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ABSTRACT : Prestack Depth Migration is the most appropriate seismic solution for imaging subsurface structures because of
its ability to focus and position reflections in the context of strong lateral velocity variations. PSDM of few 2D seismic lines
was undertaken for better subsurface imaging. The present case study deals with the improvement in imaging through model
based interval velocity estimation using coherency inversion technique followed by interval velocity depth model refinement
using tomography and subsequent prestack depth migration in North Cambay Basin which yielded more plausible geologic
structures.

INTRODUCTION

Time migration of 2D data of the area under study
could not generate accurate gelological model because in time
migration, hyperbolic moveout of reflections is assumed.
Amplitude distortions result when this assumption is not
valid. Indeed, when raypaths from near and far offsets travel
through units with different velocities, moveout is
nonhyperbolic and stacking of the event after hyperbolic
correction causes lack of focusing. Prestack depth migration
overcomes this problem by avoiding amplitude distortions
due to CMP smearing and nonhyperbolic moveout, resulting
in better imaging.

GEOLOGICAL SET-UP

The area of study lies in Cambay Basin of Western
India (Fig.1). Deccan trap of cretaceous age forms the basement
of overlying sedimentary column. Olpad Formation of
Paleocene age consists of trap wash and overlies the Deccan
trap uoconformably. It  is followed by Cambay shale(lower
Eocene) having producing sands also. This is overlain by
Kalol Formation (middle Eocene) which is a strong marker in
the entire north Cambay Basin. Kalol Formation is overlain by
a shale sequence of upper Eocene age and acts as a good cap
rock. Kalol Formation has been a major producer of
hydrocarbons in the area but with the discovery of oil/gas
within Cambay shale and Olpad Formations in some parts of
the basin, interest has gained momentum for the exploration
of hydrocarbons in the prospects below Kalol. But, the proper
imaging of  these deeper formations (Cambay and Olpad) had
been a major problem.

Figure 1: Index map of study area

METHODOLOGY

Input data conditioning

Special emphasis was given to trace editing, removal
of bad traces/spikes and correction of reverse traces. Horizon
consistant rms velocity analysis was performed to run the
prestack time migration for building a time horizon model
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(Fig 2). With this time model and input CMP gathers the depth
interval velocity model was built.

Initial interval velocity model building

The essence of migration is velocity field, used for
migrating the seismic data, which is derived from the seismic
data itself.

Initial interval velocity model building was done
using coherency inversion technique instead of conventional
Dix’s transform method because the coherency inversion uses
ray traced modeled travel time curves to compare with actual
travel times recorded from CMP gathers. The variation in
velocity (lateral or vertical), bending due to refraction
(according to Snel’s law) and structural dip (within the model)
are all accounted for, while ray tracing. This is a layer stripping
approach. It starts with the shallowest horizon for a range of
trial interval velocities. Travel times are computed through
normal incidence ray tracing for the depth model for a range of
offsets. The computed travel times are posted on the CMP
gather and semblance is estimated. The estimated interval
velocity is one with the highest semblance. Fig 3 shows
semblance computation of a typical horizon. The
appropriateness of the picked interval velocity is evident from
flatness of the horizon in QC time gate in the above figure.

After completion of picking of semblance for first
horizon, corresponding time model is converted into the depth
model using this estimated interval velocity. The process is
repeated for the subsequent layers and interval velocity
section is generated (Fig 4).

With the help of this depth inerval velocity model,
prestack depth migration is performed (Fig 5). The flowchart
is shown in Fig 6.

MODEL REFINEMENT THROUGH TOMOGRAPHY

The resulting depth section is now used for
adjustment of horizon interpretations. The depth gathers
obtained from the PSDM process were not completely flat at
higher offsets (Fig 7).

 Tomography is a tool that attempts to correct errors
in the velocity depth model by analyzing the residual delays
after PSDM. It is a global approach that can translate an errorFigure 2: Time section from PSTM.

Figure 3: Semblance computation of a typical horizon.

Figure 4: Initial depth interval velocity section.
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in time at one location to an error in depth or velocity at any
point in the model through which the ray has traveled. These
errors are solved simultaneously by making changes to the
velocity and depth model across the entire section.

To increase the reflection flatness in the depth
gathers, residuals were picked for each of the horizons and
the depth interval velocity model was updated using Global
Tomography and final interval velocity section was generated
(Fig 8). With this updated interval velocity and depth model,
prestack depth migration was carried out. The resulting depth
gathers were found to be flat and the corresponding depth
section showed improved structural features with better
standouts of the events in the zone of interest (Fig. 9).
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Figure5: Depth section from PSDM.

Figure 6: Flow chart for interval velocity model building and
refinement for PSDM.

Figure 7: Typical depth gathers showing nonflatness at higher
offsets.

Figure 8: Final depth interval velocity section.

Figure 9: Typical depth gathers showing flatness at all offsets after
refinement.
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DISCUSSION

The task of imaging is removal of wave propagation
effects from seismic data, which are expressed as moveout
patterns of events in the seismic gathers. Indeed, the
elimination of reflection moveout, expressed as flatness of
gathers, constitutes evidence of the accuracy of the derived
velocity field.

Comparison of Fig. 7 & 9 shows improvement in
flatness of depth migrated gathers after tomography. The final
depth section shows improved and better subsurface definition
(Fig 10).

CONCLUSION

! PSDM has succeeded in giving a better portrait of the
subsurface structures.

! Depth interval velocity model refinement through
tomography could bring better subsurface images after
PSDM.

! The nonhyperbolic nature of the moveout in time events,
caused by the velocity variations might have caused
the time migration to produce a poor result. Comparison
of  depth section scaled to time (Fig 11) and time migrated
section (Fig 2) clearly shows improvement in structural
imaging through depth domain solution.

! The results of depth imaging may give lead for Paleocene
exploration in the area under study.
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Figure 10: Final depth section after refinement.

Figure 11: Scaled to time from depth section.


