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ABSTRACT  : The presence of compressible fluid, gas, in the pore space of a rock is known to have a strong influence on acoustic
velocities. The Vp/Vs ratio obtained from wireline sonic logs vs. DTc crossplot technique is often used qualitatively and quantitatively
to differentiate the presence of gas from water. For gas the Vp/Vs value tends to be around 1.58 - 1.6 and for water it varies with
degree of compaction and effective stress among other factors. Lack of compaction and low effective stress conditions in sandstone
reservoirs tend to increase the ratio for water and vice versa. Hence in under compacted sands, gas and water points can be easily
identifiable on Vp/Vs vs. DTc crossplots due to increase in Vp/Vs ratio for water whereas in sands of compacted nature and at
higher effective stress regimes the distinction is not accurate as the Vp/Vs value of water decreases and almost approaches the value
of gas which is around 1.6. These findings have been brought out in the present study by analyzing the data from 3 wells of
Krishna-Godavari Basin and generating the Vp/Vs vs. DTc crossplots against potential gas and water bearing zones. The sands
belong to three different geological ages, Pliocene, Miocene and Cretaceous, having different degrees of compaction, pore pressure
and effective stress.

INTRODUCTION

In sand bodies compressional and shear wave
velocities are dependent on rock matrix, porosity, mineralogy,
grain to grain contacts, type of fluid and degree of
consolidation. The acoustic velocities can always be
expressed in terms of moduli that are intrinsic measures of
rock frame and pore fluid compressibilities. In elastic and
isotropic medium the compressional and shear wave velocities
are related to the dynamic elastic moduli with the relations.

Vp = √ (K+ 4/3 G) ρb (1)

Vs = √ G/ ρb (1)

Vp and Vs are compressional and shear wave
velocities expressed in km/sec.

K and G are bulk modulus and shear modulus
expressed in GPa (Giga Pascals)

ρb is the bulk density in g/cc (matrix, fluid and
porosity combined).

DTc (µs/ft), slowness of compressional velocity =
304.8/ vp

DTs (µs/ft), slowness of shear velocity = 304.8/Vs

The phenomenon that happens if water is exchanged
for low density gas in the pore space of a reservoir rock is that
the density will decrease and there will be no change in shear
modulus (since fluids do not support shear). In case of
compressional wave the change in density is over
compensated by change in bulk modulus K. Hence replacement
of liquid which has very large bulk modulus by gas, which is
very compressible will reduce the contribution of pore fluid to

the overall bulk modulus of the formation. Presence of gas
reduces the rock rigidity more than its density and this
reduction will dominate the compressional velocity Vp  of the
acoustic wave and, according to eq-1, it will decrease. The
decrease in velocity  is almost nil in deeper low porosity
formations where pore volume is low and compaction pressure
is high which means pore fluid contributes little to rock rigidity.
In shallow high porosity formations where pore volume is
large and compaction pressure is less, the pore fluid has a
much larger contribution to the rock rigidity. Similarly for a
shear wave, if water is exchanged for low-density gas its
velocity increases slightly according to eq-2 above. Thus the
net effect on Vp/Vs ratio if water in the pore space is replaced
with gas is that it will decrease. The value is around 1.58 to 1.6.
For water bearing sands the ratio increases with lack of
compaction and effective stress. Effective stress acting on
grain matrix affects acoustic velocities of rocks. Effective stress
is that net overburden pressure supported by grain to grain
frame work. It is defined as the difference between total
geostatic load, s and the pore pressure p. Thus effective stress
is equal to s-p and hence is dependent on compaction or
consolidation of the formation. Lack of compaction of
sedimentary strata leads to higher pore pressures and low
effective stress. The rock velocities for both compressional
and shear are fast at higher effective stress regimes and vice
versa. Alternatively, it can be stated that Vp and Vs increase
with increase in overburden pressure (high effective stress)
and decrease with increase in pore pressure (low effective
stress), the effect being more pronounced on shear velocities.
The Vp/Vs ratio for water bearing sands is dependent on these
factors and this dependency guides the success of the
crossplots technique for gas-water identification.
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METHODOLOGY

The data used in the study pertains to three
exploratory gas wells drilled in Krishna-Godavari basin of
southern India. These wells are named as A,B and C. Shear
sonic logging was carried out in these wells and compressional
(DTc) and shear (DTs) wave travel times are recorded. Thus
Vp and Vs data was available for study and plotting. The
wells selected are such that the sands belong to different
compaction and pore pressure regimes. The sands in well A
belong to Pliocene and appear unconsolidated having above
hydrostatic pore pressures and in well B they belong to
Miocene having hydrostatic pore pressures. The sands in
well C belong to early Cretaceous and are compacted and are
sub hydrostatic. The gas sands are characterized by effective
porosity of 30-18% and are having gas saturation of the order
of 75-80%. To minimize the effect of clay on acoustic velocities,
clean sand points are considered (Sands in well A are a little
shaly). Gas water contacts (GWC) are seen in wells B and C
and the water points are taken from sands developed a few
meters below gas zones. The pore pressures are estimated
from wireline log data recorded in all the three wells. Vp/Vs vs
DTc crossplots are generated against gas and water bearing
sands in each of these three wells (A, B and C) and are shown
in Fig. 1, 2 and 3. The red colour cluster represents gas points
and the blue, water points.

Figure 1

Figure 2

Figure 3
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DISCUSSION

The three cross plots were analyzed and discussed
well-wise as below.

Well A

As mentioned earlier the sands in this well are under-
compacted and the pore pressures are higher and effective
stress is less. The pressure at a depth of 2083m is 3714 psi
which is around 750 psi more than the hydrostatic. The gas
points can be easily identifiable on the crossplots from water
bearing zones. The Vp/Vs ratio for gas reads around 1.6 to 1.9
(averaging about 1.8) which is higher than the established
value of 1.6. The reasons for slightly higher values may be
due to under compaction. Lack of compaction and low
effective stress has resulted in higher Vp/Vs ratio for water
which is around 2.1 to 2.2. This variation in values of Vp/Vs
ratios between gas and water under the above conditions has
facilitated the distinction between the two different fluids in
this case.

Well B

The sands in this well belong to Miocene and belong
to normal compaction, effective stress and pore pressure
regime. The gas points cluster around Vp/Vs value of about
1.58 to 1.6 with a tendency to go down towards the  lower
right of the plot. The value for water bearing zones in this well
is 1.7 to 1.8, which is less than what has been obtained in well
A. Here the sands are relatively compact and the pore
pressures are hydrostatic. The pressure at 2026.5m is 2960 psi
which is slightly more than hydrostatic by 80psi. The
compaction and effective stress of the sands are more
compared to well A resulting in a lesser Vp/Vs ratio for water
sands in this well. A distinction between gas and water points
can still be made.

Well C

The sands in this well belong to early Cretaceous
and are compacted. The gas points cluster around Vp/Vs of
1.58 to 1.6 which is same as seen in well B. But Vp/Vs ratio for
water decreases further and goes down to value less than 1.7
and approaches that of gas. The gas sand is under depletion
from nearby wells at the time of drilling this well and the
discovery pressure in this well was sub hydrostatic. The pore
pressure is less by about 280psi (6%) with respect to
hydrostatic. High degree of compaction and lesser pore
pressure have resulted in increased effective stress. Vp/Vs
ratio in water bearing zones decreases with increase in
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compaction and increase in effective stress. Hence in this well
the ratio is decreased, tending towards the value obtained for
gas, rendering the gas-water identification subjective.

The dependence of shear wave velocities on rock
strength is brought out in all the three crossplots by observing
wide variation in the value of Vp/Vs for small changes in DTc
values.

CONCLUSION

1. Gas and water zones can be demarcated on Vp/Vs versus
DTc crossplots only under certain conditions.

2. The Vp/Vs ratio for gas is around 1.58 to 1.6. It increases
slightly beyond this value in unconsolidated sands and
at low effective stress regimes.

3. For water bearing sands the ratio increases with lack of
compaction and lower effective stress. It decreases with
compaction and at higher effective stress regimes.

4. Gas and water zones can be demarcated with a  fair degree
of confidence on Vp/Vs versus DTc crossplots in sands
lacking compaction and having low effective stress and
is useful in deep water exploration for gas.

5. In highly compacted sands and at high effective stress
regimes the distinction between gas and water by using
this crossplot technique may not be possible as the
acoustic velocity ratio for water decreases and
approaches that for gas.

6. Shear velocities are strongly dependent on rock strength.
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