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Determining elastic wave velocities and intrinsic attenuation of cylindrical rock samples by transmission of ultrasound
signals appears to be a simple experimental task that is applied routinely in all sorts of geoscientific and engineering
applications requiring basic sample characterization. Also, velocity tracking has become a valuable monitoring tool for
changes in the state of a sample in the laboratory or a rock volume in situ.

Also, interferences of waves traveling on different paths may even affect the first arrival sequence and thus their
amplitude variations may not reflect attenuation for a specific wave type alone. The achievable accuracy of determining
S-wave velocity and intrinsic attenuation using standard procedures thus appears to be severely limited.

We suggest that all three parameters , P-wave velocity, S-wave velocity and intrinsic P- and S-wave attenuation, can be
determined with high accuracy by full wave-form matching of a single ultrasound trace by a synthetic one. Laboratory
samples with finite dimensions give rise to reflected and converted phases that bear information on P- and S-waves
irrespective of the selected source signal. Enough information on both velocities is contained in the recognizable
reflected and converted phases of the ultrasound trace. Attenuation is coded into these phases by their relative
amplitudes because wave paths differ with the phases.

P- and S-wave velocities are generally determined from first arrivals of signals excited by transducers specifically
designed for the intended measurement. Determination of intrinsic attenuation has been performed with a range of
methods, most of them relying either on a comparison between the sample under investigation with a standard material
or by investigating the same material for various geometries.

Of the three properties addressed (P- and S-wave velocity and P-attenuation), P-wave velocity is probably the least
challenging one. However, even for the first break controlling P-waves emerging onsets due to dispersion complicate the
accurate determination of either their velocity or attenuation. The determination of S-wave velocities is even more
hampered by interferences that result from converted P-wave arrivals interfering with the S-wave arrival. Attenuation
estimates are generally subject to larger uncertainties than velocity measurements due to the high sensitivity of the
amplitude to experimental conditions, such as sensor coupling or time of measurement.

We derive recommendations for laboratory experiments from the results of our measurements on cylindrical samples of
aluminum, polyoxymethylene and Carrara marble with different dimensions. We compare results from various standard
analysis methods to those obtained from full waveform modelling and (non-automatic) inversion of single ultrasound
traces. The substantial effort put into processing for our approach is particularly justified by the gained accuracy, when
subtle variations in elastic properties, for example as response to changing P-T-conditions, are of interest, or when the
amount of sample material is very limited.
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 We use the open-source spectral finite-element software packages
SPECFEM2D and SPECFEMS3D initially developed by Komatitsch et al.
(1997) to compute synthetic waveforms.
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Velocities: P-wave velocities are easiest (but not
easy) to quantify, S-wave velocities are imprecise

The agreement between
laboratory measurements and synthetic
seismograms is remarkable.

Velocities: Precise determination of S-wave velocity

* We explored the determination of S-wave velocity from identified Psp-
and P-phases in the recorded seismograms. The time lag between the

« We determined P-wave velocity with (1) manual picking of first . . net
Psp- and the direct P-phase is caused by two contributions:

breaks, (2) “group” travel times (cross-correlation of full signal), and
(3) “phase” travel times (cross-correlation of first arrival). The latter
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two require measurements at different lengths (e.g. Tonn, 1989).
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Figure 8: Recorded (red) and synthetic (blue) seismograms for homogeneous and isotropic
aluminum cylinders with a diameter of 40 mm: length of the cylinders on the vertical axis and
time on the horizontal axis. The synthetic seismograms were calculated for a 3D-model
assuming purely elastic behavior. Every seismogram is normalized to its maximum amplitude.
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Figure 9: True seismograms (red) measured for ten rock samples of Carrara marble of different
length, compared to synthetic seismograms (blue) computed with SPECFEM 3D using a quality
factor of @, = 22 (@p = 50; ignoring samples longer than 70 mm).
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value | 1.0596 | 0.0078 |

o [0.0139 | 0.0003

Res? (y) = 8.41e-04

based on the parameters provided in Table 2.
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0.5 MHz and 0.8 MHz based on eq. (1)
(Toksoz et al., 1979).
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