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Abstract 

 
Pore pressure prediction prior to drilling is very vital 

for borehole stability, occupational & enviromental 

safety and reduction in non-productive rig time. 

Optimisation of safe mud weight window and well 

trajectory design in exploration & development 

phases, require precise estimation of pore pressure 

in 3-D space to avoid catastrophic incidents, such as 

well blowouts and mud volcanoes. Furthermore, the 

knowledge of geo- pressures impact prospect and 

play appraisal and economics through fault seal 

analysis, top seal capacity, aquifer 

continuity/pressure support during production, 

hydrocarbon retention and column height 

estimation. Pore pressures in most deep sedimentary 

formations are above hydrostatic and sometimes up 

to double the hydrostatic pressure in highly over 

pressured formations. The commonly used empirical 

methods like Eaton’s & Bower’s for pore pressure 

prediction are sonic velocity based which work 

generally in shale and highly shaly sandstone 

formations but  give unrealistic results against 

sandstone reservoirs.  

 

As the  hard data for calibration and validation of 

pore pressure prediction, MDT tests in bore holes is 

available against reservoir sandstone sections, it 

becomes essential to use a model which is applicable 

to both sandstone and shale sections. Total porosity 

(PHIT) is the most fundamental rock property which 

changes exponentially with effective stress and 

therefore, should be used for pore pressure 

prediction instead of derived logs like sonic travel 

time, which may not satisfy a single functional form 

in shales & sands.  

 

In the present study, an integrated methodology and 

work flow based upon comprehensive petro-

physical evaluation, pre-stack inversion of seismic 

data coupled with effective stress-porosity-

compaction theory has been developed.   The 

technique has been successfully applied in deep 

water area of KG offshore basin. The results show 

excellent matching with MDT data in both  

 

 

sandstone and shale section. The transforms 

established in well based 1-D space were extended 

to 3-D space through pre-stack inversion of seismic 

data. The results of the present study will ensure safe 

and cost effective drilling during up coming 

development of the area.  

 

1. Introduction  
 

The study area is located off the coast of Godavari 

delta in the east coast of India (Fig-1). Hydrocarbons 

have been established by ONGC and other operators 

in Plio-Pleistocene levels in the basin. It is youngest 

petroleum system in the basin which belongs to post 

rift tectonic stage of evolution with hydrocarbons 

occurring in structurally and/or stratigraphically 

controlled traps in Pleistocene to Miocene reservoirs 

of Godavari Clay formation. These reservoirs have 

been deposited under marine conditions of sluming 

and debris flow giving rise to compaction 

disequilibrium at various levels.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Overpressures can be caused by compaction 

disequilibrium (under compaction); tectonic 

compression (lateral stress); aqua-thermal 

expansion; hydro- carbon generation and gas 

cracking; mineral transformations (illitization); and 

osmosis, hydraulic head, hydrocarbon buoyancy etc. 

Study Area 

Fig.-1: Study area in index map of KG Offshore  
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Of these, the most important mechanism in Tertiary 

clastic basins like the area of present study is 

disequilibrium compaction, as observed from geo-

mechanical events occurred during drilling in this 

area (Fig.-2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dis-equilibrium compaction geo-pressures result 

when part of the weight of the overburden is 

transferred to the pore-fluid pressure during loading. 

Rapid burial rates of mud-rich (low permeability) 

sediments promote the development of compaction 

disequilibrium geopressures. Overpressures due to 

disequilibrium compaction are often recognized by 

higher than expected porosities resulting into 

decreased seismic velocity, formation density and 

electrical resistivity at a given depth. The commonly 

used empirical methods like Eaton’s & Bower’s for 

pore pressure prediction are sonic velocity based 

which work generally in shale and highly shaly 

sandstone formations but  give unrealistic results 

against sandstone reservoirs.  

 

In the present study, an integrated methodology and 

work flow based upon comprehensive petro-

physical evaluation, pre-stack inversion of seismic 

data coupled with effective stress-porosity-

compaction theory has been developed. The 

technique has been successfully applied in deep 

water area of KG offshore basin. The results show 

excellent matching with MDT data in both 

sandstone and shale section. 

   

2. Pore Pressure Prediction Methods 
 

A broad range of methodologies are used for pore-

pressure prediction in various type of rock 

formations including porosity and depth-based 

trends, seismic velocities, and multivariate 

regressions (Eaton;1975, Bower;1995, Holbrook: 

1995&2005, Dutta : 2002, Zhang:2011) . Model 

building is typically characterized by an iterative 

sequence that includes model selection, 

parameterization, calibration and diagnostic 

checking. To achieve this a  diverse set of functional 

forms relating  fluid pressures and vertical effective 

stress to seismic velocity,   porosity, electrical 

resistivity, formation density, depth &  temperature 

are available in the industry. Multiple functional 

forms are calibrated by minimization of the 

difference between model predicted and actual 

measured pore pressures in the available bore-holes 

having MDT/RFT/DST data. 

 

Overpressure development in sedimentary basins 

reduces the effective stress of the system. As 

compaction is primarily a function of effective 

stress, a reduction in stress will retard compaction. 

As a result, any measurement that senses porosity 

(e.g., seismic or sonic velocities, density and 

resistivity logs) may provide a means of estimating 

overpressures. Seismic velocities increase with 

effective stress. The pressure dependence results 

from the closing of grain boundaries, micro-cracks, 

and flaws, which elastically stiffens the rock mineral 

frame. Increasing pore pressure softens the elastic 

mineral by opening grain contacts and micro-cracks, 

tending to lower velocities. 

 

Velocity-based methods, in particular power-law 

functions, are very popular in seismic based predrill 

pore-pressure prediction, because they are simple in 

use. These models rely on the assumptions that 

sands and shales are in approximate pressure 

equilibrium and lithologic and fluid variations   have 

only a minor impact on the velocity-stress 

relationship. These assumptions may not always be 

valid as in the present study area. 

  

These models work under certain limitations like 

local calibration of co-efficients used in empirical 

relationship, non-physical predictions (sub-

hydrostatic & even negative pore pressure) & 

hydrocarbon column & lateral pressure transmission 

effects. In the present study it has been observed that 

against clean sandstone reservoirs in the bottom 

portion of the wells          (Fig.-3&4) the pore pressure 

predicted by sonic velocity based model (Green 

curve, Track-8) is abnormally low as compared to 

MDT measured pressures.  

 

 In the present study a porosity based approach 

(Zhang, 2011) has been adopted which predicts pore 

pressure values in excellent match with the MDT 

measured pressure in the entire drilled section (clean 

sands, shaly sands & shales). Porosity has been 

computed through a comprehensive petro-physical 

evaluation using multi-mineral probabilistic model. 

The mathematical formulation of the technique, 

methodology & work flow are described in the 

following sections.  

 

3. Effective Stress Porosity Compaction 

Theory 
It is well understood that compaction dis-

equilibrium is the primary reason to cause formation 

overpressure, which occur primarily in rapidly 

Fig.2- Drilling events related to geo-mechanical 

issues in various wells of the study area 
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subsiding basins like KG deep water and in rocks 

with low permeability. It is also commonly accepted 

that porosity decreases exponentially as depth 

increases in normally compacted formations, 

therefore, the normal compaction porosity trend line 

can be determined from the following equation   

 

Φn = Φ0e−cZ                                           (1) 
 

Where, Φn is porosity in the normally compacted 

formation at depth Z; Φ0 is the porosity in the 

mudline (sea bed); Z is the true vertical depth below 

the mudline; c is the compaction constant in 1/m or 

1/ft.  

The same relationship exists in porosity and 

effective stress   

 

Φ=Φ0e
−aσe                                              (2) 

 

Where, a is the stress compaction constant in 1/psi 

or 1/MPa. As discussed previously, porosity is  a 

function of effective stress and pore pressure, 

particularly for the overpressures generated from 

under-compaction and hydrocarbon cracking. 

Therefore, pore pressure can be estimated from 

formation porosity.  When the porosity is reversed, 

the under-compaction occurs and overpressure 

generates. The starting point of the porosity reversal 

is the top of under-compaction or top of 

overpressure. In the formation with under-

compaction, porosity and pore pressure are higher 

than those in the normally compacted zone.  

 

Efforts have been made to use porosity data for 

predicting pore pressure in shales and mudstones. 

For instance, Holbrook et al. (2005) presented 

porosity-dependent effective stress for pore pressure 

prediction. Heppard et al. (1998) used an empirical 

porosity equation similar to Eaton's sonic method to 

predict pore pressure using shale porosity data. 

Flemings et al. (2002) and Schneider et al. (2009) 

also applied porosity–stress relationships to predict 

overpressures in mudstones.  

The pore pressure, overburden stress and porosity 

have the following relationship:  

  

P=σV−(σV−Pn)(lnΦ0−lnΦ)/cZ              (3)   

  

Where, Φ is the porosity at depth Z, Φ0 is the 

porosity in the mudline (sea bed); Z is the depth 

below the mudline; c can be obtained from the 

normal compaction porosity trendline (Eqn.-1).The 

pore pressure gradient can be calculated from the 

following equation; 

   

Ppg=OBG−(OBG−P)*(lnΦ0−lnΦ)/cZ      (4) 
 

When porosity (Φ) at an interested depth is greater 

than the normal porosity (Φn) at the same depth, the 

formation has overpressure.  

 

4. Methodology and Work Flow 
 

 The following methodology was adopted for 

pore pressure prediction 

 Log data loading, editing & application of 

environmental corrections to log data. 

 Data conditioning through Synthetic log 

generation from sea bottom to drilled depth by 

filling gaps against missing and bad bore hole 

sections. 

 Comprehensive petro-physical evaluation for 

mineral volumes (Vquartz, Vsilt, Vfeldspar & Vclay), 

porosity (Phie, Phit) and water saturation (Sw). 

 Zonation of whole log interval as per 

variability of shale properties to compute co-

efficient of compaction.  

 Computation of over burden pressure (OBG) 

from conditioned density log. 

 Computation of pore pressure based upon 

effective stress-porosity-compaction theory 

and its validation with recorded MDT pressure 

data. 

 Computation of fracture pressure based upon 

poro-elasticity model & validation with leak 

off tests (LOT) during drilling.        

 Estimation of safe mud wt. window to avoid 

bore-hole break-outs & mud loss during 

drilling. 

 Computation of vertical effective stress (VES) 

from OBG & pore pressure. 

 Generation of transform between density log 

and computed VES. 

 Pre-stack inversion of seismic data to generate 

3-D volume cubes of P-Imp, S-Imp, density & 

OBG.   

 Application of 1-D generated transform to 

estimate VES in 3-D space. 

 Generation of 3-D pore pressure volume cube 

using OBG & VES volumes. 

 Validation of 3-D pore pressure at Well 

locations with 1-D data & MDT tests. 

 

 

 

5. Discussion of Results 

 

5A. 1-D Pore Pressure Prediction 
Pore pressure, over burden gradient(OBG), 

minimum horizontal stress (Shmin), vertical 

effective stress (VES) along with open hole log 

data, petro-physical evaluation, leak off 

test(LOT) data and mud weight  used for well-A 

are presented in Fig.-3.  
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Comparison between pore pressure estimated 

from sonic log and total porosity derived from 

comprehensive multi-mineral petro-physical 

evaluation along with MDT data are shown in 

track-8. Pore pressure predicted from sonic log 

using Eaton’s ratio method (green curve, track-

8) gives unrealistically low values of pore 

pressure in sandstone reservoirs section when 

matched with MDT pressure data recorded with 

wireline logging. It is worthwhile to note that the 

predicted pore pressure is even less than 

hydrostatic pressure (magenta curve, track-8). 

However, this technique works in shale and 

highly shaly sand section in shallow part of the 

formation. The reason for this anomalous 

prediction of pore pressure is that in sonic based 

models lithological variations are not properly 

addressed. 

 

The pore pressure predicted with the proposed 

innovative porosity based technique (red curve, 

track-8) shows an excellent match with MDT 

data against all depth levels in sandstone 

reservoirs as well as shaly sands and shale 

sections in the entire well. Pore pressure is found 

to be hydrostatic up to 1800 m beyond which it 

starts increasing with depth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In well-B (Fig.-4) also, the pore pressure 

predicted with the present technique has 

excellent match with MDT data, further 

confirming the efficacy of the proposed 

methodology & work flow. 

 

As the porosity is fundamental rock property 

primarily affected by compaction due to over 

burden and the total porosity is computed with a 

comprehensive multi-mineral petro-physical 

model, the proposed innovative technique gives 

realistic 1-D pore pressure, validated with the 

hard data i.e MDT pressure recorded with wire 

line logging tool. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

For further application of 1-D pore pressure study in 

3-D space for pre-drill well bore stability and 

trajectory design applications vertical effective 

stress(VES) has also been computed( black curve, 

track-9, Figs-3 &4). The cross plots of VES 

generated with RHOB & DT (Fig.-5&6) suggests 

that the computed VES has got a better correlation 

with formation density (RHOB) as compared to 

sonic travel time(DT). The correlation coefficient of 

more than 90% (Fig.-5) has been achieved for VES 

and RHOB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additionally, fracture gradient as minimum 

horizontal stress (Shmin) has also been computed 

using poro-elastic model and validated with Leak off 

Test (LOT) in key wells (Track-10, Fig-3&4). A 

Fig.3-Well-A: Comparison of pore pressure estimated 

from sonic log & total porosity (Track-8)    

Fig.4-Well-B: Comparison of pore pressure estimated 

from sonic log & total porosity (Track-8)    

VES (psi) =3136.3 * RHOB -5352 

CC =91% 

Fig.5- Transform for vertical effective 

stress from density to be used for 3-D 

pore pressure estimation 

VES (psi) =4415.4 – 21.19 * DT 

CC:74 % 

Fig.6  Transform for vertical effective stress from sonic 

travel time.  
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mud weight window (shaded pink) between pore 

pressure and Shmin curves has been generated for 

safe drilling without break-outs and mud loss. In 

well-A, the mud weight used for drilling is within 

the safe limits except in the bottom portion, where 

minor break outs are observed on calliper log 

supporting the observation from computed pore 

pressure. In well-B, mud weight used during drilling 

is on the lower limit against many sections, where 

breaks out on calliper log has also been observed. 

This observation supported by drilling events further 

validates the technique based upon effective stress 

porosity compaction theory.   

 

 5B. 3-D Pore Pressure Prediction 

 

As sonic velocity based pore pressure prediction 

methods failed in 1-D, the need was felt to carry out 

pre-stack inversion for P-Imp, S-Imp & density 

volumes in 3-D space. The density volume 

generated through pre-stack inversion shows a very 

good correlation with density logs at well locations 

as shown in seismic section (Fig.-7). This density 

volume has further been used for estimation of 

overburden pressure/gradient in 3-D space. 

 

The transform between VES & RHOB generated 

from 1-D data (Fig.-5) has been successfully applied 

on 3-D density volume for estimation of vertical 

effective stress. Finally, pore pressure in 3-D space 

has been computed by subtraction of VES and OBG 

volumes. The estimated 3-D pore pressure has been 

validated with 1-D pore pressure and MDT data at 

well locations as presented in Figs-8& 9.  Red curves 

in Fig-8 represent 1-D data in wells A, B&C, black 

curve represents pore pressure extracted from 3-D 

volume at well locations and black dots represent 

MDT recorded pressure data in all the five key wells. 

A very good match between 3-D, 1-D and MDT data 

observed in wells A, B&C proves   efficacy of the 

proposed methodology and work flow.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Further, an excellent match between 3-D pore 

pressure and MDT data in two blind wells D&E 

proves the usefulness of the technique for pre-drill 

pore pressure prediction, well bore stability and well 

trajectory design applications during the upcoming 

field development of cluster-2 of KG-98/2 area in 

KG deep water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

6. Conclusions  
 

1. Porosity is the most fundamental rock property 

sensitive to changes in effective stress and 

therefore can be used as an essential input for 

pore pressure prediction. 

 

2. A comprehensive petro-physical evaluation is a 

pre-requisite for better estimation of porosity and 

therefore pore pressure prediction. 

 

3. The study has brought the innovative 

methodology & work flow for pore pressure 

prediction based on effective stress-porosity-

compaction theory, applicable in both sandstone 

reservoir as well as shale sections.  

 

4. Vertical effective stress is better correlated with 

density log than with sonic travel time, therefore 

density volume derived from pre-stack inversion 

is a better input for 3-D pore pressure prediction 

in KG offshore area.  

Fig.9- Section of 3-D pore pressure volume estimated using 

1-D generated transform between density & VES and 

validated at well locations 

Fig.7- Section of 3-D density volume from pre-stack 

inversion calibrated with recorded density at wells   

Fig.8  Validation of  3-D pore pressure  extracted at 

well location with 1-D pore pressure & MDT  data 

Well: B  Well: D  Well: C  Well: A Well: E  
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5. The results predicted from the developed 

methodology in 1-D and 3-D space are validated 

with MDT pressure measurements and drilling 

events. 

 

6. The study will be helpful for safe drilling and 

reduction in non-productive time during up-

coming field development of the study area in 

KG deep water.  
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