

AWOL
(Ambassador
West OL)

106.5

30

19,947,000

SOL (Shogun
OL)

141.9

30

34,800,000

EEOL (Emperor
East OL)

135.2

30

35,577,000

ESOL (Emperor
South OL)

237.0

30

68,329,000

Total

936.5

30

214,524,400

Changes at closure
Landform removed at closure. Used for
construction and rehabilitation of the
above-ground TSF and rehabilitation of
the Princess In-pit TSF cover.
Landform size reduced at
closure. Used for the rehabilitation of
the Princess In-pit TSF cover.

Used for TSF cover. Final size
reduced.

Due to the large lateral extent and horizontal geometry, the deposit lends itself to strip mining techniques using
truck and excavator, and dozer trap mining techniques similar to those used in thermal coal, and mineral sands
mining.
The upper portion of the growth medium will be progressively stripped from the surface of pits (ahead of the
mining front) using both truck and shovel and dozer methods. This material will either be stockpiled around the
edge of pits to later be reinstated on top of backfilled mining voids, or be used for capping OLs.
Pits will be initiated with the excavation (truck and shovel) of an initial slot to expose the ore, with the overburden
placed in an OL adjacent to the initial slot. This OL will remain as it is not economically feasible to return it to the
pit for backfilling. After mining the ore exposed by the first slot, a pit void is created approximately 200-300m in
length. At this point a dozer trap and conveyor waste handling system is installed to progress the mining front
and convey the overburden to backfill the mined out section of the pit (initial slot).
Mineralised ore at the bottom of the pit will be mined by a small truck and shovel conventional fleet.
The backfilling of the pit progresses along the strike length at a similar rate as the mining front (dozer trap)
progresses. In some cases, smaller satellite pits which are not large enough for a dozer trap system will be
mined with conventional truck and shovel (AMEC Foster Wheeler 2015). The proposed mining sequence is
illustrated in Figure 15.11 and Figure 15.12 to Figure 15.15.
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This mining method will result in a relatively small environmental footprint at any given time and significant
benefits from progressive rehabilitation. Owing to the nature of the material hosting the ore and overburden,
mining is expected to be free digging where drilling and blasting will not be required. This expectation may
change following continued geotechnical and strength test work of defined silicrete lenses located at the
Miocene/Eocene contact
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Mining will initially commence at Princess (Year 0), for about 12-18 months. The Princess Pit will be pre-stripped
during the construction phase with a portion of the overburden material used to construct the above-ground TSF.
Once the process plant is operational the tailings will be stored in the above-ground TSF until the Princess Pit has
been sterilised. After approximately 18 months the tailings will then be diverted to the Princess in-pit TSF
(Year 2).
Mining operations will commence at Ambassador in Year 1 and will continue until Year 14. An initial slot will be
developed using a conventional truck and shovel fleet. Initial overburden material from this slot will be deposited
to the side of the pit as a permanent OL. A void will be left at the beginning of the Ambassador pit to form the
second in-pit TSF, which will be required from about year eight onwards (Figure 15.16).
During the same period as mining is occurring at Ambassador, the above-ground TSF will be partially
rehabilitated. Once the tailings have dried sufficiently to allow machinery on to its surface a sand layer will be
placed over the tailings to prevent dusting. The proposed rehabilitated above-ground TSF is shown in
Figure 15.17.
Mining at Shogun commences one year after Ambassador (Year 2) and continues for seven years. At Year 8
mining commences at Emperor and continues for nine years (Year 16).
At the completion of the Project, the overburden waste piles adjacent to the Princess and Ambassador in-pit TSFs
will be used to rehabilitate and close the tailings facilities. The above-ground TSF will also be capped and domed
over. The final rehabilitation profiles over the Princess and Ambassador in-pit TSFs are shown in Figure 15.18
and Figure 15.19.
The remaining overburden waste landforms located at Ambassador, Shogun and Emperor will be re-contoured
and revegetated. There will be voids remaining at the completion of mining operations at Ambassador, Shogun
and Emperor. These will be partially filled to a level of not less than 10m from the water table and the sides and
base of the pit reshaped. Any contaminated plant equipment, concrete footings and foundations will be placed in
the bottom of the remaining mining void before backfilling. Remaining equipment which can be decontaminated
will be scrapped and sold.
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15.12

Progressive Rehabilitation

The mining schedule has been designed so as to facilitate the backfilling of the void, behind the mining front, and
subsequent progressive rehabilitation of the reconstructed soil profile. This is also the most cost-effective
approach given the large overburden to ore strip ratios (averaging 13:1), and thus there is a financial driver for
progressive rehabilitation to occur.
During the DFS, detailed mine schedules will be prepared, which will include the backfilling of the void with
overburden (i.e. overburden management) and rehabilitation of the re-established land surface. Proposed areas
of progressive rehabilitation and open and closed areas will be determined on an annual basis to facilitate
rehabilitation and mine closure planning and works, and in setting financial provisioning targets.

15.13

Characteristics and Function of Post-Mine Landforms

A conceptual hydro-geochemical site model has been developed to assess how the post-mine landforms will
interact with the surrounding environment. The conceptual model is provided in Figure 15.20. Technical studies
have been undertaken by GHD (Appendix D8) and SWC (Appendix D9) to establish the potential impacts of the
proposed operation, in particular the TSFs, on the surrounding environment. This work demonstrates that
negligible impact on the quality of the surrounding environment is expected to occur, with no sensitive
environmental receptors being adversely impacted.
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15.14

Rehabilitation and Closure Monitoring

The rehabilitation and closure monitoring program for MRUP will be developed to comply with the requirements of
the Department of Mines and Petroleum’s Guidelines for Preparing Mine Closure Plans (DMP 2015) and the
Environmental Protection Agency‘s Guidance Statement No. 6 for the Rehabilitation of Terrestrial Ecosystems
(EPA 2006).
The proposed monitoring program will be designed to achieve the required stakeholder agreed post-mine land
use and will include the following components:
•

Selection of appropriate analogue sites with justification of their selection.

•

Description of field monitoring procedures.

•

Description of floristic data provided by the monitoring method.

•

Procedures for assessment of rehabilitation success.

•

Provision of closure criteria in accordance with DMP and EPA guidelines.

•

Procedures to evaluate the success of rehabilitation processes.

•

Time-line of rehabilitation monitoring (i.e. frequency and period of monitoring) based on the outcomes
and recommendations from successive assessments.

Monitoring will include historic rehabilitation already existing at MRUP as this information is critical to determine
the continued establishment of rehabilitation over the longer term.

15.15

Predicted Outcomes

The Proposal is not likely to result in significant environmental impact following closure when management
measures are considered. Ongoing investigations and monitoring undertaken during the life of mine will refine the
management measures required to achieve the long term objectives of mine closure and in accordance with
EPA’s closure objective. This will include implementation and continual revision of the MCP to achieve
documented objectives and monitoring to check implementation and measure outcomes.
Through the implementation of the closure objectives outlined in this Section and the CMCP, it is anticipated that:
•

No significant long term physical offsite impacts will occur as a result of operations.

•

No significant long term impact on baseline surface or groundwater flow patterns and quality will occur
as a result of operations.

•

No unsafe areas will remain after closure whereby members of the general public and animals could be
harmed.

•

Rehabilitated and closed operational areas will be aesthetically consistent with the surrounding
landform and consider stakeholder expectations.

The management measures to appropriately decommission, decontaminate and rehabilitate disturbed areas are
in place to mitigate the potential risks to final mine closure. During life of mine operations, investigations and the
adaptive management approach will ensure that risks to closure are detected early and are addressed so as to
meet the EPA’s closure objective.
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16.

Offsets

16.1

Relevant Environmental Objectives, Legislation, Policies and Guidelines

16.1.1

EPA Objective

The EPA applies the following objective to the assessment of proposals that may require environmental offsets:
To counterbalance any significant residual environmental impacts or uncertainty through the
application of offsets.
16.1.2

Regulatory Framework

Guidance
•

Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets Policy, October
2012, Canberra, Australian Capital Territory. This policy outlines the Australian Government’s
approach to the use of environmental offsets under the EPBC Act. It is designed to ensure that:
─

The use of offsets under the EPBC Act is efficient, effective, timely, transparent, proportionate,
scientifically robust and reasonable.

─

All stakeholders with an interest in a proposal are given guidance and increased certainty
concerning when offsets should be considered, and how they should be determined including
their nature and scale, and what are acceptable delivery mechanisms.

─

Consistent application of the policy will deliver improved environmental outcomes.

•

Government of Western Australia, 2011, WA Environmental Offsets Policy, September 2011, Perth,
Western Australia. This policy provides a framework for consistent application of environmental offsets
to protect and conserve environmental and biodiversity values for present and future generations,
ensuring that economic and social development may occur whilst supporting long term environmental
and conservation values.

•

Government of Western Australia 2014, WA Environmental Offsets Guidelines, August 2014, Perth,
Western Australia. These guidelines are designed to clarify the determination and application of
environmental offsets in Western Australia and to ensure the decisions made on such offsets are
consistent and accountable.

16.2

Background

The Proposal involves the clearing of up to 3787 hectares of land which will impact the associated flora and
fauna. However the extent this impact upon associated flora and fauna will be considerably lessened as a result
of recent bushfire activity which resulted in extensive burning of around 78% of the Disturbance Footprint in
November 2014.
Flora and Vegetation
Surveys of the flora and vegetation communities located within the Disturbance Footprint have demonstrated that:
•

No local vegetation communities are threatened by the proposed clearance.

•

No conservation significant species of flora are threatened by the proposed clearance.

There are no known indirect impacts that could threaten conservation significant flora or local vegetation
communities located in the Development Envelope.
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Fauna and SREs
Surveys of the fauna likely to exist within the MRUP area or likely to inhabit the Disturbance Footprint have
demonstrated that it is highly unlikely that any conservation significant fauna will be impacted by the Proposal. In
particular:
•

To date there have been no observations suggesting that a significant number of Sandhill Dunnarts
reside within the Development Envelope. An extensive bushfire in November 2014 destroyed large
areas of suitable habitat for the Sandhill Dunnart. Only around 24 hectares of prime habitat for the
Sandhill Dunnart (defined as unburnt E3/S6) remains un-impacted within the Disturbance Footprint.

•

Although Southern Marsupial Mole (SMM) activity has been detected as having occurred in the area,
the density of recorded moleholes is far lower (by a factor of around 100) than has been recorded by
any other surveys. The moles require unconsolidated sands to be able to move through whilst
underground and are believed to prefer a habitat of interlinked dunes. Approximately 11 hectares of
land deemed suitable for SMMs to inhabit (being the vegetation communities S6/S8 found within dunes
that are interlinked) will be disturbed.

•

Less than 2ha of suitable habitat for Malleefowl exists within the Disturbance Footprint and there have
been no observations of either Malleefowl or their presence around the MRUP area.

•

No conservation significant invertebrates are likely to occur within the MRUP area.

Subterranean Fauna
No stygofauna were detected in the water within the area where it is proposed to mine. Stygofauna were
detected in a few locations (2 out of 12 sampled sites) within the borefield area, but since the annual extraction
rate is expected to be ~ 1% of the volume of water located in the borefield and involves taking less than 20% of
the volume of water over the life of the mine it doesn’t represent a threat to the stygofauna.
Troglofauna were detected in the Disturbance Footprint area but are believed to be widespread within the region
and so the clearance doesn’t represent a threat.
Hydrological Processes
A borefield will extract around 1.8GL/a (average) from an aquifer approximately 20m below the surface level
estimated to contain more than 167GL in total. This aquifer is not connected with any groundwater dependent
ecosystems. There will be drawdown within the borefield area, but it will not extend to the limits of the borefield
and the only stygofauna located during sampling were in areas away from the proposed borefield location. Once
the need for processing water ceases the water levels will return to roughly their pre-existing levels.
The water located beneath the mining areas is saline to hypersaline and any surplus water not used in mining and
processing activities will be reinjected into the same aquifer downstream. Since the quality of the water in the
aquifer deteriorates as it moves downstream the reinjection water will be of equal or better quality than the water
in the receiving area. Any mounding associated with reinjection will be will not be sufficient to be able to reach
any biologically active areas above. There are no connected ecosystems and the water levels will gradually
return to pre-existing levels once mining activity ceases.
In short no associated groundwater dependent ecosystems will be impacted as a result of the development of the
Proposal.
Inland Waters Environmental Quality
Tailings and waste process water will be deposited in a surface tailings facility for the first couple of years and will
then be disposed of within pit areas that have been previously mined.
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The surface tailings facility will be fully lined and modelling shows that any seepage will simply move vertically
down to the aquifer below, where any contaminants will be filtered out from the groundwater by the action of the
organic matter. The in-pit tailings facilities will not be lined and will drain into the aquifer running through the base
of the tailings facility. Modelling work shows that contaminants are quickly filtered out by the organic material in
the layers through which the seepage will pass and that any plume of contaminants will become indistinguishable
from background levels by the time the plume reaches the mining boundary approximately 12 kilometres away.
Any seepage through the side walls of the in-pit tailings facility will not move laterally by more than around 5m and
therefore will not be able to interact with the environment.
Containment of contaminants (both metals/metalloids and radionuclides) essentially relies on the confines of
paleochannels, gravity and the very same processes that caused the accumulation of the uranium and base
metals in the first place, namely their capture by the carbonaceous material that exists at the surface of and below
the water table. Its effectiveness means that there will be no adverse impacts.
Air Quality and Atmospheric Gases
The area naturally has occasionally high levels of dust emissions and the dust produced as a result of the
development of the Proposal will be within the range of what occurs naturally. The extent of dust generation will
be limited by the implementation of dust management measures.
Of particular concern is dust containing radioactive material, but this will be managed by ensuring that actual ore
is kept wet enough to minimise dust generation and is contained throughout the processing stages until it is either
packaged in sealed containers or deposited sub-aqueously into tailings storage facilities.
Operations will likely be fuelled by the use of diesel both for mining and for the power required to processes the
material and operate other facilities (the use of gas as a fuel for generating electricity is being considered). Total
carbon dioxide equivalent emissions were estimated at around 225,000 tonnes per year. Climate change is a
global issue and needs to be considered in a global context. The uranium produced as a result of the
development of the Proposal will generate electricity with less carbon emissions (measured on a life cycle basis)
than any alternate fossil fuels and will effectively displace the equivalent around 50 million tonnes of carbon
dioxide that would have been created had coal been burned to create the same amount of electricity. In
greenhouse gas emission terms the net effect of the development of the Proposal is beneficial.
Human Health
The risk to human health is not something that can be dealt with via offsets. The risk will be managed down to a
level where any residual risk is below the level where it gives any cause for concern.
Heritage
The development of the Proposal will have no known impacts on Aboriginal sites of an ethnographic nature
(culturally significant) and no known impacts on sites of an archeological nature.
Rehabilitation and Decommissioning
Decommissioning and rehabilitation will be undertaken to a standard that ensures that the residual impacts will be
sufficiently small that no further remediation is required and offsets would not be appropriate.
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16.3

Mitigation Hierarchy

Avoidance
In the first instance the application of the mitigation hierarchy requires avoidance of impacts where possible.
Vimy will run an internal control procedure requiring any ground disturbing activity to receive an authority to
proceed before clearance can commence; this will be achieved through the issuing of Ground Disturbance Activity
Permits (GDAPs). It will require the exact co-ordinates of the area proposed to be cleared to be established and
a justification for the extent of the clearance. The proposed area will be compared against known locations of
areas that would be better avoided, such as locations of conservation significant flora or interlinked dune
complexes, and where practicable disturbance to such area will be avoided.
Minimisation
The same GDAP system will be used to ensure that the areas being cleared are minimised as far as is
practicable, and are rehabilitated as soon as possible once there is no longer a requirement for the area to be
cleared. Timely rehabilitation will also help to control dust and to reduce the length of time when cleared land is
not suitable as an environment for supporting local fauna.
There are a number of indirect impacts associated primarily with operations where minimisation of those impacts
will be achieved by the implementation of management plans (MPs):
•

The risk to flora and fauna associated with the increased risk of fire that comes with human activities in
the area will be managed through a Fire MP (MRUP-EMP-025). Although ostensibly designed to
control the risks fire poses to Vimy’s operations it will also have the effect of decreasing the risk that
Vimy’s activities will engender a fire and ensure that any fires in the region, regardless of source, are
controlled, supressed or otherwise managed in a manner designed to reduce their spread and lessen
their impact as much as can practically be achieved.

•

In what is a very arid environment almost all activity has the potential to create some dust and this dust
may have an adverse impact on local flora and fauna. All of Vimy’s activities will be subject to a Dust
MP (MRUP-EMP-024) which will aim to minimise the creation of dust associated with such activities.

•

The Project involves mining of ore which contains uranium and other radionuclides that are associated
with its presence. Radioactivity has the potential to adversely impact flora, fauna and human health.
The issue of radioactivity and its potential to create adverse impacts will be managed through:
─

Radiation MP (MRUP-EMP-028)

─

Radioactive Waste MP (MRUP-EMP-029)

─

Transport Radiation MP (MRUP-EMP-022) and

─

Mine Closure Plan (MRUP-EMP-031).

•

Changed environmental conditions as a result of Vimy’s activities in the region may encourage the
presence of, and an increase in the numbers of feral animals that could present a threat to native flora
and fauna. Vimy will monitor the presence of such feral animals as part of its Feral Animal MP (MRUPEMP-006) and will take appropriate action as a result.

•

Vimy’s activities could result in the introduction of weeds into the area – this issue will be managed by
applying appropriate hygiene measures as part of the Weed MP (MRUP-EMP-003)

•

All water used will be extracted under RIWI Act licences and will be subject to Department of Water
conditions including, if appropriate, a Groundwater Operating Strategy (MRUP-EMP-011) and the
associated Water Conservation and Efficiency Plan which will ensure water use is minimised. Any
surplus ware that is reinjected back into the aquifer will be done as part of a Managed Aquifer
Recharge MP (MRUP-EMP-012).
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•

The mine plan and mining method will result in approximately 50-75% of the waste overburden and
over 90% of the tailings being placed back within mined out pits which minimises the need to develop
significant number of additional waste landforms and resultant impacts.

The selected mining method (dozer trap system and waste conveyance) used to backfill pits will minimise the
overburden haulage using conventional mining fleets minimising the potential for vehicle generated dust and
greenhouse gas emissions.
Rehabilitation
Aside from mining areas that will be subsequently used for the in-pit disposal of tailings, all other areas mined will
be progressively backfilled and rehabilitated once an appropriate topographic profile has been achieved. This
progressive backfill means that rehabilitation will also be a progressive activity. A Rehabilitation and
Revegetation MP (MRUP-EMP-030) will be implemented under which each phase of rehabilitation will be
monitored for effectiveness and adjustments made as appropriate to future phases.
The areas used for the disposal of tailings will also be rehabilitated once they are either full or no longer required
for further use. They will be rehabilitated to a standard that negates the need to undertake offsets.

16.4

Impact on Receptors

As a result of the implementation of avoidance and minimisation measures and progressive rehabilitation where
appropriate, there are not expected to be any significant lasting residual impacts on any environmental receptors.

16.5

Discussion

Table 16.1 below summarises the environmental offsets for each environmental factor identifying impacts,
avoidance measures, minimisation measures, and mitigation and rehabilitation measures. It also covers the
likelihood of rehabilitation success and an estimation of the extent of any residual impacts.
It is a requirement that a mitigation hierarchy is applied under which avoidance is preferred to minimisation;
minimisation is preferred to rehabilitation; and offsets is regarded as the lowest preference option to be
considered only if rehabilitation cannot achieve a reduction in residual impacts to a point where they are
considered insignificant. Once operations at the MRUP have ceased and full rehabilitation has been implemented
there will be no lasting significant residual environmental impact that would warrants offsets.
There is also a requirement to counterbalance any uncertainty concerning potential environmental impacts
through the application of offsets. There will undoubtedly be people genuinely concerned about any number of
issues associated with the production of a product containing uranium and associated uncertainty about its future
use and associated impacts.
Australia has in place legislation that ensures that it meets its obligations under the Treaty on the NonProliferation of Nuclear Weapons (NPT) and the Zangger Committee (which determines what material and
equipment needs to be covered under the NPT) and that it exercises its commitment to the Nuclear Suppliers
Group export control guidelines. In particular:
•

Nuclear Non-Proliferation (Safeguards) Act 1987 – regulates nuclear material in Australia and is
administered by the Australian Safeguards and Non-Proliferation Office (ASNO)

•

Customs Act 1901 (Prohibited Exports) Regulations – prescribes prohibited exports and is
administered by the Australian Customs and Border Protection Service; and

•

Weapons of Mass Destruction (Prevention and Proliferation) Act 1995 – covers exports not controlled
under the Customs Act which may contribute to weapons of mass destruction programs and is
administered by the Department of Defence.
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There is therefore no risk, above a level of complete insignificance, associated with whether uranium exported
from Australia can find its way into any use other than for the peaceful purposes. Those peaceful purposes are
predominantly the generation of low carbon emission electricity.
There will be people who are concerned that even if uranium is only used for peaceful purposes there is some
uncertainty associated with the effects of exposure to the radiation associated with nuclear power; in particular
there are risks associated with the disposal of the waste fuel from nuclear reactors and there are risks associated
with the possibility of a nuclear accident leading to Australian uranium contributing to a nuclear disaster.
High level nuclear waste can be safely disposed of, on a permanent basis, in deep geologic deposits. There is
no uncertainty about whether they work, merely the lack of a social licence and/or the political will to implement
them as a solution for most countries which operate nuclear reactors and therefore need such depositories.
Finland is currently in the process of building such depository and Sweden is expected to follow suit.
The latest generation of nuclear reactors is inherently safer than previous generations. The previous generation
technology was itself very safe when properly managed. Although the Fukushima nuclear accident was rightly
regarded as a catastrophic incident, no person has actually died yet as a direct result of exposure to radiation
from the event; and it is entirely possible that no-one will.
The export of uranium is sufficiently well controlled and the risks associated with the operation of nuclear reactors
are sufficiently well understood and controlled that the act of mining uranium for subsequent export should not be
regarded as having an associated risk in relation to nuclear weapons, nuclear waste or nuclear accidents.
There is also substantial uncertainty about the extent of the risks associated with climate change. In the context
of the MRUP there is a risk that extreme weather events associated with climate change could be far worse than
those currently expected (as a result of modelling work) and that very high rainfall events could lead to flooding
and a consequent adverse impact upon the containment of tailings. However the capacity of the local sand dunes
to absorb rainfall is very high (>5m/day) and will prevent widespread flooding; water will accumulate in local
depressions, where overlying sand dunes are not present and then gradually evaporate or infiltrate. Moreover the
use of in-pit tailings disposal where drainage is directly into the underlying aquifer means that in the event of a
very high rainfall event the volume of water in the aquifer would increase leading to an overall dilution of the
plume of contaminants seeping from the base of the TSF.
Overall there are no significant residual environmental impacts and no uncertainty that would require offsets to
counterbalance it.
It is acknowledged that there is a time lag between the loss of a vegetation community or any conservation
significant flora and when appropriate self-sustaining vegetation communities can be properly re-established
(including any conservation significant flora) and that this temporary loss may be regarded as an adverse
impact. Further consultation with the Commonwealth’s Department of Environment will be undertaken to
establish the extent to which such a temporary loss might be regarded as a residual impact and might be
regarded as significant thereby necessitating an offset requirement.
It is also acknowledged that there is a time lag between the loss of potential fauna habitat as a result of clearing
and its restoration as part of rehabilitation to a habitat capable of supporting fauna, and that this temporary loss
may be regarded as an adverse impact. Further consultation with the Commonwealth’s Department of
Environment will be undertaken to establish the extent to which such a temporary loss might be regarded as a
residual impact and might be regarded as significant thereby necessitating an offset requirement.
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Table 16.1

Environmental Offsets Table
Mitigation Hierarchy

Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

The potential to
avoid clearing is
limited by the
location of the
mineralised
orebodies and the
required
infrastructure to
mine and process
this deposit.

Clearing of native
vegetation will be
minimised through the
application of the
GDAP system.

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Flora and Vegetation
Clearing of
3,787ha of native
vegetation (worst
case scenario as
~78% of
Disturbance
Footprint was
extensively burnt
in November
2014).

Ground disturbance during the
construction and operational
phases of the Project will be
managed through the
application of a Ground
Disturbing Activity Permit
(GDAP; MRUP-POL-001) via
the Ground Disturbance MP
(MRUP-EMP-019).
This will control all clearing of
native vegetation to ensure that
it is kept to a minimum and
approved 3,787ha of clearing is
not exceeded over the life of the
Project.

All mine voids will be backfilled to a
topographic surface that resembles the
pre-mine land surface where practicable.
There will be depressions where
insufficient material is available, and in
these cases mine voids will be backfilled
with a minimum of 10m above the water
table.
All post-mine landforms, including
backfilled mine voids, Overburden
Landforms (OLs), Tailings Storage
Facilities (TSFs) and infrastructure
disturbance areas, will be rehabilitated
with native vegetation similar to pre-mine
native vegetation.

The proposed area to be cleared for the
construction of the MRUP (3,787ha) is
classified under the Interim Biogeographical
Regionalisation for Australia (IBRA) as
occurring within the Shield subregion (GVD1)
The mining schedule has been developed to facilitate the
of the Great Victoria Desert bioregion (Barton
capturing of sufficient required rehabilitation materials to enable and Cowan 2001). MCPL vegetation
re-establishment of the pre-mine ecosystem functioning.
community S6 has affinities with the “Yellow
Given the Aeolian, sedimentary and highly weathered nature of Sand Plain Communities of the Great Victoria
the soil and overburden materials, their properties are unlikely to Desert” Priority 3 (ii) ecological community
estimated to be 1,692,000ha in total in the
restrict revegetation growth and establishment.
broader region.
Previous rehabilitation of an old trial mine area in the Shogun
Area of disturbance to this vegetation
Deposit shows that rehabilitation of provenance Eucalypt
community is estimated to be <0.33% for the
species is achievable with minimal management of soils,
Disturbance Footprint and <0.66% for the
overburden materials and suitable reconstruction of the
entire MRUP Development Envelope.
backfilled soil profile. Consequently, it is considered
rehabilitation utilising a defined prescription that aims to
The native vegetation within the MRUP is not
re-establish a functioning ecosystem that will facilitate
considered a specific habitat supporting a
successful rehabilitation of disturbance areas.
particular fauna assemblage (i.e. foraging
habitat) or ecosystem function. It is broadly
Progressive rehabilitation will be undertaken throughout the
representative of the wider Yellow Sand Plain
operational LOM which will enable adaptive management of
Community (YSC) and thus its disturbance
rehabilitation practices to ensure that they are continually
and subsequent rehabilitation in response to
optimised to achieve the desired stakeholder agreed closure
the MRUP is not expected to have a
goal/s.
significant impact on either the fauna of the
How will rehabilitation practices be managed onsite?
area, or the function of the system.
All rehabilitation activities will be managed through the
Based on the above information, the clearing
implementation of a Rehabilitation and Revegetation MP
of a maximum 3,787ha for the MRUP is not
(RRMP) (MRUP-EMP-030).
considered a ‘significant residual impact” and
Can the environmental values be rehabilitated / evidence?
Key drivers influencing the functioning of the pre-mine
environment and distribution of native vegetation have been
identified.

The RRMP outlines the rehabilitation methodology and schedule
aimed to return a functioning ecosystem to the area post-mining
operations. This MP also outlines monitoring requirements to
ensure that the correct information is collected to enable
adaptive management of rehabilitation and revegetation
practices.

Not expected to be required as there will be no
significant residual impact.
Discussions will be undertaken with the
Commonwealth’s Department of Environment to
determine if the time lags between clearance and full
rehabilitation constitute a significant impact that might
warrant offsets.

thus meets the EPA’s Objective for flora and
vegetation, in accordance with EAG 9 (EPA
2013).
No offset is therefore required.

It is acknowledged that there is a time lag
between the loss of a vegetation community
An Environmental Induction and Training MP (MRUP-EMP-039) or any conservation significant flora and when
will also be developed to provide specific information to
appropriate self-sustaining vegetation
rehabilitation operators regarding how to undertake rehabilitation communities can be properly re-established
activities and the key outcomes required during the process (i.e. (including any conservation significant flora)
to get their buy-in).
and that this temporary loss may be regarded
as an adverse impact. Further consultation
What is the type of vegetation being rehabilitated?
with the Commonwealth’s Department of
Detailed soil and terrain analysis work undertaken for the Project
Environment will be undertaken to establish
has identified that the thickness of the surficial Quaternary Dunal
the extent to which such a temporary loss
Sand governs the distribution of the native vegetation, and
might be regarded as a residual impact and
overall functioning of the ecosystem across the MRUP. It is
might be regarded as significant thereby
therefore possible to manipulate this sand thickness in
necessitating an offset requirement.
rehabilitation to achieve the most economically feasible and
It is also acknowledged that there is a time lag
environmentally sound outcome that meets the stakeholder
between the loss of potential fauna habitat as
agreed criteria.
a result of clearing and its restoration as part
The soil profile underlying the E3 vegetation type represents
of rehabilitation to a habitat capable of
best balance between rehabilitation costs (i.e. volume of
supporting fauna, and that this temporary loss
material to move), environmental function (i.e. allowing for
may be regarded as an adverse impact.
infiltration and recharge of the rainfall) and rehabilitation risks
Further consultation with the Commonwealth’s
(i.e. the role of the sand cover prevents the problematic
Department of Environment will be undertaken
properties of the underlying clayey soils from being expressed at
to establish the extent to which such a
the rehabilitation surface).
temporary loss might be regarded as a
In areas where the depth of sand cover will be minimised, only
residual impact and might be regarded as
on flat surfaces (i.e. top of the TSFs, OLs) the revegetation type significant thereby necessitating an offset
will be trending towards an E6 community for the OL, whilst the requirement.
TSF will likely represent a small shrubland community, as there
will be a need to ensure roots of the native vegetation do not
interact with the tailings material.
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Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

What is the time lag for rehabilitation activities to
commence and for a sustainable rehabilitation to be
developed?
Based on the current mine schedule, significant rehabilitation
works cannot commence until Year 6, after commencement of
the Project. However a small amount will be possible where
clearance required for construction purposes is no longer
required for operations. The first significant landform to be
rehabilitated will be the above-ground TSF, followed by the
backfilled mine void sections in the Ambassador Deposit in Year
7.
Monitoring of progressive rehabilitation will commence in Year 6
and will likely continue until 5 years after mining ceases.
Annual monitoring of analogue sites (both burnt and unburnt)
and historic rehabilitation onsite will add to the existing baseline
database.
Monitoring results will guide the development of the
rehabilitation prescription through adaptive management.
Provided that suitable growing seasons prevail after the
rehabilitation of disturbed sites, it is envisaged that within
5 years KPIs will indicate completion criteria for closure will be
met for this site.
Direct impacts on
Conservation
Significant Flora
Species (CSFS).

Although the
potential to avoid
CSFS is restricted,
as the location of
the minesite is
dictated by the
location of the
mineralised
orebody, efforts
will be made to
avoid any CSFS
during siting and
construction of
infrastructure.

Clearing of areas that
are potential habitat
for CSFS will be
minimised through the
application of the
GDAP system.

The protection and
management of CSFS within the
MRUP will be controlled by the
Threatened and Conservation
Significant Flora and Vegetation
MP (MRUP-EMP-002).

Given that there will be limited impact on
CSFS, no specific rehabilitation or
restoration of these species will be
included in rehabilitation works for the site.

All rehabilitation will be progressively
implemented and will be monitored for
Ground disturbance during the
effectiveness, including the ability or
construction and operational
otherwise of vulnerable species to regrow
phases of the Project will be
from seed or plant material harvested. In
managed through the
the event it becomes apparent that when
application of a Ground
an area containing CSFS has been
Disturbing Activity Permit
cleared there is no regrowth in the area
(GDAP; MRUP-POL-001) via
where the material has subsequently been
the Ground Disturbance MP
applied, further investigation will be
(MRUP-EMP-019).
undertaken to establish the reason why
there was no regrowth and whether
This will control all clearing of
native vegetation to ensure any alternative measures could be
disturbance of CSFS is kept to a implemented to ensure that there is
minimum and that the number of representation in rehabilitated area of
CSFS that have been previously growing
plants impacted is accurately
in cleared areas.
captured.
Revegetation will predominantly
occur through the collection and
subsequent application of seeds
and other plant material
(including the lignotubers)
harvested during the initial
clearing process. To the extent
that CSFS are affected by
clearing activities, their seeds
and potentially other plant
material capable of regrowth will
be part of the material harvested
and subsequently used for
rehabilitation purposes.

Rehabilitation measures will be monitored for effectiveness
including in relation to CSFS. In the event that rehabilitation of
CSFS is proving ineffective, an investigation will be undertaken
and adjustments made as appropriate until acceptable
outcomes are achieved.

Negligible potential direct impact on CSFS will Not required as no significant residual impact.
occur due to their limited distribution within the
proposed Disturbance Footprint.
In total only the following will potentially be
disturbed by the MRUP Disturbance Footprint:
38 Hibbertia crispula plants (P1-vulnerable);
0.27% of regional total
8 Dampiera eriantha plants (P1); 0.43% of
regional total
128 Isotropis canescens (P2); 4.25% of
regional total
2 Styphelia sp. Great Victoria Desert plants
(P2); 1.84% of regional total
63 Comesperma viscidulum plants (P4);
3.32% of regional total
3,941 Conospermum toddii plants (P4); 8.62%
of regional total
945 Grevillea secunda plants (P4); 7.40% of
regional total
22 Dicrastylis cundeeleensis plants (P4);
0.31% of regional total and
56 Olearia arida plants (P4); 1.83% of regional
total.
No change in the conservation status of
conservation significant flora species is
therefore expected.
Based on the above information, the MRUP
will not have a significant residual impact and
will not jeopardise the EPA’s objective for flora
and vegetation, in accordance with EAG 9
(EPA 2013).
No offset is therefore required.
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Indirect impacts
on native
vegetation and
Conservation
Significant Flora
Species (CSFS).

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Where possible,
activities that
generate adverse
products (i.e. dust,
radiation) or
processes (i.e.
groundwater
dewatering) that
may impact on
native vegetation
and CSFS will be
avoided.

If activities resulting in
indirect impacts to
native vegetation and
CSFS cannot be
avoided, then
measures will be
implemented to
modify causal
activities and
minimise these
impacts.

Indirect impacts associated with
dust, weeds, radiation, fire, feral
animals, and groundwater
abstraction, reinjection and
quality will be managed
according to the following
management plans (MPs):

Rehabilitation
All areas that have been disturbed will
ultimately be rehabilitated under the
Rehabilitation and Revegetation
Management Plan (MRUP-EMP-030).

Any areas cleared for construction
purposes that are not subsequently
required during operations will be
progressively rehabilitated. The
Dust MP (MRUP-EMP-024)
progressive rehabilitation of any available
Weed MP (MRUP-EMP-003)
disturbed sites will be monitored and
Radiation MP (MRUP-EMP-028) information on rehabilitation success will
Radioactive Waste MP (MRUP- be reviewed and fed back into continual
improvement of rehabilitation protocols.
EMP-029)
Fire MP (MRUP-EMP-025)
Feral Animal MP (MRUP-EMP006)
Groundwater MP (MRUP-EMP010)
Groundwater Operating
Strategy (MRUP-EMP-011)
Managed Aquifer Recharge MP
(MRUP-EMP-012).

Likely rehabilitation success
Can the environmental values be rehabilitated / evidence?
Key drivers influencing the functioning of the pre-mine
environment and distribution of native vegetation have been
identified.
The soil profile underlying vegetation that is indirectly impacted
remains intact and therefore pedogenic processes that facilitate
the germination and establishment of the native vegetation
remain intact, even though the above-ground portion of the
vegetation has been impacted. The ability to rehabilitate these
areas is therefore appreciably easier than having to rehabilitate
a completely reconstructed soil profile.

Type
The risk of indirect impacts on CSFS is low
given their limited distribution within the
Development Envelope and the restricted
nature of development surrounding proposed
infrastructure.

Risk

Likely
offset
success

Time
lag

Offset
quantification

Not required as no significant residual impact.

Based on the above information, the indirect
impacts will not have a significant residual
impact and will not jeopardise the EPA’s
objective for flora and vegetation, in
accordance with EAG 9 (EPA 2013).
No offset is therefore required.

Previous rehabilitation of an old trial mine area in the Shogun
Deposit shows that rehabilitation of provenance Eucalypt
species is achievable with minimal management of soils,
overburden materials and suitable reconstruction of the
backfilled soil profile. Consequently, it is considered
rehabilitation utilising a defined prescription that aims to reestablish a functioning ecosystem that will facilitate successful
rehabilitation of disturbance areas.
There are numerous examples of successful rehabilitation of drill
pads, borrow pits and other surface disturbances where
rehabilitation of in situ soil profiles with native vegetation is
considered achievable.
How will rehabilitation practices be managed onsite?
Native vegetation that is indirectly impacted by the MRUP
operations will be rehabilitated in accordance with the
Rehabilitation and Revegetation MP (MRUP-EMP-030).
The RRMP outlines the rehabilitation methodology and schedule
aimed to return a functioning ecosystem to the area post-mining
operations. This MP also outlines monitoring requirements to
ensure that the correct information is collected to enable
adaptive management of rehabilitation and revegetation
practices.
An Environmental Induction and Training MP (MRUP-EMP-039)
will also be developed to provide specific information to
rehabilitation operators regarding how to undertake rehabilitation
activities and the key outcomes required during the process (i.e.
to get their buy-in).
What is the type of vegetation being rehabilitated?
Where practicable, areas that have been indirectly impacted by
MRUP operations will be restored to a vegetation community
similar to its original state. It is however acknowledged that
information on the seed ecology of every species in the MRUP
is not available or known and that there is a potential that some
indirectly impacted recalcitrant species may not be reestablished. Although this is the case the overall description of
the vegetation community is unlikely to vary, unless the
keystone species are recalcitrant.
What is the time lag for rehabilitation activities to
commence and for a sustainable rehabilitation to be
developed?
All identified indirectly impacted vegetation will be rehabilitated
as soon as it practicable.
Provided that suitable growing seasons prevail after
revegetation of the rehabilitated areas, it is envisaged that an
established revegetation system will be restored within 5 years
after rehabilitation.
Given the limited presence and distribution of CSFS within the
overarching Development Envelope, the potential risks for
indirect impact on these species/plants are considered small.
As a result no rehabilitation of indirectly impacted CSFS is
expected to be required.
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Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Terrestrial Fauna
Direct impacts on
native vertebrate
fauna species.

The potential to
avoid clearing is
limited by the
location of the
(Clearing of
mineralised
vegetation may
result in death or orebodies and the
injury of individual required
infrastructure to
fauna, loss or
mine and process
fragmentation of
fauna habitat and this deposit.
consequential
displacement of
populations or
subpopulations.)
Individual animals
may die or be
wounded due to
such incidents as
vehicular strike.

Clearing of native
vegetation will be
minimised through the
application of the
GDAP system. This
system:
Minimises ground
disturbance as far as
practicable
Avoids clearing
habitat suitable for
MNES listed species
where practicable
Avoids or minimise
the introduction and
spread of feral
competitors (such as
rabbits)
Avoids or minimise
the introduction and
spread of feral
predators.
Measures will be
introduced to
minimise vehicle
strikes, such as speed
limits or avoiding key
times if vehicle strike
records show that
such minimisation
measures are
warranted.

Ground disturbance during the
construction and operational
phases of the Project will be
managed through the
application of a Ground
Disturbing Activity Permit
(GDAP; MRUP-POL-001) via
the Ground Disturbance MP
(MRUP-EMP-019).
This will ensure that any key
locations regarded as
environmentally sensitive (such
as interlinked sand dunes or
refuge unburnt areas) are
avoided where practicable. The
extent of all disturbance will be
minimised to limit habitat loss.

The GDAP system will monitor
disturbance and ensure that progressive
rehabilitation takes place as soon as is
practicable.

Progressive rehabilitation will be undertaken throughout the
Project life which will enable adaptive management of
rehabilitation practices to ensure that they are continually
optimised to achieve the agreed closure criteria.

There will inevitably be some impact upon
terrestrial fauna as a result of vehicle strikes.
The numbers will be monitored and further
mitigation measures will be introduced in the
event that trigger levels for fauna strikes are
exceeded.

Not required as no significant residual impact.

Whilst there will be a loss of some general
habitat and the potential loss of individual
animals, there will be no significant residual
impact and therefore no offsets will be
required.

A record of all vehicle strikes will
be kept. If significant strikes are
recorded in a particular location
an investigation will be
undertaken to determine the
cause; if practicable remedial
measures will be implemented
to avoid further strikes in that
location.
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Significant residual impact
Avoid

Avoidance
measures, in
addition to those
applied in relation
Sandhill Dunnart to all vertebrate
– No evidence of fauna, are not
required for the
a significant
presence in area CSFS as:
and given the
Despite recent
recent bushfire
intensive site
only around 24ha surveys no
of prime habitat
significant Sandhill
(defined as
Dunnart presence
unburnt S6/E3)
has been located
remains within the in the immediate
Disturbance
vicinity of MRUP
Footprint.
area. As the
Disturbance
Southern
Marsupial Moles Footprint has been
extensively burnt,
– Evidence of
past existence in there will be few, if
area but molehole any, individuals
within that area.
density is far
lower (by a factor The Project lies at
of 100) than all
the SW edge of
other locations.
very wide
Project area is at distribution within
the edge of
the sandy deserts
known distribution of central Australia
range. Suitable
and that surveys to
habitat within
date of the
Disturbance
Southern
Footprint (defined Marsupial Mole
as S6/S8 situated indicate that the
within interlinked population is of a
dunes) is only
low density.
~11ha.
All recent surveys
Malleefowl –
revealed an
Less than 2ha of absence of any
suitable habitat
signs of
found to exist in
Malleefowl thus it
Disturbance
is considered
Footprint and no
highly unlikely that
signs of presence a Malleefowl
in the area by
population is
individuals.
present in the
Project area.
Recent fire has
burnt ~78% of the
proposed
Disturbance
Footprint resulting
in an environment
that will not
support Sandhill
Dunnarts or
Malleefowl until
suitable regrowth
has occurred.
Conservation
Significant
Fauna Species
(CSFS)

Offset methodology calculate

Minimise
Clearing of native
vegetation will be
minimised through the
application of the
GDAP system. This
system:
Minimises ground
disturbance as far as
practicable
Avoids clearing
habitat suitable for
MNES listed species
where practicable
Avoids or minimise
the introduction and
spread of feral
competitors (such as
rabbits)
Avoids or minimise
the introduction and
spread of feral
predators.

Mitigate
Ground disturbance during the
construction and operational
phases of the Project will be
managed through the
application of a Ground
Disturbing Activity Permit
(GDAP) via the Ground
Disturbance MP (MRUP-EMP019).

Rehabilitation
The GDAP system will monitor
disturbance and ensure that progressive
rehabilitation takes place as soon as is
practicable.

Likely rehabilitation success
Progressive rehabilitation will be undertaken throughout the
Project life. This will enable adaptive management of
rehabilitation practices to ensure that they are continually
optimised to achieve the agreed closure criteria.

Type
Whilst there will be a loss of some general
habitat and the potential loss of individual
animals, there will be no significant residual
impact and therefore no offsets will be
required.

Risk

Likely
offset
success

Time
lag

Offset
quantification

Not required as no significant residual impact.

This will ensure that any key
locations regarded as
environmentally sensitive (such
as interlinked sand dunes or
refuge unburnt areas) are
avoided where practicable. The
extent of all disturbances will be
minimised to limit habitat loss.
All site based workers will be
educated as part of the
Environmental Induction and
Training MP (MRUP-EMP-039)
to recognise conservation
significant fauna (such as the
Sandhill Dunnart, the Southern
Marsupial Mole, the Woma
Python and the Malleefowl) that
may potentially inhabit the area.
This will also include training to
recognise any evidence of fauna
existence (such as the presence
of Malleefowl mounds or
moleholes).
All site based workers will be
encouraged to report
observations or evidence of the
presence of such conservation
significant fauna.
All observations of conservation
significant fauna will be entered
into the central database
according to the Document and
Data Control MP (MRUP-EMP038) protocols. If appropriate
(i.e. the observation is not
believed to be transient), areas
where conservation significant
fauna are thought to be present
will either be avoided, where
practicable, or subject to
appropriate measures to reduce
the likelihood of adverse
impacts.
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environmental
effects upon
fauna by the
proposed Project
may include:
altered fire
regimes,
increases in feral
animal numbers,
noise and light
spill and any
changes in air
quality (especially
dust).

Offset methodology calculate
Significant residual impact

Rehabilitation

Likely rehabilitation success

Type

Risk

Time
lag

Offset
quantification

Minimise

The potential to
avoid indirect
environmental
effects upon fauna
is limited by the
location of the
mineralised
orebodies and the
required
infrastructure to
mine and process
this deposit.

Clearing of native
vegetation will be
minimised through the
application of the
GDAP system.
Mechanical works and
operational activities
(i.e. vehicle activity)
will also be minimised
to reduce the indirect
environmental effects
where practicable.

Indirect impacts will be limited
by the application of the
following Vimy MPs:

The GDAP system will ensure that habitat
for conservation significant fauna is
avoided as far as is practicable.

All identified indirectly impacted, fauna and vegetation habitats
will be rehabilitated as soon as it practicable. Progressive
rehabilitation will be undertaken throughout the life of the
Project. This which will enable adaptive management of
rehabilitation practices to ensure that they are continually
optimised to achieve the agreed closure criteria.

Following the cessation of mining, Vimy will
decommission the mine in accordance with
the Mine Closure Plan (MRUP-EMP-031) and
any remaining disturbed areas will be
Management measures will also ensure
Dust MP (MRUP-EMP-024)
rehabilitated in accordance with the
that any indirect impacts upon terrestrial
Fire MP (MRUP-EMP-025)
Rehabilitation and Revegetation MP (MRUPfauna are quickly identified and remedied
Feral Animal MP (MRUP-EMP- and that any lasting impact can be
Whilst there will be an alteration of some general habitat and the EMP-030). It is expected that over time the
revegetated areas will become established
006)
prevented.
potential loss of individual animals (i.e. as a result of vehicle
and provide suitable fauna habitat resulting in
strikes),
monitoring
and
further
mitigation
measures
will
be
Radiation MP (MRUP-EMP-028) The progressive rehabilitation of disturbed
minimal residual impacts.
introduced
in
the
event
that
trigger
levels
for
fauna
strikes
are
Radioactive Waste MP (MRUP- sites will be monitored and information on exceeded. Hence there will be no significant residual impact and Taking into account the recent fire which
rehabilitation
success
will
be
reviewed
and
EMP-029)
therefore no offsets will be required.
reduced the health of the vegetation to
feedback into continual improvement of
Rehabilitation and Revegetation rehabilitation protocols. This aims to
Degraded, the minimisation of ground
MP (MRUP-EMP-030).
disturbance/clearance areas through the
ensure that established KPIs on
application of the GDAP system, the
Site-wide management
functioning and stable ecosystems to
progressive nature of the proposed
practices will be enforced to
closely resemble analogue sites will be
rehabilitation that will be undertaken and
ensure no unnecessary
met.
control measures designed to minimise the
disturbance occurs to fauna,
effect of with fire and feral predators, the
and will include:
residual impact on terrestrial fauna as a result
Restricted off-road driving
of the development of the Project is not
expected to be significant and therefore will
Enforced vehicle speed limits
not to warrant any offset. On this basis, Vimy
An ongoing program of fauna
is confident that the EPA’s objective with
monitoring will be undertaken to
respect to terrestrial fauna can be met.
ensure feral animal numbers are
not increasing or no fauna are
encouraged to site by attraction
to any facilities.

Not required as no significant residual impact.

The potential to
avoid
dewatering is
limited by the
need to dewater
prior to mining.

There is no need for
minimisation as the
stygofauna do not
exist in the areas
proposed for mining
due to the salinity of
the groundwater.

Management and monitoring of
groundwater will be undertaken
as part of the Groundwater
Operating Strategy (MRUPEMP-011), Managed Aquifer
Recharge MP (MRUP-EMP012) and the Environmental
Monitoring MP (MRUP-EMP032).

Recovery of water levels immediately
following the cessation of mining will be
rapid through natural recharge from
meteorological waters.

Due to the nature of the aquifer and the minimal dewatering
occurring during mine operations, the likelihood of groundwater
levels returning to background levels is high.

No significant residual impact and therefore
no offsets required.

Not required as no significant residual impact.

Two species,
although in low
densities,
cannot be
avoided
although their
presence was
outside area
where bores will
be located.

The annual rate of
water extraction from
the Kakarook North
aquifer will represent
~1% of the volume of
water conservatively
modelled to be
present (Rockwater
2015a).

Management and monitoring of
groundwater will be undertaken
as part of the Groundwater
Operating Strategy (MRUPEMP-011) and utilising protocols
within the Environmental
Monitoring MP (MRUP-EMP032).

Recovery of water levels immediately
following the cessation of mining will be
rapid through natural recharge from
meteorological waters.

Due to the recharge capacity and sand nature of the aquifer, the No significant residual impact and therefore
likelihood of species rehabilitation is high.
no offsets required.

Not required as no significant residual impact.

Avoidance of such
direct impacts will
be managed
through the
application of
appropriate MPs
as listed in the
section dealing
with mitigation.

Mitigate

Likely
offset
success

Avoid

Subterranean Fauna
Species of
stygofauna may be
directly impacted by
planned open cut
mining, and the
dewatering to
precede it.
The aquifer
underlying the
mining area and the
reinjection area is
saline to hypersaline
(up to 139,700mg/L
TDS – Rockwater
2015a) and no
stygofauna were
detected during
surveys (Rockwater
2015c).
No stygofauna
believed to be
present in mining
areas.
Species of
stygofauna may be
impacted by the
extraction of
groundwater as two
aquatic worm
species were
sampled in low
densities from the
proposed borefield
site – the Kakarook
North aquifer.
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Species of
stygofauna may
be impacted by
the reinjection of
saline water.
No stygofauna
detected in
reinjection area
and believed not
to be present due
to high salinity.

Species of
troglofauna may
be directly
impacted by the
MRUP 3,787ha
Disturbance
Footprint.
Only 3 species of
troglofauna were
detected during
site sampling.
Species of
subterranean
troglofauna may
be indirectly
impacted by the
operations of the
proposed project
with habitat
impacted via
accidental spills
of hydrocarbons
or toxic
chemicals.

Offset methodology calculate
Significant residual impact
Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Avoid

Minimise

Mitigate

Rehabilitation

Levels of salinity
at the site of
reinjection are
the same as or
higher than that
of the
groundwater at
the proposed pits
at the level from
which extraction
will take place.
The level of
salinity recorded
during pump
testing 58,000 to
66,000mg/L
(Rockwater
2015a) and
therefore the
area is unlikely to
support
stygofauna as
maximum
salinities for
prospective
stygofauna are
50,000mg/L
(EPA 2003).

There is no need for
minimisation as the
stygofauna do not
exist in the areas
proposed for mining
due to the salinity of
the groundwater.

Management and monitoring
of reinjection into the
groundwater will be
undertaken following protocols
defined within Groundwater
Operating Strategy (MRUPEMP-011), Managed Aquifer
Recharge MP (MRUP-EMP012) and the Environmental
Monitoring MP (MRUP-EMP032).

The rehabilitation of the effects of water
recharge on stygofauna is not applicable
as stygofauna are not located in such
high salinities.

The rehabilitation of the effects of water recharge on
stygofauna is not applicable as stygofauna are not located in
such high salinities.

There are not expected to be any long term
significant residual environmental impacts in
relation to subterranean fauna.

Not required as no significant residual impact.

The potential to
avoid disturbance
is limited by the
location of the
mineralised
orebodies and
the required
infrastructure to
mine and
process this
deposit.

Areas disturbed will
be minimised
through the
application of the
Ground Disturbance
Activity Permit
(GDAP) system.

Protocols within the Ground
Disturbance MP (MRUP-EMP019) will activity manage all
ground disturbance activities
within the Disturbance
Footprint.

Protocols within the Vimy Rehabilitation
and Revegetation MP (MRUP-EMP-030)
will reconstruct the profile comprised of
the Miocene and Oxidised Eocene
sediment layers, and return a soil profile
to the top 1m similar to the original
profile.

The return of troglofauna to rehabilitated disturbance sites is
likely.

Not required as no significant residual impact.

Hydrocarbons,
chemicals and any
toxic materials will
be appropriately
stored and bunded
to minimise the
potential for spillage
according to
protocols detailed
within the Chemical
and Hydrocarbon
MP (MRUP-EMP037).

The Spill Response MP
(MRUP-EMP-027) will detail
the protocols for immediate
reporting and management of
hydrocarbon or chemical spills
occurring onsite.

The Spill Response MP (MRUP-EMP027) will detail the protocols for the
immediate removal of any contaminated
soil caused by an uncontained spill, to
be disposed of according to specified
procedures within the MP. The affected
site will then be included in the
progressive rehabilitation program when
available.

Once any contaminated soil has been removed, the likely
rehabilitation success for the site, utilising protocols within the
Rehabilitation and Revegetation MP (MRUP-EMP-030), is
high.

Evidence indicated that the troglofauna
habitat is potentially widespread over a
distance of at least 50km in the broader
region. It also appears unlikely that the
abundance, diversity and geographic
distribution of the troglofauna community or
the conservation status of any individual
troglofauna species at MRUP would be
impacted by the Project (Rockwater 2015c).
Therefore there will be no significant residual
impact from the proposed Project on
troglofauna, and therefore no offsets are
required.

Not required as no significant residual impact.
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Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Hydrological Processes – Groundwater
Abstraction from
Kakarook North
Borefield (up to
3.0GL/a;
expected
average per year
over Life of Mine
1.8GL/a).

Abstraction of
groundwater by
dewatering (up to
2.5GL/a) – this
will occur in
advance of
mining in areas
proposed to be
mined.

Recharge of
groundwater at
Reinjection
Borefield
reinjection of up
to 1.5GL/a of
excess water not
suitable for reuse

Required to
satisfy water
demand for
processing plant
at around
1.8GL/a –
therefore cannot
be avoided.

Required to
ensure that water
level is below the
level at which
mining is
occurring and
therefore cannot
be avoided.

Principle of Water
Conservation to be
applied at all levels
of the MRUP to
reduce demand on
groundwater.
Groundwater
supplemented with
dewatering water to
reduce demand on
‘fresher’
groundwater from
the borefield, but
use of dewatering
water constrained by
Cl- levels.
Principle of Water
Conservation and
Efficiency to be
applied at all levels
of the MRUP to
reduce demand on
groundwater.

Also required to
satisfy water
demand for dust
suppression and
beneficiation of
ore at around
0.85GL/a.

Excess
groundwater
(from dewatering
activities) needs
to be discharged
in an
environmentally
sound manner –
therefore cannot
be avoided.

Groundwater abstraction
managed through the
implementation of a
Groundwater MP (MRUPEMP-010).
Groundwater abstraction will
be managed by a 5C licence to
take groundwater. Conditions
imposed on this licence will be
captured by a Groundwater
Operating Strategy (MRUPEMP-011).

No rehabilitation required as
groundwater levels will rebound back to
baseline levels following completion of
the Project.

Likelihood of groundwater levels returning to background
levels, within a reasonable timeframe, is high due to high
rainfall event recharge of the overlying sediments.

No impact on terrestrial ecosystems is
expected as groundwater levels occur at
∼20m bgl and there is no surface
expression in the region.

Not required as no significant residual impact.

No offset is therefore required.

Overall principles of Water
Conservation and Efficiency
documented in the
Groundwater Operating
Strategy (MRUP-EMP-011).
Groundwater abstraction
managed through the
implementation of a
Groundwater MP (MRUPEMP-010).
Groundwater abstraction will
be managed by a 5C licence to
take groundwater. Conditions
imposed on this licence will be
captured by a Groundwater
Operating Strategy (MRUPEMP-011).

No rehabilitation required as
groundwater levels will rebound back to
baseline levels following completion of
the Project.
No impact on terrestrial ecosystems is
expected as groundwater levels occur at
∼40m bgl and there is no surface
expression in the region.

Likelihood of groundwater levels returning to background
levels, within a reasonable timeframe, is high due to the pits
being backfilled (i.e. prevents evaporative loss of water) and
the shallow intercept of the mine pits below the water table;
hence minimal dewatering required for mining of the deposit.

Reinjection of excess water
will be managed by the
Managed Aquifer Recharge
(MAR) MP (MRUP-EMP-012)
whose primary objective is to
ensure that no adverse
impacts on the groundwater
system occurs in response to
reinjection.

Given the extent of dewatering required for
this Project is minimal, groundwater levels
will rebound soon after cessation of mining.
There are no groundwater dependent
ecosystems (GDEs) reliant on the aquifer
and therefore no significant residual impact
will occur.

Not required as no significant residual impact.

Dewatering of the paleodrainage channel
aquifer will therefore not jeopardise the
EPA’s objective for Hydrological Processes,
in accordance with EAG 9 (EPA 2013).
No offset is therefore required.

Overall principles of Water
Conservation and Efficiency
documented in the Water
Operating Strategy (MRUPEMP-021).
Principle of Water
Conservation and
Efficiency will result
in preferential use of
this water minimising
the surplus requiring
reinjection.

Given groundwater levels will rebound after
cessation of the MRUP and that there are no
groundwater dependent ecosystems (GDEs)
reliant on the aquifer, no significant residual
impact will occur and the abstraction of
groundwater from the Kakarook North
Borefield will not jeopardise the EPA’s
objective for Hydrological Processes, in
accordance with EAG 9 (EPA 2013).

No rehabilitation required as
groundwater levels will rebound back to
baseline levels following cessation of the
reinjection.
No impact on terrestrial ecosystems is
expected as groundwater levels occur at
∼40m bgl and there is no surface
expression in the region.

Likelihood of groundwater levels returning to background
levels, within a reasonable timeframe, is high due to the small
quantity of water being reinjected into the aquifer system (i.e.
1.5GL/a). Given the high transmissivity of the aquifer, there is
almost no possibility that mounding will come close to the
biologically active zone above (and monitoring would prevent
such an outcome), and it will rapidly dissipate following
cessation of recharge.

Given the extent of recharge of excess water
into the paleodrainage channel aquifer is
minimal, groundwater mounding will return to
background levels soon after cessation of
reinjection. There are no groundwater
dependent ecosystems (GDEs) reliant on
this aquifer and therefore no significant
residual impact will occur.

Not required as no significant residual impact.

Proposed recharge of the excess water into
the paleodrainage channel aquifer will
therefore not jeopardise the EPA’s objective
for Hydrological Processes, in accordance
with EAG 9 (EPA 2013).
No offset is therefore required.
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Mitigation Hierarchy
Existing
Environment /
Impact
Recharge of
excess water at
Reinjection
Borefield impacts
on water quality.

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Excess
groundwater
needs to be
discharged in an
environmentally
sound manner –
therefore cannot
be avoided.

Principle of Water
Conservation and
Efficiency will result
in preferential use of
this water minimising
the surplus requiring
reinjection.

Principles of Water Protection
(as outlined in the Water
Operating Strategy: MRUPEMP-021) will be applied for
recharge operations to ensure
minimal impact on
groundwater quality and
reduce long-lasting impacts
which may occur at the
tenement boundary.

Constraints on the quality of water to be
recharged will be set based on the
quality of the receiving aquifer system.
Exceedances will likely result in
cessation of recharge activities until
groundwater water quality returns to
background ranges.

As the quality of the groundwater within the proposed
Reinjection Borefield is of ‘worse’ quality than that extracted
from the mining areas (i.e. during dewatering operations) no
restriction on recharge of excess groundwater water is
expected for the majority of the operation. No long term impact
on background groundwater quality is expected as a result of
the recharge.

No impact on terrestrial ecosystems is
expected as groundwater levels occur at
∼40m bgl and there is no surface
expression in the region.

Strategies are in placed minimise the risk of reinjecting with
water with poorer quality than existing and to detect if this
occurs. Strategies are also in place to mitigate any
exceedance of quality parameters.

Any adverse impacts on identified
surface water flow systems or caused by
operational infrastructure will be
rehabilitated so as to restore the original
function.

Any potential impacts that may occur in response to the MRUP
on surface water systems will be localised and capable of
being rectified and rehabilitated so that their original
functioning is re-established.

The groundwater recharge
process and operation of the
Reinjection Borefield will be
managed primarily by the
Managed Aquifer Recharge
MP (MRUP-EMP-012,), the
corresponding Groundwater
MP (MRUP-EMP-010) and
Groundwater Operating
Strategy (MRUP-EMP-011).

Type
Given no adverse impact on groundwater
quality is expected and that no GDEs are
reliant on this aquifer, no significant residual
impact will occur.

Risk

Likely
offset
success

Time
lag

Offset
quantification

Not required as no significant residual impact.

Proposed reinjection operations will
therefore not jeopardise the EPA’s objective
for Hydrological Processes, in accordance
with EAG 9 (EPA 2013).
No offset is therefore required.

Hydrological Processes – Surface Water
Direct impact of
operations on
surface water
flows.

No connected
surface water
flows thus no
surface water
dependent
ecosystems are
present so no
operational areas
avoid impacts.

No connected
surface water flows
thus no surface
water dependent
ecosystems are
present so no
operational areas
minimise impacts.

Surface water flows restricted
to minor sheet flows and
captured in localised
topographic depressions – the
entire region functions as a
playa system.
Sandy nature of the surface
soils result in high infiltration
rates that typically exceed
rainfall rates of all durations.

Given no adverse impact on surface water
flow processes is expected and that no
surface water dependent ecosystems are
present, no significant residual impact will
occur.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Hydrological Processes,
in accordance with EAG 9 (EPA 2013).
No offset is therefore required.

Location of operational
infrastructure will consider the
topography and the potential
impacts of filling or dissecting
the topographic depressions
on future surface water flow
patterns. This process will be
managed according to the
Surface Water MP (MRUPEMP-009).
Management and operation of
all surface water features
associated with the MRUP will
be managed by the Water
Operating Strategy (MRUPEMP-021).
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Mitigation Hierarchy
Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Potential pathways
between operational
storage facilities and
topographic
depressions will be
identified and
minimised.

The management all
operational storage facilities,
including solution and process
water ponds/dams, reagent
tanks and TSFs, will be
managed according to the
Principles of Water Protection
(as outlined in the Water
Operating Strategy for the site:
MRUP-EMP-021).

Rehabilitation of spills or uncontrolled
releases of solutions/slurries will involve:

The potential for spills or released solutions to spread widely
into the surrounding environment is limited by the topography,
sandy nature of the surface soils and absence of surface water
flows. Consequently, any spills or uncontrolled releases will be
restricted in spatial extent, making clean-up achievable.

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Inland Waters Environmental Quality
Operational
activities directly
impacting surface
water quality.

Any surface
water that is
present within the
MRUP is
restricted to the
clayey
topographic
depressions that
partially fill during
heavy rainfall
events. These
areas should be
avoided when
locating solution
ponds/dams and
fuel/reagent
facilities.

Minimise interaction
between
solution/liquid
transfer systems (i.e.
pipelines) and
sensitive or
conservational
significant
environmental
receptors, if
identified.

Management strategies will
involve ensuring sufficient
freeboard on all ponds/dams
to accommodate a 1:100 year
72 hour storm event and
bunding around
solution/fuel/reagent tanks to
accommodate 110% of the
maximum storage volume.

Restrict the spread of the spill or
release.
Remove or stopping the cause.

Given the limited extent of surface water
across the MRUP and the management
systems in place, no significant residual
impact on surface water quality or value is
expected.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Inland Waters
Environmental Quality, in accordance with
EAG 9 (EPA 2013).

Remediate the impact.
Rehabilitate the area
Review (monitor) the progress of
rehabilitation.

No offset is therefore required.

Relinquish (signoff) from regulators.

All hydrocarbon and other
combustible liquids will be
stored and handled according
to legislative requirements and
codes of practice, as
documented in the Chemical &
Hydrocarbon MP (MRUPEMP-037).
All spills will be managed in
accordance with the Spill
Response MP (MRUP-EMP027) and the Emergency
Response MP (MRUP-EMP023).
Operational
activities directly
impacting
groundwater
quality.

The storage of
processing
solutions,
reagents or
hydrocarbons will
be avoided within
the mine pits.

Mechanical works
and refuelling
activities will be
minimised in the
mine pits to prevent
potential
contamination with
the groundwater.

The management all
operational storage facilities,
including solution and process
water ponds/dams, reagent
tanks and TSFs, will be
managed according to the
Principles of Water Protection
(as outlined in the Water
Operating Strategy for the site:
MRUP-EMP-021).
All hydrocarbon and other
combustible liquids will be
stored and handled according
to legislative requirements and
codes of practice, as
documented in the Chemical
and Hydrocarbon MP (MRUPEMP-037).

Rehabilitation of spills or uncontrolled
releases of solutions/slurries will involve:
Restrict the spread of the spill or
release.
Remove or stopping the cause.
Remediate the impact.
Rehabilitate the area
Review (monitor) the progress of
rehabilitation.
Relinquish (signoff) from regulators.

Within the mine pit there is a direct connection with the
groundwater aquifer and therefore the risk of contamination is
increased. However, through the implementation of the various
management plans, and restricting the storage (either
temporary or permanent) within the mine pits, will significantly
reduce this risk, such that the greatest risk of contamination
will come from refuelling operations of some of the larger fleet
and breakdowns of equipment.
All spills greater than 250L will be remediated and reported to
the Department of Environment Regulation.

With no storage of large volumes of
solutions, reagents or fuels within the mine
pit, and the implementation of the various
management plans governing operations,
the risk of impact on groundwater quality is
considered low, and no significant residual
impact will likely occur.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Inland Waters
Environmental Quality, in accordance with
EAG 9 (EPA 2013).
No offset is therefore required.

All spills will be managed in
accordance with the Spill
Response MP (MRUP-EMP027) and the Emergency
Response MP (MRUP-EMP023).
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Mitigation Hierarchy
Existing
Environment /
Impact
Runoff from
operational areas
and material
stockpiles.

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Operational
areas and
mineralised ore
stockpiles will not
be located in
areas that have
the potential for
inundation (i.e. in
topographic
depressions).

Minimise (and
consider) the
potential connection
between operational
catchment areas
and natural surface
flows lines (if
present).

Mitigate

Rehabilitation

Aspects governing surface
water flows within and runoff
from operational areas are
covered in the Construction
and Operational
Environmental MPs (MRUPEMP-018 and MRUP-EMP020, respectively) and the
Surface Water MP (MRUPEMP-009).

If areas are impacted from runoff then:

Surface water drainage
management structures will be
implemented (where required)
in all operational areas,
including ore stockpiles, to
prevent the uncontrolled
release of surface runoff into
the surrounding environment.

Relinquish (signoff) from regulators.

Restrict the spread or generation of
runoff.
Remove or stopping the cause.
Remediate the impact.
Rehabilitate the area
Review (monitor) the progress of
rehabilitation.

Likely rehabilitation success
The potential for runoff from operational areas to spread widely
into the surrounding environment is limited by the topography,
sandy nature of the surface soils and absence of surface water
flows. Consequently, any uncontrolled releases will be
restricted in spatial extent, making clean-up achievable.

Type
Given the limited extent of surface water
across the MRUP and the management
systems in place, no significant residual
impact on surface water quality or value is
expected.

Risk

Likely
offset
success

Time
lag

Offset
quantification

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Inland Waters
Environmental Quality, in accordance with
EAG 9 (EPA 2013).
No offset is therefore required.
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Mitigation Hierarchy
Existing
Environment /
Impact
Runoff from
post-mine
landforms.

Offset methodology calculate
Significant residual impact

Avoid
Avoid the
opportunity for
exposed
landform
surfaces to
generate runoff.

Minimise

Mitigate

Minimise the surface
area of exposed
overburden
(Miocene and
Eocene sediments)
on slopes.

The design, construction and
rehabilitation of all post-mine
landforms will be undertaken
in accordance with the
Overburden Landform MP
(MRUP-EMP-015), Tailings
MP (MRUP-EMP-015) and the
overarching Rehabilitation and
Revegetation MP (MRUPEMP-030).

Rehabilitation
If excessive runoff from post-mine land
surfaces is identified, potentially leading
to excessive erosion, then cause of
runoff will be identified, mitigated and
rehabilitated.

Likely rehabilitation success
Given sandy nature of surface soils and proposed
rehabilitation prescription, outlined in the Mine Closure Plan
(MRUP-EMP-031), the potential for surface runoff to occur,
and for this runoff to cause significant environment is consider
low. Mitigation measures will adequately deal with these
impacts and their rehabilitation.

Type
The proposed rehabilitation prescription to
be adopted for all post-mine land surfaces
has been developed so that negligible
surface water occurs and the majority of
rainfall infiltrates the surface (i.e. storerelease cover). Given this, no significant
residual impact on surface water quality is
expected to occur

Risk

Likely
offset
success

Time
lag

Offset
quantification

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Inland Waters
Environmental Quality, in accordance with
EAG 9 (EPA 2013).

Across all post-mine landforms
the potential for runoff will be
mitigated by:

No offset is therefore required.

Understanding the nature of
the materials and designing
and constructing landforms
accordingly.
Keying-in the all rehabilitated
surfaces with the surrounding
land surfaces.
Utilising contour ripping or
equivalent to create an
undulating land surface to
prevent surface runoff and
maximise infiltration.
Utilising the Quaternary sands
as a cover.
Sloping of flat surfaces
towards the landform to
prevent runoff from the
landform.
Tailings seepage
from in-pit TSFs
impacts on water
quality.

In-pit TSFs are
required (and
preferred to
above-ground
TSFs) to store
the tailings
generated by the
processing of the
ore – therefore
cannot be
avoided.

Principle of Water
Conservation and
Efficiency to be
applied at all levels
of the MRUP to
optimise water use
efficiency during ore
processing.

Principles of Water Protection,
as outlined in the Water
Operating Strategy (MRUPEMP-021) will be applied for
all tailings deposition into the
in-pit TSFs. This aims to
ensure minimal impact on
groundwater quality and
reduce long-lasting impacts
which may occur at the
tenement boundary.
The tailings deposition
process and operation of the
TSF will be managed by the
Tailings MP (MRUP-EMP-013)
and Tailings Operating
Strategy (MRUP-EMP-014).

No rehabilitation or restriction of tailings
seepage from the in-pit TSFs is required
as seepage water quality is similar to
that of the receiving groundwater
system. Modelling shows no long term
impact on background groundwater
quality at the tenement boundary.
No impact on terrestrial ecosystems is
expected as groundwater levels occur at
∼40m bgl and there is no surface
expression in the region.

As the tailings seepage has a similar composition to the
receiving groundwater system no adverse impact on
background groundwater quality is expected.

Given no adverse impact on groundwater
quality is expected and that no GDEs are
reliant on this aquifer, no significant residual
impact will occur.

Not required as no significant residual impact.

Tailings deposition into the in-pit TSFs will
therefore not jeopardise the EPA’s objective
for Hydrological Processes, in accordance
with EAG 9 (EPA 2013).
No offset is therefore required.
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Mitigation Hierarchy
Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Dust exposure will
be minimised by
reducing time
outdoors under high
dust conditions,
wearing applicable
PPE, use of water
spray to keep dust
levels down, and
minimising the areas
cleared prior to
disturbance.

The levels of dust to be
generated during the operation
of the MRUP will be controlled
by the Dust MP (MRUP-EMP024).

All post-mine landforms will be
rehabilitated such that they are safe,
stable, non-polluting and sustainable;
thus maximising the potential for
rehabilitation growth to occur rapidly.
Consideration will be given in the design
to the maximum height, direction and
overall slope angles of the landforms to
minimise the potential for dust
generation.

Where practicable
minimise the
generation of gas
emissions during
power generation
activities and ensure
best practice
utilisation of
equipment and
activities.

To reduce the level of
emissions produced as a
result of power generation,
efficiency considerations will
be made in the procurement
of:

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Air Quality and Atmospheric Gases
Dust impacts on
human health.
(Note: this
section does not
consider the
radiological
impacts from dust
inhalation – this
is covered in the
human health
section below).
The MRUP is an
area that
experiences high
background dust
levels due to the
sandy, friable
nature of the
surface soils,
dunal topography
(i.e. high surface
area),
predominance of
large-scale fires,
and low
vegetation
density.

Avoid activities
that generate
excessive dust,
particularly
during high wind
conditions.
The selected
mining method
(dozer trap
system and
waste
conveyance)
used to backfill
pits will minimise
the overburden
haulage using
conventional
mining fleets
minimising the
potential for
vehicle
generated dust
and greenhouse
gas emissions.

Emissions from
power
generation,
including Carbon
Monoxide (CO),
Nitrous Dioxides
(NO2), Particulate
Matter (PM10),
Sulphur Dioxide
(SO2) and
Volatile Organic
Compounds
(VOCs).

Avoid equipment
that cannot meet
efficiency
requirements for
the site.

Greenhouse Gas
(GHG) emissions
from power
generation.

Avoid redundant
use of equipment
that may result in
excessive
emission of
GHG.

Where practicable all activities
that may generate excess dust
will be minimised during high
wind conditions. Good housekeeping will be applied within
the processing plant to prevent
excess dust generation.
During ground disturbance
activities, the area cleared will
be kept to a practicable
minimum to reduce the
potential for dust generation.
All ground disturbance
activities will be controlled by a
GDAP system, in accordance
with the Ground Disturbance
MP (MRUP-EMP-019).

Mining equipment and
generators so as to minimise
fuel use.

All rehabilitation and revegetation will be
governed by the Rehabilitation and
Revegetation MP (MRUP-EMP-030).

All rehabilitation materials likely to be used in the construction
of the outer surfaces of the various post-mine landforms
exhibit properties for revegetation growth. Their structural
arrangement will be designed to ensure that the reconstructed
soil profile meets the transpiration requirements for
revegetation (i.e. ensuring its sustainability). In addition,
species and revegetation communities will be selected to best
match with the reconstructed soil profile.
Successful rehabilitation is therefore expected, which will
maximise vegetative growth and minimise dust generation
potential on the post-mine landforms.

Given that successful rehabilitation is
expected, and that the dust generation
potential of landforms will be considered
during the design and construction phases,
the likelihood of levels of dust generated
beyond background levels being is
considered small.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for Air Quality and
Atmospheric Gases, in accordance with
EAG 9 (EPA 2013).

Strategic use of cleared vegetation debris will also be
considered on rehabilitation surfaces to further promote
revegetation growth and minimise dust potential.

No offset is therefore required.

To ensure power efficiencies are being
applied, fuel use will be monitored to
detect deterioration in efficiency.
Equipment will be well maintained and
replaced (if replaced) to ensure best
practice power generation activities are
being adhered to.

Through the application of the various mitigation
(management) strategies and plans, and ensuring the
Principles of Power Efficiency are adhere to, gas emissions
are expected to remain below the various NEPM guidelines.

The MRUP will therefore not jeopardise the
EPA’s objective for Air Quality and
Atmospheric Gases, in accordance with
EAG 9 (EPA 2013).

To ensure power efficiencies are being
applied, fuel use will be monitored to
detect deterioration in efficiency.
Equipment will be well maintained and
replaced (if replaced) to ensure best
practice power generation activities are
being adhered to.

Through the application of the various mitigation
(management) strategies and plans, and ensuring the
Principles of Power Efficiency are adhere to, GHG emissions
will be minimised to as low as practicable levels.

Not required as no significant residual impact.

No offset is therefore required.

Processing plant equipment so
as to minimise power
requirement.
Accommodation and
administration facilities so as
to minimise power
requirement.

Where practicable
minimise the
generation of GHG
emissions during
power generation
activities and ensure
best practice
utilisation of
equipment and
activities

The generation of GHG
emissions during the MRUP
will be managed using the
Greenhouse Gas MP (MRUPEMP-017). Management will
primarily involve the
application of best practice to
power generation and the
procurement of power efficient
equipment.

The MRUP will therefore not jeopardise the
EPA’s objective for Air Quality and
Atmospheric Gases, in accordance with
EAG 9 (EPA 2013).

Not required as no significant residual impact.

No offset is therefore required.
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Mitigation Hierarchy
Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Human Health
Radiological
impacts on
human health.
On average the
level of
radioactivity likely
to be generated
during the
operation of the
MRUP is
expected to be
low and below
typical guideline
levels for human
health.

Avoid all work
which may result
in unacceptable
exposure to
radiation or
radioactive
material.

Minimise contact or
exposure to
radiation or
radioactive material
to ensure
occupational limits
(20Ms/yr.) are not
exceeded.

The human health aspects of
the MRUP operations are
controlled under the Radiation
MP (MRUP-EMP-028),
Radioactive Waste MP
(MRUP-EMP-029), Tailings
MP (MRUP-EMP-013) and the
Transport Radiation MP
(MRUP-EMP-022).
Mitigation measures include
minimising time on foot in the
pit, shielding inside equipment,
cover material below soil or
water and wearing applicable
PPE.

Rehabilitation of the MRUP will involve:
Backfilling of the mine pits to cover the
orebody
Constructing a store-release cover over
the TSF surfaces.

Covering all radioactive ore, tailings and contaminated material
with a suitably thick soil cover will effectively prevent radon
emanation. Consequently, at closure no alpha-emitting dust or
radioactive gas emissions above background levels are
expected.

Given the proposed rehabilitation strategy
will involve backfilling of the mine voids, with
a suitably thick cover to support a
sustainable rehabilitation and to prevent
surficial radon exposure.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for human health, in
accordance with EAG 9 (EPA 2013).

Removal of all stockpiled radioactive
material from the land surface and any
underlying contaminated soil. This
materials will be deposited at the base of
a mine pit prior to backfilling

No offset is therefore required.

All rehabilitation works will be in
accordance with the Rehabilitation and
Revegetation MP (MRUP-EMP-030).

Based on legislative
requirements, the processing
plant is deemed a ‘Control
Area’ requiring wash-in and
wash-out. This will reduce the
spread of radioactive material
and the risk of exposure,
through inhalation and
digestion.
Dust impacts on
human health.
The MRUP
occurs in an area
with naturally
high background
levels of dust.
Given the surface
sands are deficit
in alpha-emitting
radionuclides,
captured dust
generally
contained very
low levels of
radiation.

Avoid activities
that generate
excessive dust,
particularly from
exposed ore
surfaces.

Dust exposure will
be minimised by
reducing time
outdoors under high
dust conditions, use
of water spray to
keep dust levels
down and wearing
applicable PPE.

The levels of dust to be
generated during the operation
of the MRUP will be controlled
by the Dust MP (MRUP-EMP024).
Where possible all activities
that may generate excess dust
will be minimised during high
wind conditions, and good
house-keeping will be applied
within the processing plant.
During ground disturbance
activities, the area cleared will
be kept to a practicable
minimum to reduce the
potential for dust generation.
All ground disturbance
activities will be controlled by a
GDAP system, in accordance
with the Ground Disturbance
MP (MRUP-EMP-019).

All post-mine landforms will be
rehabilitated such that they are safe,
stable, non-polluting and sustainable;
thus maximising the potential for
rehabilitation growth to occur rapidly.
Consideration will be given in the design
to the maximum height, direction and
overall slope angles of the landforms to
minimise the potential for dust
generation.
All rehabilitation and revegetation will be
governed by the Rehabilitation and
Revegetation MP (MRUP-EMP-030).

All rehabilitation materials likely to be used in the construction
of the outer surfaces of the various post-mine landforms
exhibit optimal properties for revegetation. Their structural
arrangement will be designed to ensure that the reconstructed
soil profile meets the transpiration requirements of the
revegetation (i.e. ensuring its sustainability). In addition,
species and revegetation communities will be selected to best
match with the reconstructed soil profile.
Successful rehabilitation is therefore expected, which will
maximise vegetative growth and minimise dust generation
potential on the post-mine landforms.
Strategic use of cleared vegetation debris will also be
considered on rehabilitation surfaces to further promote
revegetation growth and minimise dust potential.

Given that successful rehabilitation is
expected, and that the dust generation
potential of landforms will be considered
during the design and construction phases,
the likelihood of excessive levels of dust,
beyond background levels, being generated
is considered small.

Not required as no significant residual impact.

The MRUP will therefore not jeopardise the
EPA’s objective for human health, in
accordance with EAG 9 (EPA 2013).
No offset is therefore required.

Based on legislative
requirements, the processing
plant is deemed a ‘Control
Area’ requiring wash-in and
wash-out. This will reduce the
spread of radioactive material
and the risk of exposure,
through inhalation and
digestion.
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Mitigation Hierarchy
Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

Mitigate

Rehabilitation

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

Heritage
Direct
disturbance on
identified
heritage
sites/values.
There is currently
no Native Title
Claim over the
MRUP and to
date only one
Registered Site
located on the
edge of the
Development
Envelope.

Although no
heritage sites or
values have
been identified
to date within
the Disturbance
Footprint, if any
sites are
identified in the
future they will
be avoided,
where required.

Any disturbance on
future identified sites
within the
Disturbance
Footprint will be
minimised, where
required.

Management of all heritage
sites identified within the
current or future Disturbance
Footprint will be in accordance
with the Heritage MP (MRUPEMP-034).

In the event that an identified heritage
site is disturbed without authorisation
then it will be rehabilitated as far as
practicable back to the existing quality or
value, in consultation with the relevant
group.

Any rehabilitation will be done in accordance with
requirements as determined by stakeholder consultation.

The use of the proposed
GDAP system will ensure that
any future potential heritage
sites are identified and
managed accordingly.

Given the nature of the landscape and the
general lack of permanent surface water
bodies, and subsequent scarcity of native
fauna, it is considered that the likelihood of
heritage sites being present within the
current or future Disturbance Footprint is
low.

Not required as no significant residual impact.

No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Heritage in accordance
with EAG 9 (EPA 2013).
No offset is therefore required.

Rehabilitation and Closure
Inappropriate
utilisation of
problematic
materials.
Although the soil
and overburden
materials to be
used in
rehabilitation
exhibit optimal
chemical
properties, their
clayey nature
and low salinity
levels result in
them being
dispersive and
highly erodible.
Planned
landforms may
not be safe at
closure:
Unconsolidated
backfill may
result in
subsidence.
OLs may be
unstable.
Inadvertent
access and harm
to the public and
fauna

Selectively place
problematic
materials in the
base of the
backfilled pit.
This will avoid
the presence of
problematic
materials within
surface
overburden
landforms.

Approximately 50-75%
of waste overburden
will be backfilled and
not used to form
overburden landforms

The handling and utilisation
of all soil and overburden
materials for rehabilitation
purposes, and the
construction design of the
post-mine landforms, is
addressed in :
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)
Mine Closure Plan (MRUPEMP-031).

All
above-ground
inert
infrastructure
materials that
may be
considered
hazardous to
people and
fauna will be
removed and
disposed of
appropriately

Approximately 50-75%
of waste overburden
will be backfilled and
not used to form
overburden landforms

Landform safety will be
managed through the:
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)
Mine Closure Plan (MRUPEMP-031).
Backfilled Miocene and
Eocene materials will be
compacted by heavy
machinery during
construction to avoid the
occurrence of large macropores that may collapse over
time under overburden
pressures.
Geotechnical material
characterisation (much
already undertaken) will be
used to further refine stable
long term slope angles
suitable for rehabilitation.

All overburden materials will be covered
by a minimum layer of Quaternary Aeolian
sand as follows:
0.5m for backfilled pits and OLs
1.0m for in-pit and above-ground TSFs
This will act as an evaporative buffer to
prevent hard-setting and reduce the flow
velocity of infiltrating rainfall so that
slaking, dispersion and erosion is negated.
This rehabilitated profile has equivalent
analogue systems in the MRUP, and
where practicable the revegetation
community to be re-established will be
matched with the reconstructed profile to
ensure that the sustainability of the
revegetation is met.
The landforms have equivalent analogue
systems in the MRUP, and where
practicable the revegetation community to
be re-established will be matched with the
reconstructed profile to ensure that the
sustainability of the revegetation is met.

The reconstructed rehabilitation soil profiles on the various
post-mine landforms will resemble those of the pre-mine
environment (i.e. Quaternary sand of variable thickness over a
more clayey overburden material). The thickness of the
surficial sand has been shown to govern the distribution of
vegetation across the MRUP, and thus revegetation systems
will be matched with the corresponded soil profile to ensure
rehabilitation success.
There is a good understanding of how the various materials
will behave during mining and rehabilitation, and consequently
this information will be used to manipulate the reconstructed
soil profile to achieve agreed completion criteria.

Given the nature of the materials available,
in sufficient quantities, for rehabilitation,
and the current understanding of
ecosystem function in the MRUP region,
there is a high likelihood that a safe, stable,
non-polluting and sustainable post-mine
landform will be achieved.

Not required as no significant residual impact.

No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.

There is a good understanding of how the various materials
will behave during mining and rehabilitation, and consequently
this information will be used to manipulate the reconstructed
soil profile to achieve agreed completion criteria.

Given the nature of the materials available,
in sufficient quantities, for rehabilitation,
and the current understanding of
ecosystem function in the MRUP region,
there is a high likelihood that a safe, stable,
non-polluting and sustainable post-mine
landform will be achieved.
No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.

Tailings Operating Strategy
(MRUP-EMP-014) and
Tailings Management Plan
(MRUP-EMP-013) will
facilitate efficient and safe
operation of the facilities.
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Mitigation Hierarchy
Existing
Environment /
Impact
Planned
landforms may
not be stable at
closure:
Excessive wind
and water
erosion
Pit edges may be
unstable and
erosion-prone.
Above-ground
TSFs may be
unstable.
Below-ground
TSFs may be
unstable.

Offset methodology calculate
Significant residual impact

Avoid

Minimise
Approximately 50-75%
of waste overburden
will be backfilled and
not used to form
overburden landforms
All disturbed
infrastructure areas
will be reshaped to
approximate baseline
hydrological function
and/or the original
surface topography.
As there is no change
in surface shape, wind
erosion should be kept
to a minimum.

Increased water
and wind erosion.

Mitigate
Landform stability will be
managed through the
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)

Rehabilitation
The landforms have equivalent analogue
systems in the MRUP, and where
practicable the revegetation community to
be re-established will be matched with the
reconstructed profile to ensure that the
sustainability of the revegetation is met.

Mine Closure Plan (MRUPEMP-031).
Geotechnical material
characterisation (much
already undertaken) will be
used to advise stable long
term slope angles suitable
for rehabilitation.

Likely rehabilitation success

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

The reconstructed rehabilitation soil profiles on the various
Given the nature of the materials available,
post-mine landforms will resemble those of the pre-mine
in sufficient quantities, for rehabilitation,
environment (i.e. Quaternary sand of variable thickness over a
and the current understanding of
more clayey overburden material). The thickness of the
ecosystem function in the MRUP region,
surficial sand has been shown to govern the distribution of
there is a high likelihood that a safe, stable,
vegetation across the MRUP, and thus revegetation systems
non-polluting and sustainable post-mine
will be matched with the corresponded soil profile to ensure
landform will be achieved.
rehabilitation success.
etailed dust modelling indicates that under
There is a good understanding of how the various materials
the current prevailing wind conditions,
will behave during mining and rehabilitation, and consequently
negligible sediment yield will occur.
this information will be used to manipulate the reconstructed
No significant residual impact is therefore
soil profile to achieve agreed completion criteria.
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.

The landforms have has
been designed to be no
higher than the sand dunes,
which effectively create a
protective boundary layer for
surfaces at lower elevations.
The low batter slope angles
will also minimise wind
speed acceleration across
the surface, which is the
driving factor of sediment
loss due to wind erosion.

Planned
landforms may
not be nonpolluting at
closure:

Approximately 50-75%
of waste overburden
will be backfilled and
not used to form
overburden landforms

Geochemistry of
the overburden
and other
materials are well
characterised
and the risk of
AMD is
considered low.

Geochemical
characterisation and
leach testing on
overburden materials
will further confirm the
low risk.

Chemical stability will be
managed through the
Overburden Landform MP
(MRUP-EMP-015)
Mine Closure Plan (MRUPEMP-031).

All material identified as contaminated will
either be remediated to DER guidelines or
will be removed to storage in an
appropriate non-polluting facility such as a
TSF.

Tailings Operating Strategy
(MRUP-EMP-014)

The reconstructed rehabilitation soil profiles on the various
post-mine landforms will resemble those of the pre-mine
environment (i.e. Quaternary sand of variable thickness over a
more clayey overburden material). The thickness of the
surficial sand has been shown to govern the distribution of
vegetation across the MRUP, and thus revegetation systems
will be matched with the corresponded soil profile to ensure
rehabilitation success.
There is a good understanding of how the various materials
will behave during mining and rehabilitation, and consequently
this information will be used to manipulate the reconstructed
soil profile to achieve agreed completion criteria.

Tailings Management Plan
(MRUP-EMP-013) will
facilitate efficient and safe
operation of the facilities.

Given the nature of the materials available,
in sufficient quantities, for rehabilitation,
and the current understanding of
ecosystem function in the MRUP region,
there is a high likelihood that a safe, stable,
non-polluting and sustainable post-mine
landform will be achieved.
No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.

AMD Management Plan
(MRUP-EMP-016)
Planned landform
revegetation may
not be
sustainable at
closure:
Reconstructed
soil profiles may
not sustainably
support
revegetation
Seed ecology of
the revegetation
species is
generally
unknown.
Uncertainty
regarding the
response of the
revegetation
species to fire.
Reconstructed
soil profiles may

There is a good
understanding of the
limitations of the
various soil and
overburden materials
to revegetation growth,
and the capacity of
these materials to
support the native
vegetation species.
The reconstructed soil
profiles have,
therefore, been
designed to ensure
that they meet the
growth requirements
of the proposed
revegetation.

Sustainability will be
managed through the
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)
Mine Closure Plan (MRUPEMP-031).
Rehabilitation trials will be
undertaken during
operations to establish the
germination rates of the
various revegetation species
to be used. The
incorporation of progressive
rehabilitation into mine
planning will enable
rehabilitation trials and
monitoring to provide
valuable information as to

The landforms have equivalent analogue
systems in the MRUP, and where
practicable the revegetation community to
be re-established will be matched with the
reconstructed profile to ensure that the
sustainability of the revegetation is met.

The reconstructed rehabilitation soil profiles on the various
post-mine landforms will resemble those of the pre-mine
environment (i.e. Quaternary sand of variable thickness over a
more clayey overburden material). The thickness of the
surficial sand has been shown to govern the distribution of
vegetation across the MRUP, and thus revegetation systems
will be matched with the corresponded soil profile to ensure
rehabilitation success.
There is a good understanding of how the various materials
will behave during mining and rehabilitation, and consequently
this information will be used to manipulate the reconstructed
soil profile to achieve agreed completion criteria.

Given the nature of the materials available,
in sufficient quantities, for rehabilitation,
and the current understanding of
ecosystem function in the MRUP region,
there is a high likelihood that a safe, stable,
non-polluting and sustainable post-mine
landform will be achieved.
No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.
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Mitigation Hierarchy
Existing
Environment /
Impact

Offset methodology calculate
Significant residual impact

Avoid

Minimise

not sustainably
support
revegetation

Mitigate

Rehabilitation

Likely rehabilitation success

The rehabilitation of all post-mine
landforms will be undertaken in
accordance with the various management
plans. A specific rehabilitation soil profile
has been developed for each of the postmine landforms that takes into account:

The reconstructed rehabilitation soil profiles on the various
post-mine landforms will resemble those of the pre-mine
environment (i.e. Quaternary sand of variable thickness over a
more clayey overburden material). The thickness of the
surficial sand has been shown to govern the distribution of
vegetation across the MRUP, and thus revegetation systems
will be matched with the corresponded soil profile to ensure
rehabilitation success.

Type

Risk

Likely
offset
success

Time
lag

Offset
quantification

what species germinate from
seed and what specific seed
treatments may be required
to stimulate germination.

Poor
rehabilitation
growth and/or
sustainability due
to physical or
chemical
limitations
Inadequate soil
profile
reconstruction to
re-establish a
sustainable,
stakeholder
agreed end-land
use.

Inability to
achieve the
completion
criteria (i.e. safe,
stable, nonpolluting and
sustainable).

Unplanned and
unscheduled
rehabilitation
works will be
avoided. The
vegetation within
the MRUP has
specific water
use
requirements
and not
matching these
to the
reconstructed
soil profile will
likely result in an
unacceptable
rehabilitation
outcome.

Minimise the utilisation
of soil and selected
overburden materials
in non-rehabilitation
related activities so
that the quantity of
rehabilitation material
is not diminished.

Unplanned and
unscheduled
rehabilitation
works will be
avoided. The
vegetation within
the MRUP has
specific water
use
requirements
and not
matching these
to the
reconstructed
soil profile will
likely result in an
unacceptable
rehabilitation
outcome.

Minimise the utilisation
of soil and selected
overburden materials
in non-rehabilitation
related activities so
that the quantity of
rehabilitation material
is not diminished.

The handling and utilisation
of all soil and overburden
materials for rehabilitation
purposes, and the
construction design of the
post-mine landforms, is
addressed in:
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)
Mine Closure Plan (MRUPEMP-031).

The handling and utilisation
of all soil and overburden
materials for rehabilitation
purposes, and the
construction design of the
post-mine landforms, is
addressed in:
Soil MP (MRUP-EMP-008)
Overburden Landform MP
(MRUP-EMP-015)
Rehabilitation and
Revegetation MP (MRUPEMP-030)

The risks of the landform impacting on the
surrounding environment and future
rehabilitation
The available of rehabilitation materials
per area
Inherent constraints and requirements of
the landform (i.e. TSF store-release cover
system)

There is a good understanding of how the various materials
will behave during mining and rehabilitation. Consequently this
information will be used to manipulate the reconstructed soil
profile to achieve the desired, stakeholder agreed, land use.

Given the nature of the materials available,
in sufficient quantities, for rehabilitation,
and the current understanding of
ecosystem function in the MRUP region,
there is a high likelihood that a safe, stable,
non-polluting and sustainable post-mine
landform will be achieved.

Not required as no significant residual impact

No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).
No offset is therefore required.

The ecosystem requirements for
sustainable development of the
rehabilitation.
Although the various soil and overburden
materials do not exhibit adverse chemical
properties to restrict revegetation growth,
their sandy nature does have a significant
impact on the water storage and Plant
Available Water capacity. The native
vegetation have therefore developed
specific adaptations to survive extended
periods of drought. It is therefore critical
that the reconstructed soil profiles match
the transpiration requirements of the
vegetation, as if this does not occur then
poor rehabilitation success is likely.

Through the implementation of the various material and soil
profile reconstruction management plans, and the current
understanding of the limitations and functioning of the
ecosystem, the potential to achieve all four closure tenets
(safe, stabile, non-polluting and sustainable) is considered
high.

No significant residual impact is therefore
likely to occur and will not jeopardise the
EPA’s objective for Rehabilitation and
Decommissioning in accordance with EAG
9 (EPA 2013).

Not required as no significant residual impact.

No offset is therefore required.

Mine Closure Plan (MRUPEMP-031).
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Abbreviations

AAEC

Australian Atomic Energy Commission

ACMC

Aboriginal Cultural Material Committee

ACT

Australian Capital Territory

AFP

Albany-Fraser Province

AH Act

Aboriginal Heritage Act 1972

AHD

Australian Height Datum; effectively the amount above sea level

ALARA

as low as reasonably achievable

AMD

Acid and Metalliferous Drainage

AMIRA

Australian Mineral Industries Research Association (now known as AMIRA International)

ANC

Acid Neutralising Capacity

ANCOLD

Australian National Committee on Large Dams

ANRDR

Australian National Radiation Dose Register

ANSTO

Australian Nuclear Science and Technology Organisation

ANZECC

Australian and New Zealand Environment and Conservation Council

ANZMEC

Australian and New Zealand Minerals and Energy Council

ARD

Acid Rock Drainage

ARI

Average Recurrence Interval

ARMCANZ

Agriculture and Resources Management Council of Australia and New Zealand

ARPANS Act

Australian Radiation Protection and Nuclear Safety Act 1998 (Cth)

ARPANSA

Australian Radiation Protection and Nuclear Safety Agency

ASLP

Australian Standard Leaching Procedure

ASRIS

Australian Soil Resources Information System

ASX

Australian Securities Exchange

BAM Act

Biosecurity and Agriculture Management Act 2007

BM

Base metal

BOM

Bureau of Meteorology

Bq

Becquerel

CALM Act

Conservation and Land Management Act 1984

CALMET

3D meteorological model pre-processor to CALPUFF

CALPUFF

Model that simulates dispersion of air pollutants

CAMBA

China-Australia Migratory Bird Agreement
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CAMDMP

Conceptual Acid and Metalliferous Drainage Management Plan

CEC

cation exchange capacity

CMCP

Conceptual Mine Closure Plan

CO

Carbon Monoxide

CO2-e

Carbon dioxide equivalent

CR

Critically Endangered

CSFS

Conservation Significant Flora Species

CSIRO

Commonwealth Scientific and Industrial Research Organisation

CTP

Camera Trapping Protocol

DAA

Department of Aboriginal Affairs

DE

Development Envelope

DEC

Department of Environment and Conservation

DER

Department of Environment Regulation

DEWHA

Department of the Environment, Water, Heritage and the Arts

DFS

Definitive Feasibility Study

DITR

Department of Industry, Tourism and Resources

DMA

Decision Making Authorities

DMP

Department of Mines and Petroleum

DoE

Department of the Environment

DoW

Department of Water

DPaW

Department of Parks and Wildlife

DSEWPaC

Department of Sustainability, Environment, Water, Population and Communities

EAMA

Energy and Minerals Australia

EC

Electrical Conductivity

EIA

Environmental impact assessments

EIS

Environmental Impact Statement

EMP

Environmental Management Plan

EMS

Environmental Management System

EN

Endangered

EP

Environmental Protection

EP Act

Environmental Protection Act 1986

EPA

Environmental Protection Authority
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EPBC Act

Environment Protection and Biodiversity Conservation Act 1999 (Cth)

EPDs

Electronic Personal Dosimeters

EPP

Environmental Protection Policy

ERAP

Emergency Response Assistance Plan

ERDM

Environmental Radon Daughter Monitor

ERICA

Environmental Risk from Ionising Contaminants: Assessment and Management

ESD

Environmental Scoping Document

ESP

Exchangeable Sodium Percentage

EX

Extinct

FAQ

Frequently asked questions

FIFO

Fly-in fly-out

GDAP

Ground Disturbance Activity Permit

GDE

Groundwater dependent ecosystems

GHD

GHD Pty Ltd

GPS

Global Positioning System

GVD

Great Victoria Desert

HAZOB

Hazard Observation

HEPA

High-efficiency particulate arrestance

HVAS

High Volume Air Sampler

IAEA

International Atomic Energy Agency

IBRA

Interim Biogeographic Regionalisation for Australia

ICRP

International Commission on Radiological Protection

IFD

Intensity-Frequency-Duration

ISO

International Organization for Standardization

IUCN

International Union for the Conservation of Nature

JAMBA

Japan-Australia Migratory Bird Agreement

JORC

Joint Ore Reserves Committee

KBCCI

Kalgoorlie-Boulder Chamber of Commerce and Industry

KF

Kimberley Flora

KPI

Key performance indicator

LEL

Lower Explosive Limit

LGA

Local government area
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LL

Liquid Limit

LLA

Long Lived Radioactive Airborne Dust

LLW

Low level waste

LNG

Liquefied Natural Gas

LOM

Life of Mine

MAR

Managed Aquifer Recharge

MCA

Minerals Council of Australia

MCP

Mine Closure Plan

MCPL

Mattiske Consulting Pty Ltd

MNES

Matters of National Environmental Significance

MP

Management Plan

MPA

Maximum Potential Acidity

MPG

Malleefowl Preservation Group

MRE

Mulga Rock East

MRUP

Mulga Rock Uranium Project

MRW

Mulga Rock West

MSIA

Mines Safety and Inspection Act 1994 (WA)

Mtpa

Million tonnes per annum

MW

Megawatt

NAF

Non-Acid Forming

NAG

Net Acid Generation

NAPP

Net Acid Producing Potential

NDRP

National Directory for Radiation Protection

NEIB

North East Independent Body

NEPC

National Environment Protection Council

NEPM

National Environmental Protection Measure

NGOs

Non-government organisations

NORM

Naturally Occurring Radioactive Material

NOx

oxides of nitrogen

NPT

Treaty on the Non-Proliferation of Nuclear Weapons

NSW

New South Wales

NSW DEC

New South Wales Department of Environment and Conservation
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NW

northwest

NWQMS

National Water Quality Management Strategy

OEPA

Office of the Environmental Protection Authority

OL

Overburden landform

ORP

Oxygen Reduction Potential

PAEC

Potential Alpha Energy Concentration

PAF

Potentially Acid Forming

PAH

Polycyclic Aromatic Hydrocarbons

PAS

Personal Air Samplers

PAW

Plant Available Water

PEC

Priority Ecological Community

PER

Public Environmental Review

PETM

Paleocene–Eocene Thermal Maximum

PKEF

Project Key Environmental Factors

PL

Plastic Limit

PM10

particulate matter of less than 10 microns in aerodynamic diameter

PM2.5

particulate matter of less than 2.5 microns in aerodynamic diameter

PNC

PNC Exploration (Australia) Pty Ltd

PPE

Personal Protective Equipment

ppm

parts per million

PRB

Permeable Reactive Barrier

PRMs

Passive Radon Monitors

RIP

Resin-in-pulp

RIWI Act

Rights in Water and Irrigation Act 1914

RMP

Radiation Management Plan

ROKAMBA

Republic of Korea-Australia Migratory Bird Agreement

ROM

Run of Mine

RPS

Radiation Protection Series

RSA Act

Radiation Safety Act 1975 (WA)

RWMP

Radioactive Waste Management Plan

SA

South Australia

SCMP

Stakeholder Consultation Management Plan
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SDU

Sodium diuranate

SEAWAT

Computer Program for Simulation of Three-Dimensional Variable-Density Ground-Water
Flow and Transport

SEPPAQM

State Environment Protection Policy (Air Quality Management)

SHD

Sandhill Dunnart

SIBERIA

Model that simulates the evolution of landscapes under the action of runoff and erosion
over long times scales

SLU

Soil Landscape Unit

SMM

Southern Marsupial Mole

SMU

Soil mapping units

SO2

sulphur dioxide

SRE

Short Range Endemic

SW

southwest

SWC

Soilwater Consultants

SWQMS

State Water Quality Management Strategy

TAPM

The Air Pollution Model

TDS

Total dissolved solids

TEC

Threatened Ecological Communities

TLD

Thermoluminescent Dosimeters

TRMP

Transport Radiation Management Plan

TSF

Tailings Storage Facility

TSP

Total Suspended Particulates

UCL

Unallocated Crown Land

UEL

Upper Explosive Limit

UNSCEAR

United Nations Scientific Committee on the Effects of Atomic Radiation

UOC

Uranium oxide concentrate

Vimy

Vimy Resources Limited

VOC

volatile organic compounds

VU

Vulnerable

WA

Western Australia

WAH

Western Australian Herbarium

WC Act

Wildlife Conservation Act 1950 (WA)
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WCEP

Water conservation/efficiency plan

WEPP

Watershed Erosion Prediction Project

WoNS

Weeds of National Significance

YSP

Yellow Sand Plain

YSC

Yellow Sand Plain Community

Page 427

Appendix A1
Assessment of Flora and Vegetation
Surveys conducted for the Mulga Rock
Uranium Project, Great Victoria Desert,
WA
Mattiske Consulting Pty Ltd for Vimy Resources, October 2015

Appendix A2
Regional Hibbertia crispula
(P1 & Vulnerable) Survey, Great Victoria
Desert, WA
Mattiske Consulting Pty Ltd for Vimy Resources, October 2015

Appendix B1
Mulga Rock – Flora, Fauna and
Radioecology Survey
W.G Martinick and Associates Pty Ltd for PNC Exploration (Australia) Pty Ltd, January 1986

Appendix B2
A Fauna Survey of the Proposed Mulga
Rock Project Area, Great Victoria Desert,
Western Australia
Ninox Wildlife Consulting for Energy and Minerals Australia, January 2010

Appendix B3
Camera Trapping Protocol – Sandhill
Dunnart (Sminthopsis psammophila) –
Mulga Rock Uranium Project Area
Vimy Resources, October 2015

Appendix B4
Sandhill Dunnart Camera Trap Monitoring:
Motion Camera Small Mammal
Identification
GHD for Vimy Resources Limited, October 2015

Appendix B5
Updated Report on the Southern
Marsupial Mole, Mulga Rock Uranium
Project, Great Victoria Desert
Ninox Wildlife Consulting for Vimy Resources, October 2015

Appendix B6
Fauna Assessment for the Malleefowl
(Leipoa ocellata) – Mulga Rock Uranium
Project Area
Vimy Resources, October 2015

Appendix B7
A Revised and Updated Report on the
Herpetofauna of the Proposed Mulga
Rock Project Area, Great Victoria Desert,
Western Australia
Ninox Wildlife Consulting for Vimy Resources, October 2015

Appendix B8
Short-range Endemic Fauna at the Mulga
Rock Uranium Project
Bennelongia Pty Ltd for Vimy Resources, October 2015

Appendix C1
Mulga Rock Uranium Project: Stygofauna
Pilot Assessment
Woolard Consulting Pty Ltd for Vimy Resources, October 2015

Appendix C2
Mulga Rock Project: Subterranean Fauna
Pilot Study
Rockwater Pty Ltd for Vimy Resources, October 2015

Appendix D1
Results of Hydrogeological Investigations
and Numerical Modelling,
Planned Kakarook North Borefield
Rockwater Pty Ltd for Vimy Resources, October 2015

Appendix D2
Results of Hydrogeological Investigations
and Numerical Modelling, Mulga Rock
Uranium Project
Rockwater Pty Ltd for Vimy Resources, October 2015

Appendix D3
Groundwater Study: Lake Minigwal
Uranium Prospect
Groundwater Resource Consultants for PNC Exploration (Australia) Pty Ltd, May 1984

Appendix D4
Mulga Rock Prospect: Stage 2
Hydrogeological Investigation
Groundwater Resource Consultants for PNC Exploration (Australia) Pty Ltd, January 1985

Appendix D5
Report on Groundwater Exploration at
Mulga Rock Prospect 1985
Groundwater Resource Consultants for PNC Exploration (Australia) Pty Ltd, February 1986

Appendix D6
Geochemistry, Mineralogy and
Hydrogeochemistry of the Ambassador
Multi-Element Lignite Deposit, Western
Australia
GB Douglas, DJ Gray & CRM Butt 1993
with Additional Investigations on the Characterization of Organic Matter, Final Report Volume 1, April 1996
DJ Gray 1996

Appendix D7
Physicochemical Characterisation of
Tailings from the Mulga Rock Uranium
Project
Soilwater Consultants for Vimy Resources, October 2015

Appendix D8
Mulga Rock Uranium Project Tailings
Storage Facility Seepage Analysis
Soilwater Consultants for Vimy Resources, October 2015

Appendix D9
Mulga Rock Uranium Project: Surface
Water Assessment and Management Plan
Rockwater for Vimy Resources, October 2015

Appendix D10
Results of Solute Transport Modelling for
In-pit Tailings Storage
Rockwater for Vimy Resources, October 2015

Appendix E1
Mulga Rock Uranium Project: Dispersion
Modelling
GHD Pty Ltd for Vimy Resources, October 2015

Appendix F1
Occupational and Environmental
Radiation Predictions and Controls, Mulga
Rock Uranium Project – Radiation Report
Radiation Advice and Solutions Pty Ltd for Vimy Resources, October 2015

Appendix F2
Secular Equilibrium in Ores from PNC
Exploration Site
ANSTO, Lucas Heights Research Laboratories in 1989 and updated by K.P. Hart 2013

Appendix F3
Mulga Rock Uranium Project Radon Testwork: Technical Note
in: Radiation Protection in Australasia Vol 32 (1): pp. 15-21, Radiation Advice & Solutions Pty Ltd for Vimy
Resources Limited, May 2015

Appendix G1
Report of an Ethnographic survey: Mulga
Rock Uranium Project Area, Great Victoria
Desert
Mathieu C for Vimy Resources, June 2015

Appendix G2
A Survey for Aboriginal Sites in the
Cundeelee Minigwal Area – Interim Report
Robert McKeich, PhD, BA, Assoc. Dip. Soc. Sci. prepared for PNC Exploration (Australia) Pty Ltd, April 1982

Appendix G3
A Survey for Aboriginal Sites in the
Cundeelee Minigwal Area
Robert McKeich, PhD, BA, Assoc. Dip. Soc. Sci. prepared for PNC Exploration (Australia) Pty Ltd, August 1982

Appendix G4
A report of an Archeological Survey of the
Proposed Mulga Rock Project Northeast
of Kalgoorlie
Glendenning W for Vimy Resources, June 2015

Appendix G5
An Archeological Survey for Aboriginal
Sites in the PNC Exploration Lease Area,
Officer Basin, Great Victoria Desert
Sue O’Connor, Centre for Prehistory, University of Western Australia for PNC Exploration Pty Ltd, 1984

Appendix H1
Mulga Rock Uranium Project Conceptual
Mine Closure Plan
Vimy Resources, October 2015

Appendix H2
Terrain Analysis and Materials
Characterisation for the Mulga Rock
Uranium Project
Soilwater Consultants for Vimy Resources, October 2015

Appendix H3
Mulga Rock Uranium Project Preliminary
Radioactive Waste Management Plan
Vimy Resources, October 2015

Appendix I1
EPBC Act – Protected Matters Report,
October 2015

Appendix J1
Vimy Resources Limited – Stakeholder
Consultation 2008 – October 2015

Appendix K1
Mulga Rock Uranium Project
Environmental Management Plans

Appendix L1
Environmental Scoping Document

Appendix L2
EIA Checklist

