
Benefits

TECHNOLOGY  OPPORTUN I TY

Method for 
Efficient Wavefield 
Extrapolation in 
Anisotropic Media 
Novel, inexpensive, efficient method of 
wavefield extrapolation for oil and gas 
exploration 

The oil and gas industry has traditionally resorted to the 

use of anisotropy-based wave propagation for the purpose 

of determining the presence of oil or natural gas in the 

seafloor or other locations. Anisotropy has a high cost 

and long computational time though it provides a realistic 

model of wave propagation characteristics, offsetting 

inadequacies in the areas of pre-stack depth migration 

and velocity fields and producing much better images of 

subsalt areas.  However, the cost and time to construct and 

run anisotropic models can have serious impacts on quickly 

locating and drilling an oil field or natural gas reservoir. 

Researchers at KAUST are evaluating isotropic-based models 

as a replacement to anisotropy. The isotropic-based models, 

based on effective velocity methods, require significantly 

less computing resources, costs and time.

 \ Isotropic algorithms are able to provide analysis 
and data that is as accurate as that obtained by 
using anisotropic algorithms 

 \ Results in less computing time and lower cost   

 \ Could be used to perform first-order analysis of the 
waveform and the results used to determine if a 
more detailed analysis using anisotropic algorithms 
could be beneficial

 \ Source dependent and embeds the anisotropy 
influence in the inhomogeneity representation
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Opportunity
This technology is part of KAUST’s  
technology commercialization program 
that seeks to stimulate development and 
commercial use of KAUST-developed 
technologies. 

Opportunities exist for joint 
development, patent licensing, or other 
mutually beneficial relationships.

For More Information
ip@kaust.edu.sa

innovation.kaust.edu.sa

Applications 

 \ Oil and gas exploration    

 \ Wavefield extrapolation and 
simulation

Technology Details
Wavefield extrapolation and simulation (and wave equation solutions in general) 
are used in seismic modeling, imaging, and inversion and they tend to consume 
90% of the computational effort in the oil and gas exploration industry. Recently, 
with high-resolution data, the industry has recognized that anisotropic behavior 
of wavefields is prevalent in seismic data and therefore an accurate simulation 
of wave propagation in the subsurface includes anisotropy in wave extrapolation. 
However, the cost of wavefield extrapolation in inhomogeneous anisotropic media 
is generally expensive. 

How It Works
The isotropic-based method developed entails calculating an effective source-
dependent isotropic velocity model using the kinematic high-frequency 
geometrical representation of the anisotropic wavefield. The effective velocity 
model is equivalent to the instantaneous phase velocity estimated by matching 
the kinematics of an isotropic model to that of the anisotropic one along the 
wavefront. As soon as an effective velocity model is constructed for a particular 
source in the anisotropic media, it is used to solve the isotropic wave equation 
using the effective isotropic velocity model. Solving the wave equation includes 
wavefield extrapolating in inhomogeneous isotropic media. Despite the kinematic 
only matching between both wavefields, the wavefield extrapolation will include 
most of the critical wavefield components, including the frequency dependency of 
wavefields and any caustics.

Why It Is Better

Oil and gas exploration relies on models built to determine the best place to extract 
oil or natural gas. The models are traditionally based on wavefield extrapolation 
in titled transversely isotropic media, which are limited by excessively long 
development times, substantial and dedicated computing resources and are 
generally expensive to build and run. The novel implementation of isotropic models 
based on high-frequency asymptotic approximation extracts anistropic wavefield 
information rapidly and efficiently. The isotropic method is source-dependent and 
embeds the anisotropy influence in the inhomogeneity representation, therefore 
overcoming the limitations seen in anisotropic models. The efficiencies gained by 
using isotropic models result in lower cost for conducting exploratory studies of oil 
and gas fields and specifically in areas such as seismic, imaging and inversion.

IP Protection

KAUST has several patents pending for this technology.


