
Effects of 25 years of deep fresh water infiltration on natural 
saline water in coastal area of Castricum, the Netherlands 
 
Lucas Borst1, Joris Paap1  
1PWN Water Supply Company, Velserbroek, the Netherlands 

ABSTRACT 
Deep infiltration and abstraction of fresh water in a saline environment have been in 
operation for over 25 years in Castricum, the Netherlands. The data collected over this 
period give insights in the behavior of fresh and salt water over the years. Due to about 5% 
overinfiltration the saline water is kept at safe distances, but as new pumping regimes are 
required to meet changing water demands, potential salinization is always present.  
 
In the last 25 years changes in salinity in monitoring wells just outside the well field were 
observed, resembling upconing. Because of the infiltration, the upconing did not appear right 
below the abstraction wells, but outside of the well field. Due to infiltration, saline water was 
pushed up from the underlying aquitard into the aquifer. As overinfiltration continued, the 
salinization was flushed out and the fresh-salt interface was pushed down into the aquitard. 
The upconing was flushed away in about 20 years of practicing the deep infiltration system. 

INTRODUCTION 
For the production of drinking water for about 2 million people in the province of Noord-
Holland in the Netherlands, pretreated river water is infiltrated in the dune area, which is 
later abstracted. About 90% of the infiltrated water is recharged through ponds in the 
shallow phreatic aquifer since the 1950’s, but another 10% is infiltrated and abstracted in a 
deep aquifer between 50 and 90 m deep since 1989. Since the deep infiltration system is 
located only at 1500 m distance from the sea, saltwater intrusion and salinization are a 
serious potential hazard. The location of the deep infiltration system is shown in Figure 1. 
 

 
Figure 1.  Location of the deep infiltration system, near the North Sea coast 

Problem definition 
The local situation implies that there are several potential salinization processes. The 
recharge and abstraction system is situated in a fresh aquifer, just overlying a thin saline 
aquitard. Overextraction may result in upconing from the aquitard and the aquifer below. 
Another possible source of saline groundwater is the North Sea, which is located at only 
about 1500 m from the groundwater system. Finally, climate change may effect salinization 
processes, due to changes in pumping regimes to meet changing water demands, but also due 
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to changes in rain fed recharge, sea level rise and land subsidence. Until 2015 the amount 
abstracted was kept at 5% less than the infiltrated amount on more or less a daily basis. From 
2015 onwards, the balance is kept on a seasonal basis instead of a daily basis, creating a 
higher peak production capacity. Changes in pumping regimes might result in salinization, 
creating a demand for more insight in the fresh-salt interaction around the deep infiltration 
system. 

Hydrogeology 
The phreatic aquifer consists of dune sands and has a thickness of about 15 to 25 m. Below 
the top aquifer thin clay and peat layers are present, which overly a second thin aquifer. The 
second confining layer consists of thick clays, which are quite impermeable. The third 
aquifer is build up from coarse fluviatile sands, containing few thin clay lenses. This third 
aquifer lies at a depth of  approximately 50 to 100 m below surface level. At the bottom of 
the third aquifer a confining layer is present. These are warve sediments, consisting of thin 
alternating seasonal sedimentary layers of sand and clay, which are highly heterogeneous. 
The fresh-brackish and the brackish-salt interface are within these warve sediments. Since 
the 1920’s the salt water level rose due to overpumping in the shallow aquifers. However, 
since the start of artificial recharge in 1958, the fresh-salt interface has been more or less 
stable, as can be seen in the figure below (Koster, 1999).  
 
The deep well system is located in the third aquifer. 20 wells inject the water at a depth of 50 
to 90 meters on estimate. 12 abstraction wells surrounding the injection wells, pump up the 
water between approximately 50 and 70 meters.  
 
At the location of the deep wells the natural groundwater flow is from west to east, with a 
flow velocity of about 10 m per year.  
 

 
Figure 2.  Cross-section over the dune area. Dark grey polygons are clay layers, light 
grey are fine sands and silts. Fresh-salt boundaries are shown for 1922, 1980 and 2011 
 

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

101

Table of Contents
for this manuscript



METHODS 
Since the 1920’s groundwater samples were taken in the study area and further analyzed in 
the laboratory. These groundwater samples give insight in the groundwater salinity at the 
start of the deep infiltration in the coastal dune area (Stuyfzand, 1985, Stuyfzand 1993). 
Since the 1980’s geo-electrical cables in deep boreholes are used to monitor soil resistivity, 
from which groundwater salinities are deduced. Around the well field 20 of these cables, 
with each 13 electrode pairs between approximately 70 to 110 m deep, are monitored. 
Results from these cables give detailed information of changes in salinity over the past 30 
years, with intervals of about one month to 3 months. These measurements are calibrated 
using chlorine samples, taken at an annual interval. 
 
In 2011 geophysical measurements of the whole dune area were taken, using airborne 
SkyTEM (Auken et al, 2009). These measurements were interpreted to geology and fresh-
salt boundaries, giving insight in the spatial distribution of clay layers and fresh-salt 
interactions (Schaars and Rolf, 2013) 
 
Since the last two years automatic dataloggers are used along the coastline (CTD-Diver by 
Van Essen), which monitor groundwater levels, temperatures and conductivities. Although 
these data are not yet used in the present reporting, these might give detailed point 
information about temporal changes in salinization and freshening.  
 
In order to be more flexible in the future the system will be used as an ASR (Aquifer Storage 
and Recovery), functioning as a seasonal storage for fresh water. Several scenarios were 
modelled, using Triwaco (van der Linden, 2015) with Seawat (Langevin, 2009) for density 
dependent solute transport. 

RESULTS 
The monitoring results show that as extraction increased, after abstractions began in the 
1920’s, the fresh-salt interface moved up with speeds up to 0,75 m per year. After shallow 
river water infiltration started in 1958, the interface more or less stabilized (Stuyfzand, 
1985).  
 
Since the deep infiltration system started, it has an overinfiltration of about 5% on a daily 
basis, which led to a slow downward movement of the fresh-salt interface in the direct 
vicinity of the system. Along the coastline the salt water has been driven back to the sea, due 
to both the shallow and the deep infiltration systems. The development of the fresh-salt 
interface is shown in Figure 1. 
 
One of the interesting results from the geo-electrical cables is shown in Figure 3. The 
location of the monitoring point is just outside the well field and this phenomena was found 
in several monitoring points both upstream and downstream of the well field. Infiltrated 
water finds its way into the aquitard, mobilizing the saline water there. Due to abstraction of 
water some upconing happens near the abstraction wells. Because there is influence of both 
abstraction and infiltration, the upconing only occurs outside the well field and not exactly 
below the abstraction wells. This is shown in Figure 4. After some years the saline water is 
flushed from the top of the aquitard and the fresh-salt interface is pushed downward.  
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Figure 3.  Time series of geo-electrical cable measurements. The salinity over time  
(x-axis, in mg/Cl/l) and depth (y-axis, in metres) is shown from fresh (light) to saline 
(dark grey). The plume has a salinity of about 150-200 mg Cl per litre.  
 

 
Figure 4.  Conceptualisation of groundwater flow near deep infiltration system.  
1) natural groundwater flow. 2) Abstraction wells. 3) Infiltration wells. 4) Initial 
position interface (straight line) and movement of  the interface (dotted). 5) zones with 
strong dispersive mixing (van der Linden, 2015). 
 
Using the Seawat model to identify the potential hazards of upconing and the allowable 
abstraction rates, the fresh-saline interface was modelled. The model showed the same 
salinity distribution around the well field, and also the freshening after several years was 
modelled (van der Linden, 2015). 
 
The monitoring and the modelling show that this type of upconing can be temporal and non-
destructive for the groundwater extraction. 

DISCUSSION AND CONCLUSIONS 
Over 25 years of data collection around the deep infiltration system results in highly 
temporal detailed information about this system. The information is however only available 
for a limited number of locations. Some modelling has been done to explore the potentials of 
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different abstraction regimes, which do show the same processes of a form of upconing. 
However, more detailed modelling purposed to gain insight in this phenomena might give 
more information.  
 
Although there are quite some drillings, piezometers and TEM data, the heterogeneity of the 
underlying confining layer is not well known. Since the fresh-salt interface is just in or 
below this confining layer, the potential hazards of salinization highly depend on the 
heterogeneity. The 25 years of production of the system can be regarded as one big pumping 
test, but detailed pumping tests are not yet undertaken. Those are being planned at the 
moment and hopefully help to predict salinization and freshening.  
 
The salinization in the monitoring wells is only temporal. The saline water is mobilised by 
the infiltrated water, after which it takes some years to be flushed.  
 
In the upcoming year the technical specifications of the deep infiltration system will be 
updated, resulting in better monitoring of groundwater levels, discharges, temperatures and 
conductivities. A few new wells will be installed, since some old ones are clogged. The new 
wells will be equipped with fibre optic cables to be able to monitor temperature profiles.  
 
Lastly, the 25 years of data hold much more information than we have unravelled now. 
Further data analysis is needed to gain new knowledge on the behaviour of the deep 
infiltration system.  
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