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of analytical solutions, which describe the expected value of temperature at different depths
in sediments affected by processes of heat transport by advection, it is possible to obtain
quantitative information on the groundwater velocity.

The velocity values found by thermal methods for P8 and P10 wells are comparable with
the velocities introduced in the flow model for the Cantarana well filed, deducted by means of
hydraulic properties (hydraulic conductivity K = 5-10° ms' and hydraulic gradient i = 0.1),
validating the numerical model.

On the contrary, the low groundwater flow velocities found for the well placed out of the
Cantarana well filed suggest the piezometric map elaborated for the area and its hinterland is
correct.

All this information may improve the numerical flow model of Maggiore Valley well field,
introducing in the hydrogeological models a warm horizontal flux, located in the Asti Sand at
depths greater than 60 meters, with flow velocity of about 10° m-s™!, as highlighted by thermal
logs.
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The control of the safety assessment of a dam is largely dependent on knowledge of
the mechanical parameters of the actual construction, as well as its geological substratum
(Karastathis et al., 2002). The application of geophysical methods can be used in existing dams
to evaluate the materials (strength properties) and to verify if they match design expectations, as
well as to contribute to the safety control (Bond et al., 2000; Kepler et al., 2000; Loperte ef al.,
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Fig. 1 — Positioning of geophysical surveys.

2011; McCann and Forde, 2001). In particular seismics methods can considerably contribute
to the examination indicating the less consolidated material and the degradation of mechanical
parameters (Karastathis et al., 2002).

For the characterization of the concrete conservation three seismic tomographies (TS4,
TS10 and TS14) and a vertical seismic profile (DH) on the dam body were performed (Fig. 1).

All seismic surveys were performed using the digital seismograph X610-S (M.A.E.). Three
2D seismic topographies were carried out in the body of the dam, energizing on the upstream
and receiving signals on the downstream face. The receiving points were spaced of 2.5 m, while
the source points were positioned with spacing of 1 m. A total of 704, 888 and 744 raypaths
were used for TS4, TS10 and TS14 respectively. The energizations were made using a sparker
source. In particular it was used the IPG800 pulse generator that provides an energy up to 1000J
to 800V to the BIS-SH-DS probe, by means of an electrical impulse. The different depths of
immersion of the source is linked to the different level of filling of the sediment in the lake.
Traveltime data were inverted using the commercial software package GeoTomCG, based on
the tomography program 3DTOM (Jackson and Tweeton, 1996). It performs inversions with the
simultaneous iterative reconstruction technique (SIRT, Peterson et al., 1985). SIRT calculations
modify an initial velocity model by repeated cycles in three steps: forward computation of
model travel times, calculation of residuals and application of velocity corrections to the set of
voxels contained in the model. The cycle recurs through a specified number of iterations. For a
more accurate estimation of the P-wave velocity, a curved ray inversion was performed with a
revised form of ray bending, derived from the method given by Um and Thurber (1987).

The three tomographic models (Fig. 2) show similar velocity distributions, with P-wave
velocity ranging between 3000 m/s and 4500 m/s. Variations of the velocity values can be
justified by different degree of water saturation. Really P-wave velocity values increases in the
presence of water filling the porous of the concrete (Karastathis et al., 2002). High velocity
values can then be associated to infiltration areas, which seem to be present in the lower part of
the dam body. In addiction, all velocity models show slightly lower values in the highest part of
the dam body still remaining within the typical range of a good quality concrete.

Finally, at the TS10 section of the dam body a vertical seismic profile (DH) was acquired.
The vertical seismic profile showed P-wave velocity ranging between 3800 m/s 4750 m/s and
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Fig. 2 — An example of curved raytracing obtained for TS4 section and P-wave tomographic model obtained for TS4,

TS10 and TS 14 sections.

S-wave velocity ranging between 1100 m/s and 2520 m/s (Fig. 3). Also in this case lower values
are present in the upper part of the dam body, as well as show the three seismic tomographies.
Even Poisson ratios show typical values of the concrete in good condition, varying between 0.29
and 0.41 (at the upper part of the dam body), which are representative values for concrete.
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Fig. 3 — Vertical seismic profile of P-wave velocity at TS10 section.
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