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RADIATION PROTECTION IN URANIUM MINING IN AUSTRALIA 
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History of Uranium Mining in Australia 
Uranium was first discovered in Australia in 1 8 9 4 and was mined for i ts radium 

content at Radium Hill and Mount Painter m South Australia in tho early 1900s. 
Exploration lor uranium was promoted in the 1940s and several ore bodies were 

found w i th in about 10 years. Mines developed at Radium Hill i n South Australia. 
Rum Jungle and the South Alligator Valley in the Northern Territory, and Mary 
Kathleen in Queensland produced some 7 800 tonnes of uranium between 1954 and 
1 9 7 1 . All were open cut operations except Radium Hill which was underground. 

ExpToration began again in the Tate 1960s as the demand for uranium for power 
production was anticipated. The deposits containing most of Australia's current 
uranium resources were discovered between 1969 and 1975. The operations at 
Mary Kathleen, which had ceased in 1963. resumed from 1976 until 1982. 

In the current phase of uranium mining in Australia, three operations have been 
developed, and t w o of these are still continuing, one in the tropical wetland of the 
Northern Territory (the ERA Ranger mine) and the other {Olympic Dam Operations) 
in an arid region in the north of South Australia. The third was a relatively small 
operation a t Nabarlek close to Ranger, where an orebody containing approximately 
12 0 0 0 tonnes of U3 0 8 was mined by open pit methods over a period of 5 months 
(a single "dry" season) in 1979; the ore was milled over the following 8 years. 
Tailings were neutralised and returned to the pit. Decommissioning and rehabilitation 
may take several more years to complete. Figure 1 shows the location of Australian 
uranium deposits. 
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Fig. 1 AUSTRALIAN URANIUM DEPOSITS 
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Government Policy 
Mining and processing of the large Ranger orebody on tand owned by Aborigines 

in an environmentally sensitive area was allowed t o commence only after lengthy 
government negotiations and the Ranger Uranium Environmental Enquiry, which 
examined not only the Ranger Project but also Australia's role in the nuclear fuel 
cycle generally- In 1977 the Australian Government announced that mining and 
export of uranium, wou ld be permitted, under strictly controlled, conditions whichi 
included the development of codes of practice for radiation protection, to be applied 
in whichovor Stato or Territory jurisdiction a mino was dovcfopod. In addition, mining 
in the environmentaWy sensitive Atfigator Rivets Region of the Northern Territory 
would be subject t o special supervision by a new organisation, the Office of the 
Supervising Scientist for the Alligator Rivers Region wh ich would have supervisory, 
co-ordination and research functions complementary to the enforcement functions 
of Northern Territory authorities. 
The Ranger Mine 

The Ranger mine Is located about 250 km east of Darwin, and is now surrounded 
by the Kakadu National Park, which is on the UNESCO world heritage l ist. Mining 
began in 1980 of an orebody containing 16 million tonnes of ore at an average grade 
of 0 . 3 % U3 0B (with a cut-off grade of 0 . 1 % U3 Oe). Milling began in 1981 and 
production was at the rate of approximately 3 000 tonnes of U3 O B per year until the 
end of 1 9 9 1 . when for economic reasons operations were changed from continuous 
mining and milling to mining for 7 months of the year and milling for 4 months. 
Employees have been trained to fulfi l the dual role of miner and plant operator. 

Mining is by open cut methods and the milling process uses a conventional 
sulphuric acid leach, wi th the final product, calcined U3 0 8 being transported by road 
to Darwin for export. Tailings are neutralised before being deposited in a surface 
ring-dyke dam. It has not yet been decided whether they wil l be returned to the pit 
at the "end of the operation, or left in the tailings dam which would be 
decommissioned and rehabilitated. 

The Australian Code of Practice for Radiation Protection in the Mining and Milling 
of Radioactive Ores 1980. revised 1987. distinguishes t w o types of employees -
"designated employees" whose work may entail exposure above 5 mSv per annum, 
and "non-designated employees". The latter are employees who have only minor or 
no involvement w i th radiation, for whom it is not appropriate or cost-effective to 
3po?y t?"!© ftiff rsoj© of nscvstfcrt prctscticcv measures. Tfc1© svsx&^s <foses t c werfcers 
given in this paper apply to "designated employees" only, and are therefore higher 
than the average doses which would be obtained if all employees were included. 
The annual dose limit for designated employees, from the sum of external and 
internal doses, is 50 mSv. 

Radiation doses to workers at Ranger are assessed from the sum of three 
components : external (gamma) radiation, measured by personal TLD badges; radon 
daughter dose, calculated from area monitoring and occupancy t ime; and dose from 
inhalation of long-lived alpha activity in dust, calculated from the results of personal 
air sampling carried out on representatives of various worker categories. In general, 
although the proportion of dose due to the three pathways varies somewhat in 
different parts of the operation, dust inhalation is the most significant exposure 
pathway in both the mine and the mill (see Fig. 2). 

Radiation doses are well below the new ICRP recommended limit of 20 mSv 
(averaged) per year; in 1990-91 , the last year of continuous mining and milling 
operations, the average annual dose to mine workers was 5.7 mSv and to mill 
workers, 6.0 mSv. Maximum doses were less than twice these values. In the 
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calculation of dose, no allowance was made for protection afforded by respirators, 
wh ich were "worn during 'dusty* operations. 

Doses to members of the public living In the nearest t o w n . Jabiru wh ich is 
approximately 8 km wes t of the mine and mi l l , have been assessed at less than 
0.1 mSv in a year, mostly from radon daughter exposure., The large stockpiles of ore 
and waste rock, also the tailings dam and the mill are the "significant sources of 
radon. 

Water management is a very important aspect of the Ranger operation. Average 
annual taiufaU is aboui t 500 m m . and all water arising from direct rainfall, runoff 
or imported into the mine, mill and associated facilities is managed in a system of 
ponds from which releases are strictly controlled. No release of process water is 
al lowed, including water wh ich has originated from mining, milling and ore stockpile 
areas. There are several natural watercourses in the area which could be affected 
by radioactive and non-radioactive contaminants if strict controls were not applied, 
and much effort has been put into water monitoring and management by both the 
operating company and the Northern Territory regulatory authorities. 
Olympic Dam Operations 

In contrast to the open-cut Ranger mine situated in tropical wetland in the north 
of Australia. Australia's other uranium mine. Olympic Dam is an underground mine 
lying in an arid area of South Australia nearly 600 km north of Adelaide. The 
average rainfall is about 180 mm per year, and summer temperatures sometimes 
exceed 40°C. The very large orebody of some 450 million tonnes contains 
approximately 2 .5% copper. 0.8 kg per tonne of U3 0 8 . 0.6 g/t gold and 6 g/t silver. 
The orebody is between about 350 m and 500 m below the surface. It was 
discovered in 1975 ; development of the mine began in 1983 and full scale 
production commenced in 1988. The metallurgical facilities include a concentrator, 
hydrometallurgical plant, copper smelter and copper refinery. A t present, 2.2 million 
tonnes of ore are processed annually, yielding 45 000 tonnes of copper and 1 200 
tonnes uranium, as well as gold and silver. Expansion to 2.9 million tonnes is 
underway. 

Radiation protection has been considered at all stages in the development of the 
mine and associated facilities. Initial design criteria for the mine included the use of 
non-entry mining methods and effective methods of ventilation to ensure that 
average radiation doses to employees would be less than one quarter of the limit at 
that time of 50 mSv per year, and that other occupationat health, standards {e.g. 
heat, diesel fumes etc.) would also be met. The mining method chosen was sub-
level open stoping which involves bulk extraction of ore from outside the orebody. 

Although good initial design of the'ventilation system has been crucial to radiation 
protection underground, it has been found that procedural systems such as checking 
radon daughter concentrations in work areas prior to entry, close monitoring of the 
ventilation system, strict ventilation maintenance programs and establishment of 
action levels of radon daughter concentration are also extremely important in keeping 
doses low. Respiratory protection is also used by some occupation groups to ensure 
doses are as low as reasonably achievable. When the ICRP recommended reduced 
worker dose limits in 1990, Olympic Dam Operations was able to demonstrate that 
its workers were already meeting the new recommended limit. 

The South Australian Health Commission regulates the radiation aspects of the 
Olympic Dam mine, and has approved a detailed radiation monitoring programme. 
Employee doses are assessed as the sum of external doses measured by personal 
TLD badges and internal doses, calculated on the basis of work category, location 
occupancy time and measured concentrations of radon daughters and long-lived 
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radioactive dust. Personal monitors measuring inhaled radionuclides are being trialled 
but have not yet been used routinely. In the year 1931-32, the average dose for fuff-
time employees in the mine was 6.1 mSv {maximum 12.8 mSv), and the average for 
part-time employees was 2.5 mSv. Approximately 45% of the dose to underground 
workers was from radon daughters, 15% from dust containing long-lived alpha 
activity and 4-0% from gamma radiation. 

Ini the; metallurgical! plant,, radoni daughter concentrations. are: negligible as. the 
concentrator and hydrometallurgical plant are outdoors, and most of the dose 
(approximately B5%1 is due to inhalation of radiooctfvo du3t- Personal dust camplos 
are used to measure exposure to dust and TLO badges measure exposure to gamma 
radiation. The radionuclide composition and particle sizes of dusts are measured 
in the various working areas of the plant. In 1991-92. doses to metallurgical plant 
workers averaged 2.4 mSv. with a maximum of 18.1 mSv. Figure 2 shows average 
doses for Olympic Dam workers and Ranger workers for 1990-91. the latest full year 
of mining and mining at both operations. 
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At Olympic Dam, tailings are managed by sub-aerial deposition in a surface dam. 
Some of the sand fraction is used, mixed with cement and fly-ash, as fill for the 
mined stopes. 

Doses to members of the public living closest to the operations at Olympic Dam 
Village 5 km south and at the town of Roxby Downs 13 km south of the mine, are 
only a very small fraction of the limit of 1 mSv. 

Radiation exposures due to Australian uranium operations have been well 
controlled through detailed monitoring programmes carried out by the operators and 
close supervision by the regulatory authorities. It is considered essential that these 
activities are continued throughout the life of the operations. 
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