Contents

PartI Exploration Seismic

1

Seismic Wave Propagation and Rock-Fluid Properties. .. ......... 3
Seismic Wave Propagation . ......... .. ... i 3
Energy Losses . . oo vv it e 4
ADSOTPLON. . . ottt 4
SCAteIING . . oottt 5
TranSmiSSION . . . oot vttt 5
Spherical (Geometrical) Divergence. .. ........................ 6
Geological Significance of Energy Attenuation . ................... 7
Seismic Properties. .. ... ..ot 7
Rock-Fluid Properties (Rock Physics) . .......... ... ... ... ..... 8
RoCK Properties. . . .....v v e 8
ElastiCity . . .ot e 8
Bulk Density . .. ..ot 9
Porosity, Pore Size and Shape (Pore Geometry). ................. 9
TeXIUTE vttt e e 11
Fractures and Cracks, Geometry. ... ..........coviivrvnenene... 11
Fluid Properties. . . . ...oo ot e 12
Pore Fluid and Saturation . . .......... ... ... i, 12
VaSCOSILY & v vttt e 13
Pressure and Temperature. . ...ttt 13
Seismic Rock Physics.......... . o i 16
References. . ... 17
Seismic Reflection Principles: Basics .......................... 19
Signal-to-Noise Ratio (S/N) . . .. ..o i 20
Seismic Resolution .. ....... ... 21
Vertical Resolution .. ........ ... i 22
Lateral (Spatial) Resolution and Fresnel Zone .. ................. 23

ix



Contents

Interference of Closely Spaced Reflections: Types of Reflectors. ... ... 26
Discrete Reflectors . ....... ... . i 27
Transitional Reflectors . ........ .. .. . . .. . . . . 27
Complex Reflectors. . ... 28

Innate Attributes of a Reflection Signal .. ........................ 28
Amplitude and Strength . ....... ... ... ... .. . . . 29
Phase. ... ..o 30
Frequency (Bandwidth) ........ ... ... ... .. ... .. .. ... 30
Polarity . ... 31
Arrival Time . .. ..o 32
VelOCItY . oot 32

Seismic Display . .......ooii e 33
Plotting Scales (Vertical and Horizontal) .. ..................... 34

References. . ... 35

Seismic Interpretation Methods .............................. 37

Category I: Structural Interpretation 2D) ........................ 39
Identification and Correlation of Horizons...................... 39
Contouring and Maps . . ... ..ottt 42

Category II: Stratigraphic Interpretation 2D) ..................... 45
Seismic Calibration. . ...t 45
Synthetic Seismogram . ... ...t 46
Vertical Seismic Profiling (VSP) ...... ... .. ... . . o .. 48
Continuous Velocity Logs (CVL) . . ........ .o, 48
Velocity Estimation. . . ..., 50
Seismic (Structure) Maps . . .. .o oo it 52
Seismogeological Section. ... ...... .. .. .. . i 54

Category III: Seismic Stratigraphy Interpretation. . ................. 55
Seismic Sequence AnalysiS. .. ...ovvt vttt 56
Seismic Facies Analysis . .........c.oo .. 58
Relative Sea Level Change (RSL) Analysis ... .................. 63

Category IV: Seismic Sequence Stratigraphy Interpretation .......... 67
Low Stand Systems Tract (LST). . ....... ... ... ... 67
Transgressive Systems Tract (TST) .......... ... ... .. . ... 68
High Stand Systems Tract (HST) .. ...... ... ... . ..o ... 68
Application of Seismic Sequence Stratigraphy................... 70

Seismic Stratigraphy and Stratigraphic Interpretation . .............. 71

References. . ... 72

Tectonics and Seismic Interpretation .. ........................ 73

Structures Associated with Extensional Stress Regimes ............. 74
Compaction/Drape Folds . .......... ... .. ... .. 74
Horsts and Grabens Accompanied by Normal Faults. . ............ 74

Compaction Faults and Gravity Faults . ........................ 74



Contents Xi

Listric Faults, Growth Faults and Roll-Over Structures . ........... 76
Cylindrical Faults and Associated Toe Thrusts, Imbricates ......... 78
Structures Associated with Compressional Stress Regimes........... 79
Folds/DUpIeXes . . . . oot ettt et e 79
Reverse Faults, Thrusts and Overthrusts. . . ..................... 79
Structures Associated with Shear Stress (Wrench) Regime .. ......... 81
En Echelon Conical Folds. . ........... ... ... ... ... 81
High-Angle Faults and Half Grabens . . . ....................... 82
Flower Structures and Inversions ... ............ ... ... .. ..... 83
Strike-Slip Faults. . . ... ... 83
Salt/Shale Diapirs . .. ... .o e 85
Salt Diapirs - Types. . . oo e e 86
Synopsis of Significance of Seismo-Tectonics Studies
in Seismic Data Evaluation. .. .......... ... ..., 87
References. . ... 89

5  Seismic Stratigraphy and Seismo-Tectonics in Petroleum

Exploration . ........ .. .. .. .. . . . 91
Basin Evaluation. . ......... .. .. i 91
Source and Generation Potential. . ............................ 92
Reservoir Facies . .......... . 93
Migration. . .. ...o ot e 93
Entrapment and Preservation . ............. ... ... ... .. ..... 94
Basin and Petroleum System Modeling . ....................... 94
Fault Attributes Analysis and Trap Integrity. ............. .. ... .. .. 95
Prospect Generation and Evaluation, Techno-Economics ............ 98
Type of Source .. ... e 99
Migration-Timing and Pathways. . .......... ... ... ... ... ... .. 100
Reservoir Lithology (Clastic/Carbonate) .. ..................... 100
Type of Traps . ..o vt 100
Estimate of Hydrocarbon Volume. .. .......................... 100
References. . ... 101
6  Direct Hydrocarbon Indicators DHI) ......................... 103
DHI Amplitude Anomalies . . . ..., 105
Bright Spots . . ... .. 105
Dim SpPotS . o et e 106
Flat Spots . ..ot e 107
Validation of DHI Amplitude Anomalies . ........................ 108
VelOCItY . oot 108
Polarity . ... 109
Sag’Effect . . ... 110
Shadows . ... 110
Limitations of DHI . .. ... .. ... . i 111

References. . ... .. o e 112



Xii

Contents
Borehole Seismic Techniques. . ............................... 115
Check-Shot Survey . ... e 115
Vertical Seismic Profiling (VSP) ...... .. .. . . . . . 116
Types of VSP. . oo 120
Check-shot and VSP Survey Comparison. . ....................... 121
Well (Seismic) Velocity and Sonic Velocity .. ..................... 122
Limitations of Well Velocity Surveys.......... ... ... ..., 124
Cross-Well Seismic. .. ... e 125
References. . ... 126

Part II Reservoir and Production Seismic

8

Evaluation of High-Resolution 3D and 4D Seismic Data .......... 129
3D (ReServoir SEISmMIC) ..o v vttt e e e e e 130
Horizontal-View Seismic: Horizontal Amplitude Slices ........... 132
Horizontal-View Volume Seismic: Sequence Stratigraphy
Interpretation. . ... ..ottt 134
SSSI Framework: Horizon Cube. .. ....... ... ... .. .. .. .. .. 134
SSSI Framework: Wheeler Domain . .......................... 135
Prediction of Shallow Drilling Hazards in Offshore. ... ........... 135
Reservoir Delineation and Characterisation . .. .................... 137
Reservoir Delineation . . .............. . i 137
Reservoir Characterisation .. ..., 139
4D (Production SEiSmiC) .. ......t ittt 141
Seismic Reservoir Monitoring (SRM) . ........... ... .. ... .... 142
Corroborating Drive Mechanism and Its Impending Potential. . . . . .. 143
Impending Water/Gas Coning and Gas Phase Formation. .......... 144
Bypassed Oil, Permeability Barriers and High Permeable Paths . . . . . 144
Dynamic Reservoir Characterisation (Porosity,
Saturation and Relative Permeability) ................ .. ... .. .. 145
Enhanced Oil Recovery and Sweep Mechanisms. ................ 146
3D and 4D Seismic Roles in Exploration
and Production . ........ .. 146
4D Seismic: Limitations. . ... ..ot 147
References. . ... ..o 147
Shear Wave Seismic, AVO and Vp/Vs Analysis .................. 149
Shear Wave Properties: Basics . .......... .. ..o i 150
Polarization and Polarization Vectors. ............... .. ... ..... 150
Shear Wave Recording .. ........ ... i 151
Mode Converted Shear Waves .. ..............c.oiiiiiaon. .. 152

Multicomponent Surveys (3Cand4C). ... 154



Contents

10

11

Benefits of Shear Wave Studies ............ ... ... ... . ...
Validating Bright Spots (P-wave Amplitude Anomalies) ...........
AVO Analysis, Near and Far Stack Amplitude
Studies — Prediction of Hydrocarbon Sands . ....................
Limitations of AVO Analysis . ...,
Velocity Analysis (Vp/Vs) and Prediction of Rock-Fluid Properties . .

References. . ...

Analysing Seismic Attributes. .. ............ ... ... ... ..
Primary Attributes. . ... ...t
Complex Trace Analysis: Amplitude, Frequency,
Phase and Polarity. . ....... ... .. i
Tuning Thickness: Amplitude Variation with Bed Thickness. .. ... ..
Spectral Decomposition (AVF). . ..... ... ... ... ... .o ...
Geometric Attributes. . . ...
Dipand Azimuth. . ..... ... ... ...
CUIVALUTE. . . o oottt e e e e e e
COherence . . .....ov it
Composite Displays of Multi-attributes .. ........................
Limitations of Attribute Studies .. ............ ... ... ... ...
References. . ... ..o

Seismic Modelling and Inversion. . ............................
Seismic Forward Modelling .. ............ .. ... ..
1D Modelling, Synthetic Seismogram . ........................
2D/3D Modelling, Structural and Stratigraphic . .................
Limitations of Forward Modelling . .. ........... .. .. ... .. ....
Inverse Modelling . .. ... o
Operator-Based Inversion. . ......... ... .. ... ..
Recursive Inversion. . ............ i i
Model-Based Inversion. . . ..........c. i i
Geostatistical (Stochastic) Inversion. . . ........................
Rock-Fluid Properties and Seismic Inversion. . ....................
Interval Velocity Inversion ........... ... .. ... ...,
Acoustic Impedance Inversion . ............ ... ... .. ...
Elastic Impedance Inversion. . .......... ... ...,
Simultaneous Inversion (SI) . ......... .. ... i
Density Inversion . ............ i
AVO INVETSION. . . o oottt e e e e e
Seismic Inversion in Modelling and Reservoir Management. ... ......
Limitations of Inversion .. ......... ... . ...
References. . ...



Xiv Contents

12 SeismicPitfalls. . ........ .. .. .. .. 205
Acquisition and Processing Pitfalls ............. .. ... .. .. .. .. 206
Interpretation Pitfalls .. ........ ... .. . i, 208

Amplitude Related Pitfalls . ............ ... ... ... ... .. ..... 209
Velocity-Related Pitfalls . .. ........ ... ... ... . . ... 212
Natural System Pitfalls .. ....... ... ... . i 213
Wave Propagation Complications. .. .......... ... ..., 216
Time Domain Data Recording .. .......... .. ... .. .. .. .. ... 216
Geological Impediments. .. ........ .. .. .. . . i, 216
References. . ... ..o 217



2 Springer
http://www.springer.com/978-3-319-26489-9

Seismic Data Interpretation and Evaluation for
Hydrocarbon Exploration and Production

A Practitioner's Guide

Manda, M.C.

2016, XM, 224 p. 155 illus., 118 illus. in color.,
Hardcover

ISBEM: 978-3-319-26489-0



	Contents

