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Summary 

A methodology is adopted for generation of Rock Physics 

Template (RPT) based on fluid replacement modeling for 

Gollapalli Sandstones of Early Cretaceous. The ratio of P-

wave velocity to S-wave velocity (Vp/Vs)and P-impedance 

template, generated for this above formation is able to 

detect shale, brine sand and gas sand with varying water 

saturation and porosity from well in the Endamuru gas field 

of this basin having shallow marine depositional 

environment. This RPT predicted detection of water and 

gas sands are matched well with conventional techniques. 

Introduction 

Rock physics models are used to estimate seismic 

properties from the observed petrophysical and reservoir 

properties (e.g., Mavko et al., 1998, Dattagupta et al., 2012 

and Gray et al., 2015) and are affected by reservoir 

heterogeneity, sorting, digenetic quartz cementation on 

sandstone and depositional characters (Avseth et al., 2005, 

2009). 

Well logs namely; gamma ray, resistivity, density, 

neutron, P-wave and S-wave velocities are considered for 

reservoir identification from a well located in Endamuru 

and fields of the Krishna-Godavari (K-G) basin (Figure 1). 

Rock physics scenarios associated with reservoir zones of 

K-G basin are performed using Biot-Gassmann fluid (Biot, 

1956 and Gassmann, 1951) replacement modeling to vary 

porosity, water saturation, and oil density. So the focus of 

this paper is aimed to develop arock physics model of 

elastic moduli and porosity as well as generation of Rock 

Physics Template (RPT) from the available geological 

information including petrophysical parameters. 

Study area 

This basin is subdivided into three sub-basins namely 

Krishna, west Godavari and east Godavari which are 

separated by Bapatla and Tanuku horsts respectively 

(Figure 1) (Sastri et al., 1973 and 1981). Reservoir rocks in 

this basin mostly comprise of sandstone, shaly sandstone, 

siltstone and sandy siltstone, where, the hydrocarbon 

accumulation is expected in a variety of traps, such as: 

anticline, fault, unconformity, lens, pinch-outs or their 

combinations. The non-conventional stratigraphic traps 

related to channel fills, regional sand pinch-outs and 

truncations are supposed to be conspicuous hydrocarbon 

accumulators (Gupta, 2006; Shanmugam et al., 2009). For 

purposes of rock physics modeling, selected depth interval 

belonging to shallow marine environment is chosen for 

well KE in Endamuru (END) field of this basin (Figure 1).  

The well KE has penetrated Kommugudem Formation as 

basement followed by Gollapalli Sandstone and 

Raghavapuram Shale at the depth interval 1763-2116m. 

Well log responses such as gamma ray, resistivity, density 

and neutron porosity logs have been utilized for estimation 

of petrophysical properties for the hydrocarbon bearing 

zones of chosen depth intervals (Table 1). Log data such as 

gamma ray, velocity, P-impedance, Vp/Vs from these wells 

in the hydrocarbon bearing zones are shown in figure 2 

(Figure 2). Figure 2 shows the clean sand reservoir with 

low Vp/Vs, low density and low gamma ray. These 

reservoirs with water saturation (Sw) varying from 10 to 

27% are examples of cemented reservoirs with effective 

porosity (φe) ranging from 14 to 15% (Table 1). 

Figure 1: Showing the tectonic map of K-G basin with well 

location (after Singha and Chatterjee, 2014) 
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Figure 2: Well Log Responses showing the reservoir zone 

(rectangular box) from well KE. RGM, Raghavapuram 

Shale,GLP. Golapalli, KMD, Kommugudem, F,., Formation 

 

 

Table 1: Petrophysical Parameters from selected depth 

interval from well KE. 
 

Depth 

interval (m) 

 

 

Vsh 

(%) 

Effect

ive 

porosi

ty (%) 

Water 

Saturation 

(%) 

 

Age 

 

1939-1958 

 

2 

 

14 

 

10 

 

 

Early 

Cretaceous  

1959-1964 

 

3 

 

15 

 

27 

 

Rock Physics Diagnostics 
 

Rock physics diagnostic is typically conducted on well log 

and core data (Avseth et al., 2000). It describes the texture 

of rock: the position of diagenetic cement; grain size 

sorting; effect of clay, etc. In this study, bulk and shear 

moduli as a function of porosity from wells KE are 

superimposed on the combinations of three models such as: 

friable clay model (Dvorkin and Nur, 1996), the contact 

cement model (Dvorkin et al., 1994) and the constant 

cement model (Avseth et al., 2005). These diagnostic 

models with prior knowledge on cement quantification 

from thin section studies are helpful for prediction of 

constant cement model with cement percentages, which in 

turn will be used for finding coordination number in the 

Hertz-Mindlin theory (Mindlin 1949, Mukherji et al., 2001) 

to construct dry modulus of rock at critical porosity for 

RPT development. 

  In well KE, a thick sand interval (Figure 2) is 

marked by low and varying gamma ray readings as well as 

high velocity (about 3.7 to 4 km/s). This sand layer is 

surrounded by shale whose gamma ray and velocity 

contrast those of the reservoir sand. Bulk modulus and 

shear modulus with porosity are plotted in the combined 

contact cement model, the constant cement model and the 

friable clay model as displayed in Figure 3. The reservoir 

zone identified in the depth intervals; 1939-1964m of KE is 

characterized by the constant cement model as noticed from 

figure 3. It follows from figures 3a and 3b that the rock 

physics trends appear to be "sharper" in the shear modulus-

porosity than they are in the bulk modulus-porosity plane. 

High cementation of more than 6% is observed in 

Gollapalli sand reservoir in well KE. 

 

 

       

 

 
(a) 

 

(b) 

Figure 3 Rock Physics Diagnostics models (a) Bulk Modulus 

vs. Porosity and (b) Shear Modulus Vs. Porosity 

 

11th Biennial International Conference & Exposition



Rock Physics Modeling 

3 

 

Rock Physics Template (RPT) 

Next step is fluid substitution i.e. to compute elastic moduli 

of saturated porous rock with fluid (brine or hydrocarbon). 

Gassmann’s equation has been applied to estimate the fluid 

substitution effect in a RPT and elastic modulus at the 

desired saturation (Gassmann, 1951a,b). 

 Biot-Gassmann fluid substitution model (Gassmann, 

1951a,b and Biot, 1956) is used for estimation of saturated 

elastic modulus of reservoir sandsfrom dry modulus with 

varying water saturation, and for porosities from zero to 

critical porosity, and is expressed as: 

 ------(1) 

where Saturated bulk modulus,  = dry bulk 

modulus,  = fluid bulk modulus = bulk 

modulus of mineral 

Since the shear modulus of the fluid is zero, the shear 

modulus of the fluid saturated rock is given by  

 ---------- (2) 

And the bulk density of the fluid saturated rock ( ) is 

given by 

 --------- (3) 

whereρg density of gas and ρfl = density of fluid. 

Domenico (1976)suggested that the mixed gas-oil-brine 

saturation can also be modeled with Gassmann’srelations 

when the mixture of phases is replaced by an effective fluid 

with bulk modulus, given by 

 ---------- (4) 

where  = effective fluid bulk modulus, 

brine bulk modulus,     = oil Bulk modulus 

and  = gas bulk modulus,  = brine saturation,   

 = oil saturation and  = gas saturation. 

Fluid density (  , density of fluid mixture say water and 

hydrocarbon) is defined as 

 ---------- (5) 

where  = water saturation,  = water density and   

= hydrocarbon density. 

The fluid modulus ( )is given by Wood (Wood, 1941): 

 ---------- (6) 

where  = water bulk modulus and  = hydrocarbon 

modulus. 

The P-wave andS-wave velocities are then finally 

computedusing following equations as 

 ---------- (7) 

 ----------(8) 

 

Geological constraints on RPT include lithology, 

mineralogy, burialdepth, diagenesis (cementation), pressure 

and temperature from well log, core sample and well 

testing data. The common form of RPT is between P-

Impedance (AI) and Vp/Vs ratio serving as good indicator 

of lithology and fluid indicator (e.g. Avseth et al., 2005, 

Xin and Han, 2009). We have used mineral contents, 

lithology, coordination number, pressure and temperature 

from reservoirs occurring in Golapalli Sandstone and 

Raghavapuram Shale from previous study and personal 

contact with Oil and Natural Gas Corporation Ltd. 

(Chatterjee and Mukhopadhyay, 2002, Singha and 

Chatterjee, 2014, Singha et al., 2014). 

 From calculated moduli and density at new 

saturation, Vp and Vs are determined and Vp/Vs vs. AI 

template is created. The resulting rock physics model for 

sands and shales, with log data from 1920-to 2010m of KE 

well are superimposed, in this Vp/Vs vs. AI template, color 

coded by gamma ray (Figure 4). Two trend lines present 

shale and sand line. Modeled shale porosity range from 5-

65%, and modeled sand porosity 0-35%. Each of porosity 

sand lines has its saturation line, which starts as 100% brine 

saturated sand, and end as gas saturated. Figure 4 includes a 

background shale-trend line, a brine-sand-trend line, and 

curves for increasing gas saturation as a function of 

porosity on a rock physics template in Vp/Vs vs. AI cross-

plot domain. This template is able to identify cap rock i.e 

shale, brine sand and gas sand reservoirs from this well. 

 
Figure 5: Vp/Vs vs. P-impedance plot of well KE is posted on 

Rock Physics Template (RPT) 
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Verification with neutron vs. density crossplot 

 
To verify the well log data posted on RPT data, 

conventional log data with neutron-density cross plots are 

displayed in figures 5 and 6 for the selected depth intervals 

of well KE (Figures 5 and 6). The neutron and density 

crossplot for the selected depth interval 1932-1984m of 

well KE (Figure 6) reveals the occurrence gas bearing sand 

of Gollapalli formation. Therefore log data posted on 

generated RPT are matched well with the conventional log 

data as observed in the cross over between neutron and 

density logs. 

 

 
 
Figure 5:  Gamma ray, resistivity, neutron and density log 

responses for well KE. Gas bearing zone is identified 

 

Conclusions 

 
The generated RPT is posted on the crossplots of Vp/Vs vs. 

AI which are calculated from well logs. This template 

demonstrates the identification of gas sand reservoir, cap 

shale and brine sand. Rock physics models and RPT 

constrained by local geology in K-G basin can be used for 

prediction of lithology and hydrocarbons. RPT generated 

for the shallow marine environment is correctly indicating 

gas saturation with lithology as it is observed from 

conventional neutron-density crossplots. Thus, we can 

predict the lithology and fluid content at undrilled areas 

using the well logs of KE as a reference if we assume those 

areas have the similar geological deposition environment to 

Endamuru. 

 

 

 

 

 

 
Figure 6: Neutron-Density cross plot displays gas bearing zone 
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