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Summary 

 

Pore pressure technology has extended its turf with 

integration of geology & geophysics and has 

bestowed upon a paradigm shift in derisking drilling 

hazards. Seismic waves are sensitive to compaction 

heterogeneity of geologic formations generated by 

pore pressure, hence seismic data indirectly keeps 

some information of pore pressure. Seismic velocity 

depends upon compaction and can be tuned to 

changes in pore pressure even in virgin areas having 

dearth of well control. In current study, seismic 

velocity based pore pressure prediction workflow, its 

challenges and limitations has been highlighted with 

a case study. 

 

Interactive velocity analysis to pore pressure 

modeling approach helps in picking seismic velocity 

optimized for pore pressure. And any discrepancies 

between MDT and modeled pore pressure should be 

quality checked through seismic-event oriented 

velocity picking at Pre-stack Time Migrated gathers 

used for velocity determination. Sonic calibrated high 

resolution seismic interval velocity has been used as 

input for 3D pore pressure modeling.  

 

In complex geological setting special attention should 

be given for updation of velocity e.g. anisotropic 

update in case of laminated thick shale & estimation 

of optimal normal compaction trends. Pore pressure 

estimation for formation having stress invariant 

porosities especially carbonates & evaporites, is still 

a challenge before all industries. 

 

Introduction 

 

Safe & Cost-effective drilling program is most 

important necessity of any E&P business as its 

implementation leads to reduction of non productive 

time (NPT) together with safety of human resources. 

Pre-drill knowledge of probable risks in exploration 

& development requires comprehensive assessment 

& integration of the area in terms of available 

geological & geophysical data. Pore pressure & well 

bore stability related issues itself lead to more than 

40-45% of NPT in expensive deep-water drilling 

operation, out of which pore pressure (PP) is major 

hurdle while probing into deeper stratigraphic levels. 

Shallow hazards i.e. unstable seafloor, shallow water 

flows (SWF), slumping, sliding, active faults etc. also 

put major challenges while drilling of offshore wells 

and sometime leads to abandonment of well before 

reaching the target depth (Laake, A.,2014). Pre-drill 

pore pressure prediction bestow upon estimation of 

mud window for designing casing program & 

prevention of potential disastrous kicks, losses and 

blowouts and thus outputs a best possible clean well-

bore. 

 

Except directly probing a well, pore pressure 

modelling of any geological setting is only possible 

through available seismic data (Bell D.W., 2002). As 

pore pressure modelling is less evolved topic, lot 

more efforts needs to be incorporated by individuals 

ushering in this pressure modelling business. Various 

type of seismically evolved elastic properties like 

seismic interval velocity, density, acoustic 

impedance, Vp/Vs, poisson ratio etc., helps in 

modelling the pore pressure distribution in space & 

time.  As overpressure within rocks causes weak 

grain to grain contact and more fluid volume, an 

over-pressured formation reveals– lower interval 

velocity, lower bulk density, low acoustic impedance, 

higher poisson ratio as compared to its normally 

compacted section (S.Chopra, 2006). Out of above 

mentioned elastic attributes seismic interval 

velocities from velocity analysis, is mostly used input 

data for detection & computation of pore pressure.  

 

Theory and Methodology 

 

Seismic Interval velocity 

  

The  most  effective  approach  to  seismic based pore  
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pressure prediction is one that fit in understanding of 

rock physical properties of subsurface formations 

with the interpretive seismic velocity analysis (Dutta, 

NC, 2002). Many authors (e.g., Reynolds, 1970; Bell 

2002; Dutta, 1997 etc.) described how seismic 

velocities can be used for geopressure analysis. In 

seismic method we detect changes of interval 

velocities with depth from a velocity analysis on 

prestack CMP gathers. Conventional velocity 

analysis approach results in seismic sub-surface 

images with profound structural details but due to 

lack of higher resolution of velocity in 3D space 

these velocities demands for furthermore correction 

to upgrade it for PP study. Even if the velocity to 

pore pressure transform (the one that relates rock 

velocities to pore pressure) were perfect, there would 

remain an uncertainty in the predicted pore pressure 

due to inherent differences between the stacking or 

processing velocities and the rock velocities. 

Obviously, the lithology dependence of rock velocity 

is a significant point because gross lithologies 

(possibly) exhibit large P-wave velocity distributions. 

Low velocities in highly pressured zones are often 

related to thick shale sequences that have low sand 

layer occurrence. However, velocity details of the 

lithological variations are grossly smoothed out in 

seismic data (Sayer, C.M. and Johnson, 2000).  

 

        
 
Figure 1: (A) Velocity-Density cross-plot (Hoesini,2004) showing 

trends for different overpressure mechanisms (B).Velocity density 

crossplot in area suggesting disequlibrium compaction as the 

reason for overpressure 

 

Overpressure Generation Mechanism  

 
Overpressure generation mechanisms can be grouped 

into three broad categories, based on the processes 

involved: (1) Ineffective volume reduction due to 

imposed stress (vertical loading during burial, lateral 

tectonic processes) leading to disequilibrium 

compaction, (2) volume expansion, including 

porosity increases due to changes in the solid: liquid 

ratios of the rock, and (3) hydraulic head and 

hydrocarbon buoyancy (Swarbrick, R.E., Osborne, 

M.J. and Yardley, G.S., 2002). The principal 

mechanisms which result in large magnitude 

overpressure are disequilibrium compaction and fluid 

volume expansion during gas generation. 

Disequilibrium compaction results from  rapid  burial 

(due to high sedimentation rates) of low-permeability 

rocks such as shales. J.Hoesini (2004) has proposed 

that trends in velocity-density crossplot from well-log 

data, indicate probable pressure mechanisms in basin 

(Fig.1A). In current study, from velocity density 

cross-plot, it is found that disequilibrium compaction 

is reason for overpressure( Fig.1B).  

 

1D Pore Pressure Modelling 

 
For transforming seismic/sonic velocity to pore 

pressure various shale compaction based empirical 

equations has been established (Dutta, N.C., 

2002),(Eaton,1975). In clastic systems shale is found 

to be most common & predictable lithology. As 

sediment load increases inter-granular water expels 

out and formation keeps on compacting with depth 

with a normal compaction fashion, instead in 

overpressure zones inter-granular water get trapped 

due overlying seal and shows some abnormality in 

compaction behaviour. This understanding conveys 

to first identify the normal compaction trend in 

clastic systems i.e. what should be sonic/velocity 

response if system undergoes normal compaction, 

and any deviation from this trend will exhibit 

abnormality in compaction hence abnormal pore 

pressure. 

 

As a standard practice a pore pressure analyst first 

discriminate lithologies using electrologs (especially 

sand & shale) & uses only shale-filtered sonic log for 

estimating pore pressure. Since seismic waves 

smooth out velocity details of lithology variations so 

lithology discrimination is skipped out in 1D pore 

pressure modelling. Here results for two  wells 

named Well-A & Well-B has been shown (Fig.2) and 

Well-C has been left as blind well. 

 

Since with increasing depth compaction causes 

reduction in porosity and hence decreases in sonic 

log value i.e. formation slowness. Following 

exponential decreasing function of sonic with depth 

is used for normal compaction ����� (J. Zhang 2011):  
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where,  ����	
 is sonic at maximum depth, 	����  is 

sonic at mudline and ‘b’ is exponent constant related 

to compaction. 

In current study, ����	
= 60 µs/ft, 	����= 200 µs/ft 

and exponent value b = 0.00055. 

 

 

                     
Figure 2: Well locations in area 

 

Eaton’s velocity equation (Eaton,1975) has been used 

for velocity to pore pressure (PP) transform given in 

equation-2 : 

�� � ��� � ���� � ��� ∗ ����	� !�"��#!�	� $
%
…… . . �2� 

 

where E = 3, Eaton Exponent, ���	is overburden 

pressure, ���	� !�" & ��#!�	�  are measured velocity 

and respective normal velocity. 

 

Estimated pore pressure shows calibration with 

available MDT, RFT available in wells as shown in 

Fig.3 

Eaton’s Poisson ratio method (equation-3, 

Eaton,1969) has been used for modelling fracture 

pressure )� and calibrated with available LOT data 

in wells as shown in Fig.3 

 

)� � �� � *
1 � * ∗ ���� � ���…… . . .		�3�					 

where ν is poisson ratio 

 

3D Pore pressure modeling  

 

Adopted workflow has been mentioned in Fig.4. First 

velocities at well locations are picked with interactive 

generation of pore  pressure with estimated 

parameters for velocity to pore pressure transform 

(Fig.5).  This helps  in  maintaining  velocity  trends  

sensitive to pore pressure. Estimated velocity trends 

at well locations were further used for closed grid 

velocity picking using spatially continuous velocity 

analysis (SCVA) approach. Output SCVA velocity 

functions  were further quality checked  at  wells  and 

scanned throughout the area and interactively 

corrected for pore pressure estimation. Corrected 

SCVA velocity functions were converted into 

interval velocity using constrained velocity inversion,  

 

 
 

 
Figure 3: 1D pore pressure model for Well-A and Well-B showing 

calibration of MDT (green star) with pore pressure (green) and 

LOT (blue triangle) with fracture pressure (blue), with litholog 
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CVI technique. Seismic velocities are higher than 

sonic velocities; hence scalar function was calculated 

at well location using seismic & sonic velocities. 

Horizon guided scalar volume is generated from 

estimated scalar function at well location using 

geostatistical volume generation approach. Estimated 

interval velocityfunctions from CVI were further 

converted into sonic calibrated interval velocity 

volume using horizon guided scalar volume. This 

sonic calibrated interval velocity is converted into 

depth and has been used as input for 3D pore 

pressure prediction and has been shown (Fig. 6A & 

6B,  Fig.7A & 7B) in calibration with sonic velocity 

at Well-A.  

 

Overburden pressure volume is generated using 

density volume created from sonic calibrated interval 

velocity volume, using Gardner’s velocity to density 

transform. In Eaton’s empirical equation we need 

NCT volume as an input. Geo-statistically NCT 

volume is generated using water bottom as a guiding 

surface and from NCT logs estimated at well 

locations. This way all required input volume were 

created   and sonic calibrated interval velocity was 

converted into pore pressure using Eaton equation 

with exponent value E =3. 

 

Output pore pressure volume is further calibrated 

with available MDT data at well locations. 3D pore 

pressure volume show reasonable proximity with 

actual pressure measurements ( Fig.6C & Fig.7C). 

 

Well-C has been put blind and pore pressure 

extracted at Well-C shows quite good calibration 

with MDT pressure data (Fig.8) 

 

 
Figure 4: Adopted workflow for 3D pore pressure modelling 

 

 

 

 
 

 

 
Figure 5: Interactive velocity analysis to pore pressure at Well-A 

and Well-B using log estimated parameters. This helps in 

maintaining consistent velocity trends sensitive to pore pressure in 

conjugation to calibration with measured pressure (LOT & MDT) 

data   

 

Limitations & Challenges 

 

Seismic velocity driven pore pressure prediction 

requires special attention to seismic acquisition, pre-

stack gather conditioning especially multiple removal 

& velocity analysis. Sometime acquired seismic data 

does not show any overpressure signature in terms  of 

seismic interval velocity, thus quality of seismic data 

is often major constraint in 3D pore pressure 

modelling. Pore pressure modelling is based on shale 

compaction thus where sand is in equilibrium with 

adjacent shale column one get good calibration with 

MDT data else MDT taken within sand will show 

 
 

 
Figure 6A: Sonic velocity (in yellow) overlaid on seismic section 

passing through Well-A  
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 Figure 6B: Sonic velocity (in yellow) overlaid on seismic velocity 

section passing through Well-A  

 

 

Figure 6C: Pore pressure gradient section (in ppg) passing through 

Well-A together with sonic based pore pressure (in yellow) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

significant   deviation from modelled pressure. 

 

Clay diagenesis, especially at higher temperatures 

(100-120°C / 2.5-4. KM) causes shale to be 

laminated which shows anisotropy. In such shales 

horizontal velocity becomes 5-10% higher than 

vertical velocity. This increased seismic velocity may 

predict formation as low-pressured but in reality it is 

a rock property effect & formation is normally 

pressured. Seismic under predict the pore pressure 

when temperature exceeds about 120°C (R.Swarbick, 

2011).  

In non clastic systems like carbonates, velocity is 

controlled by a wide variety of physical (stress & 

temperature) and chemical ( pore water composition) 

parameters and not just effective stress. That is why 

conventional shale based method fails to model pore 

pressure in carbonates & till the time 3D pore 

pressure modelling is a challenging task in carbonates 

(Sam Green et al, 2016). 

 

Conclusion 

 

Seismic velocity like sonic log data, is key to model 

pore pressure and various work has been carried out 

in this domain. The main advantage with seismic 

velocity is in getting spatial distribution of pore 

pressure since sonic data is only a point information. 

However, acquired seismic data needs to be properly 

conditioned and processed before carrying out 

repicking of velocity in order to reflect anomalies 

associated with overpressure. The input seismic 

velocity in model should be well calibrated and of 

high resolution delineating best possible velocity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

structure close to real subsurface condition.  

In the present study, 1D pore pressure studies carried 

out on two wells using Eaton’s sonic method and the 

output shows good calibration with recorded 

pressure. Velocity-density cross-plot highlights 

disequilibrium compaction as the main mechanism 

for overpressure generation. In order to delineate the 

overpressure zones for future drilling prospects 3D 

pore pressure volume has been attempted. Velocity 
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Figure 7: (A) Seismic cube (B) Seismic Interval velocity cube with sonic velocity at Well-A (C) Pore pressure gradient volume 

 (in ppg) with sonic derived pore pressure at Well-A (chair display in depth domain) 
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trends at well locations, estimated through interactive 

generation of pore pressure, has been used for closed 

grid velocity picking using SCVA approach.  SCVA 

velocity functions were corrected and converted into 

interval velocity using constrained velocity inversion 

technique. The velocity volume is then transformed 

into pore pressure volume using Eaton method. Pore 

pressure extracted at Well-C from the resultant pore 

pressure volume, showed a good match when 

calibrated with actual recorded pressure data. 

The model can be used as guidance for designing 

mud program for drilling future wells in study area 

and updated with inclusion of data generated after 

drilling new wells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 8:  Pore pressure extracted at Well-C (blind well) showing 

calibration with MDT data 
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