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Static Corrections for Weathering Layer using Wave Equation
Datuming and Delay Time Techniques
Catalina A. Perea Pineda
Jose David Sanabria Gomez
Camilo Andres Gonzalez
Abstract
During the seismic land acquisition, the data presents variations in the wave
arrival times because of the weathering layer and topography effects, which
may complicate the correct interpretation of the data. For that reason, it is
important to do an adequate processing flow that takes into account corrections
in the seismic trace arrival times. These corrections can be static or dynamic.
Both methods need to take in to account the weathering layer velocity and the
reference datum above or below the topography to adjust the times and position
of the reflectors. When the topography is rugged and the lateral change
velocity is significant, the static corrections aren’t sufficient and it is necessary
to implement sophisticated methods, which include wave field propagation.
Wave Equation Datuming provides a solution for calculation through the
extrapolation of the data from the acquisition surface in topography to the
reference flat datum, where relocated sources and receivers are. Nevertheless
cases exist where Wave Equation Datuming doesn’t work as perfectly as the
Delay Time. This work was to compare two techniques of correcting the arrival
times of seismic waves. One static method called Delay Time (DT) and the
other dynamic method called Wave Equation Datuming (WED). For this four
2D synthetic models simulating the presence of the weathering layer were
created, and a model which simulates rugged topography and the weathering
layer. Afterwards the same methods were applied in real 2D seismic data
acquired in a flat and topographic area. The results are showed through the
stacked and migrated images. It was found that DT corrects the seismic data
more efficiently when a high velocity contrast exists; however WED improves
the correction of the seismic data when a rugged topography and low velocity
contrast exists. When the seismic data has lateral velocity variation, the
problem is solved in similar conditions, showing similar resolution in the
migrated images. In real 2D data, WED highlighted the events in the rugged
topographic area, and some depth events in the flat area.
Keywords: Delay time, Reference Datum, Velocity Replacement, Wave field
extrapolation, Weathering Layer.
Acknowledgments: Our thanks to “Industrial University of Santander and
Instituto Colombiano del Petróleo” for giving us the tools to realise this project
and accompany us through this process.
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Introduction
The need for seismic exploration in areas previously not considered for
this purpose has created a challenge for geophysical exploration (D. Milton &
C. Savit, 1960). This is due to the complexity of the land, with rugged
topography and velocity variations. The areas presenting bigger challenges are
hilly areas, such as some regions in Latin and North America.
One of the main problems of undertaking seismic acquisition in these
places is the presence of the weathering layer and rugged topography that
distort seismic traces due to the arrival time difference.
Static corrections (M. Cox, E. Scherrer, & R. Chen, 1999) represent an
important role in the early stages of seismic processing. Due to near surface
disturbing influence there is deterioration in processing further stages.
There are two ways of doing static corrections (M. Wail & Abdullatif,
2011); the first represents a movement of seismic traces upward or downward
taking into account a reference datum. The second method is a dynamic
correction that obeys variable shift times (M. Dave1, 1993). An example of the
static method is Delay Time, which is used to correct the weathering layer
effect. An example of the dynamic method is Wave Equation Datuming
normally used to correct topography effects through the continuation of the
wave field taking into account the acquisition surface from the extrapolation of
the input data to the reference datum higher or lower topography. This method
was presented for first time by (Berryhill, 1979). It has had many posterior
investigations to improve its application in seismic data for static corrections
and also for migration and seismic modelling, such as the one developed by
Faye who presented an alternate wave-equation datuming formulation based on
the finite difference solution of the acoustic wave equation. (Paul, J. Fowler et
al, 2000) gave recursive extrapolation using frequency-space operators.
This paper demonstrates the implementation of two methods to correct the
arrival time of seismic traces, which are: Delay Time and Wave Equation
Datuming. The implementation was completed using synthetic and real 2D
data. For this a methodology was created, where sources and geophones are
relocated over the top of the weathering layer. The continuation of the wave
field from the real acquisition of the data over topography to the top of the
weathering layer is considered, after this a reference datum is used taking into
account a velocity replacement.
Delay Time
Delay time is considered as the time experimented by seismic waves when
they go through a low velocity layer from a source located in a position A to a
geophone located in a position B with a distance X between them. This time
has 2 components at the shot and receiver resulting from the presence of the
top layer at each end of the ray path (M. Dylan, W. Kasper, R. Elmer, L.
Andrew & B. Thomas, 1979). Total time is considered as the time a wave
would take to travel along X distance at refractor velocity
plus the time a
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wave would take to travel down to the refractor and the shot pount and back up
to the receiver, as is showed in the follow equation (T. Jan, 1992):

Where
and
are the delay times through the near surface for each
source and receiver, this delay time is presented in the follow equation:

Where Z is the weathering layer thickness and V1 the velocity of the layer, and
is the critical angle.

Wave Equation Datuming
Berryhill presented this method initially in 1979 for post stack purposes
and then in 1984 for prestack purposes. Wave Equation Datuming is a way of
extrapolation, where the main purpose is to create a new seismic data section
from a section
where sources and receivers are
relocated taking into account a new datum or a new elevation . WED can
relocate the source and receiver locations and keep the wave propagation
features, through the upward or downward continuation of
to
produce
. The equation to shows this meaning is as below:

Where
represents seismic traces over the output datum,
is the
separation between adjacent traces located over the input datum or real
acquisition surface. and
is the distance between the input and output
datum and the angle between the distance and the normal input datum.
represents the seismic input traces in the location delayed by travel
time and convolved with a particular operator in the time domain.
WED considers field wave propagation taking into account the contrast
between sub weathering layer and weathering layer assuming ray paths without
considering consistent near surface, but considering the lateral velocity
contrast, as it shows in the Figure (1) for the ray path assumed by WED and
DT.
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Figure 1. Comparison of the Rays Deviation for Static Corrections (Assuming
Vertical Trajectory) and WED (Assuming Oblique Trajectory). Taken from
(Bevc, 1997)

Methodology
To implement static correction techniques for seismic data, 2D synthetic
models were created which simulated the weathering layer with thickness
variation and low velocity between
. The techniques were
also applied to a model that simulated rugged topography with a weathering
layer, and finally to a real seismic line acquired in an area of Colombia. The
real data has flat and topographical areas with lateral velocity variations.
The data was processed using the software PROMAX. A conventional
seismic flow was created to correct the data using DT, which is based on first
break picks to know the thickness of the weathering layer and to correct the
delay times of the waves going through this layer (Yilmaz, Ozdoan, 2001).
The proposed methodology to implement WED is to relocate sources and
receivers from their original recorded position to the base of the weathering
layer through the continuation of the wave field by extrapolation.
Some processing flows were replicated, considering the relationship
between the topographic elevation and depth of the weathering layer to do the
wave field propagation for each source and each receiver, using a constant
velocity replacement of the near surface (S. Garnica, & K. Larner, 1997). After
the sources and receivers were relocated to a new datum, the data was located
in a flat datum above the highest elevation. This was made through a static
correction for source and receiver, using a velocity replacement. Subsequently
a new static in common midpoint (CMP) domain was calculated to carry the
data to a floating datum taking into account the total static average of the traces
within each CMP. This methodology was proposed because WED needs to
know the near surface to eliminate the weathering layer, as it was designed to
correct variations in topography.
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The methodology was applied over synthetic and real 2D data to evaluate
DT and WED techniques, the results show that in rugged areas WED corrects
better, while in flat areas with high velocity contrast Delay Time improves the
quality of the stack images. The real data was processed using the methodology
and applying WED using different output datum (R.E. Sheriff, 1991).
The Figures 2-6 show the velocity models used to do the numeric
modelling of the wave field propagation. Figure 2 represents a model of flat
layers with velocity contrast between 1200m/s to 2500m/s for the weathering
and sub-weathering layer.
Figure 2. Velocity Model 1, for 2 Flat Layers. Velocity of the Layers: 1200m/s,
2,500m/s, and 3600m/s

Figure 3 represents a dip in the weathering layer with velocity contrast
between 900m/s to 2500m/s for the weathering and sub-weathering layer.
Figure 3. Velocity Model 2, for a Dip Weathering Layer and a Flat Subweathering Layer. Velocity of the Layers: 900m/s, 2,500m/s, and 3600m/s

Figure 4 represents a curve in the weathering layer with lateral velocity
variation between 900m/s to 1200m/s for the weathering layer and 2500m/s for
the sub-weathering layer.
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Figure 4. Velocity Model 3, for a Curve Weathering Layer and a Flat Subweathering Layer. Velocity of the Layers: 900m/s to 1200m/s for the First
Layer, 2,500m/s for the Second Layer, and 3600m/s for the Third Layer

Figure 5 represents a variable weathering layer with velocity contrast
between 900m/s to 2500m/s for the weathering and sub-weathering layer.
Figure 5. Velocity Model 4, for a Variable Weathering Layer and a Flat Subweathering Layer. Velocity of the Layers: 900m/s, 2,500m/s, and 3600m/s

Finally Figure 6 represents a model with rugged topography and a
weathering layer presence, the velocity contrast between the weathering and
sub-weathering layer is 1200m/s to 2500m/s.
Figure 6. Velocity Model 5, for a Model with Topography, Flat Weathering
and Sub-weathering Layer. Velocity of the Layers: 1200m/s, 2,500m/s, and
3600m/s
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Results
The result of the first synthetic model of flat layers is shown in the
following figures: Figure 7a shows the stacked and migrated image without
using static corrections. Figure 7b and Figure 7c, show the stacked and
migrated images after using DT and WED methods respectively. In this case
WED correction was more effective because of the low velocity contrast
between the weathering and sub-weathering layer. The values are 1200m/s for
the first layer and 2500m/s for the second layer. When the velocity contrast is
low the refracted ray paths will not necessarily have vertical trajectories,
therefore DT is not completely valid in these cases as it assumes vertical
trajectories of the refracted ray path. On the other hand WED assumes different
trajectories of the refracted ray paths considering the wave field propagation.
Figure 7. a) Migrated Image without Static Corrections, Synthetic 2D Model
for a Flat Layer of Near Surface and a Flat Layer of Consolidated Rock

Figure 7. Migrated Image after Applying b) Delay Time c) Wave Equation
Datuming
b)
c)

The result of the second synthetic model for a dip in the weathering layer
is shown in the following figures: Figure 8a shows the stacked and migrated
image without using static corrections. Figure 8b and Figure 8c show the
stacked and migrated images after using DT and WED methods respectively.
In this case both methods solved the problem as they corrected the data
and showed the real geometry of the sub-weathering layer, which is flat.
However, DT improved the resolution of the image because of the high
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velocity contrast between the layers. The values are 900m/s for the first layer
and 2500m/s for the second layer. Consequently in this example the vertical
approximation of the refracted ray path is valid.
Figure 8. a) Stacked Image without Static Corrections, Synthetic 2D Model for
a Dip Layer of Near Surface and a Flat Layer of Consolidated Rock

Figure 8. Stacked Image after Applying b) Delay Time c) Wave Equation
Datuming
b)
c)

The result of the third synthetic model for a curve-weathering layer is
shown in the following figures: Figure 9a shows the stacked and migrated
image without using static corrections. Figure 9b and Figure 9c, show the
stacked and migrated images after using DT and WED methods respectively.
In this case both methods corrected the data and solved the problem by
flattening the second layer of the model. The resolution of the images is similar
because of the variable velocity contrast between the weathering and subweathering layer. The values are 900m/s to 1200m/s for the first layer and
2500m/s for the second layer. The synthetic model has areas with high velocity
contrast and others with low velocity contrast; therefore both methods give an
approximate solution.
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Figure 9. a) Stacked image without static corrections, synthetic 2D model for a
curve layer of near surface and a flat layer of consolidated rock

Figure 9. Stacked image after applying b) Delay Time c) Wave Equation
Datuming
b)
c)

The result of the fourth synthetic model for a variable weathering layer is
shown in the following figures: Figure 10a shows the stacked and migrated
image without using static corrections. Figure 10b and figure 10c show the
stacked and migrated images after using DT and WED methods respectively.
In this case both methods solved the problem showing the real geometry of
the reflector located below the weathering layer, nevertheless DT improved the
resolution of the image because of the high velocity contrast between the
weathering and sub-weathering layer. The values are 900m/s for the first layer
and 2500m/s for the second layer.
Figure 10. a) Stacked Image without Static Corrections, Synthetic 2D Model
for a Variable Layer of Near Surface and a Flat Layer of Consolidated Rock
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Figure 10. Stacked Image after Applying b) Delay Time c) Wave Equation
Datuming
b)
c)

Finally the result of the fifth synthetic model with rugged topography and
a weathering layer presence is shown in the following figures: Figure 11a
shows the stacked and migrated image without using static corrections. Figure
11b and Figure 11c, show the stacked and migrated images after using DT and
WED methods respectively.
Although both methods solved the problem showing the real geometry of
the reflector located below the weathering layer, in this example WED
corrected and improved the resolution of the seismic image because of the low
velocity contrast between the weathering and sub-weathering layer, and also
because WED was created to improve the resolution in areas where rugged
topography exists. The values are 1100m/s for the first layer and 2500m/s for
the second layer.
Figure 11. a) Stacked Image without Static Corrections, Synthetic 2D Model
with Topography Effect
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Figure 11. Stacked Image after Applying b) Delay Time c) Wave Equation
Datuming
b)
c)

After applying the methods in synthetic examples, we applied them to real
2D data. The proposed methodology changed the locations of sources and
receivers taking into account a variable datum considering the relationship
between the thickness of the weathering layer and the topographic elevation for
each source and receiver. We used the proposed methodology to compare the
results of the migrated images using DT/WED taking into account the
methodology and WED considering a flat datum over or below the weathering
layer.
The results of the migrated images after applying DT and WED using the
methodology are shown in Figure 12.
Figure 12. Stacked Image for Real Data with Topography and Flat Areas after
Applying a) Delay Time b) Wave Equation Datuming using the Methodology
with a Variable Datum over Top of the Weathering Layer
a)
b)
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Figure 13 shows the comparison between WED using the proposed
methodology and WED using a flat constant datum of 50m over topography
without applying the methodology.
Figure 13. Stacked Image for Real Data with Topography and Flat Areas after
Applying a) Wave Equation Datuming using the Methodology with a Variable
Datum over Top of the Weathering Layer b) Wave Equation Datuming with a
Flat Constant Datum 50m over Topography
a)
b)

Figure 14 shows the comparison between WED using the proposed
methodology and WED using a flat constant datum of 65m under topography
without applying the methodology.
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Figure 14. Stacked Image for Real Data with Topography and Flat Areas after
Applying a) WED using the Methodology b) WED with a Flat Constant Datum
65m under Topography
a)
b)

In real data, DT shows an improved resolution in flat areas while WED
improves the quality of the seismic image in topographic areas, as it is showed
in the Figure 12.
In Figures 13 and 14 there are some examples of applying WED for a flat
output datum 50m over topography and 65m under topography respectively.
This corresponds to the highest elevation of the topography and the thickness
of the weathering layer.
The result shows that the variable datum improves the quality of reflectors
and solves the problem of interpretation data acquired in rugged topography.
On the other hand using a flat constant datum deteriorates the quality of the
migrated image.

Conclusions
The synthetic 2D data was processed using two techniques to correct the
arrival time of the seismic traces. The results show that the DT method corrects
the seismic data more efficiently when a high velocity contrast exists between
values of 900m/s and 2,500m/s; however the WED method improves the
correction of the seismic data when a rugged topography and low velocity
contrast exist, between values of 1100m/s and 2500m/s. It was verified that
when the seismic data has lateral velocity variation with values of 900m/s to
1200m/s, the arrival times of the seismic traces were corrected using both
methods, showing similar resolution in the migrated images. In real 2D data,
the WED method highlighted the events in the rugged topographic area, and
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some depth events in the flat area. The proposed methodology implemented
corrected the seismic data resulting in improved resolution of the images. It is
considered a variable datum that took into account the position of sources and
receivers over the topography moving them to the base of the weathering layer
through the wave field propagation.
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