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Introduction 

This report describes the velocity model building and the Pre-Stack Depth Migration (Pre-SDM) processing performed by COMPAGNIE GENERALE DE GEOPHYSIQUE (CGG) for. The work performed consisted in processing 1100km of 2D data before performing 2D pre-stack depth migration.

This report might refer to presentation files included in the report’s CD. Those presentations concern tests performed during the project.

1. Geological framework

1.1. General structural context

1.2. Objectives of the PSDM project

Achieve optimum focusing of the seismic energy via pre stack depth migration of the input 2D data.

2. Data acquisition and pre-processing of input data

2.1. Data acquisition parameters

Recorded by

 : Multiwave

Date 

: 

Data 

: 

Source

 : 

Gun Depth

: 

Shot point interval
: 

Streamer

: 

Near/Far offset
: 

Streamer depth
: 

Group Interval
: 

Fold


: 

Acquisition filters:

 (Hi 62Hz, Low 8Hz 188dB/oct)

2.2. Time processing information
Final Processing sequence

1. Reformat: from SEGD to CGG internal format

2. Trace headers geometry updating

      3. Observer Log based shots and traces editing

      4. Anti alias and low cut zero phase filtering



operator length 512ms


             Low Cut    Out



High Cut 110Hz, 144dB/Oct

      5. Resample from 2ms to 4ms

      6. Amplitude Recovery:

                         Spherical divergence correction using Average velocity function

               
 1dB/sec Residual Exponential Gain correction


Amplitude_balancing.ppt
      7. NMO protection using average velocity function and application of NMO

          stretch mute. 

      8. FK filter :   performed in Shot Domain

         

FK Efficiency 60DB +/- 3000 M/S

         

FK Effeciency  0DB +/- 4500 M/S

         

Application start time 200MS and 200ms taper

Reversible AGC 200 MS

      9. FK filter:  performed in Receiver Domain 



FK Efficiency 60DB +/- 7000 M/S

         

FK Effeciency  0DB +/- 1500 M/S

         

Application start time 200MS and 200ms taper

Reversible AGC 200 MS

     10. Removal of NMO protection

     11. Multi Channel Predictive Deconvolution    Gap = 24 ms

           

Design window 1
Design Window 2
Active Op.
Pre-Whitening



N.TR 0.25S-3.00S
N.TR 2.5S-5.00S
176MS

0.1%

 

F.TR  2.00S-3.50S
F.TR  3.0S-5.50S
176MS

0.1%


Operator derived over 11 trace

     (11b. Trace summation on shot domain for P95 Vintage only)

     12. Velocity Analysis every 1000 metres 

     13. Radon Demultiple 

     

P range:         

-368/1200 ms

 

P increment:              

16 ms



P Trace number

 98



Differential NMO
0.3s = 336ms



Differential NMO
1.0s = 128ms



Differential NMO
1.6s =  80ms



Differential NMO
3.0s =  80ms



Differential NMO
6.0s =  80ms



Start time

300ms + 200ms taper

     

Reversible AGC       
500ms

     14. Gun and Cable corrections

     15. Zero Phase filtering

     16. Time variant filtering



Operator Length = 512 ms



Time

       Low cut 

       High Cut



0 – 1500
6 Hz 18dB/Oct.
110Hz 144 dB/Oct.



2200-3200
6 Hz 18dB/Oct.
  60Hz 144 dB/Oct



3700-4700
6 Hz 18dB/Oct.
  36Hz   90 dB/Oct

     17. Automatic Gain Correction   500 msec operator length 

     18. Full Kirchhoff migration Velocity Analysis 

             variable percentage Velocity images : 92% through 108% every 2%

     19. Full Kirchhoff Pre Stack Time Migration

                          Bin size        50 m

     

Dip Limited  60o
                          Aperture    4000m



Viscosity factor 4

     20.  High Density  Residual velocity analysis
     21  NMO correction using Final Velocity     

     22. Trace Muting

     23. CDP Stack 1/N

     24. Raw Migration SEGY archives

     25. Automatic Gain Correction   2000 msec operator length

     26. Time variant filtering:


           Operator Length = 512 ms



Time

       Low cut 

       High Cut



0 – 1500
6 Hz 18dB/Oct.
110Hz 144 dB/Oct.



2200-3200
6 Hz 18dB/Oct.
  60Hz 144 dB/Oct



3700-4700
6 Hz 18dB/Oct.
  36Hz   90 dB/Oct

      27. Final Scaled and filtered Migration SEGY archives
2.3.   Pre-Stack Processing

Pre-Stack Processing Tests 

Low cut filter noise is available in:



LowCut_tests.ppt
Impulsive Noise Removal: Swell noise existed in the data and was removed by an impulsive noise removal technique. The swell noise was detected due to its unusual energy level and limited frequency. 



SWELL_NOISE_ATTEN_tests.ppt
Deconvolution before Stack (DBS):

 Various predictive deconvolution tests were performed: the conventional approach of predictive deconvolution (TRITA) in TX and in Tau-P domains.

  The TRITA program performs a time variant predictive deconvolution. To attenuate long period multiples, predictive deconvolution would require very long (and noisy) operator. TRITA uses gapped operator which consist of one impulse at time zero, followed by a series zeroes (gap) and active portion of length (LAR). The programs may computes one operator per trace using single trace, or, it may computes one operator per trace using several traces (average).

Deconvolution parameters were tested on non-NMO corrected full 480-channel shots record before trace summation, with final decisions for deconvolution made from examining SP gather, stacked sections and autocorrelation function display.



TAU-P_LN_DECON_tests.ppt
Demultiple: 

SRME followed by RADON de-multiple was applied on the data:

SRME de-multpil information are in:



SRME_tests.ppt
 For radon demultiple:

Radon-Demultiple (Tau-P) was tested to further removes multiples (characterised as events with slower velocity). The QC is produced on CMP gather , Stack  and autocorrelation displays. Input data are NMO-corrected using the 1st velocity field. A gather is then modelled by a number of parabolas (including constant-time arrivals) with different weights plus the linear noise. The computation is based on data decomposition into user-defined parabolas. This computation is performed using least-square method in the frequency-space domain (f-x) for each frequency of the pass band defined. This consist in carrying out stacks according to the various parabolas (CCS - Constant Curvature Stack), then a spatial deconvolution of the obtained spectrum (DCCS - Deconvolved CCS). Events corresponding to parabolas with a curvature bigger than a given threshold (DTCUT) are considered as multiples. Events corresponding to parabolas smaller than this threshold is considered as primary events. The difference between data and the sum of primary and multiple events is considered as linear noise. The module subtracts from the input gather, the model of multiples or the model of multiples plus the linear noise.

[image: image2.wmf]      Demultiple Diagram :

More information on RADON demultiple performed on this dataset can be found in:

RADON_preliminary_tests.ppt
RADON_vs_SRME_tests.ppt
Residual_diff_multiple.ppt
Diffracted multiple attenuation was also applied. Although considered a 3D problem diffracted multiples can be attenuated via a frequency filter with the DIMAT procedure:

RADON_DIMAT_DDT_tests.ppt
In addition on 2 lines diffraction energy was found o be a problem and had to be surgically removed on gathers via an FK process:

Residual_FK_tests.ppt
Zero phase filter derivation

Residual_ZPH__1_.ppt
3. 3.3 Pre-SDM methodology

The pre SDM methodology consisted in converting the rms velocity field built with a pre-stack time migration algorithm to interval (Dix conversion) in depth to us this model in the PSDM travel time computation. No tomographic inversion was performed on the derived velocity mode in depth. Only the kinematics of the PSDM where used here to improve the image quality.

4. Final migration

4.1.  Migration parameters

Migration Aperture

The migration aperture parameter is used to define a pyramid-like volume in which travel times tables will be computed .The wider the base of the pyramid the higher the dips can be migrated to. Testing the upper limit for the aperture parameter is a kind of trade off, since inaccuracy in the velocity model induces errors when positioning the events.

60 degree was the value used in the final migration.

Migration Illumination

This parameter define the trace contribution in the crossline and in the inline direction. 

Model driven migration aperture
In addition to the velocity model, a second king of a priori information can be introduced during the migration process. A dip model, mainly built from the depth-velocity macro model interfaces, is used during migration to give the migration aperture cone an orientation towards its interfaces. The results for steeply dipping horizons is that the migration operator will be spread from an aperture orthogonal to the horizons. Of course like all a priori information, it can have the wrong effect on the result. For example if the migration aperture cone is set to a narrow value and that in a particular location in the section two real events cross, only the one orthogonal to the migration aperture cone will be imaged. 

Anti-alias filter

The anti-alias option consists in applying a time variant filter to each processed trace dependent on its mapping position: it depends on the current sum of the travel times and on the input trace spacing inline and crossline (as the aliasing artefacts appear when the interference between 2 consecutive traces is no more destructive or constructive but random).

The application of the anti-alias filter improves the global image by reducing the level of noise it however has a significant impact on the migration turnaround

Final values took frequencies into account between 0Hz and 100Hz.

4.2. Final Kirchhoff Pre-SDM parameters:

.

Anti-aliasing
filter



yes (0-100Hz) Processing length:



14000m (mainly for depth to time conversion purposes)

Processing sample rate:


4 m 

Output sample rate:



4 m



Migration aperture:


 
60o 
Maximum illumination aperture:

1000m in xline direction

4000m to 6000m in inline direction depending on maximum offset available
Dip model aperture



40°

Anti-stretch parameter



120% (very mild)

4.3. Kirchhoff migration special feature tests

5. Post-processing

To be consistent with the time processing parameters, all post processing took place in time domain after conversion to time of the depth CRP gathers.

The following tests where performed on the output CRP gathers and images:

TVF.ppt
Angle_range_test.ppt
Angle_stacks.ppt
Angles.ppt
AVO_tests.ppt
AVO.ppt
6. Conclusion

The technical as well as timing (schedule) objective of the project where achieved.

Although the input data where 2D and did not give the PSDM too much energy to focus
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