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Abstract

The work describes the activities and results of seismic
acquisition and rotary drilling, carried out in a region
planned for the installation of a Hydroelectric Generating
Plant (HPG). The objective of seismic acquisitions was to
identify the thicknesses and depths of geotechnical
layers. The variations of velocities identified in the
seismograms added to the probe data allowed the
delimitation of layers of low compaction materials (soll,
with P wave velocity below 1500 m/s), medium
compaction materials (Rock Weathered and easy to
disaggregate, with speeds between 1500 and 2300 m/s),
and high compaction and mechanical strength materials
(non-weathered rock or poorly tempered, with speeds
above 2300 m/s). The results showed that the refraction
seismic was efficient in the delimitation of the layers up to
the depth of 35 meters.

Introduction

The construction of a hydroelectric generating plant
requires a series of studies regarding the surface and
subsurface of the site. Nevertheless, geological
information, such as soil thickness and depth of the rock
basement, is valuable information to minimize the risks
related to this work. Therefore, the objective of this paper
is the use of direct and indirect sampling methods to
characterize layer thickness, according to its degree of
compaction and mechanical strength.

The study area comprises the region belonging to the
Ribierdo Pindaiba river basin, which in turn is located in
the southwest region of Goias between the municipalities
of Rio Verde and Montividiu. According to CPRM’s (2002)
map of the Southwest of the area, four different lithologies
occur within the Pindaiba basin (Figure 1): at the base,
with Cretaceous age, there is the Alkali Province of the
South of Goias (KA1), which, in brief words, is an alkaline
basaltic effusion; above, the Adamantina Formation
(Kba), which can be described as a very fine to fine
sandstone interspersed with silicon layers and
conglomerate sandstone lenses (Soares et al., 1980); at

the top, the quaternary coverings involve the rocks, the
oldest being the undifferentiated sandy cover - fine to
coarse sand, locally silty-clayey and gravel (QPi) - and
the newest alluvium (QHa) - sand, quartz sand, gravel,
silt, clay - where the Pindaiba stream runs
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Figure 1: Geological map of the studied area.

The refractive seismic method makes use of the principle
that a wave when traversing different means, can change
the direction and its path according to the speed contrast
between the layers - Snell's Law (Reynolds, 1997).

Vi

sin(i,) = 7
2

Equation 1 - Snell's Law.

And according to Figure 3, it is the angle that defines the
direction of propagation of the direct wave, the velocity of
the upper layer and the velocity of the lower layer.

Therefore, the use of indirect methods in the evaluation of
decision making is fundamental to bring subsurface
information. The refractive seismic is efficient in terms of
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velocity contrasts and has as prerogative that the bottom
layer always has higher propagation velocity than the top
layer. In the study area, the lithologies have a high
variation of density, generating a substantial change in
the speed of the P wave. Also, direct sampling through
rotary drilling served as a fundamental tool to corroborate
the seismic data, associating the depth of the interfaces
between soil, rock and saprolite with the seismic change
rate interface.
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Figure 2 - Mathematical models of refraction (extracted from
the Seilmager program manual, appendix A).

Method

The acquisition of the seismic data was achieved through
5 lines, perpendicular to each other, being two lines with
600 meters in length and 3 with 100 meters in length and
the spacing of 5 meters between the geophones to
generate a higher resolution of the data. To support the
experiment, the drilling holes were set at strategic points,
intercepting different seismic lines.

The survey of shallow refraction seismic consists of the
construction of a line composed of equidistant
geophones, capable of capturing the signal of the seismic
wave. The signal source is generated by hammer blow
action piece on a metal surface. The equipment capable
of converting the signal obtained by the geophones is
GEODE, which produces a graph of the seismic waves as
a function of time and distance (seismogram).

From the seismogram and considering Snell's Law, it is
possible to calculate the depth (h) of the interface
between the layer of higher and lower velocity, that is, the
refraction itself of the wave.

Equation 2 - Depth (h) of the interface between the different
velocity layers (7, and 7 ,).
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Figure 3 - Seismogram referring to the shot at the middle of
the line C. The orange line refers to the refracted wave and
the red line represents the direct wave.

In the case of two layers, the refracted wave is seen
through the first arrivals, which generate a track with a
smaller slope than the line produced by direct wave
signals (first layer). As an example, Figure 3 shows the
seismogram referring to the acquisition with the source at
the beginning of line C, being the red color the direct
wave and the orange color refracted wave. In this way,
the two-layer model is generated, which is used to
elaborate on the seismic tomography model.
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Figure 4: Location map of seismic lines and drilling holes.
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Results

In all the acquisition lines it was possible to obtain a
seismic tomography model, which results in a profile that
presents the variations of the velocity of the P wave as a
function of distance and depth. Besides, four drilling
holes, that intercept the acquisition lines, were sampled,
integrating direct (borehole) and indirect (seismic)
methodology.

Having the exact depth of the interfaces between soil and
rock, it was possible to determine the velocity of the P
wave in the environment in question and finally generate
a model whose layers are classified into types of
dismantling. The first lower speed layer refers to
excavatable materials (soil); the second layer (speed
between 1500 and 2300 m/s) refers to the scarifiable
materials (saprolite) and the third layer (speed above
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2300 m/s) is equivalent to materials having a high degree
of cohesion and extreme mechanical strength (rock).

Table 1: Relationship between legend of geotechnical
models and layer information.

Legend | Seismic | Interpretation | Caracterization

Velocity
(m/s)
I:l <1500 | Soil Excavable
I:I 1500 - | Saprolite Scarifiable
2300
- > 2300 | Rock Non-scarifiable

Once the values are defined, the velocity isolators are
created in the media, depending on the categories of
dismantling. In this way, the geotechnical model is
generated, which consists of a profile with the
thicknesses of the excavatable, scarifiable and
non-scarifiable layers.
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Figure 5: Geotechnical model for longitudinal lines (600
meters long).

Figure 5 demonstrates a similar pattern for the most
extended lines, with the soil and saprolite thicker at the
beginning of the line and a thinning of the same at the
end of the profile. It is worth mentioning that the Pindaiba
stream is approximately 10 meters away from the end of
the lines causing the narrowing of the soil layer and
saprolite.

The transversal lines have a similar character, with a soil
thickness ranging from 8 to 12 meters and depth of the
rock around 15 meters. Only line C has a thicker soil
because it is higher than the other lines.
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Figure 6: Geotechnical model for the transverse lines (100
meters in length).

Conclusions

The application of geophysical methods to geotechnical
studies has been gaining popularity over time. Due to the
difference between the layer of unconsolidated materials
and a rock with a high degree of cohesion of the particles,
the refractive seismic method has an excellent response
to the study area. In addition, it is possible to generate a
reaction in a faster time and at a lower cost, covering a
larger area than using only survey information.

Finally, the geophysical methods used were efficient in
the identification and (indirect) characterization of the
classified layers in function of the degree of compaction
of the material. Associated to the information of the
survey, the geotechnical models have greater reliability. It
is expected that the result will be of an auxiliary nature to
reduce the costs of the CGH construction site Pindaiba 1.
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