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INTRODUCTION

A shallow (depth < 20 m) layer of water, fresh,dkiah or saline, covers of millions of km2
of sediments and bedrock along the world’s coaslimivers, lakes, and lagoons. These
geological units are extremely important, both emwinentally and economically. Airborne
electromagnetic (AEM) data has been used with ssueeess to obtain the bathymetry of
shallow surface water ((Macnae et al., 2004; Vri@met al., 2000; Vrbancich et al., 2005).
Some attempts have also been made to retrievemafmn about the sub-bottom
(Vrbancich et al., 2000 ). The limited researcitried out so far calls for improvements and
further developments, both hardware and in dategasing and modelling. This manuscript
aims at giving a contribution at data inversionelewy applying the constrained inversion
methodology to different AEM datasets flown overteva In this technique, adjacent model
parameters are regularized through lateral comsgrahat allow information to flow from
soundings that contain more to those that con&sa. | We present results from constrained
inversion (smooth and few layers) of a portion &M (TEM system) survey flown in
Denmark, and of a RESOLVE (HEM system) survey edrout along the Murray river in
Australia. In both cases bird height was inclugedan inversion parameter, allowing
compensating for errors in laser altimeter readiver water.

INVERSION METHODOLGY

The constrained inversion methodology describedietails by Auken and Christiansen
(2004) and by Viezzoli et al. (2008) has been Vyidgpplied to AEM data. We just
remember briefly that it is a least squares ineersf a layered earth regularized through
spatial constraints. Model parameter informatiamnt areas with well-resolved parameters
migrates through the constraints to help resoheasamwith poorly constrained parameters.
The constrained inversion technique is particulatlitable for imaging the sea bottom, and
the sediments beneath it, because the lateralraaristcarry model parameter information
to those soundings that locally contain less. Téisost important when trying to resolve
model parameters underneath very conductive layleas absorb most of the signal.
Furthermore, the altitude of the system is entased free inversion parameter. In reality the
system altitude does not need to be measured lEtdaeiconductivity of the water is high
and it can therefore be perfectly determined byirikiersion.



RESULTS

We present first the results of a line form a la8&TEM survey flown over the island of
Lolland, in Denmark. It was part of a project obgndwater mapping for the island. Figure
1 shows the location of the line, and part of tinway over the north eastern part of Lolland.
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Figure 1. Flight lines of SkyTEM system over thgmeastern part of the island of Lolland.
The red line shows the location of the profileigfife 2.

The strength of the lateral constraints can besaelito follow the expected geological
variations. In this case the flight line start®othe land crosses the coastline to finish over
water. The constraints needed to be adapted angtyd They were set moderate over land
(for a generic sedimentary setting), loose in tlarnsurface layers when crossing the
coastline, then tighter over water. We used bothultilayered smooth model, and a few
layer model. The results of the laterally consiediinversion are presented in Figure 2, with
superimposed the measured bathymetry available fwvatarborne acoustic measurements.
The cross section shows clearly the coastlineintreasingly thick column of sea water, and
the fresher groundwater that extends from the laads into the sediments underneath the
sea bed. The bathymetry is well resolved in telégers model
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Figure 2. a) Multi and b) few layer resistivityass sections models for the portion of
SkyTEM flight line shows in red in Figure 1. Batfetry line in black superimposed to cross
sections.

We now move on to an Australian example, whereRESOLVE frequency domain system
was flown over the Murray river, as part of a larg@rvey for the characterization of
groundwater in the Sunraysia district, in SA. FegB shows the results of the laterally
constrained inversion, multi and few layers, foe @fithe Murray river lines.
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Figure 3. a) Multi and b) few layer resistivityoss sections models for the RESOLVE data
from one of the lines flown directly over the Mwrraver, in the Sunraysia district, in
Australia.

The purple and green line on top represent measamedinverted flight altitude. It is
important to include the altitude as inversion pagter, especially when flying over water,
where the signal is so high that it can be modelecurately and can avoid producing
artifacts in the models arising from erroneoustuad® measurements. Such errors are
common when flying over water. We found out thmathis particular case also the elevation
of the river surface, which was produced subtrgcthe bird height (measured with laser
altimeter) from the helicopter height (from GPSgisoneous in correspondence of bends in
the river (for example see around location 1500 iis is probably due to marked swing,
pitch and/or roll of the bird when the helicopteasmurning rather sharply to follow the
course of the river. In those cases the measulitdde is overestimated, and the
topographic height underestimated. It is therefonportant to include the altitude as
inversion parameter, in order not to have biashe tata. The plot of the residual
superimposed in red to the cross sections prowesddita were, with both models, fitted
within noise levels. It is clear after superimpgsthe known bathymetry to the cross
section (Figure 4) that the saturated loose sedsranthe bottom of the river do not have
enough electrical resistivity contrast with theerivsurface water to resolve the river bed.
The layer boundaries match variations in the dglioii the groundwater.
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Figure 4. Few layer resistivity cross sections elsdor the RESOLVE data from one of the
lines flown directly over the Murray river, in tHeunraysia district, in Australia, versus
known bathymetry.

Figure 5 shows an average resistivity map at tipghdef 15 to 20 m below surface obtained
inverting with lateral constraints (LCI) data froe portion of the 4 river flights, and

inverting with spatial constraints (SCI) data froine entire survey area in proximity of the
river. Figure 5 proves that the results of theemsion for the in river lines are consistent
among themselves, and with the zonal results, a@igwompleting the hydrogeophysical
model of the area. Notice how small east-west tiaria in the in-river results are also
reflected in the zonal results.

Figure 5. Average resistivity maps at 6 to 9 nfbsthe Murray river line, and for an area
by the river.

CONCLUSIONS

The constrained inversion technique helps resolvitaglel parameters underneath surface
water columns, be it ocean, lakes or rivers. Bidhse studies presented here for different
AEM systems it allows to identify the groundwatdraracteristics underneath the sea or

river bed.



REFERENCES
Auken, E., and A.V. Christiansen, 2004, Layered &terally constrained 2D inversion of
resistivity data: Geophysics, 69, 752-761.

Viezzoli, A., Christiansen, A. V., Auken, E., aBdrensen, K. I., 2008, Quasi-3D modeling
of airborne TEM data by Spatially Constrained Isi@n: Geophysics, 73, F105-F113.

Macnae, J.C., T. Robb, and J. Vrbancich, 200¢jdRestimation of shallow seawater depth
from airborne electromagnetics: Exploration Geoptsys35, 288-291.

Vrbancich, J., P.K. Fullagar, and J.C. Macna®02Bathymetry and seafloor mapping via
one dimensional inversion and conductivity depthagmg of AEM: Exploration
Geophysics, 31, 603-610.

Vrbancich, J., J.C. Macnae, D. Sattel, and P. If§kam, 2005, A case study of AEM
bathymetry in Geographe Bay and over Cape NatteaWgestern Australia, Part 2: 25 and
12.5 Hz GEOTEM: Exploration Geophysics, 36, 381-392






