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ABSTRACT 
The island of Baltrum and large parts of its freshwater lens were inundated by a storm flood 
in 1962. The propagation of the saltwater front was tracked with geoelectrical and 
hydrochemical measurements over several years. Despite its almost complete destruction, 
the recovery of the lens was surprisingly fast, saltwater was almost completely gone in 1968. 

INTRODUCTION 
The island of Baltrum, Germany, is the smallest (6.5 km²) of the East Frisian Islands which 
are located in the North Sea. These islands form a chain of geologically young barrier islands 
at the rim of the tidal Wadden Sea (Figure 1). The local freshwater lens, formed in 
unconsolidated Holocene sediments, has horizontal dimensions of around 1 km x 1 km and a 
maximum thickness of 50 m. The lens was used for the water supply of the residents and 
tourists (62,800 m³ in 1962). A comparison of geoelectrical investigations from the 1950s 
and 1960s indicated that the lens had decreased in size and was probably being over-
exploited. 
 

 
 

Figure 1. Location map of Baltrum and the Frisian Islands.  
D = Germany, NL = Netherlands, F = France, CZ = Czech Republic 

 
During the night of the 16th to the 17th of February 1962, a massive storm flood struck the 
North Sea area, causing destruction and the inundation of large parts of the island. The 
infiltrating saltwater affected large parts of the freshwater lens and several wells used for 
drinking water production.  
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METHODS 
Geoelectric measuring campaigns were executed in 1963, 1964, 1965 and 1968 by the State 
Geological Survey of Lower Saxony (NLfB, now LBEG) to track the movement of the 
saltwater and the recovery of the lens (Rülke 1969). Additionally, shallow observation wells 
with different screen depths (2, 4 and 6 m below groundwater level) were drilled already 
within a few weeks after catastrophe. They allowed the tracking of the vertical propagation 
of chloride over a period of two years, as an indicator of the saltwater front.  
 

RESULTS 

Geoelectrical investigations 
The geoelectrical profiles show that the infiltrated saltwater occupied large parts (laterally 
and vertically) of the freshwater lens in 1963 and 1964 (Fig. 2). In the course of those two 
years, however, the resistivity of the saltwater plume already suggests a significant 
freshening (40 to 30 Ωm). A layer of fresh groundwater already overlies the intruded 
saltwater in 1963, one year after the flooding. In 1965 the plume had disintegrated further 
into several brackish water pockets. In 1968, the central part of the freshwater lens had 
mostly recovered to its pre-flooding state but brackish water occurred at the northern and 
southern rim, possibly due to excessive pumping.  
 

 
 

Figure 2.  Development of the geoelectrical resistivity over time (1963-1968) for a N-S 
cross section of Baltrum (numbers = resistivity in Ωm, white = freshwater, diagonal 
hatch = brackish water, cross hatch = saltwater). Modified after Rülke (1969) 
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Hydrochemical investigations 
Several shallow pits were dug in the inundated part of the island four days after the flood. 
These revealed that the groundwater at the water table had chloride concentrations of 15,000 
to 17,000 mg/l, corresponding to slightly diluted sea water. 
 
Fifty days after the event, the depth-specific chloride time series in the observation wells 
showed that the saltwater had already been diluted to a third of its initial concentration at the 
groundwater table (Fig. 3). The temporal shift of the highest chloride concentrations between 
the 2 and 4 m screen can be used as a rough estimate of the vertical saltwater propagation 
velocity. The peak shift covers the vertical distance of 2 m in around 50 days. Because such 
a high velocity cannot be explained by groundwater recharge, density-driven propagation 
must be invoked. The presence of secondary peaks (e.g. between 180 and 400 days at 4 m) 
and the diffuse profile of the 6 m screen shows that saltwater movement is strongly affected 
by mixing, dilution and later outwash of saltwater stored near the surface. The chloride 
concentrations of the 2 m screen returned to pre-inundation values of around 50 mg/l after 
two years. 
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Figure 3.  Development of the chloride concentrations over time in an observation well 
nest screened at three different depths. 

DISCUSSION 

Recovery 
The surprisingly fast recovery of the lens within a few years was driven by three factors: (a) 
vertical density-driven migration of the saltwater, (b) mixing and dilution during this 
process, (c) active groundwater recharge pushing the saltwater downwards. The relative 
importance of these processes is yet unknown but shall be the objective of a numerical 
model.  
 
After the flood, some of the wells were used to pump brackish water from the aquifer but 
this proved to be counterproductive as it induced saltwater upconing. The isolated saltwater 
pockets encountered in the later investigations hint at locally diminished hydraulic 
conductivities or spatially variable recharge rates. 
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Consequences 
As a consequence of the flood, the suspected over-exploitation and an expected increase in 
tourism and thus water demand, the island changed to water supply from the mainland in 
1971. Five emergency wells are kept operational which can be activated in case of pipeline 
ruptures.  

Recent investigations 
The size and thickness of the freshwater lens on Baltrum was investigated in 2015 using 
helicopter electromagnetic measurements (HEM). Data processing is still ongoing. 
 
Also in 2015, groundwater samples were taken in three wells and one observation well to 
analyze the hydrochemical and stable isotope composition. Tritium helium age dating will 
also be performed on these samples in order to gain information on the age distribution 
within the lens and its groundwater recharge rate. 

CONCLUSIONS AND OUTLOOK 
The destruction and subsequent fast recovery of large parts of the freshwater lens on the 
island of Baltrum following the 1962 flood is a natural, large scale experiment which 
provides invaluable insights into the vulnerability and resilience of subsurface freshwater 
resources on islands. The colleagues who rushed to the scene and monitored the movement 
and dilution of the infiltrated saltwater through geoelectrical and hydrochemical 
measurements over the years after the disaster have left behind a legacy of important data.  
 
A numerical model will be set up to simulate the events with the aim to study the relative 
importance of groundwater recharge, density-driven flow and local heterogeneities in aquifer 
permeability on the transport of the saltwater plume. Geophysical and hydrochemical studies 
are underway to investigate the current state of the lens, and a physical sand tank experiment 
is also being considered. 
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