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ABSTRACT 
 
In order to investigate the dynamics of the freshwater/saltwater transition zone at the North 
Sea island Borkum two newly developed vertical electrode systems of about 20 m length 
were installed in the water catchment areas Waterdelle and Ostland. The systems were 
placed in depths between 44 m and 65 m, i.e. in the freshwater/saltwater transition zone 
below the water supply wells. Each of the two vertical electrode chains includes 78 stainless 
steel ring electrodes (spacing 0.25 m). The ongoing automated measurements are carried out 
using a modification of the commercial resistivity meter 4point light 10W (LGM Lippmann).  
 
For the measurements a Wenner-alpha array is used. The data show a clear transition from 
(apparent) resistivities of about 80 Ωm in the upper part of the measuring section around 
45 m depth to about 1-2 Ωm in the lower part around 65 m depth. Large changes occurred 
only within the first year of the measurements (September 2009 to September 2010); these 
are due to the readjustment of the local conditions (disturbed by drilling) to the undisturbed 
situation. Between September 2010 and February 2014 only small changes occurred in most 
depths, although the resistivity variations in time are different in different depths. Within the 
last years a very stable situation of the transition zone between freshwater and saltwater has 
been observed at both locations.  
 
 
INTRODUCTION 
 
At the North Sea island Borkum the required drinking water is provided by a freshwater lens. 
A freshwater lens, which is floating on saltwater, is influenced by tidal changes of the 
seawater level, seasonal changes of the groundwater level and various local and regional 
flow systems (Werner et al. 2013). Changes of the groundwater level can be caused by 
natural fluctuations of rainfall and evaporation as well as seasonal differences in 
groundwater use. Especially in water catchment areas up-coning of saltwater is a permanent 
threat. This up-coning can lead to changes of the depth and the shape of the transition zone 
between the freshwater lens and the underlying saltwater. 
 
In order to investigate the dynamics of the freshwater/saltwater transition zone at Borkum in 
the scope of climate change two newly developed vertical electrode systems of about 20 m 
length were installed in the two water catchment areas Waterdelle and Ostland in September 
2009. In both areas the extracted amount of freshwater is changing seasonally. The 
development and installation of the systems was carried out as part of the Interreg project 
CLIWAT (http://cliwat.eu). The electrode systems were installed in the boreholes 
CLIWAT 1 (Waterdelle) and CLIWAT 2 (Ostland) in depths between 44 m and 65 m, i.e. 
within the freshwater/saltwater transition zone below the water supply wells. Afterwards the 
boreholes were refilled according to geology. Moreover, two water gauges with filters in 



different depths were installed above each of the vertical electrode systems to measure the 
groundwater level. 
 
Each of the two vertical electrode chains is about 20 m long and includes 78 stainless steel 
ring electrodes (spacing 0.25 m). The electrodes are mounted on an isolating PVC rigid pipe 
normally used for groundwater observation wells. The resistivity measurements (Wenner-
Alpha array) are carried out using a modification of the commercial resistivity meter 4point 
light 10W (LGM Lippmann). The power is supplied by batteries that are recharged by solar 
panels. Since end of December 2009 the data are regularly transmitted to Hannover by 
telemetry. A complete pseudosection with 975 single measurements (Wenner-alpha array) is 
measured every five hours (Wiederhold et al. 2013). The automated measurements are still 
ongoing. Recently, similar systems were also used by Ogilvy et al. (2009) and Poulsen et al. 
(2010) for monitoring of coastal aquifers. 
 
 
RESULTS 
 
For the measurements a Wenner-alpha array is used. In CLIWAT 1 only sand is found in the 
transition zone. The resistivity data show a clear transition from apparent resistivities of 
about 80 Ωm in the upper part of the measuring section around 45 m depth to about 1-2 Ωm 
in the lower part around 65 m depth (fig. 1). This indicates a change in water salinity from 
freshwater in the upper part to saltwater in the lower part of the electrode chain. Within the 
last years this transition zone has been very stable because several thousand measurements 
between September 2010 and February 2014 (all shown in fig. 1) yielded very similar 
results.  
 

 
 
Fig. 1: Apparent resistivity measure-
ments in CLIWAT 1 (Wenner-Alpha, 
spacing 0.25 m) 
 
 
In the depth of the freshwater/saltwater 
boundary in CLIWAT 2 several layers of 
clay and silt were encountered within the 
sandy sediments (fig. 2). The different 
layers are clearly visible in the resistivity 
measurements: In the transition from 
resistivities of about 80 Ωm around 45 m 
depth to 2 Ωm around 65 m depth the 
sand layers show slightly higher 
resistivities than the clay layers. As in 

CLIWAT 1 the resistivity measurements have shown only small changes within the last 
years.  
 
At both locations large changes occurred only within the first year of the measurements 
(September 2009 to September 2010): In the first measurements after installation of the 
electrode systems similar resistivities were measured in all depths. The resistivities increased 
or decreased afterwards depending on the depth of the measurements. These changes were 



caused by a readjustment of the groundwater system around the borehole to natural 
conditions. 
 

 
 
Fig. 2: Apparent resistivity measure-
ments in CLIWAT 2 (Wenner-
Alpha, spacing 0.25 m) 
 
 
Since September 2010 only small 
changes have been observed in most 
depths. This indicates a very stable 
situation of the freshwater/saltwater 
transition zone at both locations. 
Larger time-dependent resistivity 
changes are observed in the sand layer 
between 53 m and 56 m depth in 
CLIWAT 2. Here a clear seasonal-
dependent resistivity trend with higher 

resistivities between November/December and May and decreasing resistivities between 
May and October is visible. Fig. 3 shows the seasonal changes in 55.1 m depth. Model 
calculations based on the 3D model of Sulzbacher et al. (2012) will be carried out to 
understand this behaviour. 
 
 

 
 
Fig. 3: Seasonal resistivity changes within the sand layer between 53 m and 56 m depth 
in CLIWAT 2: Apparent resistivity in 55.1 m depth. 
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