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Background studies 

Several researchers introduce various 4D seismic inversion methods to 

estimate changes in pressure and saturation 

 

 Estimation based on P and S –wave impedance (Tura and Lumley, 

1999) 

 Estimation based on time lapse PP- AVO data (Landrø; 1999, 2001) 

 Estimation based on time lapse PP and PS information (Landrø et al., 

2003; Stovas et al.; 2003)  

 Røste  et al. (2007) develop method for compacting reservoir  using 

time-lapse PP-AVO data 

 Trani et al. (2011) use PP and PS travel time information 
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Objective 

 To test how well changes in effective stress, saturation and 

porosity can be estimated using various combinations of 

seismic attributes compared to time-lapse PP AVO only 
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Review of methods 

 Changes in PP-reflectivity             ( Landrø ; 1999, 2001) 

 

 

 

     where,                   are Vp, Vs and density of reservoir layers  

     and                         are changes in                  , due to saturation, pressure or 

porosity changes. Y is the velocity ratio (Vs/Vp) 

 

 If we consider conventional AVO intercept and gradient formula 
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Review of methods 

 Changes in PS-reflectivity             ( Landrø, 2003) 

 

 

 

 

 The relative change in zero-offset PP-travel time (Landrø and Stammeijer, 

2004;  Hatchell and Bourne, 2005) 

 

 

 

 Assuming uniaxial strain changes (Guilbot and Smith, 2002) 
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Rock Physics Model 

 For  compacting  reservoir :          ,          and          

 From laboratory measurements (Sylte et al., 1999) 
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(after  Røste et al., 2007) 7 
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porosity 
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Rock Physics Model 
Changes in seismic parameters are due to the combine effects of  

    porosity changes   

    fluid-pressure changes   `              ,which is independent of porosity 

changes            

 

 

 

 

 

 

 

 

Here,                    etc. are  derived using well log and rock physics models  

  Now,         can be replaced  into         and        , using the equation of  Sylte 

et al. (1999) 
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Rock Physics Model 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.02

0.04

0.06

0.08

Sw




/

Range used in this study

Sw

Relative change in P-wave velocity with water saturation 

 

 9 
(after  Røste  et al., 2007) 



Rock Physics Model 
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Simple 2-layer model 

Over burden 

Reservoir 

Top reservoir 
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Values of  water saturation, effective 
stress and porosity at initial reservoir 
condition 
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• Reflection coefficients 

using  Zoeppritz’s 

equation  

• Ricker wavelet with 

30 Hz central 

frequency   

•  Maximum amplitude 

and corresponding 

travel time 

information are taken 

for both base and 

monitor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Synthetic seismograms  for PP and PS reflections of 

base case  
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• Reflection coefficients 

using  Zoeppritz’s 

equation  

• Ricker wavelet with 

30 Hz central 

frequency   

•  Maximum amplitude 

and corresponding 

travel time 

information are taken 

for both base and 

monitor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Synthetic seismograms  for PP and PS reflections of 

base case  (with random noise, SNR=0.4) 
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• We test 4 different combinations/methods for  10 different 

reservoir scenarios. Those are:  

Method 1 

Method 2 

Method 3  

Method 4  

 

• We calculate absolute error  as 

 

where,         and        are true value and estimated value for the ith 

model  

• We calculate  root-mean-square (rms) error  as 
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Results (Saturation Estimations) 
       

Different Combinations 
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Est.   Change   
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Est.  Change     

in Saturation 

Est.  Change    in 

Saturation 

Est.  Change    in 

Saturation 

0.05/0.25 0.200 0.236 0.195 0.171 0.285 

0.05/0.10 0.050 0.022 0.025 -0.038 0.253 

0.05/0.35 0.300 0.382 0.316 0.298 0.382 

0.05/0.30 0.250 0.296 0.252 0.249 0.260 

0.05/0.45 0.400 0.541 0.444 0.383 0.666 

0.05/0.40 0.350 0.402 0.343 0.299 0.503 

0.05/0.05 0.000 -0.003 -0.009 -0.046 0.125 

0.05/0.35 0.300 0.389 0.323 0.259 0.556 

0.05/0.15 0.100 0.118 0.099 0.047 0.286 

0.05/0.40 0.350 0.470 0.384 0.322 0.605 

0

PPR G
PPR PSR PPR PSR0

PPT 0

PPT

1 2/w wS S

15 



Results (Saturation Estimations) 
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Results (Pressure Estimations) 
       

Different Combinations 
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Results (Pressure Estimations) 
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Results (Porosity Estimations) 
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Results- noise free data 

       

Methods 
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Results – noisy data 
       

Methods 
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(with random noise, 

Where SNR=0.4) 
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Discussions and Conclusions 
 Adding other 4D attributes to PP-AVO improves the 4D estimates of 

pressure, saturation and porosity changes 

 PP-PS  amplitude combination reduces the uncertainty in the 
estimated saturation, effective stress and porosity changes; than PP-
AVO  

 PP–amplitude and travel time combination further reduces the 
uncertainty  of the pressure estimates 

 For noisy data, PP-amplitude and travel time combination provides 
best estimates of pressure, saturation and porosity changes 

 Various combination works better for different 4D estimates, we could 
use all the attributes as an over determined system to estimate these 4D 
changes 

 In this example we have assumed a chalk reservoir with 42 % porosity. 
For other initial porosities, values can be different. 

 The Gassmann and Hertz-Mindlin equations are the basic equations 
used in the rock physics model. The validity of these equations for a 
chalk reservoir is questionable.  
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Results – noisy data 
       

Methods 
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Results (Saturation Estimation) 
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0.05/0.25 0.200 0.236 0.195 0.171 0.285 
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Results (Pressure Estimation) 

 For               and                combination PSR 0
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Results (Saturation Estimations) 
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Results (Porosity Estimations) 
       

Different Combinations 
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Results (Pressure Estimations) 
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Results (Porosity Estimations) 
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Results  
 Saturation Estimation with random noise (SNR =o.4) 

       

Different Combinations 
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Results  
 Pressure Estimation  with random noise (SNR =o.4) 

 
       

Different Combinations 
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