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(a) PSDM image after isotropic PSDM processing

(b) PSDM image after TTI anisotropic processing

Figure 3.16: Image comparison between isotropic and anisotropic PSDM processing. The

migration image from anisotropy PSDM processing are more sharper and continuous,

provide more likely correct and vertical position for subsurface structures.
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Chapter 4

Conclusions and future work

4.1 Conclusions

1. To achieve the goal of accurately positioning the seismic events in subsurface, the

velocity anisotropy should be accounted for. The presence of anisotropy causes

two principal distortions in reflection moveout. First, inaccurate vertical velocity

will cause inaccurate estimations of reflector depths. Second, anisotropy leads to

nonhyperbolic moveout, even in a homogeneous layer. If not properly corrected for,

nonhyperbolic moveout causes distortions in velocity estimation and deteriorates

the image quality. The case study in this thesis demonstrates that TTI PSDM

provides better focusing and more continuous subsurface images and more reliable

CIGs compared with isotropic PSDM, and results in more likely correct lateral and

vertical positions for subsurface structures.

2. A good velocity model is the key to the success of pre-stack depth migration. A

good velocity model of the anisotropy parameters and the P wave vertical velocity

should make CIGs flat, produce better focused subsurface images and be geologi-

cally plausible. This thesis demonstrates how different velocity models will affect

gather flatness and image quality by showing the real data examples.

3. Estimation of reliable anisotropy parameters is challenging, especially for surveys

where no well information is available. This thesis showed the effectiveness of using

1D joint inversion (Huang, 2007) to estimate anisotropy parameters ε, δ.

4. High resolution global tomography helps update the velocity in areas of sharp and
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fine-scale velocity contrast, and can produce geologically plausible velocity models

more easily than conventional tomography. In this case, high-resolution tomogra-

phy has produced a less ambiguous velocity model than conventional tomography,

also leading to a reduction of exploration risk.

4.2 Original contributions

1. This thesis presents a practical production work flow for building five parameter

fields needed for TTI PSDM: p-wave velocity, Thomsen’s anisotropy parameters and

the angles describing the symmetry axis of the anisotropy. This method includes

1D joint inversion (Huang, 2007) to initially estimate anisotropy parameters and

high resolution tomography (Hu, 2011) to obtain accurate velocity models. Unlike

Huang’s case in his paper, the data studied in this thesis has no well information

available. The bedding normal velocity has to be estimated in the area with no steep

dip structure; this bring more difficulties and result in more testing for inverting

Thomsen parameters.

2. This thesis documents a complex imaging task that uses leading edge software and

concepts.

The work conducted in this thesis comes from a frontier exploration seismic survey

acquired off the East Coast of Canada by Statoil Canada Limited. The main objec-

tives of seismic processing are to provide good structural positioning and imaging

focusing particularly on the complex faulting, and at the same time preserve ampli-

tude. The survey covers an area of approximately 1700km2. The seismic processing

of this 3D survey was performed at CGG Calgary processing center from Septem-

ber 2011 to March 2012. Both isotropic pre-stack depth migration (PSDM) and

tilted transverse isotropic (TTI ) PSDM were conducted. The objective for this
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project is to provide good structural positioning and imaging, so deriving a good

velocity model is very critical for the success of this project. I am the key person

for velocity model building which were described in chapter 3 in this thesis; I am

also supervising and doing quality control of preprocessing part which prepare the

input for velocity model building. CGG processing systems are PC cluster based.

Intel 64-bit Nehalem PC Linux clusters with total 1516 CPU cores were used for

this project. Many single CPU processing PCs were available for preprocessing.

One processing step for this project required a diskspace of 8000 gigabytes; to keep

the project running smoothly, total diskspace used was more than 80000 gigabytes.

This thesis documents the detailed history and practices of anisotropic depth imag-

ing. Many research papers on different specific topics are in different places and

published at different times. This thesis put the valuable insights in one place and

provides a strong statement about the present state-of-the-art. The main tech-

niques used in both pre-processing and migration velocity analysis were presented

in detail, both in theory and the application in real production.

3. I presented the notion that seismic processing is an art as well as science. Different

surveys will present different problems in seismic processing, and different proces-

sors will use different tricks to deal with the problems. The seismic processing

involved a lot of careful parametrization. For example, we used a hybrid tomogra-

phy to pick up the high velocity contrast right beneath the water bottom. To catch

the high velocity contrast beneath the basement, we designed the synthetic wells

to control the velocity trend based on the velocity values after velocity scan.



107

4.3 Future work

1. The data studied in this thesis is conventional narrow azimuth data. It would be

very beneficial if a wide azimuth ”broadseis” (broadband) survey can be acquired

for future processing in this area. Wide azimuth data can give better illumination

from different directions for complex structures and the broadseis data can provide

broadband frequency, both in low and high frequencies.

2. The client is going to drill wells on this survey in the very near future. We will

check how accurate the lateral and vertical position provided by our processing

images are; based on this, further research can be conducted and processing job

flow can be adjusted.

3. For all the frontier projects, there are typically no wells available at the beginning

of the exploration stage, so we will always encounter the dilemma on how to cor-

rectly estimate the vertical velocity and anisotropy parameters δ and ε at the same

time without any wells available. A good research project can be conducted on op-

timizing the processing parameters to minimize the depth errors on final migrated

images. We can quantify how different processing parameters will affect velocity

parameters, and in turn how much depth errors will be on final images. We start

with calculating theoretical synthetic data with an assumed vertical velocity, δ and

ε, we can design the following test using a synthetic data set:

(a) Run isotropic PSDM, quantify how much depth error will be caused by isotropic

PSDM.

(b) Find out what is the best offset range for estimating the vertical velocity. The

near to middle offsets will be used to estimate the vertical velocity. Normally

a 45 degree angle (incidence angle) mute is applied to get rid of the data at
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the far offsets. Different angle mutes should be tested. Different strategies for

designing the mute could be tested, for example, mute can be placed at the

point where the amplitude increases, or at the turning point of non hyperbolic

moveout. This test can help find out what is the optimal mute and quantify

how much depth error will be caused by applying different mutes.

(c) Find out what is the best offset range for inverting δ. It is known that δ should

be estimated over short offsets and ε should be estimated over long offsets.

We can start with ideal vertical velocity, then invert the δ over different near

offset, this test can help find out what is the optimal range of offsets to use

for inverting δ.

(d) Find out what is the best offset range for inverting ε. We can test to invert

only ε by letting the actual vertical velocity and δ together take good care of

near to middle offsets moveout. After we get the ε value, we can assume a

certain relationship to determine δ, and recalculate the vertical velocity. This

test can help quantify how much depth error will be caused by this kind of

approximation.

(e) Find out how to make the inversion of anisotropy parameters stable and faster.

Normally industry will use some kind of ratio of ε to δ to help stabilize and

speed up the convergence of final inversion results. But the ratio of ε to δ

is always empirical. We can design one synthetic model to have fixed ε to δ

relationship, and an other model which has no fixed relationship to start with.

There will be some errors on inverted ε and δ if the starting model has no

fixed relationship between δ and ε; however, we can quantify how much depth

error will be caused by this approximation, and whether they are within the

acceptable bounds.
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