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DEVELOPMENT AND TESTING 
OF THE SEISMIC LAYERED ACOUSTIC INVERSION METHOD 

D.A. Danko1*, V.I. Ryzhkov1, S.V. Filimonenko1 and I.K. Kondratiev2 
1 Gubkin Russian State University of Oil and Gas, Moscow, Russia, dmitry.danko@gmail.com 

2 Ltd Geoneftegas, Moscow, Russia 

Summary. Estimation of acoustic and elastic properties of rocks is the basic part of the quantitative interpretation of 
seismic data. Currently, there are many algorithms of seismic inversion which can only be applied to low-contrast 
media. One of the real examples of the high-contrast media is the Bazhenov formation of Russia’s Western Siberia 
which has great potential oil reserves. Therefore it’s necessary to create new algorithms and methodologies of seismic 
data dynamic interpretation to improve the accuracy of forecasting the high-contrast media. 

Key words. Acoustic inversion of seismic data, layered acoustic inversion, generalized linear inversion, geoacoustic 
model, high-contrast media, the Bazhenov formation. 

INTRODUCTION 

The goal of seismic inversion is to estimate acoustic and elastic properties of rocks from the 
observed data that can be related to reservoir characteristics (lithology, porosity, fluid saturation, 
etc.) using rock physics models and statistical techniques. 

One of the types of seismic inversion is an acoustic inversion (or amplitude inversion) which allows 
to transform a wavefield to a section (2D) or volume (3D) of acoustic impedance (𝐼𝐼𝑝𝑝 ) – the product 
of P-wave velocity and density. Currently, there are many algorithms of seismic data inversion such 
as recursive, coloured, sparse spike, model based, etc. At the department of exploration geophysics 
of Gubkin Russian State University of Oil and Gas we have developed and tested the method of 
seismic layered acoustic inversion (LAI). 

The idea of seismic layered acoustic inversion was formulated and described in 1983 by 
D.A. Cooke and W.A. Schneider and aimed at optimizing the values of acoustic impedance in 
horizontal layers with fixed boundaries. This approach to the solution of inverse dynamic problem 
in exploration geophysics was called generalized linear inversion of reflection seismic data (GLI). 
The inversion process is iterative, because, step by step, the solution becomes more accurate from 
the initial approximation. Each step improves the correspondence between synthetic and observed 
seismic data. The main drawback of the method described is a rigid fixation of the acoustic 
impedance in marker layers that does not meet the actual conditions. Further development of the 
GLI method was done by I.K. Kondratiev, who greatly improved the algorithm. The main feature of 
his modification was its ability to use the initial information on the range of variation of acoustic 
impedance in the marker and the interbedded layers with preservation of procedures linearity. Also 
the optimization of search for layer boundaries on the time axis was added. Currently, we have 
improved GLI and have developed LAI, which is model based seismic inversion. 

THE WORKFLOW OF LAYERED ACOUSTIC INVERSION 

The workflow for LAI is as follows: 

1. Creation of the layered curves (we called them the geoacoustic models) from well log 
measurements by merging thin layers with similar petro-elastic properties. The example of 
creation of the geoacoustic models is shown in Fig. 1. The thickness of each layer of 
geoacoustic model must not be less than 10–15 m in the depth domain )( minh  and not less 
than 8 milliseconds in the time domain )( minτ  which corresponds to the vertical resolution 
of exploration seismology. The value of minτ  depends on the quality of the observed seismic 
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data. It has been found that the optimal value of minτ  may be calculated by the formula (1) 
(Kondratiev1992): 

f∆
=

1000
4
1

minτ ,      (1) 

where f∆  is a frequency band of 0.5 level of amplitude spectrum of post-stack seismic data. 

2. Seismic well tie in the time domain, i.e. comparison of geoacoustic model with the real 
seismic traces at well location. Followed by the procedures of wavelet estimation and 
amplitude and phase characteristics extraction. 

3. The initial layered model is created by different methods of interpolation of acoustic 
impedance using the geoacoustic models. Constructing the initial model takes into account 
the information on structural features of geology (seismic structural imaging) and 
depositional environments of the study area. 

4. The algorithm of optimization of LAI is based on the method of Levenberg-Marquardt 
which allows to transform a wavefield into a section (2D) or volume (3D) of acoustic 
impedance. The goal of optimization of acoustic inversion is to find the model of acoustic 
impedance that minimizes the objective function of the misfit of the seismic data observed 
and the data calculated from the output model. 

 
Fig. 1. The example of creation of geoacoustic model. From left to right: the original well log 

measurements of P-impedance (black curves), calculated geoacoustic models (red curve), synthetic 
seismic traces calculated from original well measurements and geoacoustic models 

RESULTS OF TESTING OF LAYERED ACOUSTIC INVERSION 

Testing of LAI was performed on the simulated seismic data (Danko2012). Comparative evaluation 
of the results of LAI was performed by the different seismic inversion algorithms such as Sparse 
Spike Inversion (SSI) and Model Based Inversion (MBI). It should be noted that the quantitative 
characteristics of the output models are similar to the original models within the admissible error. 
However, the models derived using SSI and MBI algorithms have irregular layer boundaries, as 
well as high-velocity false layers which do not exist in the real model. LAI algorithm showed the 
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best result of the reconstruction of the acoustic properties. The main advantage of LAI is the 
possibility to get geoacoustic models from post-stack seismic data that allows obtaining high 
accuracy in estimation of acoustic parameters, as well as the ability to work with high-contrast 
media. 

The results of LAI showed good reconstruction of the acoustic properties using the real seismic data 
for predicting the reservoir properties of the major oil and gas fields of Russia. The seismic data set 
used for the study reported was acquired in an active oil field located in Russia’s Western Siberia. 
The main prospective object of the study area is the Bazhenov formation (BF). The problem of BF 
is searching for reservoirs in clay-carbonate deposits. The main feature of BF is the sharp contrast 
of acoustic properties at the boundaries and weak acoustic contrast inside the formation. The most 
common methods of seismic acoustic inversion give smoothed output models of acoustic 
impedance. Therefore in areas with sharp changes of properties distorting effects of smoothing may 
overlap changes in the acoustic properties of low-contrast layers. We showed that LAI can divide 
BF into several intervals and estimate the acoustic properties of these intervals (Fig. 2 and 3). Initial 
geological information is defined as a range of variation of acoustic impedance in the marker layers 
and the interbedded ones. This possibility allows getting more effective result of acoustic inversion. 
In the case of a small number of wells in the study area the results obtained by LAI at individual 
points can be used as "additional wells" for the creation of the initial acoustic models required to 
perform the acoustic inversion. 

Thus, the use of LAI algorithm and its combination with other types of seismic inversion in 
dynamic interpretation of seismic data leads to improving the accuracy of the forecast for the study 
areas. 

 
Fig. 2. Result of layered acoustic inversion 

 
Fig. 3. A Part of the result of layered acoustic inversion on a large scale 
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CONCLUSIONS 

We have developed a new method of acoustic inversion called layered acoustic inversion. The 
advantage of LAI is obtaining the layered output model of the acoustic impedance which in turn 
increases the accuracy of the estimation of acoustic properties in high-contrast media. The 
algorithm was tested on the simulated and the real seismic data sets. We have created a 
methodology of combination of LAI with other types of seismic inversions in dynamic 
interpretation to improve the accuracy of the forecast for the major oil and gas fields of Russia. 

REFERENCES 

AVSETH, P., MUKERJI, T. and MAVKO, G. Quantitative seismic interpretation: Applying rock physics tools to 
reduce interpretation risk, Cambridge University, Cambridge, 2005, 231 p. 

COOKE, D.A. and SCHNEIDER, W.A. Generalized linear inversion of reflection seismic data, Geophysics, 48, 1983, 
pp. 665–676. 

DANKO, D.A. The method of layered inversion of seismic data, Master thesis, Gubkin Russian State University of Oil 
and Gas, 2012, p. 38 (in Russian). 

HAMPSON, D. AVO inversion, theory and practice, The Leading Edge, 10, 1991, pp. 39–42. 
KONDRATIEV, I., KISELEV, Y. and KRILOV, D. The dependence between resolving power and accuracy of the 

seismic waveform inversion, Abstracts of paper 55th EAEG meeting, Stavanger, 1993. 
KONDRATIEV, I., KISELEV, Y., MIKHALTSEV, A. and POLOVOV, A. Fast and effective method of waveform 

inversion, 54th EAEG meeting, Paris, 1992, pp. 748–749. 
KONDRATIEV, I.K., RYZHKOV, V.I. and BONDARENKO, M.T. The possibility of reservoir engineering for 

Bazhenovskaya Suite by methods of seismic inversion, EAGE Annual Meeting Abstracts, Tyumen, 2013. 
LEVENBERG, K.A. Method for the solution of certain problems in last squares, Quart. Appl. Math., 2, 1994, pp. 164–

168. 
LEVY, S. and FULLAGAR, P.K. Reconstruction of a sparse spike train from a portion of its spectrum and application 

to high-resolution deconvolution, Geophysics, 46, 1981. 
OLDENBURG, D.W., SCHEUER, T. and LEVY, S. Recovery of the acoustic impedance from reflection seismograms, 

Geophysics, 48, 1983, pp. 1318–1337. 
RUSSELL, B. and HAMPSON, D. A comparison of post-stack seismic inversion methods, SEG Annual Meeting 

Abstracts, 1991, pp. 876–878. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


