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Radiation

The scope of the assessment included:

• Characterisation of background radiation 
levels within the project site and the 
broader project area

• Assessing the likely radiation effects on the 
workforce, members of the public, and the 
environment associated with the project during 
operations, rehabilitation, decommissioning 
and post-closure. This included assessment of 
the radionuclide content of vegetation, surface 
water and groundwater

What did we study 
and why?
The Radiation Study was carried out by 
SGS Australia.

Radiation issues and potential impacts have been 
addressed to meet EES scoping requirements 
and because the project will require a license to 
operate under the requirements of The Victorian 
Radiation Act 2005.

A Management Licence will be issued to Kalbar 
once the regulatory body, the Department 
of Health and Human Services, are satisfied 
Kalbar have adequately considered all potential 
occupational and public exposures as a result of 
mining and processing operations.
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Above: Radiation Assessment sample locations.

• Identifying mitigation measures to avoid, 
reduce and/or manage any significant effects 
for sensitive receptors arising from adverse 
changes to the background radiation levels in 
the vicinity of the project.

A site survey of the ambient external radiation 
levels was performed as part of the assessment.

Radiation levels in the soil were measured at over 
150 gamma points.

Monitoring of atmospheric radiation and 
groundwater was also undertaken.

Further details of the impact assessment are 
available in Chapter 9 of the EES:  Environmental 
and socioeconomic impact assessment.

The full Radiation Assessment Report is available 
as Appendix A011 of the EES.
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Radiation

Basic Radiation concepts
It is important to explain some key radiation 
concepts discussed in the study. 

Alpha, beta and gamma radiation

There are three types of radiation we can be 
exposed to – alpha, beta and gamma radiation, 
all of which are present in heavy mineral ore 
and products. 

Radionuclides – radioactive isotopes of 
various elements

Radionuclides are essentially radioactive 
isotopes of various elements. 

Natural uranium and Thorium series

Natural uranium and Thorium series (and the 
radioisotopes mentioned above) are those 
associated with the natural uranium and 
thorium series which are present in the ore and 
heavy mineral product.

Radiation units
Activity 

Becquerel (Bq) – one disintegration per second

With regard to radiation units and quantities, 
the most important quantity is activity. 
The activity tells us how much radioactive 
material is present which is expressed in units 
of becquerels.

Concentrations

We are also interested in radioactive 
concentrations, which is the activity per unit 
mass or volume.

Soil and other solids – kBq·kg-1

For example, for soil and other solids, it will be 
becquerels per kilogram.

Water - Bq·L-1

For water it will be becquerels per litre.

Air - Bq·m-3

For air it will be becquerels per cubic metre.

Effective dose humans - sievert (Sv)

The other important quantity referred to is 
the effective dose or dose received by an 
individual, which is in units of sievert. The 
sievert is a measure of the risk of biological 
damage. This is expressed in units of  
milli-sieverts or micro sieverts - as a sievert  
is a very large quantity.

Above: An example of an outdoor radon monitor housing.
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Above: Water sampling undertaken as part of the Environment Effects Statement studies.

What did the 
study find?

Naturally occurring radioactive 
material
Many minerals and raw materials contain naturally-
occurring radioactive material. These elements 
have always been present in the earth’s crust and 
atmosphere and are concentrated in some places.

Uranium and thorium are present in rocks and 
soils in trace amounts together with radioactive 
potassium (K-40), associated with stable potassium, 
which is a very common element in the earth’s crust. 
These radioactive elements result in direct external 

irradiation of people due to their presence in the 
environment and incorporation of these elements 
within building materials. The presence of naturally 
occurring radionuclides in food and drinking water 
also leads to internal exposure to radiation.

The main heavy mineral constituents of mineral 
sands are the titanium-bearing minerals, 
predominately ilmenite, but also rutile and 
leucoxene, as well as zircon, and the rare earth 
bearing minerals monazite and xenotime.

Uranium and thorium are also present in these 
minerals, predominantly associated with the zircon 
and rare earth products. The concentrations of 
uranium and thorium are generally in trace amounts, 
except for one of the rare earth minerals, monazite. 
Monazite typically contains 5% to 7% thorium and 
0.1% to 0.3% uranium.
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Radiation

Consequently, the mining and processing of heavy 
mineral ores has the potential to cause elevated 
radiation exposures of both workers and the public 
during operations, and from the management of 
waste and non-economic minerals arising from 
production. Therefore, depending on the level of 
potential exposures in the industry, certain radiation 
control measures may be required to provide for an 
adequate degree of protection for both employees 
and the public.

The uptake of radionuclides from the soil to crops 
was estimated using internationally recognised 
soil-to-plant transfer factors available for temperate 
environments. The uptake of key radionuclides was 
calculated for composite samples taken in September 
2018 from the five areas within the farming district. 
The radionuclide content in the crops is well below 
the naturally occurring levels found in soils worldwide 
and are not of concern to human health.

The gross alpha and gross beta radioactivity 
concentrations in all surface water samples were 
below the Australian Drinking Water Guidelines’ 
recommended screening level.

Environmental PM10 air samples were collected within 
the project area and analysed for total uranium and 
thorium content. Sampling and analysis occurred for 

15 months from June 2017 to September 2018. Over 
this time, 99 samples were analysed for uranium 
and 101 samples for thorium using an accredited 
laboratory based on an Environmental Protection 
Authority approved sampling regime. The uranium 
and thorium concentrations for all dust samples 
collected were found to be at or below the detection 
limits of the analysis.

Exposure to workers
The most significant worker exposure to radiation is 
likely to occur from the handling of product during 
processing or transport, or from being near bulk 
heavy mineral concentrate. The highest estimate of 
annual exposure was assessed at less than 1.5 mSv 
per year. The maximum permissible dose rate for 
workers is 20 mSv per year.

Inhalation of dust by workers near the heavy mineral 
concentrate is calculated as a worst-case scenario (it 
assumes the stockpiles will be dry, when in fact they 
will be damp and assumes no respiratory protection 
measures will be used).

The potential exposure pathways  
for the public living near the project area 
have been evaluated. It can be concluded 

that there should be no measurable 
radiological impact on members of the 

public from the project either during 
operations or in the long term. 

The assessment shows that worker exposure through 
inhalation of dust during mining or processing, 
including handling of products containing the rare 
earth minerals, would not lead to doses greater than 
the public limit of 1 mSv per year. The processing of 
mineral sands uses wet separation techniques, so the 
level of dust is expected to be very low.

Above: Baseline radiation assessment includes naturally 
occurring radiation from soils.
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Above: Radon monitoring.

Exposure to members of the public 
and vegetable crops

Radon exposure 

The physical structure of the heavy minerals 
mitigates the quantities of radon escaping or 
emanating from the sand grains. Radon emanation 
coefficients for minerals have been reported to be, 
on average, an order of magnitude below that of 
natural rocks and soil.  

Dilution and atmospheric dispersion of any radon or 
thoron released will mean that off-site concentrations 
in the air will be indistinguishable from natural 
concentrations as a result of radon release from the 
surface soil in the area. The dose to a member of the 
public from this pathway is expected to be negligible.

As internal doses to mine  
workers are likely to be below the public 

dose limit, then any prospective dose 
received by an individual member of the  

public would also be well below the 
recommended dose limit.

Dust 

The study concludes that any off-site release of 
dust during mining or processing operations would 
lead to negligible doses to members of the public, 
including residents of neighbouring properties, 
given the nature of the material, and the substantial 
dilution with atmospheric dispersion off-site.

This is predominantly due to the high density of 
the ore and heavy mineral concentrate produced, 
and the fact the material will have a high moisture 
content throughout operations.

The potential for deposition of radioactive 
material onto plants is considered negligible. 

Based on a conservative and unlikely ingestion 
rate of 50 milligrams per day of deposited 
radioactive material, the annual dose to a member 
of the public has been calculated as negligible 
compared to natural background contributions.

Potential groundwater or surface 
water contamination 
It has been concluded that there will not be any 
significant long-term impact on radioactivity levels 
in groundwater or surface water arising from 
mining, mineral processing and the disposal of 
tailings and other waste. The reasons for this are:

• The potential for migration of radioactivity 
into the groundwater in the area is similar to 
the existing situation with the presence of the 
heavy mineral ore deposits

• The overall radionuclide levels in tailings 
returned to the mine void will be lower than 
those of the original ore

• The radionuclide constituents of heavy mineral 
sands are known to be highly inert and bound 
strongly in the mineral structure, making the 
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Radiation

Above: Radiation monitoring.

radioactive components insoluble and unable 
to be dispersed within the water table

• For much of the same reason, there would 
not be any significant long-term impact on 
radioactivity levels in the Mitchell River.

How will the impacts 
be managed?
Kalbar will manage radiation risk to employees, 
contractors, members of the public and the environment 
through the following management measures:

• Radiation Management Plan

• Radiation Waste Management Plan

• Radiation Environment Plan.

These plans will be developed in accordance with 
state, national and international requirements and 
will include on-going monitoring and reporting 
against key radiation measurements.

Specific mitigation measures to be implemented 
include:

• Radiation exposure to project personnel will be 
minimised through:

- Engineering controls, such as ventilation, dust 
control, and appropriate machinery shielding 
where required

- Standard operating procedures for handling and 
transport of radioactive materials, use of radiation 
sources/apparatus and industrial gauges

- Limiting occupancy in identified higher-
risk areas and/or restricting time spent on 
identified higher-risk activities

- Provision of warning signs and labels in 
identified higher-risk areas

- Provision of personal protection equipment 
for operational procedures where potential 
radiation doses might necessitate its use

• Project personnel will be trained in the 
radiological aspects of operations, including:

- Training in measures adopted to reduce or 
minimise radiation exposures

- Job-specific training and additional training for 
supervisors

- Specific ongoing training and professional 
development for radiation safety personnel

• Sufficient hose-down points and sumps will be 
installed to allow ease of clean-up of product and 
avoid accumulation

• Remote handling will be adopted at the port 
for the loading and handling of heavy mineral 
concentrate
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Contact us
To download the full technical studies and the 
Environment Effects Statement, go to:  
www.fingerboardsproject.com.au

If you have any questions about the technical 
studies, the EES or how to make a submission, 
please contact us.

• Heavy mineral concentrate will be transported in 
accordance with Transport Code requirements for 
Low Specific Activity Materials

• Trucks to pass through a wheel wash prior to 
leaving the site.

Being accountable for 
what we do
We have established an Environmental Management 
Framework (EMF) with clear accountabilities for 
managing and monitoring environmental effects and 
hazards associated with construction, operation, 
decommissioning, rehabilitation and post-closure 
phases of the project in order to achieve acceptable 
environmental outcomes.

The EMF is contained in Chapter 12 of the EES.

A risk based impact assessment was conducted with 
likelihood and consequences developed specifically 
for radiological impacts for the Fingerboards project. 
As a result, control mitigations will be enforced on 
site to ensure that radiation doses are maintained 
as low as reasonably achievable. These will be 
stipulated clearly in a site Radiation Management 
Plan developed for the Project. 

The Australian Radiation Protection and Nuclear 
Safety Agency has published several codes of 
practice covering radiation dose limits, transport 
of radioactive materials, and management of by-
products generated in mining and concentrating of 
heavy mineral sands. Adherence to these codes of 
practice may be included as conditions of a license 
issued for the project.

Codes of practice that are likely to be stipulated as 
conditions of a management licence issued under 
the Radiation Act are:

• Radiation Protection and Radioactive 
Waste Management in Mining and Mineral 
Processing 2005 and the associated Safety 
Guide for Monitoring, Assessing and Recording 
Occupational Radiation Doses in Mining and 
Mineral Processing - applies to the mining and 
processing of heavy mineral sands

• Radiation Protection in Planned Exposure 
Situations 2016 - specifies annual dose limits for 
project personnel and members of the public

• Safe Transport of Radioactive Material 2014 - 
applies to the transport of concentrates from the 
mine

• Safe Use of Fixed Radiation Gauges 2007 - applies 
to any industrial gauges installed and used at the 
mine site.


