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Summary alignments of such subtle offsets in map view dagoe
either faults or artifacts.

Seismic attributes have proliferated in the lage¢h
decades at a rapid rate and have helped in makingcoherence

accurate predictions in hydrocarbon exploration and gnarich and Farmer (1995) introduced the coherence
development. Attributes sensitive to amplitude sash  4iibute which computes coherence coefficientaniro
impedance inversion and AVO are widely used for ¢aicmic amplitudes on adjacent traces using a
lithological and petrophysical prediction of res#rv.  crosecorrelation technique. Subsequent algorithased
properties. Other attributes, such as coherence an n semblance and eigenstructure led to more aecurat
curvature are particularly useful in mapping theattire  c,herence computation than initially demonstarted.

and shape of geological features of interest. While

attributes are sensitive to lateral changes in agol The coherence images clearly reveal buried deitees;
they are also sensitive to lateral changes in ndise  channels, reefs and dewatering features. The keivlar
this reason the input data needs to be properlygetail with which stratigraphic features show up on
conditioned. Volumetric attributes, which use aticat coherence displays, with no interpretation bias sme

window of data in their analysis, are in generalréno previously unidentifiable even with close scrutiagpeal
robust than horizon-based algorithms and make atg interpreters.

significant difference to the quality of the result
Example

Introduction . . . .

In Figures 1a and b, we show a comparison timesshdt
Among the various geophysical techniques availéle = 1240 ms through the seismic amplitude and cohergnc
characterizing faults and fractures, 3D seismidbaties ~ VOlumes. The coherence volume was generated @sing
are particualrly useful for identifying faults, dmr modlfled.elgen dgcomppsﬂmn algorttm, which emplay
fractures, and zones amenable to fractures tHaveiw robust dip steering option for removal of the st
seismic resolution. A very useful feature of 3xsEC is component (.d'p) frpm the coherence computatlontl_cNo
the fine sampling of data over the region of irgére the clarity with which the fault patterns stand,auhich

giving a more accurate representation of the aneint wou_ld pe diffiqult to decipher from the Seismic.rm A
of the features. Also, while seismic amplitude rges chair display n F|gure 1.C shovys the correlationthe
associated with the features of interest may nathdily ~ ault pattems with their seismic signatures.

noticeable on vertical sections, horizontal sesti@ime

or horizon slices) may yield distinctive patterhsttthe
human interpreter is able to recognize and assouidh
well-established geologic models... Through such
models, seismic attributes allow an interpreter to
reconstruct a paleo depositional environment and/or
deformation history. In this paper we discuss the
application of poststack attributes for detectidrfaults

and fractures. Dip-magnitude, dip-azimuth and cetee
attributes have been used for the detection otsfand
fractures for the past 10-15 years. We will dest@te

the how volumetric curvature, which measures &hter
changes in dip and azimuth provide additional inisig

Curvature

Lisle (1994) demonstrated the correlation of a atuxe
measure (Gaussian) with open fractures measured on
outcrops. Though the exact relationship betweerofien
fractures, paleostructure and present-day stsesstiyet
clearly understood, different (Roberts, 2001; Hartal.,
2002; Sigismondi and Soldo, 2003; Massafero et al.,
2003) have demonstrated the use of seismic meastires
reflector curvature to map subtle features and igrred
fractures. A significant advancement in this dimet has
been the multispectral volumetrjc computation of
curvature (Al-Dossary and Marfurt, 2006). By first
estimating the volumetric reflector dip and azimttiat
represents the best single dip for each samplehén t
volume , followed by computation of curvature from
adjacent measures of dip and azimuth, a full 3Riwe!
of curvature values is produced. There are many
curvature measures that can be computed, but tils¢ mo
Dip-magnitude and dip-azimuth positive and most-negative curvature measures are
perhaps the most useful in that they tend to caterehost
Rijks and Jaufred (1991) showed that horizon-batied directly with conventional interpretation work flsw An
magnitude and dip-azimuth are useful in delineating attractive feature of curvature computation isahity to
subtle faults whose displacements measure onctidn ~~ be able to perform multi-spectral analysis of ctue
of a seismic wavelet. A skilled interpreter redags

Discontinuity attributes
Seismic attributes that highlight discontinuitiem the

seismic data are wuseful for fault and fracture
characterization.
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which depicts different features at different ssalsf 1'\*‘5?&'
analysis (Chopra and Marfurt, 2007). .‘;{-‘ﬁ {;\
SRoal:

Example i A ! I
AT
Figure 2 shows a comparison of time slices=aR104 ms o
o A

through the seismic amplitude, coherence, and most-
positive curvature volumes, for a 3D seismic voldroen

the North Sea. Notice that while the coherencplaljsis
featureless in the areas of high coherence (whites,

the most-positive curvature shows significant strad _ ]
deformation in the clay marker. Any interpretatiarried Py e ek ( f"‘ "._‘_;‘_* o
out on the curvature attribute needs to be coeglaith - } : hl SN RS S A7 ) T A e
the seismic, to make sure that the attribute mgeekgic :.’ﬁ_! 1 “’ i A ‘J.." (N‘jf;}‘ﬁ!’t a‘h'qf r,.{'.-'-‘l‘,c,//@% *;,‘s‘
sense. In Figure 3 we show a chair display fosnsiei S AR e R R RSl
(vertical) and a time slice from the most positvevature

volume. Any feature seen in red color (high vabfe

curvature) correlates with reflections that shosalzed

anticlinal structure.

Conclusions

High

Seismic attributes are very useful for charactédmaof
faults and fractures in 3D seismic data volumes.
Coherence measure lateral changes in waveform.| Sobe
filters measure lateral changes in amplitude. Gurea
measures lateral changes in dip and azimuth. lergen
which attribute best illuminates a given geologattire
depends as much on the underlying geologic textmds
lithologies as on the seismic data quality. Howeves
find that most-positive and most-negative curvature
attributes offer provide better illumination of feuand
fractures than other attributes.
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Figure 1: Time slice at= 1240 ms through (a) seismic amplitude and (b)nsigecture coherence volumes for a survey from the
North Sea. Notice the accurate imaging of thet faattern seen on coherence slice in (b), whietni®st impossible to detect on the
seismic. (c) A chair display of the fault patteamsthe coherence and a vertical seismic sectidrhiéps correlate the fault breaks

with their seismic signature@ata courtesy of Oilexco, Calgary)
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Figure 2: Time slics at= 2104 ms through (a) seismic amplitude (b) cohereaied (c) most-positive curvature
volumes. Notice that while the coherence dispdgatureless in the high coherence (white) atkasnost-positive
curvature shows more detail in those areas. Yedloows indicate anticlinal features on the claykea{Data
courtesy of Qilexco, Calgary).
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Clay —
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Figure 3: Chair display showing a segment of arsigi section (vertical) correlated with the timeeskt 2104 ms from the most-
positive curvature volume shown in Figure 2c. Btiow the features shown in red correlate nicélly the vertical structural features
on the clay marker exhibiting positive curvatyi@ata courtesy of Oilexco, Calgary).
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