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In the southern part of the estuary of the rivers Rhine and Meuse large 
amounts of contaminated silt were deposited after 1970, when the dam in the 
Haringvliet outlet was completed. This closure strongly reduced river flow, tidal 
currents and salt water encroachment. The water infiltrating through the bottom of 
this broad river tributary was feared to contaminate the receiving aquifer system 
and adversely affect water quality in the low-lying polders in the estuary. On the 
other hand it was expected that salt water intrusion into the aquifer system was 
significantly reduced. 

A representative site (600 * 1200 m) was investigated in great detail, in order 
to determine the actual groundwater flow, the extent of salt and polluted 
groundwater intrusion, and the contaminant levels in this polluted ‘estuarine 
groundwater’. The major issue was to decide on the necessity to remove the entire 
silt layer or not. 
About 300 groundwater samples were taken from the upper 35 m of the aquifer 
system, using “sondage” technique with sampling through the conus on various 
depths, both on the water and at land. All samples were analysed on major ions, 
trace elements, organic microcontaminants and the natural isotopes 18O and 3H. 
In this contribution we focus on the curious spatial distribution of 7 estuarine 
groundwater types, their chemistry, recognition, age distribution and genesis. 

All groundwater types are composed of a mixture of Rhine River (72-82%), 
Meuse River (16-28%) and North Sea water (0.001-2%), as evidenced by chloride, 
oxygen-18 and tritium. A general solution is presented for determining the 
individual contribution of 2 river waters to their mixture with ocean water, on the 
basis of chloride and oxygen-18 concentrations. 

The groundwaters could be dated using a combination of the tracers chloride, 
tritium and oxygen-18. Ages varied in between 1 and about 200 years.  

The 7 groundwater types discerned, show diagnostic concentration levels for: (1) 
the tracers Cl, 18O and 3H, (2) parameters indicating contact with the recent, 
contaminated sludge layer at the bottom of the estuary (high: Ca, HCO3, Br, NH4, 
Mg, K, Fe, CH4, As,B, pentachlorobenzene and endrin), (3) parameters indicating 
the passage of a 3-5 meters thick aquitard at 15-20 m depth (very low:.NH4, Fe, Mn 
and As), and (4) parameters indicating progressive cation exchange due to fresh 
water intrusion in a formerly more saline aquifer (Na, K, Ca and Mg).  

The spatial distribution of groundwater types is largely determined by: (I) the 
areal extent of the recent polluted sludge layer, (II) the areal extent of much older 
aquitards and local short-cuts through these aquitards especially in the upper 20 m 
of the aquifer system, (III) the vertical salinity stratification in the estuary, and (IV) 
time dependent changes in boundary conditions (especially the damming of the 
Haringvliet outlet). 


