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1. AIM 

The aim of this document is to provide advice on the radiological properties of the materials 

associated with the Reward Minerals Limited Lake Disappointment development and to provide 

advice in relation to the ‘nuclear actions’ requirements in the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act). 

This document will also provide specific responses to radiation related questions raised in the 

Department of the Environment (DoE) correspondence to Rewards Minerals Ltd dated 15 July 2016 

(DoE reference number 2016/7727).  

It should be noted that the assessment provided in this document is based on uranium and thorium 

concentrations in water samples from the Lake Disappointment region from analytical reports 

provided by Reward Minerals Company. These reports are referred to in the references to this 

document. 

2. BACKGROUND 

Reward Minerals Limited (the company) proposes to extract potassium-rich brines from sediments 

associated with the Lake Disappointment region to produce sulphate of potash (SOP) by means of 

solar evaporation of the brine. Waste materials, consisting mainly of a halite salt, will be disposed of 

in a surface facility. Diagram 1 shows the conceptual process. 

Diagram 1: Proposed Lake Disappointment Development 
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It is relevant to note that Geoscience Australia refers to the Paterson Province in Western Australia 

(within which Lake Disappointment is located) as an area with “preliminary favourability …  potential 

for calcrete-hosted uranium deposits” (Mernagh, T.P. (ed.), 2013). It is with this point in mind that 

the DoE has requested that additional information on uranium and thorium be provided in order to 

complete the preliminary assessment of the proposed project. 

 

3. INTRODUCTION TO NATURAL RADIOACTIVITY 

This section provides a brief background on naturally occurring radionuclides. 

Uranium and thorium exist naturally and are radioactive. They emit radiation and decay to other 

radioactive elements, known as radionuclides. This continues until a non-radioactive stable element 

is reached and the decay sequence stops. This is known as a decay chain. 

There are two naturally occurring uranium decay chains; the uranium 238 (238U) and uranium 235 

(235U) and one naturally occurring thorium decay chain with the head of the chain being thorium 232 

(232Th). It is worth noting that the 235U decay chain radionuclides are at a mass concentration of less 

than 1% of that of the 238U decay chain radionuclides and are generally only considered in 

assessments in specific circumstances.  

The quantity of a radionuclides can be measured conventionally as a mass (for example as parts per 

million - ppm) or more commonly by its ‘activity’. The unit of ‘activity’ is Becquerels (Bq), where 1Bq 

represents one decay per second. The concentration of a radionuclide in a material is reported as 

activity per unit mass (or Bq/g).   

From a mass perspective, naturally occurring uranium consists primarily of the uranium radioisotope 

238U and it is therefore possible to calculate the activity concentration of 238U (in Bq/g) from the mass 

concentration of uranium. This is done by considering the specific activity of the 238U radioisotope, 

where the specific activity is a measure of the activity of an isotope in one pure gram of the 

radioisotope. 

In a similar manner, naturally occurring thorium primarily consists of 232Th and therefore the specific 

activity of 232Th can be used to determine the activity concentrations in the materials. 
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The specific activity of 238U and 232Th are as follows; 

• 238U approximately 12,400Bq/g 

• 232Th approximately 4,080Bq/g. 

The activity concentrations for various solids and liquids can be calculated by multiplying the isotope 

mass activity concentrations (in solids or liquids) by the specific activity. 

 

4. REGULATION OF RADIOACTIVE MATERIALS 

Guidelines on the regulation of materials containing radioactivity are provided by the International 

Atomic Energy Agency (IAEA). The IAEA defines ‘radioactive material’ as “material designated in 

national law or by regulation as being subject to regulatory control because of its radioactivity”. The 

IAEA also defines ‘naturally occurring radioactive material’ (also known as NORM) as “radioactive 

material containing no significant amounts of radionuclides other than naturally occurring 

radionuclides”. The IAEA also note that materials containing naturally occurring radionuclide 

concentrations less than 1Bq/g are not expected to be subject to regulation and control. 

Australia has adopted the general guidance of the IAEA in its regulation of radioactive material. 

 

5. EPBC ACT REQUIREMENTS 

The EPBC Act requires that all nuclear actions, as detailed in section 22 of the Act, be referred for a 

decision on whether approval under the EPBC Act is required.  

To determine whether the Lake Disappointment development is required to be referred in relation 

to nuclear actions, reference to Section 22 of the Act on ‘nuclear actions’ is necessary. This section 

notes that a ‘nuclear action’ includes the following: 

a) establishing or significantly modifying a nuclear installation;  

b) transporting spent nuclear fuel or radioactive waste products arising from reprocessing;  

c) establishing or significantly modifying a facility for storing radioactive waste products arising 

from reprocessing;  

d) mining or milling uranium ore;  

e) establishing or significantly modifying a large-scale disposal facility for radioactive waste;  

f) de-commissioning or rehabilitating any facility or area in which an activity described in 

paragraph (a), (b), (c), (d) or (e) has been undertaken; 

g) any other action prescribed by the regulations. 
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Clauses b), c), d) and f) of section 22 are not relevant to the Lake Disappointment development, 

however, clauses a), e) and g) may be relevant and are reviewed below. 

Clause a) 

The EPBC Act defines ‘nuclear installation’ as any of the following: 

a) a nuclear reactor for research or production of nuclear materials for industrial or medical use 

(including critical and sub-critical assemblies); 

b) a plant for preparing or storing fuel for use in a nuclear reactor as described in paragraph (a); 

c) a nuclear waste storage or disposal facility with an activity that is greater than the activity 

level prescribed by regulations made for the purposes of this section; 

d) a facility for production of radioisotopes with an activity that is greater than the activity level 

prescribed by regulations made for the purposes of this section. 

For the Lake Disappointment development, the process waste storage could be considered to be a 

disposal facility under clause c), if it meets the ‘activity level prescribed by regulation’. 

Clause e) 

In terms of clause e) of section 22 of the EPBC Act, a ‘large scale disposal facility” is defined as a 

‘facility used for the disposal of radioactive materials at or above the activity level mentioned in 

regulation 2.02’. 

The waste storage classification is further clarified in the EPBC Act where ‘radioactive waste’ is 

known as radioactive material for which no further use is foreseen. However, the EPBC Act does not 

specifically define ‘radioactive material’.  

Clause g) 

Clause g) is defined in the regulations and does not include Lake Disappointment development 

activities. 

Activity Levels for Exceedance 

The EPBC Regulations note that a mixture is ‘excessive’ for an unsealed source when both the 

radionuclide activity concentration and radionuclide activity exceeds the levels established in the 

ARPANS regulations, in Part 2 of Schedule 2. Note that the word ‘and’ is important because even 

though one of these conditions may be met, both need to be met for the material to be considered 

to be excessive. 
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When referring to the ARPANS Regulations, the levels for naturally occurring radionuclides are as 

follows: 

• 230Th, 228Th – 1Bq/g 

• All other 238U and 232Th decay chain radionuclides – 10Bq/g 

• 40K – 100Bq/g 

Therefore, a large scale disposal facility would trigger the condition of clause e) and be subject to 

referral if the naturally occurring radionuclide concentrations exceed 1Bq/g (for 230Th and 228Th), 

10Bq/g for other 238U and 232Th decay chain radionuclides and 100Bq/g for 40K. 

EPBC Act Summary 

The only possible aspect of the Lake Disappointment development that could be considered to 

constitute a ‘nuclear action’ under the EPBC Act is the disposal of waste, where the naturally 

occurring radionuclides are concentrated to such an extent that that the concentrations exceed 

1Bq/g per radionuclide. 

 

6. SUMMARY OF LAKE DISAPPOINTMENT MONITORING RESULTS 

To determine whether the waste stream is likely to exceed the trigger concentrations, a review of 

existing monitoring results was undertaken.  

Sampling of groundwater in the region has been conducted for a range of elements and 

characteristics and shows that both uranium and thorium concentrations in groundwater are 

relatively low compared to other regions. The groundwater results are generally supported by 

surface soil sampling which showed uranium and thorium concentrations below the crustal average. 

The analytical reports reviewed can be seen in the reference list and Table 1 provides a summary of 

results.  
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Table 1: Summary of Monitoring Results  

 Number of 

Samples 

Sampling 

Date 

Concentration (mg/kg – solids and  

mg/l – liquids) 

Uranium Thorium 

Regional Surface Solids 

Samples  

18 May 2015 <0.1 (13 samples) 

0.2 (1 sample) 

1.1 

Surface Solids Samples 

(Western area) 

7 Apr 2006 0.06 

(gypsum/dune) 

0.55 (calcrete) 

N/A 

Average Crustal Abundance1   1.8 6 

Wash Water Solution from 

Solids  

40 Nov 2005 <0.01 N/A 

Brine Sampling from Drilling  63 Jan 2007 <0.001 N/A 

Process Water (Borefield) 

Samples 

7 May 2016 0.007 <0.001 

Range in Groundwater2   0.0001 – 0.010  

(1) From https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust 

(2) Converted from data presented in ARPANSA 2008. 

 

More recently (July 2016), a set of samples covering the key parts of the proposed process were 

analysed. For the five liquid samples, the reported uranium and thorium concentrations were less 

than the minimum detectable level of 0.005mg/l. 

For comparison purposes, publicly reported uranium and thorium concentrations in groundwater 

from a number of mining projects around Australia can be seen in table 2.  

  

https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust


 

7 
 

Table 2: Publicly Reported Groundwater Concentrations  

Region1 Concentration (mg/l) 

Uranium Thorium 

Lake Way <0.005 – 0.095  

Lake Maitland 0.062  0.007  

Dubbo <0.001 – 0.081 <0.001 – 0.079 

Nolan Bore 0.74 0.004 

Kintyre Project 0.12   

Mulga Rock Project  <0.005 – 0.045 <0.005 – 0.010 

(1) Note that data was extracted from reports made available for public review under approvals processes.  

 

7. ASSESSMENT OF RADIOACTIVITY LEVELS IN MATERIALS 

Table 1 shows that the analyses conducted in the region have been for uranium and thorium. No 

radioisotope analyses have been conducted. As noted, the primary criteria for determining 

applicability of the ‘nuclear action’ requirement of the EPBC Act is to understand the radionuclide 

concentration in the material streams and compare with the activity concentration criteria.  

Using the specific activity, the radionuclide concentration can be calculated from the uranium and 

thorium concentrations. 

To conduct the assessment against the EPBC Act criteria, two conservative scenarios were 

considered to determine the worst case situations; 

• All radionuclide inputs from groundwater (brine) report to the solid halite waste 

• All radionuclide inputs from groundwater (brine) report to the final SOP. 
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For each of these scenarios, two different assumptions were made as follows: 

• The uranium and thorium decay chains are in secular equilibrium, where the activity 

concentrations of each decay product is equal to the activity concentration of the head of 

the decay chain, which is 238U and 232Th respectively. 

• The radium concentrations (226Ra for the uranium decay chain and 228Ra for the thorium 

decay chain) are out of equilibrium with the uranium and thorium concentrations, by a 

factor of 10. (Note that ARPANSA 2008 provides some data to indicate the situation where 

radium is more soluble than uranium and occurs at higher concentrations in groundwater.) 

The analyses show that the measured uranium and thorium concentrations in groundwater (brine) 

are less than the minimum detectable levels. For this assessment, it is assumed that the 

concentrations are at the minimum detectable levels. Therefore, in this assessment, the most recent 

results have been used and the concentration of uranium and thorium in the brine is assumed to be 

0.005mg/l. The process water uranium and thorium contribution is considered to be minor, being 

measured at a concentration of 0.007 and <0.001mg/l respectively. More relevantly, the volume of 

process water is only approximately 5% of the volume the brine water, therefore the quality of 

radionuclides entering the process stream is minor. 

Scenario 1 – All Radionuclides Report to Halite Waste 

Based on a total input of 60Mm3/y and an assumption that all input radionuclides report to the 

solids of the halite salt waste, the uranium and thorium input can be calculated as follows: 

• Total Th input per year = 60 x 109l x 0.005mg/l = 30 x 104g 

• Total U input per year = 60 x 109l x 0.005mg/l = 30 x 104g 

Based on a halite salt waste output of 15Mtpa, the calculated concentration of uranium and thorium 

are as follows: 

• Thorium concentration in waste = 30 x 104g(Th) / 15 x 1012g(waste) = 0.02ug(Th)/g(waste) 

• Uranium concentration in waste = 30 x 104g(U) / 15 x 1012g(waste) = 0.02ug(U)/g(waste) 

Using the specific activity of 232Th (for thorium) and 238U (for uranium), the concentration of 

radionuclides in waste are as follows: 

• Th232 activity concentration in waste = 0.02 x 10-6g(Th)/g(waste) x 4,080 Bq/g = 

0.08mBq/g(waste) 

• U238 activity concentration in waste = 0.02 x 10-6g(U)/g(waste) x 12,400 Bq/g = 

0.25mBq/g(waste) 
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At these concentrations, the activities are at least 3 orders of magnitude less that the EPBC Act 

‘nuclear actions’ trigger. 

The second assumption is the consideration that radiums are not in secular equilibrium with the 

uranium and thorium and are higher by a factor of 10. This gives radium concentrations from 

thorium and uranium of 0.80mBq/g(waste) and 2.5mBq/g(waste) respectively. In both cases, the 

activity concentrations do not trigger the activity concentration criteria. 

Scenario 2 – All Radionuclides Report to Final SOP Product 

Based on a total input of 60Mm3/y and an assumption that all input radionuclides report to the final 

SOP product, the uranium and thorium input can be calculated as follows: 

• Total Th input per year = 60 x 109l x 0.005mg/l = 30 x 104g 

• Total U input per year = 60 x 109l x 0.005mg/l = 30 x 104g 

Based on a SOP output of 0.4Mtpa, the calculated concentration of uranium and thorium are as 

follows: 

• Thorium concentration in SOP = 30 x 104g(Th) / 0.4 x 1012g(SOP) = 0.75ug(Th)/g(SOP) 

• Uranium concentration in SOP = 30 x 104g(U) / 0.4 x 1012g(SOP) = 0.75ug(U)/g(SOP) 

Using the specific activity of 232Th (for thorium) and 238U (for uranium), the concentration of 

radionuclides in final product are as follows; 

• Th232 activity concentration in SOP = 0.75 x 10-6g(Th)/g(SOP) x 4,080 Bq/g = 3.1mBq/g(SOP) 

• U238 activity concentration in SOP = 0.75 x 10-6g(U)/g(SOP) x 12,400 Bq/g = 9.3mBq/g(SOP) 

At these concentrations, the activities are at less that the EPBC ‘nuclear actions’ trigger. 

The second assumption is the consideration that radiums are not in secular equilibrium with the 

uranium and thorium and are higher by a factor of 10. This gives radium concentrations from 

thorium and uranium of approximately 10mBq/g(SOP) and 30mBq/g(SOP) respectively. In both 

cases, the activity concentrations do not trigger the activity concentration criteria. 
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8. RADIOLOGICAL CONSEQUENCES TO NON-HUMAN SPECIES 

To determine the radiological consequences to non-human species (plants and animals), the ERICA 

software analysis tool was used. 

The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) notes that the ERICA 

Software Tool (where ERICA is short for Environmental Risk from Ionising Contaminants: Assessment 

and Management) is applicable for use in Australia for assessing radiological impacts to non-human 

species (ARPANSA 2010). The software is widely used and takes into account changes in media 

radionuclide concentrations and species concentration ratios to provide a measure of radiological 

impact to a number of reference species. 

Using the ERICA assessment media concentration of 0.08mBq/g for all 232Th decay chain 

radionuclides and 0.25mBg/g for all 238U decay chain radionuclides, the assessment indicates that no 

standard species exceed the reference level of 10 μGy/h at this location. When the 226Ra and 228Ra 

concentrations are increased by a factor of 10, it was also shown that no species exceed the 

reference level of 10 μGy/h. 

9. CONSIDERATION OF POTASSIUM 40 

On average, naturally occurring potassium consists of approximately 0.012% of the radioactive 

potassium isotope 40K.  

Using the method adopted in section 7 this document, the activity concentration of 40K for both 

scenarios can be calculated and then compared to the activity concentration trigger outlined in 

section 5. 

The most recent analyses indicate a potassium in groundwater brine concentration of 6.1g/l.  

The specific activity of 40K is approximately 2.7 x 105 Bq/g. 

If it is assumed that all 40K reports to final product, then the concentration of 40K in final product is 

approximately 2Bq/g. If the 40K reports solely to the halite salt waste, then the activity concentration 

is approximately 0.05Bq/g. 

The activity concentration trigger for 40K is 100Bq/g, therefore the EPBC Act is not triggered.  
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10. DEPARTMENT OF THE ENVIRONMENT REQUIREMENTS 

Table 3 addresses the nuclear and radiation raised in the Department of Environment letter with 

reference to the preceding discussion. 

Table 3: DoE Requirements 

DoE Requirement Response 

Data on uranium and thorium in: 

• sediments, groundwater and brine 

within Lake Disappointment 

• material associated with the process 

of mining and abstraction in Lake 

Disappointment including but not 

limited to material: 

o produced for transport and 

sale 

o deposited in any proposed 

storage facility or waste 

dump 

o utilised for rehabilitation of 

the project site. 

Data is available on the U and Th content of the 

sediments, groundwater and brine and a 

summary is presented earlier in this document. 

No detailed information is available on the final 

product, process materials or wastes, however 

conservative estimates have been made based on 

all input radionuclides reporting to either waste 

or final product. 

The company has indicated that sampling of 

radionuclide concentrations in various process 

streams is being conducted.  

 

Radionuclide Information including; 

• activity level of any radioisotopes to 

be disposed of 

• half-life of the radioisotopes 

• form of the radioisotopes 

• quantity of radioisotopes handled 

 

The groundwater will contain naturally occurring 

radionuclides from the 238U, 235U and 232Th decay 

chains. The levels of radionuclides have been 

calculated from analyses of water samples from 

the region. It was also seen that the 

concentrations of uranium and thorium in 

groundwater is low compared to other regions in 

Australia. 

The average uranium and thorium concentrations 

in the groundwater are 0.005mg/l and 0.005mg/l 

respectively. This equates to activity 

concentrations of 0.06Bq/l and 0.02Bq/l 

respectively. 

As noted earlier, an assessment was conducted 

based on two scenarios. The first was where all 

radionuclides reported through to the waste and 

the second was where all radionuclides reported 

through to final product. An additional level of 

conservatism was added where it was assumed 

that there might be some enhancement of 

radium (both 226Ra and 228Ra) in the groundwater. 



 

12 
 

In all cases, the final radionuclide concentrations 

were less than 1Bq/g. 

A discussion of the potential for the proposed 

action to directly or indirectly impact matters 

of national environmental significance 

including listed migratory birds through: 

• mobilisation, bioavailability and 

toxicity of heavy metals (including 

uranium and thorium) 

• hydrogeochemical changes to lake 

sediments and waters during wet and 

dry episodes  

• generation of acid sulphate soils. 

The radiological impacts to all non human species 

was assessed using the ARPANSA recommended 

ERICA software tool and shown to be negligible. 

The assessment was based on all 238U and 232Th 

radionuclides reporting to the waste stream in 

secular equilibrium and at elevated radium 

concentrations.  
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