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Interdisciplinary approach for subsurface characterization

Direct push (DP) tests and Electrical Resistance Tomography (ERT)
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e . Figure 1: Interdisciplinary appraoch to understand the ~ W recharee. “ Figure 6: EC and Chloride Figure 7 shows the EC distribution in 5 DP points along ERT profile  representation of the aquifer up to 100 m (Sulzbacher et al., 2012)
comprehen_slve underStan-dmg fresh water lens aquifer dynamics in Borkum Island e neseneter Figure 5: Locations of direct push tests and (Cl) distribution at DP 34. 1. It indicates that at DP 36 and DP 51, the near subsurface IS The vertical extent of the freshwater lens is limited to 50 m bsl but in some
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understand the aquifer characteristics and its influence on the freshwater—saltwater interface. fresh water reserve in the middle and the mixing zone at the bottom DP test will provide more information about the interface. distribution.

(20 m to 25 m depth) can be clearly seen.

Study area - Borkum Island, Germany Freshwater - Saltwater interface from HEM data

Freshwater - Saltwater dynamics (Hydrogeochemistry)

...... Borkum,_ e_ltyplcal barrier island, is the western most of the To Investigate the horizontal and vertical extent Figure 11 shows the transport of salt water in the vertical direction at location DP 57 in the freshwater lens.
East Frisian Islands at _the North _Sea coast_ of Lower of fresh water lens, BGR performed a Within six months (from Oct 2008 to March 2009), the Cl concentrations in DP 37 and DP 38 reduce sharply
o P eSu el Saxony, Germany. The island consists of mainly dunes helicopter-borne electromagnetic (HEM) survey at 5 m and 10 m depth but increase at 20 m depth. The salt water at the top mixes with rain water, becomes
oNWEES o e towards the ocean side and marshlands towards the land in March 2008. Figure 9 (top) gives an excellent less saline, flows downwards (due to density gradient and the regional groundwater gradient) and increases
: @ water supply wells S|de._ln 1934, a dike was built to protect the island from overview of the horizontal extent of the fresh the Cl concentrations of the freshwater at the bottom. Similar tendencies can be seen in Figure 11(d) for
T """CA..L'WAT boreholes | flooding. water lenses at two different depths. At 5 m bsl, major anions (SO, and CI) and cations (Ca, Na). Ratios of SO,, Ca and Na to Cl for a water sample at 5 m
" The average elevation of the dune is 4 m with a the infiltration of salt water due to flooding in depth show a similar signature to that of sea water at the Wadden Sea. It indicates that the salt water at the
"'ffm ' maximum elevation of 24 m. Ky y. Y. ANEREE 2007 is clearly visible. It cannot be distinguished top layer of DP 57, OD 37 and OD 38 is due to the flooding event in 2007. With time, the water might have
» The main feature of this island‘s hydrogeology is the , i e N % 1 at 40 m bsl. Two cross sections (Figure 9, moved further downwards and could stay at the top of the existing bottom of the freshwater lens.
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______ MY, sand to medium Holocene sand and they are up to 20 g . S % 1995. Figure 10 shows the interlace at 10 m and Figure 11: (a) EC distribution below the surface up to 20 m depth obtained from a direct push test: DP 57. (b) lithological

m thick. Approx. 20 m below the sea level (bsl) a 2 to 50 m depth in three years: 1972,1995 and 2008. profile of OD 37 (2m away from from DP 57), (c) transport of salt water with time at OD 37 and DP 57, (d) Sulfate (SO4),

Figure 3: Borkum island with location of

4 m thick glacial till layer acts as an aquitard. The 2008 Interface derived from the HEM Chloride (CI), Sodium (Na) and Calcium (Ca) concentration at three depths (5 m, 10 m & 20 m) sampled in OD 37
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