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GENERAL 
The island of Terschelling is situated in the Wadden Sea in the northern part of The Netherlands. 
It measures 30 km by 3 km. An extensive belt of coastal dunes extends along the north and west 
sides of the island, which is vegetated mainly by dune shrubs and pine trees. South of the dunes 
is an agricultural area (indicated as “polder” area) where water levels are artificially maintained. 
These water levels are lower than the groundwater table in the dunes so there is a steady flow 
(ground- & surface water) towards the polder-area and the North Sea. 
 

 
Figure 1. Overview island Terschelling 

 
The island is a popular holiday destination and the demand for drinking water is strongly related 
to the number of tourists on the island, which peaks during summer time. The annual water 
consumption averages 550,000 m3/year. Approximately 200,000 m3 /year is produced annually 
by the well field that withdraws groundwater from the fresh water lens in the western part of the 
dune area (see Figure 1) and circa 350,000 m3/year is delivered to the island by a pipeline from 
the main shore. In 2006 Vitens (water supply company) has started a pilot study to investigate if 
a self supporting and sustainable water supply on the island is possible. One of the options to be 
considered is to increase the abstraction of fresh groundwater in the dunes or polder area. A 
groundwater model is being developed to assess the feasibility of various design alternatives, the 
risk of salinization and the potential ecological consequences for dune slacks. In order to 
calibrate the groundwater model sufficient data are required regarding the distribution of fresh 
and saline groundwater on the island as well as the presence of confining strata. An intensive 
field campaign was launched to collect the required data. Geophysical methods (based on 
resistivity) combined with cone penetration tests (CPT’s) were used to map both the groundwater 
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salinity and lithology. In the polder area the sediments in the upper 5 meters of the subsurface 
consist of tidal flat and salt marsh deposits composed of clay, silt and sand of Holocene age. 
These deposits partly extend below the present dune belt. The sediments below the Holocene 
strata predominantly consist of Pleistocene coarse sands of fluvial origin. Intercalations of silt, 
peat, loam and clay layers can occur at various depths in a very irregular fashion. Standard DC 
geo-electrical investigations during the 1960’s have shown that a fresh water lens with a 
maximum thickness of 100 meters has developed in the dune area Hoogervoorst (1970). Also the 
location of a fresh and saltwater interface in the “polder area” was interpretated. The fresh water 
lens is recharged by rainwater infiltrating in the dune area. 
 
METHODOLOGY 
According the measurements, carried out in the 1960’s, part of the fresh groundwater flows 
towards and underneath the polder area. Prior to the field campaign the existing geo-electrical 
measurements by Hoogervoorst were critically re-evaluated to obtain a general overview of the 
resistivity distribution of the subsurface below the island. The fresh and salt water interface 
seemed to be more complicated than the interpretation’s in the sixties. Based on this information, 
a number of 400 m transects were selected for continuous 2 dimensional vertical electrical 
soundings. The soundings were carried out using an ABEM terrameter SAS-4000 with an array 
of 64 electrodes in a Wenner configuration was used, resulting in a depth of investigation of 
approximately 70 m. In order to get a good lateral resolution more than 500 electrode 
combination are measured in one profile. Due to terrain conditions, time-domain electromagnetic 
measurements were used in the dune area using a Zonge zerotem system with a square 
transmitter and receiver loop with a surface area of 1600 meters and 400 meters, respectively. To 
minimize equivalence problems during the interpretation of the CVES (Continuous Vertical 
Electrical Sounding) to overcome similarities in resistivity of different lithologies, 33 cone 
penetration tests with a conductivity probe were conducted in the polder area and at the beach. 
With the standard truck mounted 20 ton hydraulic system a maximum depth of 32 meters was 
reached. These CPT-measurements provided ground-truth measurements of the subsurface 
resistivity and information about the lithology.  
 
RESULTS OF THE FIELDWORK 
With the 33 CPT’s and the 10 CVES-profiles it was established that rapid changes of water 
quality and lithology occur in the polder area. The depth of the salt / fresh interface in this area 
varies between zero tot 50 m. The CPT measurements provided valuable detailed information 
regarding lithology and conductivity and facilitated the interpretation of the CVES-profiles. The 
general pattern is that the depth of the interface between fresh and salt groundwater is deepest 
below the coastal dune and decreases towards the south in the polder area (Figure 2). 
The survey revealed unexpected new insights in the groundwater system. At certain locations in 
the polder area, for example south of the village of Landerum, the interface is much shallower 
than expected (figure 3). This phenomenon is related to the presence of tidal channels up to 500 
years ago, before the present polder was established.  
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Figure 2. North-South transect in the polder area showing the resistivity distribution as measured 
with the CVES and the conductivity with depth at two locations along the CVES transect as 
measured with a conductivity probe. 
 
 

 
 

Figure 3. CPT-Resistivity graphs in the polder area. 
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The pattern of the depth of the interface is in these areas is much more complicated then was 
previously calculated with MODFLOW and the SWI- package. The newly obtained information 
about the lithology, and water quality was used to improve the calibration of the groundwater 
model. This resulted in a better fit with reality and therefore should also result in a more realistic 
prediction of the effects of possible activities. 
 
In the dune area the fresh – saltwater interface lies too deep to measure with standard CPT’s. The 
5 TDEM measurements showed that the depth of the interface varies between 70 and 90 m below 
mean sea level. These values corroborated the existing information from geophysical borehole 
logs and water quality data. Because of the high resistivity contrasts less equivalence problems 
were expected and encountered in the interpretation of the TDEM measurements so that the 
depth of the interface could be established with a high degree of certainty. 
 
The CVES and CPT measurements that were carried out on the beach at low tide revealed the 
occurrence of fresh groundwater below a 15 m thick layer of saline groundwater, up to 60 meters 
below sea level at the low water line. Similar results were found by De Panne and Wassenaar 
along the coast of Belgium and the western part of the Netherlands. Further investigations will be 
carried out to establish if this fresh water lens is part of the present hydrological system or a relic 
of the former fresh water lens that became submerged by the sea as the island migrated south in 
this highly active sedimentary environment.  
 
CONCLUSION 
In sandy areas with a shallow fresh/salt interface geo-electrical measurements combined with 
cone penetration tests with a conductivity probe, can provide detailed relevant information 
within a couple of days. The information obtained regarding lithology and groundwater quality is 
much more detailed than what can be obtained in a field campaign based on drilling with the 
same budget. The combination of CVES method and the CPT’s proved to be an excellent method 
to map lateral changes. The problem of equivalence can be solved and therefore changes due to 
water quality can be distinguished from changes in lithologie. This detailed information can be 
used to improve the calibration of groudwatermodels used for predicting the effects of possible 
activities on the location of fresh and saltwater interfaces.  
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