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The feasibility of marine CSEM method for detecting offshore freshened groundwater reservoirs
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Abstract: Offshore freshened groundwater (OFG) is a natural freshwater resource located mainly in the continental shelf region, from either
onshore coastal aquifers or paleo-channels formed in sea-level lowstands. Conventional seismic methods have certain limitations in identifying
salinity changes. Fortunately, the marine CSEM (controlled source electromagnetic method) is sensitive to high-resistivity thin layers, which is
beneficial for detection of OFG by analyzing electromagnetic anomalies caused by the contrast of resistivity between the freshwater reservoirs
and surrounding sediments. Paleo-channels in Shengsi in the Yangtze River estuary were studied. Based on the hydrogeological and logging
data of "Shengsi No. 1 Well", a geoelectric model was established to analyze the marine CSEM responses. Results indicate that the marine
CSEM could effectively detect electromagnetic anomalies caused by high-resistivity thin layers, and has good ability to locate underground
freshwater reservoirs; its application for the detection of OFG in the Shengsi paleo-channel is feasible.
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Fig.1 Location of the logging sites in the northern Zhoushan sea area™”
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Table 1 Results of hydrological logging interpretation of Shengsi No. 1 well
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Fig.3 Schematic diagram of geoelectric models of OFG in paleo-channels in Shengsi in Yangtze River.

a: Model of fresh and brackish reservoirs, b: background model.
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Fig.4 Marine CSEM response of the OFG resistivity model

a: Normalized amplitude, b: detectivity.
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Fig.7 Marine CSEM detectivity in resistivity model of OFG at different burial depths

The black lines in a~c are contours of the horizontal electric field amplitude in the freshwater reservoir model.
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Fig.8 Schematic diagram of resistivity model of OFG in different layer thicknesses

a: 10 m, b: 20 m, c: 40 m, d: the background model.
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Fig.9 Marine CSEM detectivity of resistivity model of OFG in different layer thicknesses

Black lines are contours of the horizontal electric field amplitude in the freshwater reservoir model.
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Fig.11 Marine CSEM detectivity of resistivity model of OFG in different layer intervals

Black lines are contours of the horizontal electric field amplitude in the freshwater reservoir model.
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