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Abstract. Dry feet or drinking water? Of course we want (and need) both! So how can it be 

that one of the world’s biggest and most innovative coastal defence projects turned out to be 

in potential conflict with drinking water supply? At first thought no one imagined there to be 

an issue. But unexpectedly combining these two basic needs of life turned out to be an 

interesting challenge. Without hydrological intervention, the drinking water production in the 

Dunea dune area would no longer have been sustainable due to the effects of two coastal 

defence projects.  

This paper will give insight in the challenges faced to protect the drinking water supply 

against salt water intrusion and groundwater pollution by presenting field research and 

groundwater model results. A study combining both resulted in the design of a system of 28 

interception wells on top of the dunes. Since the morphology of the coast is very dynamic 

here, the measure is demanded to be very flexible to enable mitigation of negative effects of 

the coastal defence projects now and in the future. The accompanying monitoring plan 

focuses on both the effectiveness of the system and ‘unexpected’ effects.  

Since sea levels are expected to rise in the future, coastal defence projects will play an 

increasingly important role in coming decades. The insights presented in this paper might 
help you to face what can be your challenge in the near future. 
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1. INTRODUCTION 

Since 1887, Dunea produces high quality drinking water using the dune area at Monster 

(Province of South Holland, the Netherlands). Annually, 8 billion litres of water is produced 

here using artificial recharge and recovery with shallow wells and infiltration lakes. The 

dunes are an important step in producing drinking water serving as an underground buffer, 

levelling fluctuating in temperature and quality and removing bacteria and viruses from the 

infiltrated water in a natural way.  

Since space is limited in the Netherlands, the drinking water production of Dunea is closely 

matched with surrounding land uses and natural constraints. This prevents groundwater 

nuisance, upconing and intrusion of salt water and in this case also movement of a nearby 

groundwater pollution. This is especially true in Solleveld where the dunes are fairly low and 

small; the coast is less then 350 metres from the recovery wells (Figure 1).  
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Figure 1a: Aerial photo of Solleveld, one of Duneas infiltration and recovery areas. Infiltration lakes and 

recovery wells are shown. Figure 1b: Aerial photo showing the dimensions of the sand engine. (BingMaps) 

The coast of Monster was identified as a weak link in the coastal defence of The Netherlands. 

Because of this, two coastal defence projects were carried out between 2009 and 2011. The 

first project involved creating an extra dune ridge in front of existing dunes. This lead to 

intrusion of a large volume of seawater (Figure 2a). Directly after completion, the Sand 

Engine was constructed (Figure 1b and 2b). This hook shaped sand peninsula will supply the 

coast with sand for the coming decades due to erosion and deposition along the coast. 

Figure 2a: ‘Rain bowing’ sand and sea water onto the coast of Solleveld in 2009 and 2010. 

Figure 2b: Sand Engine in front of the coast of Solleveld, (size: is 1.5km into the sea and 2km along the coast). 

2. RESULTS AND SOLUTIONS 

These two large coastal defence projects would obviously influence the tightly balanced 

hydrological system of Solleveld. Without hydrological intervention, the drinking water 

production would no longer be sustainable in this area. To study the effects of these projects 

and so find a solution to combine coastal defence and drinking water supply, field research 

and effect modelling were used interactively. The results are described below.  
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2.1 Field research 

In 2009, a field research was set up to monitor the effects of the coastal defence projects, 

especially the salt water intrusion, using different methodologies (focussed on both quality 

and groundwater levels). The results formed an important input to the effect models 

(described below). 

Figure 3a shows the effects of the coastal defence projects on groundwater levels. The first 

coastal defence project resulted in a groundwater level rise of 5 metres in the dunes within 

days. The pulse delayed and decreased while moving inland but was still almost 0.5 metre at 

a distance of 500 metres. These effects were temporary, although the depletion of the pulse 

took around a month. The effect of building the Sand Engine in 2011 was much smaller; 

groundwater levels rose 20 centimetres in the coastal dunes (Hoogmoed, 2011). These effects 

were only temporary. Models were used to determine the long term effects (Paragraph 2.2).  

Figure 3a: Groundwater level fluctuations due to coastal defence projects. Figure 3b Results of cone penetration 

tests shown on aerial map (red and light blue are resp salt and fresh groundwater, dark blue is unsaturated. 

Also, cone penetration tests (CPT) were done after finishing the first coastal defence project. 

The results are shown in Figure 3b (DHV et al., 2010). Combining these results with the 

chemical signature of groundwater samples indicated that the salt water intrusion moved land 

inward between 25 and 100 metres (middle and southern cross section). The difference is 

caused due to the shorter period between completion of the project and the measurements. 

2.2 Protecting the drinking water supply 

The field data was used to calibrate groundwater models which were then used to determine 

the effects of the coastal defence projects (Artesia, 2011). It was generally concluded that the 

combined projects would result in a seaward shift of the groundwater divide, which would in 

time lead to salinization of Duneas abstraction wells and land inward movement of a 

previously controlled pollution plume (Figure 4a, left).  

In a study by DHV et al. (2010), different options for controlling or mitigating the 

hydrological effects were studied. From a hydrological point of view, creation of an extra 

infiltration pond between the production area of Dunea and the dunes (with a water level 
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higher than the average high tide sea level) was the preferred option due to its effectiveness 

and technical simplicity. This was however not possible because Solleveld is a protected 

nature conservation area. An equally effective (but technically more demanding) solution was 

the construction of interception wells on top of the new dune ridge (28 in total). Figure 

4a(right) and b show model results regarding the effectiveness of this measure. 

Figure 4a: result of 2D-model on the left: salinization of abstraction well (circle) if no measure is taken, on the 
right: interception well prevents salinization of wells. Figure 4b: Streamlines visualize salt water intrusion and 

the effectiveness of the interception wells (shown as dots near the sea). (Source: Artesia, 2011) 

An important uncertainty is the size and location of the Sand Engine in time, since it is built to 

erode and deposit along the coast. Morphological models have been made on the behaviour 

of the Sand Engine, but recent data (2012) already show a different behaviour than predicted. 

Therefore, operation of the interception system must be flexible enabling mitigation of 

negative effects of the coastal defence projects now and under future coastal dynamics. The 

accompanying (dynamic) monitoring plan plays an important role regarding this (Buma et 

al., 2012). It focuses on the effectiveness of the interception wells, but also on effects caused 

by unexpected behaviour of the system. Together, the interception system and monitoring plan 

are expected to guarantee further sustainable use of the dunes of Solleveld for drinking water 

production, as it was for over a hundred years before. 
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