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Summary 

  

Multi component survey have become one of the leading areas where state of the art technology is being applied to areas 

where the exploitation potential has not been fulfilled due to difficulties in obtaining an interpretable seismic images. 

Converted shear wave data allows images to be obtained that are unobstructed by the gas and / or fluids. This reduces the risk 

for interpretation and subsequent appraisal and development drilling in complex areas which are clearly petroleum rich. In 

addition, rock properties can be uniquely determined from the compression and shear data, allowing for improved reservoir 

characterization and lithological prediction.  

 

Data acquisition and processing of C-wave data involves both similarities and differences when compared to conventional 

technique. Processing for the compressional data is the same as for a conventional seismic survey, however asymmetric ray 

paths for the converted waves and the resultant effect on fold-offset-azimuth distribution, binning and velocity determination 

requires radically different processing methodologies.   

 

Multicomponent Seismic helps in the identification of lithology, reservoir characterization and fluid discrimination. 3D-3C 

seismic data was acquired in the study area with single digital sensors (SVSM) to fulfill the objective of exploration i.e 

identification of lithology and fluid distribution. The acquisition geometry was designed to fulfill the exploration objective with 

the help of available information and resources in the study area to acquire multicomponent data. The objective and idea to 

process Cwave was to have additional information over P-wave viz. to get information about lithology in the zone of interest. 

The proper delineation of pinchouts and shaleout may be of exploration interest in the area. Initial Vp/Vs ratio was taken from 

the Well data with dipole sonic and it was validated with the Vp/Vs calculated from the field data. After orientation QC of the 

field data, the acquisition coordinate system i.e X & Y was changed to processing coordinate system i.e R & T. ACP stack of 

R and MC stack of T component was generated after denoising of data, initial velocity estimation of shear waves and 

computation of shear statics. Processing of all the components were attempted up to PSTM for fully integrated interpretation 

of the data. 
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Introduction 

 

3D-3C data was acquired by ONGC in the study area in 

Cambay Basin with single digital sensors (SVSM) and I/O 

system during the field season 2012-13 as shown in fig1. 

The SVSM sensors are capable of recording three 

components with full seismic signal bandwidth. The 

objective of the survey was to bring out pinchout features 

from Hazad in the zone of interest of 2100-2400ms (TWT). 

 

 

 

 

 

 

 

 
Fig.1 Base Map of the area  
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Acquisition Parameters  

  

The acquisition parameters are given below. 

 
Fig 2 Acquisition parameters and unit template, shots are marked 

in red and receivers in blue.  

  

Processing  

 

The present study is related to processing of radial and 

transverse components of Converted Wave data along with 

vertical component data acquired with digital sensors 

(SVSM). 3D-3C data in the area is acquired with 

symmetric split spread geometry as shown in fig.2, with 

azimuths up to 360 degree in the data.  For C-wave 

processing, azimuths and its distribution is an important 

parameter for azimuthal stack and analysis of   rotational 

analysis in presence of azimuthal anisotropy.  

  

Processing of Z (vertical) component: The first stage of 

multicomponent time processing was to process 

conventional P wave data up to the optimum stack. 

Therefore the 3D data was processed after reconditioning 

of the raw data and finalization of processing parameter for 

vertical component. The P wave image itself is very 

helpful to guide PS processing.   

  

Processing of X & Y component: Processing of X & Y 

component of 3C data involves various steps of processing 

and QC that are different from vertical component 

processing. The first and important step is to do orientation 

QC to correct the orientation of horizontal component data 

provided by the field crew.  

 

The horizontal components are then rotated to radial and 

transverse components. 

 

The raw data (fig 3) after rotation to R and T is shown in 

fig 4. The shot gather shows that maximum energy has 

been transferred to R and T indicates minimum energy. 

This R & T data are subjected to denoising and 

reconditioning for use in subsequent processing. The data 

was denoised using 3D FK filtering in cross-spread domain 

for suppression of ground roll. Initial PS velocity 

estimation was done on this denoised data for stacking of 

data in common receiver mode and ACP mode after 

estimating initial gamma from the seismic data. 

 
Fig.3 Raw data before rotation. 

 

 
Fig.4 Raw data after rotation. 

 

 
Fig.5 Fold Map of the area  

  

The foldage map of Vertical and Radial components 

shown in fig 5 shows that both the components are having 

uniform foldage except at some location, which may be 

due to logistic conditions in the area   

  

In the case of C-wave propagation, the down going wave 

is compressional wave and the upcoming reflected wave is 

Sv part of shear wave. Therefore, for the down going P 

wave, shot statics is same as for P wave but for upcoming 

Cwave, receiver statics is to be computed, which is called 

shear statics. This shear statics computation is done in 

common receiver mode wherein static shifts along the 
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shallow traceable horizon are estimated within defined 

cross-correlation window.   

 

After computation and application of shear statics on the 

data, the PS velocity is iteratively refined for better 

imaging of ACP stack. The common receiver stack was 

generated with the PS velocity to ascertain the 

improvements in the velocity field. In the present area even 

with iterative velocity estimation on ACP binned data it 

was observed that deeper events were not seen on ACP 

stack but the same was seen on common receiver stack. It 

was hence decided to refine velocity in common receiver 

mode and apply the same to derive RMS velocity model 

and generate CCP stack. With the velocity model 

generated from common receiver gathers there was 

considerable improvement in imaging of deeper reflectors. 

As the dip of the olpad is different from overlying 

formations of Hazad the confidence in event correlation 

became much higher once these events could be imaged.   

  

After this, the effect of azimuthal anisotropy in the area is 

studied and if present, processing is carried out for S1(fast) 

and S2(slow) component after rotational analysis else, 

emphasis is given to Radial component. 

 

 
Fig.6 Stack section after residual statics along IL1 

 

 
Fig.7 Stack section after residual statics along IL1. 

 

For optimal results vertical component data was 

regularized before migration.  

 Horizons are picked on PP and PS data, corresponding to 

same geological boundaries, which may be two or more 

depending on our data quality. In our study six horizons 

H1- H6 are picked at different markers as shown in fig.8. 

These horizons are picked on selected in lines and 

propagated to entire 3D volume. 

 

 
Fig.8 Horizons on vertical and Radial section 

 

 
Fig.9 Gamma section along the line IL1 

 

Time and space variant gamma values are computed for 

the 3D volume with the help of these horizon maps and 

then smoothed for use in CCP stack. This gamma volume 

is refined after few iteration as obtained from the horizons 

H1- H6. Gamma section, which is an important attribute 

for interpretation of lithology, is shown in fig 9.   
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Fig.10 PSTM section along Inline IL1 of Vertical comp 

 

 
Fig.11 PSTM section along Inline IL1 of Radial comp. 

 

The final smoothed gamma velocity field and RMS 

velocity field of PS and PP are used in pre-stack migration 

(PSTM) of Radial and Transverse component in CCP 

domain. PSTM stack results of Vertical, Radial and 

Transverse components are shown in fig 10, fig11 & fig12. 

The radial component PSTM stack squeezed to PP time in 

the zone of interest is compared with the vertical 

component data in fig 13.  The PSTM stack of Vertical, 

Radial and transverse along XL1 are shown in fig14 & 

fig.15. 

 

 
Fig.12 PSTM section along Inline IL1 of Trans. Comp 

 

 
Fig 13 PP and squeezed Radial component in PP time 

 

 
Fig.14 PSTM section of X-line XL1 of Vertical and radial 

Components  
 

 
Fig.15 PSTM section along Xline XL1 of Transverse comp.  

  

Fig.16 shows  time slice of Vertical component after 

PSTM in PP time and corresponding time slice of Radial 

component in PS time. These time slices were generated 

for QC purpose. 
 

 
                                 Vertical component 



 

 

 

 

 

 

5 

 
Radial component 

Fig.16 Time Slice after PSTM of vertical and Radial components  

  

Correlation with Synthetic Seismogram  

 

Attempt was made to correlate the vertical component and 

Radial component data with well data. Synthetic 

Seismograms were generated both for PP and PS. For 

correlation we need the acoustic velocity, density for PP 

correlation and DSI logs for PS correlation. Initially, in 

practice P wave synthetic seismogram is tied to the PP 

section and then PS synthetic seismograms are generated.  

 

Correlation is done by tying the markers from the well data 

to the interpreted horizons in the seismic volume.  Major 

events correlated well with the synthetic seismogram 

generated from the well data fig 17. 

 

 

 
Fig.17 Correlation of  Vertical and Radial Component with 

Synthetic seismogram of PP and PS.  

  

 

Discussion   

  

3D-3C seismic data acquired in the study area was 

processed for all the components. The events on processed 

output of Radial and Transverse Component indicate that 

mode conversion is taking place of down going P wave 

after reflection. Insignificant events on transverse 

component may indicate the absence of azimuthal 

anisotropy in the area. The Gamma section, which was 

created based on the Horizons H1- H6, indicate variation 

in Vp/Vs. This gamma attribute may be useful for study of 

identification of lithology in the area.   

  

Conclusions  

  

The PSTM section of Vertical and Radial component 

shows good imaging at the zone of interest. The fault 

pattern is also well delineated. The processed outputs of 

both the components were calibrated with the Well data. It 

is observed that synthetic seismogram correlate with the 

final outputs of PP and PS sections, thus validates outputs. 

Therefore, processed outputs of PP & PS may fulfill the 

exploration objective in the area. The processed output of 

Transverse component does not show significant events, 

which could be indicative of the absence of azimuthal  

anisotropy in the area  

  

Acknowledgements  

  

The authors are thankful to ONGC for providing 

infrastructure to carry out this work. The authors are also 

thankful to Shri S.K.Das, ED-Basin Manager, WON Basin 

Baroda for permission to publish this work. Thanks are due 

to Shri U.S.D. Pandey, GGM, Head Geophysical services, 

Baroda for his keen interest and providing support for 

acquisition of the multicomponent data. The authors are 

thankful to Shri G. Sarvesam, Ex. ED-OSD, project 

coordinator 3D-3C and Shri B K Barve, GM (GP-S), 3D3C 

for their initiatives and valuable suggestions during the 

project.  

 

Last but not the least, thanks to all the members of 3D-3C 

project who were directly or indirectly involved in the 

analysis of the data.  

 

The views expressed in the paper are solely of the authors 

and do not necessarily reflect the views of the organization 

which they belong to.  

  

  

 

 



 

 

 

 

 

 

6 

References  

  

Alford,R.M., 1986, Shear data in the presence of azimuthal 

anisotropy:Dilley, Texas: 56th Ann. Internat. Mtg., Soc. 

Expl. Geophys., Expanded Abstracts, 476–479.  

  

Garotta, Robert, Granger Pierre-Yves, Gresillaud Alain., 

2004, About compressional, converted mode, and shear 

statics: The Leading Edge, 526-532  

  

Garotta, R., 2000, Processing of shear wave data, 

distinguished instructor short course – SEG  

  

Ferguson, Robert J., 2006, Regularization and datuming of 

seismic data by weighted, damped least squares: 

Geophysics. 71, 67-76  

  

Rao, K.S., Operational Report of GP-06, unpublished 

ONGC report, 2013  

  

S. Knapp, et.al., Imaging through gas clouds: A case 

history in the Gulf of Mexico: CSEG recorder, March 2001  

  

Shaowu Wang, Three component and Three dimensional 

seismic imaging – A thesis, August 1997  

  

Well Completion report and Well data of South Cambay 

Basin, unpublished ONGC report.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


