
The success of salt imaging requires
accurate delineation of salt bound-
aries and faults around the salt. It is
essential to define accurate salt
boundaries for drilling updip hydro-
carbon potentials at salt boundaries
and to delineate small faults around
the salt due to the compartmental-
ization of hydrocarbon traps by these
faults around the salt.

However, the success of salt
imaging largely depends on whether
an accurate 3-D velocity model can
be built. An accurate 3-D velocity
model is required for seismic imag-
ing and accurate depth prediction. A
reasonable way to build such a model
is to make sure that it incorporates
geologically feasible lateral and 

vertical velocity variations and all
available well information. The
integration of well information is par-
ticularly important when dealing
with geologic complications such as
geopressure zones, reef build-ups,
and salt.

A method for building 3-D veloc-
ity models incorporating geopressure
zones and the development of an
algorithm and methodology to inte-
grate well data are discussed in this
article along with an application of
this technology in the Gulf of Mexico.

Geopressure zones in the Gulf of
Mexico. Overpressure conditions are
common in the Gulf of Mexico in
areas of increasing water depths in
which the percentage of shale over
sediment becomes higher and the top
of geopressure becomes shallower.
Salt movement may have induced
the geopressure. Successful salt 
imaging in these areas requires iden-
tification and modeling of often com-
plicated geopressure zones. Seismic
imaging and time-to-depth conver-
sion in these areas are handicapped
by severe raypath distortions. Be-
cause the velocities in geopressure
zones can be very slow compared to
velocities in surrounding rock, it is
often difficult to image even top
boundaries of the salt unless the geo-

pressure zones are incorporated accu-
rately into velocity models.

Solid evidence of geopressure
zones can be obtained from sonic and
resistivity logs and mud-weight data.
It is possible that some major fault
blocks, which control oil migration
and sealing conditions, are in over-
pressure.

Seismic interval velocity anom-
alies are other evidence of geopres-
sure zones. An example is given in
the case history in this paper. The
slope of seismic velocity as a function
of depth changes dramatically when
the depth reaches geopressure tops
and, thus, that is the criterion for find-
ing the top of geopressure zones from
seismic data.

An alternative method of collocated
cokriging. Because poor description
of low-velocity geopressure zones
could easily distort seismic images,
an alternative method of collocated
cokriging was developed to integrate
seismic velocities and sonic data.
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Figure 2. Seismic interval velocities and sonic logs at two wells.

Figure 1. 3-D seismic interval
velocity cube.

Figure 3. Variogram modeling of
sonic log.
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We decided to use a geostatisti-
cal technique for data integration
because geologic and geophysical
data often need to be interpolated.
The question is how to interpolate
velocities using sparse well data and
dense seismic data. Seismic data pro-
vide lateral velocity variation or geo-
logic trends, in which all directions
are not equal in terms of interpola-
tion of velocity.

The first step is kriging with sonic
velocities and estimating kriging
weights at a location u and the cor-
responding estimation variance. The
second step is regression with sonic
and seismic velocities and estimat-
ing the covariance between sonic
velocities and seismic velocities at the
location u. The third step is the inte-
gration of sonic-derived velocities
and seismic-derived velocities. Final
velocities are the linear combination
of kriging sonic velocities and cali-
brated seismic velocities. The inte-

gration was designed so that sonic
velocities were honored at the well
location and seismic velocities were
honored beyond the influence range
of well data.

A case history. An example from the
Gulf of Mexico shows how the pro-
cedure helps image a salt dome in a
geopressured environment. 

The 3-D velocity cube was con-
structed using seismic stacking veloc-
ities, check-shot data, 3-D poststack
migration results, and well data.
Low-velocity zones were observed in

the 3-D interval-velocity cube before
the existence of geopressure zones
was known. The interval-velocity
cube was constructed by editing seis-
mic velocities and calibrating seismic
velocities with check-shot data. The
low-velocity zones are green in the 3-
D interval-velocity cube (Figure 1).

Low-velocity zones were also
observed in sonic and resistivity logs.
Figure 2 shows the low-velocity
zones in sonic logs at two wells. In
one, the velocity around 11 000 ft is
less than 7000 ft/s. Agreement was
remarkable between the top of those
low-velocity zones and the picks of
geopressure tops from well data. The
mud weight (18 pounds/gallon) is
also consistent with the low velocity
indicated above. In some wells, three
geopressure zones were identified
from log data.

Integration of well and seismic
velocities to build a 3-D velocity
model was an iterative process of
velocity modeling and poststack
depth migration.

1) Seismic stacking velocities were
heavily edited to generate lateral
velocity trends consistent with
geology. The initial 3-D velocity
grid was generated using
GOCAD’s DSI algorithm.

2) Seismic velocity was calibrated
using check-shot data. The 3-D
interval velocity was computed
by the Dix equation.

3) The variogram model of sonic

34 THE LEADING EDGE JANUARY 2000 JANUARY 2000 THE LEADING EDGE 00

Figure 5. Pseudosonic log derived
from well-marker mis-ties at each
migration iteration.

Figure 4. Depth slices of (a) kriging result of sonic, (b) seismic, (c) variance,
and (d) alternative collocated cokriging.

a)

b)

c)

d)

Figure 6. Velocity sections along two different well planes with (top) and
without (middle) collocated cokriging. Related seismic sections at bottom.





After the first iteration of 3-D post-
stack depth migration, 58 pseudosonic
logs were generated based on well-
marker mis-ties (Figure 5). The mis-tie
was computed in terms of percentage
error between well markers and inter-
preted seismic depth at the wells.
Pseudosonic logs were computed by
redistributing errors using a given
weight function. Data from the 58
pseudosonic logs were added to hard
data for integration by the alternative
collocated cokriging method. Step 4
was then repeated to further constrain
results.

The 3-D velocity model clearly
shows higher resolution in low-veloc-
ity zones. Figure 6 compares velocity
and seismic sections with and without
alternative collocated cokriging. The
velocity and seismic sections were
extracted along the well paths. The
velocity section from alternative col-
located cokriging has significantly
higher depth resolution, detailed lat-
eral velocity variation, and a strong
correlation with sonic curves. Figure
7 compares the final migration veloc-
ity and sonic velocity at two wells.
Figure 8 shows the final salt model
and the geopressure zones around the
salt body.

Figure 9 shows the final seismic

images. The blue blobs in these sec-
tions (Figure 9a and 9c) are the same
as the green blobs in Figure 1. Seismic
imaging has drastically improved due
to 3-D poststack migration using veloc-
ities generated by alternative collo-
cated cokriging. The seismic sections
in Figures 9b and 9d show significantly
improved imaging, bright spots under
the geopressure zones, significant
changes in trap geometry, and better
definition of geopressure zones and
fault locations.

Conclusions. A variation of the collo-
cated cokriging method, especially
designed to incorporate geologic fea-
tures such as geopressure zones, has
demonstrated advantages for 3-D
velocity modeling and subsequent
depth imaging.

The 3-D velocity model shows
low-velocity features in confined strati-
graphic units. The low-velocity zones
are defined better and, consequently,
interpretation of trap geometry is
changed significantly. The 3-D post-
stack migration results show signifi-
cant improvement in overall depth
imaging. Bright seismic events were
imaged under the geopressured zones.

Distortion of seismic images by
low-velocity zones was avoided by

this method. Since the low velocities
in geopressure zones are very slow
(compared to the surrounding rocks)
ray bending could cause serious prob-
lems in depth imaging. Initially, the
salt top boundaries were not imaged
properly due to severe ray path dis-
tortions and various conventional
approaches created distorted seismic
images.

This method can be applied for
velocity modeling in geologically com-
plicated areas such as geopressure
zones, reef buildups, salt sheets,
and/or other complications. LE
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Figure 9. 3-D poststack depth migration of line A using (a) seismic velocity model and (b) velocity model of alterna-
tive collocated cokriging. 3-D poststack depth migration of line B using (c) seismic velocity model and (d) velocity
model of alternative collocated cokriging.
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c) d)


