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absolute-offset distribution, 33, 51
absolute-offset gather, 53, 280, 282, 288
absolute-offset range, 45, 52, 53, 55, 57, 119, 281, 285
absorbing boundary conditions, 225
absorption, 162, 163-164, 217-218, 219, 225
accelerated weight drop (AWD), 130
access to survey area, 35, 90, 127, 132, 160, 235
acoustic impedance, 131, 144, 198, 248
acoustic positioning, 164
Acquisition Design Wizard, 113
acquisition footprint/imprint, 28, 51, 57, 92, 118, 119, 121, 140-142, 144,
158, 193, 290 (see also geometry imprint)
crossline roll, 28, 117, 119, 145, 158
less serious for smaller line intervals, 140, 141, 146
minimization by true-amplitude migration, 155, 280, 285, 288, 290
multiline roll, 121, 142
periodicity, 28, 140, 145
reduction by offset-vector oriented muting, 51, 140
striping (see striping)
acquisition lines, straight or smoothly curved, 123-124, 142
adequate Nyquist wavenumber, 5
adequate sampling interval, 5-7, 13, 35, 40, 99, 100
air-gun array, 127, 144, 146, 149, 161, 166, 178, 180, 189, 195, 203, 227
in transition zone, 197, 235
air-gun and dynamite sources in same survey, 132, 238, 239
Alabama, offshore, 197
Algeria, orthogonal versus parallel geometry, 90, 118, 119
algorithm for average fold, 302
alias-free (spatial) sampling, proper sampling, 2, 5, 7, 16, 34, 35, 39, 40,
64, 68, 69, 91, 94, 102,103, 225, 229, 230, 267, 293-295, 301
and resolution, 99, 248, 278
and spatial continuity, 34, 87, 88
and maximum wavenumber, 2, 5, 6, 103
condition for, 5, 19, 293
defined, 2, 19, 35
for migration, 271, 278, 279, 288
in high-velocity area, 64
of all four spatial coordinates, 16, 35, 990of basic subsets, of two
spatial coordinates, 34, 35, 39, 40, 42, 57, 87, 88, 91, 94, 110, 220,
259, 264-267, 288, 293
of events of interest, 99, 102
of N-dimensional wavefield, 295
of PS-waves, 225
of the noise, 60, 68, 230
of the signal, of desired wavefield, 7, 69, 99, 102, 103, 140, 230,
258, 264, 279
of wavefield of shot record, 229
aliasing, 5, 33, 92, 102, 103, 230, 293-295, 301
and random sampling, 140
in common-offset gathers, 180
of migration operator, 173, 274
of multiples, 80, 82, 149
of signal, 102, 103, 163, 192
reduction by arrays, 7, 35, 38, 39, 67, 68
spatial, 5, 7, 33, 92, 102, 103, 243, 274
temporal, 293, 294
aliasing noise, 35
alias peak/band in stack response, 77, 80, 82, 258
Amazon rain forest, Peru, 244
ambient noise, 50, 100, 127, 130, 164, 198, 202, 261

and deep tow, 164
and high frequencies, 130
and source strength, 127, 130, 198
array effect, 100
property, 50
amplitude spectrum (see frequency spectrum)
amplitude variation with azimuth (AVAz), 48, 57, 155, 158
amplitude variation with offset (AVO), 55-57 (see also AVO analysis)
Andrew field, North Sea, 94
angle of incidence (see reflection angle)
antialias filter in migration, 102, 274
antialiasing by arrays, 7, 11, 35, 38, 39, 66, 72
antiparallel acquisition, 148, 151-153, 155-159, 177, 179, 281
aperture for sampled wavefields, 297-299
application to array length, 11, 297
application to crossline dimension of template, 26
application to spread length, 28, 29, 257
apex area of scattered wave, 60, 62-64
apparent dip, 54, 55, 264, 265, 293
apparent slowness, 60
apparent velocity, 5, 35, 39, 48, 59, 60, 62, 65, 66, 68, 80, 82, 102, 103,
149, 192, 208, 232, 258, 294, 295, 301
in zig- and zag-spreads, 91
minimum, 5, 65, 68, 100, 102, 225
of diffractions, 102, 225
of direct wave, 59
of multiple, 80, 82
of noise, of ground roll, 35, 39, 48, 59, 60, 62, 65, 66, 94, 149, 225,
293, 294
of PS-wave, 208
of signal, 62, 65, 66, 68
of S-wave, 230
apparent wavelength, 230
apparent wavenumber, 69
Arabian Gulf, 198
areal array, 38, 39, 70, 71, 72, 77, 233 (see also array)
advantage over linear array, 39, 72
dimension, 40
suppression of scattered energy, 72, 77, 233
areal geometry, 16-18, 20, 34, 40-41, 92-94, 144, 223-227
alternative to hybrid geometry, 94
and analysis of azimuth-dependent effects, 223
and desert areas, 93
and scattered ground roll, 77, 93
and WATS, 172, 175-180
aspect ratios, 33, 34
basic subset, 21
equivalence with orthogonal geometry, 40-41, 176
expense on land relative to offshore, 93
hexagonal sampling, 28, 34, 40-41, 196, 197, 295
OVTs, 46, 47, 151, 285, 288-290
type 1 and type 2, 16, 40, 93
unit cell, 28
array, field array, 7-13, 15, 35-40, 59, 65-77
and 2D fold versus 3D fold, 109
and velocity filtering, 67, 68
areal, 35, 38, 39, 70-76, 233
asymmetric sampling, 9, 10
azimuthal effect, 69, 70
circular, 69, 72, 73, 95
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dynamite, 128, 235
effect on noise, 65-68
effect on signal, 68-70
in areal geometry, 40, 93, 95
in orthogonal geometry, 38, 39
in parallel geometry, 35
intra-array statics, 7, 68, 69, 101, 103, 229
length, 7, 9, 11, 68, 69, 297-299
linear, 7, 35, 38, 65-72, 76, 77, 120, 299
requirements, 35
resampling operator and antialias filter, 7, 11, 35, 38, 40, 66, 68
response (see array response)
shot and receiver array combination, 7, 8, 9, 38, 39, 65, 69, 71-76
staggered rather than linear, 120
weighted, 7
array-based acquisition, 100, 101, 103, 117, 232
resolution at depth, 101
sampling strategy, 101
array-based symmetric sampling, 7, 8, 13, 35, 100
array elements, 7, 8, 65-68, 70-72, 76, 129, 299
formula for interval, 66
interval, 7, 11, 15, 65, 66, 71, 297
regular uninterrupted sampling, 7
required number, 67
array response, 11, 12, 65-77, 161, 298, 299
azimuthal effect, 69, 70, 72
central passband, 11, 70
contour plots, 71, 73-75
first notch, 7, 11, 13, 65, 66, 68, 76, 77, 95
formula, 11, 70, 71
ideal, 11
NMO effect, 11
optimal, 76
side lobes, 66, 67, 161
small offsets, 71
suppression band, 66
aspect ratio, 26, 33, 34, 38
and average stretch factor, 106
and geophysical requirements, 88
of bin, 33, 34
of cross-spread, 26, 33, 36, 37, 84, 142
of geometry, 33, 34, 173
of unit cell, 33, 34, 37, 38, 111
wide versus narrow geometry, 26, 36, 38, 82, 84, 237
asymmetric sampling, 9, 10, 12, 92, 112, 225, 243
in zigzag and slanted geometry, 91, 92
Atlantis survey, Gulf of Mexico, 40, 196
attribute analysis of acquired data, 158, 238, 239
attributes of geometry, spatial, 27, 87, 92, 117, 134-138, 139, 265
attribute analysis, 87, 134-138, 139
attribute maps, 121, 241
AVAZz (see amplitude variation with azimuth)
average fold, 38, 104, 108
algorithm, 302
coil shooting, 183, 185
formula, 108, 183
average stretch factor, 99, 106-107, 301
for 2D and wide 3D data, 106-107
AVO analysis, 10, 44, 55-57, 107, 111, 112, 132, 169, 199
azimuth-dependent, 111
bin-oriented approach, 56
dip versus strike shooting, 169
nears, mids, and fars, 55, 56
of array-based data, 69
of data acquired with simultaneous shooting, 132
offset requirements, 107, 112
orthogonal geometry OBC data, 44
unit-cell-oriented approach, 56-57
AWD (accelerated weight drop), 130
Azeri field, Caspian Sea, 94, 192

azimuthal anisotropy, 51, 55, 57, 58, 88, 112, 122, 155, 158, 160, 193,
207, 226
analysis, 51, 55, 57, 88, 193, 207, 226
correction, 57, 58, 160
design requirements, 88, 111, 112, 122, 226
effect on MS/MS acquisition, 155, 158
azimuth-dependent effects, 57, 91, 172, 223, 224, 225

bandwidth, 15, 76, 96, 108, 109, 127, 129, 131-132, 161, 164-167, 197,
248, 251 (see also maximum frequency)
and fold, 108, 109
need for low frequencies, 131-132
of noise, 76, 129
of source, 15, 127, 129, 130
of streamer data, 161, 163, 164-167
of TZ-data, 197
baseline survey, 196, 198, 199, 200, 203, 204
basic sampling interval, 5, 6, 35, 40, 65, 99-101, 103
basic signal sampling interval, 6, 35, 40, 65, 91, 99-101, 103
basic subset, 19, 21-23, 25, 28, 35, 40, 92, 94, 134, 175, 229
fold, 25, 28, 29
extent, 25, 34, 35, 46, 58
sampling, 35, 57
Beylkin’s formula for spatial resolution, 247, 248, 249, 255, 256, 260, 261
limits on achievable resolution, 260
bin center, 32, 91, 124, 269
bin fractionation, 258-260
bin grid, 31, 88
binning, 31-32, 44, 91, 207, 247
bin size, 30-32, 49, 88, 90, 102, 108, 112, 113, 147, 149, 164, 169, 173,
174, 178, 183, 210, 227, 247, 301, 303
and fold, 30
and 3D fold from 2D fold, 108, 109, 301, 303
crossline (see crossline bin size)
inline, 32, 149, 178, 183
in parallel geometry, 35, 36, 90, 119, 149, 150, 152, 163, 164, 167,
171,178
in WATS acquisition, 172-178
natural, 30, 31, 210, 258
bin smear (see midpoint smear)
boat/vessel pass, 28, 29, 35, 146, 147, 148, 149, 152, 153, 155, 157, 160,
176, 177, 178, 203, 281
body waves, 191, 230
box test, 133, 234
brick or brick-wall geometry, 18, 27, 82, 92, 133, 141, 219, 234-236, 241
and spatial continuity, 27, 234
LMOS, 234, 235
stack response, 82, 83
bright spots, 18
broad frequency band, 130, 131, 161, 164, 166, 255, 275, 276
Brunei, 118, 197
bulge waves, 161
Bullwinkle survey, 169, 170
buried cables, 19, 94, 144, 189, 194, 195, 203
buried-sources/buried-receivers technique, 203

cable-free sampling, 140, 141

cable noise, 161

California, 18

Canada, 35

Cantarell complex, 196

carbon dioxide sequestration, 89

Cartesian offset binning, common (CCOB), 44

cascaded f-k filter, 10, 36, 48, 49, 232, 234, 240 (see also dual-domain

filtering)

case study land acquisition, 234-241

Caspian Sea, 94, 192

CCOB (common Cartesian offset binning), 44

center-spread acquisition (3D), 26, 27, 28, 34, 42, 88, 143, 192
shots and receivers, 34, 42, 88
in parallel geometry, 36, 90, 159, 171, 204, 209
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in zigzag and slanted geometry, 27, 114
center-spread acquisition (2D), 8-11
center spread versus end on, 9, 143
checkerboard effect, 11 (see also odd/even effect)
Cheops pyramid, 23
Chirag-Azeri fields, Caspian Sea, 192
choice of geometry, 90-95, 193, 219-225
CIG (common-image gather), 53, 54, 56-58, 271, 274, 281, 282, 285
circular array, 69, 72-74, 76, 95
circular cone as traveltime surface, 25, 59, 60, 61, 64, 77, 93
circular events in time slices, 36, 37, 230
circular geometry, 19, 95, 181-185, 204
coil shooting, 19, 181-185, 204
circular midpoint area, 37, 106, 238
circular velocity filter, 59
circular WATS, 183, 204
clean image area, 222
solution for edge effects of PS-data, 225-226
closed grid of acquisition lines, 44, 121, 193, 194
CMP (common midpoint), 1, 3, 9, 10, 15, 20, 22, 23, 28, 32, 53, 77, 80—
82, 84,91, 92, 95, 106, 144, 145, 209
offset sampling, 77, 91, 92, 144, 145, 149, 193
CMP-array response, (stack response), 11
CMP gather, 4, 9, 15, 54, 84, 91, 106, 145
COA (common-offset-with-constant-azimuth), 22 (see also COV)
coarse sampling, 16, 34, 35, 65, 68, 94, 95, 104, 140, 142, 164, 169, 172,
175, 183, 190, 194, 227, 247, 248, 257-261, 271, 288
compare coarse with dense, 99, 230, 259
compensation with arrays, 40, 65, 68, 95, 101, 102
compensation with fold, 104, 108, 180, 247, 260
compensation with quasi-random sampling, 140
coherent noise, 10, 60, 79, 91, 125, 201, 230, 232, 236, 258, 302
at sea bottom, 189, 190
in shot gathers, random in receiver gathers, 132, 161
interference, 132
vibrator generated, 129
coherent noise suppression
by processing, 161, 169, 302
by shot and receiver arrays, 10, 38, 69, 129
by stacking, 77, 79, 81, 82
coil shooting, 19, 139, 143, 161, 181-185, 186, 204
fold plots, 182, 184
Colorado School of Mines, 128
common-azimuth gather, 21, 22, 27
common-focal-point matrix, 277
common-image gather (see CIG)
common-inline-offset gather
in parallel geometry, 36, 151, 271
in zig- and zagspreads, 27, 28, 39, 92, 93
common midpoint (see CMP)
common-offset gather, 2, 4, 10, 209, 250, 263, 271
in cross-spread, 21, 22
in parallel geometry, 149, 172, 180, 209, 261, 263, 280
in zig-spread, 27
common-offset-gather-with-constant-azimuth, 22
common-offset-range gather, 52, 53
common-offset-vector gather (see COV)
common-receiver diffraction, 208
common-receiver gather, 4, 5, 7, 27
and interference noise, 132
and obstacles, 124-126
common-shot-gather look-alike, 90
in brick-wall geometry, 141
in cross-spread, 21, 36, 38, 39, 50, 123, 132, 190, 229-234
in VHC, 188
in zig-spread, 27, 39, 91, 93
properties, 5
traveltime contours, 208
common-shot diffraction, 208
common-shot gather, 1, 2, 4, 5, 7, 10, 23, 25, 27
in cross-spread, 21, 36, 38, 39, 100, 102, 123, 132, 190, 229-234
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in zig-spread, 39, 91
symmetric sampling, 7
traveltime contours, 23, 208
wavefield properties, 5
complex geology, 10, 30, 31, 34, 89, 95, 102, 119, 157, 170-172, 219
and illumination/imaging, 30, 37, 45, 46, 90, 139, 176, 177, 188
and modeling, 134, 139
and small sampling intervals, 95, 101, 103, 104
and time lapse, 202
concentric circle survey, 18, 95, 168, 181
continuous aperture function, 297
continuous wavefield, 19-31
sampling, 31-41
3D subsets, 19-28
3D symmetric sampling, 34-41
converted waves, 207-227
applications, 207
processing considerations, 225-226
properties of, 208-219
resolution, 212-219
3D survey design, 219-227
coordinate systems, shot/receiver and midpoint/offset, 1-3, 19, 201
coupling of sensors, 1, 10, 189, 190, 197, 199
coupling of statics, 29, 52, 90, 117
COV (common-offset-vector) gather, 20, 22, 23, 24, 25, 35, 36, 41, 45,
59, 151, 220, 221, 225, 226, 255, 271, 277-281
alternative name for OVT gather, 43
DMO, 266
extent, 25, 35, 41
impossible to generate in orthogonal geometry, 281
PP-resolution, 97-99, 251, 256
PS-illumination and imaging, 208-215
PS-resolution, 216-217, 223, 226
spatial continuity, 47
traveltime contours, 23, 24, 208, 209
crossed-array geometries, 16 , 25, 28, 32, 33, 41, 92, 93, 180, 209
crossline bin size, 32, 183, 301
addressed by quad-sensor streamer, 167
case study, 149, 150, 164
formula in parallel geometry, 36, 147
in crossed-array geometries, 32
in parallel geometry, 32, 35, 36, 119, 147, 149, 150, 152, 163,
171, 204
in WATS acquisition, 173, 175, 176, 177, 178, 180
crossline fold, 28, 29, 30, 32, 33, 82, 88, 90, 92, 112, 113, 117, 120, 122,
148, 151, 157, 159, 171, 173, 174, 175, 178, 179, 180, 192, 204,
221, 222, 226, 227, 237, 302
larger than one for less irregular illumination in MS/MS, 157
crossline interpolation, 167, 169, 178, 184, 185, 203, 204
crossline roll, 28, 90, 113, 114, 116, 117, 118, 119, , 192
in full-patch roll, 193
in full-swath roll, 117

in marine data acquisition, 28, 148, 151, 155, 157, 158, 171, 173-180

cross-spread, 16, 17, 20, 21, 22, 23, 24, 26-27, 29, 42, 43, 48, 54, 223,
242, 254, 261, 267
and OVTs, 42
and template, 26, 27
aspect ratio, 26, 33, 36, 37, 84, 142
diagnostic display showing surface consistency, 238-239
illumination, 43, 285, 287
properties, 21, 22, 27
PS-illumination and imaging, 209-212
resolution, 254, 256, 261
single, migration, 242
subset of orthogonal geometry, 26-27
suitability for DMO, 267
3D subset, 20
time slices through, 22, 37, 50, 232
traveltime contours, 23, 24, 37, 60, 61, 64-66, 93
traveltime contours for PS-waves, 208, 209
cross-spread geometry, 18, 119, 234, 241
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cross-spread-oriented processing, 48-50, 52, 54-55, 238
cross-spreads supplementing 2D acquisition, 244-245
cumulative fold, 37, 38, 237

C-wave, 207 (see also PS-wave)

data-adaptive filtering, 50, 65
data quality
2D versus 3D, 108, 305
and acquisition geometry, 18, 84, 90, 118, 170-172, 177, 187
and field tests, 133
and line intervals, 107, 110, 193
and random sampling, 140, 261
and station intervals, 69, 99, 142, 163, 261
and simultaneous shooting, 132, 227
and type of source, 129, 130
array-based versus single-sensor acquisition, 101
dependence on short offsets, 139, 178
inline versus crossline, 36, 142
marine streamers, 149, 171, 177, 187, 204
(near)-surface effects, 10, 89, 103, 197, 246
obstacles, 187
of final data (image quality), 35, 36, 110, 122, 132, 177, 238
of processing results, 51, 56, 79, 160, 224
of processed C-waves, 224, 225
of single-fold gathers, 34, 51, 176, 263
prediction by modeling, 139
random geometry, 184
shooting direction, 169
wide-azimuth, 172, 178, 180, 204
wide versus narrow geometry, 142, 238
decimation tests, 110, 113, 134
deghosting, 162, 164-167
demigration, 50, 54
dense sampling, 1, 7, 13, 16, 18, 35, 47, 50, 59, 63, 140, 149, 178, 180,
183, 190, 191, 194, 225, 227, 234, 249, 259, 261, 273, 274, 275
areal geometry, 16, 18, 21, 34, 40, 47, 92, 93, 144, 172, 175, 178,
180, 196, 221, 289, 290
coarse versus dense, 99, 258
hybrid geometry, 19, 94, 117, 194, 195

line geometry, 16, 50, 59, 99, 100, 150, 164, 183, 209, 219, 221, 222,

234, 259
of offset, 15, 77, 92, 183
regular versus random, 258
depth coordinate, 18, 188
deserts, 18, 39, 90, 91, 93, 103, 120
and areal geometry, 93
and parallel geometry, 90
and superspread, 120
and zigzag geometry, 18, 39, 91
differential feathering, 41, 149, 153, 168, 170
differential moveout, multiples with, 37, 54, 79, 83, 84, 91, 111, 149
large, 54, 79, 91, 149
small, 37, 54, 79, 83, 84, 91, 111
diffracted multiples, 37, 89, 170, 171, 172
diffraction flattening, 211, 214, 243, 257, 273, 274, 279, 282
diffraction-flattened gather, 242, 257, 273, 274, 279, 281, 282
depth contours, 211, 214, 279, 282, 283
real data example, 274
time slices, 243, 284
diffraction stack, 272-274, 303
diffraction tomography, 247
diffraction traveltime surface (see traveltime contour/surface)
diffractor image, cross-shaped, 252, 254
Digiseis system, 18
diodic effect, 209
dip filtering, 226
dip moveout (see DMO)
dip or strike acquisition/shooting, 9, 143,151-157, 168-170, 265, 281
downdip,9, 151-153, 155-157, 159, 217, 226, 281, 285
strike, 143, 156, 168, 169

updip, 9, 151-153, 155, 156, 159, 209, 226, 281
dip/strike decision, 167-169
direct wave/arrival, 59, 60, 62, 70-71, 76, 81, 99, 189, 195
discrete aperture function, 297
discrete spatial Fourier transform, 11
distance-separated simultaneous sweeping technique (see DS3)
DMO, (dip moveout), 25, 32, 50, 52-53, 56, 91, 92, 111, 118, 124, 154,
155, 172, 238, 263-270
and cross-spread, 263, 265-266, 267-269
and featherless MS/MS configurations, 266
and long offsets, 269
and removal of reflection-point dispersal, 264, 265
and MDSs, 266, 269
and wide-azimuth data, 263, 270
applied to land seismic data, 263
applied to singlefold data, 263
converts, NMO-corrected data to zero-offset data, 263
correction factor, 265, 267
criterion for successful, 265
in arbitrary 3D acquisition geometries, 263-267
in OVT gathers, 269
locus of contributing midpoints, 265-267, 269
new DMO programs, 268-269
synthetic data, results with, 267-268
DMO-corrected event/time, 264-267
DMO-correction traces, 91, 268, 269
DMO equalization technique, 154, 155, 266, 269
DMO panel, 264-266, 268, 270
DMO shift, 266, 267, 268
dominant frequency, 69, 123, 302
double zigzag geometry, 18, 82-84, 91-92
downtime, 117
Draugen time-lapse analysis results, offshore Norway, 199, 200
DS3, distance-separated simultaneous sweeping, 40, 95, 120, 132, 133
dual-coil shooting, 161, 181
dual-domain filtering, 238, 240 (see also cascaded f-k filter)
dual-hydrophone stationary-receiver technique, 18, 187, 188, 197
dual-sensor streamer , 164-166, 167, 186
dual-sensor technique, 144, 187, 188, 190-191, 192, 197
illustration of principle, 165
duplex wave, 95
dynamite source, 9, 10, 19, 69, 114, 117, 127- 130, 132, 140, 197, 235,
238
array, 69, 128, 235
depth and charge tests, 128-129
expense, 128, 140
in full-swath roll, 117
jittered sampling, 140
relation charge size and frequency content, 128
shallow arrays versus single deep holes, 128
single deep hole, 9, 10, 69, 128, 235
dynamite versus vibroseis acquisition, 129, 130

edge effects, 25, 31, 123, 172, 176, 177, 210, 220, 225-226, 238, 242,
244, 246, 267, 269, 279, 280, 283, 288, 291
displayed, 156, 157, 159, 212, 213, 222, 241, 242, 278, 280-282,
286-291
in PS-data acquisition, 210-212, 220, 222, 223, 225, 226
mitigation, 31, 45, 46, 176, 225, 226, 288
edge management, 121-123
effective fold, 37, 51 (see also average fold)
effective length of sampled range is nAx, 299
aperture, 257
array, 72, 74, 101, 120, 129
spread length, 257
width, 100
effective length of wavelet (dependent on amplitudes), 260
Egypt, 170
Ekofisk field, 195
electromagnetic thumper, 130
elemental traces, 7
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elevation variations, 68, 69, 117, 124
location of shot lines, 124
station interval, 117

end-on geometry, 9, 10, 143 (see also off-end geometry)

equation of motion, 167

equivalence conditions, 40

equivalent geometries, 39, 40, 91, 92, 142, 176, 186, 223, 234, 301
OVT in zig-spread and in cross-spread, 92

event-oriented sampling interval, 99, 102

excess traces in template implementations, 117, 118, 119, 140, 186, 193

fat receiver lines, 100, 101
faults, 96, 99, 104, 168, 238, 241
illustration in cross spread, 241
feather-correction procedure, 180
feathered strings and perpendicular strings, 74
feathering, 25, 41, 90, 143, 144, 146, 149, 153, 154, 160, 161, 167, 168,
170, 172,177, 178, 181, 183, 192, 201, 203, 204, 267, 281, 290
and coil shooting, 181, 183, 204
and DMO, 266
and geometry imprint, 144, 146
and illumination, 90, 143, 153, 154, 204, 281, 290
and infill shooting, 149, 160-161
and repeatability, 201, 203
and WAZ, 177-178
differential, 41, 149, 153, 168, 170
steerable streamers, 143, 160, 161
feathering angle, 149, 160, 161
Fermat’s principle, 207
fiber optic in LoFS, 195
field array (see array)
first break, 230, 231, 232, 238
first-break picking, 51-52
5D prestack wavefield, 16, 18, 19, 20, 23, 31, 34
expense of proper sampling, 35, 57
sampling, 31-41
subsets, 19-23
f-k diagram, f-k spectrum, 4, 80, 81, 100, 230, 231, 293, 294
f-k domain, 60, 67, 294
f-k filtering, 13, 49, 91, 101, 125, 231-234, 238, 240
cascaded/dual-domain, 49, 238, 240
f-k-k domain, 103
f-k -k filter, 48
f-k spectrum (see f-k diagram)
flexibin, 258, 259
flower-plot analysis, 139
flying nodes project, 205
Foinaven field, 195
fold (fold of coverage), 25, 28-30, 107-110, 260, 261
and illumination fold, 28, 30
and image fold, 28, 30, 31
and line intervals, 30
and migration artifacts, 108
and overlapping midpoint areas, 25, 28-31, 32, 88, 139, 210, 220,
224,243
and recorded noise, 108
and resolution of coarsely sampled data, 259-260
average (see average fold)
constant fold in time slices, 51
crossline (see crossline fold)
cumulative, 37, 38, 237
defined, 28, 29
dependent or independent parameter, 107
even fold or odd fold, 32, 33
field versus nominal, 117
general formula, 29
increase, and resolution, 108, 109, 261
increase, and S/N, 108
independent of station intervals in crossed-array geometries, 29, 30
inline (see inline fold)
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number of overlapping midpoint areas, 28, 29
number of traces per bin, 28, 29
required, 89, 96, 107-110, 133, 185, 246, 303-305
taper zone, 121, 122
3D fold from 2D fold, 108-109, 303-305
3D test data and decimation tests, 110
total fold, 29
2D fold, 28, 29
fold buildup, 37, 112, 113, 121, 237
and line intervals, 237
in taper zone, 112, 113, 121, 122
wide versus narrow geometry, 37, 38
fold plot, 44, 119, 121, 122, 135-138, 182, 183, 184, 194, 281
formulas useful in 3D seismic survey design, 301-302
formulas for geometry parameters, 112, 113
4C (four-component) acquisition, 94, 144, 187, 189, 195, 196, 207, 223
applications, 207
defined, 144
4C sensor, 189
4D acquisition, 178, 195, 198 (see also time-lapse acquisition)
Fourier transform, 2, 3, 184, 298
fracture density, 89, 207, 219
fracture-detection analysis, 207
fracture orientation, 89, 207, 219, 224
frequency spectrum, amplitude spectrum, 109, 129, 130, 161, 162,
164-166, 255, 278, 293
frequency-wavenumber (f-k) spectrum (see f-k diagram)
Fresnel aperture, 275, 303
Fresnel zone, 160, 271, 274, 275-278, 290
and infill strategy, 160
and zone of influence (ZOl), difference, 275-278, 290
first, 275
monochromatic waves, and broadband data, 275
radius of first zone, 275, 276
full fold, 121, 122, 184 (see also total fold)
distance to, 112, 113, 121
fullfold area, 29, 44, 45, 88, 111, 113, 114, 115, 121, 122, 134, 151, 182,
183, 193, 194
for pilot survey, 113, 134
limited by shortest acquisition lines, 193, 194
of zipper, 114, 115
fullfold bin, 47, 183
full-patch roll, 114, 192-195
full-resolution recording, 9
full-swath roll, 114, 116-119, 120, 121, 125, 140, 142, 186
full 3D, 16, 19, 20, 22, 32, 140, 146, 223
defined, 16
full-waveform inversion, 131-132, 207

Galperin 3C geophone arrangement, 197
gap in shot line, effect on migration, 291
gaps in coverage, 125, 160, 178, 186, 192, 288, 290, 291
gas chimney, 132, 144, 169, 189, 207, 209
gas cloud, 202, 209
Gaussian distribution, 68
Gaussian (wavelet), 251, 252
geometric series, 11
geometry comparisons, 21-25, 40-41, 60-61, 90-92, 93, 94, 134-138,
208-216, 223
areal versus orthogonal, 40-41, 60-61, 93, 223
hybrid versus orthogonal, 94
minimal data sets, 21-22, 23-25, 92-93, 208-216
parallel versus orthogonal, 90-91, 119, 223
slanted versus orthogonal, 92, 134-138
zigzag versus orthogonal, 27, 91-92
geometry imprint, 92, 117, 140, 144-146, 193 (see also acquisition
footprint)
dependent on sailing direction, 151-159
periodic or systematic variation, 146
reduction by center-spread streamer acquisition, 159
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geometry repeatability, 200, 201, 202, 203
measure, 200
geophone group centers, and positioning of sources, 1
geophones, practical aspects, 65
geophysical requirements, 87, 88, 95, 96, 114, 134, 219
ghost effect, 161-167, 204
first notch, 162, 163, 165, 166
ghost-free pressure wavefield, 167
ghost notches, 167, 190
ghost response, 162
graben, 170
ground roll, 7, 15, 34, 35, 38, 39, 48, 50, 59, 60, 65, 69, 81, 89, 93, 99,
102, 128, 229, 230, 242,261, 294
aliased, 7, 48
analysis, 230, 231
deep charges and shallow charges, 69, 128
removal from minimal data sets,38, 39, 48, 60
scattered, 60, 133
suppression in acquisition, 7, 15, 38, 39, 65, 69, 101
suppression in processing, 1, 15,48, 50, 60, 65, 85, 91, 93, 101
velocity, 5, 6, 50, 59-67, 77, 93, 100, 258
ground-roll cone, 38, 59, 60, 229, 230, 232
Gulf of Mexico, 149, 172, 175, 177, 178, 196, 203
Gullfaks field, 188
Gunashli field, Caspian Sea, 94

half-offset, and half-offset vector h, 1, 2, 19, 20, 41, 42, 46, 264, 265
Hammersley points, 140
“hands-off” seismic data acquisition, 15
hexagonal sampling, 34, 40, 41, 196, 197, 295
and signal-processing operators, 41
effect on unit cell, 28
efficiency, 40, 295
HFVS (high-fidelity vibratory seismic) technique, 100, 129, 132
high-resolution experiment, 131
high-resolution survey, 118, 125, 149, 163, 197, 245
Hild field, North Sea, 94
history of 3D data acquisition, 16-19
horizon attribute map, 121, 241
amplitude, 159, 168, 241, 268 (see also horizon slice)
horizon slice, 56, 144, 155, 156, 157, 160, 210, 211, 267, 278, 279, 280,
281, 282, 285, 288
display of, 156, 157, 212, 213, 222, 278, 280-282, 286-290
for MDSs, 212, 213, 279, 280
horizontal geology, 22, 36
horizontal pulse distortion, 251, 253
horizontal resolution, 88, 96, 98, 99, 250, 251, 253, 254, 255, 260, 261,
278, 301
hybrid gather, 55
hybrid geometry, 16, 19, 90, 94, 117, 192, 194, 227
and 3D receiver gathers, 94, 227
in OBC acquisition, 187, 192, 194, 195
hydrophone array, 149, 161, 187, 188, 197
hydrophone and geophone at same receiver position (see dual sensor)
hydrophones and geophones in same survey, 132, 197, 235
hydrophones in land survey, 126, 197

ideal parallel geometry, 20, 22, 35, 36, 41, 43, 146, 221, 266
defined, 22, 35
ideal 3D geometry, 16
illumination analysis, 139, 285-289
illumination area, 30, 31, 42, 125, 139, 159, 209-213, 220-227, 242, 278,
285-289
illumination capability, 139, 140 (see also imaging capability)
illumination density, 30, 152, 210, 221
illumination display, 238, 241
illumination fold, 28, 30, 31, 43, 209, 210, 220-226
defined, 30
number of hits per bin, 30, 139, 210
illumination gaps/holes, 154, 160, 221, 285, 289
illumination, irregular, 90, 143, 151-159, 207, 220, 223, 281

image area, 31, 242, 246, 280
image area of PS-data, 210-212, 222, 225, 226
clean image area, 225-226
image fold, 28, 30, 31, 34, 210, 222, 226, 244, 283
defined, 30
image point, 31, 155, 211, 212, 275, 282, 283
imaging capability, 30, 90, 172, 210 (see also illumination capability)
imaging, two-step process, 211, 273, 274
implementing the nominal geometry, 113-133, 191-192
impulsive source/wavelet, 127, 128, 130, 132
independent simultaneous sweeping, 132, 133
Indonesia, 181
infill shooting, 139, 149, 160, 172
reduction of, 160
inline bin size (see bin size)
inline fold, 29, 30, 32, 33, 82, 88, 112, 113, 117, 120, 122, 149, 173, 174,
175, 178, 180, 222, 237, 302
inline roll, 26, 113, 114, 192, 193
input gathers and prestack processing, 47-57
amplitude variation with azimuth, 57
amplitude variation with offset, 55-57
first-break picking, 51-52
interpolation and regularization, 50-51
multiple suppression, 54-55
muting, 51
nearest-neighbor correlations, 52
noise removal, 48-50
residual statics, 52
velocity analysis, 52-54
interference noise, 132, 133
interpolation,
and regularization, 7, 34, 48, 50-51, 185, 204
beyond Nyquist, 104
crossline, 167, 169, 178, 184, 185, 203, 204
intra-array statics, 7, 68, 69, 101, 103, 229
formula, 68
inverse Fourier transform, 51
inversion, 10, 19, 59, 90, 131, 247, 248
full waveform, 131-132, 207
inverted zigzag, 18
irregular illumination, 90, 143, 155, 207, 220, 223, 281
of MS/MS acquisition, 90, 143, 155, 281
of PS-wave acquisition, 207, 220, 223
IsoMetrix, 167
ISS (independent simultaneous sweeping), 132, 133

jittered sampling, 140
joint inversion, 90

Kirchhoff integral, 303

Kirchhoff integration, 140, 272
Kirchhoff migration, 272

k«-ky diagram/spectrum, 118, 140, 141
k«-ky domain, 118, 256

largest minimum offset, 32, 48, 234(see also LMOS)
laser interferometry, 16
life-of-field seismic (LoFS), 19, 94, 195, 201, 202
linear array, 65 (see also array)

defined, 65

orientation, 72, 76, 77
linear-noise suppression, 50, 76, 77, 80, 83, 91, 94, 195
line geometries, 16, 17, 18, 23, 35-39

basic subset, 23

crossed-array geometries, 16, 25, 28, 32, 33, 41, 92, 93, 180, 209

orthogonal geometry, 36-39

parallel geometry, 16, 17, 35-36

sampling, 35-39

slanted geometry, 16, 17

spatial discontinuity, 34

zigzag geometry, 17, 18, 39
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line intervals/spacings, 110-111, 139
acquisition footprint, 118, 140-141
adapt to shallow subsurface requirements, 89, 95, 110, 134
adapt to target levels, 110, 241
and crossline binsize in parallel geometry, 35, 36, 90, 192
and other geometry parameters, 112, 113
area of unit cell, 28-29
aspect ratio, 33, 37, 38, 119
fold, 28, 30, 38, 107, 110
fold-taper zone, 121-122
formula, 111, 302
in real data, 108, 119, 120, 193, 241
in synthetic data, 64, 82, 220, 222, 278, 283
modeling, 139
multiple of station interval, 88, 111
offset sampling in bins, 33
of low-fold data, 246
pilot survey, 134
reduction for better (scattered) noise suppression, 77, 78, 89
rolling of template, 26, 113
sparsity of geometry, 34, 110, 220
spatial (dis)continuity, 53, 142, 220, 288, 290
line turns in streamer acquisition, 146, 147, 181, 182, 185, 186
lithology and pore-fill prediction, 144, 207
LMOS (largest minimum offset), 32, 33, 37, 38, 40, 47, 48, 88, 92, 108,
110, 111, 234, 235, 237, 302
and effective fold at shallow levels, 37, 110
and OVT, 47
dependence on type of crossed-array geometry, 92, 235
square versus rectangular unit cell, 38
LoFS (see life-of-field seismic)
long offsets, reasons for use of, 111-112
lowfold data, prestack migration, 241-246
lowfold data examples, 229-246
Nigeria 3D test geometry, results, 234—-241
3D microspread, 229-234
lowfold data for reconnaissance 3D surveys, 246
lowfold migration results, 244-246
low frequencies, 76, 96, 128, 131-132, 163, 164, 165, 167
loss of, ghost effect, 163
the need for, 131-132
low-velocity noise, 5, 40, 48, 59-65, 70-77, 103, 149, 190, 294
and adequate sampling interval, 5, 40
direct waves, 59
effect of field arrays, 59, 65-68, 70-77
properties, 59-65
sampling, 103, 294
scattered waves, 59-65
Stoneley waves, 190
suppression, 48, 59, 103

Mad Dog, 172
magnetotellurics, 111
marine seismic data acquisition, 18, 19, 143-205
air-gun arrays, 144
geometry imprint, 144-146
stationary-receiver techniques, 187-197
streamer acquisition, 146-187
time interval between shots and source strength, 198
time-lapse acquisition, 198-204
marine streamer geometry, inline and crossline fold, 29
maximum crossline offset (see also maximum inline offset)
in full-swath roll, 117, 119
in multiline roll, 121
in zigzag WATS, 185, 186
narrow geometry, 71
maximum dip (angle), 89, 96, 98, 99, 102, 123, 134, 160, 251, 301
maximum frequency fimax, 96-98
achievable, 96
and (required) resolution, 89, 96-98, 100, 248, 250, 260, 261, 301
and sampling interval, 2, 91, 103, 149, 227, 293
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effect of array, 69, 101
effect of attenuation, 217
effect of ghost, 161, 162, 166
effect of stretch, 105
linked to maximum wavenumber, 5, 96, 97, 249
of noise, 6, 65, 66
maximum inline offset, 26, 32, 40, 92, 106, 112, 113, 176, 229, 232, 283,
284, 302
and aspect ratio, 33, 112, 237
in OBC acquisition, 193
in orthogonal geometry, 26, 33, 36, 38, 40, 84
in parallel geometry, 33, 148, 151, 152, 178
in PS-data acquisition, 212, 222, 226
in zigzag geometry, 27, 28, 39
one of six geometry parameters, 33, 88, 114
requirement for regular fold, 29, 88
maximum minimum offset, 48, 88, 302 (see also LMOS)
maximum offset, 27, 34, 38, 40, 107, 111, 139, 177, 302
and deepest target, 37, 96, 107, 111
and modeling, 139
and streamer acquisition, 160-161, 171, 182, 185
as function of traveltime, 104, 108
as geophysical requirement, 88, 108, 111
center-spread acquisition, 34
determine, 111-112
in relation to other geometry parameters, 112, 139
inxory, 34, 40, 178, 285
of geometry, 27, 34
smaller for structural analysis than for AVO analysis and
velocity determination, 107, 111-112
maximum stretch factor, 89, 96, 104-107, 301
maximum unaliased frequency, 94, 149, 163, 164, 294
defined, 294
maximum useful offset, 25, 27, 35, 36, 39, 106, 176, 280
maximum wavenumber, 2, 5, 66, 70, 96-98, 101, 103-104, 230, 248-256,
293
and geology, 103-104
and resolution, 96-98, 248-256
and spatial sampling interval, 2, 5, 103-104, 230, 293
link with maximum frequency, 96-97, 101
of noise, array design, 66, 70
MAZ (see multiazimuth acquisition)
MDS (see minimal data sets)
megabin geometry, 16, 34, 35
MEMS (microelectromechanical system) technique, 101
merging, 3D surveys with same geometry parameters, 45, 114, 115
Messinian unconformity, 170
microspread (see 3D microspread)
Middle East, 54, 82
and high surface velocities, 54
midpoint area, 21, 45-47, 55, 121, 125, 151, 174, 175, 255, 256, 277, 285,
287, 288, 291
and illumination area, 31, 242
and PS-illumination area, 209, 210, 220
cross-spread, 21, 26, 27, 29, 30, 31, 36, 88, 92, 108, 230, 238,
243, 281
cross-spread versus 3D shot, 17
template, 27
3D shot/receiver, 21
3D subset/MDS, 23, 208, 209, 211, 255, 279
zig-spread, 27, 28, 92
midpoint/bin smear, 32, 124, 268, 269
midpoint centering, 32, 125
midpoint footprint of acquisition configuration, 181
midpoint lines, 19-21, 23, 25, 35, 94, 145, 147, 175, 221, 266, 280
and crossline bin size, 32, 33, 36, 147, 173, 175
and crossline offset variation, 147, 154, 155
in OBC acquisition, 221
number of, in MS/MS acquisition, 146
of adjacent boat passes, 148
midpoint/offset coordinate system, 1,-4, 19, 201
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midpoint/offset wavenumber domain, 11, 12, 13
midpoint sampling, 260-261
migration, 271-291 (see also prestack migration)
basics, 271-275
purpose, 271-272
truncation effect, 243, 275-277
two-step process, 211, 242, 257, 273, 279
migration aperture, 98, 102, 108, 122, 248, 250-254, 257, 260-261,
274-276 (see also migration radius)
and maximum dip, 102
and resolution, 98, 248, 250-254, 257, 260-261
and sampling interval, 102
asymmetric, 254
test, 122
migration apron (see migration rim)
migration artifacts (see migration noise)
migration-corrected gather, 273 (see also diffraction-flattened gather)
migration distance, 56, 123, 272, 277
determination of, 123
migration noise/artifacts, 25, 38, 43, 50, 53, 102, 171, 178, 220, 257- 258,
259, 261, 288-291 (see also migration smiles)
acquisition strategies, 121, 123-125, 142, 155, 177, 259
and random sampling, 140, 247
and sampling, 34, 108, 110, 174, 176, 180, 225, 257, 261, 274
phantom horizon, 155, 160, 178, 288, 290, 291
migration operator aliasing, 91, 102, 155, 173, 274, 288
migration radius, 121, 122, 123, 250, 251, 273-278, 301 (see also
migration aperture)
migration rim, 87, 89, 99, 121-122, 277
migration smiles, 25, 154, 155, 160, 170, 178, 234, 281, 285, 288, 291
migration stretch factor, 251
migration stretch limit, 251
migration-velocity analysis, 174, 271, 281, 282, 285
Milan, Italy, random geometry, 19
minimal data sets (MDS), 25, 30, 31, 41, 207, 212
basic subset of common geometries, 134
common feature of all, 41
comparison of sampled MDSs, 92, 93
defined, 25, 125
DMO, 263-269
extent, 25, 41
horizon slices, 279, 280
ideal, 151, 261, 271
illumination and imaging of PS-data, 208-212
illumination area 30
image area, 30,31
imaging edge effects, 211-213, 225
midpoint area and illumination area, 31
migration of, 25, 241, 272, 278-279
pseudo-COV gathers, 41
PS-wave survey design, 219
resolution of PS-data, 212-218
resolution properties, 99, 248-256, 260
sampling, 25, 41, 57
scatterer behavior, 60-64
useful in ray tracing, 139
wavenumber coverages, and resolution, 212, 213, 216, 255, 256
minimum aperture, 274
minimum apparent velocity, 5, 65, 68, 100, 102, 225
minimum apparent signal velocity, 5, 6, 65
minimum-maximum offset, 47, 48, 88, 111, 302
formula, 111
minimum resolvable distance/time interval, 96-97, 248, 250-253, 260, 261
formula, 250, 301
mirror migration/imaging, 167, 196, 197
mispicks in time-shift analysis for statics, 52
missing traces, and migration artifacts, 50, 288, 290, 291
mixing in processing, 7, 9, 38, 66, 68, 267
definition, 38
model-based noise analysis, 77-78, 109, 190
model-based survey design, 134, 139-140, 172

modeling, 95, 123, 134, 139, 140, 232, 225, 226, 257, 260, 275-276
and sampling, 257
complex geology, 134
edge effects, 225, 226
Fresnel zone and ZOl, 275-276
irregular geometry, 139
line intervals, 139
maximum migration distance, 123
maximum offset, 139
physical, 260
PS-wave imaging requirements, 226
ray-based, 95, 101
subsurface illumination, 134
3D finite difference, 139-140
monitor survey, 196, 198, 199, 200, 203, 204
MS/MS(see multisource multistreamer)
multiazimuth acquisition (MAZ), 79, 143, 146, 159, 169-172, 180, 181
uplift explained, 171
why needed, 170
multiazimuth tomography, 171
multicomponent marine data acquisition, 196, 207 (see also 4C and dual-
sensor technique)
multicomponent streamer, 161, 164-167, 188
multifold data, 16, 23, 241
multiline roll, 114, 116, 119-121, 134, 137, 138, 142
multiple aliasing, 80-82, 149
multiple suppression, 37, 54-55, 59, 77-84, 91, 111, 172, 180, 188, 195
and aspect ratio of geometry, 84
based on velocity discrimination, and stacking, 37, 77-84, 91
in cross-spread domain versus in CMP domain, 54-55
offset weighting, 79, 84, 91, 172
processing techniques, 77-79, 172, 195
7-p algorithms, 54
unit-cell-sized supergather, 55
multiplicity, 28, 303 (see also fold)
multisource multistreamer (MS/MS), 18, 36, 41, 81, 143, 164, 204,
280 (see also streamer acquisition)
and azimuthal anisotropy, 155, 158
and DMO, 266
and obstacles, 186
configurations, 35, 36, 146, 147, 149, 152, 153, 186
crossline-offset variation, 147-149,
illumination effects, 151-155
multiazimuth acquisition, 169-172
prestack migration, 155-159
reducing spatial discontinuity effects, 155, 159
single source versus two sources, 149, 155
wide-azimuth acquisition, 172-186
mute function, 37, 89, 96, 104-108, 111, 112
mute offset, 104-108, 119, 222, 237, 301, 302
and line intervals, 110, 302
and maximum stretch factor, 105, 106
and PS-data, 222
2D versus 3D, 107
mute time, 48, 51
muting, 51, 108, 178, 226
in PS-data, 226
OVT-based, 51

nanospread, 229
narrow-(azimuth) geometry, 90, 142, 172, 175, 177 (see also wide versus
narrow)
modeling, 140
offset weighting, 79
narrow-azimuth towed-streamer acquisition (NATS), 146-169, 172, 204
azimuthal anisotropy, 155
OVTs, 151
velocity determination, 171
natural bin size, 30, 31, 210, 258
near-surface multiples, 81
near-surface variations/effects, 51, 59, 90, 101, 103, 198, 199, 219, 232



Downloaded 09/20/14 to 86.93.55.80. Redistribution subject to SEG license or copyright; see Terms of Use at http:/library.seg.org/

near-surface velocities, 59, 68
nearest-neighbor correlations for first breaks and residual statics, 52, 53
nearest neighbors for interpolation in DMO, 269
nears, mids, fars, 55-56
Netherlands, The, 123, 197, 229, 238, 263
Nigeria, 234-241, 279
acquisition methods, 235, 236
delta survey, topography, 235
3D test geometry, lowfold data, 234-241
Nile delta, 170, 171
NMO, normal moveout, 11, 22, 56, 57, 102, 273
NMO correction, 2, 7, 50-53, 56, 57, 79, 80, 82, 102, 105, 106, 145, 235,
263-265, 267, 273
undersampling of multiples after, 79-81, 149
NMO stretch, 37, 91, 92, 97-99, 105-107, 112, 218, 223, 251, 255
in PS-waves, with formula, 218
NMO stretch factor (see stretch factor)
NMO/stacking velocity, 58, 105, 202, 209
“no-data” zones, 104
node acquisition (see OBN)
definition, 144
noise, main types of, 59
noise removal, 13, 35, 48-50, 67, 68, 92, 94, 132, 143, 238 (see also noise
suppression)
after simultaneous shooting, 132
and station spacings, 13, 94, 238
by combination of field array and velocity filtering, 67-68
by 3D velocity filtering, 48
from marine streamer data, 143noise cone
direct wave, 38, 59, 60, 229, 230, 232
traveltime surface of scatterer, 25, 60, 61, 64, 77, 93
noise spectrum, 5
noise spread, 13, 89, 100, 229 (see also 3D microspread)
noise suppression, 35, 38, 39, 59-85, 94, 139, 197 (see also coherent noise
suppression)
estimating, 232, 233
low-velocity noise, properties, 59-65
PS-data, 212
shot and receiver arrays, 65-77
stack responses, 77-84, 91
with increasing fold, 94, 108, 109
nominal geometry, 32, 87, 88, 89, 103, 113-133, 134, 142, 153, 192-194
implementing, 113-133, 192-194
nonrepeatability, causes, 201-202
nonseismic technique, 111
Noordoostpolder, Zuiderzee, The Netherlands, 229
normal moveout (see NMO)
North Sea, 175, 186, 188, 201
Norway, 149, 181, 187, 199
Norwegian Sea, 171
Nrms (normalized root mean square), 199-202
Nyquist frequency fy, 293, 294
Nyquist-Shannon sampling theorem, 293
Nyquist wavenumber ky, 5, 6, 7, 67, 68, 103, 104, 149, 167, 231, 293

OBC (ocean bottom cable) technique, 18, 19, 36, 44, 87, 94, 139, 144,
160, 165, 166, 172, 187, 188, 189, 190-195, 197, 202, 207, 221,
227

alternative to streamer acquisition, 188, 193, 202
areal geometry, 187, 219

buried cables, 195

compared to dual-hydrophone acquisition, 197
compared to OBN, 205, 218

dual sensor, 165, 187, 188, 190-191

hybrid geometry, 19, 94, 187, 192
implementation aspects, 191-195

orthogonal geometry, 18, 44, 87, 172, 187, 192, 193, 219
over/under source, 166

parallel geometry, 36, 187, 192, 219, 221, 280
repeatability, 203, 205

resolution, 188

Index 341

vector fidelity, 189
water depth, 192
objective of acquisition technique, 35, 132, 172, 173, 181
objective of survey, 87-90, 96, 118, 134
objective of survey design, 35, 234
objective of time-lapse seismic data, 198
OBN (ocean-bottom-node acquisition), 144, 160, 172, 187, 189, 190, 195-
197, 202, 203, 204, 205, 207, 219, 223, 245
brands, 197
compared with WATS, 197
repeatability, 202, 203, 205
OBN acquisition, advantage over OBC acquisition, 205, 218
obstacles/obstructions, 18, 88, 89, 114, 123-127, 144, 167, 197
and streamers, 143, 186, 187, 188
in time lapse acquisition, 160, 201, 203
solution testing with attribute analysis, 134
undershooting of, 160
ocean-bottom cable (see OBC)
ocean-bottom seismometer (see OBN)
odd/even effect, 7, 11, 144, 145
off-end geometry, 35, 204 (see also end-on geometry)
offset distribution, 40, 51, 87, 237
acquisition footprint, 140, 144-146
across bins, 33, 40, 51, 53, 81, 92, 140
and loss of resolution due to stretch, 106
areal WATS versus circular WATS, 183
in bin, 32, 33, 52, 53, 87, 91, 135-138
in 2D, 11, 15, 77
in zigzag geometry, 18, 27
regular, irregular, 77, 81, 82, 84, 139, 146
slanted versus orthogonal geometry, 92
wide versus narrow geometry, 33, 82, 106
offset equal to depth, rule of thumb, 106
offset-equals-depth curve, 106
offset sampling, 77, 91, 92, 144-146, 149, 193, 234
offset-vector-tile gather (see OVT gather)
offset-vector tile (OVT), 28, 41-42, 281 (see also OVT)
offset wavenumber, 4
offset weighting, 37, 79, 84, 91, 172
Oman, 19, 94
Omni 3D imaging program, 210
one/single-line roll, 26, 116, 117, 118, 120, 125, 135, 136, 142
Ya) rule for resolution, 99
onSeis, 130
optimization of survey parameters, 88, 112, 113, 134
orientation of acquisition lines in orthogonal geometry, 64, 221
orthogonal geometry, 16, 17, 18, 20, 22, 29, 34, 36-39, 40, 87-138, 192,
194, 221, 223, 259
and areal geometry, equivalence conditions, 40
and AVO, 55-57
and arrays, 65-70
and cross-spread, 20, 22, 23, 26, 27, 223, 229-234
and prestack migration, 281-286
and scatterers, 59-65, 77, 78
acquisition footprint, 140
aspect ratios, 33, 36
binning, 31
complementary role of shots and receivers, 36
fold of, 29in OBC acquisition, 192-194
in PS-wave acquisition, 209-216, 220-221
line intervals, 110-111
offset distribution, 53, 84, 140
OVTs and OVT gathers, 41-47
parameters, establishment of, 87-113
sampling, 36, 99-104
six parameters of, 88
symmetric sampling requirement, 36
unit cell, 28, 29, 32, 33, 51
outgoing signal of vibrators, 128
outgoing signal of air-gun arrays, 144
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overlap of boat passes/sail lines, 148, 157, 160, 178, 204 Paris basin, 229
full overlap, 160 passband, wavenumber domain, 7
oversampling, 5, 39 patch layout, 192, 193
over/under acquisition, 161, 164, 165, 166, 167, 186, 188, 197 peak frequency, 108, 109, 123, 220, 250-252, 302, 304, 305
over/under source, 164, 166, 167, 180 periodicity of geometry, 28, 118, 140, 151, 174, 177, 183, 186, 225
example layout, 166 crossline roll, 119, 140, 144, 145, 151, 155, 174, 177
OVT gather, 38, 43-48, 50-57, 150, 151, 220, 269, 271, 288 (see also unit cell, 28, 32, 51, 146, 151, 174
pseudo-CQOV gather) periodicity in offset distribution, 51, 71, 77, 80, 146
advantages over absolute offset ranges, 53, 281 permafrost, and static variations, 103
and attribute analysis, 134 perpendicular strings and feathered strings, 74
and AVAz, 57 Peru, 244
and AVO, 56 phantom horizon, 155, 160, 178, 288, 290
and C-wave data, 210, 220-226 in marine streamer acquisition, 290
and diodic effect, 209 in orthogonal geometry data, 290
and DMO, 53, 269 P_hilip_pines, 150
and (ir)regular geometry, 48, 88, 117, 121, 178 pie slices, 57
and maximum offset, 48, 111 piezoelectric vibrator, 131, 203
and periodicity of geometry, 151 pilot survey, 110, 113, 134
and pseudo-COV gathers, 43, 99 plane-dipping reflector, geometry of, 264
and pseudo-minimal data set, 43 plane wave, 70, 252, 293, 295
and spatial continuity, 34, 43, 45, 51 plane-wave assumption for array response, 70, 71, 72
and statics, 52 platforms as obstructions in MS/MS acquisition, 18, 143, 160, 201
and streamer acquisition, 150-151 polar plot of array response, 71-75
and velocity analysis, 53, polarization filtering, 101
and WATS geometry, 174-177 polarized waves, 190, 219
and wide-azimuth surveys, 43 positioning in marine data acquisition, 143, 164, 167, 168, 169, 178, 203
empty bins, filled by forward/inverse Fourier transforms, 51 poststack migration better than prestack migration, example, 290
example in 64-fold geometry, 44-45 potential resolution, 91, 99, 248, 249, 255, 256, 258-261
generating OVT, 43, 47 PP-wavenumber coverage, 216
illumination and imaging with, 51, 53, 56, 57, 197, 271, 277, pressure sensor (hydrophone), 144, 164, 165, 166, 188
280-290 prestack amplitude, 89
reciprocal, 50, 53, 57, 176, 221, 225, 288, 290 prestack imaging, 34, 88 (see also prestack migration)
OVT (offset vector tile), 28, 34, 44-46 (see also OVT gather) prestack imaging tests, 283, 285-291
and AVO, 56-57 prestack migration, 15, 25, 32, 55, 57, 110, 271-291
and DMO, 269 after regularization, 51
and line intervals, 110 and AVO analysis, 55, 56
and multiline roll geometry, 121 and azimuthal analysis, 57
and prestack migration, 282-286, 288-290 and resolution, 247-261
and prestack processing, 48, 51-53 dependence on geometry, 91, 92, 121, 124
in marine streamer acquisition, 151, 155, 157, 159, 174-178, 180, edge effects, 220 _
204 Fresnel zone and zone of influence, 160, 275-278
in OBN acquisition, 197 he}p frpm non;eismic technique, 111
in PS-wave acquisition, 221, 224 migration basics, 271-275
introduction, 41-42 of low-fold data, 121, 241-246
reciprocal (see reciprocal OVT) of minimal data sets, 25
zig-spreads and slanted spreads, 92, 186 of orthogonal geometry data, 36
of OVT gathers, 51, 57, 110, 176, 280-291
P- and PS illumination areas, various MDSs, 211 synthetic data, experiments with, 278-290
P- and PS-wave acquisition, differences, 217 prestack processing, 32, 47-58
parallel geometry, 16, 17, 18, 20, 23, 32, 33, 35-36, 90-91, 192, 194, 209, ampl!tude variation w!th azimuth, 57, 58
219, 221, 223-227 amplitude variation with offset, 55-57, 199
and acquisition footprint, 28 dependence on geometry, 91, 94, 139
and concentric circle shoot, compared, 95 first-break picking, 51-52
and land data acquisition, 36, 90, 119 interpolation and regularization, 50-51, 134
and midpoint line, 20, 21, 23, 35 multiple suppression, 54-55, 92
and MS/MS data acquisition, 36, 143— 180, 266 muting, 51 .
and OBC data acquisition, 36, 192 nearest-neighbor correlations, 52

noise removal, 35, 48-50, 88, 94, 109, 119, 233
residual statics, 52

velocity analysis and DMO, 52-54

velocity filtering, 48

and orthogonal geometry, compared, 90-91, 119
and azimuthal anisotropy, 155

aspect ratios, 33

common-inline offset gather, 36, 151, 271

crossline bin size, 32, 36, 149. 150. 176 prestack wavefield (see 3D prestack wavefield and 5D prestack

fold, 29 T ~ wavefield)

‘ideal”, 20, 22, 35, 36, 41, 221, 266 prism waves, 95, 168 )

offset distribution, 81 proper sampling (see alias-free sampling)

OVT gathers, 151 pseudo-COV gathers, 34, 41-47, 51, 54, 155, 210, 220, 290 (see also
: OVT gather)

prestack migration, 280-281 !
sampling, 35, 225 construction of, 42-44

shooting direction, 139, 157, 167169 defined, 41
unit cell, 28 determine maximum wavenumber, 97-99

wide-azimuth acquisition, 172-180 in MS/MS acquisition, 41, 155-156, 159
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prestack migration, 280, 281, 287
regularization, 51, 290
resolution, 261
spatial discontinuity, measure of, 46-47
PS-wave (see also converted wave)
PS-wave acquisition, compared with P-wave acquisition, 226
PS-wave data, 207
asymmetry of raypaths, 208, 209, 226
asymmetry in resolution when interchanging shot and receiver
position, 213, 215
diffraction flattening and ZOlI, 211, 212, 214, 215
diffraction-traveltime contours, 208
illumination, 207, 209-210, 211
illumination with multifold data, 220-226
illumination with MDSs, 209-210, 211
imaging with MDSs, edge effects, 210-212, 225-226
NMO stretch, 218, 219
properties in various MDSs, 208-216, 226
reflection-traveltime contours in MDSs, 209
requirement for crossline image fold, 222
resolution, 212-218, 224, 227
shear-wave splitting, 218-219, 225
steepest events in shot and receiver gather, 226
traveltime surfaces and apparent velocity, 208-209
true-amplitude migration, 212
PS-wave data and P-data, compared, 217, 218
gas chimney, 144, 189, 207
illumination, 209-210, 211
loss of resolution due to absorption, 217, 218
OVT gathers, 220-221, 226
shallow and deep, 217, 218
PS-wave illumination areas, 210, 211
PS-wave imaging edge effect removal using clean-image area, 226
PS-wave reflectivity, compared with PP-wave reflectivity, 217
PS-wave 3D survey design, 219-225
areal geometry, 223
geometry comparison, 223-225
modeling is recommended, 226
orthogonal geometry, 220-221, 223-224
parallel geometry, 221-224
receiver lines oriented in dip direction, 221, 227
sampling, 225
PS-wavenumber coverage and resolution, 212-213, 216
PS-waves, useful wavenumber range, 217
pulse distortion in migration, 251, 253
P-waves, loss of resolution due to absorption, 163, 164, 217
pyramid, rounded, as traveltime surface, 60, 61, 76, 93
PZ summation, 188

Q, quality factor, 163, 164, 166, 217, 218
defined, 163

Qatar, 94, 100, 198

Q-Land, 100

Q-Marine streamer acquisition, 149, 161

quad/quad (4/4) configuration, 145, 146, 154

quad-sensor streamer, 166-167, 204

quality of data (see data quality)

quasi-Monte Carlo technique, 140, 247

quasi-random sampling, 140, 247, 258, 261

racetrack method, 146-148
radar analysis, 60
Radon transform, 78
random geometries, 16, 19, 184, 185, 204
random-noise suppression, 50, 77, 79, 80, 82, 109, 129, 130, 161, 258, 302
random sampling, 7, 140, 225, 247, 258, 261
compared with regular sampling, 247, 257-258
ray-based modeling, salt model, 95
Rayleigh criterion for resolution, 96, 97, 248, 250, 260, 301
Rayleigh waves, 59, 67, 68, 101, 230, 231, 232
ray tracing, 30, 97, 102, 123, 134, 139, 249, 251, 277
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RAZ, rich-azimuth acquisition, 180, 181, 186
receiver-array response (See array response)
recipe for 3D survey design, 88-89
reciprocal OVTs, 34, 42, 45-46, 47, 117, 177, 193, 204, 220, 222, 285, 290
and edge effects of cross-spreads, 45
defined in cross-spread, 42, 45
in areal geometry, 46, 47
in C-wave acquisition, 220-222, 225
in parallel geometry, 159, 175
tilings, 46
reciprocal OVT gather, 50, 53, 57, 176, 221, 225, 288, 290
reciprocal traces, 32, 126, 127, 209
reciprocity, P-wave-down/S-wave-up raypath, 209
reciprocity theorem, 5, 7, 11, 16, 45, 127, 185, 209
consequences of, 5
redatuming, 90
redundancy in multifold acquisition, 16, 56, 260
redundancy in time-shift correlations, 52
redundancy of short offsets in multiazimuth acquisition, 172, 181
redundant shots and receivers for better processing results, 125
reflection angle, 69, 70, 98, 106, 107, 112, 215, 218, 251, 301
and array response, 69, 70
and AVO, 107, 112, 169
and NMO stretch factor, 106, 218, 251, 301
and maximum wavenumber, 98, 251
PP- and PS-data compared, 215
reflection traveltime (see traveltime contour/surface)
refracted P-waves, 67, 68
refracted shear waves, 59, 67, 68, 230
regularization workflow, 51
regular fold, 29, 32, 117, 124, 125, 220, 302
AVO, 55, 56
requirement, 29
obstacles, 124, 125
regular (orthogonal) geometry, 27, 28, 31, 32, 33, 34, 44, 45, 51, 53, 77,
87, 88, 112, 114, 119, 139, 176, 177, 184, 193, 220, 281, 288
conditions, requirements, 32, 88
importance, 31, 34, 88, 176, 177, 288
six parameters, 88
2D, 77
repeatability or nonrepeatability, time-lapse, 160, 188, 195, 198-204
causes of nonrepeatability, 201-202
measures of, 199-201
sensitivity to shot and receiver locations illustrated, 201
ways to improve, repeatability, 202-204
representative velocity function, 89, 96, 102, 104, 105, 123
to determine maximum migration distance, 123
to determine mute function, 104, 105
to determine radius of ZOl, 123
to determine sampling interval, 102
reservoir characterization, 10, 89, 90
reservoir monitoring, 144, 198, 199, 207
reshoots, 35, 104
residual moveout, 53, 58
residual statics, 52, 53, 238
resolution, 96, 99, 213, 227, 247-261 (see also spatial resolution)
achievable, 96, 99, 149, 248, 259-261
achievable, defined, 248
and array length, 129
and dip direction, 227
and fold, 108, 259-260
and intra-array statics, 68
and irregular illumination, 155
and maximum frequency, 89, 96-100
and migration aperture, 252-254
and minimal data sets, 255-256
and NMO stretch effect, 92, 97, 99, 105, 106, 107, 111, 251
and sampling, 94, 99, 100, 149, 150, 171, 247, 257-260
and streamers versus stationary receivers, 188
and tow depth, 163, 164
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and unit cell, 261

areal geometry, 94, 223

at depth, array-based acquisition, 101

average, 99, 106, 256, 259, 301

coarse sampling worse than fine sampling, 247, 257

comparisons of width of spatial wavelet, 252-257

difference in shape of horizontal and vertical image, 252, 260
envelope for comparing horizontal and vertical resolution, 254, 260
formulas, 97, 98, 248-251, 301

limits, 149, 249, 250, 255, 260, 261

model experiments, 247, 251-259

potential, 91, 99, 248, 249, 255, 256, 258-261

potential, defined, 248

Rayleigh criterion, 96, 97, 248, 250, 260, 301

requirements, 89, 96-99, 100

temporal, 248, 250

theory of, 248, 249

vertical and horizontal, 88, 96, 98, 99, 250-255, 260, 261, 278, 301

resolvability of close events, 96, 247, 248, 259, 260
reverberations, 188, 191, 198

pV, acoustic impedance (see acoustic impedance)

Ricker wavelet, 78, 99, 108, 123, 220, 250-252, 260, 302, 304

and bell-shaped wavelet, 260
and Gaussian function as image of diffractor, 251

rock-property analysis, 198, 207

rolling (see inline roll or crossline roll)

rolling during OBN acquisition, 196

Rotterdam Harbor, 12-fold survey, 197

ROV, remotely operated vehicle, 144, 188, 196, 207
rule of thumb, 48, 106, 108, 301

Sacramento Basin, California, 18
sail line, 28, 29, 147, 157, 183, 204, 227 (see also boat pass)
salt domes, 18, 95, 111, 134, 168, 181

and line intervals, 111, 134
raypaths, 95, 139, 160, 168, 169, 170
target-oriented geometry, 95, 181

salt flank, 95, 139, 168, 169, 170

salt overhang, 95, 171

salt pillow, 160, 170

sampling, 32-41, 163, 257-258, 271, 293-295

and aliasing, 293-295

and unit cell, 32-33

coarse (see coarse sampling)

dense (see dense sampling)

migration noise test, 258

quasi-random, and migration noise, 258

symmetric, 3D, 34-35 (see also 3D symmetric sampling)

sampling and aliasing, introduction, 293-295

illustrated, 294
f-k domain, 294

sampling density, 85, 140, 258
sampling interval, spatial, 2, 5-9, 31-41, 65, 99-104, 225, 258

adequate, 5-7, 13, 35, 40, 99, 100

and migration noise, 257, 258

basic, 5, 6, 35, 40, 65, 99-101, 103

basic signal, 6, 9, 35, 40, 65, 91, 99-101, 103
discussion of choice, 103

event-oriented, 99, 102

formula, 5, 100, 301

sampling theorem, 293, 295

N-dimensional, 40, 295
Shannon, 293, 295

sand dunes, 90, 103
scattered wave, 5, 59-72, 76-78, 89, 93, 133, 189, 190, 232, 233, 257

apex area in cross-spread, 60-64, 72, 7678
energy in apex area, 63, 64

line scatterer, 64—67

point scatterer, 59-64, 93, 257

suppression by field arrays, 70-72, 76, 77, 133

suppression by 3D filtering and fold, 77, 78, 93
in seafloor, 190, 191
S/D (signal-to-distortion ratio), 200
seabed noise, 189-191
seisloop method, 19
Seismic Wavefield Sampling, 1, 34
SEIS system (synchronized electronic impulsive source), 130
semblance analysis, 52
Seria field, Brunei, 197
shadow zone, 31
Shannon sampling theorem, 293, 295
shear energy, absorption at seafloor, 218
shear waves, polarization by fracture systems, 218-219
shear-wave splitting, 218-219, 225
shooting direction, 139, 143, 144, 146, 154, 167-170
shooting downdip and updip, 151, 152, 156, 281
movement of reflection points, 152
shot and receiver arrays, 2D data acquisition, 7-13, 15
shot and receiver arrays, 3D data acquisition, (see array,
field array)
shot array, needed as much as receiver array, 7, 11, 12, 38
shot-array response (see array response)
shot density, 30, 112, 113
shot interval and required streamer speed, 149
shot/receiver coordinate system, 1-3, 19, 201
shot repeat factor, 117, 118, 193, 195, 196
shot salvo, 26, 27, 113, 116, 117, 119, 120
shot spread (length), 29, 48, 111, 113, 194
defined, 111
shot strength, 10, 39 (see also source strength)
effect of previous shot, 198
side lobes in array response, 66, 67, 161
side lobes in seismic wavelet, 247-248

side lobes in spatial wavelet caused by zero amplitude at ky = 0, 253, 254

side-scattered/side-swipe energy, 77, 109, 244
signal cone, 6, 76
signal spectrum, 5, 109
signal strength, formula for, 303
signal-to-ambient-noise ratio, 129
signal-to-distortion ratio, 200
signal-to-noise ratio (S/N), 2, 16, 89, 140, 161, 223, 245, 301, 303
and AVO analysis, 56
and fold, 16, 107, 108, 122, 245
and line intervals, 139
and stratigraphic interpretation, 89
and time between shots, 198
and tow depth, 161
and trace density, 109
formula for vibrators, 129
in stack, 2
migration effect, 110, 121, 223
offset-dependent, 104
of low frequencies, 164
of VHC data, 188
repeating the source, 130, 132
source strength, 198
time interval between shots, 198
2D versus 3D, 109, 301, 303-305
signal-to-random-noise ratio, 130, 164
simulation model, 199, 200
simultaneous sources, 40, 95, 100, 120, 132, 133
distance separated, 40, 95, 120, 132, 133
independent, 132, 133
marine, 159, 175, 180, 186, 227
passive and active separation, 180
sinc (wavelet), 96, 250, 269, 298, 299
array response, 298, 299
interpolation, 269
Rayleigh criterion, 96, 250
singlefold data (introduced for...),
basic subsets, 25
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minimal data sets, 25
OVT gathers, 43
pseudo-COV gathers, 41
singlefold imaging, 15, 25, 241-243, 245, 282, 283
OVT gathers, 283
singlefold OBN compared with 52-fold marine streamer, 245
tiling of cross-spreads, 282
single-hole dynamite shooting, 9, 10, 69, 128, 235
single-point acquisition, 13, 100, 101, 103
single-sensor acquisition, 65, 68, 77, 101, 103, 142, 229-234
marine, 149, 161
single-source acquisition, 68, 132, 229-234
skidding and offsetting approach, 124
slanted geometry, 16, 17, 22, 23, 92, 114, 141
and slanted spread, 23, 92
attributes, 134-138
relative to brick-wall geometry and orthogonal geometry, 92, 134,
141
slanted spread, 3D subset, 20, 22, 23, 25, 48, 49, 92
features in common with zig- and zag-spread, 92
geometry effect on amplitude, 92
slanted streamer, 167
slip-sweep technique, 129, 130, 132
slope tomography, 53
smearing caused by spatial filter, 232
smooth acquisition lines, 124-126
SIN (see signal-to-noise ratio)
snail gathers, 57
Snell’s law, 102, 208
solitary shots, 34, 124, 142, 279
source depth, 96, 128, 161-164
source directivity, 149, 189
source selection, 127-132, 197
source strength, 109, 130, 198 (see also shot strength)
source vessel drift, 192, 203
source wavelet, 15, 19, 96, 127, 128, 161, 165, 189, 251, 275
and ghosting, 161, 165
and migration, 275, 278
and resolution, 248, 251, 252, 260, 261, 278
and ZOl, 211, 278, 283
frequency content, 15, 96, 261, 278
impulsive, 127,128, 130, 132
measurement, 128, 129
non-directional, 189
side lobes, 247, 248, 253, 254
sources, complementary, 132
sources, general requirements for, 127, 189
sources, positioning, and geophone group centers, 1, 32
sparse geometry, 16, 21, 30, 40, 94, 175, 204, 221, 246
and random sampling, 140
and time-lapse strategy, 203
sparsity of acquisition geometries, 34, 35, 87, 204, 224, 246
and image quality, 222, 290
and spatial continuity, 34, 220, 222, 288, 290
mitigated by reciprocal OVTs, 34, 46, 204, 285-289
spatial aliasing (see aliasing)
spatial antialias filters, and seismic field arrays, 7, 11, 35, 38, 39, 66, 72
spatial continuity, 15, 27, 34, 36, 46, 58, 87-88, 92, 142, 240
and obstacles, 123-127
and COV gather, 47
and cross-spreads, 27, 36, 42, 52, 230
and OVTs, 34, 58, 134
and prestack imaging, 34
and regular geometry, 88
and proper sampling of at least two spatial coordinates, 87-88
defined, 34
design criterion, 58
improved by NMO correction, 50-51
main acquisition parameters and, 34
maximizing, 35, 36

Index 345

spatial discontinuity, 25, 27, 34, 43, 45, 48, 52, 53, 55, 88, 108
and migration artifacts, 34, 50, 125, 142, 160, 174, 220
criteria for, 47
effect on illumination, 285
examples, 34
in brick-wall geometry, 234, 235
in cross-spread, 27, 43, 52
in full-swath roll with irregular crossline offset, 119
in multiline roll, 121, 142
in MS/MS configurations, 148, 151-160, 179, 204
in OVT gather, 34, 43, 45, 46, 47, 48, 53, 121, 261, 281, 285, 288
in PS-wave acquisition, 220
in skidding and offsetting, 124-126
measure of, 46-47
solitary shots, 34, 124, 142, 279
spatial resolution, factors affecting, 247-261
spatial resolution formulas, 248-251
formulas for constant velocity, 249-251
migration/inversion, link with, 248-249
spatial resolution measurements, 251-260
spatial resolution, minimum resolvable distance relative to maximum
wavenumber, 248
spatial resolution, theory of, reviewed, 247-248
spatial sampling interval (see sampling interval)
spatial wavelet, width, 247, 248, 252-257, 260
specular point, 274, 275, 283, 285 (see also zone of stationary phase)
spider diagrams, 33, 44, 183
spiderweb geometry, and salt-dome delineation, 95
spiral survey, 168
spread length (receiver), 27, 28, 29, 32, 48, 111, 112, 113, 117, 186, 257
shot spread, 29, 48, 111, 113, 194
square array, and convolution of linear arrays, 72
square sampling, and hexagonal sampling, 40, 41
SRME (surface-related multiple elimination technique), 78
stack array, 1, 15
stack response / operator, 11, 12, 18, 59, 77-85, 140, 257, 258, 274
and quality of acquisition geometry, 84-85
average, 81, 83, 84, 91
formulas, 77, 79, 80
multiple suppression, by stacking, 77-84
3D, 80-84, 90, 91, 119, 234, 240
staggered array, 72, 73, 120
staggered geophones, 100
staggered sampling, 258, 259, 261
staggered shot lines, 18, 27, 117, 234, 235
Statfjord field, 94
statics, 231
and arrays, 68, 69, 101, 103, 229
and sampling interval, 7, 101, 103
computation, correction, 2, 7, 51, 52, 89, 90, 110, 117, 192, 238
coupling, 29, 90, 117
elevation, 68, 69, 117
picking, 47, 51,52
refraction, 51, 52, 238
residual, 47, 52, 238
static correction procedures, 2, 7, 51, 52
stationary geometry, 122
stationary phase (point /zone of), 243, 263, 264, 265, 266, 275, 277, 279,
288
stationary-receiver techniques, 18, 40, 144, 146, 187-197
advantages over towed streamers, 187, 188, 204
coupling issues, 189
dual-sensor application, 190-191
history, 188-189
noise at sea bottom, 189-190
OBC, 191-195
ocean-bottom seismometers/nodes, 195-197
overview, 187
source array requirement, 189
transition-zone acquisition, 197
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station interval/spacing, 5-9, 31-41, 99-104 (see also sampling interval)
and fold in orthogonal geometry, 29-30
array length, 7-9, 65-69, 76, 101
aspect ratio, 33
bin fractionation, 258, 259
bins, 31
choosing its value, 99-104
in low-fold acquisition, 246
in real data, 9, 100, 101, 120, 140, 173, 193, 219, 230, 238
in synthetic data, 278, 283
line interval, 88, 111, 140
marine streamers, 149, 175
maximum inline and crossline offsets, 32
migration noise, 108
noise suppression, 103, 233
number of bins in unit cell, 32
preservation of high frequencies, 100-102
smaller is better, 13, 69, 142, 302
spread length, 28
statics, 68, 69, 103
steerable sources, 203
steerable streamers, 143, 160, 161, 164, 186, 203, 204
steering for coverage, 160, 203
Stoneley waves, 190, 191
stratigraphic interpretation, 89
streamer acquisition, 35, 146-186
crossline fold, 28, 29, 33, 148, 151, 157, 159, 171, 204
crossline-offset variation, 147-149
depth controllers, 149, 161
entangling, 149, 153, 161
hydrophone array, 149, 161
inline fold, 29, 149
inline bin size and crossline bin size, 149-150
maximum offset, 160-161
multiazimuth acquisition, 169-172
multicomponent streamer, 161, 164-167, 188
multisource multistreamer configurations, 146-147
narrow-azimuth acquisition, 146-169, 172, 209
offset-vector-tile gathers, streamer acquisition, 150-151
operational aspects, 186
over/under technique, 164
shooting direction, 167-169
source interval, number of sources, and fold, 149
sources and streamers, depth of, 161-164, 167
spatial discontinuity in marine streamer acquisition, effects, 151-160
variable-depth streamer, 167
wide-azimuth acquisition, 172-186
streamer depth, 149, 161-164, 167, 186, 188
streamer interval
and streamer steering, 160
crossline bin size, 36, 147, 149
crossline roll/midpoint range, 29, 148, 151, 171
in WATS acquisition, 173, 175, 177-180
streamer steering (see steerable streamers)
streamers, solid or fluid filled, 149, 161, 167
stretch factor, 98, 104-107, 112, 218, 251, 301
average, 106, 107, 301
maximum, 89, 96, 104-107, 301
migration, 251
PS-wave data, 218
2D data compared with 3D data, 106-107
strike acquisition/shooting (see dip or strike acquisition/shooting)
striping, causes, 50, 121, 144, 145, 160, 221
ambient noise, 50
crossline periodicity in offset distribution, 144, 145, 221
feathering, 144, 160
irregular orthogonal geometry, 121
poor receiver coupling, 50
strum noise, 165
subhorizontal geology, 101, 103, 104
subsalt exploration, 95, 139, 172, 179, 180, 207

subsurface diagram, 2, 3
subsurface stacking chart, 3
SUMIC technique, 144, 188, 189, 196, 207
supergather, 55
supershot gather, 178, 180
superspread, 114, 120
surface-consistent equalization, 10
surface-consistent deconvolution, 238
surface diagram, 2, 3
surface ghost, 128, 203
surface scatterer, 60
surface stacking chart, 3
surface wave, 5, 60, 62, 64, 129, 230 (see also ground roll)
survey design, information needed, 89-90
swath
in OBC acquisition, 192, 193, 196, 221, 223
in orthogonal geometry, 113, 114, 116, 117, 120
in parallel geometry, 36, 90, 146, 151, 157, 159, 173, 177, 178, 180,
183, 185, 203, 204, 221
in VHC acquisition, 188,
in zigzag geometry, 27, 114, 186
sweep, 40, 95, 96, 100, 120, 128-134, 229
frequency range, 96, 129-131
HFVS, 100, 132
length, 128-130, 133
number of sweeps per shot point, 129-131, 133, 134
reliability, 130
slip-sweep, 129, 130, 132
upsweep, 128, 129
swell noise, 149, 161
symmetric sampling, 1, 4-10, 12, 13, 15, 16
advantage, 9, 10
and 2D surveys, 13
array-based, 7, 13
theory, 4, 5, 15
symmetric sampling versus asymmetric sampling, 7, 9-10, 12, 13, 243
center-spread shooting, 9, 10
end-on shooting, 9

target, depth/levels, 89
deep, and length of streamers, 146, 160
deep, and shot interval, 149, 173
deepest, and AVO, 107
deepest, and maximum offset, 35-37, 96, 106, 107, 109, 112, 160
deepest and radius of ZOlI, 123, 304
determine maximum offset, 111-112
Fresnel zone for each, 160
geophysical requirements at each, 96
illumination, 88, 95, 238
interval velocity, 96, 102, 301
line interval, 110, 111, 237, 241
low relief, and upholes, 90
mute offset at each, 104
maximum dip angle at each, 99
parameter optimization, 112-113
required fold, 88, 89, 107-110, 246
required resolution, 89, 96-99
sampling interval, 99, 103, 134
shallow and near-surface conditions, 59, 96, 104, 110, 134, 139
shallowest, and line intervals, 37, 107, 134, 139
target-oriented geometry, 18, 90, 95
Py-py filtering, 94, 195
Teal South 4C/4D test survey, 195
teardrop problem, 148
template, 26, 27, 92, 113, 114, 126, 135-138, 235, 236
aspect ratio, 26, 33
different implementations, same nominal geometry, 113, 114,
116-121
fold formula, 30
in OBC acquisition, 192
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in the presence of obstacles, 125, 126
template rolling, 114
full-swath roll, 116, 117-119 (see also full-swath roll)
multiline roll, extra receiver lines, 116, 119-120
multiline roll, no extra receiver lines, 116, 120-121, 134, 137,
138, 142
one/single-line roll, 26, 116, 117, 118, 120, 125, 135, 136, 142
one-line roll, sources outside template, 116, 117
terrain conditions, adapting to, 132, 197, 235
testing as part of 3D survey design, 87, 113, 133-134
array parameters, 65, 76
box test, 133, 234
dealing with obstacles, 134
decimation tests using pilot survey, 110, 113, 134
energy tests, 129
geometry to be used, 133, 234-241
interval between shots, 198
lowfold data, 110
migration aperture, 122-123
modeling as alternative to field testing, 134, 139-140
pilot survey, test geometry, 134, 234-241
processing tests, 106
shot-hole depth, 128
source strength, 198
sweeps, 133-134
3D microspread, 59, 133, 232-234
3C data acquisition, 95, 101, 189, 207, 219
3C geophone/sensor, 101, 144, 166, 167, 187, 189, 196
3D acquisition geometries, properties and sampling, 15-58
continuous wavefield, 19-31
continuous wavefield, sampling of, 31-42
prestack processing using most suitable subsets, 47-57
pseudo-COV gathers, 41-47
3D CMP, 20, 22, 23, 25, 209
3D common-receiver gathers, 16, 18, 20, 21, 40
PS-illumination and imaging, 209-212
traveltime contours in PS-wave, 208, 209
3D common-shot gather, 16, 20, 21, 23, 25, 40, 254
alias-free sampling, 40
properties, 21, 22
PS-illumination and imaging, 209-212
resolution, 254, 256, 261
traveltime contours, 23
traveltime contours in PS-wave, 208, 209
3D data, sampling requirements, similarity to 2D data, 103
3D finite-difference modeling, 139
3D (f-k) filtering, 36, 40, 48, 49, 50, 78, 91, 92, 101, 103, 238 (see also 3D
velocity filter)
compared to cascaded filtering, 48, 49
3D f-xy filtering, 36
3D geometries, classes of, 16-19
3D geometries, stack responses, 80-84
3D geometry on land, guidelines for design, 87-142
acquisition footprint, 140
attribute analysis, 134-138
geometry, choice of, 90-96
geophysical requirements/constraints, 88
model-based survey design, 134, 139, 140
nominal geometry, implementation of , 113-133
parameters, selection of main, 96-113
preparations, 89-90
random sampling, 140-141
regular geometry, 88
spatial continuity, 87-88
survey design, recommendations, 141-142
test results, 234-241
testing, 133-134
3D survey design, general recipe for, 88-89
3D marine streamer acquisition, 15, 146-186
3D microspread, 59, 133, 229-234 (see also noise spread)
layout, 230
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useful in 3D survey design, 59, 133, 232-234
3D midpoint, 20, 22-23, 25, 209
3D prestack wavefield of 2D line, 1, 4,6, 7, 9, 11
properties, 4, 5, 6
3D receiver gather (see 3D common-receiver gather)
3D shot gather (see 3D common-shot gather)
3D spatial bandwidth, 248
3D spatial resolution, 255-256
3D stack response, 80-84
3D Strathspey survey, North Sea, 188
3D subsets of 5D prestack wavefield, 19-22
COV gather, 20, 22
cross-spread, 20, 21-22
midpoint line, 19, 20, 21
slanted spread, 20, 22
3D midpoint, 20, 22
3D shot, 20, 21
2D line, 21
zig-spread, 20, 22
3D subsets and acquisition geometry, 23-27
COV gather, 23-25
cross-spread, 23-27
extent, 25
fold, 25
maximum offset, 25
minimal data sets, 25, 31
role in 3D symmetric sampling, 34-41, 265, 319
spatial continuity, 34
3D shot, 23-25
traveltime contours, 23-25
zig-spread, 23, 24, 27
3D survey design, fold requirement, 107-110, 303-305
3D survey design guidelines, 87-142
3D survey design, PS-waves, 219-225
geometry, choice of, 219-225
sampling, 225
3D survey design, general recipe for steps in, 89
3D symmetric sampling, 15, 34-35, 87
and basic subsets, 35, 57
and DMO, 263
and four spatial coordinates, 35
areal geometry, 40
areal WATS compared with, 176-178
aspect ratios, 88
orthogonal geometry, 36-39, 120
parallel geometry, 35
perfect example, 112, 120
requirements, 35
zigzag geometry, 39
3D/3C surveys, design of, 207
3D velocity filter, 48, 59, 60, 62-65, 67, 68, 76, 77, 85, 99, 233
examples of results, 49, 78
thumper, 16, 130
tidal variations, 197, 201
tiling of cross-spreads,42, 43, 281, 282, 287
tiling of OV/Ts, 43, 46, 47, 48, 220, 221, 224, 269, 281
tiling of reciprocal OVTs, 46
tilted streamer, 167
time interval between shots and source strength, 198
time-lapse acquisition, 188, 198-204
time-lapse seismic analysis, ground rule, 201
time-lapse seismic data, and reservoir monitoring, 199
time-shift measurements for statics determination, 52
time shifts between array elements, 68
time-shifts between baseline and monitor surveys, 200-202
time slices, 51, 60, 77, 133, 140, 160, 170, 238, 242, 247, 283
acquisition footprint, 118, 141, 144, 154
after diffraction flattening, 243, 284
cross-spread, 18, 22, 36, 37, 50, 59, 230-232, 243
displays, 4, 22, 37, 50, 78, 118, 133, 141, 154, 171, 232
fold variation, 51
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ki-ky diagram, 118, 140
2D, 24
tomography for velocity-model building, 53, 171, 174
total fold, 29, 30, 37, 88, 104, 108, 112, 113, 120, 159, 173, 178, 180, 221
(see also full fold)
total stack response, 11-13
tow noise, 161, 167
trace density (as function of offset), 37, 38, 55, 79, 84, 106, 183, 185, 237
trace density (per unit area), 19, 37, 91, 94, 109, 112, 113, 180, 195, 197
trace-vector diagrams, 33
transition zone, 118, 144, 187, 197
traveltime contour/surface,
apparent velocity, 60
apex areas, 64
diffraction, 24, 63, 91, 123, 242, 243, 248-251, 256, 257, 260, 261,
271-273, 275, 277,279
diffraction-flattened reflection, 211, 214, 273, 278-279
dipping plane, 2, 24, 281-283
energy distribution of scatterers, 62-64
gradient , 60, 62, 64-66
in cross-spread, 23, 24, 37, 60, 61, 64-66, 93
in 3D shot, 60, 61, 64, 93
in 3D subsets, 23-25, 208, 209
in zig- and zag-spreads, 91
line scatterer, 64
multiple, 55
PS-waves, 208, 209
reflection, 22, 278, 279scatterer, 60-64, 72, 93
triple zigzag, 18
true-amplitude migration, 25, 92, 157, 212, 248, 271, 280- 282, 285, 288,
290
and acquisition footprints, 290
tuning thickness, 250
2C, two-component (see dual sensor technique)
2D data combined with lowfold 3D data, 244-245
2D data, conventional, compared with lowfold 3D data, 245
2D data acquisition, best, 6
2D Fourier transform, 178
2D grid of lines with lowfold 3D, 108, 244-245
2D line, 2-4
offset as third dimension, 2
properties, 2-4
time slice, 2, 4
smoothness criterion for crooked lines, 124
2D noise spread, 229
2D over/under acquisition configuration, 164
2D stack response, 77, 79, 82, 84, 258
2D symmetric sampling, 1-13, 15, 34-35
requirements, 7, 35
symmetric sampling versus asymmetric sampling, 7, 9-10, 13
theory, and 3D symmetric sampling, 15
total stack response, 11-13
two-trace running mix, 7, 66, 68
TZ (transition-zone) surveys, 197

umbilicals, 146
undershooting, 18, 160, 186, 188
undershooting and long offsets, 139, 160, 177
undershooting of gas chimney, 169
UniQ, 100
unit cell, 28, 29, 32-34, 51, 53, 88, 121, 122
and acquisition footprint, 28, 51
and fold of geometry, 29, 30, 33, 51, 108, 183
and periodicity of geometry, 28, 32, 51, 225
area, as factor in resolution, 261
aspect ratio, 33,34, 37, 178
AVO, 56
fullfold and fold-taper zone, 121, 122
LMOS, 32, 37, 38, 110
offset distribution, 32, 33, 46, 51, 53
OVTs, 38, 41-47, 151, 197, 282, 284

updip move of reflection, 151, 152, 153, 159, 285
in migration, 242
in PS-wave, 209, 210

updip versus downdip multiple behavior in cross-spread, 54

updip versus downdip shooting, 9, 151, 152, 153, 155, 156, 159, 281
PS-wave, 226

uphole surveys and statics determination, 90

Valhall data, full-waveform inversion of, 132
Valhall field, LoFS survey, 19, 94, 195, 201, 202
variable-depth streamer, 161, 167, 188
vector fidelity, 167, 189, 197
defined, 189
vector infidelity, 189, 190
vector representations, shot, receiver, midpoint, half-offset, 2
velocity analysis, 16, 32, 52-54, 57,107, 169, 174, 209, 271, 281, 282,
285, 288
difference horizontal and vertical velocity, 112
velocity model-building, OVT gathers and slope tomography, 53
velocity-model updating process, 271
vertical pulse distortion, 251
velocity sensor, particle, 144, 164, 165, 166, 188
vertical resolution, 88, 96, 98, 99, 250, 251, 254, 255, 260, 261, 278, 301
vertical seismic profiles (see VSP)
vessel pass (see boat/vessel pass)
Vo= V0w @NISOtropy analysis, 58
VHC (vertical hydrophone cable) technique, 187, 188, 196
vibrator, 27, 39, 91, 100, 120, 128-132
array, 69, 74, 120, 129, 140
ground force, 128, 129
group/fleet, 120, 129, 132, 140
history, 128, 129
marine, 144
mini, 203
single, 40, 93, 95, 140, 229, 230
sweep (see sweep)
vibroseis, 117, 127, 128, 129, 130, 132, 197 (see also vibrator)
Vp/Vs, 208-224, 226
effect on illumination area, 209-211
effect on illumination fold, 220-224
effect on image area, 210, 211
effect on NMO stretch, 218
effect on 3D survey design, 219, 226
effect on wavenumber coverage, 216
V'SP (vertical seismic profiling), 18, 247
acquisition, 18, 90, 95
processing of VHC data, 188
providing velocity for survey design, 90, 96, 112
repeatability analysis, 201, 202
resolution analysis, 249

walkaway VSP, 188
WARP (wide-angle refraction and reflection profiling), 195-196
water temperature, and water velocity, 201, 202
water velocity and maximum unaliased frequency, 94, 149
WATS types
areal, 176-180, 183, 185, 186, 189, 204
circular, coil shooting, 181-185, 204
zigzag, 185-186, 189
WATS, wide-azimuth towed-streamer acquisition, 19, 34, 92, 139, 142,
143, 146, 148, 170, 172-186, 188
characteristics, 172-174
compromises, 176-178
parallel or areal geometry, 175
with simultaneous shooting, 180
WATS configurations, 172-180, 186
BP WATS, 173-178
crossline fold, 173-175, 178-180, 204
front and aft shots, 171, 179
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front shots only, 179
inline fold, 173-175, 178, 180
orthogonal WATS, 177
RAZ, rich azimuth, 180-181, 186
Shell WATS, 175, 177, 178
WesternGeco WATS, 178, 179, 180
wave equation, 94, 225
wavelength, smallest, and basic sampling interval, 5
wavelet, 70, 84, 96, 97, 165, 273, 302
deghosted and ghosted, 164, 165
difference between horizontal and vertical wavelet, 260
frequency content, 84, 261, 275, 276
length, 123, 211, 214, 277, 279, 283, 302, 304
length and ZOl, 123, 211, 214, 277, 304
migration edge effect on, 123
Rayleigh criterion, 97
reflection, diffraction and truncation, 275
resolution and width of central lobe, 247, 248, 252-257
Ricker (see Ricker wavelet)
source (see source wavelet)
spatial, 248, 252-258, 260
stretch, 105, 253
tuning thickness, 250
wavenumbers and spatial coordinates, 2
wavenumber coverage, 212, 213, 216, 217, 248, 255, 256
mapping traveltime surface to 3D wavenumber space, 248
wavenumber spectrum, 3, 4, 40, 103, 104, 141, 251
WAZ (see wide-azimuth acquisition)
wedge model, 96-97
weight-drop units, 127, 130
weighted arrays, 7, 11, 70, 71, 297
West Africa, 193
wide (acquisition) geometry, 26, 33, 36, 37, 142, 235-241
beneficial effects, 36, 37
average stretch factor, 106, 107
better diffracted multiple suppression, 37, 89, 170, 172
better multiple suppression, 84, 91
better prestack noise suppression, 59, 85, 109, 117
common-offset-range gather, 52
source directivity, 127
taper zone, 121
wide-azimuth acquisition (WAZ), 43, 54, 79, 90, 106, 139, 143, 181, 184,
188, 189, 204, 207, 219, 224, 229, 263, 270 (see also wide
(acquisition) geometry)
wide-azimuth towed-streamer acquisition (see WATS)
wide-azimuth swath (WAS) technique, 117
wide versus narrow
aspect ratio, 26, 33
azimuth, 90
bin offset distribution, 33
choice of arrays, 77
common-offset-range gather, 52, 53
complex geology, 90, 139, 180
DMO, 263
feathering, 177
fold buildup, 37, 237
fold taper zone, 121
implementation, 117
multiple suppression, 84, 91
Nigeria 3D test, 234-241
NMO stretch effect, 223
number of edges, 36,142
PS-wave processing, 224
source directivity, 189
spatial filtering, 110
stack responses, 83, 85
width of swath, 177

Xinchang field, Sichuan Basin, fracture density, 219
X-spread (cross-spread) technique, 16, 18
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zag-spread (see zig-spread)
zero-offset
and maximum frequency, 97
and migration, 272, 277-280
and migration distance, 123
and PS-wave data, 208, 216, 218
and resolution/NMO stretch, 97, 98, 104-105, 106, 111, 216, 218,
249-256, 258, 259, 261
and sampling, 99, 102
section, 2
time, 82, 105
zig-spread, 20, 22, 23, 24, 27, 28, 186
maximum inline and crossline offsets, 27, 28, 39
OVT, 186
properties, 24, 27, 28, 92, 93
traveltime contours, diffraction, and dipping plane, 23, 24, 91
zigzag geometry, 16, 17, 18, 20, 22, 23, 27-28, 39, 91, 142
and desert environment, 18, 39, 91
and f-k filtering, 91
and orthogonal geometry, compared, 27, 91
and trace spacing in shot and receiver gathers, 39
double zigzag, 18, 82, 83, 91
efficiency in open areas, 91
inverted zigzag, 18
maximum crossline offset, 27, 39
offset distribution, 81, 84
sampling, 39, 92
shot intervals, 27, 142
stack response, 83, 84
subsets of, 23, 27-28, 93
template, 114
triple zigzag, 18
zigzag WATS, 185, 186, 189, 204
zippers, 113-115, 120
ZOI (zone of influence), 108, 123, 211, 212,223, 271, 274, 275, 276-277,
278, 290, 301, 303-305
and Fresnel aperture, 303
and Fresnel zone, 271, 276-277, 278, 290
and wavelet length, 123, 211, 214, 277, 304
determination of, 123
radius, 108, 109, 123, 275-278, 301, 303-305
offset dependency, 277
zone of stationary phase, 243, 263, 265 (see also specular point)



