
6 
.  

3-D DEPTH IMAGE EXPERIENCES 
OF MEXIC 

SBGFOOI 92 

N THE DEEPWATER GULF 
0 

William L. Abriel, Joseph P. Stefmi, Robert D. Shank, David C. Bartel 

Chevron 

Abstract 

Depth imaging is an important part of the deepwater play in the Gulf of Mexico, and especially for the subsalt. 
Experiences with numerical models, physical models and live data show that it is possible to obtain 
stratigraphic quality images under salt given the right conditions. Given the right velocity model, depth imaging 
can have a substantial impact on the quality of seismic interpretations, as the signal can be positioned correctly 
and noise reduced when compared to time imaging. Obtaining stratigraphic quality seismic depth images also 
requires the appropriate handling of the coherent noise. Pre-stack and post-stack depth images have been 
generated in areas of drilling interest in the Gulf of Mexico. Drilling results have been able to bear out the 
interpretation benefits from this imaging. 

INTRODUCTION 

The purpose of this paper is to illustrate the use of 3-D depth imaging in seismic exploration and development 
concentrating on the deepwater Gulf of Mexico subsalt where depth imaging is an integral part of that play. And although 
the tradition of depth imaging grows from interests in structural definition of hydrocarbon traps, the quality of depth 
imaging in 3-D is now high enough to also have significant impact in reservoir definition and stratigraphic imaging. 
Time imaging generally employs significant elements of a Vat earth” processing model, and cannot correct for significant 
spatial variations in earth velocity. Therefore time imaging is forgiving of small earth-model errors but fails when velocity 
varies rapidly. 
In a sense, depth imaging is a correcting lens attempting to place the reflected energy in its correct xyz depth position. 
But along with the increase in image accuracy, comes the danger of not having the right earth velocity to make the 
corrections. Because depth imaging does such exact calculations of the ray paths, it is very sensitive to errors in our 
interval velocity model of the earth. Depth imaging, then, must be considered in a context much wider than a migration 
algorithm, and must at least also include velocity analysis, accuracy, and representation. 

SUBSALT DEPTH IMAGING 

As a representation of depth imaging, Figure 1 shows a model of seismic ray propagation. In Figure 1, the individual 
CMP rays in black illustrate how the seismic energy travel path through sediments suffers small “kinks” at the interfaces 
where the velocity changes. In contrast, at the salt boundaries the change in angle is quite large, and so this body acts 
as a distorting lens for imaging the reflectors below. The cross-section shows how rays constituting a single CMP gather 
hit the subsurface irregularly over a 5000-foot horizontal area. The inset in Figure 1 helps illustrate this difference in time 
and depth imaging. The plot of offset versus time shows the ray arrivals as recorded at the surface. Ideal time imaging 
requires the arrivals to fall along a hyperbola, whereas clearly they do not. 
Accurate depth imaging, however, is designed to correct for these distortions and place the events in their appropriate 
horizontal and vertical position. The effect of depth imaging is to use the source-receiver pairs whose common reflection 
points are the same, based on good knowledge of the velocity through which the rays travel. The small kinks are 
honoured directly, and all ray bending is taken into account. Where no salt exists in Figure 1, the rays generally make it 
to the surface without much distortion. Through the salt, however, the salt/sediment velocity contrast of 2 to 1 has a large 
effect where the rays intersect the salt interface at a non-normal angle. Rays can emerge from the salt displaced 
thousands of feet horizontally. Depth imaging corrects for these variations whereas time imaging does not. 
Effective 3-D depth imaging of surface seismic data can be accomplished using the required elements of; 1) appropriate 
acquisition coverage, 2) a robust and accurate velocity representation of the subsurface, 3) 3-D ray tracing, 4) a depth 
migration algorithm, and 5) an imaging expert. 
An example of a depth-migrated subsalt is shown in Figure 2. Several good points can be made from this seismic image. 
Notice the complexity of the salt-sediment interface at the top. Faults and small-scale folds with 3-D geometry make the 
interface have local dips up to 45 degrees immediately adjacent to planar salt sections. Below the salt, prospective 
reflections (marked) can be seen that terminate both to the left and right under non-illuminated shadow zones. Imaging 
may not be possible in the no-data locations as calculated from ray tracing. These shadow zones, apparently due to 
post-critical ray blockage, are common when the dips of the reflector and the base salt become too discordant. Even so, 
the imaging below salt shows very encouraging events that resemble the type of deepwater turbidite sands expected in a 
stratigraphic trapping position. The consistent higher amplitude events lose reflectivity up the paleo-dip as would be 
expected if they are deposited in a paleo-low. Utilizing the depth image, then, the prospective horizons under the salt 
were drilled. Sands were encountered in the zone of interest at the dip rates shown in the cross section. 
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