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Problem Statement
Problem statement:
Key points
- Scarcity of reliable freshwater supply
- Presence of shallow saline water
- Growing population Delft Island
- permanent residents
- short term visitors to the island
- Climate variability
- Changes in rainfall patterns
- Sea level rise
Figure 1. Location map of Delft Island, Sri Lanka.
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Research Objectives

Research objectives:
1. Evaluate
- The distribution of fresh and saline
waters on Delft Island, Sri Lanka
- The
abstraction
potential
of
groundwater reserves
2. Explain the distribution of fresh and saline
waters on Delft Island, Sri Lanka

Figure 1. Location map of Delft Island, Sri Lanka.
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Hydrogeological Setting
Aquifer Characteristics:
 Karst Limestone
 Unconsolidated Sand

Low Salinity

Brackish Water
High Salinity

Figure 2. Conceptual model of the possible occurrence of the freshwater lens floating above the highly saline water in a karstic limestone aquifer (left)
and sandy aquifer (right).
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Methods

Methods:
 Geophysical Survey
(Vertical Electrical Sounding)
 Hydrochemistry and Isotope
Analysis (water quality
measurements)
 Numerical modelling and
scenario analysis
Brackish Water

Figure 3. Spatial distribution of the measured groundwater EC and VES sites.
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Curve fitting and interpretation of VES data
Qpsyb – with freshwater in second layer

Qpsyb – with freshwater in second layer

Tmsl –– with
with freshwater
useable water
in thirdlayer
layer
Qrsb
in second

Tmsl with
– with
freshwater
second
layer
Qrsb
freshwater
in in
second
layer

Figure 4. Curve fitting of resistivity data from VES measurements.
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Cl concentration (mmol/L) and δ18O composition (‰)

 Preferential recharge during the
wet season when rainfall isotope
composition is relatively depleted
 In surface water samples, the
effects of evaporation (Rayleigh
fractionation) and seawater
mixing (conservative line) can be
recognised.
 [Cl-] increase was caused mainly
by mixing of groundwater with
high salinity water (salinization)
and slight evaporation.

Figure 6. Plot of Cl- concentration (mmol/L) and δ18O composition (‰) of collected water samples.

8

-

Salinization

Groundwater

Evaporation

Spatial distribution of Cl concentration (mmol/L) and δ2H content (‰)

Surface Water

Figure 7. Spatial distribution of the chloride concentration (mmol/L) and δ2H concentration (‰) of groundwater (left) and surface water (right) samples
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showing possible salinization and evaporation.

Conceptual model of freshwater lens

NB*
1. Recharge rates and flow direction
are based on
- recharge assessment
- computed hydraulic head in
wells
2. Uncertainty due to lack of data is
denoted by question mark and
broken light blue line
Figure 8. Conceptual model of the freshwater lens based on well data and VES results.
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Vertical (point) vs distributed abstractions
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Figure 9. Vertical or point (left) vs distributed (right) abstractions in the Manatharai Wellfield.
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Numerical Modelling
Scenario Analysis
 The aquifer has low potential for abstractions (>5 m3/day)
 Up-coning from point sources
 Lower rates of up-coning from distributed abstractions
 Distributed abstractions may result in lateral saltwater intrusion when situated nearer the coastline e.g.
Manatharai wellfield;
Sensitivity Analysis
 groundwater head is more sensitive to changes in recharge and uncertainties in hydraulic conductivity;

 thickness of the transition zone is more sensitive to uncertainties in the dispersion factors.
 the thickness of FWL are most sensitive to changes in the dispersion factors and recharge

Conclusion

 Fresh groundwater reserve is threatened by
 rainfall variability (lower reserves during drier periods)
 Rising sea levels (reduces the available storage space for freshwater)
 Low abstraction potential necessitates alternative means/methods to meet growing water demands
 Potential means/methods are:
 Artificial recharge (increases groundwater storage)
 Horizontal (distributed) abstractions (mitigates the rate of groundwater salinisation)
 Rainwater harvesting (reduces freshwater contamination by anthropogenic factors)
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