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ABSTRACT

The polarization direction of a P-wave is generally in the propagation direction of

the seismic wave. We can distinguish the propagation direction by measuring the

polarization direction. In this thesis, the noise effect on polarization direction is studied.

Computer code for the polarization filter was developed. Numerical and physical modeling

data were used to separate in-line and off-line energy by the polarization filter. The results

indicate that it is possible to build an off-line image from three-component seismic data, if

the data have a reasonable signal-to-noise (S/N) ratio. If S/N ratio is too low, some

techniques like common-mid-point (CMP) stacking can be used to enhance signal before

polarization filtering. The polarization filter is applied to the field data from Rumsey area of

central Alberta to reject the off-line energy and enhance in-line energy.
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Chapter 1: Introduction

1.1 Polarization of seismic waves

.Seismic waves can be described in terms of their polarization mode. A
compressional wave (P wave) is a rectilinearly polarized wave. A plot of the particle
motion (a hodogram) is a line and the direction of the line is parallel to the direction of
the wave propagation for the typical P wave. The shear wave (S wave) is another kind of
rectilinearly polarized wave. The hodogram of the particle motion is also a line, but the
line is perpendicular to the wave propagation direction. Another kind of wave, often met
in exploration seismic recording, is called ground roll. Ground roll can be a major source
of noise especially at near offsets. Ground roll is a surface wave which travels along or
near the surface of the ground (Sheriff, 1984). It arises because of the coupling of
compressional waves and shear waves (SV) that propagate along a free surface (Yilmaz,
1987). It has different polarization properties than those of P and S waves. Ground roll
is an elliptically polarized wave with retrograde particle motion. Its major axis of motion
is in the vertical direction.

2-D seismic recordings contain not only the reflections from points directly
beneath the line, but also from areas on the sides of the line: we have both in-line and off-
line energy. The existence of the off-line energy (French, 1974; Hospers, 1985) may
result in the misinterpretation of conventional processed seismic data. If we can develop
an algorithm to determine the direction of the incoming waves and to pass the waves
from a specific direction, we could enhance the in-line energy and reject the off-line
energy. This may improve the quality of the conventional section. The use of three
component (3-C) seismic recordings makes this possible. Furthermore, we would like to
take advantage of the recorded off-line energy to get the image of the off-line reflectors
(Stewart and Marchisio, 1991; Ebrom et al, 1989). This means we can perhaps develop a
partial 3-D image from a 2-D seismic line.

1.2 Brief review of polarization processing

Because of the difference in polarization properties for different waves, it is
possible to design a filter to reduce one type of seismic wave and to enhance another kind


