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Data base:  

• 365 borehole layer description / • Seismic reflection survey 

• Ground penetrating radar / • Vertical electric soundings (Schlumberger)  

• 2D resistivity profiles / • 550 km airborne electromagnetics (HEM) 

• 70 Direct-Push logs / • 12 pumping tests and 5 Slug-Tests 

• Magnetic resonance soundings MRS / • 2 vertical electrode chains 

• Hydraulic head and electrical conductivity of open water  

and groundwater surfaces  

• Density and electrical conductivity from 300 water samples 

• Estimation of groundwater recharge / • .….. 
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Numerical model: 

• Hydraulic and mass transport boundary 

conditions adapted to complex coastline 

• 39 horizontal layers 

• Extremely fine discretization to resolve complex 

coastline for areas with high gradients of fresh-

/saltwater distribution and areas with well fields.  

• ca. 1.5 Mio elements 

• kf values: 2 × 10-4 – 10-8 m/s 

INTRODUCTION 

The goal of the EU Interreg project CLIWAT, carried out in collaboration with 16 partner 

institutions of the North Sea neighbouring countries Denmark, Germany, Netherlands and 

Belgium, is to investigate the impact of climate change (temperature, precipitation, sea 

level rise) on the freshwater resources in the coastal areas. In particular, the drinking 

water resources of barrier islands like Borkum (Fig. 1) are endangered by increasing salt 

water intrusion. The future development of the salinity distribution in the subsurface can 

be simulated by means of a numerical density-dependent groundwater model. This model 

has been set up for Borkum on the basis of comprehensive hydraulic, hydrological and 

geophysical field measurements. The data were obtained on Borkum mainly during the 

years 2008 and 2009. The aim is to establish a comprehensive knowledge base to be 

able to adopt measures for areas at risk of climate change.  

NUMERICAL MODEL BORKUM 

Based on statistical evaluation of borehole columns, seismic sections and airborne 

electromagnetic (HEM) data a hydrogeological model is set up. The groundwater model is 

developed using the finite-element code FEFLOW® (Fig. 2). The density-dependent 

groundwater model is calibrated on the basis of hydraulic, hydrological and geophysical 

data, especially HEM. Changes in this coastal groundwater system until the year 2100 

were simulated using climate-change-related varying parameter for sea level (0,94 m) 

and precipitation (5-10%) (Table 1). Pumping rates were assumed constant and the same 

as today’s. 

WHAT WILL BE HAPPENING ON BORKUM UNTIL 2100? 

Due to the about 1 m risen sea level, areas of the low lying marshland on the seaward 

side of the dikes as well as large beach areas will be below sea level. Without appropriate 

protection measures these areas will be lost to the tidelands (Fig. 3).  

But simulation results also show that, despite sea level rise, the general shape of the 

freshwater lens is hardly affected. The reason for this is the also increasing groundwater 

recharge (Fig. 4). In some areas even a refreshening is seen. At greater depths changes 

at the lens are limited to the vicinity of the waterworks where upconing of saltwater will 

threaten the drinking water quality (Fig. 4).  

This becomes more clear if we look at the spatiotemporal evolution of the mass 

concentration at special borehole locations (Fig. 5). Both profiles (CLIWAT 1 and CLIWAT 

2) show the advancing salinization with time beneath the well fields of the two waterworks 

Waterdelle and Ostland. Until the end of this century salinization will increase significantly 

and may become a problem for drinking water quality. Especially endangered will be the 

deep well screens of waterwork II Ostland. 

The research shows that protection measures are necessary until 2100 to prevent the 

well screens of both waterworks from exceeding salinization caused by climate-induced 

sea level rise and excessive exploitation. With the help of the numerical groundwater 

model we can optimize the location of new wells which could relieve the waterwork and 

prevent the well fields from upconing of saltwater. Doing so, drinking water quality could 

be assured. We need new wells in adequate distance to the upconing zone in areas 

where the simulation results show good water quality. Older wells endangered by 

advancing upconing of saltwater, e.g. in the centre of the salinization upconing zone (Fig. 

4), must be closed. In this way it is possible to keep water quality until the end of the 

currrent century without reducing pumping rates.  

2010 2100 

15 m Depth = 0 m 30 m 50 m 

2010 

2100 

total disolved solids [mg/l]  

-70

-60

-50

-40

-30

-20

-10

0

0 5000 10000 15000 20000 25000

d
e
p

th
 [

m
]

computed for year 2010

computed for year 2100

CLIWAT 2 - Ostland 

total desolved solids [mg/l] 

-70

-60

-50

-40

-30

-20

-10

0

0 5000 10000 15000 20000 25000

d
e
p

th
 [

m
]

computed for year 2010

computed for year 2100

CLIWAT 1 - Waterdelle 

total dissolved solids [mg/l]                   total dissolved solids [mg/l]  

Fig. 1 Left: Freshwater lens  

(schematic), right: location of wells of waterworks Waterdelle (west) und Ostland (east). 

Fig. 2 Database and setup of numerical groundwater model. 

Fig. 3 Computed groundwater table in 2010 (left) and 2100 (right). 

Fig. 4 Computed freshwater lens in 2010 (upper row) and 2100 (lower row). 

Fig. 5 Spatiotemporal evolution of the vertical mass concentration (TDS) for the years 

2010 and 2100 at the boreholes CLIWAT 1 and 2. 
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Table 1 Expected climate changes 

until 2100 in Denmark (DK), 

Germany (DE), Netherlands (NL) 

and Belgium (BE); from „the 

CLIWAT handbook“. 

Values for Germany are in 

accordance with the local climate 

atlas „the Norddeutscher Klimaatlas 

(Region Nordseeküste)“  
http://www.norddeutscher-klimaatlas.de. 
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