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Fresh groundwater in coastal areas throughout the world is a popular
water resource for domestic, agricultural and industrial activities due
to the availability of huge quantities and its high quality relative to
surface water. For the future, the use of fresh groundwater resources
is very likely to increase due to population rise (especially in
megacities), economic growth, intensified agricultural development,
and the loss of surface water due to contamination. The negative
effects of salinisation is detected in the exploitation of groundwater
for drinking water purposes and groundwater for agricultural use and
nature conservation. In addition, sea level rise and the associated
changes in recharge and evapotranspiration pattern will intensity the
pressure on this coastal groundwater.

Fig. 1: the device, ‘the HEM bird of BGR’, to retrieve the resistivity of
the subsoil.




Data scarcity often limits sustainable management of
these groundwaters worldwide. Mapping and
monitoring the current spatial extent of fresh
groundwater resources normally requires detailed in-
situ information of large areas, which is seldom
available. As an alternative, remotely sensed data are
a cheap way of collecting data and cover large areas
in a short time span. In this research, Airborne
Electromagnetic (AEM) geophysical methods are
exploited. These AEM methods are especially suited
for detecting the salinity of groundwater due to the
impact of salinity on the conductivity for electrical
currents used in EM (Fig. 1 and 2). Complicating
factors include the effect of man-made infrastructure
that transports electrical currents (powerlines, railways,
etc.) and the effects of the underlying geological
structure. Both salinity and lithology influence the
response of the EM system and it is therefore
important to be able to unravel the combined effect of
these two factors.

Fig. 2: Helicopter borne geophysical systems: a. left:
BGR system recording simultaneously frequency-
domain electromagnetic, magnetic and radiometric
data, b. right: SkyTEM system recording time domain
electromagnetic data.

Deltares works together with institutes such as TNO, BGR,
Aarhus Geophysics and Fugro to make these AEM
methods suitable and accessible for stakeholders for
mapping fresh groundwater resources over large areas.
Pilot studies in The Netherlands, Denmark and Germany
within the framework of the Interreg IV-B project Cliwat
have been set up to combine Airborne EM results with
detailed 3D geological models to get a much better insight
in the spatial distribution of saline groundwater as well as in
the geological setting.

Subsequently, 3D variable-density groundwater and
coupled salt transport models use these salinity data to
more accurately predict the possible effects of climate
change, sea level rise and human activities on the
availability of fresh groundwater resources (Fig. 3).
Adaptive strategies will be more effective (and cheaper) to
limit the impact of negative future stresses. We think that
incorporating all these different (innovative) techniques will,
in the end, lead to a more sustainable water management.

Fig. 3: It is very suspicious but here we think we have a
perfect fit between different types of geophysical
techniques (TEC, CVES, EM31), samples groundwater,
Helicopter EM (conductivity at 4 m below sea level) and a
3D numerical model: the thickness of a thin fresh water
lens largely varies over small distances.

Information: gualbert.oudeessink@deltares.nl, perry.delouw@deltares.nl, geertjan.nijsten@deltares.nl
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