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Summary

High-density velocity analysis provides more detailed infor-
mation about the seismic reflection data compared to the
conventional approach with smooth stacking velocity models

based on selected CMP locations and reflection events. How-
ever, the high-density stacking velocity is subject to fluctuatio W
and outliers complicating its interpretation and further usgyp’\/
The Common-Reflection-Surface stack, a generalized multi-
parameter multi-dimensional high-density stacking velocity

analysis tool, provides an entire set of stacking parameters
instead of stacking velocity, only. These stacking paramet@&ig. 1: Hypothetical experiments related to the CRS wavefield attributes.
easily allow an event-consistent smoothing based on a combina-

tion of median filtering and averaging that removes fluctuations

and outliers without loss of information about the parameterizgdrameterization in terms of so-called kinematic wavefield at-
reflection events, even in case of conflicting dip situations. Thbutes has two advantages relevant in this context:

smoothed stacking parameters not only improve the stack result

but also provide a superior basis for subsequent application
like the determination of an interval velocity model.
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% from a theoretical point of view, the wavefield attributes
are virtually constant along the seismic wavelet and vary
smoothly along the reflection events.

Introduction e the wavefield attributes characterize the local shape of the

Conventional stacking velocity analysis is usually performed O €vents.

at selected, often coarsely spaced CMP locations, only. The

stacking velocity determined for key events serves as basis The attributes are related to the wavefronts due to two hypo-
a smooth, interpolated stacking velocity model. This approa#etical experiments: an exploding reflection point experiment
is not able to handle details in the stacking velocity section arfgormal-incidence-point (NIP) wave) and an exploding reflec-
even worse, leads to the well-known pulse stretch phenomef@hexperiment (normal wave). In the 2-D case, these wavefronts
which introduces the need to mute the prestack data (eSgnh be parameterized by means of three properties, the radii of
Yilmaz, 2001). High-density velocity analysis overcome@UrvatureRyp andRy of the NIP and normal wavefront, respec-
these problems but, in turn, suffers from local fluctuatiori&/ely, and the common emergence anglef both wavefronts,
and outliers such that a physically reasonable smoothingSg€ Figure 1. All properties are measured on the acquisition sur-
the stacking velocity is desirable. In particular, this impliekce at the ZO location under consideration. Similar descriptions
that an appropriate smoothing algorithm has to preserve gdst for the 3-D case (btht, 2002).

local properties of the reflection events and must not mix afthe CRS stack determines the optimum kinematic wavefield at-
properties related to different reflection events. Furthermoggpytes separately for each ZO location by means of coherence
the smoothing algorithm should work in an automated manng{alyses along various test stacking operators (for details see,
without the need to explicitely identify reflection events. e.g., Mann, 2002). The optimum attributes parameterize the spa-

The conventional parameterization in terms of stacking velocﬂigI stacking operator yielding the highest coherence. The max-

is not well suited for event-consistent smoothing: firstly, the I(%.- um coherence values provide additional information to iden-

cal shape of the simulated zero-offset (ZO) reflection events. reflection events and to evaluate the reliability of the wave-

unknown. Thus, no appropriate information is available to e
sure event consistence. Secondly, stacking velocity is subjec
systematic variations along the seismic wavelet in the time &
rection: on this small scale, stacking veloditgcreasesvith in-

creasingtraveltime, whereas the large-scale behavior is just tignoothing algorithm

opposite. Obviously, this further complicates any smoothing at- . ) . . .
tempt. With the kinematic wavefield attributes and the associated co-

herence values obtained as a by-product of the CRS stack,
An alternative, generalized velocity analysis as used in tha event-consistent smoothing algorithm for the stacking
Common-Reflection-Surface (CRS) stack technology (see, epgrameters can be established in a simple and efficient manner.
Jager et al., 2001) allows to solve these problems in a simfler a given ZO samplé>, the smoothing is applied in the
and efficient way. As discussed by Mann anddHt (2003), the following steps:

eld attributes. The emergence angletogether with the co-
?éence value allow to smooth the attribute sections along the
ection event without the need to explicitely identifying it.
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A parallelogram-shaped window of user-defined size ceattribute sections provide superior input to subsequent applica-

tered aroundP is aligned with the local dip of the reflectiontions of the wavefield attributes like the determination of a veloc-

event. The dip is related to the (known) emergence angt model for depth imaging (Duveneck, 2003, 2004) or the ap-

a. plication of an entire CRS-stack-based imaging workflow (Mann
etal., 2003).

e The coherence values (e.g., semblance coefficients) asgQs improvement of the stack results due to the smoothed at-
ciated with all samples located within this window are usggip, tes is depicted in Figure 3 for two subsets of a real data set
to reject samples with unreliable, possibly unphysical alzqyired in a region with many faults. The stack results obtained
tributes by applying a coherence threshold. with the smoothed attributes show far less speckles due to out-

liers. The continuity of the reflection events is strongly improved
 The emergence angte, a very stable parameter, helps tQnd several events can be clearly identified that appear highly
avoid the mixing of different events, especially in case @fisrupted in the original stack results. Similar improvements oc-
conflicting dip situations: only ZO samples with similagr in the images obtained with the data-driven time migration

emergence angles are accepted for the smoothing procggged on CRS attributes (not displayed).
again controlled by a given threshold.

e The remaining ZO locations satisfying both criteria ent&ronclusions
into a median filter to remove outliers: the associated at-
tributes are sorted by magnitude and a user-defined fr¥e introduced a simple but effective event-consistent smooth-
tion f of all values centered around the median is selecté@g algorithm for the kinematic wavefield attributes obtained by
means of the CRS stack. The algorithm efficiently removes out-
e The selected attribute values are averaged to remove filits and fluctuations from the attribute sections but preserves
tuations. the kinematic properties of the reflection events. The stack result
as well as subsequent applications of the attributes significantly

e The averaged attributes are assigned to the ZO sanple Penefit from this approach.

These steps are repeated for all ZO samples in the CRS Stac@r%lgnowledgments
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sections in further processing. This might, e. g., include a further

optimization of the wavefront attributes, the calculation of props ferences
erties like the projected Fresnel zone or the geometrical spre &

ing factor, a data-driven time migration (see, e. g, Mann, 200? I .
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The smoothing algorithm was applied to various synthetic ahtdcht, G., 2002, Traveltime approximations for 2D and
real data sets. To demonstrate its effect on the attribute sectionD media and kinematic wavefield attributes: Ph.D.
a subset of a real data example is shown in Figure 2. For the sak#hesis, University of Karlsruhe http://www.ubka.

of brevity, only the emergence angieand the radius of curva-  uni-karlsruhe.de/vvv/2002/physik/3/3.pdf

ture Ry, of the NIP wavefront are displayed. In Figures 2(a). or R. Mann. J. 8tht G. and Hubral. P.. 2001 Common-

and (b), fluctuations of the unsmoothed attributes are present flocti ¢ I d b "~ Geonhvsi
can hardly be seen due to the limited resolution of the chosersfee6 i(g'oln';?rfgg stack: Image and attributes: Geophysics,

representation. However, a significant roughness due to outlier

is evident. The same attributes are shown in Figures 2(c) andifinn 3. and Bcht. G.. 2003, Pulse stretch effects in the con-
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more outliers can be observed and fluctuations are strongly re-

duced. The attributes of different events remain clearly sepaann, J., 2002, Extensions and applications of the Common-
rated, which is particularly obvious for the emergence angle secReflection-Surface stack method: Logos Verlag, Berlin.

tion. In other words, the simple selection criteria listed above .
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(e) Smoothed emergence andig [ (f) Smoothed NIP wavefront radius [m]

Fig. 2: Kinematic wavefield attributes andR, for a real data example. For display purposes, a coherence-based mask was applied to Figures (c)-
(f) to suppress noisy areas with meaningless attributes.



Event-consistent smoothing in generalized high-density velocity analysis

(c) Original stack (d) Stack with smoothed attributes

Fig. 3: Details of a CRS-stacked section obtained before/after smoothing of the attributes. Note the significant improvement of reflector continuity.



