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ABSTRACT  
 

Rock physics models are used to estimate the geo-technical 
properties such as the elastic moduli from the porosity and mineralogy 
datasets. If the velocity measurement is available then the same rock 
physics model can also be used to predict the saturation of gas or gas-
hydrate based on the difference between the observed and modeled 
velocities. Several rock physics models are developed to predict the 
elastic moduli of shallow unconsolidated marine sediments as a 
function of porosity, mineralogy, effective pressure, and pore-fluid 
compressibility. Each of these theories has its own sets of assumptions 
and some site specific empirical constant. In this paper, we are going to 
discuss a couple of rock physics model and demonstrate with the help 
of well log examples from the Krishna-Godavari (KG) and Mahanadi 
basins the applicability and limitations of such models. In this process, 
we will also establish the rock physics model that is applicable to the 
eastern continental margin of India.  
 
KEY WORDS: Rock physics, gas hydrates, effective medium model, 
elastic moduli, NGHP Expedition 01.  
 
INTRODUCTION 

 
Rock physics modeling is performed for a variety of reasons, 

most commonly to estimate the saturation of oil/gas/water/hydrates and 
to construct missing acoustic and elastic logs (VP and VS and density). 
It can also be used to determine the change in elastic properties of rocks 
due to variations in mineralogy, fracturing or digenesis (compaction, 
cementation, and dolomitization), the change in fluid type, saturation 
and pore pressure, and finally, any variation in the reservoir effective 
stress and temperature.  

In this paper, we are going to discuss a couple of rock physics 
theories to predict the velocities of elastic waves from the porosity and 
mineralogy compositions. The first model is Effective Medium Model 
(EMM; Dvorkin et al., 1999) which assumes that the elastic moduli lie 
between the moduli of dry sediment at the critical porosity and zero 
porosity. The moduli for the intermediate porosity are calculated using 
lower Hashin-Shtrikman bound. The fluid-saturated moduli are 
estimated using Gassmann’s equation. The main limitation of this 
model is that it requires a lot of apriori information and is 
computationally involved. The second model is Wood’s model (Wood, 
1941) which assumes that the elastic moduli of the sediment are an iso-
stress average of the solid and fluid phase bulk moduli and shear 
modulus is zero. This model relates velocity to porosity for sediments 
that are in a state of suspension, i.e. having no frame stiffness.  

The EMM model can be extended to estimate the hydrate and 
free gas concentration in marine sediments from porosity and velocity 

profiles (Helgerud, 1999). Lee (2006) showed that shear wave velocity 
plays a prominent role in the estimation of hydrate and gas 
concentration and is dependent on the compaction factor of marine 
sediments. We attempt to establish the rock physics model that best fit 
the observed velocity profiles acquired in the KG and Mahanadi 
offshore basins and infer the strength and limitation of such rock 
physics theories. The EMM and wood’s models are applied to the log 
data collected onboard JOIDES Resolution during NGHP-Expedition-
01 in Krishna Godavari (KG) and Mahanadi offshore basin.  
 
Theory  
 
Effective Medium Model (Dvorkin et al., 1999): This model assumes 
that the elastic moduli of the shallow marine sediment lie between the 
moduli of dry sediment at the critical porosity and the other end point is 
of zero porosity.  The moduli for the intermediate porosity are 
calculated using lower Hashin Shtrikman bound. The fluid-saturated 
moduli are calculated using Gassmann’s equation (1951). 
 
Porosity below critical: At porosity φ < φc the concentration of the pure 
solid phase in the rock is (1 −φ) / φc  and that of the sphere pack phase 
is φ / φc. The dry frame bulk moduli Kdry and shear moduli Gdry is 
given by following formula 
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KHM  and GHM  are elastic moduli at critical porosity, øc is the critical 
porosity and G and ν are the shear modulus and Poisson’s ratio of the 
solid phase, respectively, P is the differential pressure; K, G, and ν are 
the bulk and shear moduli of the solid phase, and its Poisson's ratio, 
respectively; n is the average number of contacts per grain in the sphere 
pack. This number is between 7 and 9 (Mavko et al., 1998). The 
differential pressure is the difference between the lithostatic and 
hydrostatic pressures and can be expressed as, 

gDP wb )( ρρ −=
                                                                               (3)

 

Where ρb is the bulk density of the sediment; ρw is water density; g is 
the gravity acceleration; and D is depth below sea floor. The elastic 
constant of solid phase from those of individual mineral constituents is 
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calculated using Hill’s average equation (1952). For the sediment 
saturated with pore fluid of bulk modulus Kf, the bulk modulus KSat is 
calculated using Gassmann’s equation (1951) as  
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The elastic wave velocities are: 
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Where Bρ  is bulk density. Porosity used in this model is the total 
porosity of sediment. 
 
Wood’s Model (1941): The elastic moduli of the marine sediments are 
an iso-stress average of the solid and fluid phase bulk moduli and shear 
modulus is assumed to be zero. This model relates velocity to porosity 
for sediments that are in a state of suspension, i.e having no frame 
stiffness. The P-wave velocity is represented as,   
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Where  
wm φρρφρ +−= )1(  

ρ is bulk density, ρw is density of water,ρm is density of matrix or grain 
density, φ is porosity, Vm is matrix velocity, Vw water velocity and Vp 
Woods velocity. 
 
Lee Equation for S-wave prediction: The S-wave velocities can be 
predicted from the moduli of the dry rock which can be estimated from 
the P-wave velocity. Dry rock bulk moduli are related to the shear 
modulus through a consolidation constant.  The mathematical 
expressions between the bulk modulus, shear modulus is,  
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where Kd and µd are bulk and shear moduli of the dry frame, 
respectively; Kma  and µma are bulk and shear moduli of grains, 
respectively; φ is the porosity and α is the consolidation parameters that 
depends upon the porosity and the degree of consolidation between 
grains. The consolidation parameter decreases as differential pressure 
increases, porosity decreases, and the degree of consolidation increases 
or the sediments become unconsolidated (Lee, 2006).  
 
Methodology 
 

The bulk and shear modulus of saturated sediment are 
estimated following the described procedure. First, the effective bulk 
(KHM) and shear (GHM) moduli of the dry sediment (equation 2) is 
calculated by assuming 100% Clay for KG-Basin and 80% Clay and 
20% Quartz for Mahanadi-Basin (Collett et al., 2008).  The bulk and 
shear moduli of KG basin sediment are 20.9 GPa and 6.85 GPa and 
21.96 GPa and 11.42 GPa, respectively for Mahanadi basin. The 
critical porosity is estimated to be around 62-65 % as shown in the 

velocity-porosity crossplot (Figure 1). The Dry rock bulk (KDry) and 
shear (GDry) are calculated using equation (1). The saturated sediment 
bulk (KSat) and shear (GSat) modulus are calculated using Gassmann’s 
equation (4). The bulk modulus (Kf) of sea water used in our modeling 
is obtained from Batzle Wang equation (Batzle and Wang, 1992.) and 
its density is assumed to be 1.038 g/cm3. The required differential 
pressure P (MPa), geothermal gradient (0C/Km) and seafloor 
temperature T (0C) are obtained from the NGHP-expedition-01 initial 
report (Collett et al., 2008). The P-wave (VP) and S-wave (VS) are 
calculated from equations (5). The quality of the data may vary due to 
loose coupling and washouts. Therefore, we used the caliper log to 
determine the borehole conditions.  

 

 
Figure1. Cross-plot between Densities derived porosity and 
Compressional P-wave Velocity from a) KG and b) Mahanadi basins. 
 
Results and Discussions 

 
We apply the rock physics model on a well located in KG 

basin, eastern continental margin of India (Water depth~1160 and 
logging interval~30-350 mbsf; Collett et al., 2008). The estimated 
velocity profile derived from the porosity data and the measured 
velocity profiles for the well is shown in Figure 2. There is strong 
match between the calculated velocities from Effective medium model 
and Wood’s model with the observed P-wave velocities upto 220 
meters below seafloor (mbsf). However, the model overestimates the 
velocities below the base of hydrate stability zone (around 220 mbsf) 
possibly due to the presence of free gas which is not accounted in the 
rock physics modeling. Such mismatch can be used to estimate the free 
gas saturation in the sediment following the rock physics model of 
Helgerud et al. (1999). 

 

 
Figure 2.Rock physics modeling for KG basin well log data; a) 
Effective Medium Model and b) Wood’s Model. The modeled P-
wave velocity is shown in black and the measured velocity is shown 
in red. The blue line indicates the base of the hydrate stability zone. 
 



 

 
Figure 3.Rock physics modeling for Mahanadi basin well log data; a) 
Effective Medium Model and b) Wood’s Model. The modeled P-wave 
velocity is shown in black and the measured velocity is shown in red. 
The blue line indicates the base of the hydrate stability zone. 
 

     
Figure.4. Predicted Shear wave velocities for a) KG and b, c) Mahanadi 
basins using Lee’s model (Lee, 2006). The consolidation factor is about 
250 for 80-140 mbsf and about 50 for 140-350 mbsf for the well log 
curve of Mahanadi basin. 

 
Our next example is from a well located in offshore 

Mahanadi basin, eastern continental margin of India (Water depth~ 
1689 and logging interval~0-350; Collett et al., 2008). The estimated 
velocity profile derived from the porosity data and the measured 
velocity profiles for the well is shown in Figure 3. The modeled 
velocities estimated from EMM matches with the observed velocities in 
the hydrate stability zone. Below the base of hydrate stability zone, 
EMM derived velocity is overestimated possibly due to the presence of 
free gas. In contrast, the model velocities derived from Wood’s 
equation matches with the observed velocities in the depth range of 
100-140 mbsf due to low shear wave velocity in this zone (Figure 4) 
and do not match in the deeper depths. We believe that the mismatch is 
due to non-negligible shear wave velocities in Mahanadi basin. Since 
Wood’s model assumes zero shear wave velocity, marine sediment 
with significant shear wave velocity will lead to a large error in 
predicted velocity. 

Next, we attempt to model the shear wave velocity using 
Lee’s equation (Lee, 2006). The procedure for estimating shear wave 
velocity is discussed in the Methodology section. Lee’s model is tested 
on the KG and Mahanadi basin well logs where shear wave velocity is 
available (not shown in this paper). There is strong match between the 
Lee’s model derived shear wave velocities with observed ones. 

Therefore, we used this model to estimate the shear wave velocities for 
studied sites (Figure 4).  The estimated shear velocities suggest that the 
shear velocity is comparatively higher for Mahanadi basin than KG 
basin. The consolidation factor derived by fitting the P-wave velocity is 
about 100 for KG basin and 50 for Mahanadi basin for deeper depths 
(140-350 mbsf). The small consolidation factor suggests consolidated 
sediment in Mahanadi basin with higher shear wave velocity which 
leads to large prediction error in woods model. 

 
CONCLUSIONS 

 
In KG basin, we observe that both Wood’s and EMM models 

predict the observed P-wave velocity whereas in Mahanadi basin EMM 
predicts the observed velocity but the Wood’s model underestimates it. 
We show that the error in estimating velocity is linked with the 
observed S-wave velocity. In KG basin, S-wave velocity is low due to 
high sedimentation rate and different mineralogy composition as a 
result both EMM and Wood’s model are applicable. In Mahanadi basin, 
S-wave is large enough to violate the assumption of Wood’s model 
leading to underestimation of P-wave velocity. We infer that the shear 
modulus plays a major role in predicting shear wave velocity and 
compressional wave velocity of marine sediments. If the shear wave 
velocity is low as in KG basin the EMM and Wood’s model predicts 
the observed compressional velocity. If the Shear wave velocity is high 
as in Mahanadi basin the Wood’s model under estimates the observed 
compressional velocity.  
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