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Stacey, 1974), centroid frequency shift 7% (Quan and
Harris, 1997), wavelet modeling % (Jannsen et al.,
1985), inversion % (Amundsen and Rune, 1994) 72
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Fig. 1. Spectral amplitude ratios versus frequency as a function of two source-receiver separations at different temperatures

for extracted first-arrival waveforms: (a) =5 °C, (b) =9 °C, and (c¢) —15 °C.
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Fig. 2. (a) Sinusoidal wave is extracted by two different
types of the Hanning windows. (b) The extracted
wave is transformed in to frequency domain by
Fourie transform. The resulting spectrum is not

like spike but distribution.
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Fig. 3. (a) Two-dimensional MR images of the ice-brine coexisting system at —5 °C, (b) Positions of the source and receiver

in the numerical simulation. Star indicates the source position at the center of the MR image, whereas the open

circle with a 14-mmradius denotes the location of 12 different receivers equally spaced on the circumference every

30°. The receiver line represents the 100 aligned receivers in the direction of 0°, (c) Attenuation estimates in a
frequency range of 350-600 kHz (solid line) and 200-400 kHz (dotted line).
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Fig. 4. Variations of normalized amplitude after geometrical correction with increasing wave propagation distance at
different frequencies: (a) 180 kHz, (b) 270 kHz, (c) 360 kHz, (d) 450 kHz, (e) 540 kHz, and (f) 630 kHz.
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Influence of scattering effect on laboratory ultrasonic
attenuation measurements

Jun Matsushima
ABSTRACT

Recently, a few studies have considered the effect of scattering attenuation to isolate intrinsic
attenuation from total attenuation while estimating attenuation in the ultrasonic laboratory
measurements. Recent advances in non-destructive methods such as Magnetic Resonance
Imaging (MRI) and X-ray computed-tomography (CT) allow heterogeneous microstructures of
specimens to be imaged, which enables us to adequately estimate scattering attenuation.
However, often, assumptions of attenuation models and methods of estimating attenuation are
not fully validated. This article describes the most commonly used attenuation model expressed
as an exponential decay, which leads to clarifying the assumptions of the model. Furthermore, I
imply that quality factor (Q-value) which is defined as the ratio of the total energy in a system to
the energy lost per cycle is a phenomenological quantity. Then, I explain the basis of attenuation
estimation by giving an example of the spectral ratio method which is the most common method
based on spectral ratios, where data from two receiver distances across a medium of assumed
constant Q -value are selected. Dependency of attenuation results on extraction of the first arrival
waveform from the observed waveform is also indicated. Finally, I emphasis on the significant
influence of scattering effect on attenuation measurements and emphasizes the necessity of
revisiting the theory and models of seismic scattering, especially for the case of Mie scattering

regime where strong scattering could occur and full waveform modeling is required.

Keywords: attenuation, ultrasonic laboratory measurement, heterogeneous microstructure,

scattering attenuation
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