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Summary 
 
Full Waveform inversion is a computer intensive process, 
especially for 3D seismic data.  After a tremendous number 
of synthetic examples, finally real 3D data sets have been 
undertaken by the industry.  As field data is dominated with 
P waves, one feasible approach is to use the acoustic 
approximation.  The difficulty we face is using an acoustic 
propagator can make it difficult to accurately predict the 
amplitudes of real elastic data.  In this paper we show how 
it is possible to make acoustic inversion work on elastic 
data.  The experiment is carried out by using acoustic time-
domain inversion on marine synthetic data created by 
elastic modeling.  
 
Introduction 
 
The aim of waveform inversion is to derive a velocity 
model that produces the best fit to the seismic data.  The 
geology of a marine environment consists of two different 
media.  One is the water layer that propagates P-waves 
only.  The other is the layered earth underneath that 
propagates both the P and S-waves.  This is why the 
acquired seismic data behaves in an elastic manner. 
 
Full-waveform inversion, based on the finite difference 
approach, was originally introduced in the time–space 
domain (e.g.Tarantola, 1984, Gauthier et al., 1986, Crase et 
al., 1990, 1992, Pica et al., 1990, Sun & McMechan, 1992).  
Inversion can also be implemented in the frequency-
domain (Pratt et al., 1998, 1999, Ben-Hadj-ali et al., 2008). 
 
The full-waveform inversion described in this paper is 
solved by an iterative local linearized approach using a 
gradient method (e.g. Tarantola, 1987).  The inversion 
problem can be addressed in an elastic manner (Shipp and 
Singh, 2002, Freudenreich et al.., 2001) by utilizing the 
elastic wave equation.  Levander (1988) carried this out in 
the time and space domain.  Due to cost considerations, 
especially in 3D, the elastic solution is not widely used.  
Since 3D acoustic inversion has been implemented in the 
time-domain (Vigh and Starr, 2008) and the frequency-
domain (Sirgue, 2008, Ben-Hadj-ali et al., 2008, Plessix, 
2007), this gives us the opportunity to observe whether the 
result of the acoustic inversion is reasonable when using 
elastic seismic data.  Elastic effects and anisotropy might 
limit the use of acoustic inversion when considering the far 
offsets (Mulder and Plessix, 2008).  If early arrivals and 
reflections are used in the inversion process one should pay 
attention to the phase validity of the forward modeling (for 
example, including the phase effect of the source ghost) in 
order to get the closest match to the data collected, 

otherwise the phase difference may be translated to an 
incorrect velocity update. 
 
Data and Inversion Scheme 
 
In our work, a time–domain implementation is used to 
minimize the misfit function (Tarantola, 1987).  If we 
denote P(xr,yr,zr,t) the pressure data recorded at locations 
xr, the velocity is determined by minimizing the misfit 
function 
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where Pobs is the observed data and Pcal  is the data 
calculated using the acoustic wave equation. 
 
E is minimized iteratively by calculating the gradient 
(Tarantola, 1984).  When field data is used, Pobs is elastic, 
resulting in a misfit function between acoustic predicted 
data and elastic acquired data sets. 
 
For this experiment the SMAART Pluto 1.5 model 
(Stoughton et al., 2001), created with elastic modeling, was 
used.  The model parameters are the following: Vp, Vs, 
Density, 25 feet cable (receiver) depth and 25 feet shot 
depth.  The grid spacing is 25 feet with depth sampling of 
25 feet.  The maximum spread length is 27000 feet.  The 
velocity models were generated on a 25 feet x 25 foot grid 
at a maximum depth of 30000 feet.  The model includes 
both free surface multiples and primary events (Figure 1). 
 

 
Figure 1.  Original elastic common offset showing primary 
and multiple events. 
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Acoustic Inversion of Elastic Data 
 
We analyze some of the issues using the above described 
Pluto 1.5 elastic model as the observed data and invert for 
the Vp field.  The inversion is carried out in the time-
domain using the acoustic wave equation: 
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where P(x,y,z,t) is the pressure field, ρ(x,y,z) is the density, 
V(x,y,z) is the interval velocity and S(x,y,z,t) is the source.   
Different amplitude and phase characteristics can be 
observed with the source and receiver ghost by varying the 
depth of the source and/or receiver combined with using 
and/or simulating a free surface boundary condition (Figure 
2).  If the ghost is not taken into account, the phase and 
amplitude information is going to be different between the 
observed and calculated data which will lead to a false 
velocity update.  To incorporate the ghosts in the modeling 
one may use the free surface boundary condition.  This 
option also generates multiples during the modeling 
process.  The other choice is to simulate the source and 
receiver ghosts only without the free surface multiples 
(Cunha, 1993).  We elected to follow the former path and 
conduct the Full Waveform Inversion using the ghosts and 
free surface multiples. 
 
 

 
a) 

 
b) 

 
c) 
Figure 2.  Source and receiver ghosting effects.  (a) 
Original shot record elastic modeling.  Source and receiver 
depth is 25 feet.  (b) Acoustic modeling with no free 
surface boundary condition.  Source and receiver are on the 
surface.  (c) Acoustic modeling with free surface.  Source 
and receiver depth is 25 feet. 
 
The inversion proceeded in two scale steps with the 
inverted velocity output from one step used as input for the 
next step.  The first, low-frequency step ranged from 0 to 
13 Hz.  The second and final-frequency step ranged from 0 
to 18 Hz.  Two acoustic inversions were produced.  One 
was with acoustic modeled data without multiples (Figure 
3).  The other was with the original elastic data (Figure 4) 
which has some residual multiple in the velocity update.  
This is due to the fact we are using an acoustic inversion 
which does not properly model the higher order multiple 
amplitudes. 
 
The first few acoustic inversion iterations with the elastic 
data contained the early arrivals and, after a few iterations, 
the inversion had trouble trying to converge due to the 
inability to properly model elastic effects at the far offsets.  
After the initial iterations, the early arrivals were muted to 
focus on inverting for the reflection data.   
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Figure 3.  Acoustic inversion with acoustic modeled data 
without multiples.  Multiples were not modeled by placing 
an absorbing boundary at the surface. 

 
Figure 4.  Acoustic inversion with the original elastic data 
with multiples. 
 
Conclusion 
 
The Full Waveform Inversion described above is acoustic 
and real data is more accurately described by an elastic 
model.  It is common practice to apply acoustic inversion, 
especially for 3D data sets because the elastic modeling is 
prohibitively expensive. Although the long offsets may 
suffer from elastic effects our experiment shows that the 
velocity field obtained using acoustic inversion vs. elastic 
data are reasonable in spite of the difference between the 
modeling and mother earth. 
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