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ABSTRACT : The detection of geopressure very often eludes all precaution and detection measures because the phenomenon is
related to a complex interaction of geologic (structural, stratigraphy, tectonic), geo-chemical, mechanical and petrophysical causes,
most of them are poorly understood. It is known to occur in formations ranging in age from Cambrian to Pleistocene. Prediction of
geopressure before drilling is critical at several stages in the exploration and development process. The detection methods exploit
the fact that geopressured formation exhibits several of the following properties when compared with a normally pressured section
at the same depth: (1) higher porosities, (2) lower bulk densities, (3) lower effective stresses, (4) higher temperatures, (5) lower
interval velocities (6) high Poisson’s ratios. Each of these indicators affect seismic interval velocities of reflection amplitudes,
which are the key to seismic detection of geopressure. Today, we have sophisticated techniques to analyse velocities like
tomographic inversion, pre-stack and post-stack amplitude inversion, Full waveform inversion, Genetic Algorithm (GA). Yet,
with so much sophistication, the geopressure detection is still full of doubts and pitfalls. Not every velocity reversal trend obtained
from seismic data is indicative of geopressure, as the variation could be due to change of lithology also. Not every origin of
geopressure shall leave its footprints on seismic signatures like carbonate rocks, where it is due to a complex interplay of secondary
porosity and permeability. Therefore, enough care is needed while interpreting for geopressure, considering not one but many
parameters: geophysical, rock properties and well data under a multidisciplinary team of geophysicist, geologist, loggers, drilling
engineers before any conclusion is drawn.

INTRODUCTION

The detection and prediction of geopressure before
the drill is critically important for prevention of dangerous
blowouts during drilling, although petroleum industry has
maintained a decent safety record in drilling through
geopressured formation, occasional blowouts still occur,
causing invaluable economic losses. Some of the problems
associated with high geopressured formation are lost
circulation, formation damage and an incorrect casing design
and mud weight program. Geopressure and its detection with
seismic has become a subject of immense importance in
exploration and production geophysics. Especially in dip water
drilling, where huge expenditure is involved, the detection of
high pressure in such risky ventures would save billions of
dollars. In 2003 Dallas SEG conference schedule, a separate
session has been scheduled and special courses organized
for geopressure prediction. In the exploration phase, it can
assist in assessing the seal effectiveness and mapping
hydrocarbon migration pathways. In the drilling phase, an
accurate pore pressure prediction can be vital for safe and
economic drilling. Ever since the pioneering work of
Pennebaker (1968), seismic data have been used extensively
for pore pressure analysis. In the earlier times, the operation
started from detailed velocity analysis. The stacking velocities
must then be transformed into interval velocities and the
behaviour with depth is carefully examined. The interval transit
time vs. depth is plotted on a semi log scale. Normally

compacted intervals tend to lie on a straight line, which is the
best fit for the interval transit times. The depth interval, which
lie  to the right is what we call abnormal pore pressure
characterized by high interval transit times. Unfortunately,
stacking velocities have been used quite often for pore
pressure analysis, which is wrong. Actually the rock velocity
should be used, which is usually quite different from interval
velocities obtained from stacking velocities. In most of the
cases, special processing like pre-stack depth imaging, DMO
and anisotropic correction are not applied for stacking
velocities, hence they do not resemble the rock velocities.
They velocity information obtained from sonic log, checkshot
survey and VSP closely resemble rock velocities, therefore
they are widely used to calibrate field seismic velocities.

WHAT IS GEOPRESSURE?

The term ‘geopressure is used to describe abnormally
high pressure, pressure which exceeds the hydrostatic
pressure required to raise a column of fluid from subsurface
formation to the surface. Formation pressure or pore pressure
is defined as the pressure acting upon the fluids in the pore
space of the formation. Formation pressure exceeding the
hydrostatic pressures in a given geologic environment is
defined as geopressures whereas formation pressures lower
than hydrostatic are called subpressures. These concepts are
depicted in Fig 1.
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Hydrostatic pressure

 P
h
 = ρ

f
.g.z (1)

Where z, ρ
f
 and g are the height of the column, the

fluid density and acceleration due to gravity respectively. In
SI system, the unit of pressure is Pascal (Pa). 1 Pa=1 N/m2.

The pressure gradient, expressed usually in psi/ft in
the British system of units and Mpa/m in the SI system, is the
ratio of the formation pressure (p) at a depth (z).  In the Gulf
coast, fluid pressure gradient in excess of 0.465 psi/ft or 0.0105
Mpa/m is considered geopressured. An increase in salt
concentration at a given temperature tends to increase the
hydrostatic pressure gradient, while increase of gas in solution
and increase of temperature at a given salt concentration tends
to decrease the normal pressure gradient. In general,
hydrostatic pressure gradient P

H 
 (in psi/ft) can be defined as

P
H 

(in psi/ft) = 0.433 * fluid density (in gm/cc) (2)

In Figure 2, typical average normal pressure gradients
are shown for different amounts of salt concentration at 77°F
(25°C)

The overburden pressure at any point S is that
pressure which results from the combined weight of rock matrix
and the fluids in the pore space overlying the formation of
interest. This is expressed as:

S = g ρ
b
(z)dz (3)

Where
S = overburden pressure,
ρ

b
= bulk density (depth dependent) of rock,

g = accelaration due to gravity.

The bulk density of the rock is given by:

ρ
b = 

φρ
f  
+ (1-Φ) *

 
ρ

g
(4)

where
Φ = fractional porosity,
ρ

f
= pore fluid density, and

ρ
g

= density of the matrix  of rock

The effective pressure or differential pressure σ, is
the pressure, which is acting on the solid rock framework.
According to Terzaghi’s principle (Terzaghi, 1943), it is defined

Figure 1: Subsurface pressure concept

Figure 2: (a) Fluid pressure (b) fluid pressure gradient vs. depth for
fresh water (density 1gm/cc), salt water with 80 000 ppm
NaCl (density 1.07 gm/cc) and brine with 250 000 ppm
NaCl (density 1.18 gm/cc) at 77°C
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as the difference between the overburden pressure, S, and
the pore pressure P:

σ  = S -P (5)

It is σ that controls the compaction process of
sedimentary rocks. Any condition at a depth that reduces σ
will also reduce the compaction rate and result in geopressure.
The variables that are required for prediction and assigning
risks for prospectivity are:

1. Depth of the top of the overpressured zone.
2. Depth of the top of the hard pressure zone (defined as

lower limit of 1000 Psi effective stress)
3. Seal failure limit.
4. Shape of the effective stress versus depth profile.

Geopressure implies a low effective stress and a
higher porosity. A low σ and high φ tend to lower the rock
velocity. A typical pressure vs. depth plot is depicted in Figure 3.
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Normal compaction and abnormally low to abnormally
high pressure situation are shown from Figure 4(a) to 4(c)

Subpressure and underpressure conditions are those
in which pressure gradient under hydrostatic conditions is
less than 0.433 psi/ft. Such pressure conditions are known to
exist worldwide in many depleted oil reservoirs. Three
possibilities are shown in figure 4(a) to 4(c)., where the

Figure 3: A typical pressure-depth plot in a regressive sequence.
The effective pressure σ is the difference between
overburden pressure and pore pressure.

Figure 4 (a): Normal compaction and normal pressure situation when
the well elevation and outcrop elevation are the same.

Figure 4 (b): Where the well elevation is lower than outcrop elevation,
there is high pressure even under normal compaction
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relationship between the outcrop elevation and the wells site
elevation determines the pore pressure gradient as measured
in that well bore.

PRESSURE DUE TO HYDROCARBON COLUMN

Abnormally high pore pressure can result in porous
and permeable sedimentary rocks if an accumulation of gas or
oil occurs in brine saturated reservoirs with a structure of
high relief as shown in figure 4(d). The accumulation of gas or
oil has potential energy equal to the buoyant effect of the
displaced formation water, which is greatest at the top of the
column and diminishing downward becoming in equilibrium
with that of formation water at the free water level.

Mathematically, the pressure (in psi) is given by :

P
A
 = P

B
 – (Z

B
 – Z

A
) ρ

f
(6)

where
P

A
= pressure at top of reservoir,

P
B

= pressure at gas-water contact,
Z

A
= depth

  
to top of reservoir,

Z
B =

depth to deepest point of reservoir
ρ

f
= density of gas (typical pressure gradient 0.12 psi/ft)

ORIGIN OF GEOPRESSURE

In the case of geopressure, fluid movement is retarded
both vertically and laterally. The most probable cause is a
rapid burial of low permeability sediments so that it prevents
water to leave the system (Hubbert and Rubey, 1959). This is
known as Mechanical compaction disequilibrium. Expansion
of pore fluid from diagenetic and lithological changes (Dutta,
1987) is another cause. There are other causes like dipping of
lenticular permeable beds embedded in shales (Fertl, 1976),
Buoyancy (Fertl, 1976), Tectonism, uplift and erosion (Dutta,
1987), Aqua thermal pressuring (Barker 1972, Dutta 1987). When
high structural relief sands are embedded in geopressured
shales, high-pressured shale may dewater. Sand has more
permeability than encasing shale, which causes hydrostatic
pore fluid pressure gradient. This causes transmittal of high
pressures from downdip positions of the sands to their crestal
positions causing lateral velocity field around the sand. Oil
and gas being lighter than water, when water is replaced by
hydrocarbons, it results in an increase in pore pressure at the
reservoir level due to buoyancy effect. Tectonic compression
and wrench faulting can cause significant geopressure, when
there is rapid upliftment and erosion of sealed compartment
while maintaining the earlier pore pressure inside. Seismic
detection of this is almost impossible. When a compartment is
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Figure 4 (c): Abnormally low pore pressure under normal
compaction where the well elevation is higher than
outcrop elevation

Figure 4 (d): Normal compaction and abnormally high pressure due
to hydrocarbon column
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sealed and buried, the pore fluid is subject to a high pressure
due to fluid volume expansion by increased temperature. As
far as seismic is concerned, pore pressure detection due to
the first two mechanisms (mechanical compaction and
dehydration) can be detected relatively easily than the
remaining mechanisms. This is because using rock physics
and seismic principle, the compaction properties can be easily
modeled.

POROSITY AND STRESS

It is well known that compaction process causes
reduction in porosity. Athy’s (1930) equation relates porosity
to depth in normal pressure condition.

Φ(z) =  
 
Φ

0
e-cz (7)

Where Φ(z) is porosity at depth z, Φ
0 
 is the porosity

at z = 0 and c is a constant. Athy’s equation can be rewritten
as

Φ = Φ
0
 e-kσ (8)

Where K is related to bulk density of the sediments
and density of pore water, σ is the effective stress. In
logarithmic representation, this becomes

ln Φ = ln Φ0 − Κ σ ( 9 )

Equation (9) represents a straight line of  ln Φ versus
σ. Other published relations are:

Φ = 1 -Φ
0
 σC/4.606   (Terzaghi, 1943) (10)

σ = σ
0
e-εβ(T) (Dutta, 1987) (11)

ε is void ratio, given by

ε = Φ/(1-Φ), (12)

Τ is temperature and β(T) is a function of temperature
and σ

0 
is a constant. The coefficients C, β(T) and σ

0 
 depend

on lithology.

Once the effective stress σ is known from the
porosity Φ from one of the above relationship, the pore
pressure is easily obtained from Terzaghi’s relationship.

POROSITY AND VELOCITY

There is very little published literature about such
relationship for shales, where geopressure occurs most
frequently. For Sonic log, Pickett’s (1963) equation is mostly
used

∆
t
 = A

0
 + B

0
 Φ ( 1 3 )

Where ∆
t
  is the Sonic log interval transit time, A

0,

B
0 
 are lithology dependent constants. The well-known Wyllie

(1956) time average equation

∆
t
 = Φ∆t

f  
+ (1−Φ) ∆t

m
(14)

Where ∆t
f 
and  ∆t

m 
 are transit times through the fluid

and solid phases respectively.

Issler (1992) gave a very useful equation for shale
and mudstones based on logs and core measurements.

∆
t
 = ∆t

m
(1-Φ)-x (15)

 Where ∆t
m 

is the travel time for the matrix, ∆
t
 is the

log derived travel time and x is an acoustic formation factor
dependent on lithology. Archie’s (1942) resistivity equation
for fluid-filled porous rock, resistivity R, is expressed in terms
of Φ, resistivity of water, R

w 
 and formation factor, F.

R = FR
w 

= a Φ-mR
w

(16)

Where a and m are lithology dependent constants.
Figure 5 shows the effect of the external pressure and the
differential pressure (the difference between rock pressure
and pore fluid pressure) on the velocity of Berea sandstone.
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Figure 5: Velocities through an oil-wet sandstone at varying confining
pore pressure (Wyllie, 1957) showing that rock velocities
are directly related to effective pressure
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The above figure shows that velocity increases with
effective stress, first rapidly and then gradual until a constant
velocity is attained. For small effective stress, the trend is
similar to that of zero effective stress, it first increases by a
small amount rapidly and then becomes almost constant; for
higher differentials, the initial velocity rise is not observed.
For applications to deepwater sediments, the nonlinear
portions of these curves at low effective stresses are the most
relevant to pore pressures at deeper depths.

A relationship is needed between velocity and
effective stress for a given lithology for geopressure
prediction. For example, using Issler’s (1992) relation, equation
(15) and  equation (8), one obtains the following relationship
between transit time and effective stress.

σ = 1/k ln [Φ
0 
∆τα/ (τα– 1)] (17)

where ∆τ = ∆t/∆t
m 

and
  α =1/x. Thus the velocity

data (or ∆τ) from seismic can be used as input to equation
(17) to derive the effective stress. The overburden stress can
be calculated using velocity in equation (15), to derive
porosity, and hence the bulk density in equation (4). The pore
pressure is obtained by subtracting σ from the overburden
pressure as given in equation (5).

SEISMIC AND GEOPRESSURE

The first attempt to derive geopressure from seismic
goes to E.S Pennebaker, a Division staff engineer in Humble
oil refining company. The method is summarized below.

1. A standard velocity analysis is performed on the seismic
data to obtain interval velocity vs. depth plot. This is
usually expressed as interval transit time versus depth
on a semilog scale.

2. A normal compaction trend line for the area under
investigation is constructed and this is overlayed on the
top of the seismically derived acoustic log. The normal
compaction trend means a depth vs. velocity relationship
for a rock under hydrostatic pressure compaction.

3 . The deviation δ (∆t), of the seismically derived interval
velocity at a given depth for the normal compaction trend
is used as an indicator of geopressuring. For this purpose,
one uses the available calibration charts which relates
δ (∆t) to pore pressure gradients. The pitfall in this
approach is that the interval velocity indicate only
porosity variation rather than lithology variation. The
calibration charts are usually obtained by correlating

sonic logs to repeat formation tester (RFT).  Figure 6
shows a depth vs. pressure gradient plot. Figure 7 shows
interval travel time profile computed from field seismic
data at a well location. Abnormal pressure was predicted
below 10 000 ft as can be seen. This method has been
most successful along the  Gulf Coast where abnormal
pressure has been accurately predicted at depth as
shallow as 6500 and as deep as 12,000 ft.

CARE FOR SEISMICALLY DERIVED VELOCITIES

Picking velocity functions based on maxima in the
semblance analysis yields best stack section but such
velocities are not ideal for geopressure analysis. Stacking
velocity systematically increases with depth, which may ignore
geopressuring, which may not increase with depth. Moreover
VA (velocity analysis) for geopressure  must include step
indicating lateral continuity of geology. Any geologic feature
such as faulting should give seismic signatures in many
gathers and not just one. This should be noted carefully.
Horizon velocity analysis (HVA) as suggested by Yilmaz (1987)
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Figure 6 : Abnormal pressure and their degree of departure from the
normal pressure baseline
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is an efficient and accurate way to get velocity function at
every CMP location along selected key horizon but is an
expensive and tedious process.

Velocity smoothing is another essential step in
conditioning velocity for pore pressure prediction. But
smoothing needs velocity calibration because sometimes
smoothing may destroy some sharp changes in velocities for
geopressure prediction. Dix model (1955) assumes a layered
earth model and ignores ray path bending, which gives rise to
non-hyperbolic moveout at large offsets. This ‘residual
moveout correction’ is essential before any pressure
prediction work.

Figure 8 shows fourth order data correction, raypath
bending effect and transversely anisotropic correction applied
to seismic data. This is possible only if large offset range data
is acquired. The interval velocities obtained from seismic
velocities must be compared to those obtained from
checkshots. The correction function vs. two-way time at the

Geopressure and Seismic : Negotiating a Safe Path Amidst the Pitfalls

well bore location can be applied to the entire velocity field.
For accuracy and consistency, the procedure can be tested
on crossing seismic lines.

The velocity resolution poses another limitation to
the determination of sediment thickness having geopressure.
The standard error χ

int
,
 
in the interval velocity obtained from

RMS velocity with standard error χ, when the interval thickness
is h and average depth D, is given by

χ
int  

= 1.4 χD/h (18)

Thus for a precision of 5% of interval velocity for a
layer say at 1200 to 1400 m depth, the precision of RMS velocity
must be

χ = h
 
χ

int 
/(1.4D) = 200 * 5% /(1.4*1300) = .5% (19)

Such a precision is practically very difficult to obtain.

Another major pitfall in velocity analysis is that
multiples have lower RMS velocities than primaries arriving at
the same time. One does not know in advance whether the

Figure 7: Interval travel time computed from field seismic data at a
well location. Abnormal pressure is predicted below 10000
ft.

Figure 8: Different advanced moveout methods and successive
improvements in the velocity analysis of a CMP gather.
The rightmost is the correct velocity. Large offset is a
must for accuracy.
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lowering in velocity is due to higher pore pressure or multiples.
It could also be due to lithology changes e.g, from carbonates
to clastics. An error analysis bar chart is shown in Figure 9,
where it is apparent that interval velocity error is greatest for
thin layer at large depths. This is an inherent limitation of
geopressure prediction using seismic velocity.

The general guidelines for geopressure velocity
analysis are:

1. All available wells must be posted at the proper locations
of a stack section along with the key geologic horizons.

2. The seismic gathers must be examined for better S/N
analysis.

3. The velocity must be processed for demultiples, DMO
or prestack migration.

4. Velocity analysis must be closely spaced for lateral
consistency, smoothing, calibration and interpretation.

5. Every effort must be made for flattening of the event
with full offset range.

6. Calibration with checkshot survey interval velocity is a
must.

7. Velocity in a layer less than 50 ms. at relatively large
depth should not be picked for less accuracy. Special
care must be taken while interpolating the velocity field.

8. The interval velocity picked in a rock should be compared
with the known rock velocity in the medium. Any
velocity, that is outside the range, must be viewed with
suspicion.

RECENT  TECHNIQUES

There are many other techniques based on some sort
of inversion procedure. Such velocities better relate to the
geologic structures than conventional velocities. Tomographic
inversion technique is one such technique. It is basically a
3-D travel time inversion technique, in which, a guess of the
subsurface structure and associated velocity is the starting
point. Using Snell’s law, the rays are traced. The mismatch
that is the difference between the computed and actual travel
time is defined next. The initial model is then updated based
on this. The iteration is continued until a convergence is
achieved. The greatest defect is that tomographic methods
are inherently non-unique, as different starting models will
give different final solutions. Velocity constraint obtained by
other means like VSP data, well logs etc usually provide the
necessary constraints. In most of the cases, however,
tomographic images are far superior to that obtained from
Dix’s interval velocities.

The velocities from prestack inversion methodologies
include both travel time and seismic amplitudes. They involve
full waveform analysis technique, a wave equation based
approach (Tarantola 1983, Mora 1987). They use raw seismic
gathers and employ inversion schemes based on nonlinear
least squares and proceed by iteratively updating the earth
parameters until a good fit between model data and observed
data is obtained. These procedures are very computer
intensive and require very good S/N ratios in the preserved
true amplitude in the processed section. The results are non-
unique. However, using rock property based relations of P-
waves and S-waves and densities of various rock types, non-
uniqueness problem can be handled. Mallick (1995, 1999)
developed a prestack inversion method based on genetic
algorithm (GA) approach. It operates like biological evolution
and yields P , S waves and densities for a given seismic gather.
First a random population of elastic earth model is generated
with a specified search interval of the parameter space. For
each of these random models, synthetic seismograms are
created with a full wave equation simulator. Thus all multiples,

Figure 9: Errors histogram of stacking velocity estimation as a
function of two-way time and thickness. The errors in
interval velocity is greatest for thin layers at large depth



613

Geopressure and Seismic : Negotiating a Safe Path Amidst the Pitfalls

mode conversion and transmission losses are accounted for.
The modeled synthetic data are then compared with the real
data to yield a fitness value for each model. Genetic operation
of reproduction, crossover, mutation and update  performed
on the generated models follow this comparison. The iteration
stops when generated models converge. Figure 10 shows the
application of GA procedure. The non-uniqueness problem
also exists in this method, which is tackled by constraints of
rock parameters.

In post stack inversion, the earth is visualized as a
series of layers at each CMP location, characterized by density,
velocity and layer thickness. For normally incident pressure
waves, the reflection coefficients for layer interfaces are related

ρ
k+1 

v
 k+1 

 = ρ
k 
v

k 
 (1 +C

k
)/(1- C

k
)                   (20)

where C
k 
 is the reflectivity of kth  reflector.

Using a relationship between density and velocity,
acoustic impedance traces are converted to velocities. Figure
(11) shows the velocity obtained from post- stack inversion
of a data and compared to stacking velocity analysis. The
details of  the velocity field is obvious in the (b) part, obtained
from post-stack velocity inversion.

SEISMIC PRESSURE PREDICTION IN REAL TIME

The best possible velocity function is the starting
point and the rig bit point is updated using either intermediate

checkshot or seismic-while drilling. Using this newly calibrated
velocity function, the pore pressure is computed to the bit
level. The pressure model is calibrated using real time data
such as LWD/MWD. This calibration function is applied to
the seismic data to obtain an update ahead of the bit, both for
the velocity and pressure. This continuous prediction process
can be done during drilling process, typically at 30 m interval.

PRASAD’S STUDY OF V
P
/V

 S

Using P-wave information alone can give ambiguous
results in geopressure studies. Both overpressure and
pressure of gas can decrease V

p
.
 
Since s-wave velocity V

s

decreases with overpressure and unaffected by change in
saturation, V

p
/V

s 
will increase with overpressure and decrease

with presence of gas. It can be used to distinguish between
them. Figure 12 shows laboratory data for V

p
/V

s 
 from the work

of Monica Prasad (2002). The solid line is an empirical fit to
the data (V

p
/V

s 
= 5.6014 * p

d 
 -0.2742, with P

d 
in megapascals).

The study shows that high values of Vp/V
s 
can be expected

up to 2 Mpa. Here low p
d 
 value stands for low effective pressure

or high pore pressure.

Figure 10: The application of GA procedure: The traces in the top
left corner stack section were inverted, the computed
velocity gave a synthetic section in the lower left corner.
The acoustic impedance and Poisson’s ratio obtained
from the prestack inversion are shown on the right. (From
Dutta N.C, 2002)

Figure 11: A comparison of velocity model obtained from (a) Dix
velocity model  (b) poststack inversion. Bright amplitude
at CMP 2200 and 3230 ms is missing in the Dix model
due to lack of resolution (From Dutta, Ray, 1997)
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INSTANTANEOUS ATTRIBUTE ANALYSIS

Changes in attribute in the reflection seismic energy
is also observed on the top of geopressure formation. The
following methodologies are adopted for this.

1. Hilbert transforming the seismic traces and computing
the reflection strength of traces

2. Perform waveform smoothing on the first reflection
strength traces

3. Hilbert transforming the smooth reflection strength traces
second time to get the second reflection strength traces

4. Identifying the uppermost distinct boundary between
first and second reflection strength traces

The Hilbert transform operator may preferably be of
250 samples length. The performance of the waveform
smoothening is critical to mapping the thickness of the
geopressure transition zone.

OVERPRESSURE DUE TO CRACKING

The mass of convertible oil changes with time t at a
rate proportional to the mass itself. Curves of low frequency
Poisson’s ratio vs. differential pressure obtained from Biot’s
theory (Berryman et. al. 1988; Caricone and Gangi 2000a, b)
are shown in Figure 13. The continuous line corresponds to
the rock saturated with oil and gas and the dotted line to the
dry rock.

GEOPRESSURE: THE CACHAR EXAMPLE IN INDIA

Cachar is an unique example in India, where
geopressure has played havoc since drilling started for oil
and gas in this area. Out of 73 wells drilled so far, geopressure
was encountered in 13 wells, which gave rise to serious drilling
problem and in many cases, the operation had to be suspended,
resulting in huge economic loss. The wells encountering
geopressure are listed Table (1). (Cachar documentation of
high pressure, A & AA Basin, Jorhat)

There is serious need of carrying out detail studies
of seismic for geopressure in this area. The main problem is
the seismic data quality. The highly complex geology due its
tectonic origin giving rise to thrust and fold apart from
complicated logistics render the data quality too poor to be
studied with sophisticated tools like tomographic or waveform
inversion. The poor data quality also results in substantial
error in Dix velocity picking and hence the interval velocity.
However, after drilling 73 wells, there are now adequate well
control on most part of the exploration area, the data of which
can be used for velocity calibration and success in
geopressure prediction.

CONCLUSION

Seismic velocity estimation by whatever method has
an inherent error that cannot be minimised beyond a limit.
Provided the low frequency curves of the seismic interval
velocity are of good quality and lie within 5 – 10% of well
velocities, pressure to within 0.50 ppg at target depth in deep

Figure 12: V
p
/V

s  
ratio for all data on sands. There is a clear linear

trend of  V
p
/V

s  
vs.  pressure on the log-log plot. An

empirical fit through the data (solid line) and the fitting
equation is also given. The coefficient for regression for
this fit is (R2 )  is about 0.8   From Monica Prasad, 2002

Figure 13: Poisson’s ratio vs. differential pressure for disequilibrium
compaction. The open circles and the black squares are
the experimental values for the oil saturated and dry
samples, obtained from Winkler’s  (1985) data. In the
case of full brine saturation (label 3), the broken line
corresponds to 0-2 km, where the rock is normally
pressured, and the continuous line corresponds to 0-8
km, where the rock is overpressured.
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water can be achieved. Before using any inversion technique,
attention should be paid to the low frequency trend of well
velocity or seismic data. If S/N is low, most of the seismic data
cannot be inverted for high frequency velocity information.
The data should have a sufficient offset range at large depth
for confident derivation of moveout velocities. It is also to be
borne in mind that seismic method can predict geopressure
only when it is due to mechanical compaction. Pressure
mechanism for carbonate provinces are poorly understood,
where seismic signature is usually controlled by secondary
porosity and fractures. The lowering in velocity could be due
to lithology changes or a change of fluid, e.g, oil or gas
replacing brine, a denser fluid. Formation pressure is always
measured in permeable formation, say sandstone, whereas,
most of the pressure indicators are found in impermeable
formation such as shale. If the shales are in hydraulic
communication with the adjacent sandstone, then there is no
problem but that is rarely true. An interdisciplinary team,
including geologists, geophysicists and drilling engineers
having open communication among themselves is the best
combination for geopressure studies. Basin-modeling

technique involving permeability of various rocks and their
compaction properties may be used as a complimentary to
seismic studies. Seismic-while drilling (SWD) tools has to be
made more sophisticated to get look-ahead velocity in real
time at a close interval. The seismic inversion technique is
most promising today for good data due to ever-increasing
and cheaper computer processing power. A sea change in the
inversion technology will however add a more insight in the
field if rock-physics-based constraints on the inversion for
various seismic attributes including velocity is imposed.
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