Performance test of seismic sources in clay
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Motivation
Standard site characterization approaches comprise surface investigations
(3D seismic) and borehole based observations. Limited resolution of surface
measurements and sparse distribution of boreholes may result in limited
knowledge at the scale which is relevant for an URL. In order to bridge this
gap, the GFZ has developed a modular system of seismic tools [1] for a
borehole and gallery based exploration at URL scale.

Up to now, this system was applied successfully in crystalline and rock salt
environments (e.g. [2],[3]). Since clay formations are heterogeneous and
anisotropic, their seismic characterization at the meso scale is challenging. To
tackle this problem, new experiments using different sources of the modular
acquisition system were undertaken in Opalinus clay.

Pilot experiment SI-A

Seismic acquisition

A seismic survey (Fig. 1) was carried out in
the Mont Terri Underground Rock Laboratory
(URL) to investigate the applicability and
performance of the modular underground
acquisition system (Fig. 2) for high-resolution
characterization and monitoring in clay. The
acquisition was performed in three different
facies types (shaly, carbonate-rich sandy, and
sandy) of the Opalinus clay with a range of
source receiver distances up to ~80 m.

Impact source (●):
• Pneumatically accelerated mass
• Peak force: ~4000 N
• Frequency range: ~0.1-2 kHz
Vibroseis source (●):
• Twin-set of magnetostrictive actuators
• Peak force: 2x ~4270 N
• Frequency range: ~0.1-12 kHz
sweep in Mont Terri: 100-1200 Hz, 18 s
Recording (■):
• 2x 16 3-C geophones in 2 m deep boreholes

The tomographic characterization is shown by
Esefelder et al. (this conference).

Fig. 2: GFZ sources used in the pilot survey. Further
source details see [4].

Fig. 1: Acquisition geometry of seismic pilot survey.

Source comparison
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Fig. 3: (a) P-wave (rms)
amplitudes and (b) signalto-noise ratios of impact
and vibroseis-P data after
BP filtering (80-100-12001300 Hz).

Fig. 4: Average amplitude
spectra (a) of impact and
vibroseis-P data after BP
filtering
(80-100-12001300 Hz). Offset (b) and
azimuth (c) dependence
of
average
amplitude
spectra of impact data.

sandy

(c)

(d)

(c)
vPmax
in m/s

vSmax
in m/s

AvP
in %

AvS
in %

3200

1450

23

32

3700

1850

9

12

4000

2050

Colors mark the facies type:
shaly facies, sandy facies,
carbonate-rich sandy (crs) facies

• Both sources show comparable wavefield characteristics (Figs. 3 & 4).
• The P-waves amplitudes decrease rapidly with increasing distance. E.g.,
the amplitudes are <1% of their maximum at distances >30 m (Fig. 3a).

Fig. 5: Azimuthal distribution of average
velocity and corresponding elliptical fit.
(a) vP impact, (b) vP vibroseis, (c) vS impact,
(d) results for impact data.

• The impact source generates lower frequencies than the vibroseis source.

• The pilot survey confirmed that both sources are well suited for
transmission experiments and reflection imaging in Opalinus clay.
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• Results are in good agreement
with [5], [6], [7] and improve
the knowledge of S-wave
propagation in Opalinus clay.

• Clear coherent phases (S-wave
reflections) were identified on a
small part of the impact data.

Conclusions

• The vibroseis source has a better frequency control and is able to
generate higher frequencies. ➔ It is preferred for high-resolution
applications at near offsets.

• The seismic velocity anisotropy
(AvP, AvS) is stronger in the
shaly facies than in the sandy
facies and more pronounced
for S-waves than P-waves.

• The sparse acquisition geometry is
not optimal for reflection imaging
around the URL.

• The dominant frequency shifts to lower frequencies with increasing
distance (Fig. 4b). The frequency content shows mostly no directional
dependence. But in the offset range 20-25 m, we observe lower
frequencies normal to bedding (Fig. 4c).

• The impact source generates „clean“ signals with strong low frequencies
and high signal-to-noise ratios. ➔ It is preferred for applications at large
offsets.

• Slower velocities in the shaly
facies than in the sandy and
carbonate-rich sandy facies.

Reflection imaging

• Both data sets are characterized by high signal-to-noise-ratios, even at
distances >30 m (Fig. 3b).

• Both sources are well suited for underground exploration in clay.

• Clear azimuthal dependence of
average vP , vS: Fast velocities
are observed parallel to strike
direction and bedding (Fig. 5).

Fig.6: Prestack migration of impact data.
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