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SUMMARY 

T he Magela floodplain, in the Northern Territory of Australia, drains two large uranium 

deposits: Ranger, where mining began in 1980, and Jabiluka, which is undeveloped. 

T he floodplain is a seasonal freshwater lagoon in which dense stands of aquatic plants 

grow during the annual wet season and through muc h of the dry season. Radium (Ra) is 

a waste product from uran ium mining that may enter the floodplain through leaching or 

seepage from the mine site or through accidental or controlled release of waste w aters. 

NoRa pollution of Magela Creek has yet been detected but preliminary studies suggested 

that small amounts could be a significant health hazard to local Aborig ines who drink 

creek water and eat a variety of aquatic foods including water buffalo that graze on the 

floodplain. If effluent Ra does enter the floodplain it may be flushed out to sea by 

subsequent floodwater or, more likely, be taken up onto vegetation or bed sed iment. ll1e 

vegetation may, in tum, remobilize Ra from the sediment into the water column. The 

purpose of the present work was to investigate the relative importance of these processes 

and to predict the potential for Ra transfer through the buffalo-human food-chain. 

T he study began with a survey of the natural R a distribution in soil, plan ts and buffalo 

faeces on the floodplain in 1975-76 before mining began in 1980. This showed a natural 

accumulation of R a at the beginning of the floodplain and from this it was pred icted that 

effl uent Ra may behave in a similar way and be held up in the floodplain rather than 

being flushed out to sea. Laboratory experiments were then canied out on the major 

plant species from the floodplain, the semi-aquatic grass Pseudoraphis spinescens, and 

the water lily Nymphaea violacea (the latter studied by my colleague J.R.Twining), to 

measure the rates of Ra exchange between the water column, the plants and the sediment. 

A computer model was constructed from these data to simulate Ra tran sfer through the 

floodplain . The model consisted of water flow from a monsoonal rainfall pattern over a 

simplified catchment and through a rectangular floodplain d ivided inlO 12 square 

"plainenes" (3x3 km each). The water carried natural Ra from the catchment and as it 

flowed through each plainette it exchanged Ra with plants, detritus, suspended sediment, 

bed sediment and subsoil at rates detem1ined from the experimental and field data. 

Hypotheses about the fate of Ra were tested by manipulating the state variables and 

introducing simulated effluent into the input water. 

These experiments with the model identified direct Ra uptake from the water column 

onto plants and bed sediment as the major process in Ra transport through the system. 



Approximately similar amounts of Ra were taken up by these two components and a 

small proponion remained in the water column. As a result, nearly all the effluent Ra 

was taken up in the first 10 kilometres (the floodplain is 36 kilometres long) as predicted 

from the field survey. There was negligible translocation of Ra within the plants 

(determined from the laboratory experimen ts) and Ra uptake onto suspended sediment 

was not significant because its mass was sm all compared with the masses of bed 

sediment and plants. 

When effluent Ra was introduced into the model and traced through the buffalo- human 

food-chain, a fourfold increase in Ra concentration in water over the entire wet season 

led to an average 2-fold increase in the human dietary intake of Ra. Increases in 

bioturbation and effluent salinity strongly suppressed Ra transfer through the food-chain. 

Variations in plant species or biomass or variations in the adsorption capacity of the 

sediment had only a small effect. Variations in rainfall and suspended sediment load had 

negligible effect on the fate of Ra. These effluent simulation experiments predicted that 

the Ranger mine could dispose of a million cubic metres of Ra-contaminated waste water 

over a 10-day period in the early part of the wet season without significant impact on the 

local Aborigines or the environment. 



STATEMENT 

This thesis contains no material that has been s ubmitted to any other university or 
institution for a higher degree. The information herein is the result of my own research 
except where acknowledgement of others is given . 

Alexander R Williams 

Au~tra l ian Nuclear Science and Technology Organisatio n 
Lucas I !eights Research La boratories 
Private Bag No.1, Menai NSW 2234. 



ACKNOWLEDGEMENTS 

1 wish to thank my colleague John Twining for carrying out technical aspects of the first 

preliminary experiment, for assisting with field work in 1981, 1983 and 1984, for sharing 

his equipment with me and for generally facilitating our working relationship with his 

generous and cheerful manner. The Office of the Supervising Scientist provided travel 

funds, accommodation and some equipmem for field work. Chemical analyses of the 

field survey samples were carried out by B. G. 0' Brien. K. F. Mears. the fonner 

Analytical Chemistry Section of the AAEC and the Australian Mineral Developmenc 

Laboratory, Adelaide. Des Davy supervised my work at Lucas Heights, Associate 

Professor E.W .R. Barlow supervised my work at Macqu:ui.e University and they both 

provided useful conunents on early drafts. Dr. Ross Jcffrec. Max Giles. Dr. Anhur 

Johnston (OSS) and Associate Professor Mark Westoby (Macquarie University) also 

provided comments on several pans of the work. Dr. Jerrard Barry gave advice on 

num~rical methods and he and Stephen Wong gave assistance in debugging the computer 

pro1:,rram. Celia Chrimes typed some of the figure captions. 



"Behold, BEHEMOTH .. . 
under the lotus plants he lies, 

in the covert of the reeds 
and in the marsh". 

Job 40:15,21 
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