Appendix 8
Radiation assessment

Appendix 8: Radiation

CONTENTS
1

INTRODUCTION TO RADIATION
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11

2

5
5
8
9
10
10
11
12
12
13
14

1.11.1
1.11.2
1.11.3

15
15
15

Justification
Optimisation of Protection
Dose Limits

16

RADIATION EXPOSURE OF WORKERS

18

2.1
2.2

EXISTING OPERATION
RANGER 3 DEEPS UNDERGROUND MINE

18
19

2.2.1
2.2.2
2.2.3
2.2.4
2.2.5

19
26
29
29
30

External Gamma Exposure
Inhalation of Radon Decay Products
Inhalation of Radioactive Dusts
Total Dose
Comparison with other Projects

PROCESSING PLANT OPERATIONS

32

DOSES TO MEMBERS OF THE PUBLIC

33

3.1
3.2

EXISTING OPERATIONS
DOSES FROM RANGER 3 DEEPS

33
35

3.2.1
3.2.2
3.2.3
3.2.4

35
38
40
40

3.3
4

IONISING RADIATION
ATOMS AND RADIOACTIVITY
TYPES OF RADIATION
EXPOSURE PATHWAYS
RADIATION MEASUREMENT AND UNITS
URANIUM AND RADIATION
RADIATION EXPOSURE PATHWAYS IN URANIUM MINING
RADIATION PROTECTION IN MINING
NATURAL BACKGROUND RADIATION
HEALTH EFFECTS OF RADIATION
RADIATION STANDARDS AND LIMITS

1.12 REGULATORY REQUIREMENTS FOR URANIUM MINING

2.3
3

5

Inhalation of Radioactive Dust
Inhalation of Radon Decay Products
Doses to Exposed Groups from Inhalation
Dose from the Ingestion of Bush Foods

DOSES FROM TRANSPORTATION OF URANIUM PRODUCT

44

PROTECTION OF THE ENVIRONMENT

46

4.1

RANGER 3 DEEPS ERICA ASSESSMENT

47

4.1.1
4.1.2
4.1.3
4.1.4

47
52
53
55

4.2

Problem Formulation and Conceptual Models
Environmental Media Concentrations
Concentration Ratios
Assessment Results

RISK TO BIOTA FROM RADON

ERA: Proposed Ranger 3 Deeps Underground Mine

57
Page 2 of 67

Appendix 8: Radiation
5

6

RADIATION MANAGEMENT MEASURES AND CONTROLS

58

5.1
5.2
5.3
5.4
5.5

58
59
60
61
61

GENERAL CONTROLS
GAMMA RADIATION CONTROLS
AIRBORNE CONTAMINATION CONTROL
APPROPRIATE EXPERTISE
MONITORING RADIATION

REFERENCES

64

FIGURES
Figure 1: Representation of an atom

5

Figure 2: Representation of radioactive decay

6

Figure 3: The Uranium decay chain

7

Figure 4: Radioactive decay and the half life

8

Figure 5: Penetration of different types of radiation

9

Figure 6: Annual radiation dose to the Australian population from radiation sources

13

Figure 7: Doses to designated mine workers

18

Figure 8: Ventilation of a blind development heading

27

Figure 9: Ventilation of stope with open brow

27

Figure 10: Ventilation of stope with closed brow just opening

28

Figure 11: Average radiation doses to underground uranium mine workers in Canada

31

Figure 12: Distribution of doses to underground uranium mine workers in Canada

31

Figure 13: Distribution of annual radiation doses to workers at Eagle Point

32

Figure 14: Pathways for radiation exposure of the public

33

Figure 15: Annual radiation dose to residents of Jabiru from Ranger sourced radon

34

Figure 16: Estimated annual average total suspended particulate concentrations

37

Figure 17: Estimated annual average radon concentrations

39

Figure 18: Estimated annual average dust deposition

42

Figure 19: Conceptual model for terrestrial assessment

48

Figure 20: Conceptual model for aquatic assessment

48

ERA: Proposed Ranger 3 Deeps Underground Mine

Page 3 of 67

Appendix 8: Radiation

TABLES
Table 1: Underground mining workgroups with work description

20

Table 2: Percentage of time workgroups spend in each of the work categories

22

Table 3: Time spent by workgroups in various uranium grades

23

Table 4: Time spent inside equipment cabins and gamma dose rate attenuation provided

24

Table 5: Estimated gamma dose to underground workgroups

25

Table 6: Supervising Scientist estimated Ranger sourced public dose from inhalation

35

Table 7: Estimated dust emissions sources from the Project

36

Table 8: Predicted airborne particulate and radionuclide concentrations at receptors

38

Table 9: Estimated radon emissions sources from the underground mine

38

Table 10: Doses to members of the public from inhalation of dust and radon

40

Table 11: Wet season median difference in Magela Creek up and downstream

43

Table 12: Member of the public dose from the ingestion of bush foods

43

Table 13: List of common species of animals surrounding Ranger mine

49

Table 14: Sediment distribution coefficients for Magela Creek system

52

Table 15: Site specific data used in the aquatic assessment

53

Table 16: Site specific data used in the terrestrial assessment

54

Table 17: Dose rates and risk quotients for the terrestrial pathway

55

Table 18: Dose rates and risk quotients for the aquatic pathway

56

Table 19: Worker personal monitoring program

62

Table 20: Workplace area monitoring program

62

Table 21: Proposed TARP for underground works

63

ERA: Proposed Ranger 3 Deeps Underground Mine

Page 4 of 67

Appendix 8: Radiation

1

INTRODUCTION TO RADIATION

1.1 IONISING RADIATION
There are several different types of radiation, but the type of interest in uranium mining is called
“ionising radiation”. It is defined as radiation that has sufficient energy to ionise (that is, produce
charged particles) as it passes through matter. It should be distinguished from “non-ionising
radiation” which does not have sufficient energy to do this. Non-ionising radiation includes radio
waves, microwaves, light, infra-red and ultra-violet radiation and lasers,. This appendix only
considers ionising radiation, and when the term “radiation” is used, it is referring to ionising
radiation.

1.2 ATOMS AND RADIOACTIVITY
All matter is made of atoms, which consist of a central nucleus, made up of protons and neutrons,
surrounded by a cloud of electrons. In a normal (un-ionised) atom, the number of electrons equals
the number of protons, and this number (the “atomic number”) defines the "element" and
determines the chemical properties of the atom, see Figure 1.

Figure 1: Representation of an atom

Atoms of a particular element (that is with the same atomic number) can have different numbers of
neutrons in the nucleus, and these are called “isotopes” of the element. Only a relatively small
number of the possible combinations of protons and neutrons are stable and retain the same
nature indefinitely. Most are unstable, and can change into different elements or isotopes, in the
process ejecting particles and energy, as is illustrated in Figure 2. These ejected particles and
energy are called “radiation”, and the process is called “radioactive decay”. Atoms which can decay
in this way are called “radioactive” or “radioactive isotopes”.
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Figure 2: Representation of radioactive decay

There are many different types of radioactive isotopes, both natural and artificial. All of the
elements heavier than lead (that is having a higher atomic number) are naturally radioactive,
notably uranium and thorium. There are many hundreds of radioactive isotopes that can be formed
artificially in nuclear reactors.
Isotopes are written with their chemical symbol, and the total number of protons and neutrons in
their nucleus (the mass number). As an example, all atoms with 92 protons are atoms of uranium.
The most common uranium isotope has 146 neutrons in the nucleus, giving a mass number of 238,
so it is written 238U, or sometimes uranium-238 or U-238. Another isotope of uranium has only 143
neutrons, so that is 235U.
Following radioactive decay the newly formed isotope may also be radioactive, and will then decay
to form another new isotope. This process will continue until the formation of a stable isotope. This
set of isotopes is termed the “decay chain”, with the head of chain termed the “parent” and the
subsequent isotopes the “decay products” (sometime daughters). Uranium (238U) is the parent of a
decay chain of 13 radioactive decay products, which is shown in Figure 3, called the uranium
series.
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Figure 3: The Uranium decay chain
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For a given amount of a radioactive isotope, as the atoms decay, the number remaining will of
course decrease so the amount of radioactive material remaining will decrease over time. The time
taken for this amount to decrease to one half of its original value is called the “half-life” of that
isotope, refer Figure 4. Half-lives can range from billions of years down to minute fractions of a
second, but the half-life for each isotope is fixed and characteristic of that isotope.

Figure 4: Radioactive decay and the half life

1.3 TYPES OF RADIATION
There are three types of ionising radiation that are of concern in uranium mining. Alpha and beta
radiation consist of particles, whereas gamma rays are waves of electromagnetic energy. The
three types are shown diagrammatically in Figure 5.
Alpha radiation has low penetrating power; alpha particles can travel only a few centimetres in air
before losing all of their energy. Alpha radiation can easily be stopped by a piece of paper, plastic
or even the outer dead layer of skin on our body. To be a health hazard, alpha emitters need to be
inside the body in order to irradiate sensitive living cells.
Beta radiation has moderate penetrating power, and typically can penetrate up to one metre in air
or a few centimetres in water or tissue. Because of its relative short range, the cells most at risk
are the skin cells. However other cells can be irradiated if beta emitters enter the body.
Gamma radiation is very penetrating: it can penetrate centimetres of steel, and can easily pass
through the human body. Gamma rays are similar to x-rays, but are usually more penetrating than
x-rays used in medicine.
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Figure 5: Penetration of different types of radiation

1.4 EXPOSURE PATHWAYS
Radiation can only be a hazard if there is some “pathway” by which it can reach the body. There
are two general types of exposure, external and internal.
External exposure occurs when the source of radiation is outside of the body. An example is the
exposure received during a medical x-ray.
Internal exposure arises from radioactive material inside the body. The most common ways that
radioactive materials enter the body are by inhalation or ingestion (swallowing).
The most important source of external exposure in uranium mining is gamma radiation emitted by
ore or concentrates. Alpha radiation cannot be an external hazard as it cannot penetrate the skin.
However alpha radiation is the most important source of internal exposure in mining.
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1.5 RADIATION MEASUREMENT AND UNITS
The amount of radioactive material is called the “activity”, and its unit is the becquerel (Bq). One
becquerel is the amount of radioactive substance that gives one radioactive decay per second. The
becquerel is often used to quantify how radioactive a substance is by using it in the form of a
concentration such as Bq/g or Bq/m3.
Dose is the name used to refer to the amount of radiation absorbed at a point or by a person. The
most common dose quantity is “effective dose”, which is based on the amount of radiation
absorbed in the body, but is also corrected for the different types of radiation (e.g. alpha, beta or
gamma) and the different parts of the body that are exposed. Where the term “dose” is used, it will
usually refer to “effective dose”. The unit of effective dose is the sievert (Sv). One sievert is a large
dose and practical doses are more commonly quantified in millisieverts (mSv) or microsieverts
(µSv) (e.g. one thousandth and one millionth of a sievert, respectively).

1.6 URANIUM AND RADIATION
Uranium is widely distributed in nature, and is found in almost all soils. It was discovered in 1780,
and for many years was used as a colouring agent in glassware. In the mid 1900's much of the
uranium mined was used for the development of nuclear weapons. However, virtually all uranium
produced today is used for peaceful purposes, predominately the generation of electricity. In fact,
some of the uranium previously stockpiled for weapons productions in now being converted into
fuel for nuclear power stations.
Uranium ore contains not just uranium (238U) but all the 13 different radioactive isotopes in its
decay chain, each with its own radioactive (and chemical) properties (see section 1.1) The
radiological characteristics of these need to be considered in determining the overall radiological
risk from the ore. Uranium ore also contains the uranium isotope 235U and its 10 decay products.
However as the 235U is only 0.7 % of the total, its radiological effects are negligible.
One of the decay products of 238U is 222Rn (radon). Radon is a colourless, odourless, inert gas that
is produced by the decay of radium (226Ra) in the ore and may subsequently diffuse out of the ore
and into the atmosphere. Radon is an inert gas, and if it is inhaled it does not lodge in the lungs,
and so does not contribute any significant dose to the lungs. However radon decays to a series of
short lived decay products (refer list in next section) that have half-lives that range from 160 micro
seconds (μsec) to 27 minutes. These radon decay products (RnDP) are metals, and if inhaled are
retained in the lung and decay, emitting alpha radiation, before the lungs can clear them out. The
resulting dose is much larger than that from the parent radon itself.
When assessing the radiological aspects of mining uranium, it is not just the risk from uranium that
needs to be considered but each of the radioactive isotopes in the decay series. It is these
important radioactive isotopes which form the basis of radiation monitoring and dose assessment.
The radioactive isotopes are discussed in more details in the next section.
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1.7 RADIATION EXPOSURE PATHWAYS IN URANIUM MINING
There are three major pathways in which radiation exposure to workers can occur in uranium
mining operations:
Internal exposure from inhalation of radioactive dusts. As has been noted ore contains a
number of radioactive isotopes, and if dust from ore becomes airborne, it can be inhaled, and
lodge in the lung. The radioactive isotopes may remain in the lung, or they may dissolve in lungs
fluid and be transported to other parts of the body. If they decay before the body excretes them,
then they will irradiate the surrounding tissue. By far the most important radioisotopes for this type
of exposure are the long lived alpha emitters, including isotopes of uranium, thorium, radium and
polonium (238U, 234U, 230Th, 226Ra, and 210Po).
Internal exposure from inhalation of radon decay products. The short lived decay products of
radon, often referred to as "radon daughters" or "radon progeny", are metals and if inhaled are
retained in the lung. Their subsequent decay can result in quite large doses to the lung if their
concentrations are not well controlled. In older poorly ventilated underground mines inhalation of
RnDP was the dominant source of radiation exposure to miners, but improved ventilation has
greatly reduced this type of exposure. The four main isotopes referred to as RnDP isotopes are
218
Po, 214Pb, 214Bi, 214Po.
External exposure from gamma radiation. Some of the isotopes in uranium ore emit gamma
rays which can irradiate people nearby. The most significant of these is 214Bi that is a strong
gamma emitter so consideration must be given to where this radioactive isotope may occur and/or
accumulate.
There are two other possible exposure pathways, which are minor and can easily be controlled.
The first is ingestion (swallowing) of radioactive material. This usually occurs by hand to mouth
transfer when food is eaten with dirty hands. It can easily be controlled by washing hands before
eating. The second is wound contamination where radioactive material can enter the body through
cuts and scratches. Covering the wound with a dressing will minimise this pathway.
Members of the public can also be exposed to radiation as a result of uranium mining activities.
The two main pathways are airborne and waterborne. Usually the most important component of the
airborne pathway is inhalation of radon decay products, with inhalation of radioactive dusts usually
being a minor contributor. Indirect pathways are possible such as radioactive dust falling onto food
crops which are then eaten. The waterborne pathway includes drinking of water that may contain
radionuclides from runoff from the project, or indirectly from eating fish or other organisms living in
that water. Gamma radiation from stockpiles and the like is a possible source of exposure to
members of the public, but in practice is almost never significant as the dose rate drops off quite
quickly with distance and is usually undetectable beyond project boundaries.
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1.8 RADIATION PROTECTION IN MINING
Different methods are required to protect against radiation exposures from the different exposure
pathways.
For dust exposure, the most important method is the reduction of dust sources. For example, this
can be achieved by wetting down material before it is handled. Any spillage of radioactive material
should be cleaned up as soon as possible so that it does not dry and become a dust source.
Clean-up should be by washing down, or where practical by vacuum removal, not by dry sweeping.
Dust generation from facilities such as crushers, conveyor tip points and the like can be reduced by
using ventilation to extract the contaminated air. If the dust concentrations in the air cannot be
reduced sufficiently, then respiratory protection can be used. Simple particulate filters are
sufficient. The filtration associated with air conditioned cabs on heavy machinery gives good
protection against dust exposure if it is well maintained.
Radon decay products are best controlled by good ventilation. Underground, and in enclosed
workplaces, a high standard of mechanical ventilation is required, but in the open air, natural
ventilation is generally enough to reduce concentrations to acceptable levels.
The three principles of protection against external exposure are “time, distance and shielding”. The
first two are in fact similar: one should minimise the time spent near sources of radiation, and
spend as much time as possible at a distance. Shielding can be effective in an underground mining
situation. For example, layers of shotcrete, a sprayable concrete, on the walls and ceilings of
workings, or a layer of inert rock placed on top of high grade ore, can be a useful shield. The
steelwork of heavy machinery also provides useful shielding against gamma radiation.

1.9 NATURAL BACKGROUND RADIATION
We are always exposed to natural background radiation. The largest single source is usually from
inhalation of radon decay products, particularly in enclosed houses. Radon from the soil below the
house can diffuse into the air inside and become trapped, and in poorly ventilated houses can
reach quite high concentrations. The next largest source is from external exposure. About half of
this comes from gamma rays emitted from natural radioactive isotopes in the soil, and about half
from cosmic rays from space. The remaining natural background comes from internal exposure.
Our bodies contain potassium, which is essential to life, but one isotope of potassium is naturally
radioactive (40K), and internal radiation from this is a significant component of natural background.
Almost all soil contains naturally occurring radionuclides, and plants growing on soil and water
percolating through it will take up some radionuclides. These can be taken into the body with food
or drink, leading to internal exposure. Figure 6 demonstrates a number of these natural sources.
Overall, the average dose from natural background and medical sources in Australia is
approximately 1.5 mSv per year and 0.8 mSv per year respectively giving a total from both of
2.3 mSv per year (Doering 2010). The contribution from each source to this total is given in
Figure 6.
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Figure 6: Annual radiation dose to the Australian population from radiation sources 1

1.10 HEALTH EFFECTS OF RADIATION
Radiation is of concern in uranium mining because of the health risks that can arise from radiation
exposure. These health effects are well known, and have been the subject of extensive scientific
research over many years. The best known study group is the survivors of the Japanese atomic
bombs, who have now been followed for 50 years. Other studies have included those who were
exposed to radiation for medical purposes, and an international study of radiation workers exposed
to low doses over a long period. A number of studies of miners exposed to RnDP have also been
undertaken (UNSCEAR 2006). These studies have shown that there are two separate health effect
situations. At high doses of several Sieverts (1000's of millisieverts), the radiation can kill so many
cells in the body that tissues break down, leading to organ to failure, or even death. Other high
dose effects include weakening of the immune system and temporary sterility (in males). However,
these effects can only occur at very high doses, such as were received by emergency firefighters
at Chernobyl. It is not possible for such doses to arise in uranium mining.
At low doses health effects may be initiated by cells that have been damaged by radiation but not
killed. Cells have mechanisms to repair such damage, but it is possible that damaged cells may be
able to live and reproduce without being controlled by the body. Such uncontrolled proliferation of
cells can lead to the development of a cancer. Cancer develops through several stages, and some
1

Natural Background (1.5 mSv per year) and Medical (0.8 mSv per year), data sourced from Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA, 2010).
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of these stages may take a number of years, so any resulting cancer would not be expected to
become evident until sometime after initial exposure. A cell that is damaged in this way has only a
very small chance of developing into a cancer.
If the damaged cells are part of the reproductive line (egg cells, sperm, or sperm generating cells),
and the cellular repair mechanisms fail, then this damage may be carried over into the next
generation as hereditary disease in the next generation.
Studies such as those referred to above have been able to measure an increased risk of cancer
amongst those exposed to moderate to moderately high doses (e.g. 100 mSv to 1 Sv) (ICRP
2005). However, at low doses (e.g. 10’s of mSv), the evidence is not clear (ICRP 2005; 2007;
UNSCEAR 2011). In this region the risk factors derived at higher doses are presumed to apply
proportionally to lower doses.
There have also been studies looking for evidence of increased genetic disease amongst those
whose parents were exposed to radiation, notably of the children of the Japanese atomic bomb
survivors. No such evidence has been found in these or any other human studies, although
increased genetic disease has been demonstrated in animal studies. It is assumed that the risks
derived from animal studies apply to humans: this risk is less than 5 % of that found for cancer
incidence(UNSCEAR 2001; 2011).

1.11 RADIATION STANDARDS AND LIMITS
The risks that have been derived from studies of the effects of radiation have been used to set
standards for exposure. The main standard setting body is the International Commission on
Radiological Protection (ICRP), and the recommendations of the ICRP have been generally
adopted in virtually all countries. The recommended limits for exposure to radiation are reviewed
as information from more studies has become available, but there has been only one significant
change in limits to workers in the last 50 years, in 1990. (ICRP 2007).
The primary aim of the ICRP recommendations is to contribute to an appropriate level of protection
for people and the environment, against the detrimental effects of radiation exposure, without
unduly limiting the desirable human actions that may be associated with such exposure. The basis
of the ICRP’s recommendations is the Linear-non-threshold (LNT) model, which states that: “…a
given increment in dose will produce a directly proportionate increment in the probability of
incurring cancer or heritable effects". This is often misrepresented as “there is no safe level of
radiation”. This is not the normal usage of the word “safe”. Safe is not the same thing as “no risk at
all”. For example, many activities (such as air travel) are considered “safe”, even though they carry
some risk. Exposure to radiation can be considered “safe” if the risks are so low that they are
considered acceptable.
From this presumption the ICRP has recommended a three tier approach to radiation protection,
called the “Fundamental Principles of Radiation Protection” (ICRP 2007).
The Principle of Justification: Any decision that alters the radiation exposure situation should do
more good than harm.
The Principle of Optimisation of Protection: the likelihood of incurring exposures, the number of
people exposed, and the magnitude of their individual doses should all be kept as low as
reasonably achievable, taking into account economic and societal factors, (the ALARA principle).
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The Principle of Application of Dose Limits: The total dose to any individual from regulated
sources in planned exposure situations other than medical exposure of patients should not exceed
the appropriate limits recommended by the Commission.

1.11.1 Justification
Justification is an essential first step for a decision regarding radiation exposure. It can be
paraphrased as “actions involving radiation should do more good than harm”. Justification requires
an evaluation of risks and benefits to both individuals and society as a whole. The risks and
benefits should be considered broadly, and radiation aspects may often be only a part of the
overall consideration. An EIS can be considered as part of the Justification process.

1.11.2 Optimisation of Protection
The ICRP considers optimisation (often expressed as the ALARA principle) as central to the
system of radiological protection and that over the past decades (since its introduction) it has
contributed to substantial reductions of radiation exposures. ALARA is often the dominant method
for minimising doses within an operation and hence forms a critical component of any radiation
program. The principle requires that all sources of radiation exposure should be considered
together with the potential radiation protection measures. The protection measures that produce a
net benefit (i.e. where the value of the reduction in exposure is greater than the cost of achieving
that reduction) should be implemented. This process should then be repeated until any further
reduction can only be achieved at disproportionate cost. The radiation protection would then be
considered “optimised”. Optimisation should be considered at the design stage, but also needs to
be applied during operations.
Optimisation applies at all levels of exposure and if there are practical cost effective methods of
further reducing radiation exposure, they should be adopted, even if doses are already below the
limits.

1.11.3 Dose Limits
The main radiation dose limits, recommended by the ICRP (ICRP 2007) are:
Annual limit to a worker

20 mSv per year
Averaged over defined 5 year periods (100 mSv in 5 years), with
the further provision that the effective dose should not exceed
50 mSv in any single year.

Annual limit to a member of the public

1 mSv per year
In special circumstances, a higher value of effective dose could be
allowed in a single year, provided that the average over 5 years
does not exceed 1 mSv per year.

Limits apply only to doses arising as a consequence of the relevant operation, and so doses from
natural background or from medical procedures are not included. The limits apply to the total dose
received by summing all sources, for instance from external gamma radiation, from inhalation of
radioactive dust and from inhalation of radon decay products. In assessing compliance with limits,
doses can be averaged over five years, but the dose to a worker in any one year should not
exceed 50 mSv.
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Other limits are recommended in special circumstances (for example to the lens of the eye or to
hands and feet) but are generally only relevant in special circumstances, which do not usually arise
in uranium mining or processing.
The ICRP makes no distinction between male and female workers for radiation protection and
dose limits; however, it is the ICRP’s policy that the methods of protection at work for women who
are pregnant should provide a level of protection for the embryo/foetus broadly similar to that
provided for members of the public (ICRP 2007).

1.12 REGULATORY REQUIREMENTS FOR URANIUM MINING
The recommendations of the ICRP have no regulatory power of themselves; rather they must be
incorporated into national or state/territory law if they are to be enforceable. In Australia, they are
adopted inter alia by the Code of Practice on Radiation Protection and Radioactive Waste
Management in Mining and Mineral Processing, published by the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA 2005). This Code is in turn applied to the Ranger operation
by several pieces of Commonwealth and Northern Territory (NT) Legislation and implemented at
site through the Ranger Authorisation (NT 2012a), issued under the NT Mining Management Act
(NT 2012b).
There are three main requirements in the Code:


Compliance with the radiation protection standards recommended by the ICRP, and in
particular with the ALARA principle.



Preparation of a Radiation Management Plan (RMP) and a Radioactive Waste Management
Plan (RWMP), and submission to the regulatory authorities for approval.



Operation in accordance with those approved plans.

The RMP and the RWMP are comprehensive documents outlining the ways in which radiation
doses will be controlled, and radioactive wastes will be managed.
Some of the information required in the RMP includes:


the sources of radiation exposure, and radiation pathways in the operation;



the measures that will be used to control radiation, including engineered controls (such as
ventilation systems) and administrative measures such as training, and restriction of access
to high radiation areas;



estimates of doses that will be received as a result of operations;



a radiation monitoring plan designed to measure the radiation exposures and the
effectiveness of the controls; and



Quality assurance programs, including assessment of compliance with the ALARA principle.

The RWMP requires information on:


the nature and quantities of wastes to be generated;



the characteristics of the environment into which the waste will be discharged or may
escape;
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details of the management that is proposed, including facilities such as tailings dams, and
procedures for operating those facilities;



the proposed method of decommissioning and rehabilitating the waste management
facilities;



estimates of concentrations of radionuclides in the environment, and the doses that will arise
as a result of operations;



a monitoring program to monitor the operation of the system (e.g. the quantities of wastes
stored) and the radionuclide concentrations in the environment; and



a quality assurance program for the waste management operations, including demonstration
that the ALARA principle is being met.

There is also an overall requirement to ensure that the RMP and the RWMP are reviewed and
updated as required to reflect changing circumstances. In particular, prior to any operations to
decommission the waste management facilities, an additional plan detailing the proposed
rehabilitation must be prepared and approved (ARPANSA 2005).
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2 RADIATION EXPOSURE OF WORKERS
As discussed previously there are three main pathways for radiation exposures of workers:
external gamma exposure, inhalation of radioactive dusts and inhalation of radon decay products.
This section discusses both the doses that have arisen during the operation of the current (open
cut mining) operation, and the estimated doses that are predicted to arise to workers from the
Ranger 3 Deeps underground mine (the Project).

2.1 EXISTING OPERATION
Radiation exposure of workers in both the existing open cut mine and the processing plant has
been intensively monitored under the approved radiation monitoring plan, with measurement of
exposure to external gamma radiation, long lived alpha emitting radionuclides in dust, and radon
decay products.
Overall, doses are very low with the annual dose to “designated workers” (the most highly exposed
group) averaging 2 mSv. In the mine the largest contribution is from gamma radiation (60%) with
approximately equal contributions from radon decay products and dust (approximately 20% each).
Doses to processing plant operators are slightly higher with an average of approximately 2.4 mSv:
The largest contribution is from gamma radiation (about 60%); dust is approximately 30% with
radon decay products about 10%. Figure 7 shows the annual doses to workers at Ranger over the
period 2001-2013.
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Figure 7: Doses to designated mine workers
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2.2 RANGER 3 DEEPS UNDERGROUND MINE
Radiation doses to workers in the proposed underground mine have been estimated and
presented in this section. The dose assessment was based on the Project description provided in
Chapter 3 of the draft EIS and was undertaken for each of the three major exposure pathways,
refer Section 1.7.

2.2.1 External Gamma Exposure
The mining method to be employed for the Project is long-hole open stoping (entry) which means
that workers will be required to work in close contact with the uranium ore. Gamma radiation levels
are expected to be high than that of current operations and will need to be actively managed to
ensure that worker doses remain below the limit and ALARA. Special attention was applied to the
assessment of gamma doses to ensure that accurate and realistic gamma dose assessment
occurred.
Assessment of gamma doses to underground workers has been based on the proposed mining
schedule. The schedule provides details of the main underground workgroups and the approximate
time that workers from these groups spend in the various uranium grade headings and workings in
different parts of the mine.
The schedule also includes estimates of time that workers from each workgroup spend on the
surface and in work that is not directly development or production work.
For this assessment, the financial year July 2016 to June 2017 was used as a year during which
both development and production mining would be occurring.
2.2.1.1 Work Description and Occupancies
The various types of workgroups expected for the Project, along with a description of the general
work that will be undertaken, has been provided in Table 1. An estimate of the percentage of time
spent by each of these workgroups has been made for three key activities:


underground production and development work



work preparation and/or delays, this includes both:





travel time; and
work setup.

time spent on the surface

Underground production and development work – is the actual time that workers will spend
developing headings and workplaces or undertaking production mining. The work does not include
any preparation, travel or downtime. The estimates of hours spent on this work are based on
standard times for tasks for the particular mining method and standard equipment utilisation
factors, obtained as part of the Project pre-feasibility study.
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Table 1: Underground mining workgroups with work description
Workgroup

Work Description

Jumbo Operator

Operates a jumbo which is a mobile multi boomed drilling rig, used for drilling small diameter holes for
explosives in development headings. Also used for scaling and rock bolting.

Nipper

Offsider for the jumbo operator during rock bolting only. At other times the Nipper travels throughout the
mine delivering consumables, transporting people and other odd jobs.

Loader operator

Loader or load haul dump (LHD) operators. Work involves movement of broken rock (ore and waste)
from stopes or development headings to either waiting trucks or underground stockpiles. Work includes
moving in and out of ore areas.

Truck operator

Drives trucks of ore or waste rock from underground (after being loaded in work areas or from
stockpiles) to the surface.

Shotcrete operator

Operates shotcreting equipment, which uses compressed air to spray shotcrete onto walls and the
“backs” (roof).

Agitator Operator

Operates underground agitator which transfers shotcrete from surface to the shotcrete machine.

Cable bolter

Installs cable bolts into the backs and walls of drives for increased support in wider drives or
intersections. Will most commonly occur after application of shotcrete.

Charge up

Manages the safe sourcing, placement and detonation of explosives for development headings and
production stopes.

Service

Various mine services such as maintenance of ventilation system, minor construction, road repairs and
maintenance, clean up and services management. May work anywhere in the mine.

Long hole driller

Operates mobile large diameter drill rig, which is used for drilling production holes in stopes. The rig can
also provide large diameter service holes around the mine.

Radiation Safety Officers
(RSO)/Ventilation
Officers (VO)

RSO’s are responsible for monitoring radiation and providing advice to workers and supervisors.

Supervisors

Manage the underground mining crew. Work all over mine, wherever underground personnel are
working and also will inspect conditions throughout the mine.

Paste fill operator

Manages and maintains all of the infrastructure for the backfilling of empty stopes. Maybe required to
work in ventilation extraction drives at back of stopes under strict conditions.

Maintenance Personnel

Mainly work in surface workshop and underground maintenance and service bay. Some work in active
headings when equipment breaks down.

Surveyor

Plan and map all headings in the mine. Mark up faces for development works.

VO’s manage and maintain the ventilation network. VO’s undertake workplace monitoring as a way of
verifying the effectiveness of the ventilation system.

Work preparation and/or delays – is work that occurs underground but not in actual production or
development work as follows. A significant portion of this is travel time both through the decline
and in the mine itself. The extensive workings mean that it takes time to move workers and
equipment to the workplaces. For example, for a loader this would include time travelling between
one development heading to another or from one stope to another. Similarly, the moving of mining
equipment, such as jumbos, is a time consuming task because the vehicle speeds are usually
slow. For workers that operate all over the mine, such as service miners and supervisors, a large
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portion of their time is spent travelling from workplace to workplace. The majority of the travel
would occur outside of the mineralised areas.
The other significant portion of this work is workplace set up, which includes:


obtaining and moving supplies to the different workplaces around the mine;



clean up of workplaces and spillages;



maintaining and grading of roads;



prestart and routine equipment checks;



downtime for minor equipment maintenance; and



setting up the workplace with services and ventilation.

Time on surface – is the time spent preparing for work, including changing into work clothes, prestart briefings, obtaining work instructions, training, safety meetings, refuelling and delivery of
equipment to workshop for preventative maintenance, lunch and other breaks and showering at the
end of shift. For a standard work day it is expected that 25% of work time, which is equivalent to 3
hours per day (based on a 12 hour day) will be spent on the surface.
The percentage of time that workers will spend in each of the broad work categories (based on the
2016/2017 financial year schedule) has been provided in Table 2. The table shows that a
significant proportion of the time is spent in preparing for the actual development and production
work.
The mine consists of a number of areas with different exposure rates depending upon the uranium
grade of the surrounding rock. The schedule provides details on the hours that individual
workgroups will spend in differing uranium grades during underground production and
development work. The percentage of time that different workgroups spend in different ore grades
during development and production work is summarised in Table 3.
Workers will also spend time in different ore grades during work preparation and/or delays. For this
assessment it was assumed that for time spent travelling to and from work areas and the surface:


90% of travel occurs in non-mineralised material, such as the decline and the perimeter
drives with grades less than 200 ppm U3O8; an average of 100 ppm U3O8 was assumed.



10% of travel occurs in mineralised material (>200ppm U3O8), for this time the whole of mine
average of 2,500 ppm U3O8 was assumed.

For time spent in preparation for work, including setting up of equipment:


50% of work occurs in non-mineralised material with grades less than 200 ppm U3O8; an
average of 100 ppm U3O8 was assumed.



50% of work occurs in mineralised material (>200ppm U3O8), for this time the whole of mine
average of 2,500 ppm U3O8 was assumed.
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Table 2: Percentage of time workgroups spend in each of the work categories
Workgroup

Underground
production &
development

Surface

Jumbo Operator

40

Nipper

Work preparation
Travel/Moving Equipment

Work set up

25

21

14

22

25

27

26

Loader operator

33

25

33

9

Truck operator

34

25

32

9

Shotcrete operator

28

25

23

24

Agitator Operator

20

25

35

20

Cable bolter

36

25

19

20

Charge up

23

25

23

29

Mines Service

8

25

33

342

Long hole driller

40

25

15

20

Radiation & ventilation
officers

25

40

19

162

Supervisors

16

42

42

0

Paste fill operator

30

25

22

23

Maintenance1

10

50

15

252

Surveyor

26

50

20

42

1 - Includes fitters, mechanics and electricians, workshops are all located on the surface
2 - Refers to various work areas underground

2.2.1.2 Gamma Attenuation Factors
The main engineering control to be used underground for minimising worker exposure to gamma
radiation will be the provision of shielding. Shielding will be in the form of shotcrete on the walls,
roof (also known as "the backs"), un-mineralised material (< 200 ppm U3O8) or "clean fill" on the
floor and the steel of equipment cabins.
Test work has shown that 100mm of shotcrete combined with 200mm of clean fill road base can
reduce gamma radiation by up to 60% (Sonter 2000). This work has also demonstrated that totally
enclosed work cabins can provide up to 67% attenuation of gamma radiation and partially enclosed
cabins can provide 40% attenuation.
The gamma dose estimates have assumed that all mineralised areas of the mine will have 100 mm
of shotcrete applied to the walls and backs and 200 mm of clean fill on the floor, providing a
gamma dose rate attenuation of 60%.
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In order to estimate the additional gamma attenuation from equipment, an estimate has been made
of the time spent inside and outside of a cabin for those workgroups that will be operating
equipment. This has been then used to estimate a workgroup specific equipment attenuation factor
and is presented in Table 4. For all other workgroups no equipment attenuation has been provided.
This is likely to be a conservative assumption since several workers, while not spending time inside
a cabin, will be receiving some form of shielding by standing next to the equipment, for example
the Nippers and Shotcrete operators.
Table 3: Time spent by workgroups in various uranium grades
Workgroup

Percentage of time spent in various U3O8 Grade for underground production and development
work (2016/2017)
<500ppm

500 – 2000 ppm

2000 – 3000 ppm

>3000ppm

Jumbo Operator

31

43

17

9

Nipper

25

32

36

7

Loader operator

16

35

37

12

Truck operator

13

21

52

14

Shotcrete operator

35

43

13

9

Agitator Operator

35

44

13

8

Cable bolter

4

19

63

14

Charge up

16

29

43

12

Service

29

39

26

6

Long hole driller

0

17

66

17

Radiation & ventilation
officers

19

30

39

12

Supervisors

29

39

22

10

Paste fill operator

0

17

68

15

Maintenance

29

39

22

10

Surveyor

5

22

59

14
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Table 4: Time spent inside equipment cabins and gamma dose rate attenuation provided
Work Group

% Time in Cabin

Gamma Attenuation

Inside

Outside

Jumbo Operator

85

15

40%

Loader operator

88

12

67%

Truck operator

100

0

67%

Agitator Operator

50

50

67%

Cable bolter

76

24

40%

Long hole driller

75

25

40%

2.2.1.3 Predicted Annual Gamma Doses
Gamma doses to workers were predicted assuming a gamma dose rate per uranium ore grade
conversion of 110 μSv/h per %U3O8 (Thompson & Wilson 1980). The gamma dose rate was
estimated for underground production and development work based on the average of the ore
grades ranges provided in Table 3, details provided Section 2.2.1.2 for work preparation and an
assumed gamma dose rate on the surface of 0.1 μSv/h.
The doses have been calculated using the following method:
1.

determine the total hours spent in each of the groups of ore grades;

2.

calculate the un attenuated gamma dose rate based on hours and ore grade (using the
gamma dose rate per uranium ore grade conversion);

3.

multiply by the gamma attenuation from equipment shielding for specific workgroups;

4.

multiply by the shotcrete and road based gamma attenuation for all workgroups;

5.

add gamma dose from preparation time (which includes equipment shielding during travel
time and shotcrete attenuation during set up time);

6.

add gamma dose from surface time;

A summary of the calculated gamma doses to workers in the various workgroups have been
provided in Table 5. The table shows the un-attenuated gamma doses and amount of reduction
that can be achieved through shielding with equipment cabins and shotcrete; demonstrating the
importance of these engineering controls.
In addition to the engineering controls, several administrative controls will be included in the
Projects radiation management plan and are expected to assist in providing assurance that gamma
doses can be kept below those predicted in Table 5. One example will be the trigger action
response plan requiring the application of shotcrete and clean fill (or other controls) until the
gamma dose rate in the centre of the drive of any work area is below 10 µSv/h, other controls have
been detailed in Section 5.
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Table 5: Estimated gamma dose to underground workgroups
Workgroup

Calculated Gamma Dose (mSv per year)
Production/Development Dose

Preparation Dose

Surface
Dose

Total
Dose

No
Attenuation

With Cabin
Factor

With Shotcrete
Factor

Travel

Work Set up

Jumbo Operator

11.1

7.5

3.0

0.3

0.6

<0.1

3.9

Nipper

9.6

9.6

3.8

0.6

1.6

<0.1

6.0

Loader operator

12.1

5.1

2.0

0.6

0.4

<0.1

3.1

Truck operator

14.4

4.7

1.9

0.5

0.4

<0.1

3.0

Shotcrete operator

10.6

10.6

4.2

0.4

1.3

<0.1

6.0

Agitator operator

5.5

3.7

1.5

0.7

1.3

<0.1

3.6

Cable bolter

18.2

12.8

5.1

0.3

0.9

<0.1

6.3

Charge up

9.1

9.1

3.6

0.5

1.8

<0.1

6.0

Service

2.6

2.6

1.0

0.9

2.7

<0.1

4.6

Long hole driller

21.3

14.9

6.0

0.2

0.8

<0.1

7.0

Radiation &
ventilation officers

6.1

6.1

2.5

0.5

1.1

<0.1

4.1

Supervisors

3.1

3.1

1.2

0.7

-

<0.1

2.0

Paste fill operator

2.9

2.9

1.1

0.4

1.2

<0.1

2.8

Maintenance
Workers

3.0

3.0

1.2

0.2

1.2

<0.1

2.7

Surveyor

12.5

12.5

5.0

0.2

0.1

<0.1

5.4
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2.2.2 Inhalation of Radon Decay Products
A major contributor to exposure of underground uranium miners is the inhalation of radon decay
products. The concentration of radon decay products in the mine depends on two main factors: the
amount of radon that is being introduced into the mine air, and the rate of ventilation 2.
The amount of radon that will be introduced to the underground working air has been estimated
from two sources:


exposed uranium mineralisation in the drives and stopes; and



groundwater flowing into the underground voids.

The radon source from uranium mineralisation in ore and waste rock has been estimated assuming
an exhalation rate 3 of 50 Bq/m2/s per %U3O8 (Mason, et al. 1982) and an average ore grade of
2,500 ppm U3O8. The radon source from groundwater has been estimated based on a whole of
mine groundwater inflow of up to 75 L/s or an individual stope rate of 2L/s and a contained radon in
groundwater of up to 760 Bq/L. This groundwater information was obtained from measurements
conducted in the exploration decline and while they are not the maximum measured, they are more
conservative than the average.
An important element in the estimation of doses that will arise from the inhalation of radon decay
products is the dose conversion factor: that is the factor that converts the intake of radon decay
products to the dose that will arise. The currently recommended factor is 1.4 mSv per (mJh/m3)
(ARPANSA 2005), and this is used for dose calculations in the current operation. However this
factor is currently being reconsidered and the ICRP has indicated that it expects to recommend an
increase in it by a factor of two or more (ICRP 2010). Accordingly, a value of 3 mSv per (mJh/m3)
has been used in the following estimates.
The estimates of doses to workers on the Project have been based on three ventilation scenarios:


2

3

A 100m blind development through ore, refer Figure 8. This would arise while developing
access to stoping areas, and also in developing a new cut in the stope, when ore fills the
draw point. In this situation a ventilation rate of 10 m3/s was assumed, which is delivered
directly to the face through the ventilation duct, and flows back down the ore drive, into the
access drive then directly to the exhaust raise. The radon release would be 27.5 kBq/s, the
resulting radon concentration at the drive exit would be 2.75 kBq/m3, and the RnDP
concentration would be approximately 1 μJ/m3.

The concentration of radon decay products in air increases exponentially with time. The longer that radon rich air
remains underground the higher the radon decay product concentration. A high ventilation rate ensures that air is
removed quickly from the underground area, thus minimising the concentration of radon decay products in the
underground air.
The rate at which radon is released from the surface into the atmosphere
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Figure 8: Ventilation of a blind development heading



An operating stope, where ventilation air at 30 m3/s is directed through the stope from the
bottom ore drive, up and out the top ore drive, then into the return air drive and directly to the
exhaust raise, refer Figure 9. In this case the Radon emission from the stope is estimated to
be 46 kBq/s, the exhaust radon concentration will be 15 kBq/m3, and the exhaust RnDP
concentration would again be approximately 1 μJ/m3.

Figure 9: Ventilation of stope with open brow
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An operating stope, where the draw point has been filled with broken ore, substantially
reducing air-flow through the stope (termed “closed brow”), refer Figure 10. Assuming the
airflow to be 3 m3/s, the radon concentration in the exhaust air is estimated to be 150 kBq/m3,
and the RnDP concentration 51 μJ/m3. However, this would be a restricted area with very low
occupancy, and controls on access.

Figure 10: Ventilation of stope with closed brow just opening

The doses that would arise in the first two cases have been estimated assuming that a worker
spends up to 1300 hours (65% of the working year) in one of these situations as a worst case. This
has been based on the hours presented in the gamma assessment, showing that workers will
spend 25% of the year on the surface and varying other time travelling to and from work areas, for
this assessment it has been assumed that this amounts to 10% as a worst case. This would result
in a worst case maximum dose of 4 mSv per annum. This assessment not only uses conservative
hours worked but it is also expected that the majority of work will take place near the face of the
drive (for example, face drilling, charging) and at that point the air being breathed would be
supplied direct from the vent duct; this fresh air will have very low concentration of RnDP. Further
dose reduction is also expected to be achieved through the filtered air supply to vehicle cabins.
For the second case the stope exhaust drive has the potential to have some elevated RnDP
concentrations above that predicted; however, this would be an area of low occupancy with no
routine work being performed while a stope was operating. Any visits to this area would generally
be short, for the purpose of inspection, ventilation monitoring or adjustment, and would only be
performed with the use of respiratory protection (for example, airstream helmets).
For the third case the concentration in the exhaust drive has the potential to be very high, and the
resulting full-time dose would be approximately 200 mSv per year. However, as noted above the
exhaust drive would be a restricted area of low occupancy, with use of respiratory protection being
mandatory, and further restrictions on access would be imposed when the low ventilation
conditions that might result in these concentrations were likely. This situation would need very
careful management: for example negative pressure would need to be maintained in the area to
ensure that the exhaust air flowed directly to the exhaust raise, and did not find its way into
occupied areas. Procedures to minimise such possibilities are discussed in Section 5.1.
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2.2.3 Inhalation of Radioactive Dusts
Work conducted underground, including drilling, blasting and material handling along with travel
through the mine will all produce dusts. In uranium mines, these dust will contain elevated
concentrations of radionuclides, which when inhaled can contribute the worker radiation doses.
The amount of radiation exposure to the workers depends on both the amount of dust inhaled, and
its radionuclide content.
Recent dust monitoring conducted as part of the Ranger 3 Deeps exploration decline has indicated
an average dust concentration underground of 0.4 mg/m3, a maximum 3 mg/m3 and a 90th
Percentile of 0.8mg/m3. For the purposes of this conservative assessment it has been assumed
that the dust concentration underground for the operating mine will be 1mg/m3.
The dose also depends on the radionuclide content of the dust, and thus the ore grade of the dust
source. The ventilation system will be arranged so that dust generated from ore handling (in
stopes) will be exhausted directly to exhaust rises, through ventilation drives with low occupancy,
refer Section 2.2.2. One of the largest sources of dust in an underground mine is road dust in
drives and transport ways. All transport ways through ore will be covered with a layer of waste rock
so that dust from this source will have a radionuclide content equivalent to that of waste (ie
<200ppm). Based on this is has been assumed that the average uranium grade of dust in occupied
areas will be 500 ppm.
Using the above figures, and the dose conversion factor approved for use at Ranger of
0.0057 mSv per Bq of alpha activity (Zapantis 2001), the resulting dose received from the
inhalation of dust underground for a full (working) year is approximately 0.67 mSv. This will be a
considerable over-estimate for most workers, as the air filtration afforded by air conditioned cabins
will significantly reduce the dust concentrations to which operators will be exposed.

2.2.4 Total Dose
Estimated maximum probable doses to underground workers on the Project has been estimated to
be up to a maximum of 7 mSv from gamma radiation, up to a maximum of 4 mSv from inhalation of
radon decay products and less than 1 mSv from inhalation of radioactive dust. This would result in
an upper maximum total dose to workers of 12 mSv per year.
The averages radiation doses for the Project are expected to be much less than this predicted
maximum, with a significant number of employees expected to have annual doses below 5 mSv
per year. Gamma doses are expected to average around 4 mSv per year, and with fresh air being
delivered to all work areas and air conditioned cabins on vehicles, the doses from the inhalation of
radon decay product and dust are expected to average 1 – 2 mSv.
These predicted averages and maximum are very similar to those found in other underground
uranium mining operations around the world, refer Section 2.2.5.
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2.2.5 Comparison with other Projects
2.2.5.1 Canada
Canada is a major uranium producer, mainly from high grade uranium deposits in northern
Saskatchewan. Statistics are collected by Health Canada for the three underground mining work
categories, “underground mine worker”, “underground maintenance”, and “underground
personnel”. The annual doses published by Health Canada for “underground mine workers” for the
years 1986 to 2007 (the most recently published data) are shown in Figure 11 and Figure 12. It
should be noted that many of the underground workers are from very high grade uranium mines
that use very different mining techniques and are typically non-entry.
Figure 11 shows the average doses to this workgroup have been reducing over time as various
programs have been implemented. The most significant reduction can be noted in 1997 and 1998,
corresponding with a change to annual doses limit from 50mSv per year to 100mSv averaged over
5 years with a maximum of 50mSv in any year.
Figure 12 shows the distribution of doses for two separate years, before and after the change in
dose limit. This shows that in 1994 over 70% of workers received greater than 5mSv per year. In
more recent years with current radiation protection practices this dose distribution has shifted
significantly, with only 12% of doses being greater than 5mSv per year.
A review of the various Canadian operations showed that the Eagle Point underground uranium
mining operation in Northern Saskatchewan uses a similar mining method to that proposed for the
Project but has a higher average grade of approximately 0.9% U3O8 (or 9,000 ppm), compared to
the Project average of 0.25 % U3O8 (or 2,500 ppm). The radiation protection aspects of this
operation are reported annually to the Canadian Nuclear Safety Commission, the most recent
available data (2012) shows that the annual total effective doses to underground mine workers at
Eagle Point to be well below the annual limit with an average of 4.3 mSv per year and a maximum
of 14.4 mSv per year. The distribution of the reported worker doses with a breakdown by
workgroup is given in Figure 13, this shows that the majority of doses are less than 5 mSv per year
with only a small number of workers, from specific workgroups likely to get higher doses.
The worker radiation doses reported at Eagle Point are very similar to that predicted for the
Project, this confirms that:


it is possible to manage radiation doses to underground workers in higher grade uranium
mines using entry mining methods;



the predicted doses for the Project are similar to that of other operations in the world; and



the actual doses for the Project are likely to be lower than that predicted in this conservative
assessment, based on the lower grade for the Project compared to the Canadian operation.
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Figure 11: Average radiation doses to underground uranium mine workers in Canada
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Figure 12: Distribution of doses to underground uranium mine workers in Canada
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Figure 13: Distribution of annual radiation doses to workers at Eagle Point

2.2.5.2 Olympic Dam
The only other underground uranium mine in Australia is Olympic Dam in South Australia, where
the average uranium ore grade is approximately 600 ppm. The average dose received by
underground miners in the period 2001-2006 was 3.3mSv, with the maximum dose for a workgroup
(raise drillers) being approximately 7 mSv per year (BHP Billiton 2009). The higher ore grade for
the Project (2500 ppm) has resulted in the prediction of higher doses than are received at Olympic
Dam. The Project will also have a much higher level of radiation protection because of this higher
grade in order to both keep doses below the relevant limits, and comply with the ALARA principle.

2.3 PROCESSING PLANT OPERATIONS
The processing plant will have only very minor changes from that currently operating. These are
the recommencement of ore sorter operations, increased use of the mobile crusher, and
commencement of the backfill plant operations. These new facilities will be handling ore with
similar characteristics to those in the current plant, and the doses to operators are expected to be
very similar to those received in the current operation, refer to Section 2.1.
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3 DOSES TO MEMBERS OF THE PUBLIC
Exposure of people outside the Ranger area of operations can only occur if there is an exposure
pathway that takes radioactive contamination to their location. The two potential exposure
pathways are the airborne and waterborne pathways. Doses to those in the vicinity can then arise
directly (for example by breathing dust containing radionuclides) or indirectly (consuming food
collected from areas contaminated by dust). Direct gamma radiation from stockpiles and the like is
not a credible pathway for members of the public, as an increase in gamma dose rate is only
detectable within approximately 100m of such operational areas, and thus not within areas
generally occupied by members of the public. Figure 14 shows the various potential pathways for
exposure of members of the public from Ranger mine, which are similar for the Project.

Figure 14: Pathways for radiation exposure of the public

3.1 EXISTING OPERATIONS
The current Ranger mine radiation monitoring program has been in place since commencement of
operations (over 30 years). This monitoring data has been used to estimate the doses to members
of the public arising from the current Ranger mine annually.
The pathways analysis and critical group for this dose calculation have been previously defined by
the Supervising Scientist (Johnston 1987). This has identified that the atmospheric pathway
(inhalation of radioactive dust and RnDP) dominates and the critical group originally were the
inhabitants of Jabiru East (in the vicinity of the Airport) and are now the inhabitants of Jabiru. The
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dose from the inhalation of radioactive dust was estimated for many years and found to be
consistently low and well below the dose from inhalation of RnDP. As a result the dose from the
inhalation of radioactive dust is no longer included in the member of the public dose estimates;
however monitoring is conducted to confirm that historic monitoring trends continue.
The annual RnDP concentrations measured at Jabiru water tower are used each year to calculate
the annual radiation doses to members of the public living in Jabiru. This monitoring data consists
of two components: the natural background, and a potential component from the radon emission
from Ranger mine. A method has been developed for separating these two components from the
measured concentrations, using the wind direction: when the wind is blowing from the direction of
the Ranger mine the measured concentration will contain both contributions, but when it is blowing
from any other direction it will only include the natural background (Auty & Bell 1992). The results
of the mine sourced radiation dose to Jabiru residents from 2000 to 2013 are shown in Figure 15,
with the average over this period approximately 0.02 mSv per year. The data shows variations
from year to year, these are largely the result of variations in the meteorology from year to year, for
instance changes in the frequency of winds blowing from the Ranger mine.
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Member of the Public Annual Effective Dose - mine component (mSv)

Member of the public dose limit (1 mSv per yar)
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Figure 15: Annual radiation dose to residents of Jabiru from Ranger sourced radon

In addition to the monitoring conducted each year by ERA, the Supervising Scientist conducts
independent monitoring and separately calculates the annual dose to residents of both Jabiru and
Mudginberri (the local Aboriginal community) from the inhalation of both RnDP and radioactive
dust. The most recently published dose estimates (Supervising Scientist 2014) are provided in
Table 6.
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Table 6: Supervising Scientist estimated Ranger sourced public dose from inhalation
Location

Mine sourced member of the public dose (mSv per year)
Inhalation of RnDP

Inhalation of dust

Jabiru

0.030

0.0005

Mudginberri

0.005

0.0001

The Supervising Scientist also determines the annual dose from the ingestion of bush foods.
Previous studies conducted by them have shown that the ingestion dose is dominated by the
consumption of 226Ra in mussel flesh. For this annual assessment they determine the dose to a 10
year old child living at Mudginberri and eating 2 kg of mussel flesh per year. In their most recently
published annual report they show the annual dose for this situation would be 0.23 mSv per year,
which they go on to conclude is entirely from natural background sources. The mine sourced dose
from the ingestion of bush food is reported to be negligible.
The results of both ERA and supervising scientist monitoring show that member of the public
doses from Ranger sources are low and well below the annual limit of 1 mSv per year.

3.2 DOSES FROM RANGER 3 DEEPS
The radiation doses to members of the public as a result of the Project were estimated for all the
exposure pathways shown in Figure 14. A number of member of the public groups were identified
for the assessment of Project related radiation exposure, these include residents of:


Mudginberri (aboriginal community);



Camp 009 (area used intermittently by Traditional Owners);



Jabiru (nearest major residential population);



Ranger mine village contractor camp; and



Jabiru East and the Airport (day time workers only, no residence).

The estimated total possible maximum radiation dose to and adult living in Jabiru having a tradition
diet of bush foods from the cumulative operations of the Project and the Ranger mine was
0.088 mSv per year. This highly conservative assessment is well below the annual dose limit of 1
mSv per year, demonstrating that the risks to members of the public from the Project and the
Ranger mine in general are low. Details of this assessment are provided in the following sections.

3.2.1 Inhalation of Radioactive Dust
The method used to estimate doses to members of the public from the inhalation of radioactive
dusts was to first estimate the sources for release of airborne particulates and then use dispersion
modelling to estimate the airborne concentrations and dusts deposition at local receptors.
The sources of dust emissions for the Project were estimated as part of the air quality modelling
(refer Chapter 6 of the draft Environmental Impact Statement). This work derived gravimetric dust
releases in grams per second (g/s) for the various sources which were modelled to predict airborne
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concentrations of total suspended particulates (TSP) in μg/m3. The air quality model was also used
to predict the cumulative TSP airborne concentrations from operation of the Project with the
existing Ranger mine.
In order to determine the radionuclide content of this modelled TSP, the dust emission rates were
converted to radionuclide release rates (Bq/s) by multiplying by the relevant radionuclide content.
The radionuclide content was determined assuming that all ore had an average grade of 2,500
ppm U3O8 and all waste had a maximum grade of 200 ppm U3O8. The resulting incremental Project
radionuclide release sources are detailed in Table 7. The weighted average of these emissions
gives a total project uranium activity in dust of 7.4 Bq/g 238U, with all decay products assumed to be
in equilibrium. For the cumulative emissions, this same activity concentration was assumed as a
worst case, the activity of emission from existing operations will be less with the processing of
lower grade material.
Table 7: Estimated dust emissions sources from the Project
Source

Dust emission rate
(g/s)

Grade
(ppm U3O8)

238U

Emission rate
(Bq/s)

Stope mining (ore)

0.67

2,500

18

Development of drives (waste rock)

0.93

200

2.0

Driving on unpaved roads

6.7

200

14

Backfill plant operation

0.23

2,500

6.1

Truck dumping (ore)

0.61

2,500

16

Waste rock stockpiles

0.32

200

0.7

Crushing and screening plant

4.4

1,2701

60

Driving on unpaved roads

2.7

200

5.8

Underground

Surface

1 – crushing plant used to crush both ore and aggregate so weighted average of grade used

The results of the air dispersion modelling are presented in Figure 16 and Table 8. Figure 16
presents incremental Project only TSP contours and Table 8 provides specific airborne
concentrations of both modelled TSP and calculated radioactive dust at key receptors for both
incremental Project only and cumulative impacts. The resulting cumulative doses to residents at
each of these receptors are provided in Table 10.
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Figure 16: Estimated annual average total suspended particulate concentrations
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Table 8: Predicted airborne particulate and radionuclide concentrations at receptors
Receptor

Project annual
TSP (µg/m3)

238U

Cumulative annual
(µBq/m³)

TSP (µg/m3)

238U

(µBq/m³)

Mudginberri

0.03

0.22

0.05

0.37

009 Camp

0.10

0.74

0.17

1.3

Jabiru

0.20

1.5

0.29

2.2

Jabiru Airport (and businesses)

1.0

7.4

1.6

12

Ranger mine village (contractor camp)

1.3

9.6

2.9

21

3.2.2 Inhalation of Radon Decay Products
The method used to estimate doses to members of the public from the inhalation of RnDP was the
same as for dust, with the source estimates being for radon emissions.
Radon sources for the Project were calculated by estimating the surface area of exposed
mineralised material in stopes and drives, the grade of that mineralisation 4 and assuming an
exhalation rate of 50 Bq/m2/s per %U3O8 (Mason, et al. 1982). The exhalation of radon from
groundwater was also included, with the amount based on a groundwater inflow of 75 L/s and an
estimated radon concentration of 760 Bq/L. The estimated radon releases are shown in Table 9 .
Table 9: Estimated radon emissions sources from the underground mine
Emission Area (m2)

Uranium Grade
(ppm)

Emission Rate
(Bq/m2/s)

Total Emission
(kBq/s)

Upper sections of decline

72,000

15

0.075

5.4

Lower section of decline

15,480

100

0.5

7.7

Access Drives

41,400

700

3.5

145

Hanging Walls

36,000

3,000

15

540

Ore Drives

9,000

3,000

15

135

Stopes

10,500

3,000

15

158

Groundwater

75 L/sec

760 Bq/L

-

60

4

Note that an average ore grade of 3000 ppm U3O8 was used in the estimation of radon emissions, instead of the estimated ore grade
of 2500 ppm used elsewhere. This will lead to an overestimate of doses from radon decay products of approximately 20%

ERA: Proposed Ranger 3 Deeps Underground Mine

Page 38 of 67

Appendix 8: Radiation
The radon concentration contours from the air dispersion modelling are presented in Figure 17.
The RnDP concentrations at key receptors were then estimated by conservatively assuming that
the RnDP were in equilibrium with radon and conversions published in ICRP publication 65 (ICRP
1993). The resulting annual doses to residents at each of these receptors, calculated by assuming
the dose conversion factors published in ICRP publication 65 are provided in Table 10.

Figure 17: Estimated annual average radon concentrations
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3.2.3 Doses to Exposed Groups from Inhalation
The estimated annual radiation doses to residents at locally occupied areas, from inhalation of
dusts and radon, are shown in Table 10.
The highest estimated annual doses were to the residents of the Ranger mine village, where a full
time resident (that is, 8,760 hours per year) is expected to receive an annual dose of about
0.012 mSv per year. This is a conservative estimate as there are no permanent residents at the
site. Similarly there are no residents in the Jabiru airport area in Jabiru East.
The largest local population centre is Jabiru, where the expected annual radiation dose to a full
time resident is predicted to be 0.0007 mSv per year from the inhalation of cumulative dusts from
Ranger mine, 0.0017 mSv per year from Project incremental RnDP and 0.020mSv per year from
the inhalation of RnDP from current operations (refer Section 3.1). This gives a cumulative dose to
members of the public living in Jabiru from inhalation of 0.022 mSv per year, well below the limit of
1 mSv per year.
Table 10: Doses to members of the public from inhalation of dust and radon
Location

Inhalation of radioactive
dust 2
(mSv per year)

Inhalation of RnDP
(mSv per year)

Total inhalation dose
(mSv per year)

Mudginberri

0.0001

0.0003

0.0004

009 Temporary camp

0.0004

0.0008

0.001

Jabiru

0.0007

0.0017

0.002

Jabiru Airport (and businesses) 1

0.0041

0.0052

0.009 1

Ranger mine village (contractor
camp) 1

0.0074

0.0045

0.012 1

1 – Non-residential receptors; dose calculation is an over estimate since full time occupancy of 8670 hours per year was assumed.
2 – Dose calculation made on cumulative concentrations of radioactive dust.

3.2.4 Dose from the Ingestion of Bush Foods
There is a potential for members of the public to receive doses from the consumption of bush foods
or water that contains radionuclides sourced from the Project. As shown in Figure 14 there are two
key pathways for radionuclides to enter the diet of local people; the terrestrial pathway via dust
deposition and the aquatic pathway via surface water.
The Supervising Scientist has conducted a major study of the doses to people who consume “bush
foods” collected from the Alligator Rivers region, and estimates the annual dose from natural
(background) sources to be approximately 0.85 mSv per year (Ryan, et al. 2009). The bush foods
considered in the study have been divided into the two pathways discussed above. The terrestrial
pathway was assessed to result in an annual dose of 0.23 mSv, with the main contributions being
from yams (0.070 mSv), buffalo (0.080 mSv) and pigs (0.040 mSv), while the aquatic pathway
contributed 0.62 mSv per year, with the dominant contribution being from mussels (0.56 mSv per
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year). From this study it can be seen that the main source of radiation dose is through the
consumption of mussels.
To assess member of the public radiation dose from the consumption of terrestrial bush food the
air dispersion model, discussed in Section 3.2.1, was used to estimate the dust deposition (see
Figure 18). This shows the Project incremental dust deposition in the Mudginberri area to be less
than 0.005 g/m2/month. As discussed in Section 3.2.1, the air quality model was also used to
predict the cumulative dust. The cumulative air quality model showed a cumulative dust deposition
at Mudginberri of 0.005 g/m2/month and at the 009 temporary camp of 0.016 g/m2/month. Since
bush foods are collected widely, the assessment was conducted assuming an average of
0.01 g/m2/month. Assuming the same radionuclide content in the emitted dust as Section 3.2.1 and
a 5 year project period the estimated quantity of radiation in deposited in the area will be 7 Bq/m2
for each radionuclide in the 238U series. If this is mixed with the top 10mm of soil, and assuming a
soil density of 1.5 t/m3, the resulting increase in soil radionuclide concentration was estimated to be
0.4 Bq/kg for each radionuclide in the 238U series.
The doses were calculated using the Supervising Scientist most recently published diet (Ryan, et
al. 2008), concentration ratios used in their assessment of natural background ingestion dose
discussed above (Ryan, et al. 2009) and the public ingestion dose conversion factors published by
the International Atomic Energy Agency Basic Safety Standard (IAEA 2011). The results of the
assessment are provided in Table 12, this shows a Project incremental dose via the terrestrial
pathway of 0.002 mSv per year for both an Adult and a child. It should be noted that the
assessment for a child used half the annual consumption of an Adult.
In addition, the case where project generated food falls onto fruit, which is subsequently consumed
has been considered. The dose via this pathway was calculated for the Mudginberri area using the
same dust deposition rate of 0.01 g/m2/month, assuming that the amount of fruit consumed each
year by an Adult would have a surface area of approximately 0.1 m2, and the dust deposited on the
fruit for the entire three months growing period. This gave a total activity on consumed fruit of
0.02 Bq for each radionuclide in the 238U series, resulting in an annual dose of 0.00005 mSv for a
child and 0.00006 mSv for an Adult.
For the aquatic pathway the transfer of radionuclides into the environment is the same as that for
current operations. The excess water from the underground mining operations will be sent
Retention Pond 2 and be contained with the current water management system, refer Chapter 8 of
the draft EIS. As described in this chapter, excess pond water will be treated; with clean permeate
being irrigated to the land application areas during the dry season and discharged to either
Retention Pond 1 or the corridor creek wetland filter during the wet season, eventually ending up in
the Magela creek system. During the wet season, surface water runoff from the land application
areas also discharges into the Magela creek system. Since the concentration of contaminants in
the water treatment plant permeate will remain unchanged with the introduction of the Project, it is
not possible to distinguish between incremental and existing operational sources. Therefore a
cumulative assessment has been undertaken for the aquatic pathway.
To estimate the cumulative radionuclide concentrations at Mudginberri, the historic Magela Creek
monitoring data, undertaken by ERA for uranium and the Supervising Scientist for radium, was
used to calculate a wet season median difference between upstream Magela Creek concentrations
at MCUS and downstream at MG009. This was assumed to be the mine sourced Magela creek
radionuclide concentrations. The wet season median differences for the past eleven years are
provided in Table 11, the radionuclide concentration used was taken as the worst case (highest)
year; these values are bold in the table. Concentrations of other radionuclides were assumed to be
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either in equilibrium with the uranium or radium. The cumulative Ranger mine related dose from
the aquatic pathway was then calculated using the same method as for the terrestrial assessment.
The dose for each food group has been provided in Table 12, this shows an annual dose of 0.064
mSv per year for an Adult and 0.075 mSv per year for a child.

Figure 18: Estimated annual average dust deposition
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Table 11: Wet season median difference in Magela Creek up and downstream

Wet Season

238U

concentration (mBq/L)

226Ra

concentration (mBq/L)

Upstream

Downstream

Median difference

Upstream

Downstream

Median difference

2001–2002

0.16

0.47

0.31

2.3

2.5

0.2

2002–2003

0.30

0.63

0.34

2.0

1.8

-0.2

2003–2004

0.22

0.58

0.36

1.8

2.0

0.2

2004–2005

0.19

0.43

0.24

1.7

1.6

-0.2

2005–2006

0.19

0.70

0.51

2.0

2.3

0.3

2006–2007

0.25

0.61

0.36

1.7

1.9

0.2

2007–2008

0.26

0.54

0.27

1.8

1.8

0.1

2008–2009

0.30

0.57

0.27

1.5

1.9

0.4

2009–2010

0.26

0.63

0.37

1.6

1.9

0.3

2010–2011

0.25

0.77

0.52

1.6

1.8

0.2

2011-2012

0.19

0.71

0.52

1.6

1.9

0.3

All years

0.22

0.63

0.40

1.8

1.9

0.1

Table 12: Member of the public dose from the ingestion of bush foods
Food item

Adult Diet
(Kg per year per person)

Adult
(mSv)

Child (7-12 year old) 1
(mSv)

Buffalo flesh

146

1.6E-04

1.6E-04

Buffalo kidney

18

5.0E-04

5.5E-04

Buffalo liver

18

6.5E-05

7.3E-05

Wallaby

20

1.5E-04

1.7E-04

Pig

25

4.0E-04

4.3E-04

Goanna

2

4.3E-05

4.9E-05

Yams

20

3.8E-04

4.8E-04

Fruit (uptake from soil)

3

2.0E-05

2.3E-05

Fruit (dust deposition)

3

5.5E-05

6.3E-05

Sub-total (terrestrial)

253

0.002

0.002

Magpie goose

20

4.2E-03

4.7E-03
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Food item

Adult Diet
(Kg per year per person)

Adult
(mSv)

Child (7-12 year old) 1
(mSv)

Fish group 1

10

8.7E-03

9.9E-03

Fish group 2

20

2.4E-03

2.8E-03

Mussels

4

3.4E-02

4.1E-02

Turtle flesh

5

2.7E-03

3.0E-03

Turtle liver

0.5

9.4E-03

1.0E-02

File snake

3

8.1E-04

8.6E-04

Crocodile flesh

2

2.4E-03

2.6E-03

Water lily

3

6.9E-08

7.8E-08

Sub-total (aquatic)

69.5

0.064

0.075

Total

322.5

0.066

0.077

1 – Note the assessment for a child has been based on half the consumption of an Adult.
2 – Note the assessment of fruit has included additional dose from dust depositing on the fruit.

The total ingestion dose from the consumption of bush foods that contain radionuclides form the
cumulative Ranger operations, shown in Table 12, is estimated to be 0.066 mSv per year for an
Adult and 0.077 mSv per year for a child. The majority of dose is estimated to be delivered via the
aquatic pathway, with the consumption of mussels dominating, contributing over 50% of the dose.
This dose estimate has assumed that the cumulative worst case mine sourced radionuclide
concentrations at Magela Creek are the same as that in Mudginberri Billabong, this is an
overestimate as significant dilution of radionuclides will occur in the creek between the monitoring
point of 009 and this billabong.
A more likely assessment is that the doses to members of the public from consumption of mussels
at Mudginberri will continue to below detectable levels, with the main source of dose to local
people from this pathway being from natural sources. This case is reported every year by the
Supervising Scientist in their annual report (Supervising Scientist 2014).
Even with the overestimate of water concentrations, the cumulative dose from to members of the
public from ingestion of bush foods is estimated to be very low and well below the member of the
public limit of 1 mSv per year.

3.3 DOSES FROM TRANSPORTATION OF URANIUM PRODUCT
The Project ore will be blended and processed with exiting stockpiled ore, and thus there will be no
specific product generated solely by the Project. Instead the combined product, uranium oxide
concentrate, will be handled and transported in the same way as for the current operation. The
uranium product will be sealed in 200L drums, which are in turn packed securely and transported
in standard sea-containers for transportation by road to Darwin. From there the uranium product
can be exported directly from the Port of Darwin or railed to Port Adelaide for export.
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The dose to drivers is estimated from measurements of dose rate made in the cabin before
shipment. Typically, these dose rates average approximately 1 µSv/h. Therefore if a driver makes
200 four-hour Ranger to Darwin trips (4 trips per week) with uranium product a year, the total dose
is estimated to be about 0.8 mSv.
Dose rates at one meter from the side of a container of uranium product typically average
10 μSv/h. As a truck would generally take much less than a minute to pass any point, bystanders
and residents near the transport routes would receive extremely small doses (fractions of a
microsievert) as uranium product containers pass. Even in the case that a vehicle transporting
uranium product was stationary (for example as the result of a road closure following an accident),
doses to those nearby would be expected to be less than a microsievert, unless they spent a
significant time (approximately one hour) within a few metres of the container.
Under accident conditions, it is possible that some exposure to drivers, emergency services crews
and bystanders may arise. These exposures will only result if the accident is severe enough to
rupture both the shipping container and the drums of uranium product, releasing it to the
environment after which it may become airborne and be inhaled. Such a severe accident is very
unlikely, and even under these circumstances significant doses are not likely to arise. The uranium
oxide concentrate is a coarse, heavy powder, which does not readily become airborne, and the
duration of any such exposure would be relatively short, probably much less than an hour. Cleanup workers may be exposed for longer, but would be supplied with appropriate protective
equipment, particularly respiratory protection.
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4 PROTECTION OF THE ENVIRONMENT
The risk assessment and management of radionuclides entering or present in the environment has
historically been based on human health considerations alone. This approach has been
underpinned by the ICRP recommendations that state “if man is protected then it can be assumed
that the environment is protected”(ICRP 1991).
More recently there has been increasing awareness of the potential vulnerability of the
environment and of the need to be able to demonstrate that it is protected against the effects of
industrial pollutants, including radionuclides. The ICRP, in its recent publications (ICRP 2007;
2008; 2014), has addressed this by recommending that assessments be undertaken of the risk
from radiation to animals and plants.
A method developed for assessing this risk to the environment from radiation is the ERICA
(Environmental Risk from Ionising Contaminants: Assessment and Management) tool (Beresford,
et al. 2007). This assessment tool is structured around a three tiered approach; generic screening,
detailed screening and site-specific analysis.
In a report by ARPANSA (Doering 2010) the ERICA tool was described as a practical framework
for assessing risk to non-human species that could potentially be adapted to Australian situations.
This included the uranium mining industry as part of the need to integrate best practice standards
for assessing environmental impacts.
An ERICA assessment was conducted on the potential incremental and cumulative radiation risk to
non-human biota from the Project. For the assessment the generic screening step was not used,
rather the more detailed "tier 2" screening for radiation risk was conducted.
In order to quantify the risk at the tier 2 level, the tool calculates the effective radiation dose rate to
a range of representative organisms (plants and animals). The dose rate for each species is
determined by taking into account the physical size and geometry of the animal, the medium in
which they live (on land, in water, sediments) and their dietary behaviour. This dose rate is then
compared to a screening dose-rate of 10 μGy/h 5 to obtain a risk quotient. Risk quotients are
presented both for the "expected value" and a "conservative value". The expected value is the ratio
of the estimated dose rate to the screening dose rate; the conservative value is three times higher
than the expected value and represents the 95th percentile of the dose rate distribution, providing
an additional layer of conservatism to the assessment and confidence that the environment will be
protected.
Where the ERICA tool shows all risk quotients less than one then it can be concluded that there is
no increased risk to the environment. Where this is not the case then a review of effects data
specific to that organism should be undertaken to qualify if there is a potential risk. Where the
effects data indicate there is a potential risk to that organism a focussed tier 3 assessment is then
be undertaken.

5

This screening dose rate is also described as the predicted no-effect dose rate. It has been derived from a large
radiation effects database and statistically represents the dose rate at which 95% of species will be protected. This
screening rate is thus expected to protect the most radiosensitive organisms likely to be present in an environment
(Garnier-Laplace, et al. 2008).
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4.1 RANGER 3 DEEPS ERICA ASSESSMENT
4.1.1 Problem Formulation and Conceptual Models
The first step in any risk assessment is the problem formulation phase, for ecological risk
assessments this includes the development of conceptual models for transfer of contaminants into
the environment.
The possible pathways for transfer of radionuclides into the environment from the Project will be
the same as for that of bush foods, refer Section 3.2.3.
The conceptual models for both aquatic and terrestrial pathways that will be the basis for the
ERICA assessment have been provided in Figure 19 and Figure 20. Part of the development of
these models was to identify the various organisms present in the environment. This was done by
matching the reference organisms in the ERICA tool with organisms known to be in the area
surrounding the Ranger Project Area (see the flora and fauna assessment Chapter 9 of the draft
EIS).
Matching was based on the type of species, its habitation and geometry compared to that of the
ERICA reference organism; details of which are provided with the ERICA tool. This matching has
been provided in Table 13. When selecting an example local species for assessment the following
hierarchy was used; endangered or threatened species, species considered to have cultural
significance, species known to bioaccumulate radionuclides, or a general example of typical
species found in the local area.
Several species in the local area did not match any of the reference organisms, and were
considered important enough to require the development of a specific organism. Each of these are
also provided in Table 13, and marked new organism. Several reference organisms have multiple
local matches, for this case the ERICA assessment is still conducted on just the single reference
organism; however the local species with either an occupancy that would deliver the greater
radiation dose or that with site specific concentration ratio data was chosen; these are highlighted
in bold with Table 6. One reference organism had no matches to local species; this was the “large
terrestrial mammal”. ICRP selected deer as representative of this class, however in Australia deer
are not (naturally) present and this ecological niche is filled with macropods (kangaroos and
wallabies). The assessment was therefore done using data for the agile wallaby (macropus agilis),
a common species in the Kakadu area.
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Figure 19: Conceptual model for terrestrial assessment

Figure 20: Conceptual model for aquatic assessment
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Table 13: List of common species of animals surrounding Ranger mine
Reference
Organism

Example local
species

Scientific name

Comments on selection

Aquatic Assessment
Amphibians

Green tree frog

Litoria caerulea

Many species of frog in the area all have generally the same
geometry and occupancy situations. Green tree frogs the
chosen example because it is well known.

Benthic fish

Fork-tailed catfish

Arius leptaspis

Most commonly known benthic fish in the area. Is a food
source for local people so the presence of the population is
important. Other catfish, e.g. eel tailed, have similar geometry
and occupancy so did not need to be selected separately.

Aquatic bird

Magpie goose

Anseranas
semipalmata

Important food source for local people, important to
demonstrate that population will not be affected.
Selected as assessment organism because of available site
specific data.

Plumed whistling duck

Dendrocygna eytoni

Common duck in the area with little difference in geometry or
occupancy to other duck species so chosen as an example.

Bivalve mollusc

Freshwater mussel

Velesunio angasi

Important food source for local people, important to
demonstrate that population will not be affected.

Crustacean

Isopod crustaceans

Eophreatoicus spp.

General species commonly found in the area.

Gastropod

Freshwater snail

Amerianna Cumingi

Current species of snail used for creek side monitoring in
Magela by SSD.

Insect larvae

Various unspecified

-

Many insects in the area no specific ones chosen.

Aquatic
Mammal

Golden-bellied water
rat

Hydromys
chrysogaster

Only known aquatic mammal in ARR, not known on the lease
but may be found downstream on Magela floodplain

Pelagic fish

Barramundi

Lates calcarifer

Tarpon

Megalops spp.

The most commonly found range of pelagic fish selected; all
are within the range of geometry of default and have similar
occupancies.

Long tom

Tylosurus spp.

Long tom selected as assessment organism because of
available site specific data.

Black bream

Hephaestus
fuliginosus

Chequered rainbow
fish

Melanotaenia
splendia inornata

Banded grunter

Amniataba percoides

Phytoplankton

Green Algae

Chlorella sp

Algae species used by SSD for ecotoxicology testing.

Vascular Plant

Ribbon weed

Vallisneria sp

Ribbon weed is a food source for pig-nose turtle that is an
important food source for the local people.

Zooplankton

Water Flea
(Cladoceran)

Moinodaphnia
macleayi

Cladoceran species currently used by SSD for ecotoxicology
testing.
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Reference
Organism

Example local
species

Scientific name

Comments on selection

New Organism

Waterlily

Nymphaea violacea

Bioaccumulator of radionuclides, cultural significance
ERICA aquatic plant significantly different to waterlily, separate
assessment required.

New Organism
(Crocodile)

Saltwater crocodile

Crocodylus porosus

Freshwater crocodile

Crocodylus johnstoni

Higher order predator (possibly more bioaccumulation),
cultural significance
No aquatic reptiles in ERICA so required new organism
Fresh water selected as assessment organism because of
available site specific data.

New Organism

New Organism
(Turtle)

Mertens water
monitor

Varanus mertensi

Northern snakenecked turtle

Chelodina rugosa

NT threatened species
No aquatic reptiles in ERICA and large difference to crocodile
so required new organism.
Cultural significance (food item). Selected as assessment
organism because of available site specific data.
No aquatic reptiles in ERICA and large difference to other
reptiles so required new organism.

New Organism

Pig-nose turtle
(Warradjan)

Carettochelys
insculpta

Major food source, cultural significance

File snake

Acrochordus arafurae

Major food source, cultural significance
No aquatic reptiles in ERICA and large difference to other
reptiles so required new organism

Terrestrial Assessment
Amphibians

Green tree frog

Litoria caerulea

Many species of frog in the area all have generally the same
geometry and occupancy situations. Green tree frogs the
chosen example because it is well known.

Terrestrial bird

Little Corella

Cacatua sanguinea

One of the common species of bird found in the area, all have
generally the same geometry and occupancy situations.
Selected as assessment organism because of available site
specific data.

Partridge pigeon

Geophaps smithii

NT and Commonwealth threatened species. Need to
demonstrate population will not be effected.
Used occupancy for assessment as will give a more
conservative assessment.

Various Finches

Family Estrildidae

Many finches found in the area, no specific finch selected.

Bird egg

Various unspecified

-

-

Detritivorous
invertebrate

Various beetles

-

-

Flying insects

Mayflies etc

Order Ephemeroptera

-

Gastropod

Land Snails

-

-
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Reference
Organism

Example local
species

Scientific name

Comments on selection

Grasses &
Herbs

Spear grass

Sorghum spp.

Common local grass, important to the fire cycle, cultural uses

Lichen &
bryophytes

Various moss and
lichens

-

-

Mammal (Deer)

-

-

No large herbivores mammals (native) found in the area. Not
assessed

Mammal (Rat)

Black-footed tree rat

Mesembriomys gouldi

Found in local area

Brush‐tailed tree‐rat

Conilurus penicillatus

Threatened species

Fawn antechinus

Antichinus bellus

NT threatened species.
Used occupancy of this organism as will give a more
conservative assessment

Northern brown
bandicoot

Isoodon macrourus

Northern Quoll

Dasyurus hallucatus

Threatened species

Northern brush-tailed
Phascogale

Phascogale pirata

Threatened species

Northern brushtail
possum

Trichosurus
vulpecular
arnhemensis

Found in local area

Reptile

Olive python

Liasis olivaceus

The ERICA reference organism is a snake. The olive python
was chosen as an example that has site specific data..

Soil
Invertebrate

Various earth worms

-

-

Tree

Ironwood

Erythrophleum
chlorostachys

Found in local area and has many cultural uses. All organisms'
similar, no specific reason for selection.

Paperbark

Malaeuca
Leucadendra

Found in local area and some cultural use

Stringybark

Eucalyptus
Tetradonta

Found in local area and some cultural use

Agile wallaby

Macropus agilis

Common local species, cultural significance (food item)

New Organism

Found in local area.
Selected as assessment organism because of available site
specific data.

Mammal
(Macropod)

ERA: Proposed Ranger 3 Deeps Underground Mine

Page 51 of 67

Appendix 8: Radiation
Reference
Organism

Example local
species

Scientific name

Comments on selection

New Organism
(Terrestrial
goanna)

Mitchells water
monitor

Varanus mitchelli

Vulnerable (NT threatened species list), cultural significance
(food item)

Sand goanna

Varanus panoptes

Vulnerable (NT threatened species list), cultural significance
(food item).
ERICA organism based on snake, significant enough
difference to goanna to warrant separate assessment.
Assessment based on all available goanna data combined.

4.1.2 Environmental Media Concentrations
The conceptual models given in Section 4.1.1.2 show the pathways for transport of radionuclides
into the environment. These have been used to determine environmental media concentrations for
both local soils and Magela creek.
For the aquatic assessment the environmental media concentrations were the same as for the
bush foods assessment, refer to Section 3.2.3. Once again the worst case concentration were
used in the assessment, this being 0.4 mBq/L for 226Ra and 0.52 mBq/L for 238U. Concentrations of
other radionuclides were assumed to be in equilibrium with either the uranium or radium.
In addition to the water concentration, the aquatic assessment requires a media concentration for
creek or billabong sediment. This parameter can either be entered or the tool can determine the
concentration based on the input water concentration and the use of a water to sediment
distribution coefficient (Kd) expressed in L/kg. For this assessment a set of site specific Kd values
have been used (Murray, et al. 1992). This information was obtained from unpublished Supervising
Scientist data and is presented in Table 14.
Table 14: Sediment distribution coefficients for Magela Creek system
Element

Sediment distribution coefficient (Kd)

Uranium

1.3x105

Thorium

3.3x105

Radium

2.6x105

Lead

3.6x105

Polonium

1.7x105

For the terrestrial assessment the increase in soil radionuclide concentrations was estimated from
the results of air quality modelling (refer Chapter 6 of the draft EIS). The estimated dust deposition
results from this modelling are shown in Figure 18. Averaging the deposition in the near to Project
environmental areas for a worst case assessment gives 0.37 g/m2/month. Using this deposition
rate and the weighted average of uranium grades for the Project (refer Section 3.2.1); the total
deposition over the 5 year project life is estimated to be 163 Bq/m2. After deposition the dust is
expected to mix with the top layer of soil. A mixing depth 10 mm was assumed which is consistent
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with measurements in Eastern Australia and grasslands and various studies of radionuclide
behaviour in the Ranger land application areas. Assuming a soil density of 1.5 t/m3, the resulting
increase in soil radionuclide concentration was estimated to be 11 Bq/kg for each radionuclide in
the 238U series.

4.1.3 Concentration Ratios
The activity concentrations of radionuclides in biota are calculated in the ERICA tool from media
activity concentrations and concentration ratios. The concentration ratio is the ratio of organism
whole body radionuclide activity concentration (fresh weight) to the activity concentration of that
radionuclide in the media (soil or water) in which it lives. For a terrestrial assessment this is the
Bq/kg whole organism (fresh weight) per Bq/kg soil (dry weight), and for an aquatic assessment
this is the Bq/kg whole organism (fresh weight) per Bq/L in water (filtered)
Where possible the radionuclide concentration ratio values were obtained from a review of
published data for the specified example local species, refer Table 12. This information was either
obtained from the Supervising Scientist BRUCE database (Doering, et al. 2012) or from other
published Supervising Scientist reports (Ryan, et al. 2009). The ERICA tool requires concentration
ratios for the whole organism; however, some of the concentration ratios available were for muscle
or flesh only. For these cases the whole organism concentration ratio was obtained by applying
whole-body to tissue ratios published by Yankovich et al (2010). Where site specific data were not
available, values from the ERICA tool wildlife transfer database were used.
The occupancy factors and the availability of site specific concentration ratios are shown in Table
15 and Table 16 for the aquatic and terrestrial assessments respectively.
Table 15: Site specific data used in the aquatic assessment
Reference Organism

Amphibians

Aquatic occupancy based on local species example %
Water surface

In water

Sediment
surface

In sediment

30

20

40

10

Benthic fish
Aquatic bird

100
50

10

Bivalve mollusc

100

Crustacean

100

Gastropod

100

Insect larvae

100

Aquatic Mammal

10

20

Pelagic fish

100

Phytoplankton

100

Vascular Plant

100
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Reference Organism

Aquatic occupancy based on local species example %
Water surface

In water

Zooplankton

Sediment
surface

In sediment

Site
Concentration
Ratio a

50

Yes

100

Additional aquatic organisms
Waterlily
Water monitor

50
100

Yes

File snake

90

10

Yes

Turtle

90

10

Yes

Crocodile

60

40

Yes

a - Indicates a site specific concentration ration is available for at least one radionuclide

Table 16: Site specific data used in the terrestrial assessment
Reference Organism

Terrestrial occupancy based on local species example %
On soil

Amphibians

100

Terrestrial bird

65

Bird egg

100

In soil

Detritivorous invertebrate

Max height
over ground
(birds)

35

5

Yes

100

Flying insects

40

Gastropod

100

Grasses & Herbs

100

Lichen & bryophytes

100

Mammal (rat)

40

60

Reptile

10

90

Soil Invertebrate
Tree

In Air

Site
Concentration
Ratio a

60

Yes

Yes

100
100

Additional terrestrial organisms
Terrestrial goanna

10

ERA: Proposed Ranger 3 Deeps Underground Mine

90

Yes

Page 54 of 67

Appendix 8: Radiation
Reference Organism

Terrestrial occupancy based on local species example %
On soil

Mammal (macropod)

In soil

Max height
over ground
(birds)

In Air

100

Site
Concentration
Ratio a

Yes

a - Indicates a site specific concentration ration is available for at least one radionuclide

4.1.4 Assessment Results
The results of the assessment for all terrestrial organisms, including both reference and additional
site specific, are shown in Table 17. This shows that the risk to terrestrial organisms from the
Project is negligible, with all organisms having dose rates below the screening level of 10 μGy/h
and conservative risk quotients less than 1.
Table 17: Dose rates and risk quotients for the terrestrial pathway
Dose rate

Risk Quotient

Risk Quotient

(μGy/h)

(expected value)

(conservative value)

Lichen & bryophytes

2.6

0.25

0.76

Mammal (rat)

0.16

0.02

0.05

Detritivorous invertebrate

0.16

0.02

0.05

Soil Invertebrate (worm)

0.15

0.02

0.05

Flying insects

0.15

0.01

0.04

Terrestrial goanna

0.13

0.01

0.04

Gastropod

0.08

0.01

0.03

Grasses & Herbs

0.06

0.01

0.02

Amphibian

0.06

0.01

0.02

Bird egg

0.06

0.01

0.02

Mammal (macropod)

0.03

0.00

0.01

Tree

0.02

0.00

0.01

Reptile

0.02

0.00

0.01

Bird

0.01

0.00

0.00

Organism

The results of the assessment for all aquatic organisms, including both reference and additional
site specific, are shown in Table 18. All organisms gave dose rates below the screening level of 10
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μGy/h; however, for one organism (Bivalve mussel, or the local species of freshwater mussel), the
conservative risk quotient was greater than 1, indicating a potential risk of radiological effects that
requires more detailed review of specific effects data.
Table 18: Dose rates and risk quotients for the aquatic pathway
Dose rate

Risk Quotient

Risk Quotient

(μGy/h)

(expected value)

(conservative value)

Bivalve mollusc

4.8

0.48

1.4

Insect larvae

0.54

0.054

0.16

Phytoplankton

0.46

0.046

0.14

Turtle

0.37

0.037

0.11

Vascular plant

0.35

0.035

0.10

Crustacean

0.32

0.032

0.097

Crocodile

0.11

0.011

0.034

Waterlily

0.09

0.009

0.028

Pelagic fish

0.09

0.009

0.027

Water monitor

0.09

0.009

0.028

File snake

0.07

0.007

0.020

Aquatic mammal

0.06

0.006

0.019

Bird

0.03

0.003

0.010

Benthetic fish

0.03

0.003

0.010

Amphibian

0.01

0.001

0.003

Reference organism

Reviewing the specific effects data for mussels in UNSCEAR (1996) shows that cumulative doses
of 80-88 Gy at dose rates as high as 9,000-10,000 Gy/h had no effect on juvenile molluscs
(scallops and clams). In the same report it was concluded that for aquatic organisms dose rates
below 400 μGy/h would have not detrimental effects at the population level.
Looking at more site specific data for mussels in the Magela Creek system shows that the radium
load (and consequently the resulting dose rate) in the population of mussels from Bowerbird
Billabong, 20km upstream of the Ranger operation is substantially greater than that that
downstream (Bollhöfer, et al. 2011). The higher dose rates received by these mussels does not
appear to have impacted on their population in this billabong, indicating that the lower dose rates
from mine sources to downstream mussels will also not have any effects to the population.
Based on this it has been concluded that the estimated dose rates of <5 μGy/h will not pose any
risk to populations of mussels in Magela Creek downstream of Ranger from the cumulative
discharges of treated water. Likewise the potential impact on other aquatic organisms is negligible.
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4.2 RISK TO BIOTA FROM RADON
The ERICA tool used does not allow the determination of doses to non-human biota from radon
(222Rn) released from the project. However a radon dose calculator has been developed by the
England and Wales Environment Agency (Vives i Batlle, et al. 2012; Vives i Batlle, et al. 2008) and
this was used to estimate the doses to wildlife species from radon. The species in the spreadsheet
includes most of the terrestrial reference organisms of ERICA, and a number of other species.
From the atmospheric dispersion modelling (see Chapter 6 of the draft EIS) it was determined that
the project generated radon concentrations outside the project area were less than 0.1 Bq/m3, refer
Figure 17. Using the calculator, the maximum dose to any species was a plant seed with a dose
rate of 7.8 nGy/h. This is more than 3 orders of magnitude below the screening dose rate
recommended by ERICA and indicates that there is negligible risk to biota from this pathway.
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5 RADIATION MANAGEMENT MEASURES AND CONTROLS
The underground mining of uranium carries with it a risk of increased radiation exposures to
workers, refer Section 2. This section outlines some of the measures that will be implemented as
part of the Project to keep worker doses well below the limits and consistent with ALARA principle.

5.1 GENERAL CONTROLS
The project operates under various approvals, notably the requirement to comply with the Code of
Practice “Radiation Protection and Radioactive Waste Management in Mining and Mineral
Processing” (ARPANSA 2005). Many of the general controls on radiation protection are derived
from this Code.
The existing open pit and surface facilities at Ranger are currently defined as “controlled areas”.
The underground workings will also be defined as a “controlled area”, with all underground workers
being defined as ‘designated’ radiation workers.
The existing general site management controls will be maintained and expanded for the Project
and cover the following:


Requirement for all workers to change into work clothes at the commencement of their shift
and then shower and change at the end of their shift, with work clothes being laundered on
site.



Access controls for the main site will be maintained with an additional control for the
underground mine being a tag board arrangement.



Pre-employment, post-employment and routine medical checks for all underground workers.



Installation of personal hygiene facilities (hand washing facilities) near the entrances to lunch
rooms and offices.



Induction and regular re-inductions for all workers, including a specific underground radiation
induction.



Work procedures that include specific requirements for radiation safety.



Work permits for non-routine work that will be used to outline specific radiation protection
measures that will need to be followed for the work.



Procedures to clean up contamination or contaminated equipment.



Procedures for equipment or materials leaving the controlled area.



Procedures for equipment or materials leaving the site.
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5.2 GAMMA RADIATION CONTROLS
The specific controls for gamma radiation in the underground mine are based on ensuring that
workplaces meet the gamma doserate targets. The design criterion for gamma is that all
workplaces will be less than 10μSv/h in the centre of the drive.
This will be achieved by using shielding, mainly through the use of shotcrete and taking advantage
of additional attenuation provided by the mining equipment. Shotcrete shielding will be used as
follows:


Workplaces 6 in mineralised material (material greater than 200 ppm) will have shotcrete
applied to walls, the backs and if required the face.



Workplaces in mineralised material (material greater than 200 ppm) will have the application
of non-mineralised road base.



These treatments will be applied as required to achieve a gamma dose rate of 10 μSv/h in
the centre of the drive.

Where the dose rate target cannot be achieved, further reductions in gamma exposures may be
provided by removal of certain workers from exposure through the use of remotely operated
equipment or other methods. Additional controls will be assessed on a case by case basis and
may include:


Shotcreting of headings in production areas with the operator away from the higher gamma
area with the use of booms.



Semi-automated drilling rigs for long-hole drilling in stopes, enabling operators to limit their
time at the face.



Remotely operated load haul dump equipment, enabling operators to limit their time near
mineralised material.

For areas where the gamma dose rate cannot be reduced to below the design criteria of 10 μSv/h
then this location may be accessed, but only under either a gamma radiation management plan or
a radiation work permit, which outlines the radiation controls that must be followed and dose
constraints will be applied to keep exposure to workers below 100 µSv per shift and 1 mSv per
month.
As part of the ongoing improvements to reduce radiation doses to ALARA, additional control
measures will be investigated. As with all ALARA assessments these controls will take into account
both the amount of dose reduction that can be achieved and the economics of the controls.
Examples of these may include:


Addition of shielding to mining equipment, for example with the addition of steel plate and
thicker windows to the cabin.



Other remotely operated mining equipment.

6 Workplaces for these controls do not include stopes.
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In addition to these engineering controls, a number of administrative controls will be implemented;
the main one for minimising gamma exposures will be to implement a workplace gamma radiation
management plan.
Where a mineralised workplace is to be occupied for more than 1 week, a gamma radiation
management plan will be developed, with the aim of minimising exposure to gamma radiation. The
plan will be based on actual gamma radiation measurements or estimated levels based on ore
grade and recognised attenuation factors from shotcrete. It will include:


estimates of potential doses to workers;



details of additional shielding (for example installation of additional shotcrete, inert road base
or steel plating beyond that for the base assumptions);



monitoring regime; and



other administrative controls.

5.3 AIRBORNE CONTAMINATION CONTROL
The primary control for airborne contamination, including radon, radon decay products and dusts
containing radionuclides, is the underground ventilation system. The design aims to have sufficient
fresh air available at all times in all occupied underground workplaces. The specific ventilation
design criterion for radon decay products is that concentrations in workplaces will be less than
0.8 μJ/m3.
The primary ventilation circuit consists of a series of vertical ventilation shafts. Large air fans
extract contaminated air from the mine through a number of these raise bores, while fresh air
enters the mine through the others.
The secondary ventilation system is designed to take fresh air from the primary circuit and
distribute it to working areas with the use of secondary ventilation fans and ducting. The fans blow
fresh air to the workplaces, with the exhaust air generally flowing back along drives and eventually
to the exhaust side of the primary ventilation system. In some cases it will be necessary to extract
contaminated air from a work area with exhaust ducting.
The conceptual ventilation design has been established and the design criteria for the ventilation
systems are as follows:


provide fresh air to all workplaces;



multiple ventilation districts to enable areas to be isolated, with dedicated ventilation raises;



utilisation of a one pass ventilation system, with no re-use of ventilation air;



use of barricades and physical barriers to physically restrict and control airflows;



exhaust ducting in areas of high radon that cannot be ventilated with the standard secondary
systems; and



continuous monitoring systems.

Control of airborne dusts containing radionuclides will be achieved by means of the ventilation
requirements required to control radon decay products and through standard mine dust controls
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including wetting of broken materials before handling, wetting of roadways and clean-up of
spillages.
Additional protection from airborne contamination will be provided by the requirement that heavy
mining equipment will be fitted with air conditioned cabins.
To comply with the radon decay product concentration target and to identify potential optimisation
opportunities, the mine planner and ventilation specialist will develop a stope ventilation plan which
will be signed off by the mine manager and the mine radiation safety officer. The plan will detail the
specific ventilation requirements for the life of stope including:


identification of the particular tasks that will be carried out and the specific ventilation
requirements;



details of the placement of secondary fan and ducting;



locations of air flow barricades;



consideration of potential impacts from adjacent stopes; and



area and time restrictions that may be necessary.

The mine radiation safety officer will make estimates of the potential total dose from inhalation of
RnDP, based on the stope ventilation plan, and will then check them against monitored doses to
determine the effectiveness of the plan and to identify improvements.

5.4 APPROPRIATE EXPERTISE
Suitably qualified and experienced radiation safety and ventilation professionals will be made
available to assist during the design and construction phases of the project.
During operations, an appropriately qualified radiation specialist will be employed, who will be
complemented by the existing site based radiation safety officer and team. The underground mine
radiation specialist will influence the day to day workings of the project, particularly in relation to
management of the ventilation system and systems for gamma radiation control.
A suitably qualified and experienced ventilation specialist will also be employed, who will be
responsible for the overall management and maintenance of the underground ventilation system.
The specialist will be supported by technicians who will work on shift to manage the ventilation
system on a day to day basis. Activities will include:


establishing and maintaining the ventilation network;



conducting air and radiation monitoring to ensure the effectiveness of the system; and



restricting access as required.

5.5 MONITORING RADIATION
A radiation monitoring program will be designed and implemented as part of the Project, this will
consist of:


personal monitoring of high exposure underground workers:
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personal alpha dosimeters (PADs) for monitoring exposure to the decay products of
radon
electronic personal dosimeters (EPDs) for monitoring exposure to gamma radiation.



thermo luminescent dosimeters (TLD) for all underground workers



personal monitoring for radioactive dusts; and



workplace area monitoring.

An outline of the proposed personal and area radiation monitoring programs aer shown in the
following Table 19 and Table 20 respectively.
Table 19: Worker personal monitoring program
Radiation Exposure
Pathway and Monitoring
Method

Production Miners

Development Miners

Service Personnel

Gamma radiation

TLD badges

TLD badges

TLD badges

EPD monitors (for daily dose
monitoring)
Airborne dust
Sampling pumps with
radiometric analysis of filters

Twice weekly personal
samples for each occupation
group

Weekly personal samples for
each occupation group

Monthly personal samples
for each occupation group

Radon Decay Products

PAD monitors to randomly
selected workers daily

PAD monitors to randomly
selected workers daily

PAD monitors to randomly
selected workers daily

Table 20: Workplace area monitoring program
Radiation Exposure
Pathway and Monitoring
Method

Production Areas

Development Area

Surface Locations

Gamma radiation

Survey in each workplace (as
per gamma radiation plans)

Daily at advancing headings

Monthly work area survey

Radon Decay Products

Daily grab sampling of work
areas as part of ventilation
monitoring and inspection

Daily grab sampling of work
areas as part of ventilation
monitoring and inspection

Continuous monitoring for 1
day (24 hours) per month in
workshop and occupied
areas (such as lunchroom
and offices)

(Grab sample using the Rolle
or Borak method)

Equipment fitted with real time
RnDP monitors in cabins

Airborne dust
Sampling pumps with
radiometric analysis of filters

n/a

n/a

Monthly samples in
workshop and occupied
areas (such as lunchroom
and offices)

Surface contamination

n/a

n/a

Monthly samples in
workshop and occupied
areas (such as lunchroom
and offices)
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At the end of each shift, data from these individual real-time devices will be downloaded and
reviewed. The results will be compared to a Trigger Action Response Plan (TARP) for radiation.
When monitoring results exceed nominated levels, the documented investigation or action will
occur. Table 21 provides an indication of the proposed levels and actions.
Table 21: Proposed TARP for underground works
Radiation Measurement Type

Trigger Level

Actions

Gamma Radiation
Area dose rate (handheld instrument)

10 μSv/h

Undertake a formal review to determine if additional
shotcrete shielding is required
Take measurement inside equipment (to confirm that actual
exposure is less than action level)
Consider redesign of workplace or tasks to reduce exposure.

Daily dose (PED Result)

100 μSv/shift

Review areas visited and tasks undertaken to determine the
source.
If relevant take action according to the 10μSv/h level
Estimate doses based on job length and if greater than 1
mSv/month, then refer to 1 mSv/month actions

Monthly personal dose (cumulative
PED Result)

1 mSv/month

Investigate and identify likely source.
Consider worker rotation.
Apply further shielding (shotcrete, steel)

Quarterly personal dose (TLD result)

2 mSv/quarter

Investigate and identify likely source.
Workers redeployed.
Apply further shielding (shotcrete, steel)

Air Quality
RnDP area concentrations in air

1.8 μJ/m3

Work continues, monitoring increased, ventilation inspected
and fixed - if not fixed by end of shift – do not allow next shift
to enter until less than 1.8 μJ/m3

RnDP area concentrations in air

7 μJ/m3

Work activities to cease in that location until ventilation fixed
and levels returned to below 1.8μJ/m³.

Monthly RnDP dose (PAD result)

1 mSv/month

Review areas visited and task undertaken to determine the
source of the exposure
Review relevant ventilation conditions and work procedures
Consider worker rotation if no other methods are practical

Airborne radioactive dust
concentrations

0.15 Bq/m3

Identify source and suppress (e.g. water suppression,
housekeeping and ventilation)
Confirm levels inside equipment cabins

Surface contamination
Workshops, control rooms and
lunchrooms

0.4 Bq/cm2
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