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 Jef Caers (Co-PI) received his MS in Geophysics and PhD degree in Geostatistics from the Katholieke Universiteit Leuven, Belgium in 1993 and 1997 respectively. He is currently assistant professor of Petroleum Engineering at Stanford University, and co-director of the Stanford Center for Reservoir Forecasting (SCRF) which is the largest industrial affiliates program in Geostatistics and reservoir characterization with 25 affiliate members from all over the world. His main research interests are in petroleum geostatistics, pattern recognition and neural networks for reservoir characterization, decision analysis in reservoir management and software methods for geo-scientific computing.
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Masoud Nikravesh (Co-PI) received his BS from Abadan Institute of Technology, MS and PhD in Chemical Engineering from the University of South Carolina. He is a BISC Fellow and Program Manager in the Computer Science Division, Department of Electrical Engineering and Computer Sciences at the University of California, Berkeley and Research Scientist in the Imaging and Collaborative Computing Group at the Lawrence Berkeley National Laboratory. In addition, he is serving as the Associate Director (Co-founder) of Zadeh Institute for Information Technology (Information Technology) and Chairs of BISC-Earth Sciences, BISC-Fuzzy Logic and Internet, and BISC-Recognition Technology Groups. His credentials have led to front-page news at Lawrence Berkeley National Laboratory News and headline news at the Electronics Engineering Time

The Stanford-Berkeley Initiative


Motivation 

This document describes the need for an initiative in reservoir modeling and management based on two main motivations:

· A recent decline in recovery factors and reserve replacement ratios, combined with a volatile oil market and a steady rise in world oil production which emphasize the need for risk and uncertainty management in oil exploration and production.  

· An ever-increasing need to improve necessary technology that provides an efficient solution to modeling, understanding, analyzing and managing uncertainty and risk in oil exploration and production. Such improvements are required in both the Business related issues and Earth Sciences areas. 

As a result, reservoirs with growing geological and economical challenges are currently being explored and produced. This requires application of new technologies and intelligent data and knowledge integration methods to achieve necessary efficiency and E&P cost reduction.   While the technological expertise of each component (geology, geophysics, reservoir engineering) becomes increasingly interrelated, there is a need for better integration of different components into a comprehensive reservoir model, adequately capturing the uncertainty on key strategic reservoir parameters. The uncertainty quantification on such key parameters is required in any type of decision analysis.

The Initiative

The Stanford-Berkeley initiative aims at bringing a comprehensive solution to management of uncertainty in reservoir characterization, modeling and engineering. We bring together a number of world-leading research teams with a firm track record in the area of reservoir modeling, geophysics, geostatistics, soft computing and uncertainty modeling. Currently the team consists of

SCRF (Stanford Center for Reservoir Forecasting): a world-leading center for reservoir modeling, data integration and uncertainty modeling using geostatistics.
BISC (Berkeley Initiative in Soft Computing): a world-leading center for basic and applied research in soft computing (fuzzy logic, neural networks, perception based logic, and evolutionary computing including DNA computing). 

LBNL (Lawrence Berkeley National Laboratory): a world-leading group in imaging, data analysis, bioinformatic, and collaborative computing.

The initiative aims at providing more than the sum of its components. While each group has made its mark in its own field, an integrated solution to uncertainty modeling will require an integrated knowledge sharing between each group. Members of each team are complementary and are well aware of the scientific and technical know-how of the other groups. Some of the most striking achievements of each group relevant to the subject of the initiative in the last two years are:

SCRF: New, fast geostatistical algorithms that allow integrating multi-scale seismic, rock physics, production data and arbitrary geological models in large, million cell reservoir models.

BISC:  New soft computing algorithms making intelligent, semi-unsupervised use of large quantities of reservoir data. Decision support systems for risk analysis and management, as well as new methods of seismic attribute analysis.

LBNL: New algorithms for feature based representation and reconstruction of massive amount of spatio-temporal scientific data that are collected from observational platforms or imaging instruments.  These computational components are coupled with a shared collaborative environment (DeepView), to integrate data and knowledge from geographically distributed sources.

Novelty Brought by the Initiative

The initiative will bring an integrated approach to reservoir modeling and reservoir management decision making by integrating the various components and achievements of its team members.  As the turn-around time for a reservoir modeling team becomes increasingly shorter, management decisions on new wells or new fields become increasingly complex, given the huge stream of often imprecise and uncertain information. 

We intend to combine the reservoir expert knowledge of the Stanford groups with soft computing tools of Berkeley groups. Expert knowledge is important in reservoir management, but is becoming increasingly complex, time consuming and expensive. Moreover, expertise from various disciplines is required and need to be integrated to provide a global solution. 

Therefore, expert knowledge needs to be partially converted into artificial intelligence that can better handle the huge information stream, partially automate the process of modeling and decision-making. Integration of knowledge developed by each group will lead to new systems and work-flows for better, faster and more efficient reservoir management in term of decision making.  

Decision making under uncertainty can only work if each uncertainty component has been properly accounted for in a global solution to reservoir modeling and management. We believe our current team is unique in the world of reservoir modeling in tackling this problem. We intend no less than changing the face and practice of the reservoir modeling and decision making process. The geographical proximity of the team members will result in an strongly integrated approach to the development of our ideas and to the exchange of students, staff and faculty. 

Collaborators

Other Stanford and Berkeley groups will be included in the model project depending on the breadth of the model project. These groups can include affiliate consortia from the Stanford Geophysics, Geology and Petroleum Engineering departments and Berkeley groups outside the traditional Earth Sciences field (Management, Business Sciences, Information Technology, and Computer Sciences).

Key Team Members
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 Fred Aminzadeh received MSEE and PhD from the University of Southern California. He is Visiting Staff at BISC-Program, University of California, Berkeley and President of dGB-USA and FACT. He held various technical and management positions at Unocal and Bell Laboratories. Fred had different academic positions at USC, Rice and Heriot-Watt. Among areas of his technical contributions are:  seismic attribute analysis, reservoir characterization, elastic modeling, signal processing, artificial intelligence, and soft computing applications. He is a fellow of IEEE. He has served as chairman of SEG Research Committee, holds 3 patents and published over 100 books and papers.     
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 Andre G. Journel received a degree in Mining Engineering from the Ecole Nat. Sup. Mines, and a PhD degree in applied mathematics (geostatistics) at the University of Nancy, France. He is Co-founder and co-director of the Stanford Center for Reservoir Forecasting (SCRF). Stanford Center for Reservoir Forecasting (SCRF) which is the largest industrial affiliates program in Geostatistics and reservoir characterization with 25 affiliate members from all over the world. He developed the field of non-linear Geostatistics, stochastic simulation for the quantification of uncertainty in Earth Science models, co-developer of the GSLIB geostatistical software, and developed the application of Geostatistics to reservoir characterization.
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Bahram Parvin received M.S. and Ph.D. from Purdue and the University of Southern California, respectively. Presently, he is PI and Co-PI for number of Imaging, bioinformatics, and collaborative computing programs. Introduced the notion of declarative framework for distributed instrumentation and implemented. Developed algorithms for computing feature displacement velocities from sea surface temperature data. Led the implementation of high resolution reconstruction images from noisy and sparse data. 
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 Lotfi. A. Zadeh is a Professor in the Graduate School, Computer Science Division, Department of EECS, University of California, Berkeley. In addition, he is serving as the Director of BISC (Berkeley Initiative in Soft Computing). His earlier work was concerned in the main with systems analysis, decision analysis and information systems. His current research is focused on fuzzy logic, computing with words and soft computing. Lotfi Zadeh is a Fellow of the IEEE, AAAS, ACM, AAAI, and IFSA. He is a member of the National Academy of Engineering and a Foreign Member of the Russian Academy of Natural Sciences. He is a recipient of the IEEE Education Medal, the IEEE Richard W. Hamming Medal, the IEEE Medal of Honor, the ASME Rufus Oldenburger Medal, the B. Bolzano Medal of the Czech Academy of Sciences, the Kampe de Feriet Medal, the AACC Richard E. Bellman Central Heritage Award, the Grigore Moisil Prize, the Honda Prize, the Okawa Prize, the AIM Information Science Award, the IEEE-SMC J. P. Wohl Career Acheivement Award, the SOFT Scientific Contribution Memorial Award of the Japan Society for Fuzzy Theory, the IEEE Millennium Medal, the ACM 2000 Allen Newell Award, and other awards and honorary doctorates.
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