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Motivation 

Traditional 

GSI  

It’s based on: 

 

• 1 distribution function 

• 1 variogram model 

Distribution function of entire 

Ip dataset 

Horizontal variogram 

Vertical variogram 

Wells log data 

Fullstack 
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GSI 

 by zones  

• It’s based on: 

 

• 1 distribution function by zone 

• 1 variogram model by zone 

Distribution function  

by zones   

Set of 

horizontal 

variograms by 

zones  

Set of vertical 

variograms by 

zones  

Motivation Wells log data 

Fullstack in zones  
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Methodology 

• The traditional methodology GSI 

(Geostatistical seismic inversion) allow the 

inversion of post-stack reflection data, 

directly for AI models.  

 

 

• And uses a global optimizer based on a 

cross-over genetic algorithm to converge 

the simulated earth model, toward an 

objective function, that consist on the 

correlation coefficient between the real 

seismic and the synthetic seismic volume.  
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Dataset description 

• 4 wells with Ip and Is, 3 wells assessed (A1,A3,A4)  • Grid size: 398 x 598 x 200. 

• Seismic volume of 794 inline by 1194 

crossline 

• sample rate of 4ms 
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Model Definition for the traditional GSI 

Inversion  

area 

H1 

H1+100 ms 

H1-700 ms 



03/May/2016 Instituto Superior Técnico  8 

Inversion  

area 

H1 

H1+100 ms 

H1-700 ms 

Model Definition for the GSI by zones 
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Inversion Parameterization 

• 6 iterations between layers 

 

• 32 models of Ip simulated at each iteration 

 

• 3 well were used as conditioning data (A1, A3, A4) 

 

• Spatial continuity pattern expressed by a variogram model with 2 
structures  
– Vertical variogram from well-log data 

– Horizontal variogram from seismic 

 

• Cell thickness in k = 4 ms 
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Inversion Parameterization: 

Name Min Max Mean Std Var 

Property 7214.42 11213.21 8266.45 659.52 434970.4 

Well logs 6611.53 12019.38 8460.36 835.2 697563 

Acoustic impedance values from the wells 

Traditional GSI  
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Results: best AI 

model from last 

iteration 6 

Traditional GSI  
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Results: Synthetic 

seismic from the 

best AI model 

 

Traditional GSI  
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Results: correlation between synthetic and real seismic 

Global correlation coefficient between synthetic 

computed from the best model of the last iteration 

and real seismic ~0.951 

Traditional GSI  
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Results: local correlation coefficients from last iteration 

Traditional GSI  
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Results: standard deviation 

Traditional GSI  
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Results: mean AI 

model from last 

iteration 

Traditional GSI  
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Results: Synthetic 

seismic from mean 

AI model from last 

iteration 

 

Traditional GSI  
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Results: correlation between synthetic and real seismic 

Global correlation coefficient between synthetic 

computed from mean model and real seismic 

~0.946 

Traditional GSI  
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Division by zones 

GSI by zones 
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Inversion 

Parameterizatio

n: 

 

• Histograms of Ip dataset of 

all zones 1-8. 

 

• Zones 1 and 7 have the 

same dataset with the 

entire Ip data but with 

coordinates far away from 

the study area because 

they had not any data. 

 

 

 

 

Zone1                                       zone2                                      zone3                                      zone4 

Zone5                                      zone6                                     zone7                                      zone8 

• In zones 6 and 8 have 

been included all dataset 

of Ip as well, because 

their dataset were not 

enough to simulate the 

methodology  

 

GSI by zones 
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Results: best AI 

model from last 

iteration 6 

GSI by zones 
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Results: Synthetic 

seismic from the 

best AI model 

 

GSI by zones 

Inline 

C
ro

s
s
lin

e
 



03/May/2016 Instituto Superior Técnico  23 

Results: correlation between synthetic and real seismic 

Global correlation coefficient between synthetic 

computed from the best model of the last iteration 

and real seismic ~0.926 

GSI by zones 
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Results: local correlation coefficients from last iteration 

GSI by zones 
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Results: standard deviation 

GSI by zones 
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Results: mean AI 

model from last 

iteration 

GSI by zones 

Inline 

C
ro

s
s
lin

e
 



03/May/2016 Instituto Superior Técnico  27 

Results: Synthetic 

seismic from mean 

AI model from last 

iteration 

 

GSI by zones 
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Results: correlation between synthetic and real seismic 

Global correlation coefficient between synthetic 

computed from mean model and real seismic 

~0.922 

GSI by zones 
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Comparison of results 

Best model by zones Best model without zones Fullstack seismic 

Zone1 

Zone2 

Zone3 

Zone4 

Zone5 

Zone6 

Zone7 

Zone8 
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Comparison of results 

Fullstack seismic Std desviation without zones Std desviation by zones 

Zone1 

Zone2 

Zone3 

Zone4 

Zone5 

Zone6 

Zone7 

Zone8 
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Comparison of results 

Best model by zones Best model without zones Fullstack seismic 

Zone1 

Zone2 

Zone3 

Zone4 

Zone5 

Zone6 

Zone7 

Zone8 
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Comparison of results 

Fullstack seismic Std desviation without zones Std desviation by zones 

Zone1 

Zone2 

Zone3 

Zone4 

Zone5 

Zone6 

Zone7 

Zone8 
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Comparison of results in zone 4, more in detail 

Traditional GSI GSI by zones  Fullstack 
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Conclusion 

 The ability to integrate data from others wells or taking the entire data 

values of some property to incorporated in the different zones is an 

advantage of the proposed methodolgy, since the values used to populate 

the conditioning distribution are assigned to each seismic unit individually. 

 

 The methodology is very flexible allowing complex spatial regionalization to 

be reproduce and simple enough to use, and allowing high numbers of 

scenarios to be tested. 

 

 At the end, the retrieve inverse models are more geologically realistic since 

incorporated the knowledge of the subsurface geology.  
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