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Introduction

The interaction between surface water and groundwater is essential for developing a
comprehensive understanding of the hydrological system (Harvey and Gooseff, 2015). Electrical and
electromagnetic (EM) techniques rank among the most commonly employed geophysical methods
in hydrology (Christiansen et al., 2006; Siemon et al., 2009). Electrical resistivity tomography (ERT)
has been extensively applied in waterborne studies (Manheim et al., 2004). Transient
electromagnetic (TEM) and frequency domain EM methods have been utilized for hydrological
investigations (Ong et al., 2010) and resource exploration (Munk et al., 2016). Airborne methods
have demonstrated their reliability in mapping beneath water bodies (Fitterman and Deszcz-Pan,
1998), though they are costly and provide lower vertical and lateral resolution compared to ground-
based techniques (Hatch et al., 2010). The tTEM system (Auken et al., 2018), developed at Aarhus
University, offered the necessary framework for adapting it to a floating EM system. The waterborne
adaptation of the tTEM system is known as FloaTEM (Maurya et al., 2022). Lane et al. (2020) utilized
the FloaTEM system, in its unmodified tTEM configuration, on rivers to investigate hydrological
systems. Geophysics, though, is somehow limited: it can produce maps of parameters that are not
uniquely linked to geology, adding uncertainties to the interpretation of the geophysical models.

Hence, the need of ground-truthing, which is not easy, or even possible, to do in data-poor areas,
such as bodies of water. In this abstract it’s presented a groundwater flow and transport model
inferred from geophysical data in an attempt to validate geophysics in the artificial lJsselmeer Lake
in the Netherlands.

In this abstract, another application of FloaTEM mapping carried out in a freshwater lake is
presented: the southern shore of the Iseo Lake in the Brescia province (Italy).
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Methods and results

For the data acquisition it was used a tTEM system adapted to work on water (FloaTEM): the
instrument is mounted on a polyethylene boat (to avoid spurious EM coupling in the measurements)
that pulls other two polyethylene smaller boats carrying transmitter loop and receiver loop in an
off-set configuration. It was used an echo sounder synchronized with a GPS to record bathymetry.
Data were processed using an in-house developed open source and freeware QGIS plug-in,
EEMstudio (Sullivan et al., 2024).
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Figure 1: 2D inverted model of the whole Andjik survey (surveyed area in the upper right corner). In blue the conductive saltwater or
clay layer, in orange the resistive freshwater

The data were inverted in the EEMverter inversion suite (Fiandaca et al., 2024) using a 1D forward
mesh interpolated to a 2D model mesh. Bathymetry was incorporated in the inversion (fig. 2)
breaking the vertical constraints at the bathymetric interface and forcing a narrower resistivity
range in the water column (20-40 Ohm m).

Inversion with bathymetry

The lJsselmeer Lake (upper right fig.1) was
part of the North Sea until 1932 when a 32
km long damn was built, which separated
the Zuiderzee Bay from the North Sea;
thus, the water gradually freshened, but
salty water pockets remain below the
TS lake, separated by a few meters thick
discontinuous clay layer. It was simulated
a groundwater flow model using FloPy

(Bakker et al., 2016) a scripted Python

repository that allow to run MODFLOW 6
Figure 2: comparison of standard inversion and bathymetric inversion off .
FloaTEM data. Top: bathymetry incorporated in the inversion. bottom: (HUges et al" 2017) tovalidate the geOIOgy

standard smooth inversion. interpretation of the geophysics:
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conductive anomalies right below the lake were considered a clay layer, resistive anomalies sandy
acquifers filled with freshwater. Since clay layers and salty sandy aquifers are not easy to tell apart
in a very conductive environment, deeper conductive anomalies were simulated in different
simulation as clay layers and sandy saltwater aquifers. Both a 2D (fig 3) and 3D model were

simulated.

Year80, k_sand: h=10.0, v=10.0, k_clay & dyke: h=0.0001, v=0.001, saltwater_rho=35.0
Model dimensions: 100 x 1 x 100
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Figure 3: simulated freshwater front (black contour lines) with a 10 year-step with a FloaTEM inverted line as background.

The same type of work is in development for the southern shore of Iseo Lake. Around 200 km of
data were acquired, processed and inverted. Being a much more complex geological environment,

a more sophisticated approach to modelling is needed.
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Figure 4: Iseo Lake FloaTEM inverted model. Bottom right: survey area.
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Conclusions

Mapping geological heterogeneities below water bodies is mandatory to study interactions between
surface waters and groundwater. The FloaTEM system can be a fast, reliable and efficent solution
for acquiring data above rivers, lakes and other water bodies. This system offers a good lateral and
vertical resolution that can help in mapping small-scale heterogeneities, crucial to correctly depict
hydrologic frameworks. Since the results are promising, it can be asserted that groundwater
modelling, in data-poor areas, can be a tool to correctly interpret geophysical data in relation to
geology, being a fast and customizable hypothesis testing method.
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