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ABSTRACT 
The famous Deltaworks in the SW-Netherlands, in reaction to the 1953 disastrous marine 
inundation with 1836 casualties, resulted in the (partial) closure of various tidal inlets and 
fluvial outlets in the estuary of the Rhine and Meuse Rivers. By damming the Grevelingen 
sea arm in 1971, a large salt water lake formed with a rather constant chlorinity (16,560 
mg/L similar to coastal North Sea water) and a fixed water level at 0.2 m BSL, while several 
sandbanks in it became permanent islands thanks to lack of tidal submersion. 
 
One of those islands is Veermansplaat, about 4 km long, 0.5-1.4 km wide and with a very 
flat land surface between 0.2 m BSL up to 1.0 m ASL. Since 1971 a ‘free’ freshwater lens 
formed there, attaining a maximum thickness of about 14 m in 24 years, with an average 
groundwater table at 0.35 m ASL in the central parts. The transition zone (150-15,000 mg 
Cl/L) is about 6.5 m thick there. 
 
Particular aspects of this island consist of (i) seasonal runoff and stagnant fresh surface water 
during winter and early spring, (ii) the vegetation zonation today (from low to high: saline 
pioneers, saline grasses, grasses with orchids, and dense dune shrubs with deciduous trees), 
and (iii) the occurence of hypersaline conditions (Cl up to 47,000 mg/L) along the island 
banks. 
 
The shape, size, transition zone and growth rate of the freshwater lens could be very well 
simulated by closed-form analytical solutions, assuming a relatively low average 
groundwater recharge rate (0.20 m/a) and a transversal dispersivity of 0.0025 m. Periodical 
inundation of the island banks with seawater, up to 50-150 m inland, and evapoconcentration 
explain the strong lakeward salinity increase. This gradient could be simulated in the 
uppermost groundwater, with an analytical solution based on among others the salinity of 2 
end-members (fresh and salt), the evapoconcentration factor (depending on vegetation type), 
the inland decreasing inundation frequency, and average thickness of the unsaturated zone. 
 
The chemical composition of the upper 2 m of groundwater was studied in detail along 
transects inland, using a special hollow-stem hand auger. The fresh water composition was 
dictated by CaCO3 and diatom dissolution, reduction (showing pyrite formation and pyrite 
oxidation on different places), and cation exchange and sorption predominantly due to fresh 
water expansion. The hypersaline water exhibited clear signs of evaporation of seawater, 
gypsum precipitation, removal of B, and no signs of Br fractionation. 
 
This study was initiated to study the formation of a freshwater lens under the very special 
condition of a sudden rise of the island above a more or less tideless seawater level at an 
exactly known moment, and to learn about the special habitat conditions of abundant fen 
orchid on the island.  
 

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

125

Table of Contents
for this manuscript



KEYWORDS: island, freshwater lens, shape, growth rate, analytical solutions, inundation, 
hydrochemistry 
 
Contact Information:  Pieter J. Stuyfzand, KWR Watercycle Research Institute, Water systems and 
Technology Department, Groningenhaven 7, PO Box 1072, 3430BB Nieuwegein, The Netherlands, 
Phone: 0031-6-10945021, Fax: 0031-(0)30-6061165, Email: pieter.stuyfzand@kwrwater.nl 
 

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

126

Table of Contents
for this manuscript


	Back Cover
	Session 7 --- Island Hydrogeology
	Formation and Hydrogeochemistry of a Freshwater Lens on a Sandbar Island in Saltwater Lake Grevelingen, The Netherlands


	Author Index
	S
	Stuyfzand, Pieter J.
	Formation and Hydrogeochemistry of a Freshwater Lens on a Sandbar Island in Saltwater Lake Grevelingen, The Netherlands




