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ULTRASONIC IN-SITU METHODS
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In the framework of geomechanical assessment of final repository underground openings the knowledge
of geophysical rock parameters are of importance. Ultrasonic methods proved to be good geophysical tools
to provide appropriate high resolution parameters for the characterisation of rock. In this context the
detection and characterisation of rock heterogeneities at different scales, including the Excavation
Damaged/disturbed Zone (EDZ/EdZ) features, play an important role. Especially, kinematic and dynamic
parameters derived from ultrasonic measurements can be linked very close to rock mechanic investigations
and interpretations.

BGR uses high resolution ultrasonic methods, starting with emitted frequencies of about 1 kHz (seismics)
and going up to about 100 kHz. The method development is going on and appropriate research and
investigations are performed since many years at different European radioactive waste disposal related
underground research laboratories in different potential host rocks. The most frequented are: Mont Terri
Rock Laboratory, Switzerland (Opalinus Clay, OPA), Underground Research Laboratory Meuse/Haute-
Marne, France (Callovo-Oxfordian, COX), Underground Research Facility Mol, Belgium (Boom Clay,
BC), Äspö Hard Rock Laboratory, Sweden (granites), Rock Laboratory Grimsel, Switzerland (granites) and
Asse salt mine, Germany (rock salt).

The methods can be grouped
into borehole based methods
and noninvasive methods like
refraction and reflection
methods, which are performed
in general from the drift wall.
Additionally, as a combina-
tion of these both methods a
sort of vertical seismic profil-
ing (VSP) is applied. Figure 1
gives an overview.

The best qualified method, or
a combination of methods,
have to be chosen according
to the scientific questions and
the local site conditions. The
degree of spatial resolution
of zones of interest or any
kind of anomaly depends strongly on the distance of these objects to the ultrasonic source and receivers
and on the applied frequencies. With the help of identified phases in the ultrasonic wave field, their
travel times and appropriate amplitudes kinematic and dynamic parameters are derived routinely. The
most important are: P-wave velocity (longitudinal or compressional wave velocity (vp)), Sv-wave
velocity (vertical polarised transversal or shear wave velocity (vsv), absolute amplitudes of first arrival
(P-wave) and Sv-wave onset phases, normalised amplitudes of first arrival (P-wave) and Sv-wave onset
phases, apparent frequency of first arrival phases (P-wave) and Sv-wave onset phases, in-situ dynamic
elastic Poisson’s ratio, in-situ dynamic elastic Young’s modulus and in-situ dynamic elastic modulus of
rigidity.

Figure 1: Overview of ultrasonic in-situ methods.
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The main qualities which were detected and/or characterised with the help of these parameters in the past
years are:

• Degree and extent of EDZ/EdZ.

• Long and short term development of EDZ/EdZ (application of repetition measurements).

• Borehole disturbed Zones (BdZ).

• Small scale rock heterogeneities.

• Seismic anisotropy.

• Stress orientation via rotational interval velocity measurements.

• Determination of dynamic elastic in-situ parameters.

Results from repetition measurements showed the high reliability of the methods. Furthermore, in several
experiments the ultrasonic methods were combined with other geotechnical or geophysical methods, for
example permeability and geoelectrical methods. Figure 2 shows, as an example, results from a seismic
anisotropy study at the Mont Terri Rock Laboratory. Two sub-horizontal 2 m long boreholes with a
distance of 1 m were used. Nearly 600 different ray paths were analysed. Depending on the angles of the
ray paths (60°-300° and 120°-240°) the P-wave velocities vary between 2600 and 3100 m/s. Lower
velocities are supposed to be influenced by the EDZ.

Figure 3: P-wave velocities as a result of a seismic anisotropy study. Ultrasonic cross-hole measurements
were applied.


