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Abstract 

Seismic technology has played a key role in both exploration and field development. With advances in seismic acquisition and processing technologies, the size and number of seismic volumes have been steadily increasing. How to fully utilize all available datasets and effectively extract information from them remains a challenge. On the other hand, these challenges provide opportunities utilizing state of the art technology. 

Seismic attribute analysis has been crucial to reveal hidden and subtle information assisting seismic interpretation and supporting subsurface studies in both exploration and development settings.

We have developed novel workflows to interactively compute classic and advanced seismic attributes (3D and 4D) allowing multidimensional analysis to capture the subsurface uncertainty for integrated reservoir characterization. 

Using these capabilities, interpreters can scan through different dimensions, including azimuth, incidence angle and frequency, of seismic volumes, to optimize signal to noise ratio and optimize structural and stratigraphic interpretation. This interactive attribute computation and analysis workflow offers the following advantages: (1) parameters sensitivity analysis; (2) fully utilization of the seismic data and its derivatives through multidimensional (angle, azimuth, frequency) analysis; (3) promoting collaboration among seismic processors, interpreters and specialists during 3D and 4D acquisition design, processing and interpretation; (4) data management simplification and improvement since many products can be computed on the fly.  

We have applied the interactive 4D analysis workflow in a deepwater field in GoM. It is a structurally complex subsalt field where seismic imaging is largely impacted by a salt overhang. Multiple OBN 4D vintages are available, including both full field and instantaneous 4D (i4D) acquisition. Our results demonstrate that 4D seismic signal can be further optimized by selecting the appropriate contributing azimuth and angle of incidence in sub-salt setting. These optimized subsurface images are consistent with the reservoir production history and actively utilized in subsurface study during field re-development and improved reservoir management strategy. 

The second case study illustrates how to optimize a 4D seismic signal by interactively selecting different frequency bands and its application to a Brazil offshore field having PRM system. Our results shows that low and mid frequency bands provide the most coherent 4D sweep signal (hardening due to water influx and softening due to de-pressurization of the oil leg), whereas high frequency band is largely contaminated by noise. 

The third case study highlights the use of advanced attribute analysis for a regional 3D seismic dataset which covers approximately 60,000 km2 area of Campos Basin in Brazil. By utilizing scalable attribute analysis capability, interpreters/explorers can interactively compute different attributes along selected horizons or sculpted intervals for gross depositional environment (GDE) studies and opportunity identification. Compared with conventional workflows, this capability improves efficiency and allows explorers to conduct more analysis in less time. 

By using examples from both exploration and development, we have demonstrated the value and advantages of multidimensional seismic data analysis workflows. In all, these workflows/capabilities enable geoscientists to maximize the value of seismic datasets to provide timely analysis/interpretation supporting decision making, and also promote more collaborative way of working. 

Acknowledgements 

The author would like to thank many colleagues for their collaborations and support of this work: Tim Roden, Wenceslau Gouveia, Kevin Bradford, Paul Hatchell, Kanglin Wang, Jorge Lopez, Long Ma, Dan Clarke, Howard Chan, Michael Stein, Tim Howard, Rupert Cole, Denise Plumb, Christian Theriot,  Jonathan Brain, Bill Butler, Donald Griffith, Carlos Nieto and many others. 

The author would also like to acknowledge Shell management, and partners BP Exploration and Production Inc, ConocoPhillips, and ExxonMobil for their support. The statements and views expressed in this paper are the responsibility of the Authors and do not necessarily reflect the views of the Partnership. 

TGS is acknowledged for permission to publish the Brazil regional example. 

Eighteenth International Congress of the Brazilian Geophysical Society

Seventeenth International Congress of the Brazilian Geophysical Society
Seventeenth International Congress of the Brazilian Geophysical Society


[image: image1.png]