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Summary 

 

The estimation of elastic properties of a rock in 

clastic environments of deep sediments has always 

been a challenging task. Lot of efforts have been 

made to estimate these properties through various 

techniques i.e. core studies, empirical relationship 

and rock physics modeling but none has been able to 

fully explain the reservoir behavior which matches 

with the production profile of the well. The reason 

for unpredictable behavior of any reservoir may be 

because of various kinds of properties which are 

responsible to influence the particular type of rock 

physical properties. The propagation of sound waves 

depends upon the type of media, its density, bulk 

modulus, viscosities, pore throat size, pore size 

distribution & the pore fluids. 

 

During the drilling process logs are effected by bore 

hole environment, mud filtrate, type of mud used etc.  

Well logs recorded in such type of situation are 

effected by many factors. Thus the response is also 

influenced by these factors and the data collected by 

logging tool deviate from in situ situation of rock.  

Since the seismic data is recorded in insitu situation 

and the response of elastic properties are not 

influenced by any of disturbing factors therefore it 

becomes essential to estimate these properties from 

log data after removal of all kind of pertubing factors 

to match with the seismic data and finally its  

interpretation . 

 

 

 

Introduction 

The study has been carried out for The Ultra Deep 

part of KG-DWN-98/2, NELP block  located 150 km 

off S. Yanam coast where the bathymetry ranges 

from 2000-3000 m. The location of the survey area is 

approximately 63 Nm to the south of Kakinada and 

118 Nm to the East of Kandukur. Five wells, 

Wells#1, 2, 3, 4 & 5 were drilled in the area, of 

which Wells#1, 3 & 5 have been taken up for study, 

as shown in Fig1. These wells produced gas within 

Miocene sequence. Hydrocarbon bearing sands are 

thin while brine sands are thick as encountered in 

most of the gas bearing wells.  

 

 
 

Fig1: Base Map  of the study area & well locations. 

 

This paper highlights the effect of mud filtrate during 

invasion process for permeable rocks in the log 

responses. These log responses are not the true 

representation of the in-situ rock properties. Since the 

seismic data is recorded in the virgin formation 

therefore it becomes essential to correlate both data 

in same situation. To achieve this objective an  

integrated  workflow has been designed between 

petrophysics and rockphysics modeling to get best 
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possible set of elastic logs free from all the 

environmental effect for effective seismic reservoir 

characterization. These logs will further be used for 

well to seismic tie in both pre and post seismic data. 

The petrophysical interpretation along with elastic 

logs in impedance and Vp/Vs domain will be used for 

analysis of seismic inversion study. 

 

Workflow 

Seismic waves bring out subsurface rock and fluid 

lateral information and Well logs provide high 

resolution vertical data, so, both together can help us 

to identify and delineate the hydrocarbon bearing 

sands in the area. Thus, the study first requires 

identification of the reservoir with fluid and the non 

reservoir through petrophysical evaluation using well 

log data. This   gives volumes of constituent 

minerals, porosity and fluids. The output of 

petrophysics will be subsequently used in 

Rockphysics modeling for prediction of elastic logs 

which are further used in seismic inversion study for 

seismic reservoir characterization. The following 

process has been adopted to achieve the objective. 

A- Petrophysics  

I. Log Data QC      
QC of the data is the first step of any study, this 

reveals us whether the available data is able to predict 

the desire information or it need some kind of 

transformation to make it ready for further study. 

There are many process for visulizasing and making 

the data ready but in this study the following 

methology work has been adopted.  

A.I (a) Data Conditioning 

To get accurate petrophysical properties, complete set 

of good quality log data is required. However, most 

of the times the recorded logs get affected by 

number of factors like borehole rugosity due to 

washouts, different generations of tools, missing or 

bad data and mud filetrate invasion which are not 

suitable for analysis and thus need to be corrected. In 

this study the log data is spliced, patched, filtered and 

depth matched.  

          

A.I (b) Histogram Analysis 

To understand the distribution of the sedimentory 

process and its consistency with time and distance a 

histogram analysis has been carried out among all the 

wells as shown in fig-2a.  The histograms of recorded 

logs (RHOB, NPHI, GR, DT, DTS ) for the gas zone 

under study  which shows similar data distribution 

reveals the same type of geological process of the 

sediments. 

 

 
      

 Fig2a: Histogram Analysis 

 

A.1(c) Invasion Effect 

It has been observed that the deep resistivity (RLA-5) 

is higher than the shallow (RLA-1) in Well#1. This 

suggests that the formation is porous and permeable,  

and invasion process has taken place. Mud used is 

water based (KCL/Glydrill) and the salinity of mud 

filtrate (125000 ppm) is higher than that of formation 

water (28000ppm) – MDT. The other logs like 

density, neutron and sonic which are having lesser 

depth of investigation also measured the invaded 

zone responses. Due to which the logs get affected by 

mud filtrate and are away from in-situ situation. 

 

 
 

Fig 2c: Invasion effect in Resistivity. 

 

In Well#3 & Well#5 the deep resistivity is lower than 

the shallow as surfactant oil base mud (SOBM)  has 

been used.  
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A.I (d) Environmental Correction 
The conditioned logs are subjected to environmental 

corrections i.e. borehole, invasion, salinity, 

temprature, mud filtrate, mud cake, etc. but these 

corrections are not applied in shear and 

compressional sonic logs. Therefore rock physics 

modeling is required which takes care of invasion 

effect. The other logs corrected data is suitable for 

petrophysical analysis. The volumes estimated will 

be free from invasion effect. 

 

A.2 Log Data Analysis: 

Neutron porosity and density Crossplot is one of the 

strongest combination for identification of different 

lithology with fluid on linear scales with water-

saturated pure lithologies (Sandstone, limestone, 

dolomite lines) graduated in porosity units, Fig 3. 

This clearly shows clay to be of mixed type, mainly 

mixture of Kaolinite and Montmorillonite. 

 

         
 

Fig3:Neutron -Density Crossplot for Clay 

identification 

Based on the cross plots analysis, Fig3, and 

core/cuttings reported in Formation Evaluation and 

Well completion reports the Sand-Shale 

interpretation model has been used in STATMIN 

module of Powerlog where shale is a mixture of 

Kaolinite, Montmorrilonite and illite  clay minerals  

and sand is a mixture of  quartz and a Special mineral 

which takes into account its feldspathic & high 

density nature. 

                                   

A.3 Log Data Processing and Interpretation: 

The latest technique for multi-mineral model is an 

Inverse optimisation technique which also accounts 

for tool uncertainty and relative curve weightage 

with all the geological constraint for that formation. 

For any rock, petro-physical interpretation provides 

volume of minerals and shale, the porosity (both total 

and effective) and the hydrocarbon volume (movable 

and immovable). The petrophysical parameters a,m 

and n  were taken  from formation evaluation report 

and  Rw = 0.107 at 145 deg F. 

Fig4 shows the petrophysical output of Well#1and 

Fig 5 for Wells#5 

 

 
 

Fig4:Petrophysical analysis &evaluation of Well#1 

 

  

 
 

Fig5:Petrophysical analysis &evaluation of Well#5  

 

A. Rock Physics Modeling: 

The objective of the rock physics modelling is to 

provide link between the petrophysical properties and 

the elastic properties of the rock (VP, Vs and 

RHOB).It helps in predicting Shear Log wherever it 

is not recorded. 

  
B.1 Rock Physics Modelling and its workflow 

There are many rock physics models that allow for 

the modeling of the elastic properties of rocks based 

on the volumes and the elastic properties of the 

component minerals and fluids. The elastic properties 

of the rock, other than density, are dependent on the 

micro-structure of the rock. 

Inclusion based rock physics model with self-

consistent scheme was used to build a rock physics 

model with variable pore aspect ratio or Alpha (the 

ratio of the short axis to the long axis in an ellipsoid).  
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The different mineral components obtained through 

petro physical evaluation   are assigned elastic 

parameters and mixed together using Hill Average to 

get the elastic properties of the effective solid.      

Fig- 6, shows the workflow and data distribution 

within the bounds.      
 

 
 

Fig6: Petro physics-Rock physics workflow and VP-

PHIT Cross plot 

  

              

The total empty pore space, is then introduced using  

differential effective medium (Xu and White, 1995) 

and the self-consistent (Berryman, 1980 ) methods. 

The minerals and pore space were combined to 

calculate the effective properties of the rock frame. 

The various fluids are mixed together to produce an 

effective fluid using Wood’s law or the Brie equation 

(Brie et al., 1995) This fluid mixture is then placed in 

the pore space using Gassmann’s equations.  

Workflow provided by Jason which takes into 

account the entire process has been used for carrying 

out Rockphysics Modeling. 

 

B.2 Rock Physics Modelling Parameter  
Rockphysics makes use of the mineral and fluid 

volumes from petrophysics processed output. The 

total porosity and saturation are also obtained from 

log data processing. The other important input 

parameters required for rockphysics modelling are 

grain and dry clay aspect ratio, clay and grain 

density, the compressional and shear velocity of clay, 

bulk and shear modulus of both grain & clay. 

 

The elastic properties of quartz are taken as standard, 

but the properties of the clay fraction are unknown 

because of their anisotropic nature and uncertainty in 

the elastic properties of clays and in their mixing at 

each depth point. So the effective clay mineral 

moduli become fitting parameters  

The modelling starts with the Vs data as, the Vs data 

are less affected by fluids, so that, in the case where 

hydrocarbons and invasion effects cause uncertainty, 

modelling Vs is more reliable. Secondly, modelling 

Vs only requires the adjustment of the clay shear 

modulus. Once the shear modulus has been selected, 

the clay compressional modulus can be adjusted to 

match Vp without affecting the match to the shear. 

Thus, Vs for clay is selected, with the density having 

been fixed during the petrophysical analysis. 

A valid value of aspect ratio is chosen, that gives an 

exact match to the measured sonic Vs. These aspect 

ratios can then be used to model the sonic Vp. The 

value of Vp (and consequently the Vp /Vs ratio) of 

the clay can be adjusted until an optimal fit to the 

sonic Vp log is achieved.  

Fig-7 represents recorded logs, petro-physically 

evaluated volumes and saturation and the modeled 

elastic logs generated by rockphysics volume of 

Well#1 for the gas pay zone. 

 

 
 

Fig-7:Petrophysics-Rockphysics output of Well#1 

 

The lower sand of the above section shows invasion. 

Rockphysics modeling was done for the computed 

water saturation(SW), flushed zone saturation (SXO) 

and for brine (SW=1). As Vs is least affected by 

fluids, alpha computation was done by first modeling 

it and then generating other elastic logs, VP and 

Rhob.Fig-8, shows effect of invasion on Vp and 

RHOB logs. 
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Fig-8:Modeled elastic logs in the invaded zone 

 

Crossplot generated between the recorded P-

Impedance and Vp/Vs  logs is not able to separate the 

reservoir part from the non reservoir, whereas Fig-9 

shows that same crossplot of modeled Pimpedance 

and Vp/Vs clearly separates out the reservoir with 

gas from the non reservoir for Well#1. 

 

 
 

Fig-9:Modeled data separates gas reservoir from non 

reservoir 

The quality of elastic logs generated through 

rockphysics modelling improves as they are free from 

borehole and invasion effects. They can be further 

used in inversion study for identification of 

hydrocarbon   bearing sand bodies in 3D space. Fig-

10 shows Petrophysics-Rockphysics output of other 

well#5 using same model.  

    

 
 

Fig-10Petrophysics-Rockphysics output of Well#5 

 

A crossplot between Pimpedance and VP/VS 

generated through  rockphysics modeling for all the 

three wells Fig-11. Crossplot with Modeled elastic 

logs separates the different lithofacies, It separates 

clean gas zone from the shaly gas zone and the brine 

in VP/Vs domain.  

 

 
 

Fig-11:P-impedance Versus VP/VS for Recorded and 

Modeled elastic logs. 

 
Application of RPM logs in Seismic Inversion  

 

Rock physics modeled (RPM) logs were used for 

wavelet extraction through well to seismic tie and 

interpretation of the lithology with fluids Fig-12 . The 

wavelets of all the   wells under study were similar in 

characteristics and stable within the target zone. 

Synthetic to seismic correlation was also good for all 

the angle stacks. 

 

 
 

 

Fig-12:Well to seismic Tie & wavelet extraction 
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These RPM elastic logs were used in generation of 

low frequency model to be used in deterministic 

inversion. The arbitrary line section of inverted P-

impedance and Vp/Vs are shown in Fig-13. 

 

 
 

Fig-13:Inverted Pimpedance_Mod and VP/Vs_Mod 

 

Using the same logs geo statistical parameters  can be 

derived and geo statistical inversion can be run to get 

the sand probability map at main pay level. 

 

Discussion of Results: 
- This paper has given an insight of an iterative 

workflow between petro-physics and rock physics 

modelling which is able to generate elastic logs free 

from invasion effects.  

– The modelled logs obtained from RPM are able to 

discriminate the reservoir with fluids from the non 

reservoir in the elastic domain. 

 – The same workflow with RPM parameters can be 

used to generate shear log in wells where shear sonic 

is not recorded or is bad in quality. 

- Gas sand polygon selected from cross plot of         

P-impedance and Vp/Vs of the wells can be used to 

delineate most probable oil / gas sand.  

 

Conclusions 
An iterative workflow between petro physics and 

rock physics modelling generates elastic logs of good 

quality free from invasion effect. They are used for 

wavelet extraction, to compute synthetic 

seismograms and calibrate the pre-stack seismic data 

which is not affected by drilling fluids. The 

correlation of the seismic to well tie within the zone 

of interest has improved. RPM elastic logs were used 

in deterministic inversion and can further be used in 

geo-statistical inversion for geobody extraction. 
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