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Summary
The inherent structural complexity of thrust plays makes tion. Although the obvious jitter disappears, the resu
ideal candidates for 3-D seismic imagingdowever, there aresmooth structural shape still contains unresolved long-waveld
many practical constraints placed on the acquisition of 3-D ddtgtafic errors. Since the 3-D structural term may be coupled di
the mountainous terrains typically associated with thrust regimgecessing, yet still contain long-wavelength errors, it is cle
Financial considerations can result in tradeoffs between a desirggsbropriate to design a survey with the sole idea of solving
acquisition geometry and that which is practical. Topograjpdécoupling problem.
relief can also impose irregular geometries and shortened regeiver

arrays. Such factors create challenges to the formation of a y&ligure 2a shows a common 3-D geometry with a 50 ms
3-D seismic image. Therefore, the realities of acquiring dafamomaly located approximately at the center of the survey.
mountainous areas must be coupled to the appropriate proceaaim@aly was introduced to a noise-free synthetic dataset dg
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strategies to yield an optimal result. from the acquisition geometry. The data were properly corrected
Short Arrays and Prestack Noise Suppression for.(r;orlm?l tmovedout prior .ttp llgelgilratlgrzlseg; (i-goﬁggﬁst-oster:ge”
Rugged topography is typical of thrusted environments. THefgioUa-stalics decomposition Y.
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% ic anomaly would be derived, leaving no structural errors in
cked response. However, Figure 2b shows a maximy
tctural error of approximately 10 ms and many sudden 3
ecoupling jitter) in the structural-error surface when the couq
ilters are not used. With the coupling filters applied, th
ctural-error surface (Figure 2c) is smooth (coupled) but

fore, to reduce the filtering action of the receiver array on pri
data, it is common practice to use short, contoured ar
Unfortunately, short arrays also minimize the attenuation of
generated coherent noisélo solve such noise problems on 2t
data we commonly use methods sucH-Rdiltering. However,

the irregular sampling in azimuth and offset, found in most 2%&5“ . ructural ‘o
3-D surveys, often precludes the use of 2-D methodolog|ed OWs @ Maximum structural error of 5 ms.
t

Additionally, directional variations in array response and azimy bﬁl its ab istent with those derived f q
variations in the noise itself imply that data-adaptive methods dfg reSul'S above are consistent with those derived from mo
a range of geometries (Wisecup, 1994) and confirm that reg

preferable for robust noise attenuation. A . i
acquisition geometries alone cannot address static decoy
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One solution to the coherent noise suppression problemfig §
domain technique that derives a least-squares estimate
coherent noise from the data within a user-defined range of
The modeled noise may then be subtracted from the shot rg
In practice, shot records are binned into azimuth ranges and
grouped by increasing offset. Each azimuthally-ordered recq
individually analyzed for coherent noiseFigure la is a sho
record showing the 11 azimuth bins (12.5 degree increment

pattern correspond to gaps in the offset sampling. Here, a |
of dips was defined that spanned the steeply-dipping noise v
on the records.Figure Ib shows the least-squares estimate o
coherent noise within the specified dip range. The amou
coherent noise present in the data appears greater than a
inspection of the shot records would initially indicate. Fing
Figure Ic is the shot record with the coherent noise subtract

Acquisition Geometry and Refraction/Reflection Statics

The problem of reflection-static decoupling may be prese
some extent in all 3-D surveysStatic decoupling, commonly se
as a trace-to-trace jitter in the CMP stack, is usually sympto

profiles.
different and incorrect structural solutions.3-D decouplin

the greatest cross-line orientation. The sudden jumps in the|na

wgaused by unresolved long-wavelength static problenidie
oégimsopriate methodology is to design surveys to support]
dipfraction static solutions in order to minimize the long-wavele
csigdic errors.

qii\,"?a"@]uIar/Coarse Geometries and DMO
'§ylvderstanding the amplitude and phase characteristicd of a
treflector is often vital for prospect delineation. Therefore,|the
WiBuisition geometry should not affect the results of an impoftant
in imaging such as dip moveout (DMO). DMO is a wave-
888Ration method that eliminates CMP smear and the influence of
on stacking velocities.The application of DMO is similar t
| WiRyration in that each input sample is placed at all the locations
nbg ropriate for a full range of dips. However, poor sampling in
Cf @? or azimuth can cause an inconsistency in dip content{after
MO that may result in phase and amplitude distortions. Fortu-
Phately, DMO is a well-defined process and a simple normalization
scheme can effectively correct for the distortions (Beasley| and
nﬂgtz, 1992). By tabulating the number of live dip compongnts
| contributed from each azimuth and offset to each output sample,
“@]ﬁ:appropriate equalization correction may be applied.

3-D
gth

of unresolved long-wavelength staticklore precisely, the lack g¢fFigure 3a is a DMO stack of synthetic data having an irregular
statistical overlap from one CMP trace to the next in the lorgeometry caused by missing shots. Notice the amplitude and
wavelength static solution gives the appearance of a high-frequigrttgse errors caused by applying conventional DMO. Howeve
static problem, especially when the stacked data are viewed gsapplying equalized DMO (EQ-DMO) we obtain the improyed
In reality, adjacent CMP traces have convergef results shown in Figure 3b. The equalization process for DMO is

, by

also a valuable aid in the design of 3-D acquisition geometries.

problems, as manifested by this CMP jitter, may be effectjv8ince the equalization tables are derived from the field geometry,
addressed by the application of a running-average or so-¢aditdbutes that indicate appropriate sampling for DMO may be
coupling filter on the structural term during the residual-statiegaluated prior to acquisition (Beasley , 1993).
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Wide-azimuth Geometries and the Velocity/Statics Loop| waves do not propagate as vertical shifts. Therefore, distortjons
It is often desirable to maximize the receiver effort when acquitiage introduced to the data that are inconsistent with the wave-
data in mountainous terrains. This typically results in a widequation methods to follow. The results can be unpredictablé.

azimuth geometry. However, wide-azimuth geometries impact| the
iterative approach to velocity analysis and reflection statics.

hertunately, methods of damming seismic data that honor the wave

basic problem is that stacking velocities are affected by |tbguation are available (Berryhill, 1979, MacKay, 1994). Siich
apparent dip of reflectors (Levin, 1971). Since apparent dip fisnathods may be efficiently implemented in the processing flow fand
function of structural dip and source-receiver azimuth, no singkminate potential distortions on the final seismic image. Figure
velocity will flatten a midpoint gather if azimuth is ignored in thé&a is the migrated result of data shifted from the recording surface

normal moveout equation (Lehmann and Houba, 1985). Furth@hown dashed) to the datum (at O seconds). In the case of H
more, reflection-static solutions will be compromised by th&a, a wave-equation based damming approach was used ar
inability to flatten the data. Although DMO would eliminate theesults are accurate. Figure 5b shows the results of migration

igure
d the
after

effect of apparent dip on velocities, it would also destroy ftedatum shift using vertical time shifts. Notice the false structyiral

surface consistency of the data and our ability to perform resifip@ture that results.
reflection statics.

C lusi
A method of reducing the effects of apparent dip may be iIIustrRe,\I nelusions

using a synthetic dataset. The field geometry is a single 3-D
consisting of four evenly spaced source-receiver azimuths wit
same range of offsets. The reflectors consist of five planar e
with a dip of 30 degreesThe dip direction of the reflectors vari
evenly from north (at 5 seconds) to south (at 2.5 seconds) an
velocities increase smoothly with depth. Figure 4a is a velo iy
analysis at the cell midpointNotice that there are three veloci Ve
maxima at each time.The distinct maxima are a result of t
acquisition and reflector geometrie©ne azimuth is dip oriented,
having the maximum dip-affected velocity. Another azimuth
strike oriented, having no dip effect and the lowest velocity.
other two azimuths yield the higher-semblance central p¢ i
clearly, no single velocity function can flatten the gather using|t
standard normal moveout equation and the subsequent appliq
of reflection statics would be compromised.

locity/statics loop, complicated by a varying dip effect
Pvelocity in a wide-azimuth geometry, may be simplified by us
a data-derived dipfield to correct for apparent dip. Using

or to DMO or migration. Finally, although processing solutid
ist that can couple the residual-statics solution, it is apparen

a}gﬂath statics problem. Therefore, a practical approach in sy
design is to ensure proper sampling for 3-D refraction statics

Although the consequences of varying apparent dip are sever¢ REREERENCES

a 3-D dipfield from the in-line and cross-line stacks using the safdeasley, C., 1993, Quality assurance of spatial sampling
multichannel semblance process employed by most interpola
programs. Given the reflector geometry, it is now possibl
correct the data within a gather for the dip effect on traveltimes

and velocities via dynamic time shifts. By removing the dip effeBerryhill, J. R., 1979, Wave-equation datuming: Geophysics
in this manner, the surface-consistency of the seismic da{al3g9-1344.

preserved- a critical consideration for subsequent reflection statics.

Figure 4b shows the velocity analysis after correcting the datalfehmann, H. J., and Houba, W., 1985, Practical aspects o
apparent dip. A single velocity function will now flatten theletermination of 3-D stacking velocities: Geophysical Prosped
gather and yield an optimal statics solution. Finally, the statids, 34-5 1.
solution is applied to the original data prior to DMO. As jan
additional benefit, the velocities derived above represent the
layer” velocities appropriate for moveout correction prior to DMOeflections: Geophysics 36, 510-516.

Adbstracts, 544-547.

Topographic Relief and Datuming MacKay , S., 1994, Efficient wavefield extrapolation to irregu
Thrust regimes are typically associated with mountainous terraisigtfaces using finite differences: Zero-velocity damming: 6
However, many steps in processing involve placing the data|ana. Intemat. Mtg . , Soc. Expl. Geophys., Expanded Abstrg
horizontal datum. These datuming steps are typically implemen{étese proceedings).
by vertical time shifts. Unfortunately, one of the least appreciated

Epropriate datuming methodology can avoid compromising flata

ny practical constraints are placed on the acquisition of [3-D

a in mountainous terrains. However, processing techniqueg are
ilable to solve many problems created by 3-D land geometries.
8% coherent noise suppression is effective for shot records with

Sirregular offset sampling and azimuthally-varying noise. Ampli-
and phase errors, introduced by the application of convention-
Y DMO, may be reduced by an equalized DMO procedure. [The

to
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gcoupling is merely symptomatic of the underlying long-waye-

rvey

yBeasley , C . , and Klotz, R., 1992, Equalization of DMO [for

for

iMO: 63rd Ann. Intemat. Mtg., Soc. Expl. Geophys., Expangled
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flatvin, F. K., 1971, Apparent velocity from dipping interface
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aspects of seismic data processing is the deleterious effect of [uéfigpcup, R. Daniel, 1994, The relationship between 3-D acqisi-

such vertical time shifts to perform datum corrections. Thig tion geometry and 3-D static corrections: 644m. Internat.
especially true when wave-equation based methods such as [D¥t@, Soc. Expl. Geophys., Expanded Abstracts, (these prog
and migration are involved.The reason is quite simple; seisnfidngs) .

eed-
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Figure 1a 3-D shot record sorted by azimut
azimuth bins (12.5 degree increment) displayed
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Figure 1b Coherent noise estimate of 3-D shot record in Figure
la. Each azimuth was analyzed independently,

Time (s)

i

with coherent

Figure 1¢  3-D shot record of Figure la
(Figure 1b) subtracted

noise

5 = 50 ms. static anomaly
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Figure 2a Common 3-D survey design showing a 50 ms static
anomaly located approximately at the center of the survey

AG = 10.2 ms.

Figure 2b Structural-error surface (G) of (decoupled) residual-
statics solution for geometry in Figure 2a. Note the maximum
error of approximately 10 ms and the many sudden steps (decoup-

ling jitter}).

Figure 2¢  Structural-error surface of (coupled) residual-statics
solution for geometry in Figure 2a. Note the maximum error of
approximately 5 ms and the smooth nature of the error surface.
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Figure 3a Siack after DMO without equalization. Missing shots Figure 3b  Stack of same data in Figure 3a after applying
have caused amplitude and phase distortions in the data. equalized DMO (EQ-DMO).

Time (s)

Time {s)

Figure 4a Velocity analysis from a wide-azimuth geometry over Figure 4b Th:sam:dminFigprehahﬂmrrw&ngﬂtingn
a series of beds dipping at 30 degrees with varying strike. Note data for the effects of apparent dip.
the lack of a single semblance maximum at each time.

Time (s)

Figure 5a Accurate migration of data shifted from the recording  Figure 5b Distorted migration of data using vertical datum shifis.
surface (shown dashed) to the datum (0 seconds) using a wave-
equation damming approach.
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