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 Executive Summary 

Deposits of mineral sands can contain levels of Naturally Occurring Radioactive Material 

(NORM). For this reason, the Thunderbird Mineral Sands Project must adopt stringent and 

internationally accepted radiation management standards to minimise the potential risk 

to human health or the environment from NORM during its proposed activities. 

This document presents the Radionuclide Mass Balance for the Project. The mass balances 

are given for the Uranium and Thorium radionuclides in Bq/g and in ppm, which will be 

used to support the Human Heath impact assessments for the Mine Site. Transport and 

Derby Port Operations; and therefore, supplement the Public Environmental Review (PER) 

documents being submitted to the Environmental Protection Agency (EPA). The base 

data has been supplied by the Proponent, Sheffield Resources Limited.  

A preliminary Radiation Management Plan (RMP) will be developed for the first phase of 

the mine site development, future processing, transport operations and export operations. 

The RMP is a requirement under Western Australian legislation and regulations for the 

production, operation, storage or transport of radioactive substances.   
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 Introduction 

Radiation Professionals Pty Ltd (RadPro) have been engaged to update the Radionuclide 

Mass Balance in support of the Thunderbird Mineral Sands Project on behalf of Sheffield 

Resources Limited (the Proponent).   

The Thunderbird mineral sands deposit was discovered by Rio Tinto Exploration Pty Ltd (Rio) 

in 2003. Rio conducted limited drilling and scoping metallurgical work between 2003 and 

2009.    In September 2011, Sheffield Resources Ltd was granted an Exploration Licence 

E04/2083 covering the Thunderbird deposit.  Sheffield has carried out extensive drilling and 

metallurgical testing, completed a Pre-Feasibility Study in 2015 and is currently engaged 

in a Bankable Feasibility Study.   

The project is a greenfield project and will comprise of: 

• The mining of heavy mineral sands over a 40+ year period from the Thunderbird 

deposit.  The initial rate of mining will allow excavation of up to 7.5 million tonnes 

per annum (mtpa) (nominal) of ore for the first five years, before increasing to 15 

mtpa (nominal) of ore for the remainder of the project life.  The details will change 

with each iteration of the mine schedule and the mine plan.   

• The onsite primary and secondary processing of ore to produce a range of saleable 

mineral products (ilmenite, zircon, a zircon concentrate, HyTi88 Leucoxene, and a 

titanomagnetite product).  Construction of the processing facilities will be staged 

with production and doubled to 15 mtpa (nominal) after year five. 

• The abstraction and injection of groundwater from the Broome Aquifer to allow 

mining and supply ore processing needs. 

• The development of the infrastructure needed to support the project including 

power generation facilities, an accommodation village, administration and 

maintenance buildings, internal roads, communications infrastructure, and waste 

storage and disposal facilities. 

• The upgrade and extension of an existing pastoral road (the Mount Jowlaenga 

Road) from the Great Northern Highway to form a 30km site access road to the 

Mine Site. 

• The transport of mineral products from the Mine Site via the site access road and 

Great Northern Highway to Derby Port for storage prior to export by barge and ship.  
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• The export of bulk mineral products from Derby Port via King Sound, and, as 

required by customers, packaged mineral products from Broome Port to 

international customers. 

• The construction of the project is scheduled to commence in Quarter 3 of 2017, 

with mining and production scheduled to commence in around 2018 to early 2019.  

The project will be fully operational in early 2019, with first export of product being 

anticipated to be in 2019.  

This document presents the preliminary uranium and thorium radioactivity concentration 

mass balance of raw, intermediate and waste products. The establishment of preliminary 

uranium and thorium activity concentrations will determine whether Sheffield would be 

expected to comply with radiation regulations specific to the mining and processing of 

minerals sands containing concentrations of radionuclides. A summary of potential 

applicable state and Commonwealth regulations are described below. This report 

provides the Proponent with the current uranium and thorium radioactivity balances 

based on the latest metallurgical test data.  

 Regulatory Framework  

The regulatory framework for the mining and processing of mineral sands in Western 

Australia applicable to the Thunderbird Mineral Sands Project is summarised below in Table 

1.  

In support of the PER submission, RadPro have prepared Human Health impact 

assessments for the Mine Site and Processing Plant Operations, Transport Operations, 

Derby Port Operations and packaged mineral products to Broome Port; to demonstrate 

that the Proponent’s arrangements will ensure that any potential radiation doses to 

workers, the public and the environment will be monitored, controlled and minimised to 

ensure that all legal requirements are met, that radiation doses are below limits and that 

doses are managed to be As Low As Reasonably Achievable (ALARA).   
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Table 1 - Western Australian Radiation Regulatory Summary 

Aspect of 

Regulation 

Legislation  Agency Documentatio

n Required 

Guidelines 

Radiation 

manageme

nt and 

protection of 

workers and 

the public 

 

Radioactive 

Waste 

Manageme

nt  

 

Use, 

possession 

and storage 

of 

radioactive 

materials 

 

 

 

 

Radiation 

Safety 

Manageme

nt Act 1975 

 

 

 

 

 

 

 

 

 

 

 

 

Radiologic

al Council 

Radiation 

Management 

Plan 

 

 

 

Radioactive 

Waste 

Management 

Plan  

 

Application 

for a 

licence of 

authorised 

persons and 

registered 

premises. 

Nomination of 

a 

licensed 

Radiation 

Safety 

Officer 

www.radiologicalcouncil.wa.gov.

au 

 

RPS 1. Code of Practice for 

Radiation Protection in Planned 

Exposure Situations as Applied to 

Workers, the Public and the 

Environment (2014). 

 

RPS 9. Code of Practice and 

Safety Guide for Radiation 

Protection and 

Radioactive Waste management 

in Mining and Mineral Processing 

(2005).  

Part 16 

Mines 

Safety and 

Inspections 

Regulations 

1995 under 

the Mines 

Safety and 

Inspections 

Act 1994 

Departmen

t of Mines 

and 

Petroleum  

Radiation 

Management 

Plan 

NORM Guidelines in Mining and 

Mineral Processing (DMP 2010) 

Radioactive 

Transport 

Manageme

nt 

Radiation 

Safety 

Manageme

nt Act 1975 

Radiologic

al Council 

and 

ARPANSA 

Radioactive 

Transport 

Management 

Plan 

www.radiologicalcouncil.wa.gov.

au 

RPS 2, Code of Practice for the 

Safe Transport of Radioactive 

Material 2001, as amended, 2001 

 

 

http://www.radiologicalcouncil.wa.gov.au/
http://www.radiologicalcouncil.wa.gov.au/
http://www.radiologicalcouncil.wa.gov.au/
http://www.radiologicalcouncil.wa.gov.au/
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The Australian National Radiation Dose Register (ANRDR) was established in 2010 for the 

uranium industry to ensure that records of worker’s radiation doses were maintained 

regardless of where the individual are working. The ANRDR is managed by the Australian 

Radiation Protection and Nuclear Safety Agency (ARPANSA). By 2013, all of the then four 

operating uranium mines were reporting worker’s radiation doses to the ANRDR. The next 

phase of the development of the ANRDR is to expand into the mineral sands industry. 

ARPANSA have been engaging with mineral sands operators across Australia and has 

been negotiating with State regulators regarding the mandating of reporting radiation 

doses to the ANRDR in each jurisdiction. By the time that the Thunderbird project is in 

commissioning phases, it is considered possible that the Proponent must report 

occupational radiation doses on a quarterly basis to the ANRDR. 

In 2015, ARPANSA published the ‘Guide on Radiation Protection of the Environment 

(Radiation Protection Series G-1)’. The document describes the approach to assess the 

radiation doses to wildlife from industrial processes. The WA regulatory requirement for 

mineral sands operations to undertake radiation dose assessments of local wildlife is 

uncertain. It is possible that the regulator may require that such a dose assessment is 

undertaken as part of a wider environmental impact assessment. The likelihood of any 

requirement is increased if the mining operation is in particularly environmentally sensitive 

area, if the local area is used by indigenous peoples for the collection of bush foods, or if 

located in a sensitive / important agricultural or tourist area. 

 Radioactivity Mass Balance  

 Mine and Processing Plant Overview  

The Thunderbird Mineral Sands Project will produce an upgraded ilmenite, titano-

magnetite, zircon concentrate and primary zircon, and Hi Titanium (HiTi) product. Mining 

will consist of open cut extraction followed by various physical and chemical treatments 

of the ore. Several process streams are required to produce the three product types.   

The Project is suitable for bulk mining techniques, employing heavy earthmoving 

equipment to achieve the modelled mining rate of —7.5-15 mtpa. The current study has 

assumed dry mining using large dozers pushing ore into dozer traps where the sand is 

screened of coarse oversize material and the remaining undersize is slurried and pumped 

for further scrubbing and screening prior to wet concentration. 

A high-level scheduling and extraction logic was defined that would allow for the resultant 

optimisation of the mine pit shells to be quickly scheduled and developed whilst still 

maintaining practically achievable results. The key criteria for defining the scheduling logic 
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was to focus initial mining on a high value core to bring early high cash-flow, and constrain 

mining to a radial Area of Influence (AOI) around proposed WCP locations and mine these 

locations consecutively. 

Initially, the ore is fed into feed preparation and wet concentration processes to produce 

Heavy Mineral Concentrate (HMC). A Concentration Upgrade stage separate magnetic 

from non-magnetic minerals from the HMC. A Hot Acid Leach (HAL) stage is used on the 

non-magnetic concentrate. The ilmenite is produced by processing of the magnetic 

concentrate stream, whilst zircon products and HiTi result from processing of non-magnetic 

concentrates. Waste products in the form of oversize particles, tails and rejects are 

produced at each at stage of production. The waste products are combined together 

and are returned to the mine void.  

 

Figure 1 - Schematic of Mining Site 
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Figure 2 – Schematic Mine layout with Initial Pit and part of 40-year Life of Mine Shell 

The process flow sheet comprises the following key elements: 

• Mining Units 

• Wet Concentrator Plant (WCP) 

• Mineral Separation Plant (MSP), incorporating 

 A Concentrate Upgrade Plant 

 A HAL plant 

 A Primary Dry Circuit (HTR) plant 

 A Zircon Processing Plant 

 An Ilmenite Dry Plant 

 A Low Temperature Roasting Plant 

 An Ilmenite Magnetic Separation Plant 

 Product Load Out Sections 

  

All processing will be located at the Mine Site. All final products will be trucked to the ports 

at Derby or Broome where they will be stored prior to export. An option exists for all 

products to be transported in bulk, with zircon and a single HiTi product repackaged at a 

distribution centre offshore. 
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Figure 3 - Schematic of Mineral Separation Flowsheet 

  Radioactivity Mass Balance Assessment  

The metallurgical data, as provided by the Proponent, was based on the predicted 

production tonnes per annum years 1-4.  Radioactivity concentration for the mass 

balance is determined in Becquerel per gram (Bq/g) and parts per million (ppm) for 

Uranium and Thorium concentrations (see Figure 4).  

The radioactivity concentrations of each sample have been determined using the specific 

activity of a gram of each radionuclide. The specific activity of natural uranium is 12445 

Bq/g and for natural thorium is 4059 Bq/g. The total radioactivity is calculated as the sum 

of the individual uranium and thorium activity concentrations. The total radioactivity of a 

substance needs to be qualified to compare against prescribed total radioactivity 

quantities of radioactive material for the purposes of determining compliance with 

radiation protection regulations and the transport of radioactive material regulations. 
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The radioactivity balance is presented in Tables 2 to 5. The radioactivity balance is 

separated into ilmenite and zircon / HiTi product streams, plus the respective waste 

streams.   
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Table 2 - Uranium and Thorium Mass and Activity Balance - Ilmenite Stream 

Description Material quantity per 

year  

Uranium Thorium 

Tonnes per annum 

(tpa) 

Bq/g (ppm) Bq/g (ppm) 

1-4years 1-4years 1-4years 

Ore  7,446,000 0.17 (14) 0.26 (64) 

Feed Preparation Process  

Sand 5,189,862 0.10 (8) 0.18 (44) 

Wet Concentration Process 

HMC 783,932 1.11 (89) 2.20 (541) 

Concentrate Upgrade Process 

Mag Concentrate 282,691 0.32 (26) 1.56 (385) 

HAL Process 

HAL Mags 92,239 0.61 (49) 2.34 (576) 

Ilmenite Process 

Ilmenite Product 291,781 0.00 (0) 0.59 (146) 

LTR Process 

Titano-Magnetite  64,192 0.39 (31) 0.25 (62) 

Ilmenite Product LTR 450 225,481 0.00 (0) 0.50 (123) 
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Table 3 - Uranium and Thorium Mass and Activity Balance - HiTi and Zircon Streams 

Description Material quantity per 

year  

Uranium Thorium 

Tonnes per annum 

(tpa) 

Bq/g (ppm) Bq/g (ppm) 

1-4years 1-4years 1-4years 

Concentrate Upgrade Process 

Non-Mag Concentrate 266,537 0.32 (26) 1.56 (385) 

HAL Process  

HAL Non-Mags 108,459 2.85 (229) 4.93 (1,215) 

Non-Magnetic Rougher Process 

Conductors  15,636 1.03 (85) 1.14 (280) 

Non-conductors 82,736 5.50 (442) 3.93 (968) 

Wet Zircon Process    

Wet Zircon Concentrate 70,236  6.17 (496) 3.80 (936) 

HiTi Process    

HiTi Product 13,244 0.68 (55) 0.84 (207) 

Dry Zircon    

Zircon Concentrate  44,685 5.40 (430) 3.70 (901) 

Primary Zircon  44,094 4.13 (332) 0.97 (231) 
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Table 4 - Uranium and Thorium Mass and Activity Balance – Waste Products from Production of Ilmemite 

Description Material quantity per 

year  

Uranium Thorium 

 

Tonnes per annum 

(tpa) 

Bq/g (ppm) Bq/g (ppm) 
 

1-4years 1-4years 1-4years 

Feed Preparation Process 

Oversize 1,012,656 0.82 (66) 1.11 (64) 

Slimes 1,243,482 0.12 (10) 0.04 (10) 

Wet Concentration Process 

Tails 4,405,930 0.04 (3) 0.06 (15) 

Concentrate Upgrade Process 

Tails 234,705 0.10 (8) 0.40 (99) 

HAL Process 

Blend Tails  7,000 0.06 (5) 0.09 (23) 

Tails 58,839 0.06 (5) 0.09 (23) 

Ilmenite Process 

Rejects 83,149 3.97 (319) 11.36 (2,799) 

LTR Process 

Rejects  2,108 0.04 (3) 0.50 (124) 

Return to Mining Void 6,955,911 0.17 (14) 0.22 (54) 
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Table 5 - Uranium and Thorium Mass and Activity Balance – Waste products from Production of Zircon and HiTi 

Description Material quantity per 

year  

Uranium Thorium 

Tonnes per annum 

(tpa) 

Bq/g (ppm) Bq/g (ppm) 

1-4years 1-4years 1-4years 

Non-Magnetic Rougher Process 

Rejects 10,086 16.84 (1,353) 95.99 (23,644) 

HiTi Process 

Rejects 2,391 2.41 (194) 2.42 (595) 

Wet Zircon Process    

Tails 12,410 2.59 (208) 2.61 (643) 

Dry Zircon Process  

Magnetic Rejects 3,376 11.63 (935) 38.12 (9,392) 

Dry Zircon Rejects 22,856 8.80 (707) 5.50 (1,355) 

Return to Mining Void 98,719 5.46 (439) 20.69 (5,097) 
 

 Conclusions 

The radioactivity concentrations are generally greater in the zircon and HiTi process 

streams (Tables 3 & 5) than in the ilmenite process stream (Tables 2 & 4). There are generally 

higher concentrations of Thorium than Uranium throughout the process. The implications 

of the radioactivity concentrations are discussed further in following sections. 

 Product Streams 

From the ilmenite product stream (Table 2), the products have relatively low radioactivity, 

The HMC, Magnetite Concentrate, and HAL Magnetite radioactivity concentrations all 

exceed the 1Bq/g definition of a radioactive substance. From the zircon and HiTi process 

streams (Table 3) all products have radioactivity concentrations that exceed 1 Bq/g limit, 

except for the HiTi product. It is also noted that none of the products exceed the radiation 

transport limit of 10 Bq/g and therefore will be exempt from the transport regulations.  

 Waste Streams 

From the ilmenite waste stream (Table 4), the waste products have relatively low 

radioactivity, except for Ilmenite Rejects at 3.97 Bq/g uranium and 11.36 Bq/g thorium. 

From the zircon and HiTi waste streams (Table 5) all waste products have radioactivity 

concentrations that exceed 1 Bq/g definition of a radioactive substance, notably the non-

magnetic rougher process rejects at 16.84 Bq/g uranium and 95.99 Bq/g thorium. It is also 

worthy of note that the waste product returned to the mining void has 5.46 Bq/g uranium 

and 20.69 Bq/g thorium. The higher level radionuclide waste streams will be diluted with 
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low activity tails as part of a tailings and radiation management process. As a 

consequence, the combined waste streams returned to the mining void from the initial 

wet concentration stream, and the MSP waste streams contain 0.24 Bq/g uranium and 

0.50 Bq/g Th. 

All waste disposals will be in accordance with DER licence requirements to minimise 

contamination of the surrounding environment. 

 

 Prescribed Radioactive Material 

Natural substances with a specific radioactivity of >30 Bq/g constitute prescribed 

radioactive material under the Western Australian Radiation Safety Regulations (1983). 

Whilst these regulations will apply and take precedence, it is highly probable that 

regulatory conditions imposed on the project will mandate the Project complies with 

Radiation Protection Series 9 (RPS 9) Code of Practice on Radiation Protection and 

Radioactive Waste Management in Mining and Mineral Processing (ARPANSA 2005), 

henceforth referred to as the ‘Code’. The Code does not have specific concentration 

limits for radioactive materials, however the Safety Guide to the Code does refer to the 

IAEA Basic Safety Standards (IAEA 1996) that sets exclusion levels of 1 Bq/g (1000 Bq/kg) 

for Uranium or Thorium in bulk materials containing natural radionuclides. The Code 

recommends this limit as a reasonable criterion for decisions by the relevant regulatory 

authority on the extent of application of the Code. Based on the radioactivity calculations, 

the uranium-238 and the thorium-232 concentrations in the majority of intermediate, final 

and waste products are expected to exceed exclusion limit of 1 Bq/g and, as such, it is 

anticipated that certain requirements of RPS 9 Code will be applicable to the Project. 

Such requirements include, conducting baseline radiation monitoring, working within an 

approved Radiation Management Plan, Radiation Waste Management Plan (RWMP) and 

Radiation Transport Management Plan (RTMP) and establishing an occupational radiation 

monitoring and environmental dose assessment program. 
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