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Abstract: Shear wave velocity is an important reservoir character. By calculation of VS we can obtain 
elastic parameters that have important role in geomechanical studies to understand unstable parameter 
of the reservoir such as fluid content, pore pressure and etc. In this study, we predicted VS by using 
neural network we used VP and density, neutron and Gamma-ray logs from well No.1 t o train and 
valid the neural network and then the neural network was used to predicted VS in wells No.2 and 3. 
The results show a significant and excellent acceptability that seem to be reliable. 
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INTRODUCTION 

 
 The calculation of the elastic parameters (Poisson's ratio, Bulk modulus, Rigidity modulus, Lame's constant 
and Young's modulus) of a formation requires P sonic, S sonic and density logs, they are necessary parameters 
for evaluation reservoirs geomechanical (Colin et al., 1997). 
 Shear wave velocity logs combined with P-wave velocity logs and bulk density logs allows computation of 
elastic constants. Full-waveform and dipole logging tools provide both P-wave and S-wave sonic logs. 
However, these tools are not used in boreholes and when they are used it is generally in the zone of interest. 
There seems to be ample P-wave sonic and density logs, but not S-wave sonic logs. The recordings of S-waves 
combined with P-waves allow further rock property and elastic constant analysis. By estimating S-wave velocity 
logs, formation elastic parameters can be calculated (Colin et al., 1997; Pickett, 1963). 
 In this paper, we present a fast method to S-wave velocity estimation with using neural network (figure 1). 
Artificial Neural network was selected for estimation shear wave velocity because of the better efficiency and 
easer train. 
 

 

Fig.1: A model of Neural Network with 3 layers. 
 
 We used compressional wave velocity, gamma ray, neutron and density for input and shear wave velocity 
as output, until our network is trained. Then, we can use every well data for input for estimating shear wave 
velocity and computation elastic parameters. 
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 At the first part of paper, we devoted to obtain the efficiency and accuracy of ordinary methods by 
comparison with Dipole log data and then we explained the efficiency of neural network in estimation of shear 
wave velocity. Finally, the method is validated by comparisons the results of neural network and the shear wave 
velocity of Dipole log data. 
 

MATERIALS AND METHODS 
 

Reviews of Different Models: 
 Different relations are defined for estimation of shear wave velocity, it can be noted but these relations don’ 
t have good efficiency and these relations are available for estimation of shear wave velocity in sandstone rock 
(Chang, 2006; Eberli, 2003; Krief et al., 1990). Because this study has been performed on a carbonate reservoir, 
estimation relation of shear wave velocity may be less effective and in error. 
 In this part, we used some estimation relations of shear wave velocity for lime and carbonate rock and the 
results were compared and evaluated with the obtained data by Dipole log. 
 
Pickett Method: 
 The ratio of compressional wave velocity to shear-wave velocity shows us special information about 
lithology (Pickett, 1963). The table below shows this information. 
 
Table 1: The relation between VP/VS values and same lithology. 

lithology limestone dolomite clean to calcareous sandstone 

Vp/Vs values 1.9 1.8 1.6 - 1.75 

 
Table 2: Elastic parameters calculated by using shear wave velocity 

 E K µ λ 
1 36.20 26.38 14.23 16.91 
2 37.49 27.62 14.74 17.81 
3 39.76 29.21 15.61 18.75 
4 39.87 30.12 15.50 19.87 
5 37.92 30.45 14.69 20.62 

 
 We can calculate shear wave velocity by using the values of VP/VS and VP from log data. However, the 
accuracy of this method is related to the P-wave velocity value when VP is more than 3Km/s. In figure 2 the 
shear wave velocity obtained of Pickett relation versus shear wave velocity obtained with Dipole log have been 
plotted. 
 

 
 
Fig. 2: Crossplot between Dipole data and Shear wave velocity calculated from Pickett`s equation. 
 
Domenico Method: 
 Domenico present an equation for computation shear wave velocity based on porosity in different pressure 
(Domenico, 1984). 
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                                                                                                                                                            (1) 

 
 In the above equation, parameter φ is porosity, V is velocity, A and B are constant parameters based on 
different pressure. In figure 3 the shear wave velocity obtained of Domenico relation versus shear wave velocity 
obtained with Dipole log have been plotted. 
 According to the figure 3 there is good correction confidence between Domenico and Dipole result but the 
result of Domenico`s equation is greater than the Dipole results. 
 

 
 
Fig. 3: Crossplot between Dipole data and Shear wave velocity calculated from Domenico`s equation. 
 
Castanga Method: 
 Castanga et al., present a general equation for estimation of shear wave velocity in different type of rock 
(Castagna et al., 198; Castagna et al., 1993). The Castanga equations were presented in below for carbonate and 
lime sediment. 
 
VS 0.05509VP 1.0168VP 1.0305                                                                                                            (2) 
VS 0.8042VP 0.8559                                                                                                                                      (3) 
VS 0.583VP 0.07776                                                                                                                                      (4) 
VS 0.77VP 0.8674                                                                                                                                          (5) 
 
 Equation 2 is for Limestone, equation 3 is for calcareous sandstones, equation 4 is for dolomite and 
equation 5 is for calcareous shale. 
 In this study, we use equation (2) for estimation of shear wave velocity and these results versus Dipole data 
have been plotted in figure 4. 
 

 
 
Fig. 4: Crossplot between Dipole data and Shear wave velocity calculated from Castagna`s equation. 
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Evaluation methods of Estimating Shear Wave Velocity: 
 The obtained results of Domenico, Castanga and Pickett were calculated for small part of the reservoir 
(20m). Only, the equation of Castanga and Pickett show excellent unity and accuracy. However, when we used 
Castanga and Pickett equations for the whole of the reservoir the results are not reliable (figures 5 and 6). The 
reason of this problem is the change in the effective factor and parameter in during the reservoir. 
 

 
 
Fig. 5: Crossplot between Dipole data and Shear wave velocity calculated from Pickett`s equation for the whole 

of the reservoir. 
 

 
 
Fig. 6: Crossplot between Dipole data and Shear wave velocity calculated from Castagna`s equation for the 

whole of the reservoir. 
 
 In this situation finding a model or equation that can estimate without experimental information and kind of 
lithology and percent of porosity and, etc. is perfect and advantage. 
 The best applicable method for shear wave velocity computation is the artificial neural network that 
provides a better and accurate relation between the shear wave velocity and reservoir situation. 
 
Artificial Neural Network: 
 In this study, we use a three layer artificial neural network that is included as: an input layer with four 
neurons, a hidden layer with 12 neurons and an output layer with one neuron. The neural network is learned by 
Error Back-Propagation: BP algorithm. 
 The neural networks don’t use a special algorithm, only they answer to the things that they learned. So it’s 
necessary to train a neural network with enough example that neural network can obtain the relation between the 
data. 
 The neural network was trained by log data. P-wave velocity, density, neutron, gamma-ray logs was used as 
input data and in output of neural network; the shear wave velocity was calculated. When the neural network 



shows an e
network fo
 We us
validating 
velocity fro
 

 
Fig. 7: Cro

No
 

 
Fig. 8: Cro

No
 

 Elastic
reservoir a
Table2. Ela
 

 
 Regard
estimation 
 Becau
and etc. po
related to 

excellent and s
or estimation th
sed 80% data 
and examining
om well No.2, 

ossplot between
o. 2. 

ossplot between
o. 3. 

c parameter is 
and geomechan
astic parameter

dless of neura
of shear wave

use both of elas
ore spaces in 
the porosity th

Aust. J

significant corr
he shear wave v
from well No

g the neural ne
3 and 4 and th

n Dipole data a

n Dipole data a

calculated by 
nical investigati
rs calculated b

al network, th
 velocity by us

stic waves (VP 
media and the

hat these probl

J. Basic & Appl. 

relation confid
velocity. 
o.1 for training
etwork. At the 
hese results ver

and Shear wav

and Shear wav

using the obta
ion. Elastic par
y using shear w

RESULTS A

he estimation 
sing porosity. 
and VS) are af
eir connection
lems have diff

Sci., 5(11): 1429

ence, the train

g the neural ne
end, we used 

rsus dipole data

ve velocity calc

ve velocity calc

ained shear wa
rameter was sh
wave velocity

AND DISCUSS

of shear wav

ffected and infl
n, kind of fluid
ferent effects o

9-1434, 2011 

 step is enough

etwork and th
the neural netw

a were plotted

culated from ne

culated from ne

ave velocity fr
hown in table 2

SION 

e velocity by 

luenced by fact
d that saturate
on VS and VP

h, and we coul

en used 20%r
work to obtain
(Figures 7 and

 

eural network f

 

eural network f

om the neural 
2 for a part of t

using VP is 

tors such as lit
ed porous med

value. So we 

ld use the neur

remined data f
n the shear wav
d 8). 

for the well  

for the well  

network for th
the reservoir. 

better than th

thology, porosi
dia are problem

can see a goo

ral 

for 
ve 

he 

he 

ity 
ms 
od 



Aust. J. Basic & Appl. Sci., 5(11): 1429-1434, 2011 

1434 

correlation coefficient in Castanga and Pickett equations in Compared with Domenico equation. In addition, 
above equation is sensitive to small changes in lithology (figures 5 and 6). 
 Performance of neural networks is based on training the exiting relation between a series of variables. So 
we used compressional wave velocity as input data for calculation effect of lithology changes (Pickett, 1963) 
and also gamma ray, neutron and density for calculation the effect of porosity, size of pore media and kind of 
fluid (Ameen et al., 2009; Chang, 2006; Hamada, 2004). 
 
Conclusions: 
 The paper has presented the results of a vast research project to design a cheap package able to evaluate VS 
based on ordinary logs data. 
 By using this method, we could calculate the VS for the reservoir, and also using it was calculated the 
elastic parameters. Afterwards, we can solve the geomechanical equations to obtain the dynamic behavior of the 
reservoir and Conditions of pressure and fluid movement in the reservoir. 
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