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Summary: 

This is an overview of multi-component surveys carried out for hydrocarbon exploration in Indian sedimentary basins. Multi-
component data recording is in place since mid-eighties due to three component sensors in the tools used during VSP operation. 
In surface seismic, shear wave survey was first experimented in Kalol-Sertha area of Cambay basin during regular survey work in 
1984-85. Occasionally experimentation also continued later on by survey crews in Cambay and Assam Shelf basins. These earlier 
experimentation for shear wave exploration in eighties and early nineties was attempted by explosive as energy source and 
recording with conventional geophone as well as with low frequency shear wave geophones. The experimental shear wave 
surveys could not give expected lead perhaps due to inadequate source and resources which resulted in no activity in multi-
component data acquisition for almost a decade.    
 
With the introduction of 3C digital geophones (accelerometers) in the industry, concentrated efforts on recording of converted 
waves with 3C digital geophones and P-wave energy source were made. First 2D-3C seismic survey was conducted during field 
season 2004-05 for converted wave in Cambay basin. Thereafter, spurt of exploration activities observed in multi-component 
seismics in onshore as well as offshore areas. More than a dozen 3D seismic investigations with 3C digital geophones have 
already been recorded by departmental crews of ONGC in onland areas of Cambay, Assam Shelf and Cauvery basins. OIL has 
also conducted multi-component survey in Upper Assam for converted wave. The multi-component surveys were also conducted 
with OBC/OBN technology in offshore areas in east & west coast of India. Efforts of acquisition, processing and analysis of 
multi-component data are continuing and recent results obtained with the use of data indicates it will continue to be used 
increasingly in exploration & exploitation of hydrocarbon inspite of certain limitations. The objectives of the various surveys, 
their results and the future trends of the multi-component technology especially with Indian perspective are discussed in this 
overview. The historical account and the application of the multi-component surveys are also discussed briefly.  
 
Introduction:  
 
Seismology has been multi-component since ancient times 
as the earliest known seismic instrument relied on detecting 
horizontal motion by Chinese dragon seismograph. To this 
day, much of the analysis of earthquakes as well as 
understandings of the deep Earth are based on multi-
component seismic recordings. Multi-component seismic 
usually means receiving vibrations at the recording location 
generated from a P-wave source by either three orthogonal 
(three-component or 3C) geophones or three geophones 
and a hydrophone (4C). Less commonly, a three component 
source being recorded with a 3C set of receivers which 
would give nine gathers (9C) of data per shot (RR Stewart, 
2009). Nine- component acquisition and processing has not 
gained wide acceptance due to complexities of generating 
shear wave and cost involved. So the attention shifted to 
converted wave (PS) to get S wave information. The 
asymmetry of the PS raypath was a complication in 
creating a PS section but various procedures were 
developed to resolve it. The ocean bottom cable/node 
(OBC/OBN) technology has made possible the recording of 
converted wave data in offshore area. Hence, multi-
component data (3D-4C) recording in offshore areas are 
carried out with three components of geophones and a 
hydrophone for exploration and development activities. 
Multi-component surveys are complex in many aspects. 
Generation of Shear wave is complex, receiving/recording 
is complex even their reflection/conversion is complex 
itself. Their processing is much more complex than P-wave 
processing and requires thorough of the subject. One of the 
processing concerns is the variation of the P-S reflection 
points in depth for any given source-receiver offset (Fig. 1). 

Several modes (PS, PSSP, PPSP, PSPP) of shear waves and 
statics makes their processing further complex. 
Interpretation and analysis of the P-S data is also complex 
because few S-wave velocity logs had been acquired. 
Varying Reflection coefficient with offset for P-S wave as 
described by the Zoeppritz equations is another complexity 
in analysis of its results (Fig.2). Hence, the multi-
component exploration requires expertise while conducting 
acquisition, processing or interpretation. But, it has the 
capability of solving more complex geophysical problem in 
many of the geological situations. Tremendous information 
contained by shear wave needs to be unfolded. The 
polarization of the transverse particle motion can provide 
significant information about the character of the geologic 
formation or reservoir it’s propagating through. 
 

 
Fig 1: PS conversion point shift towards receiver and this 
shift depend upon depth resulting in asymptotic reflection 
point for any source-receiver offset.  
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Fig 2:  Reflection coefficient of PP is almost constant while 
PS is varying with incidence angle.(Stewart,RR,et.al, 2002) 
 
Application: 
 
The reflected P-wave which is easier wave-type to 
generate, record, process the data, analyze the results and 
therefore has become the standard for imaging of 
subsurface. Sometime its interpretation is ambiguous or 
limited and images needs to be augmented or 
complemented which may be provided by multi-component 
recording. Shear-waves respond to a different combination 
of elastic constants and density than P-waves, so shear 
wave image may be helpful in these areas with some 
additional information. Analyzing both compressional P 
waves and Shear waves from a multi-component seismic 
survey can provide more information about subsurface 
structures, lithologies and their fluid saturants.  
 
Multi-component technology applications in exploration of 
hydrocarbon may be broadly classified into three: 
 
1. Structural Imaging: 

Since P wave and S wave respond to different rock 
properties, so their reflection travel times and 
amplitudes from the same interface may differ greatly. 
One of the dramatic applications of the Converted 
wave is in structural imaging within Gas Chimney and 
beneath shallow gas overburdens. (Berg et.al. 1994). 
 

2. Rock’ and ‘Fluid’ type determination: 
One of the main uses of Converted wave is for 
determination of litholgy and fluid type. S waves yield 
insights into the nature of subsurface lithology and the 
nature of the pore-saturating fluids because they are 
not affected appreciably by different pore fluids. 
Vp/Vs attributes in lateral and vertical direction are 
important lithology indicator for reservoir 
characterization. (RH Tatham 1982). 
 

3. Fracture and porosity estimation:  
Shear wave splitting is an essential phenomenon that 
occurs to some degree in all multi-component surveys. 
Being able to quantify the effects of birefringence, it is 
possible to determine the fracture density in reservoir. 
If these fractures are smaller than seismic wavelength, 
we get an average response and leads to azimuthal 
anisotropy. Measurement of this anisotropy can infer 
information about the orientation and the density of 
the fractures (Gaiser JE, 2002). 

History: 
 
Shear wave exploration started in 1968 by Conoco 
scientists (Cherry and Waters, 1968; Erickson et al., 1968) 
by generating shear-waves with mechanical vibratory 
sources. Generation of shear wave has been a serious 
problem and therefore experiment started with P-wave 
sources and recording of mode converted waves with two 
sensors (vertical and in-line). They did observe mode-
converted shear-wave reflections in many cases (e.g., 
Garotta, 1987), but failed to successfully observe mode-
converted shear-waves in some other areas. Several sources 
of this inconsistency could be described to many reasons. 
One of the primary problems may have been the effects of 
azimuthal anisotropy, which cannot be corrected with the 
recording of only vertical and in-line data. Recognition of 
the need to apply rotational corrections for the azimuthal 
anisotropy that pervades in many areas has led to consistent 
three-component recording. With the recording of three 
components, however, it is possible to perform rotations of 
the observed data (Alford RM, 1986). More recent 
developments had improved capability to record and 
successfully process mode converted data, particularly P-
SV reflected data. Improvements in processing, including 
proper 'binning' and correction for the asymmetric 
geometry associated with the P-SV reflection path resulted 
in routine use of multi-component data.  
 

 
Fig.3: Surface Seismic multi-component exploration 
activities in Indian sedimentary Basins. Yellow Box for SH 
wave early attempts. Green box are 2D/3D-3C surveys for 
converted wave and the Blue color box for OBN/OBC.  
 
Early 2D-2C Experimentation: 
 
Multi-component (2D-2C) survey was conducted as back 
as during 1984-85 in Kalol-Sertha area of Cambay Basin 
by seismic survey crew of ONGC (Fig.3). These 
experimental SH wave surveys were also continued 
occasionally during regular seismic survey in Mehsana and 
other areas of Cambay Basin and Assam Shelf Basin. These 
surveys were conducted with 48 Channels DFS-V 
instruments. Alternate channels of recording instruments 
were used for P-wave and S wave receivers. The explosive 
as energy source was used (Three holes pattern) and 
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recorded by conventional receivers and low frequency 
shear wave Geophones (R Rajender Kumar, 1987). The 
Shear wave survey was again experimented with three 
holes pattern in Dabka area of Cambay basin in 1992-93 
and recording with single component vertical geophone 
only. The experiment was repeated with shear wave 
geophones in Nandasan area of Cambay Basin India. The 
experimental shear wave surveys conducted in late 1980s 
and early 1990’s could not give expected lead perhaps due 
to inadequate source and resources. A brief account of 
development, application and attempts of shear wave 
exploration in ONGC was presented during first SPG 
Conference at New Delhi (AV Sathe, 1996).  
These earlier setbacks of shear wave exploration of surface 
seismic may be reason of low activity for a decade in multi-
component data acquisition activities. However, available 
multi-component data from VSP, 2D-2C experimental 
surveys and modeling studies were used for establishing the 
utilities in exploration. Good quality of converted waves 
recording by vertical component geophone in offset VSP 
surveys in a well in Gandhar area of Cambay Basin was 
reported (Fig. 4). Data of an offset VSP was used to 
estimate S wave velocity and elastic parameters (Harilal 
et.al.,1998). The available data of the one of the 2D-2C 
experimental surveys was analysed and clear trends were 
observed in crossplots of stacking velocities of P wave and 
S wave which were correlatable with subsurface 
lithological changes (Harilal et.al.,1999). Shear wave and 
converted wave modeling studies (Harilal, 2002) had also 
shown that shear wave impedance contrasts at Sand-shale 
in Older Cambay Shale is higher than corresponding 
acoustic impedance.  
 

 
Fig.4: Converted Wave (SV Wave) observed on offset VSP 
data from a well in Gandhar area conducted with explosive 
and recorded with Vertical Geophone. (Harilal, 1998) 
 
Dipole Sonic Logging and 3-Component VSP Survey: 

 

Full-waveform sonic logs give information about P-wave 
and S-wave velocities. Dipole sonic log recording started in 
mid-nineties in offshore wells in Mumbai and later on it 
was introduced in onland well. Now, dipole sonic logs are 
recorded for formation evaluation in offshore and onshore 
wells as per exploration need. In addition to their routine 
use in formation evaluation, these dipole sonic logs will 
prove very valuable information for interpretation of multi-
component surface seismic data. 

3-C geophones tool was introduced in VSP surveys since 
mid-eighties in India. VSP crews, in general, records data 
with tools having multi-component geophones with P wave 
energy source. To get good conversion to S energy at the 
interface, however, offset VSP is required to be conducted. 
The VSP surveys in offshore area are, in general, zero-
offset with three components tool and airgun array as 
energy source. However, converted wave may get recorded 
with favorable trajectory of inclined well. There are many 
unpublished and published case histories of converted wave 
VSP data which has been successfully processed and 
interpreted for solving exploration problem. Figure 5 shows 
data of an offset VSP survey in a well of Western Onshore 
basin which was processed for the mode converted wave 
(Srilata M, 2008). Mode converted upgoing wavefield was 
extracted to get S wave image. It was observed that there is 
no strict one to one correspondence between all events of 
P- and S- wave. Shallow section in S wave image was 
better resolved than P- wave image. Three components data 
is recorded in each VSP operation but its processing for 
converted wave and analysis is limited due to zero offset, 
vertical well or many other reasons. 
 

 
Figure-5: P and P-SV section showing 
similarities/differences in reflectivity (Srilata, 2008). 
 

 
Fig.6: Foldage loss in some the Offset VSP due to deviated 
well. (D. Chatterjee, 2010) 
 
Figure 6 shows data of offset VSP from a deviated well in 
Cauvery basin which has been processed for converted 
wave. In addition to P- and  S- wave velocity, anisotropy 
model was brought out from the processing of data of a 
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number of offsets profile (D. Chatterjee et. al. 2010). The 
shear wave velocity and Vp/Vs ratio were additional 
attributes to predict lithological information and simple 
anisotropic models along the survey directions of offset 
VSP. Methodology for processing of three component VSP 
data was developed and successfully implemented for 
inclined well.  
 
Multi-component Survey for Converted Wave: 
 
Subsequent to the induction of 3C digital sensors, renewed 
effort in acquisition of multi-component data was made in 
2002. ONGC in collaboration with CREWES worked on 
synthetic modeling and acquisition planning software to 
design 3C survey in Cambay and Cauvery basins. The 
analysis carried out suggests that converted-wave data is 
likely to be helpful in assessing the clastic reservoirs in 
these areas. The first 2D-3C data was acquired in Kadi area 
of Cambay basin in 2004 with 3C digital geophones and 
explosive as energy sources. Since then, a spurt of multi-
component survey activities has been observed in Indian 
sedimentary basins both onshore as well as offshore.  
 

 
Fig. 7: PP and PS Images (in PP time). PS data with 
gamma field spliced into PP data, (a) and PP data spliced 
into PS section with gamma field (b).  
 

   
Fig. 8: Lateral distribution of Vp/Vs ratio. The yellow and 
red areas show regions of low Vp/Vs which are interpreted 
to be sand- rich. (RR Stewart, 2008). 
 
Onshore Basins: 
 
Cambay Basin: The figure 3 shows the various multi-
component surface seismic exploration attempts to explore 
prospects from onshore as well as offshore basins of India. 
First 2D-3C survey in India was conducted during field 

season 2004-05 in South Kadi-Nandasan-Jotana-Sobhasan-
Wadu-Paliyad area of North Cambay Basin with 3C digital 
geophones and explosive as energy source. The objective 
of the survey was to delineate lenticular sands bodies which 
are encased predominantly in shale sections. The P-wave 
and C-wave sections are shown in figure 7. The Vp/Vs map 
were generated in target zone and sand enrichment area 
were identified as shown in figure 8. These maps along 
with other data assisted in further delineating prospects in 
the area. (Zabik and Podolak, 2006; Lukaszewski M et. al., 
2006, Yadava CB, 2008).   
  
In south Cambay basin, 3D Multi-component surveys was 
conducted in Padra area during field season 2009-10 with 
the objective to bring out fracture & fault pattern at Trap 
level and to bring out the densely faulted/fractured 
prospective area with shallow zone of interest (HN Garg, 
2010). The final results of PP and PS data showed good 
resolution upto the trap level with good delineation of the 
fault pattern. The determination of statics is a serious 
problem for shear wave data processing. Therefore, Shear 
wave uphole surveys are conducted during data acquisition 
for shear wave velocity in near surface. With 
implementation of new approach for statics application, 
improvement obtained during processing. Processing 
sequence consisting of receiver line domain trim statics 
after structural flattening has resulted in improved imaging 
and better continuity of events in this area as shown in fig. 
9 (C. B. Yadava, 2010). With continuous improvements in 
acquisition and processing techniques and association with 
experts, absorption of multi-component technology for 
acquisition, processing and interpretation is obtained. 
 

 
Fig. 9: PSTM stack of Radial component along an inline 
using input data in which shear statics refined by 
conventional approach (a) Trim statics after structural 
flattening approach (b) (CB Yadava, 2010). 
 
3D-3C data has also been acquired in Kalol, Gandhar and 
adjoining areas of Cambay basin in various phases. 
Significant lead is obtained with use of converted wave 
data of Padra, Kalol and Gandhar areas. In a study carried 
out on 3D-3C data of Kalol area (Bakshi AK, 2017), Vp/Vs 
ratio obtained from PP-PS pre-stack joint inversion has 
successfully guided the deviation path for inclined 

(a) 

(b) 



Overview of Multi-Component Seismic Surveys in Indian Sedimentary Basins 
 

development wells KLOL-N-Z in K-IX pay in Kalol 
formation of Cambay basin (Fig.10). 
 

 
Fig. 10: Vp/Vs ratio map at K-IX level showing the location 
of development well KLOL-N & KLOL-N-Z with parent 
well KLOL-H. (Bakshi AK et.al. 2017) 
 
Cauvery Basin: A 2D-3C Seismic profile was shot after 
designing the acquisition parameters based on the result of 
modeling studies in Kuthalam field of Cauvery basin. The 
aim of this test line was to know about the area with respect 
to PS mode penetration and resolution for optimum design 
of field geometry. The time image shows good penetration 
of PS energy and the marker events corresponding to PP 
section were seen in PS section except basement (Fig.11). 
Basement event was seen in patches (O.P.Singh et.al., 
2010). Limited improvement is observed in S/N ratio 
during processing due to 2D constraints of data which is 
expected to be minimized with the availability of 3D-3C 
data. 
 

 
Fig.11: PP and PS (in PP time) sections (OP Singh, 2010) 
 
3D seismic data with digital sensors had been acquired in 
Tranquebar sub basin of Cauvery Basin. The sub basin 
comprises of almost the complete succession of strata from 
upper Jurassic/Lower Cretaceous to recent. The main 
objective in the study area was to explore strati-structural 
features of the Albian pay sands situated in the upper 
cretaceous formation. (N. B. R. Prasad 2012). In this 
investigation, the acquisition geometry was tuned for 
compressional wave data and not for converted wave data. 
PS image corroborated the PP image in revealing the 
structural aspects. Features at shallow level were brought 
out better in PS  section than PP.  
 
Assam Shelf Basin: Multi-component data was acquired in 
Laiplingaon and Changmaigaion area of North Assam 

Shelf Block of Assam and Arakan Basin (Sharma Anand 
Kishore, 2012). The data was acquired with the objective to 
bring out the hydrocarbon bearing reservoir distribution 
from Tipam Sands along with any strati-structural features 
from the deeper Barail Main sands (BMS) and Tura plays.  
 
Oil India also conducted its first 2D-3C multi-component 
survey over a prospect in Upper Assam Shelf Basin. 
Feasibility & design study has been carried to redefine the 
prospects in the structures/reservoirs of Miocene-Oligocene 
groups in an area of Upper Assam Basin Well-log data 
shows a distinct difference of petro-physical properties 
(i.e., Vp, Vs, density, and resistivity etc.) among 
hydrocarbon-bearing sands and the shales in the entire 
target zone. Modelling of P-P and P-S responses using the 
given well–log data has been carried out before recording 
of 2D-3C data. Multi-component seismic data in the area 
are expected  to develop new structural details (faults, 
compartments, closures) using PS wave images, assisting 
with new stratigraphic features and providing some large 
scale lithology (e.g. sand versus shale) information, 
fractures’ orientation & anisotropy in the reservoir and help 
in providing information about fluid distribution. (K. L. 
Mandal 2011, 2012). 
 
Offshore Basins: 
 
East Coast: Ocean Bottom Cables (OBC) technology has 
been used to record the 3D seismic data in part of the 
Yanam area in transition zone of KG Basin. Infact, it was 
first 3D-4C data recording in offshore area in India in 2008. 
However, it was not part of the contract but contractor 
deployed 4C cables in eastern part of the area where water 
depth was more. The 3C geophone data was used for 
rotation so that true vertical component may be used for PZ 
summation.   
 
West Coast: 
Mumbai High Pilot 3D-4C project was first effort of multi-
component data recording with Ocean Bottom Node (OBN) 
technology in India in 2011-12. The data acquired with 
regular grid in inline as well as crossline direction. Nodes 
were placed in a grid of 200 mts. while the sources were in 
the grid of 25 mts.  The main objectives of Mumbai High 
4C-3D Pilot Project were:  
 To characterize fracture network.  
 To delineate zones/areas of by-passed oil for L-III 

reservoir.  
 Facies identification and fluid discrimination 
 Imaging in Gas cap area 
A full and detailed fracture characterization was performed 
by processing both the PP and PS data through a full 
azimuthal signature preserving workflow. For imaging, 
offset vector tile (OVT) processing and migration of the 
data were used with high density HTI analysis of 
azimuthally varying velocity analysis. The PS time and 
depth images for three different inlines are shown in 
Fig12a,b. The deeper events are better developed. The 
fracture density for L-II and L-III layer and better basement 
delineation were added value in exploration of the area 
with multi-component data.  

PP PS 
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Fig. 12a: PS time image (three inlines) 

 

 
Fig. 12b: PS depth images (three inlines) 

 
After re-processing of the same data, pre-stack joint 
inversion was attempted for deriving petrophysical 
parameters.  A methodology was adopted for integrating PP 
& PS joint inversion results and incorporating well data to 
identify bypassed oil zones in the L-III pay reservoir in 
Mumbai High Field (Fig.13).  
 

 
Fig.13: Bypassed oil prospective map at L-III pay level 
shown by polygons.(Dubey SC etal.2017) 
 
Kerala Konkan Basin: 2D-3C data was acquired in 2012 
with sparse node at 2 km in KK basin for Wide Aperture 
Reflection-Refraction Profiling (WARRP) survey. These 
2D lines were shot as a part of integrated study in the area 
for Mesozoic exploration. The Vp/Vs ratio was estimated 
and lowering of shear wave velocity on some of the profile 
may have favorable geological interpretation. Further 
analysis and integration of other information is required in 
establishing presence of the Mesozoic sediments in the 
area. 

Road Ahead: 
 
The independent inversions for P-impedance and S-
impedance from the P wave and converted wave datasets 
ignore the fact that these impedances should be related. The 
joint inversion provides some form of coupling existing 
between the variables such as P velocity, S velocity and 
density. However, it requires proper handling of shear 
waves for successful joint inversion of PP and PS data. The 
recent results obtained in joint inversion of PP and PS 
datasets from onshore and offshore areas are encouraging. 
 
Successful results with shear wave splitting in fractures 
mapping and basement delineation will be boon to the 
technology. However, more research and development 
activities are required for shear/converted wave attenuation, 
birefringence, multi-moding and the effects of extreme 
heterogeneity which may enable this technology to obtain 
better imaging in fractured trap, shale or sandstone. 
 
Conclusion:  
 
In India, the multi-component recording in VSP operation 
as well as surface seismics started in mid-eighties while 
Dipole sonic logs was first recorded in mid-nineties. The 
first phase of surface seismics activities was concentrated 
on SH wave exploration during eighties and early nineties. 
The results obtained in these earlier attempts were not 
encouraging. The second phase activities started in 2004 
after introduction of 3C digital geophones which were 
concentrated on converted wave exploration. More than a 
dozen 3D seismic investigations with 3C digital geophones 
were conducted by ONGC/OIL in onland areas of Cambay, 
Assam Shelf and Cauvery basins. The offshore activities 
are limited and carried out with OBN/OBC technology in 
some areas of east as well as west coast.  
Attempts have been made for multi-component surveys in 
many sedimentary basins of India having the objectives in 
all the three application areas of shear wave.  Results are 
encouraging in some cases in meeting out the objective 
however, more research and development activities are 
required for shear/converted wave attenuation, 
birefringence analysis. With the recent encouraging results 
of analysis of joint inversion, the use of multi-component 
data is expected to increase slowly and steadily in 
exploration and exploitation of hydrocarbon.   
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