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Abstract 

 

In this case study, we utilize the techniques of multi-

linear regression and cross-validation to develop a 

relationship between existing shear-wave logs and a 

suite of other well log curves. This relationship is 

then used to predict pseudo shear-wave log curves in 

wells that do not contain shear-wave information. 

The relationship that is derived in this way are more 

improved as compared to the standard linear 

relationship used to predict shear wave logs 

(Castagna et al., 1985). However, it is important to 

note that the co-efficient derived from the present 

study are strictly valid only within the area of study.  
 

Introduction 

In this case study, we have used wells within the 3D 

survey area located in Gojalia Field in Tripura State, 

India. The well log input consists of five wells, each 

with P-wave, density, resistivity and gamma ray, and 

only two with S-wave sonic, which is also restricted 

to some part of the well. Figure 1 shows the 

distribution of wells throughout the 3D survey area, 

and the two wells GO-D and GO-E that contain S-

wave. The objective of this study is to derive a 

relationship between the S-wave and the other logs 

(P-wave, Density, Resistivity and Gamma ray) in the 

wells GO-D and GO-E, consequently generate a 

pseudo S-wave log and validate it with the recorded 

logs. We will then apply this relationship to the wells 

in which the S-wave log is not recorded, and create 

pseudo-S-wave log for GO-A, GO-B and GO-C.  

 

We have used these generated pseudo S-wave, with 

existing P-wave to generate synthetic AVO response. 

The synthetic AVO response at our target level 

shows Class-I type of AVO in recorded S-wave as 

well as in other wells where Pseudo S-wave is used.  

 

 

 

S-wave log Statistical Analysis  

The traditional approach to S-wave curve prediction 

(Castagna et al., 1985) is to find the linear regression 

fit between the P-wave and S-wave curves given by 

the regression equation  

 

                   VS = a + bVP                                   . (1)  

 

Although it is preferable to derive the regression 

coefficients a and b from local wells, a reasonable fit 

can usually be found using the coefficients given by 

Castagna et al. (1985).  

 
 

 
Fig.1: Basemap of the Study area. 



Application of Multi-linear Regression Technique to predict Shear Wave and its Application in 

AVO Analysis in a Clastic reservoir of Tripura Fold Belt. 
 

 

In this study, we will not assume a pre-existing 

relationship as in Equation 1, but will rather 

determine a multi-linear regression relationship using 

the available data. The logs from one of the two wells 

in which the S-wave sonic log is present, well GO-D, 

are shown in Figure 2. For each of the four 

regressions shown in Figures 3-6, we can write the 

generalized form of Equation 1 as 

  

                       VS = a + bL                                      .(2)  

 

where L represents either the Density, Gamma ray, 

Resistivity or P-wave sonic log. 

 

 
Fig. 2: Recorded logs of Well GO-D. 
 

 

 
Fig. 3: Crossplots showing relationship of S-wave log 

vs P-Wave, showing the correlation curve. 

 

 
Fig. 4: Crossplots showing relationship of S-wave log 

vs RHOZ, showing the correlation curve. 

 

 
Fig. 5: Crossplots showing relationship of S-wave log 

vs RLA5, showing the correlation curve. 

 

Y = 2.26748 * X – 37.0594 

R2 = 96% 

Y= -157.073* X + 552.708 

                          R2 = 79% 

Y =75.9534 * log(X) + 107.948 

                                 R2 = 74% 
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Fig. 6: Crossplots showing relationship of S-wave log vs 

Gamma Ray showing the correlation curve. 

 

The regression coefficients, correlation coefficients 

and errors given for the plots of Figures 3-6 are given 

in Table 1. In this table, we see that the P-wave fit is 

the best, as expected, and that the density fit is 

slightly better than the gamma ray fit. Notice that the 

gamma ray curve has a negative correlation with the 

S-wave curve.  

 
Table 1. The statistics for the crossplots from well GO-D, 

shown in Figure 3.  
S-wave vs DTCO RHOZ RLA5 GR 

Intercept (a) 2.26748 -157.073 107.948 -1.1105 

Slope (b) -37.059 552.708 73.9354 -0.33 

Correlation 0.96 -0.79 0.74 0.61 

 

Shear Log Prediction using Castagna Equation 

We will generate the S-wave log using Castagna 

Equation as in Eq. (1). The Castagna Equation is: 

                              VS = a + bVP                           .(1) 

Where a and b are regression co-efficients. For the 

present study, the values of a and b are taken as; 

                  a = -3845.14; b = 0.8619 

We used this equation in well GO-D and GO-E 

where we have recorded S-wave log in some part, in 

order to compare the resultant log from the recorded 

log. This is done using the HampsonRussell
TM

 

Software package (HRS). The predicted S-wave log 

is named DTSM_Castagna.                              

 

Multi-linear Regression for Shear Log Prediction 

We will next find the coefficients using a multi-linear 

approach by including all possible well curves. The 

multi-linear regression equation is given by  

 
DTSM= a + b*DTCO+ c*RLA5+ d*GR+ e*RHOZ       (3) 

 

Where, DTSM represents the Predicted S-wave log  

   DTCO represents P-wave log 

   RLA5 represents Resistivity log  

   GR represents Gamma ray log, and  

   RHOZ represents Density log. 

 

The log attributes and coefficients in Equation 4 were 

determined using a technique in which cross-

validation is used to determine the optimal ordering 

of attributes (Hampson et al., 2001). The results of 

performing the linear multi-attribute analysis provide 

two types of error functions, first the total training 

error and second, the validation error. The training 

error is the error using all three wells in the 

prediction, and the cross-validation error is the error 

in which the well to be predicted is left out of the 

training. Based on this analysis, the best attribute to 

predict S-wave log is P-wave log, followed by 

Resistivity, Gamma Ray and Density.  

 

The regression equation is found to be: 

 

DTSM = -176.462 + 2.53903*DTCO + 

0.192465*RLA5 - 0.146238*GR + 52.8208*RHOZ 

(Using GEOLOG software)………………….. (4) 

 

Table 2: Statistics for correlation between 

 independent logs. 

 
 

Table 3: Regression co-efficients 

 
 

Now, using equation (4), the Pseudo S-wave is 

generated for GO-D and GO-E.  
 

Validation of predicted logs at GO-D and GO-E:  

 

Next, we cross validated the predicted S-wave log of 

both GO-D and GO-E to ascertain the effectiveness 

of the prediction algorithm. Both, recorded and 

Y = -1.11056 * X + 285.196 

                            R2 = 61% 
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predicted logs (MLR and Castagna) were plotted and 

it is observed that the log predicted with MLR has an 

excellent match with the recorded log (Fig. 7 & 8)  
 

The predicted log was also cross-correlated with the 

recorded log and 95% correlation was achieved. One 

more striking observation is that both the trends are 

actually overlapping each other (Fig. 9). 

 
Fig. 7: Validation of predicted S-wave log (Blue) of GO-D 

with recorded log (Red) and predicted S-wave log using 

Castagna Equation (Orange). 

 

Hence, it can be inferred that the Multilinear 

regression relationship established in Equation (4) 

can be regarded as an empirical relation.  
 

Once a satisfactory relation is established, the same 

was applied for all the remaining wells in the study 

area covered by 3D survey, i.e., GO-A, GO-B and 

GO-C.  

 
Fig. 8: Validation of predicted S-wave log (Blue) of GO-E 

with recorded log (Red) and predicted S-wave log using 

Castagna Equation (Orange). 

 

 
Fig. 9: Cross-correlation between Predicted and 

Recorded S-wave logs for GO-D and GO-E.  

DTSM: Recorded S-wave log 

DTSM_PRED: Predicted S-

wave log 

DTSM_Castagna: Predicted S-

wave log using Castagna 

Equation 

DTSM: Recorded S-wave log 

DTSM_PRED: Predicted S-

wave log 

DTSM_Castagna: Predicted S-

wave log using Castagna 

Equation 

 

Y = 0.927587 * X + 13.6547 

R2 = 95% 
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Applications 

After the Pseudo S-wave log is generated, synthetic 

AVO response was calculated, which was otherwise 

not possible due to non-availability of S-wave log.  

The AVO synthetics modeling was also carried out 

for Well GO-C and GO-E. AVO Gradient Analysis 

of these two wells of equivalent sand indicates Class-

I type of AVO anomaly (Fig. 10  & 11).  

 

 
Fig. 10: Gradient analysis of Well GO-C for sand 

GS-I-IV showing Class-I type of AVO Anomaly. 

 

 

 
Fig. 11: Gradient Analysis of Well GO-E using 

Synthetic S-wave log showing Class-I type of AVO 

Anomaly.  

 

Conclusions 

The preliminary objective of the present study was to 

ascertain a good relationship for generating S-wave 

log from the other existing conventional logs. The 

process adopted is validated in wells having S-wave 

log and further propagated to wells not having S-

wave log. This kind of result helped us in AVO 

Modeling and Analysis.  
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