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1. Scope of plan  
 
This Radiation Management Plan (RMP) has been prepared in accordance with 
requirements of the regulation Subdivision 3B – Radiation in mines of the Work Health 
and Safety (Mines) Regulations 2022. The Guideline NORM–2.2: Preparation of a 
radiation management plan – mining and processing (2010, Department of Mines and 
Petroleum of WA) [1] was followed to the maximum practicable extent. 
 
The fact that this RMP may be available for public review was taken into 
consideration.  The main text is written in a clear style that is expected to be easily 
understood by the general reader.  Technical jargon was avoided wherever possible.  If 
required, additional technical information will be included in appendices and in the 
RMP Supplement – Standard Operating Procedures. 
 
The RMP will be reviewed in two years, with more frequent reviews only carried out 
when the “plan for the mine is amended” – but only in the situations that may result 
in a possible increase of the radiation exposure of the workers and the general public 
or in an increased environmental impact of the operations.  
 
This RMP is a part of the overall management of the safety, occupational health and 
environmental aspects of the Atlas Mineral Sands project. Its successful 
implementation will ensure achievement of the legislative standards on radiation 
protection for company employees, contractors, the general public and the 
environment arising from mining, processing, storage, transport, waste management 
and transport operations.  
 
It is expected that, depending on the area of work within the mining and processing 
areas, the radiological impact on all personnel at the Atlas operations will be small, 
very small or negligible. Therefore, in each and every case radiation levels will be well 
within the accepted radiation safety standards. 

1.1. Principal employer 
 
The details of the principal employer:  
Image Resources NL, ABN 57 063 977 579 
 
Atlas Operations:  
Corner Wongonderrah Road and Munbinea Road, Nambung WA 6521 
  

Perth Office:  
Level 2, 7 Ventnor Ave, West Perth, WA 6005,  
ph. (08) 9485 2410 
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1.2. Application of the radiation management plan 
This RMP will apply to the mining and processing of heavy mineral sands into heavy 
mineral concentrate (HMC) at the Atlas site in Western Australia. 

1.3. Purpose and objectives  
The purpose of this RMP is to outline the strategies and procedures to manage the 
potential radiation impacts associated with the mining and processing activities on the 
future Atlas site. 
 
The objectives of this RMP are to: 

• Identify potential radiation sources at the proposed operations; 
• Outline the design and management strategies that will be used to avoid or 

minimise radiation exposures; 
• Detail the monitoring and reporting requirements regarding radiation 

exposures. 

1.4. RMP supplement – Standard Operating Procedures 
Detailed radiation management and monitoring procedures will be available in the 
supplementary document – Standard Operating Procedures that would be developed 
when required.  Those procedures will also be updated when all appropriate 
monitoring equipment will have been purchased or hired for the Atlas site. 
 
The list of procedures that would be contained in the supplementary document (and 
will be further developed with other specific procedures added as required) is 
provided below: 

• Gamma radiation surveys and surface contamination measurements, 
• Dust monitoring, analysis of samples and data interpretation, 
• Potential alpha energy concentration (PAEC) of thoron (220Rn) decay products 

monitoring, monitoring of thoron (220Rn) and radon (222Rn), 
• Monitoring of external radiation exposure (TLD badges and electronic 

dosimeters), 
• Radiation exposure estimation (dose assessments), 
• Working near or installing radiation density gauges, 
• Emergency procedures for radiation density gauges, 
• Controlled area work rules, 
• Emergency procedure for mineral spillage. 

 
The procedures for the following work have already been developed: 
• Working near or installing radiation density gauges, 
• Emergency procedures for radiation density gauges, 
• Radiation protection training. 
These procedures are presented in Appendix III. 
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1.5. Details of leases and tenements 
The location of the project and the land tenure are presented on Figures I-1 
in Appendix I.  Most activities for the project will be located on M70/1305.
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2. Introduction  

2.1. Atlas project description 
 
The Project will mine the Atlas deposit, using conventional, dry, open pit mining 
techniques to extract the ore, and using standard gravity separation in a wet 
concentration plant (WCP) to recover the contained heavy minerals into HMC for sale.  
 
Scrapers and/or excavators and trucks will be employed to mine the ore to a run-of-
mine (ROM) stockpile at a Feed Preparation Plant (FPP), where a front-end loader will 
then feed the FPP from the ROM at a typical rate of 250 t/h.  
 
The ore is then mixed with water at the FPP to produce a slurry that is pumped to the 
WCP for further processing. Over size material of approximately >2mm is rejected prior 
to entering the WCP cyclones and returned to the mining void.  
 
The HMC produced from the WCP will be transported by road to a storage facility at 
Bunbury where it will be loaded onto ships and transported in bulk to the customers.  
 
The current Ore Reserves at Atlas total 9.5Mt @8.1%HM (as at 31 Dec 2021) as 
determined in accordance with the JORC Code (2012). Based on known Ore Reserves, 
mining and processing at Atlas will continue for approximately 5 years. 
 
A new ore processing plant will be built for Atlas, and will include some reused 
equipment of the current Boonanarring WCP and associated ancillary equipment. 

2.2. Regulatory background  
 
HMC produced at the Atlas site is expected to contain elevated concentrations of 
natural thorium and uranium – personal annual radiation exposures for some 
occupations at the site are predicted to be at or above the annual public dose limit of 
1 mSv per year.  Therefore, in accordance with Subdivision 3B – Radiation in mines of 
the Work Health and Safety (Mines) Regulations 2022, an RMP is required for the 
operation.    
 
The main regulations applicable at the Atlas site are the Work Health and Safety 
(Mines) Regulations (2022).  The new regulations are in general based on ARPANSA 
RPS-9 and refer to it, and are supported by still valid WA NORM 2010 Guidelines [1].  
 
The Work Health and Safety (Mines) Regulations 2022 - Subdivision 3B, specifies the 
reason why the RMP is required for the site: 
 

641L.  Application of Subdivision 
This Subdivision applies to a mine (a relevant mine) if — 

(a)  minerals or radioactive materials that have an activity 
concentration of radioactivity of 1 Bqg-1 or more are 
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mined at the mine; and 
(b)  either — 

(i)  workers at the mine are likely to receive doses of 
radiation, arising from mining operations at the 
mine, in excess of an effective dose of 
1 millisievert per year; or 

(ii)  members of the public at, or in the vicinity of, 
the mine are likely to receive doses of radiation, 
arising from mining operations at the mine, in 
excess of one-half of the effective dose set out in 
subparagraph (i). 

 
Reviewing these limits in relation to the Atlas site: 

• Material to be mined (ie ore and overburden) will not exceed 1 Bq/g although 
the HMC produced through the Processing Plant is expected to have an activity 
level of approximately 4.1 Bq/g 

• It is unlikely, though possible, that workers on site will receive an effective 
dose in excess of 1mSv per year 

• It is unlikely that members of the public will receive doses of radiation in 
excess of 0.5mSv per year due to due to the absence of the members of the 
public in the close vicinity of the site. Nearby residents are located at distances 
between 1.5 and 2.5 kilometres, and are shown on Figure I-2 in Appendix I. 

 
 
Due to the theoretical possibility of site workers exceeding the exposure level of 1 
mSv/year, an extensive monitoring program will be carried out within the first one 
(possibly two) years of the operations of the site to determine the applicability of the 
Work Health and Safety (Mines) Regulations 2022 - Subdivision 3B to the mining and 
processing operations at the Atlas site. 
 
The Australian Code of Practice and Safety Guide for Radiation Protection and 
Radioactive Waste Management in Mining and Mineral Processing (RSP-9, ARPANSA, 
2005) [2] has also been used in adopting the site’s radiation protection practice.  
 
It is important to note the following points from the ARPANSA Code of Practice and 
Safety Guide, bearing in mind the facts that radioactivity concentrations in the HMC at 
the Atlas site are expected to be in order of 4.1 Bq/g (similar to the HMC at the 
Boonanarring site): 
 

Ores or mineral concentrates with head-of-chain uranium or thorium activity concentrations 
less than 1 Bq/g would generally be considered inherently safe. Naturally occurring materials 
of higher activity concentrations may also be assessed, on a case-by-case basis, as inherently 
safe by the relevant regulatory authority (for example, if the source radionuclides are insoluble 
or immobile). 
 
If the activity concentration (head-of-chain or individual activity concentration for 
radionuclides of natural origin) exceeds 1 Bq/g, the relevant regulatory authority should decide 
on the extent to which the Code should be applied, using a graded approach proportionate to 
the risk. Where the activity concentrations exceed 1 Bq/g by up to ten times, the IAEA suggest, 
in Safety Standards Series No.RS-G-1.7, that the regulatory authority may decide that the 
optimum regulatory option is not to apply the Code.  
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IAEA Safety Standards Series No.RS-G-1.7 also recommends that where the relevant regulatory 
authority determines that regulatory controls should be applied, the stringency of the regulatory 
requirements should be commensurate with the level of radiological risk involved. 
 

It can, therefore, be concluded that production and handling of the HMC at the Atlas 
site are very unlikely to result in relatively high radiation exposures of the workers that 
will cause them to be classified as “designated employees” (exposures over 5 
mSv/year). 
 
Radiation Safety (Transport of Radioactive Substances) Regulations, WA, 2002 and the 
ARPANSA Safe Transport of Radioactive Material Code of Practice (2014) [3] apply only 
to natural materials containing natural radionuclides where the activity concentration 
of the material does not exceed 10 Bq/g.  As the sum of specific activities of natural 
thorium and uranium in the HMC is not expected to exceed the value of 10 Bq/g, the 
Regulations and the Code will not apply. 
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3. Commitment to improvement of the RMP 
 
Image Resources wishes to establish a radiation protection system resulting in 
personal radiation exposure levels and possible impacts on the general public and the 
environment being As Low As Reasonably Achievable, social and economic 

considerations taken into account (ALARA principle)#.       
 
Although the RMP for the Atlas Project draws on experience from similar mining and 
processing operations (especially from the currently operational Boonanarring site), 
the document for the Atlas site will be progressively analysed and modified, as more 
relevant data becomes available. 
 
The RMP will be further reviewed when mining commences and statistically valid 
number of measurements of actual radiation levels and exposures of personnel will be 
available.   
 
In the future, the RMP will be reviewed and revised every two years, and will also be 
revised should future production rate and/or processing methods change significantly. 
 
 
  

 
# – For all possible purposes the term ‘ALARA’ (As Low As Reasonably Achievable) has the same meaning as 
‘ALARP’ (As Low As Reasonably Practicable) in the Mines Safety and Inspection Regulations (1995). 
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4. Sources and Pathways of Radiation Exposure 
 
Radiation has been identified as being one of the hazards associated with mining of 
mineral sands ore at the Atlas Operations.  However, with the application of 
appropriate measures to control and minimise the radiation exposure, the radiation 
hazard level represents one of the lesser risks.  While some exposures to radiation are 
expected to be detectable, it is believed that neither employees, nor members of the 
public, nor the environment would be harmed by radiation from the Atlas Project. 
 
Radiation exposure risk both for workers and the general public is not usually well 
understood and is perceived by many people to be a matter of grave concern.  Such 
concerns could be maintained no matter how stringent are the control measures that 
are implemented to ensure that internationally- and nationally-recognised standards 
are achieved or exceeded.  There is a view that any level of radiation exposure is 
unacceptable despite the fact that everyone is subject to some degree of radiation 
exposure from natural radiation sources.  It is acknowledged that radiation exposure 
in excess of the statutory limits is a matter of concern, however, control measures are 
implemented to eliminate this possibility as far as practicable and education in regards 
to radiation issues is a part of the Company’s employee induction programme. 

4.1. Thorium and uranium  
 
At the Atlas Operations the radiation is expected to come from naturally occurring 
238U and 232Th contained within in heavy minerals.  Both uranium and thorium are 
continuously decaying, producing other elements, which are also radioactive.  Figures 
II-1 and II-2 in Appendix II show the various stages of decay of thorium and uranium 
chains, the type of radiation emitted at each step and half-lives for each particular 
radioisotope both for thorium and uranium decay chains.  
 
Many isotopes listed in these schemes emit gamma-radiation, the strongest gamma-
radiation being emitted by actinium-228 (228Ac) and thallium-208 (208Tl) in thorium 
chain, and by protactinium-234 (234Pa), bismuth-214 (214Bi) and thallium-206 (206Tl) in 
uranium chain.  Other isotopes also emit gamma rays, but these have much less effect 
on the exposure rate due to their relative weakness. 

4.2. Radiation risk assessment 
 
The risks associated with radiation are mostly known and quantified.  The objective of 
radiation protection is to limit the exposure to radiation by the application of 
comprehensive programmes of measurements of all significant radiation sources. 
 
The acute effects of radiation can be clearly seen only at very high doses above about 
500 mSv.  First changes in the human organism can be detected at 100 mSv.  But there 
is a possibility that some degree of risk exists even at small doses.  Except for 
accidents and medical exposures, doses are not normally received over short periods, 



                                                                                      Radiation Management Plan, ver.1.3, June 2022 
 

 

 

Page | 11 

so that it is appropriate to use a risk factor that takes this into account. While not well 
quantified, a reduction of the high-dose risk factor by a factor of two has been 
adopted internationally, so that for radiation protection purposes the risk of radiation-
induced fatal cancer (the risk factor) is taken to be about 1 in 20,000 per 1 mSv of dose 
for the population as a whole [4]. 
 
One of the main principles of radiation protection is that the risks associated with any 
exposure should be balanced against the benefits of the practice that causes the 
exposure.  The operators of radiation facilities are required to keep all radiation doses 
‘As Low As Reasonably Achievable, social and economic factors being taken into 
account’ (ALARA principle). 
 
The levels of thorium and uranium present in the HMC will be low and the radiation 
levels that will be observed at the Atlas site will also be relatively low.  Thus, despite 
the fact that some level of risk may exist, it is considered to be at the low level and 
further monitoring of both personal exposures and possible impacts on the 
environment in the first two years of operations is expected to confirm this 
assumption. 

4.3. Sources and pathways of exposure at the Atlas Operations 
 
The following pathways are considered to be important and, therefore, will be 
monitored: 
• External exposure to gamma-radiation (personal monitors and area surveys), and 
• Internal exposure to alpha-radiation (personal and positional dust and 

radon/thoron monitoring); and from bore water if it is used for drinking instead of 
trucking in potable water (yet to be decided on at time of writing this document). 

 
The radiation gauges containing radioactive isotope 137Cs will present another source 
of the external gamma-radiation at the processing plant.  These gauges will not be 
located in the vicinity of control/crib rooms and appropriate signs will be attached to 
them. The list of radiation gauges that are currently used at Boonanarring and are 
likely to be installed on the site is presented in Table 4.1. 
 
Table 4.1. The list of density gauges at the Atlas site (all model SS-200) 
 

No Source Serial No Container No Isotope Activity (GBq) 
1 0109/07 2163 Cs-137 1.312 
2 0188/07 2162 Cs-137 2.624 
3 0185/07 2164 Cs-137 1.312 
4 7273CO 2481 Cs-137 6.535 
5 0179/07 2170 Cs-137 0.525 
6 0176/07 2165 Cs-137 0.525 
7 2111/21 2959 Cs-137 1.110 
8 0180/07 2171 Cs-137 0.525 
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An Epsilon-1 X-Ray Fluorescence (XRF) machine is also likely to be present at the mine 
site laboratory.    
 
The potential radiological impacts typically considered for a mining project involving 
dealing with minerals containing naturally occurring radionuclides include: 
 

(a) Radionuclides in fugitive dust and in radon (222Rn) and thoron (220Rn); 
(b) Release of dissolved radionuclides to groundwater or to surface waters, and 
(c) Direct exposure to the external gamma radiation from HMC stockpiles and in 

certain sections of the plant. 
 

The detailed description of the Atlas operations from the radiological perspective is 
provided in the following section.   
 
It can be concluded that the potential impacts would be very low negligible. This is 
due to the following factors: 
 
Inhalation of radionuclides in fugitive dust is expected to be an insignificant pathway 
due to the following: 

• The mineral grain is large and heavy, minimising the possibility of suspension in 
air for considerable distances; 

• The ore bearing heavy mineral sand being contained in water, in the form of a 
slurry, from the stage of primary screening in the open pit, thus eliminating 
further possibility of exposure by dust emission. 

 
Radon is not expected to be generated in measurable amounts due to the low content 
of uranium in the HMC; thoron is expected to be detectable but the exposures are 
expected to be insignificant – due to: 

• Low thorium concentrations in the HMC, 
• The fact that HMC is expected to be wet, and 
• The very short half-life of thoron (only 56 seconds). 

 
Release of dissolved radionuclides to surface or ground waters is not expected to 
occur. It is highly unlikely that dissolved radionuclides will be released into surface or 
ground waters because the material is highly insoluble, since it was originally 
deposited in dunes after concentration in an ocean environment. 
 
No chemical processing that would alter solubility characteristics will take place during 
mineral processing, so the mineral remains insoluble throughout the process. It is 
stockpiled in a wet state and kept wet by further deposition of wet product. 
Completed product stockpiles will be watered when required to minimise dust 
generation and water draining from the product stockpiles will be collected and 
recycled back into the process. There will be no discharge of water into the 
environment that may carry radionuclides into surface or ground water.  
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Direct exposure to the external gamma radiation from HMC stockpiles and in certain 
sections of the plant is expected to be the dominant pathway of exposure, but due to 
the relatively low concentrations of thorium and uranium in HMC it is considered 
unlikely that workers could be exposed to levels exceeding 5% of the annual radiation 
exposure limit of 20 mSv/year. 
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5. Project description from the radiological perspective 
 
As no chemical or thermal processing of the minerals will take place at the Atlas site, 
all radionuclides in thorium and uranium decay chains are expected to be in the state 
of secular equilibrium.   
 
The concentrations of thorium and uranium in the minerals from the Atlas operations 
are known and concentrations in the ore, HMC and tailings are predicted to be at the 
same levels at the operational Boonanarring site: 

• The ore: 0.2-0.5 Bq/g, average of 0.3 Bq/g; 
• The HMC: 2.1-5.8 Bq/g, average of 4.1 Bq/g; 
• Tailings: sand tailings 0.03 Bq/g, clay fines (slimes) 0.01 Bq/g, oversize 0.04 

Bq/g. 
The values above will be further confirmed during first several months of the 
operation of the site and this part of the management plan will be revised if necessary. 
 
In accordance with the IAEA Safety Guide RS-G-1.7 [5] materials containing natural 
radionuclides such as uranium and thorium are excluded from the regulations if the 
specific activity concentrations are below 1 Bq/g and it is noted, “it is usually 
unnecessary to regulate radioactive material in activity concentrations” below this 
value. It is further noted that if “activity concentrations … exceed the relevant values … 
by several times (e.g., up to ten times), the regulatory body may decide (where the 
national regulatory framework so allows) that the optimum regulatory option is not to 
apply regulatory requirements to the legal person responsible for the material”. 
 
It is, therefore, considered that: 

• The ore and tailings are not expected to require radiation management, 
• Potential radiation exposures associated with HMC will be managed to ensure 

that they are minimised. 

5.1. Estimate of possible gamma radiation levels 
 
Both the thorium and uranium decay series contain gamma-emitting radionuclides 
and therefore any naturally occurring radioactive materials containing them in 
elevated concentrations are a potential source of the external radiation hazard. The 
external dose rate mainly depends on the specific activity of thorium and uranium, the 
amount of material and on a geometry factor (distance from a source, the source area, 
etc.).  
 
In a case of open cut mining the maximum external dose rate is measured if a person 
stands on a large area of HMC, exposed tailings beach or a large flat stockpile of a 
product. Provided one stands on a semi-infinite layer of concentrate, mineral or 
tailings, it is possible to quantify the external dose rate (EDR) in microSieverts per hour 
(µSv/h), per unit of specific activity of thorium-232 and uranium-238. 
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These values are given by the United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) [6], as follows: 

• For thorium-232: 0.604 µSv/hour per each Bq/g, 
• For uranium-238: 0.462 µSv/hour per each Bq/g. 

 
The gamma radiation levels from the ore and the tailings are not expected to be above 
the levels of natural background. The potential gamma radiation levels from the HMC 
at the Atlas operations (approximately 800 ppm Th and 70 ppm U) can be estimated 
and is 2.3 µSv/hour. 
 
It is important to note that the actual levels that will be measured from the materials 
at the Atlas site are expected to be much lower – as it is not expected that these 
materials will be present in a form of a “semi-infinite layer”. The typical results of the 
surveys of gamma radiation levels in the areas of HMC temporary storage at the 
Boonanarring site (the only supervised area at this site) are, on average, 0.7 – 0.8 
µSv/hour, with the highest recorded values in order of 2.4 – 2.9 µSv/hour. 
 
Baseline gamma radiation survey has been carried at the Atlas site in October 2021 
and the background value was established at the level of 0.09 µSv/hour (range 0.04 – 
0.15 µSv/hour, the average of 588 readings). 

5.2. Estimate of possible levels of radioactivity in the airborne dust 
 
The possible levels of radioactivity concentrations in the airborne dust and the 
resultant radiation exposure due to the inhalation of dust depend on the following 
factors: 
 

a) The concentration of airborne dust (in mg/m3).   
The highest values of these concentrations are expected to be in order of 0.3 – 
0.5 mg/m3 in mining environment.  On random occasions the concentrations in 
certain areas of the site may reach values of 2–3 mg/m3, but it is not 
anticipated that the values of this magnitude will be measured, except in very 
adverse weather conditions. 
 

b) The particle size of dust.  
Smaller particles of dust could be more easily inhaled and their depth of 
penetration in lungs in much higher than for bigger particles.  When dealing 
with the dust containing naturally occurring radionuclides the parameter that 
needs to be determined is called ‘activity median aerodynamic diameter’ 
(AMAD), that is measured in micro-meters (µm).  In operational heavy mineral 
mines and separation plants this value is typically in range between 5 and 20 
µm and, in the absence of measured data a default size of 5 µm is used in dose 
calculations. In dose assessments for the public conservative dust size of 1 µm 
is used. 
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c) The ratio between thorium and uranium content in the airborne dust. 
Thorium and uranium (and their decay products) may affect human body in 
different ways and it is therefore important how much of the ‘alpha activity 
concentration’ in the dust is attributed to thorium, and how much – to 
uranium.  Detailed calculations based on the models provided by the 
International Commission on Radiological Protection (ICRP) have been 
undertaken in the process of the development of ‘NORM guidelines’ in 
Western Australia and specific ‘dose conversion factors’ (DCF, expressed in 
mSv per each inhaled Bq) are available in these guidelines for dusts with 
different thorium to uranium ratios and different dust particle sizes.  These 
values are given in the Table 5.1 below. 

 
Table 5.1. Dose conversion factors for the possible inhalation of airborne dust at the 
Atlas site 
 

Material Uranium 
(ppm) 

Thorium 
(ppm) 

Th:U 
weight 
ratio 

DCF (mSv/Bq) 
1µm 
dust 

5 µm 
dust 

HMC 70 800 11:1 0.0256 0.0148 
Note: Th:U weight ratio was ‘averaged’ to align with the closest value detailed in the Western 
Australian Guideline NORM-V, 10:1 [1]. 

5.3. Estimate of possible levels of radioactivity in air (radon and thoron) 
 
Radon (222Rn) and thoron (220Rn) are generated by the decay of two isotopes of radium 
– 226Ra and 228Ra, respectively. A fraction of radon/thoron gas can be released from a 
grain of concentrate, mineral and tailings and reach (by the diffusion process) ground 
level air.  
 
Concentrations of radon, thoron and their daughter decay products in ground level air 
at heavy mineral sand operations are typically very low and their inhalation adds to 
the total equivalent dose insignificantly.  
 
It needs to be mentioned that whilst radon can diffuse from a depth of a few metres 
to the surface because of its relatively long half-life (3.4 days), about 80% of the 
surface thoron normally originates in the top 1 cm of material and 100% is generated 
within 2 top centimetres of material with about 10% moisture content (as the thoron 
half-life is short: only 55 seconds).   
 
Baseline radon and thoron survey has been carried at the Atlas site in October 2021 
and the background values was established as follows: 

• Radon: 7 Bq/m3 (range 2 – 65 Bq/m3, the average of 117 readings), 
• Thoron: 9 Bq/m3 (range 2 – 49 Bq/m3, the average of 117 readings). 
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The monitoring of radon and thoron will form a part of monitoring programme on site 
and it is expected that within first 12-24 months of the operation of the site these 
levels in the operational environment will also be measured and assessed with the 
required degree of accuracy. 

5.4. Water monitoring 
 
Baseline monitoring of water will also be carried out and samples will be taken within 
the first two years of operations, to confirm that the levels have not changed. 

5.5. Workforce 
The Project will require a workforce of approximately 140 people (40 – Image 
employees, 100 – contractors). Most personnel will operate on a roster panel which is 
yet to be determined.  
 
It should be noted that only 20-25 employees (plant operators, maintenance 
personnel and others from the metallurgy / process control occupations) are expected 
to be occasionally working in the vicinity of HMC (the only material designated as 
‘radioactive’ on site), and not for the duration of the whole shift /working day. 
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6. Personal Radiation Exposures 
 
The potential radiation exposures for both the workers at the Atlas site and for 
members or the public, who theoretically may be exposed to radiation as result of 
operations, can be reasonably estimated using: 
 

a) Predicted levels of gamma radiation and airborne radioactivity concentrations 
associated with different materials and areas at the Atlas site, and 

b) Conservative assumptions of the amount of time this exposure may actually 
take place. 

 
It is important to note that the radiation exposure of workers at the Atlas site is 
expected to be very similar to the exposure at the Boonanarring site, an extensive 
monitoring program in the first one (possibly two) years of the Atlas site operations is 
expected to confirm this conclusion. 
 
It is anticipated that workers actually will spend much less times in the relevant areas 
and radiation levels will be lower than theoretically predicted – however, conservative 
assumptions are used to indicate what the highest possible exposures may be. 
 
It should also be noted that due to relatively low concentrations of uranium in 
products, the exposure to radon (222Rn) is not expected to be high and thus – will not 
contribute significantly to the radiation exposure levels. Therefore, the assessments 
include calculations for another type of radon (thoron, 220Rn) that is a part of thorium 
decay chain (Appendix II).  Nevertheless, the monitoring of both radon and thoron will 
be undertaken to ensure that this assumption is accurate, during first 12-24 months of 
the operation of the site. 

6.1. Site workers  
 
As described above, the radiation levels expected for the workers at the mining and 
tailings storage areas are expected to be low due to the low specific activity 
concentrations in the materials that will be handled.   
 
The following conservative assumptions are used in the estimation of doses: 
 

• Out of the full working year (~2000 hours): 
- 1200 hours are spent inside the WCP, 
- 800 hours are spent outside the plant, working in a relatively close vicinity 

to the HMC, out of which 300 hours are spend in the areas away from all 
radiation sources. 

• Expected levels of gamma radiation are as follows: 
- On the HMC stockpile – 1.5 µSv/hour (the selected value is 100% higher 

than the one measured at the Boonanarring site, and 50% lower than the 
one predicted under the worst possible circumstances 
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- Inside WCP – 0.25 µSv/hour (the selected value is 100% higher than the 
one measured at the Boonanarring site). 

• Expected dust concentrations and airborne radioactivity levels are as follows: 
- Thoron concentration of 20 Bq/m3 inside the plant (100% higher than the 

one measured at the Boonanarring site) and at background level outside, 
- Dust concentration of 2 mg/m3 (100% higher than the one measured at the 

Boonanarring site), 
- Average HMC specific activity of 4 Bq/g,  

resulting in dust activity concentration of 0.008 Bq/m3. Due to the fact 
that monazite, where present, is typically finer and softer than other 
heavy minerals and, therefore, may concentrate in the plant dust, this 
figure is conservatively increased three times, to 0.024 Bq/m3; this 
value is 100% higher than the one measured at the Boonanarring site). 

 
Calculations of the annual external exposure to gamma radiation, taking into account 
the typical natural background of 0.09 µSv/hour: 
 
(1200h × 0.25µSv/h + 500h × 1.5µSv/h + 300h × 0.09µSv/h) – 2000h × 0.09µSv/h = 
0.90 mSv/y 
 
Calculation of the annual internal exposure due to the inhalation of thoron was carried 
out taking into account assumed natural background of 9 Bq/m3 and using the 
equations given in the Western Australian NORM-V Guideline (2021): 
Potential alpha energy exposures to thoron progeny are determined as follows: 

PTnP = 7.56×10-5 × t × FTnP × CTn, where: 
• PTnP is the potential alpha energy exposures to thoron decay products 

(mJh/m3); 
• t is the exposure time (hours); 
• FTnP is the equilibrium factor between thoron and TnP (typically taken as 0.04 

for indoor areas and 0.004 for the outdoors); and 
• CTn is the thoron gas concentrations (Bq/m3). 

Dose conversion factor in [mSv/(mJh/m3)] is given as 1.36 for thoron in NORM-V. 
 
The result of the assessment is (assuming 1200 hours in the WCP): 
PTnP = 7.56×10-5 × 1600h × 0.04 × (20 – 9)Bq/m3 = 0.040 mJh/m3. 
The exposure due to thoron = 0.040mJh/m3 × 1.36mSv/(mJh/m3) = 0.05 mSv/year. 
 
An internal dose assessment from the exposure to radioactive dust was calculated as 
follows [1]: 

Internal Dose (dust) = AM  HW  BR  DCFi , where: 
• AMi – arithmetic mean of gross alpha-activity concentration (assumed to be 

0.024 Bq/m3); 
• HW – hours worked (assumed to be 2000 hours per year) 
• BR – default breathing rate (1.2 m3/hour); 
• AM  HW  BR – intake for the period of assessment (Bq); and 
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• DCF – dose conversion factor (mSv/Bq) (assumed to be 0.0148 mSv/Bq). 
 
The internal radiation exposure of workers due to the inhalation of dust is as follows: 
0.024Bq/m3  2000h  1.2 m3/h  0.0148mSv/Bq = 0.85 mSv/year 
 
Therefore, it is estimated that the highest possible dose to the worker at the Atlas 
operations will be: 
 

0.90 + 0.05 + 0.85 = 1.80 mSv/year. 
 

It is important to note that the value above is considered to be a significant theoretical 
overestimation, the highest annual exposure of the workers at the Boonanarring site is 
in order of 1.0 mSv/year. 

6.2. Critical Group  
As there are no members of the public located in the vicinity of the site, the 
assessment of possible radiation exposure of the ‘critical group’ has not been carried 
out – as no member of the public is expected to be affected by radiation due to the 
project.  The assessment will be carried out if these circumstances will change in the 
future. 

6.3. Surface contamination 
 
It is not expected that contamination of surfaces will contribute significantly to overall 
levels of radiation exposure of workers, except inside the WCP – where the mineral 
may accumulate in time on plant surfaces over time.  Housekeeping measures are 
expected to eliminate this pathway of possible exposure – which is expected to be 
confirmed during first 24 months of operations. No contamination of surfaces to the 
level that require cleaning/management has been detected at the Boonanarring site. 

6.4. Ingestion of drinking water 
 
This pathway is currently not considered a risk because all drinking water at Atlas site 
is expected to be provided from town water supplies. Therefore, exposure to radiation 
due to the ingestion of drinking water could not be attributed to the interaction 
between mining, processing and Superficial Aquifer.  
However, if the decision is made to supply the drinking water from site bores, the bore 
water it will be analysed for radioactivity content and relevant dose assessments 
carried out. 
 
The concentrations of radioactivity in the ground water at the site will be established 
prior to the commencement of the operation. Ongoing testing of drinking water will 
be routinely undertaken to ensure that it is fit for consumption. This pathway of 
exposure will be further assessed if there is a measured increase in radioactivity 
concentrations in the drinking water (which is not expected). 
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6.5. Annual dose assessments 
 
It is, therefore, concluded that no employee is likely to receive the annual dose in 
excess of 5 mSv, i.e., no employee would be in the category of “designated 
employees”. 
 
The total dose will be estimated annually and compared with the limit of 20 mSv/year 
for workers and 1 mSv/year for members of the general public. Doses will be 
calculated for: 

• All groups of employees, considering monitoring results and the time they 
spend in different parts of the site, 

• Possibly in the future – for all identified ‘critical groups’ of the members of the 
general public. 
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7. Equipment and Facilities for Controlling Radiation Sources 

7.1. Housekeeping and dust suppression 
 
A comprehensive housekeeping programme will be introduced at the Atlas site, both 
at the mining site and in the HMC storage/handling area, and potentially 
contaminated surfaces will be periodically cleaned, as required. 
 
Dust control measures will include: 

• Minimising clearing and open area; 
• Watering of internal roads and disturbed areas as required; 
• Using slime as dust suppressant where suitable; 
• Re-establishment of vegetation as soon as possible after mining has been 

completed; 
• Using sprinklers around HMC stockpiles and erecting shade-cloth fencing 

around the HMC stockpiles; 
• Limiting the speed of vehicles travelling on site roads. 

 
With the above management measures in place, it is anticipated there will be no 
adverse impacts from dust on the environment and the health, welfare and amenity of 
any members of the general public and land users. 

7.2. Surface contamination control 
 
Regular surveys of surface contamination levels will be carried out – in processing 
areas, administration and amenities buildings on site.    
In addition, tools and equipment (including vehicles) that have been used in a 
supervised area (that is expected to exist around the storage of HMC) will be randomly 
checked for surface contamination before they are released from site so the surface 
alpha contamination is below 0.4 Bq/cm2.   
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8. Institutional Controls 

8.1. Radiation protection standards 
 
The specific activity of ore, HMC and tailings is low compared to uranium ore, 
monazite or some other heavy mineral sand minerals. However, as the total average 
personal annual dose could be above 1 mSv/year, Mines Safety and Inspection 
Regulations 1995 – Part 16 Radiation Safety applies at the Atlas site.   
 
The annual occupational and public radiation dose limits for the operation are 20 mSv 
and 1 mSv respectively.  Dose limits for skin, hands, etc. are not considered, as 
external beta radiation exposures will be low because of low specific activities in both 
the ore and the concentrate.  In accordance with international and Western Australian 
transport safety regulations, the surface contamination limit of 0.4 Bq/cm2 is adopted 
for skin and protective clothing of all personnel and for tools and equipment leaving 
the site.   
 
The current Radiation Safety Officer for the mining and milling of radioactive ores for 
the Boonanarring site is Mr Rajesh Shah, Mr Shah is responsible for the 
implementation of the RMP and for the Radiation Protection Monitoring Programme. 
 
The Radiation Safety Officer for static gauges for the site will be Mr Rajesh Shah. The 
responsibility of Mr Rajesh Shah will be to ensure that safe work practices are 
followed in regards to radiation sources present on site, in accordance with this 
Radiation Management Plan and with the Code of Practice for the Safe Use of Fixed 
Radiation Gauges (ARPANSA, 2007).  The Radiation Safety Officer for onsite XRF is Mr 
Rajesh Shah.  
 
A suitably qualified Mine Air Quality Officer will also be appointed to ensure that all air 
monitoring is undertaken in accordance with the Australian Standards and West 
Australian guidelines.   

8.2. Classification of the workplaces and employees 
 
The different areas on site will be designated and signposted as necessary. 
 
In accordance with requirements of Mines Safety and Inspection Regulations the pit, 
the plant, the HMC storage and the tailings disposal areas will be regularly surveyed 
and, where required, classified and marked as supervised and/or controlled areas. 
 
The area signs described in the DMP Guideline ‘NORM-1 Applying the system of 
radiation protection to mining operations’ [1] will be adopted for the Atlas site. 
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Figure 1 – Supervised area: 
 

 
 

 
Figure 2 – Controlled area:  
 

 
 
Note on radiation ‘supervised areas’: 
The average baseline level for the site is 0.09 µSv/hour. The radiation ‘supervised area’ 
is declared when the exposures of employees may exceed the limit of the radiation 
exposure for the members of the general public, 1 mSv per year (assuming 2000 
working hours in a year).  
  
Therefore, the levels in excess of 0.50 µSv/hour above the natural background (0.59-
0.60 µSv/hour) trigger the establishment of a ‘supervised area’.   It is expected that 
the area where HMC will be temporarily stored will be classified as supervised area.  
 
Note on radiation ‘controlled areas’: 
The area where worker’s exposure to radiation in excess of 5 mSv/year is theoretically 
possible is classified as controlled radiation area.  It is based on the gamma levels of 
2.5 µSv/hour above natural background will be declared if gamma radiation levels will 
exceed 2.6 µSv/hour.   
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8.3. Work permit system and special exposures 
 
HMC is categorised as low specific activity radioactive material, the handling of which 
cannot give rise to high dose rates.   No employees could possibly receive an effective 
dose of 1 mSv or higher during one or a few shifts.  Nevertheless, if any special work 
involving handling of material where higher than usual exposures may be expected, 
the RSO may develop a Work Permit System for the minimization and monitoring of 
personal radiation exposures, if it will be deemed necessary. 
A work permit will be used when working in close proximity to fixed radiation gauges 
and only a trained and inducted worker will be permitted to operate the XRF. 

8.4. Employee induction 
 
Radiation protection awareness on sources of radiation exposures, personal exposures 
in different areas of the project, radiation health risk, management of radiation 
exposures, principles of radiation protection monitoring etc, pertinent to the Atlas site 
will be incorporated into the general site induction. The induction will be carried out 
for all workers upon commencement and once every two years thereafter. Short-term 
contractors and/or visitors shall receive a short induction in radiation protection 
before they commence any work on site. The contents of the induction is provided in 
Procedure RAD003 in Appendix III. 
A separate XRF induction is developed for anyone expected to work in the site 
laboratory where XRF could be in use.  
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9. Records Management and Reporting 

9.1. Record keeping 
 
A comprehensive record keeping system will be established and maintained. The 
system will include: 
 

• Radiation exposure record in respect to groups of workers in a supervised area, 
• Records of radiation protection training of employees and contractors, 
• Records of both occupational and environmental radiation monitoring and 

survey results, 
• Records of decontamination of plant and equipment released from the site (if 

necessary), 
• Records of inspections and internal and external audits, 
• Records of any special and/or accidental exposures (if any), 
• Records of products leaving site, including all relevant monitoring data, 
• Any other relevant information that may be required to be recorded in 

accordance with this plan, or as instructed by the appropriate authorities. 

9.2. Quality assurance programme 
 
The RMP including the radiation protection monitoring programme, procedures, 
monitoring results and administrative practices will be regularly appraised.  An audit 
and review of the plan will be carried out every two years in accordance with the 
DMIRS regulations and guidelines, and internal audits will be carried out annually. 

9.3. Reporting  
 
One annual report on the results of radiation monitoring and on the application of the 
RMP will be submitted to the State mining engineer: 

• Occupational and environmental radiation monitoring report, for the April-
March period, in May each year. 
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10. Radiation Monitoring Programme 

10.1 General information 
It is very important to note that the programmes described below will be carried out 
during the first 12 months of the site operation, after which time they will be reviewed 
and adjusted in accordance with the actual measured values (as opposed to the 
theoretically estimated ones).   
 
A further review will be undertaken after 24 months of site operation and it is 
expected that relatively stable annual monitoring programmes will be established at 
that time, similar to the one established at the Boonanarring site.  It is also expected 
that these routine monitoring programmes will be less comprehensive than the ones 
detailed below. 
 
The radiation monitoring programme is divided into two parts: 
 

1. Occupational radiation monitoring, with the goal of accurately measuring, 
assessing and estimating potential radiation exposures of workers; and 

2. Environmental radiation monitoring, with the goal of accurately measuring, 
assessing and estimating potential radiation exposures of operations on the 
possibly affected members of the general public and potential radiation impact 
of the operations on the environment. 

10.2 Planned occupational radiation monitoring programme 
 
Monthly: 

• Personal and area/static dust monitoring – workers in supervised areas, every 
fourth worker once per month; static: inside and outside of the WCP – 
approximately four locations once per month, 

• Collection of all relevant mining and processing data, especially measured 
concentrations of thorium and uranium in all relevant processing streams. 

 
Every quarter: 

• Gamma surveys of the mining areas, 
• Gamma surveys of the WCP and its surroundings, including HMC stockpiles, 

associated buildings such as workshops, and the boundary of the plant site, 
• Supplying every long-term employee potentially exposed to radiation to the 

levels exceeding public exposure limit (1 mSv/year) with an Optically 
Stimulated Luminescence (OSL) badge, 

 
Annually or once-off: 

• Gamma surveys of the radiation density gauges, with shutter check conduced 
every six months, 

• Surface contamination monitoring – surveys of 15-20 measurements from 
mining and separation machinery and also from offices, lunch room, plant 
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control room, employees’ clothing (with the particular attention being paid to 
mineral potentially present between shoelaces of safety boots and in shirts’ 
pockets), and material released from supervised areas (such as metal scrap, 
plastic, etc). 

• Thoron (220Rn) and radon (222Rn) – initial survey after the commencement of 
operations (~10 samples) – especially in the plant and around HMC stockpiles: 
if there will be no significant difference with pre-operational level – the annual 
checks using electronic equipment will continue to be carried out; if a relatively 
significant increase will be detected – positional static monitors (radon caps) 
will be distributed in the relevant site areas and exchanged quarterly.  

 
As required: 

• Providing contractors and employees without OSL badges, but who are 
required to work for more than 1 shift in supervised radiation areas with an 
electronic dosimeter, 

• Additional sampling for employees performing tasks such as non-routine 
maintenance, when and if required.  

10.2. Planned environmental radiation monitoring programme 
Quarterly: 

• Dust sampling at several locations around the site such as site boundaries, 
different areas outside the boundaries of the site such as residential housing, 
using high volume environmental dust sampler. 
 

Twice per year: 
• Sampling of identified ground water bores every six months (analysis for ‘gross 

alpha’ and ‘gross beta’, and for 228Ra and 226Ra, if required). 
 
Annually or once-off: 

• Gamma surveys of the site boundaries, 
• Surveys along the transport route of the HMC (only relevant to the project); 
• Surface water monitoring.  

 
As required: 

• Pre- and post-mining surveys – as required. 

10.3. Radiation monitoring resources 
 

The following equipment will be available: 
 
Occupational radiation monitoring: 

• Gamma-radiation and surface contamination: portable gamma monitor also 
capable of measuring surface contamination levels, 

• Gamma-radiation: a set of personal electronic dosimeters; 
• Gamma-radiation: OSL badges for selected workers, 
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• Dust monitoring – one set of personal dust pumps with the calibrator and 
appropriate sampling cassettes,  

• Dust and thoron/radon progeny monitoring: alpha-spectrometer (counter) 
with appropriate calibration sources (will also be used to assess environmental 
dust samples) – the assessment of the samples may be outsourced, 

• Radon/thoron monitoring: electronic monitor (may also be used to assess 
levels of radon/thoron in the environment and in the locations where exposure 
of the members of the general public may be possible). 

 
Environmental radiation monitoring: 

• Gamma-radiation and surface contamination: portable gamma monitor also 
capable of measuring surface contamination levels, 

• High-volume environmental dust sampler, and additional ‘passive’ equipment 
for monitoring dust levels in the environment – such as dust fallout monitors.  

10.4. Reporting of radiation monitoring results 
 
An annual report will be submitted, which would include all monitoring data obtained 
during the year, providing interpretation of the results, examining trends, and 
summarising general findings, as detailed in part 9.3 above. 
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11. Transport of materials 
 
Transport of HMC product will be in road train trucks with covers to prevent the 
spillage of material. 
 
The WA and International Transport Safety Regulations (International Atomic Energy 
Agency) state: 
 
Table 1 in Section IV – “Activity Limits and Material Restrictions” gives the values for 
Th (nat) and U (nat) at 1.0 Bq/g each (paragraphs 401-406). Paragraph 107 provides 
exclusion for the HMC:  
 

107. The Regulations do not apply to: 
… 
Natural material and ores containing naturally occurring radionuclides, which 
may have been processed, provided the activity concentration of the material 
does not exceed 10 times the values specified in Table 2, or calculated in 
accordance with paras 403(a) and 404–407. For natural materials and ores 
containing naturally occurring radionuclides that are not in secular equilibrium 
the calculation of the activity concentration shall be performed in accordance 
with para. 405. 
 

As the HMC will not be subjected to chemical and thermal processing of any kind, all 
radionuclides in both thorium and uranium decay chains are expected to be in 
equilibrium and, therefore, the limit applicable to the Atlas HMC is 10 Bq/g. 
 
As the HMC specific activity concentration is expected to be in order of 4.1 Bq/g, it is 
concluded that it is not classified as ‘radioactive’ for the purposes of transport, the 
transport regulations do not apply and, as a result there will be no requirements for: 

• Signposting of the trucks as carrying radioactive material, and 
• Completing any specific transport documentation. 
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12. Radioactive waste management 
 
No materials that may be classified as ‘radioactive waste’ will be generated at the 
Atlas site. 
 
Nevertheless, all backfill and rehabilitated areas will also be monitored to ensure the 
radiation levels do not exceed levels measured in the course of baseline surveys.  
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13. List of commitments 
 
Several commitments are made throughout the RMP, which are summarised below: 
 
Part 1 
The RMP will be reviewed in two years, with more frequent reviews only carried out 
when the “plan for the mine is amended” – but only in the situations that may result 
in a possible increase of the radiation exposure of the workers and the general public 
or in an increased environmental impact of the operations.  
 
Part 1.4 
Detailed radiation management and monitoring procedures will be available in the 
supplementary document – Standard Operating Procedures that will be developed 
when required.  Those procedures will also be updated when any additional 
monitoring equipment will have been purchased or hired for the Atlas site. 
 
Part 3 
Although the RMP for the Atlas site draws on experience from similar mining and 
processing operations, the document will be progressively analysed and modified, as 
more relevant data will become available. 
The RMP will be further reviewed when mining will commence and statistically valid 
number of measurements of actual radiation levels and exposures of personnel will be 
available.   
 
Part 6.5 
The total dose will be estimated annually and compared with the limit of 20 mSv/year 
for workers and 1 mSv/year for members of the general public. Doses will be 
calculated for: 

• All groups of employees, considering monitoring results and the time they 
spend in different parts of the site, 

• Possibly in the future – for all identified ‘critical groups’ of the members of the 
general public. 

 
Part 7.1 
A comprehensive housekeeping programme will be introduced at the Atlas site, both 
at the mining site and in the concentrate storage/handling area, and potentially 
contaminated surfaces will be periodically cleaned, as required. 
 
Part 7.2 
Regular surveys of surface contamination levels will be carried out – in processing 
areas, administration and amenities buildings on site.    
 
Part 8.1 
A suitably qualified RSO will be appointed and will be responsible for the 
implementation of the RMP and for the Radiation Protection Monitoring Programme.  
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A suitably qualified Mine Air Quality Officer will also be appointed to ensure that all air 
monitoring is undertaken in accordance with the Australian Standards and West 
Australian guidelines. Selected employees will have sufficient qualifications to deal 
with radiation emitting equipment on site, such as radiation density gauges.   
 
Part 8.2 
The different areas on site will be designated and signposted as necessary. 
 
Part 8.3 
If any special work involving handling of material where higher than usual exposures 
may be expected, the RSO may develop a Work Permit System for the minimization 
and monitoring of personal radiation exposures, if it will be deemed necessary. 
 
Part 8.4 
Radiation protection awareness on sources of radiation exposures, personal exposures 
in different areas of the project, radiation health risk, management of radiation 
exposures, principles of radiation protection monitoring etc, pertinent to the Atlas 
operations shall be incorporated into the general site induction.  
The induction will be carried out for all workers upon commencement and once every 
two years thereafter. Short-term contractors and/or visitors shall receive a short 
induction in radiation protection before they commence any work on site.  
 
Part 9.1 
A comprehensive record keeping system will be established and maintained.  
 
Part 9.2 
An audit and review of the plan will be carried out every two years in accordance with 
the DMIRS regulations and guidelines, and internal audits will be carried out annually. 
 
Part 9.3 
One annual report on the results of radiation monitoring and on the application of the 
RMP will be submitted to the State mining engineer: 

• Occupational and environmental radiation monitoring report, for the April-
March period, in May each year. 

 
Part 10 
All monitoring will be carried out as described in this part of the RMP. 
 
Part 11 
Transport of HMC product will be in road train trucks with covers to prevent the 
spillage of material. 
 
Part 12 
All backfill and rehabilitated areas will also be monitored to ensure the radiation levels 
do not exceed levels measured in the course of baseline surveys.  
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Appendix I: Site maps and diagrams 
  
Figure I-1 – Location of the Atlas Project 
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Figure I-2 – The plan of the Atlas site and surrounding residences of the members of 
the general public 
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Figure I-3 – The plan of the Atlas site, location of HMC temporary storage and tailings 
facility 
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Appendix II: Thorium and uranium decay chains 
 
Figure II-1 – Thorium-232 decay chain 
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Figure II-2 – Uranium-238 decay chain 
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Appendix III: Radiation Safety Procedures  
 
For the purposes of this version of the Radiation Management Plan only two Standard 
Operating Procedures have been developed, both of which relate to the radiation 
density gauges.  Additional procedures will be developed for the operational stage, as 
detailed in Part 1.4 of the RMP. 
 
Procedure RAD001 – WORKING NEAR OR INSTALLING RADIATION GAUGES 
  
This Standard Operating Procedure is applicable during both construction / 
commissioning and operational stages. 
 
Site radiation safety personnel (RSO for fixed gauges, or his deputy) must be notified 
at least two days before, unless in the case of an emergency, in the event of the 
following: 

• When a radiation gauge will be installed or removed; 
• When an employee will be required to work on a radiation gauge where the 

work involves handling the gauge or it’s associated frame, pipe work for any 
period of time; 

• When an employee will be required to work in the vicinity (within one metre of 
the gauge) for a period of one hour or more. 

 
Before work commences an RSO for static gauges or a designated person must: 

• Survey the gauge to ensure that the shutter operates properly; 
• Move the shutter of the gauge to the ‘off’ or ‘closed’ position and lock the 

gauge off using a padlock; 
• Check the gamma radiation levels around the gauge in the ‘beam off’ position. 
• IMPORTANT: Work is allowed to proceed only if gamma dose rates do not 

exceed the following: 
o 500 µSv/h at 5cm from the gauge surface, 
o 10 µSv/h at 1 metre from the gauge surface. 

• If gamma dose rates exceed the above values, follow emergency procedures 
(PROCEDURE RAD002). 

• Place an approved tag on the gauge with the following information: date and 
time of lock-off, name, position and contact telephone number of the person 
placing the tag; 

• Advise personnel on suitable handling procedure; 
• If the gauge will be relocated and out of service for more than one day, it 

should be taken to the storage area.  
 
UNDER NO CIRCUMSTANCES SHALL THE SHUTTER OF THE GAUGE BE LOCKED IN THE 
‘ON’ OR ‘OPEN’ POSITION.  
 
After work is complete an RSO (or an authorised isolator for radiation gauges) must: 
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• Re-check the gauge with the survey meter before removing the padlock; 
• Turn shutter to the ‘on’ or ‘open’ position and re-check the gauge to confirm 

the proper operation of the shutter.  
 
All information about the movement of the gauge should be entered into the 
‘Radiation Gauges Log Book’. 
  
Procedure RAD002 – EMERGENCY PROCEDURES FOR RADIATION GAUGES 
 
In the case of any emergency situation the site Radiation Safety Officer must be 
contacted immediately, the contact details: 
Mr Rajesh Shah 
Phone: 0427428486 
Email: rshah@imageres.com.au 
 
When the RSO is not available, please contact Radiation Health Section (RHS) of the 
Health Department (Ph. (08) 9388 4999 during business hours or (08) 9346 3333 after 
hours). 
 
Site radiation safety personnel (RSO for static gauges) must be notified immediately in 
the event of following: 

• Observed or suspected damage to a source container, 
• Observed or suspected malfunction of a shutter mechanism, 
• Suspected or actual loss of a radioactive source, 
• Failure to comply with Standard Work Procedure for working near radiation 

gauges, 
• Fire and other circumstances which could affect a radiation gauge, 
• Possible accidental exposure to the external gamma-radiation. 

 
In case of an observed damage to the gauge upon its arrival on site 
 
AT NO TIME SHALL A DAMAGED OR POSSIBLY DAMAGED GAUGE BE APPROACHED 
WITHOUT THE RADIATION LEVEL HAVING BEEN CHECKED BY THE QUALIFIED SITE 
PERSONNEL.   
 
The surrounding area (at least 5-7 metre radius) should be signposted with access 
denied to all employees (except for the site personnel authorised to deal with 
radiation gauges). 
 
The approved personnel must: 

• Approach the gauge with the gamma radiation monitor switched on, 
• Visually inspect the gauge and the surrounding area, 
• Section the area off, signpost it, and shield the gauge if required, 
• Remove the gauge to a location as far as practicable from personnel working in 

an area, if it is safe to do so,  
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• If the gauge is damaged to the extent that significant accidental exposure of 
personnel was possible, interview all employees working in the area.  The 
possible level of exposure of an individual employee could be estimated on the 
basis of data collected during the interviews and measured dose rate at 
locations where this employee was present during the accident, 

• Contact the manufacturer/supplier to check and repair the gauge, 
• Notify the Radiological Council of WA of this occurrence. 

 
In the event of fire 
 
The source container is designed to retain its shielding when exposed to 800oC for 30 
minutes.  The shielding should remain intact unless the steel outer case has been 
damaged or melted. 

• The shutter of the gauge must be moved to the ‘off’ or ‘closed’ position, if it is 
safe to do so, 

• Water should be directed on the source holder to keep the temperature as low 
as possible, thereby protecting the interior lead shield, 

• Any person knowing of the existence of a radiation gauge in the fire area must 
point out the location of a gauge to the persons attending the fire, 

• If, after normal firefighting procedures have been put into operation, it is 
evident that the fire cannot be extinguished, and the damage to the source 
container is observed or suspected – the area shall be cleared of all personnel 
and personnel authorised to deal with radiation gauges must be notified 
immediately. 

 
Source container damaged by fire 
 
When the container was subjected to temperatures high enough to burn the paint on 
the external surfaces the following checks should be carried out: 

• Ensure that dose rates at a distance of 3 metres from the gauge do not exceed 
10 µSv/hour, 

• A second survey should be carried out at a distance of 1 metre from the gauge.  
If the maximum dose rate does not exceed 10 µSv/hour, the shielding is likely 
to be intact, 

• If the dose rate has increased to more than 10 µSv/hour at a distance of 1 
metre from the gauge but is still less than 20 µSv/hour, the gauge should be 
removed into the storage, 

• If the dose rates at a distance of 1 metre from the gauge exceed 30 µSv/hour, 
the area around the gauge should be signposted and isolated until further 
information has been obtained from the manufacturer, 

• If any part of the source container has melted, the surrounding area should be 
signposted and isolated until surface contamination tests are carried out. 

 
Physical damage 
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Typically, physical damage to the gauge could only occur during the handling of the 
source container during the installation or temporary removal from service. 
If a gauge has been dropped and the damage is to external surfaces only, there is little 
risk of damage to the enclosed radiation source.  Dose rates from the gauge should be 
checked, especially in front of the port to ensure that the shutter is working.   
If the container was damaged, the shutter control should be locked and gauge moved 
to storage pending transport off site for repairs.   
If the outer casing of the container has been penetrated it should not be touched or 
approached until it is checked for surface contamination by qualified personnel. 
 
Jammed shutter 
 
If the shutter is jammed in the ‘on’ position and the source container is on the ground, 
it should be tipped over so that the beam is pointing into the ground.  Before the 
container is moved, a suitable shielding plate designed to bolt onto the front of the 
container should be prepared (the manufacturer should be contacted for advice).   
If the gauge must be removed before the shielding plate is fitted and it needs to be 
suspended with a lifting device – care should be taken not to allow the beam to point 
towards any person when it is lowered to the ground. 
 
Vehicle accident 
 
If a gauge has been involved in a motor vehicle accident, as much information as 
possible should be obtained before going to the site of the accident. 
 
Barriers should be erected to prevent unauthorised access until the area has been 
surveyed and damaged items checked.  The source container should be approached 
from behind to confirm that the shutter is still secured in the ‘off’ position.  If the 
shutter cannot be locked in the ‘off’ position, it must be placed in such a way that the 
port side is facing into the ground.  Persons involved in the accident must not leave 
the area until the personnel authorised to deal with radiation gauges clear them to do 
so. 
 
Loss or theft 
 
If a gauge has been lost or stolen the Radiological Council of WA should be advised 
immediately and a radiation monitor should be used to find the gauge.  If the gauge 
cannot be found, all employees previously involved with the device or who may know 
where it was last located, should be interviewed and all records checked.  All items 
dispatched from the site since the gauge was last seen should be noted and locations 
where these items were sent to should be checked. 
 
Flood damage 
 
It is very unlikely that any gauges at the Atlas site could be affected by flood.  It is, 
however, remotely possible that a gauge may be immersed in water/mud due to an 
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accident or a fault in the production process. When a gauge has been involved in a 
flood or a mudslide, or has been immersed in water/mud, it is extremely unlikely that 
the source container would be damaged or the radioactive source released.  When a 
gauge has been immersed in water for some time, the shutter mechanism could be 
jammed in the ‘on’ position (see the relevant part above). 
 
Accidental exposure 
 
Accidental exposure can occur when: 

• A person removes a source container from an on-pipe mount when the 
radiation beam is still ‘on’, and/ or 

• A person removes the detector assembly when the beam is still ‘on’. 
 
When a person is exposed to the unshielded radiation beam close to the port, 
depending on the source activity and the time spent in the beam path, a significant 
radiation dose may be received.  The dose received should be estimated and 
explained, so that the person exposed is not unduly alarmed if the estimate is too low 
to result in an injury. 
 
The following procedure is to be followed in the case of an accidental exposure: 

• Lock the source container ‘off’ or, if the shutter is jammed, block the beam 
with a shielding plate or remove the source to the ground with the beam 
pointing downwards (shielding should be not thinner than 3 cm steel plate), 

• Remove the person from the area, counsel the person and calculate the dose 
received.  Compare the estimated dose to the level of dose that would be 
received, for example, from a medical examination, 

• Investigate the situation that permitted the exposure to occur, 
• Prepare a comprehensive report for the Radiological Council of WA, estimating 

the dose received by the person as accurately as possible and specifying the 
area of the body that was exposed – using the approved form that can be 
obtained from the Council’s internet site, 

• Take steps to change current procedures to prevent a recurrence of this type 
of incident. 

 
An incident report should be raised and investigated in accordance with Image 
Resources procedures in any of the instances described above. 
 
Procedure RAD003 – OUTLINE OF TRAINING PROGRAM FOR EMPLOYEES 
 
The following is the content of the radiation safety training that will be provided to all 
employees (this training manual is currently under development): 
Introduction to radioactivity:  

• Atoms,  
• Ionising and non-ionising radiation,  
• Types of ionising radiation – alpha-particles, beta-particles and gamma rays, 
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• Half-life,  
• Decay series,  
• Units of radiation measurements,  
• Natural and artificial radioactivity,  
• Principles of radiation protection (time-distance-shielding). 

 
Regulation of radiation protection:  

• International – International Commission on Radiological Protection (ICRP), 
International Atomic Energy Agency (IAEA),  

• National – Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA),  

• State – DMIRS and Radiological Council, 
• Description of Part 16 of the Mines Safety and Inspection Regulations: limits of 

radiation exposure, designated and non-designated employees, supervised and 
controlled areas,  

• DMIRS radiation safety guidelines (2010-2021). 
 

Atlas site: 
• Image Resources radiation management plan, 
• Location of supervised and controlled areas on site, 
• Location of all fixed radiation gauges on site, 
• Comparison of radioactivity concentrations in ore and tantalum concentrate 

with other minerals and concentrates,  
• Pathways of exposure and likely doses at the Atlas site, 
• Comparison of radiation exposures with other industries,  
• Monitoring equipment – gamma survey monitors, OSL badges, portable and 

environmental dust sampling equipment, analysis of dust samples for 
radioactivity,  

• Statutory reporting and feedback to employees. 
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Appendix V: Baseline monitoring  
 
The following baseline radiation monitoring was and will be carried out and the 
summary of the results is presented in this appendix: 

1. Levels of external gamma radiation; 
2. Radioactivity concentrations in ground waters; 
3. Radioactivity concentrations in airborne dust; 
4. Concentrations of radon and thoron. 

 
V.1. External gamma radiation 
 
The site survey was carried out in October 2021: 
 

Survey area Number of 
measurements 

Range (µSv/h) Average (µSv/h) 

Future plant site 40 0.04 – 0.12 0.08±0.02 
Future mining areas 548 0.04 – 0.15 0.09±0.02 

 

Summary for all areas 588 0.04 – 0.15 0.09±0.02 
Geometric mean = 0.09 

 
Detailed results are available in a separate document that is available on request.  The overall 
maps of the survey and the calibration certificate for the equipment used are presented 
below. 
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Calibration certificate of gamma radiation monitor 
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V.2. Radioactivity concentrations in ground waters 
 
The baseline radioactivity concentrations have been obtained for seven groundwater bores, 
the results are presented below and the location of these bores is given on the map below. 
 
Baseline radioactivity concentrations in water. 
 

Bore 
Radioactivity concentrations, Bq/L 

Gross alpha Gross beta Radium-226 Radium-228 
ATMB04D 0.035±0.025 <0.064 <0.057 <0.160 
ATMB08D 0.424±0.089 0.234±0.055 0.099±0.022 0.181±0.043 
ATMB09D 1.790±0.320 0.953±0.150 0.148±0.020 0.493±0.054 
ATMB12D 1.710±0.310 0.767±0.127 0.243±0.025 0.432±0.047 

ATPB02 
0.085±0.034 0.124±0.046 0.072±0.014 0.094±0.029 
0.089±0.034 0.078±0.045 0.078±0.019 0.063±0.031 

ATPB03 0.085±0.031 0.040±0.038 <0.050 <0.110 
BH3 2.550±0.450 0.585±0.108 0.187±0.027 0.423±0.058 
 
It should be noted that baseline gross alpha and gross beta activity concentrations at three 
groundwater bores, ATMB09D, ATMB12D and BH3 are above the trigger levels of 0.5 Bq/L, set 
in both Australian Drinking Water Guidelines (2021) and in the Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality (2000). 
 
As no earthmoving activity has taken place on site at the time when these samples were taken 
(December 2021), it is concluded that the concentrations are elevated naturally. 
 
The location of these seven bores is presented on the map below. 
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…  
 
V.3. 3. Radioactivity concentrations in airborne dust 
 
Yet to be undertaken. 
 
V.3. 3. Concentrations of radon and thoron 
 
SARAD RTM1688-2 monitor, calibrated in June 2021 by the manufacturer in Germany, was 
used in the monitoring. 
 
The surveys were carried out in October 2017 at five locations, with samples taken every 20 
minutes.  Detailed results are available in a separate document that is available on request.  
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The overall summary of results, location of monitoring points and the calibration certificate 
for the equipment used are presented below. 
 

 Radon (Bq/m3) Thoron (Bq/m3) 
Range 1.5 – 65.4 1.5 – 48.5 

Average 7.5±10.8 9.2±11.2 
Geometric mean 3.5 4.6 
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Calibration certificate of radon/thoron monitor  
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