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SUMMARY 
 

A full elastic 2D synthetic model has been generated by the SMAART* Joint Venture Consortium to simulate the primary signal and noise 
characteristics of sub-salt objectives associated with the deep-water environment of the Gulf of Mexico.  A very detailed geologic model has been 
derived based on real exploration data and has served as input to a finite difference shot computation process.  The data has been rigorously computed 
with many offsets and can be decimated to mimic shot geometries of long offset streamer data.  This dataset has been primarily used for benchmarking 
multiple attenuation algorithms.  It is now being released to the geophysical community for further research in de-multiple and other wavefield 
processing techniques. 
 

INTRODUCTION AND PURPOSE  
 

Many investigations have taken place for testing the quality of multiple attenuation algorithms. Most of these studies were conducted on either field data 
or very simple synthetics.  Using field data for a study, it is often difficult to access the quality of the result because the "answer" is unknown. Simple 
models are very good for testing some algorithms, but these same algorithms may fail on more realistic data.  A more detailed synthetic model is 
required to extend the objective testing of the algorithms. 
 

The SMAART* Joint Venture benchmarked several de-multiple approaches which have gained general acceptance and promise for commercial 
implementation on 2D and/or 3D data volumes.. Since removal or attenuation of multiple noise is paramount to improved sub-salt data, knowledge of 
the limitations and strengths of each technique would be helpful in the data processing.  Therefore, a set of appropriate synthetic datasets were deemed 
necessary for testing various de-multiple processes and strategies. Constructing synthetic seismic models that replicate the type of primary reflection 
signal as well as the multiple noise was the primary impetus.  In addition, the test dataset was decimated to a shot and receiver sampling similar to 
conventional streamer data.  
 

 This paper describes the creation of a dataset that allows objective testing of multiple attenuation techniques.  The 2D dataset, called Pluto 1.5, has 
been generated by the SMAART JV and has been used for extensive de-multiple algorithm testing. This isotropic elastic numerical model is now being 
released to the geophysical community for independent investigations.  The dataset is appropriate for other wavefield studies as well, including depth 
imaging, amplitude versus offset/angle, and converted waves.  *The current members of the Subsalt Multiple Attenuation And Reduction Technology 
(SMAART) JV consortium are: BHP Petroleum, BP, Texaco and Chevron.  
 



DERIVATION OF GEOLOGIC MODEL  
 

The structural framework and stratigraphic fabric of the 2D model was designed from detailed evaluations of the Pluto Prospect, located approximately 
45 miles offshore Louisiana in 870m (2850ft) of water. The main portion of the prospect includes Mississippi Canyon blocks 673, 674, 717 and 718. 
The prospect lies partially beneath an allochthonous salt canopy.  The partnership of BP, BHP and Chevron (current SMAART JV members) tested the 
prospect in 1995 and 1996 with two straight hole wells, one outside of salt, the other penetrating approximately 1067m (3500ft) of salt.  These wells 
reached depths up to 6,858m (22.5kft). Two associated sidetrack wells were also drilled resulting in moderate amounts of hydrocarbons being 
discovered.  
 

The 2D model replicates an approximate 32km (105kft) cross-sectional traverse over the greater prospect area in a NW-SE orientation.  The depth of 
the model extends to 9.14km (30kft).  BHP provided the gross structural framework of the model and included digitized curves for the seafloor, top and 
bottom of all salt bodies, various faults, and ten geological interfaces.  These structural elements were derived from the interpretation of Chevron 
generated 3D pre-stack depth migrated data volumes along with the correlation of seismic via well log synthetic and VSP ties.  Well log and check shot 
data from the wells were used for deriving the density, Vp, and Vs gradients for shale and sand.  Elastic properties of the salt and hydrocarbon bearing 
zones were also extracted from the well data.  In addition, BHP provided the residual depth stretching function necessary to correct for transverse 
anisotropy to allow agreement between the seismic layer depths and true depths measured in the wells. 
 

The base structural model was modified by Chevron.  These modifications included an increase of top salt rugosity of approximately +/-70m (200ft), 
the incorporation of two extra faults below the Pluto salt, and added relief to the seafloor of 152m (500ft).  Finally, a Chevron proprietary model 
building package was used to the further populate the model with a mix of stratigraphically parallel and pinching-out reflectors, that average 91-122m 
(300-400ft) in thickness. In addition, elastic properties were assigned to all of the layers. The final depth layer model is depicted in Figure 1. 
 

Special care was taken in the geometric specification of two gas sand reservoirs penetrated by wells. In addition, several other gas sands were 
introduced below salt.  Two non-geological features were added to the model for synthetic seismic S/N benchmarking. The first is a series of “point” 
diffracting disks at depth levels of 5,180m and 7,620m (17 & 25kft).  The second is a horizontal “mother salt” layer occupying the bottom 152m (500ft) 
of the model.  
 

Two check-shot surveys in the plane of the section provided a consistent measure of the Vp gradient on a gross scale. These velocities were in 
agreement with the pre-stack depth migration velocities above salt, but differed by up to 10% below salt.  Individual layers fluctuated up to 75m/s 
(250ft/sec) about this trend, with the magnitude of deviation from trend dependent upon whether a facies was shale or sand rich. Seven lithologies were 
created with unique depth variant velocity functions. When the layers are randomly assigned in the depth section, the resultant velocity profile is 
characterized by small random fluctuations about a linear gross velocity gradient. Of the seven facies, five are shale and two are sand, in rough 
correspondence with their relative log population. The Vp values for both gas sands and their associated water legs and capping shales were derived 
from sonic logs taken in these intervals, and the salt velocity is from the check-shot data.  
 

For subsalt control, a 10kft zone from one of the in-plane wells provided Vp, Vs and density trends. This gave an estimate of Vp/Vs ratio of 2.3 in the 
shale-dominated zone and 2.0 in the sand-dominated zone, and was used to convert from Vp to Vs. For salt, a Vp/Vs ratio of 1.729 was assumed.  The 
same detailed logs below base salt provided good estimates of density trends between 10kft and 20kft below mud-line.  This trend was extrapolated 



vertically through the model. Salt density of 2.16 g/cc was obtained from the literature. Several horizons were assigned modified densities to increase 
their reflection amplitude on the seismic simulations. Figure 2 depicts the Pluto 1.5 computed acoustic impedance profile (=Vp x Density).  
 

In order to mimic the seismic expression of the occasional hummocky facies (laterally variable seismic facies [sand], sandwiched between laterally 
smooth facies [shale]) which is commonly observed on depth migrated sections, specific layers were chosen to be perturbed.  Slight fluctuations in the 
elastic properties were introduced to a small percentage of grid points within this layer. These perturbations produced more realistic diffracted energy in 
the time data, and when migrated with the true velocity provided a realistic seismic facies expression.  In a separate process, every grid point of the 
allochthonous salt was also perturbed.  The resultant finite difference modeling did not produce coherent diffractions but instead provided some mild 
attenuation due to scattering in the salt. The resulting Vp, Vs, and density models were subsequently gridded to 7.62m X 7.62m (25ft X 25ft) X-Z bins 
and used as the nodal values for the numerical computations. 
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      Figure 1.  Pluto 1.5 Depth Layer Profile   
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     Figure 2.  Pluto 1.5 Acoustic Impedance (Vp x Density) Profile 



 

COMPUTATION OF 2D PLUTO 1.5 ELASTIC EARTH MODEL 
 

BP conducted model preparation and finite difference shot computations. After receiving the gridded models, it was necessary to pad both edges, top, 
and bottom for each of the three models (Vp, Vs, and Density.)  Computation of the p-wave seismic shot records was done using PSVR4, a fourth order 
finite difference modeling code (Levander, 4th Order Finite difference P-SV Seismograms, Geophysics Vol 53, 1425-1436, 1988).  The modeling was 
conducted on collection of sun workstations during the evening hours and weekends.  Each run took about 10 days and used 60 workstations.  Separate 
shot computations  took approximately 4.5 hours each on a Sun Ultra 2 workstation.  A summary of some key shot geometries and data set statistics are 
shown below: 
 

Source Inc: 22.86m (75ft) # channels/shot: 540 
Receiver Inc: 22.86m (75ft) # shots: 1387 
Near offset: 0m # traces: 748,980 
Far offset: 8.229km (27,000ft) behind shot sample rate: 8 ms  
 3.962km (13,000ft) ahead of shot trace length: 9000 ms 
Note that the dataset is a 2D line with a 2D source and collected on a 7.62m X 7.62m (25ft X 25ft) grid. The model has been computed with a 15 Hz 
Ricker Wavelet and associated source and receiver ghosts.  
 

The resultant shot gathers were then processed as conventional streamer seismic data and imaged through Kirchhoff pre-stack depth migration.  Figure 
3 shows a near-trace section  (in time) and illustrates the complex nature of both primary and multiple events.  Figure 4 shows the modeled data after 
pre-stack depth migration of all offsets and stack.  Note the key surface related water bottom and salt related multiples.  Imaging of the primary 
reflection events below salt is relatively uniform. 
 

CONCLUSIONS 
 

The SMAART Joint Venture has generated a detailed full elastic 2D numeric model and corresponding dataset that represents realistic seismic imaging 
and noise characteristics of deep water Gulf of Mexico sub-salt objectives. The synthetic dataset has been designed to test de-multiple algorithms and 
strategies but can be used to test other wavefield techniques. SMAART is releasing the dataset to promote additional research.  Detailed information 
regarding the model and availability can be obtained from the SMAART JV web site at www.smaartjv.com. 
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 Figure 3.  Pluto 1.5 Brute Near-Trace Section  
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 Figure 4.  Pluto 1.5 Final Pre-Stack Depth Migrated Stack Section  


