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ABSTRACT 
To restore tidal salt marshes along the Westerschelde (estuary of the North Sea) agricultural 
land (75 ha) was given back to the sea. A self-flowing seepage system was installed at the 
border of this new tidal area and the adjacent agricultural area to protect a precious 
freshwater lens which is used for irrigation. Monitoring results showed that the seepage 
system is functioning well and that it will even be possible to let grow the freshwater lens.  

INTRODUCTION 
About 25% of the Netherlands is situated below sea level and pumps are needed to keep the 
area dry for living and agriculture. These areas are called ‘polders’. The first polders 
originate from around 1000 AD when the reclamation of land from the sea and lakes started 
in the Dutch coastal area. Below these polder areas, saline groundwater is often found at 
shallow depth. Freshwater is only found in lenses below sandy dunes or higher elevated 
fossil creek ridges (Pauw et al., 2015). In the low-lying reclaimed salt marshes, upward 
seepage of saline groundwater prevents the infiltration of rainwater resulting in very thin 
rainwater lenses (De Louw, 2013).  

    
Figure 1.  Cross-section (left) and map (right) showing the position of the seepage 
system and the new tidal area. The thickness of the fresh water lens (left) was 
determined in monitoring points EC102, EC101 and EC111 using EM-SlimFlex   
 
The last few years, the opposite of reclamation is happening (de-reclamation); i.e. vulnerable 
agricultural land is given back to the sea to restore tidal salt marches. In the southwestern 
part of The Netherlands, a 75 ha agricultural area called Perkpolder was turned into tidal salt 
marches (Figure 1). At 25th of June 2015 the open connection to the sea was realized. The 
average water level for this new tidal area changed from polder water level (1.0 m below sea 
level) to average sea level and consequently will affect the groundwater system in the 

24th Salt Water Intrusion Meeting and the 4th Asia-Pacific Coastal Aquifer Management Meeting, 4 –8 July 2016, Cairns, Australia

67

Table of Contents
for this manuscript



adjacent agricultural area. This can be seen as a local sea level rise of about 1.5 m. Since 
2010, hydraulic heads and the fresh-saline interface is being monitored to capture the 
reference situation and to determine possible effects resulting from the development of the 
new tidal area.  
 
Below the adjacent agricultural area, a freshwater lens of about 10 to 15 meters provides 
farmers with fresh groundwater for irrigating their crops (Figure 1). In order to protect this 
freshwater lens from shrinking, a self-flowing seepage system was designed and installed to 
compensate the effects resulting from this local sea level rise. In this paper, we will describe 
the design of this mitigation measure and the monitoring results showing that the self-
flowing seepage system is functioning well.  
 

  
Figure 2.  Cross section of self-flowing seepage system with seepage pipes and control 
unit (left) and photo of control unit with weir (right) 

METHODS 
The freshwater lens below the agricultural area is one of the Badon Ghyben Herzberg type 
and will eventually shrink when hydraulic heads below the lens increase caused by the local 
sea level rise. The task of the self-flowing seepage system is to release the increased pressure 
in the aquifer preventing the freshwater lens to decrease in size.  
 
The self-flowing seepage system consists of 61 vertical seepage wells with 5-10 m long 
screens, installed in the aquifer at 12 to 17 m depth. The distance between the wells is 15 to 
20 m and the total length of the seepage system is 1100 m. The vertical seepage wells are 
connected in the subsoil with horizontal tubes which end up in control units (Figure 2). The 
hydraulic head gradient (Δh) can be regulated by raising or lowering the water level in the 
control unit using weirs (Figure 2). In this way the discharge of the seepage system can be 
regulated. Since the hydraulic head in the aquifer is higher than the surface water level in the 
control unit and ditch, seepage wells are artesian and self-flowing and no pumps are needed 
to extract the groundwater from the aquifer. The extracted seepage water is discharged into 
the surface water system and transported to a pumping station (at 1 km) where it is pumped 
out of the polder into the sea. 
 
A detailed monitoring network was installed for three reasons: (1) monitoring the effects of 
the new tidal area on the groundwater system in the adjacent agricultural area,  

24th Salt Water Intrusion Meeting and the 4th Asia-Pacific Coastal Aquifer Management Meeting, 4 –8 July 2016, Cairns, Australia

68

Table of Contents
for this manuscript



(2) monitoring the functioning of the seepage system, and (3) to inform the farmers. At 21 
locations the hydraulic head in the aquifer is measured every hour with automatic monitoring 
devices (‘Diver’). At 15 locations the fresh-saline interface (salinity – depth profile) is 
measured every half a year with the EM-SlimFlex. The discharge of the seepage system as 
well as the salinity is measured every hour in two control units which are connected to 3 and 
7 seepage pipes.  
 

 
Figure 3.  Part of the self-flowing seepage system with the position of seepage pipes and 
control units at the border of an agricultural field 

RESULTS 
Figure 4 shows the time series of the hydraulic head (screen depth 12 m below ground level) 
for a location between two vertical seepage pipes, near monitoring point EC102 (Figure 1). 
The tidal fluctuation of the hydraulic head increased from 10 cm (before 25 June) to 60 cm 
(after 25 June) resulting from the local sea level rise (development of the new tidal area). 
The increase of the daily mean hydraulic head was 16 cm. The seepage system was closed 
during the first month to determine direct effects of the local sea level rise where after the 
seepage system was thrown open. This resulted in a decrease of about 29 cm of the daily 
mean hydraulic head which show that the hydraulic head could be reduced more than the 
effects of the local sea level rise which is more than needed. Direct effects in the agricultural 
area due to the new tidal area and seepage system were only detected for monitoring points 
within 100-200 m from the tidal area. 
 

 
Figure 4.  Time series of hydraulic head between two vertical seepage pipes 
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The measured average discharge of the seepage system was over the period October – 
December 2015 410 m3/day and the average salinity was 35 mS/cm. As expected, the EM-
SlimFlex measurements in December 2015 didn’t show any changes in fresh-saline interface 
due to the development of the new tidal area (Figure 5). Changes of salinity are induced by 
transport processes which are far more slowly than changes in hydraulic head caused by 
pressure transfer.  
 

 
Figure 5. Salinity with depth measured with EM-SlimFlex  

DISCUSSION AND CONCLUSIONS 
From the measurements it was concluded that the seepage system was functioning well 
enough to compensate the effects of the new tidal area. Moreover, the seepage system could 
also be used to let grow the freshwater lens by extra lowering the hydraulic head during 
times of precipitation surplus. Further research (model calculations) will be carried out to 
verify this and to optimize the regulation of the seepage system. 
 
The situation in Perkpolder which is giving agricultural land back to the sea, can be seen as a 
local sea level rise for the adjacent area. The Perkpolder can therefore be used as a field 
laboratory where effects of sea level rise are measured and mitigation measures for sea level 
rise are tested. Since the system is technically and geohydrologically working well, it could 
also be applied in other coastal areas, like small ocean islands. Their vulnerable freshwater 
lenses are seriously threatened by the expected future sea level rise. The seepage system 
could help to protect their precious freshwater resources. 
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