Geophysics 224 - 2006
Lab 5 – Seismic refraction : Dipping beds

1. Introduction:  

When elastic waves propagate outwards from a seismic source they encounter the boundary between two layers, the waves are refracted in accordance with Snell’s law. If the waves are incident at the critical angle, they will propagate within the second layer along a direction parallel to the boundary between the layers. As these waves propagate in the second layer, they continue to diverge. This causes some fraction of the wave to refract back into the first layer, again at the critical angle (see Fig. 1).

If a shot is exploded on the surface of the ground, seismic waves will arrive at a nearby geophone by either traveling directly or by refracting into a second layer (bed). For small displacements, the direct wave arrives first. However, in order to have a critical refraction, the second layer must have a higher wave velocity. Hence, at long distances, the refracted wave arrives before the direct wave.
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If a graph of first arrival time versus distance from the shot is formed, a downward kink indicates the presence of the second layer.  If the bed is horizontal, the velocity in the second layer may be determined directly from the slope of the corresponding section of the graph.  For a dipping bed, however, only an apparent velocity is obtained. The true velocity of the layers can only be obtained by combining the apparent velocity for waves traveling down the bed (down-dip) and up the bed (up-dip). This is practically achieved by having at least two locations of shot points along the profile. Typically, these shot points are choosen on the each end of the seismic profile.
2. Exercise: 

In this exercise you will be working with synthetic data to allow a more straightforward interpretation.  However the setup and the scale of the simulated survey are representative of a typical near-surface investigation.

A line of geophones are placed at known positions (x). Two shots are made: the first located at x=0m (forward shot) and the second at x=200m (reverse shot). The time between each shot and the first arrival of seismic waves is recorded and is given in the attached table (refraction_dipping.xls).

1. Plot arrival times versus geophone position. Observe and comment on the general aspect of the curves. Measure the slopes of the straight-line segments. Compute the up-dip and down-dip velocities: vu1, vu2, vd1, vd2.

2. Both graphs should yield roughly the same value for the direct wave velocity, so take the true velocity in the surface layer to be:


[image: image11.wmf].

3. For the case of a dipping bed, the dip angle ( and the angle of critical refraction c, can be determined by:
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Use these equations to determine 
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,  and the true velocity in the second layer v2. To find 
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 use Snell’s Law: 
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Extrapolate the straight-line segments back to the location of the corresponding seismic shot to determine the so-called intercept times 
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. The thickness of the dipping layer vertically beneath each shot is determined from the intercept times by:
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The perpendicular distances z and z’ to the interface under the two ends of the profile are obtained from:
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5. If the first line segments on your graph do not intersect the origin, this indicates the presence of another layer, in this case a weathered layer of unconsolidated material.  Drawing a line from the first data point to the origin allows you to estimate the maximum possible velocity v0 of this weathered layer and estimate its thickness.

6. Sketch the underground structure determined by your graphs and analysis. Label your sketch with the appropriate velocities, thicknesses and angles.
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