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Summary 

 

Abnormal pore pressures have been encountered 

worldwide many times while drilling wells. Drilling 

hazards such as pressure kicks, stuck pipe, borehole 

instability, lost circulation and blow-outs pose 

potential risks during drilling. Quantitative prediction 

of pre-drill pore pressure is essential for safe and 

economic drilling practices. Pre-drill pore pressure is 

usually estimated with the help of seismic/well 

velocities to calculate effective stress, using velocity-

to-effective stress transform and then estimating pore 

pressure, by combining overburden stress with the 

effective stress. In this context, the velocity field 

plays an important role in estimating reliable pre-drill 

pore pressure. In this paper, we will discuss a 

workflow of stratigraphically consistent velocity 

analysis for a fast to implement and reliable interval 

velocity log generation at the proposed locations and 

then using the calibrated velocity log to estimate pre-

drill pore pressure effectively. 

 

Introduction 

 

Pre-drill prediction of pore pressure is essential for 

safe and economic drilling and avoiding the drilling 

hazards. Pre-drill pore pressure is usually estimated 

by utilizing seismic velocities to calculate effective 

stress using velocity-to-effective stress transform and 

then estimating pore pressure by combining 

overburden stress with the effective stress. Seismic 

interval velocities get affected by the changes in 

effective pressure in the formation.  Therefore, for 

pre-drill pore pressure estimation, velocity derived 

from reflection seismic is an important input data. 

However, seismic velocities derived from the 

conventional seismic processing, lack the spatial and 

temporal resolution for accurate pore pressure 

prediction. 

 

In the early years, pioneering work of quantitative 

pore pressure estimation was carried out by Hottman 

and Johnson (1965) using sonic velocities and 

Pennebaker (1968) using stacking velocities. Ray-

trace modeling-based reflection tomography for high 

resolution velocity analysis have been introduced by 

Stork (1992), Wang et al. (1995), Woodward et al. 

(1998) and Sayers et al. (2002).  The application of 

Dense Velocity Analysis (DVA) for pore pressure 

prediction, has been discussed by Caudron et al. 

(2003). Chopra et al. (2006) has discussed various 

velocity analysis methods for pore pressure 

estimation.  

       

Crabtree et al. (2000) has shown the improvement in 

interval velocity field using Geologically Consistent 

Velocity Analysis for better seismic imaging. In this 

paper we have devised a workflow for carrying out 

stratigraphically consistent velocity analysis. This 

method utilizes sonic log and key stratigraphic events 

to calibrate the interval velocity field in a 

stratigraphically consistent manner for better 

calibration with well controls and enhancing 

resolution. We applied this workflow to an onland 

dataset from Krishna-Godavari basin, India.  

 

Method 

 

As interval velocity is a key input data for pre-drill 

pore pressure estimation, estimation of reliable pore 

pressure depends on availability of input velocity 

data that is geologically consistent and possess spatial 

and temporal resolution for effective pore pressure 

prediction. In this study, we have devised a workflow 

to carry out stratigraphically consistent velocity 

analysis. Although stacking velocities produce good 

stack quality, these velocities do not follow the 

stratigraphic boundaries and lack the adequate 

resolution for pore pressure prediction. These 

limitations are addressed by integrating the key 

stratigraphic events with well controls (offset wells) 
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in the area to generate stratigraphically consistent 

interval velocities. As the purpose of this study was 

1D Mechanical Earth Model (MEM), we devised a 

fit-for-purpose workflow for carrying out 

stratigraphically consistent velocity analysis that is 

fast to implement and at the same time provides 

desired interval velocities amenable for pore pressure 

estimation. The workflow for velocity analysis in this 

study is shown in figure 1. 

 

The current velocity analysis methodology is 

comprised of two parts. First, Seismic to Well 

Velocity calibration is carried out at offset wells and 

then the calibration process is extrapolated to the 

proposed well locations, where the pre-drill pore 

pressure estimation is performed, in a 

stratigraphically consistent manner, with the help of 

well markers and seismic horizons. Figure 2 shows a 

representative seismic section passing through the 

proposed well location W-6 and corresponding offset 

well W-2, displaying the seismic horizons which 

were used to propagate the Calibration Factor from 

the offset well to the proposed location. 

 

I. Velocity calibration at the offset wells: 

i) A low pass filter was applied to the P-wave 

sonic log of the offset wells to match with the 

bandwidth of the Seismic data. A continuous 

velocity log was calculated from the low pass 

sonic curve. 

ii) Seismic RMS velocities from the grid points 

around the offset wells were averaged and 

interval velocities were computed from the 

average RMS velocity using Dix equation. 

iii) Then depth conversion of the seismic velocity 

TV pairs was performed using VSP data of the 

corresponding offset well and further 

corrected to the well tops by applying suitable 

stretch-squeeze. 

iv) Interval velocity calibration factor was 

estimated using the conditioned well derived 

interval velocity and the depth converted, 

seismic derived interval velocity. 

 

II. Velocity calibration at the proposed wells: 

i)   Subsequently, the seismic RMS velocities 

around the proposed locations were converted 

to interval velocities using the procedure as 

described for offset wells.  

ii) During depth conversion process, the seismic 

interval velocities were depth-converted using 

the TDR from the VSP of nearby offset well 

and further corrected to prognosed well tops 

of the proposed well, by applying suitable 

stretch-squeeze.  

iii) The calibration factor derived from offset 

wells was propagated to the proposed 

locations in a stratigraphically consistent 

manner. 

iv) The calibrated interval velocities at the 

proposed locations were derived by 

multiplying the propagated calibration factor 

with the depth-converted seismic interval 

velocities at the proposed locations. 

 

Pre-drill pore pressures at the proposed wells were 

then estimated using Eaton and Bowers method with 

the help of the calibrated interval velocities derived 

from the adopted workflow in this study. 

 

Results  

 

Application of the methodology detailed above has 

resulted in stratigraphically consistent and well 

calibrated continuous velocity logs. Figure 3 shows 

calculation of velocity calibration factor at the offset 

well W-1. Figure 4 shows stratigraphically consistent 

propagation of the velocity calibration factor from 

offset well W-1 to the proposed well W4 and the 

calibrated velocity log at the proposed well W-4. 

Figure 5 shows stratigraphically consistent 

propagation of the velocity calibration factor from 

offset well W-1 to the proposed well W5 and the 

calibrated velocity log at the proposed well W-5. 

 

Figure 6 shows calculation of velocity calibration 

factor at the offset well W-2. Figure 7 shows 

stratigraphically consistent propagation of the 

velocity calibration factor from offset well W-2 to the 

proposed well W6 and the calibrated velocity log at 

the proposed well W-6. Figures 8 & 9 show similar 

results for the offset well W-3 and proposed well W-

7. 

 

Figure 10 shows Pore Pressure estimation at the 

proposed well W-7 using the calibrated interval 

velocity with the help of Eaton and Bowers method. 

MDT pressure points from the offset wells have been 

normalized and superimposed on the graph. Very 
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good match which was obtained between the 

estimated pore pressure using calibrated interval 

velocity and the normalized MDT pressure points 

from the offset wells, lent confidence to the velocity 

analysis method adopted in this study for effective 

pore pressure prediction.  

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

Figure 1: Workflow for stratigraphically consistent velocity analysis 

 

 
 

Figure 2: seismic section passing through the proposed well 

location W-6 and corresponding offset well W-2. GR(Green) and 

Resistivity(Red) log curves of well W-2 are displayed on the 

section. 

 
 

 

 
 

Figure 3: calculation of velocity calibration factor at the offset well 
W-1. 
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Figure 4: Stratigraphic consistent propagation of the velocity 

calibration factor from offset well W-1 to the proposed well W4 

and calculation of calibrated velocity log at the proposed well W-4. 

 

 
 

Figure 5: Stratigraphic consistent propagation of the velocity 
calibration factor from offset well W-1 to the proposed well W5 

and calculation of calibrated velocity log at the proposed well W-5. 

 
 

Figure 6: calculation of velocity calibration factor at the offset well 

W-2. 

 

 

 
 

Figure 7: Stratigraphic consistent propagation of the velocity 
calibration factor from offset well W-2 to the proposed well W6 

and calculation of calibrated velocity log at the proposed well W-6. 
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Figure 8: calculation of velocity calibration factor at the offset well 
W-3. 

 

 
 

Figure 9: Stratigraphic consistent propagation of the velocity 

calibration factor from offset well W-3 to the proposed well W7 
and calculation of calibrated velocity log at the proposed well W-7. 

 

 

 

 
 

Figure 10: Pre-drill Pore Pressure estimation at the proposed well 

W-7 using the calibrated interval velocity through Eaton and 

Bowers method. MDT pressure points from the offset wells have 
been normalized and superimposed on the graph, showing a very 

good match with the estimated pore pressure. 

 

Conclusions 

 

In this study, a robust approach of stratigraphically 

consistent velocity analysis for pre-drill pore pressure 

estimation, has been adopted by calibrating the 

seismic velocities zone-wise with the offset well 

velocities, to make the velocities consistent with 

stratigraphy. 

 

The calibrated velocity trends at the proposed 

locations agree well with the velocity trends of the 

offset well. This has also enhanced the desired 

resolution in the calibrated interval velocity, thus 

making it amenable for pore pressure estimation.  

 

Very good match was observed between the pre-drill 

pore pressure estimated using calibrated interval 

velocity and the normalized MDT pressure points 

from the offset wells. This lent confidence in using 

the calibrated interval velocities as inputs in pre-drill 

pore pressure estimation. 
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