
© Authors. All rights reserved© Authors. All rights reserved

Evaluation of Hydrogeophysical Data to Constrain a 3D 
Variable Density Numerical Groundwater Model of a 

Freshwater Lens in a Multi-layered, Island Aquifer System 

Eddie W. Banks, Saskia Noorduijn, Okke Batelaan, Vincent E. A. Post, 
Adrian D. Werner, Tim Munday, Camilla Sorensen, Kevin Cahill, Phillip 

Jolly, Joanna Ellis, Lauren Houthuysen 

EGU 2020 Online Discussion HS8.2.1



© Authors. All rights reserved© Authors. All rights reserved

Island hydrogeology

• Fresh groundwater lens volume
• Geometry and thickness of the fresh groundwater/saltwater 

transition zone
• Dynamic behaviour of the lens to variable climatic and groundwater 

pumping conditions

Saline water

Freshwater lens

Eddie Banks
Presentation Notes
So thinking of coastal hydrogeology we often tend to think of island hydrogeology. Fresh groundwater lenses
Transition zones between fresh water and groundwater, saltwater intrusion and upconing from increased groundwater pumping.

Why –From a management point of view Risks of saltwater intrusion is very real, particularly for coastal communities which rely solely on groundwater in the form of fresh groundwater lenses.
Want to be able to quantify the impacts of increasing groundwater extraction, assess the available volume and geometry and thickness of the transition zone

Fresh groundwater lens dynamics and transition zone geometry on small tropical islands have been investigated in a wide range of geological environments. However, data availability, knowledge and understanding of multi-aquifer fractured hardrock systems is still limited. 

What- 
We know that climate change is having an impact on water resources in these types of settings and it is also exemplified by increased groundwater extraction. 
Can lead to salinisation of the resource from lateral inflow of saline water as the lens contracts, as well as localised up-coning of saline water due to over pumping.
What is the common question on asks of such an aquifer system? What is the ‘sustainable yield or extraction regime from the resource. There are many definitions of the word sustainable but in this context it is what can the community reliably extract that is not going to impact on the quantity but also the quality of the freshwater lens into the future. i.e. 50 years.
How – 
Comprehensive field investigation including, environmental tracers and hydrochemistry, near surface geophysics, AEM (no not analytical element modelling- that’s the session next door ) , 3D variable density flow and solute transport numerical modelling.
Most approaches to developing a conceptual model that is used for a numerical model is based on observed heads and hopefully some salinity measurements. Other typical data would be longterm rainfall records , aquifer tests to characterise the hydrogeology and measured groundwater usage. 
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Soerensen 2019

Eddie Banks
Presentation Notes
So where are we? 450 km east of Darwin and just off the coast of the mainland in the Arafura Sea.
Milingimbi Island 70 km2 community along the eastern side with production bores in the central part of the island
Fairly complex geology series of Cretaceous and Cambrian age sedimentary strata with various states of weathering. Slight dip to the north of 2 deg.
The freshwater resource resides in a sandstone aquifer within the central part of the island. 
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Local knowledge

Eddie Banks
Presentation Notes
Important part of building conceptual understanding tapping into local knowledge
Short video is part of the Milingimbi water story told by Leondard, traditional owner of Milingimbi
Leonard makes a very good point here with the word ‘brackish’, this is one of a number of stories or song-lines about fresh and saltwater and very useful in building understanding of the conceptual model of the island where the important discharge areas were located.
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Data & Conceptualisation

Eddie Banks
Presentation Notes
Understanding of the hydrogeology and forcing functions on the hydrological cycle. We tried to use a suite of complementary methods and datasets to improve our knowledge of the system.
This included:
Time series data to evaluate the dynamics of the lens in response to the wet-dry climate conditions. 
Environmental tracers to determine recharge estimates to the lens. 
Porewater profiles to examine the thickness of the lens and transition zone.
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Conceptualisation

Soerensen 2019

AEM West-East cross section

TEM surveys

Eddie Banks
Presentation Notes
In addition to environmental tracers and hydraulics>
Conducted near surface, downhole and AEM geophysical surveys to characterise the subsurface.
AEM 200m line spacings across the island.
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Numerical model

• 3D SEAWAT Version 4.
• 5 geological layers
• Grid 500 x 500 m (49 layers, active cells= 15,483
• Boundary conditions included:
sea boundary, recharge, ET

Eddie Banks
Presentation Notes
Coarse grid size used to reduce computation time but to also aid in the calibration time for the model. Refined grid was explored but hefty run times.
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Model framework

Three phases
• Steady state model
• Transient model
• Scenario testing

Eddie Banks
Presentation Notes
Model framework was made up of 3 different phases which were calibrated against each of the datasets. Steady state, transient and scenarios.
Following sections provide a sort summary of each of these Phases and the results
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Steady state model

West-East cross section

AEM

AEM-
chloride 
conversion

Simulated 
chloride

Eddie Banks
Presentation Notes
Steady state model focused on simulation of the lens extent and geometry (based on the chloride spatial distribution across the island).
Model discretisation having some impact on  the results, however, the refined model did not show much advantage in terms of the actual freshwater volume
Top figure shows the AEM data, where blue is highlighting the fresh groundwater lens
Middle figure shows estimated chloride values based on an empirical relationship between observed chloride concentrations and the results from the AEM inversion
Bottom figure shows the simulated chloride concentrations 
8km transect by 120m elevation
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Steady state model

Chloride vs 
bulk EC

4 orders 
magnitude

Eddie Banks
Presentation Notes
Heads difficult to match based on the limited datasets that were available and the range in water levels between seasons. Also simplification of the hydrogeology makes it challenging to fit.
Four order of magnitude in chloride concentrations
Heads only one order of magnitude
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Transient model

• Seasonal GW response; up to 6 m
• Calibrated to aquifer storage properties and 

recharge

Eddie Banks
Presentation Notes
Phase 2 focused on simulating the seasonal GW response where water levels fluctuated by up to 6 metres. 
Calibrating to storage properties, including recharge. 
Results from the simulations showed that heads and the observed chloride concentrations achieved the best fit for the calibration.
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1000 m3/d

Scenarios

5000 m3/d

6000 m3/d 8000 m3/d

Eddie Banks
Presentation Notes
Scenarios and the impacts of groundwater pumping. Historically pumping up to 790 m3/d. Currently 452 m3/d.
Graph shows 50 years of pumping in the central part of the island and how the freshwater lens thickness (based on the simulated chloride concentration) changes with different rates of extraction.
White line represents the water quality guideline for good quality water 0.325g/L. Used this as a threshold indicator. At about -55mASL.
MOST OF THE PRODUCTION WELL SCREENS ARE AT -9 to -15 mASL
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Available freshwater resource
GW pumping 3,000m3/d (only ~15% of recharge volume)

Eddie Banks
Presentation Notes
Numerical model was used as a framework to evaluate the key underlying hydrogeological processes on the island, as well as an important decision-making tool to ensure a sustainable and reliable water supply for the island community.
Scenarios explored different rates of groundwater extraction over a 50-year period.
Even at extraction rates of up to 3000 m3/d, there was no large change in the size of the volume of the resource based on this regional model conceptualisation. That is groundwater pumping is relatively small i.e 15% of recharge volume.
The capability of the existing infrastructure is more likely to be the limitation. In this conceptualisation the wells are within the same cell.
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Summary

• Multiple methods can improve both spatial and temporal information 
of the conceptual model.

• Near surface and AEM geophysical techniques add value to numerical 
models in data poor areas.

• 3D numerical model beneficial in exploring the dynamic behaviour of 
the lens and to determine the available water volume under different 
groundwater pumping scenarios.

Eddie Banks
Presentation Notes
Combining multiple field-based techniques to make numerical modelling more robust and useful in guiding decisions around water management of the freshwater lens.
Approach used was successful in characterising the fresh groundwater lens geometry and volume, and to identify potential risks associated with saltwater upconing and lens depletion
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