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ABSTRACT 
Understanding the shape and width of the mixing zone between fresh and saline groundwater 
is a requirement for the management of freshwater lenses on small islands. Complex 
behaviour is introduced by dual-porosity effects associated with weathered and fractured 
sedimentary rock and tidally-driven groundwater oscillations. Further to this, groundwater 
recharge and discharge dynamics in tropical ecosystems are characterised by large seasonal 
variations whereby very wet periods of heavy monsoonal rain alternate with long periods of 
little to no rain and high evapotranspiration. The effects of this strong seasonality and its 
influence on pumping-induced migration of saltwater are not clear. 
 
This study applied a range of different field-based (hydrogeological, geophysical and 
hydrochemical) techniques to investigate saltwater intrusion dynamics of a freshwater lens in 
a multi-layer fractured rock aquifer system on a remote tropical island in the Arafura Sea, 
Northern Territory, Australia. The techniques included high frequency water level 
monitoring to examine the transient nature of the freshwater lens, near surface geophysical 
surveys to determine the extent of the lens and geometry of the mixing zone, and 
hydrochemical analyses to distinguish between different water sources and calculate the 
effective recharge to the groundwater system. Established approaches such as, the chloride 
mass balance technique and the water table fluctuation method, were used to estimate 
recharge, as well as environmental tracers (chlorofluorocarbons- CFCs, SF6, tritium and 
carbon-14) to determine the apparent groundwater age.  
 
The island’s annual rainfall (1090 mm) falls predominantly between the months of 
November and April. High frequency measured water level data shows that there are tidally-
driven groundwater oscillations in the multi-layer aquifer system. The water level data 
captured two significant groundwater recharge events to the aquifer system during two 
cyclones in 2015, which showed a head response of more than a metre within a 24 hour 
period. The flat topography of the island and permeable unsaturated zone promotes 
infiltration. Time domain electromagnetics showed that the freshwater lens is approximately 
40 metres thick, which was confirmed by the geological logs from monitoring wells installed 
on the island. Young groundwater, indicated by the presence of CFCs, SF6 and tritium was 
observed up to 60 metres below ground surface. Groundwater recharge estimates based on 
CFC-12 ranged from 25 to 150 mm/yr. Chloride concentrations in many of the shallow 
groundwater wells suggest recharge rates of 10 to 160 mm/yr. 
 
The information gathered in the present study will be used in the development of a numerical 
groundwater model of the island which considers the transient nature of groundwater 
pumping, evapotranspiration, submarine groundwater discharge, effective recharge and 
density dependent flow and salt transport. The outputs of the groundwater model will 
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contribute to better decisions about sustaining a reliable water supply for the growing 
community on the island. 
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