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1.  Borehole and Shot Point Locations:  The following map shows the positions of the shot points (VSP1-5) relative to the borehole as well as the location of the exhalite horizon at the surface.
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2.  Data Quality:  The following raw shot records for the vertical component (Figures 1-5) show the quality of the data before signal processing.
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Figure 1 - Raw Data for vertical component of VSP1
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Figure 2 - Raw Data for vertical component of VSP2
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Figure 3 - Raw Data for vertical component of VSP3
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Figure 4 - Raw Data for vertical component of VSP4
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Figure 5- Raw Data for vertical component of VSP5

With regard to potential processing problems caused by data quality, the most obvious example is the significant ringing on receivers 5 and 7.  Given its cyclic nature and the fact that its waveform is identical for both receivers, it is determined to be noise resulting from instrumentation rather than environmental sources.  Tubes waves and other noise issues such as 60Hz coherent noise (and harmonics of) as well as random noise are also evident in the data.  Finally, high frequency ringing not related to receivers 5 and 7 is also present.

3.  Summarized Processing Flow:

	Processing Step
	Parameters

	Demultiplex
	?

	Geometry applied
	?

	Filter tests
	5/30 – 240/265 Hz

	Harmonization
	60 Hz, 80-90 Hz, 180 Hz, 300 Hz 

	Ringing suppression
	0.008 lag, 0.09 op length, 0.001 pw

	Component Phase Rotations
	Rotate to maximize energy

	Suppression of downgoing P-waves
	0.6s window centered on first breaks

	Residual High Frequency Ringing Removal
	0.003 lag, 0.005 op length, 0.001 pw

	Suppression of downgoing S-waves
	0.6s window centered on first breaks

	f-k filtering
	0-999 Hz; 5Hz taper

	vsp-cdp mapping
	

	
	

	
	

	
	

	
	

	
	

	
	


4.  Sorting:  Data demultiplexed

5.  Geometry:  Geometry applied

6.  Filter Tests:  Shots VSP1-5 were frequency filtered through selected narrow band-passes to determine the optimum bandwidth.  The low pass filter chosen was 5/30 Hz, whereas the high end of the band-pass filter was set to be 240/265 Hz.  Figure 6 shows the amplitude spectrum for VSP1 and illustrates the usable bandwidth of the data.
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Figure 6 - Amplitude Spectrum for VSP1 raw data (vertical component)

7.  Harmonization:  To remove coherent noise in a specified frequency range we perform time domain notch filtering on the data.  The phase and amplitude of the noise is estimated by calculating a discrete Fourier transform.  This noise is then subtracted in the time domain and gives the desired filtered output (Fig 7).
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Figure 7 - VSP1 shot record after harmonization

8.  Ringing Suppression:  Receivers 5 and 7 showed periodic reverberations, or ringing in the data caused by either physical or electrical sources.  By using a predictive deconvolution with a prediction lag equal to the period of ringing we were able to address this problem and suppress the reverberations.  Since this periodicity varied somewhat, tests were done with various prediction lags until the desired result was obtained.  It was found that a prediction lag of 15 ms was optimal for the suppression of this ringing.
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Figure 8 - VSP1 shot record after removal of ringing

9.  Component Phase Rotations:  Due to the fact that the orientation of receivers at the time of recording in a borehole is somewhat arbitrary one needs to mathematically rotate the phase of the wavelet to account for this.  While postulating that a receiver component orientated such that it is orthogonal to the compressional wave train results in a maximized signal, one can rotate the phase of the wavelet such that this condition is met.  Hence, the two horizontal components of each receiver are phase rotated to maximize their energy.  Verification of the rotated orientation was done independently by comparing the rotated azimuth to the known source-receiver azimuth.

10.  Suppression of downgoing P-waves:  As a result of the shooting geometry, VSP data inherently contain upgoing and downgoing wavefields.  However, it is always the upgoing wavefields that contain the pertinent reflection information.  Therefore, the systematic removal of the downgoing wavefield is essential to obtaining the desired result.  The first step is the suppression of the downgoing P-wave. 


First breaks are picked on the downgoing P and S waves and are stored in the appropriate header location.  The data are sorted into components, at which point the P-waves are removed by defining a window around the first breaks and applying a median filter.  The filtered output is then subtracted from the original data leaving the upgoing P-waves only.  This step is repeated for the removal of the downgoing S-waves.  
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Figure 9 - VSP1 shot record after removal of down going P-wave

11.  Residual High Frequency Ringing Removal:  After removal of some of the downgoing P-waves, it was noticed that there as still some residual high frequency ringing, not related to the ringing associated with receivers 5 and 7, but seemingly random throughout the shots.  These ringy traces were manually identified and separated from the other traces.  A predictive deconvolution with the prediction lag of 3ms and an operator length of 5ms was run on the data to suppress this high frequency ringing and the adjusted traces were put back into the shot record.
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Figure 10 - VSP1 shot record after removal of high frequency ringing
12.  Suppression of downgoing S-waves:  See section 10: Suppression of downgoing P-waves 
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13. F-K Filtering:  The next step in the processing flow is to remove any remaining downgoing energy by identifying it within the f-k domain.  Figure 12 illustrates a plot of frequency vs. wavenumber (m-1) for the vertical component of VSP1.  Downgoing energy (negative dip) is always displayed with a negative wavenumber and hence can be subtracted from the data as such.  The result, after trace scaling, boosts the upgoing reflections  (figures 13-17).  However, some residual downgoing energy (P and S wave shadow energy) is still visible.
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Figure 12 - fk spectrum for vertical component of VSP1
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Figure 13 - 3 components of VSP1 after fk filtering
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Figure 14 - 3 components of VSP2 after fk filtering
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Figure 15 - 3 components of VSP3 after fk filtering
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Figure 16 - 3 components of VSP4 after fk filtering
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Figure 17 - 3 components of VSP5 after fk filtering
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Figure � SEQ Figure \* ARABIC �11� - Suppression of downgoing S-waves
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