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Abstract. In deltaic areas with saline seepage freshwater availability is often limited to 

shallow rainwater lenses which are vulnerable to climate change. Under certain conditions 

the rainwater lens may become so small that saline groundwater may reach the root zone via 

capillary rise, affecting crop growth. Field measurements in the south-western delta of the 

Netherlands showed a gradual mixing zone between infiltrating fresh rainwater and upward 

flowing saline groundwater. The mixing zone is best characterized by the depth of the centre 

of the mixing zone Dmix, where the salinity is half that of seepage water, and the bottom of 

the mixing zone Bmix, with a salinity equal to that of the seepage water. Dmix is found at very 

shallow depth in the confining top layer, on average at 1.7 m below ground level. A 

regionally driven upward groundwater flow from the upper aquifer into the top confining 

layer prevents the rainwater from infiltrating to greater depths which explains the limited size 

of the lenses. Mixing between rainwater and saline seepage water therefore always occurs 

within the confining layer. This mixing mechanism is analyzed with the help of various 

detailed cross-sectional models of a tile drained agricultural field, constructed with Seawat. 

The cell size of the model was 1 by 1m with layer thickness of 0.1 m and a daily varying 

recharge as dynamic input. We analyzed the daily vertical head and flux profiles and 

determined the lens characteristics. The results showed that large vertical head gradients 

develop which constantly change due to the interplay of upward seepage, variable recharge 

and drainage of groundwater. This causes a constantly alternating upward and downward 

flow at low velocities. Whether a water particle is flowing upward or downward is indicated 

by the position of the vertical flow tipping point (FLTP) which is the depth where the 

downward flow component meets the upward flow component. The daily varying FLTP was 

determined from 76 different modeled cases. The annual average position of the FLTP 

corresponded with Dmix and the maximum depth of the FLTP with Bmix. From this we 

conclude that the constantly alternating upward and downward flow at low velocities in the 

confining layer is the main mechanism of mixing between rainwater and saline seepage and 

determines the position and extent of the mixing zone. Recharge, seepage flux, and drainage 

depth are the controlling factors. 
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