Summary

In recent years, it was often demonstrated that the Common-
Re ection-Surf ace (CRS) stack produces reliable stack sec-
tions with high resolution and excellent signal-to-noise ratio.
Moreover, an entire set of physically interpretable stacking
parameters, so-called kinematic wave eld attributes, Is deter-
mined as a by-product of this data-driven imaging process.
These CRS attributes may be even more important than the
stack section itself because they can be applied in further pro-
cessing to solve a number of dynamic and kinematic stacking,
modeling, and inversion problems. Utilizing them, a sophisti-
cated and highly e xible seismic re ection imaging work o w
can be established leading from the preprocessed multicover-
age data in the time domain to migrated sections in the depth
domain (Mann et al., 2003; Hertweck et al., 2003).

For this case study, a CRS-stack-based imaging work o w was
applied in a recent exploration project—leading to superior re-
sults compared to a standard processing sequence consisting
of normal- and dip-moveout corrections (NMO/DMO) and stack
with subsequent time migration and depth conversion.

Introduction

Obtaining a suf ciently accurate image, either in time or iIn
depth domain, is often a dif cult task, especially in regions
with complex geological structure or for data with low signal-
to-noise (S/N) ratio. Therefore, It Is advisable to extract as
much information as possible directly from the measured data.
The ongoing increase In available computing power makes
so-called data-driven approaches (e.g., Hubral, 1999) feasi-
ble, which, thus, have increasingly gained in relevance. The
Common-Re ection-Surface (CRS) stack (e.g., Muller, 1999;
Jager et al., 2001; Mann, 2002) is one of these methods. Be-
sides an improved zero-offset (ZO) simulation, its decisive ad-
vantage Is that an entire set of kinematic wave eld (or CRS)
attributes Is obtained. These attributes can be used

for the determination of a macrovelocity model via CRS-
attribute-based tomographic inversion (Duveneck, 2004).

to estimate physical properties of the wave eld like, e. g., the
geometrical spreading factor (Vieth, 2001) or the projected
Fresnel zone (Mann, 2002).

to distinguish between re ection and diffraction events
(Mann, 2002).

to determine optimal apertures for stacking and migration.
to perform an automatic time migration (Mann, 2002).
to handle top-surface topography (Heilmann, 2003).

for residual static corrections using CRS operators (Koglin
and Ewig, 2003).

The seismic data used for this case study was acquired in 2003
In the close vicinity of Karlsruhe, Germany:

Shot & receiver geometry Midpoint & offset geometry

Number of shots 213! 'Number of CMP bins 413
Shot interval 50m| |[Maximum CMP fold 199
Number of receivers 240| |CMP bin interval 25m
Recelver interval 50m| |Maximum offset 10km

Recording parameters Frequency content

Recording time 5s| Dominant frequency | 35Hz
Sampling interval 2ms, |Maximum frequency | 100 Hz

The acquisition was performed with the intention to obtain a
structural Image of the subsurface relevant for a projected
geothermal power plant. The latter will be based on two bore-
holes reaching a depth of 2.5 km, where a strongly fractured
horizon of hot-water-saturated limestone is located. As the
achievable production rate depends mainly on the number of
faults reached by the partly de ected boreholes, a detailed
knowledge of the local subsurface structure is essential.

Standard processing sequence applied by a contractor:
NMO/DMO/stack
nite-diff erences (FD) time migration

time-to-depth conversion using a macrovelocity model based
on stacking velocities.

In parallel to this, we applied the CRS-stack-based imaging se-
guence depicted in Figure 1. The individual steps and their re-
sults are discussed In the following sections.

— a real data example
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Figure 1. CRS-stack-based imaging work o w

CRS stack

Basic features of the CRS stack for 2-D ZO simulation:

a spatial stacking aperture is used =) higher stability and
signal-to-noise ratio compared to conventional methods.

a generalized coherence-based velocity analysis Is per-
formed automatically at every ZO location =) the ZO sec-
tion Is produced Iin a purely data-driven way.

provides three kinematic wave eld attributes for every ZO
sample =) Iinformation valuable for further processing ex-
tracted as by-product.
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Figure 2. Comparison between the CRS stacking operator
(red) that corresponds to the central ray (green) and its paraxial
vicinity and the real traveltime response of the re ector (blue).
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Expressed in terms of midpoint coordinate x,, and half-offset h,
the second-order traveltime approximation used as CRS stack-
Ing operator (Figure 2) reads
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where Vg represents the near-surface velocity and (tg;Xg) IS
the considered ZO location. This operator is parameterized by
three kinematic wave eld attributes de ned at the surface lo-
cation Xp, which are,

a, the emergence angle of the central ray,

Rnip, the radius of the normal-incidence-point (NIP) wave-
front, and

Ry, the radius of the normal wavefront.

These attributes are related to the local properties of a re ec-
tor segment in depth, namely its location, dip, and curvature, by
means of two hypothetical eigenwave experiments (see, e.g.,
Jager et al., 2001).

CRS-stack-based seismic re ection imaging
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Within the course of this project, the CRS stack method was
complemented by an algorithm smoothing the obtained CRS
attributes in an event-consistent way. Afterwards, the smoothed
attributes were used for a nal optimization and stacking itera-
tion, resulting In a signi cant enhancement of event continuity.
The nal stack was restricted to the projected rst Fresnel zone
calculated from the obtained CRS attributes.

The simulated ZO section, the coherence section, and two (of
three) attribute sections are shown in Figures 2-5. The coher-
ence indicates the t between the determined CRS stacking
operators and the re ection events in the prestack data. At-
tribute values associated with very low coherence values are
masked out (black), as they are not expected to be reliable.
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Figure 3: Simulated zero-offset section.

CMP no.
4§O 590 5§O 690 6§O 790 7§O 890

0.5-

1.0+

Time [s]

1.5

2.0-

2.5

0O 005 010 015 020 025 030 035 040 045 0.50
Figure 4. Coherence section.
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Figure 5: Emergence angle section, a [ ].
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Figure 6: NIP-wavefront radius section, Ryp [km].



