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PGE385M 
Unique No. 17490 
Advanced Well Logging and Correlation 

	Instructor
Carlos Torres-Verdín, Ph.D.
Assistant Professor, PGE Department 
The University of Texas at Austin
Department of Petroleum and Geosystems Engineering
Austin, TX 78712-1061 
Office: 
CPE 5.182
Telephone: 
(512) 471-4216 
Fax: 
(512) 471-4900 
E-mail: 
cverdin@mail.utexas.edu
<Schedule & Location
Days: 
Tuesdays and Thursdays
Times: 
9:30 - 11:00 AM 
Room: 
ETC 5.148 (Distance Learning Room)
<Office Hours

Office hours will be strictly enforced by the instructor during the duration of the course. On occasion, special office hours will be held to satisfy high demand, especially before the midterm exam. Office hours other than those shown on the table below will only be granted by the instructor under special circumstances and by previous  appointment. It has been the instructor's experience that students seldom use the office hours to their advantage; interactions with the instructor can be a significant component of the student's education. Except for remote students, technical discussions and questions by e-mail should be entirely avoided or else kept at a minimum. 
  

Days: 
Tuesdays and  Thursdays
Times: 
1:30 - 3:00 PM  
<Course Website
This web site will be used as a general repository of information and course organization. Lecture summaries will be posted on a routine basis and ahead of time. Several pages have been included to keep track of handouts, homeworks, and reading assignments given in class. Students will be responsible for periodically checking the class web site to keep themselves abreast of course updates and special announcements. 
<Course Description
PGE385M is a hands-on graduate-level course on modern formation evaluation techniques using wireline and logging-while-drilling logs, core data, geological information, 3D seismic data, and physics of fluid-flow in porous media. Emphasis will be placed on the integration of all of the available data into a consistent, testable, and updateable description of the static and dynamic behavior of the reservoir. Several single- and multi-well data sets will be used to illustrate, reinforce, and apply the technical concepts discussed in class by way of homework projects implemented with either Excel, Matlab, PowerLog, of Jason Geosystems' Workbench. 
<Objectives & Expectations
At the end of this course, the student will be familiar with the properties of modern well-log measurements and with their role in identifying and quantifying key petrophysical properties of rock formations. More importantly, the student will be familiar with modern data acquisition and interpretation procedures used to infer petrophysical properties common to a set of neighboring wells. This will include working familiarity with methods used to assess lateral continuity of petrophysical properties between existing wells. PGE385M will also cover the practical technical details and limitations of using 3D seismic data for reservoir delineation and petrophysical inference.
<Teaching Style
For the first time, PGE385M will be taught as a remote course this semester. Lectures will be given in the Distance Learning Classroom and will be recorded and posted on this web site for the convenience of remote students. The instructor will make use of overheads, scribbled notes, PowerPoint presentations, and computer demonstrations to guide the lectures. It is also anticipated that some of the lectures will be taught in the computer workstation laboratory. Participation from the students will be consistently encouraged by the instructor, including technical discussions on homework projects, and on topics covered by guest speakers. Handouts and reprints of key journal articles and book chapters will be provided on a regular basis covering and extending the topics discussed in class. Numerous examples of will be given from actual oilfield well logging and hydrocarbon reservoir applications. Finally, homework projects will be assigned on a regular basis intended to give the student hands-on experience with concepts and techniques. 
<Prerequisites
Graduate standing in either the Department of Petroleum and Geosystems Engineering, or the Department of Geological Sciences, or else explicit approval by the instructor. Basic knowledge is required in the areas of well logging, petrophysics, geology, calculus, and statistics. The course will assume that students enrolled in PGE385M have a working familiarity with the topics covered in PGE368 (Fundamentals of Well Logging). It will be the responsibility of the students to review the topics covered in PGE368 prior to the second lecture of PGE385M.
<Previous Programming Experience
Several homework projects and class exercises will be based on the use of either Excel, Matlab, PowerLog, and Jason Geosystems' Workbench. An introduction to Matlab, PowerLog, and Jason Geosystems' Workbench will be provided to the students prior to assigning the first computer-based project. This introduction will be held during extra office hours in the computer workstation laboratory for PGE385M. Basic working knowledge of the UNIX computer environment will be necessary to make use of the computer laboratory.
<Computer Workstation Laboratory
Several homework projects, including the final term project, will be based on hands-on interpretation work carried out in PGE385M's Computer Workstation Laboratory. Thanks to generous donations by Jason Geosystems and Schlumberger, a computer workstation laboratory has been installed in room CPE 4.172. The laboratory consists of a small number of SGI and Sun computer workstations operating on the UNIX environment. We will have access to Jason Geosystem's complete line of software products to carry out interpretation work on a complete seismic/well-log/production data set donated to our university by UNOCAL Corporation. Whenever deemed appropriate, the instructor will give some of the lectures in the computer laboratory in order to illustrate hands-on interpretation concepts. Teams of 3-4 students will be organized to make effective use of the computer workstations. For obvious practical reasons, remote students will not be required to carry out their homework projects in the computer laboratory. However, those remote students who have access to a workstation and interpretation software in their office environment are encouraged to make use of them when approaching homework projects. 
<Reading Assignments
Occasional reading assignments will be given to the students to extend the topics discussed in regular lectures. Such assignments will not be part of the class grade, but will be considered by the instructor to generate questions for the midterm exam. 
<Grading Policy
The final grade will be determined according to the following distribution: 

Item 
% 
Dates 
Class attendance and participation
10 
- 
Homework Projects*
30 
- 
Midterm Exam 
30 
Thursday, April 25, 2002, 6:00PM, CPE 2.206 
Final Term Project 
30 
Due on Thursday, May 9, 2002 
The midterm exam will not be held during regular class hours. A specific location and time when the exam will take place will be agreed upon with the students and announced on the web well ahead of time. The objective of proctoring the midterm exam outside regular lecture hours is to give the students plenty of time to solve the questions. Remote students will be able to download the midterm exam from the course web site at roughly the same time as the local students. They will then proceed to download the exam, solve it, and fax it to the instructor within the same time frame allotted to the local students (approximately 3 hours). 

The midterm exam will be divided into two parts. Part A will include only conceptual questions and will be closed book. Part B, on the other hand, will include quantitative and analytical questions involving actual well logs, geological information, and seismic and core data. A study guide will be posted at least two weeks prior to the exam to guide the students in their preparation, and hopefully to help them avoid useless cramming. Technical material contained in the reading assignments will also be considered by the instructor to generate exam questions. Students will be allowed to make use of a maximum of 5 sheets of letter-size paper for the solution of Part B of the exam, written on both sides with formulas, definitions, and any other technical material of the student's choice.  

*Homeworks projects will be handed out roughly every other week. These will consist of practical exercises with actual well logs to be performed with Excel, Matlab, PowerLog, or with Jason Geosystems' Workbench. The homework projects have been designed to reinforce the theory and concepts covered during the lectures. Homework projects will follow a sequential order of increasing complexity typical of multi-well formation evaluation projects carried out in the oil industry.  
Late howemorks will not be counted toward the final grade. No exceptions will be made when applying this rule. 

There will be no additional exam given to students who fail to take the exam at the pre-convened time. If there is a special and sound reason that precludes a student from taking the midterm exam at the pre-convened date, it is the student's responsibility to advise the instructor at least four weeks ahead of time to explore reasonable alternatives. No late explanations will be deemed valid and the student will automatically be given a zero as grade for the midterm exam. 

<Final Term Project
A central component of PGE385M will be the interpretation of a complete hydrocarbon reservoir data set donated to UT Austin by Unocal Corporation. Students will be asked to group themselves into interpretation teams of up to three members. Each team will be responsible for performing the required sequence of steps leading to the final interpretation of the data set. The final interpretation product will consist of a cellular petrophysical reservoir model amenable to production history matching and forecast. Presentation of results by each team will be given in class during the last two weeks of regular lectures. While the interpretation work will be a collective team effort, each student will be asked to prepare his/her written report on an individual basis. This report will be considered as the final term project of PGE385M (see the Grading Policy section above). 
Final reports will consist of no more than 25 pages (including figures) and will be prepared using the standard SPE format for expanded abstracts. Points will be deducted from those reports that fail to adhere to page limit and format. The report is intended to challenge the students to define, analyze, and approach a real-life interpretation problem that involves a multitude of measurements. Students will be asked to propose production scenarios for the efficient development of the hydrocarbon field as a result of their interpretation work. 
Reviews of interpretation work will be presented in class on a periodic basis after the first month of lectures. If necessary, the instructor will be available to suggest and help define general report preparation guidelines. The following items should be covered by the final report:
1. Executive Summary. 
2. Introduction. 
3. Description of the Data Set. 
4. Interpretation Methodology. 
5. Interpretation Results and Reservoir Assessment. 
6. Conclusions and Drilling/Production Recommendations.
Final reports will be due on Thursday, May 9, 2002. Oral presentations of final term projects will take place on April 30, May 2, and May 7. Students will receive feedback on their final term projects and their final grades no later than May 20, 2002.
In light of potential software and hardware difficulties to be faced by remote students to access and interpret the UNOCAL data set, the instructor will be willing to accept from them alternative proposals for final term projects. These proposals should embody a technical topic consistent with the outline and objectives of PGE385M, and should be prepared following the presentation guidelines described abobe. 
<Teaching Assistant
Bovan George, a M.Sc. student in the Department of Petroleum and Geosystems Engineering, will be the teaching assistant for PGE385M. He has been officially certified by The University of Texas at Austin as a proficient Teaching Assistant. Duties for Boban will include: 

· Preparation of solutions to homework and computer projects.  

· Grading of homework projects.  

· To provide technical support with lectures, homework projects, and exams.  

· To provide software support for homework projects based on the use of Excel, Matlab, PowerLog, and Jason Geosystems' Workbench.  

Tentatively, consulting hours for Bovan will be: 
Days 
Hours 
Tuesdays 
11:30AM - 1:30 PM 
Wednesdays 
 11:30AM - 1:30 PM  
or else by appointment. 

Unless otherwise noticed, all consulting sessions with Bovan will be held in room CPE 1.150. Bovan can also be reached at (512)-232-5805.
  

<Important Dates and Special Announcements
 Midterm exam date and deadline for completion of final projects (see above). Special announcements will be routinely posted on the course web site. These will include howework projects, solution sets (whenever applicable), guest lectures, test results, etc. Students will be responsible for entering the course web site as often as necessary to take notice of special announcements.
<Guest Lectures
At least four lectures of this course will be given by recognized exploration/development technical experts of the oil industry. Guest lectures will be intended to cover state-of-the-art practices of well logging as well as integrated approaches to reservoir characterization. Attendance to these lectures will be mandatory. Failure to attend a guest lecture and failure to interact with the speaker during his/her lecture will immediately result in the deduction of points from class participation. 
<Special Student Adjustments
The University of Texas at Austin provides, upon request, appropriate academic adjustments for qualified students with disabilities. For more information, contact the Office of the Dean of Students at 471-6259, 471-4241 TDD or the College of Engineering Director of Students with Disabilities at 471-4321.  

If you have a disability that requires special attention, you are urged to please contact the instructor within the first week of classes. 

<Scholastic Dishonesty
Student collaboration in studying, class, homework, and computer projects is encouraged in this course. However, homework projects should be approached and prepared on an individual basis. Under no circumstances it is permissible to transfer any document electronically among students taking PGE385M, to print a document and share the hardcopy with another student taking PGE385M, or else to obtain and/or distribute electronic and/or paper documents used for similar courses at UT Austin or elsewhere. Students are required to take reasonable steps to protect their work from being copied or reproduced either advertedly or inadvertedly. These steps include but are not limited to erasing any copies of their work stored on departmental machines. Collaboration on exams will not be tolerated and will be dealt with in an appropriate manner for academic dishonesty. Any student in PGE385M caught in an act of scholastic dishonesty will be given an F for a course grade and will have his/her case referred to the Dean of Students Office for additional disciplinary action. 
<Topical Outline
 1. Course introduction: objectives, expectations, and road map.  
 2. Review of fundamentals of well logging. 
 3. Examples of "quick look" well log analysis in sandstone and carbonate reservoirs.
 4. Principles and applications of volumetric analysis: lithology and fluids. 
 5. Principles of compaction trends, petrophysical zonation, formation markers, and sequence stratigraphy.
 6. Principles of litho- and crono-stratigraphic well-to-well correlation. Principles of well-log balancing.  
 7. Cores, core data, and coring operations. 
 8. Nuclear magnetic resonance (NMR) logging.  
 9. Borehole imaging, principles and applications.
10. Logging-while-drilling, principles and applications.  
11. Advanced interpretation of resistivity and dielectric logs.  
12. Principles and applications of modern formation testing.  
13. Rock physics/fluid substitution models based on bulk density and P- and S-wave sonic logs.
14. Principles of modern nuclear logging techniques.  
15. Principles and applications of cased-hole logging.  
16. Principles of post- and pre-stack seismic data acquisition and interpretation.  
17. Relationship between 3D seismic data and wireline logs. 
18. Relationship between Vertical Seismic Profiling (VSP), wireline logs, and 3D seismic data. 
19. Trace-based inversion of 3D seismic data: acoustic impedances and deconvolution of seismic traces.  
20. Conversion from depth to seismic time.  
21. Principles of interpretation of acoustic impedance and seismic coherence.  
22. Basic geostatistics and geostatistical inversion.  
23. Derivation of cellular petrophysical models amenable to reservoir simulation. 
24. Uses of 3D pre-stack seismic data in reservoir delineation.  
25. Examples of integrated reservoir characterization and production forecasting.  
26. Presentation of final projects.    
27. Conclusions and class summary. 
<Suggested Bibliography
While there is not a single textbook that encompasses all of the topics discussed in this course and at the same time approaches the subject of well logging in the manner PGE385M intends to do, the following list of books is meant as a summary of material that could be used both for consultation as well as for broadening the topics discussed in class:  

· Bassiouni, Z.,1994, Theory, Measurement, and Interpretation of Well Logs. SPE Textbook Series Vol. 4.  

· Luthi, S. M., 2001, Geological Well Logs: Their use in reservoir modeling. Springer-Verlag. 

· Hearst, J. R., and Nelson, P. H., and Paillet, F. L., 2000, Well Logging for Physical Properties: A handbook for geophysicists, geologists and engineers. John Wiley and Sons, Ltd.  

· Borse, G. J., 1997, Numerical Methods with Matlab. PWS Publishing Company. 
<Handouts

Class handouts will be given on a regular basis, especially photocopies of relevant technical papers. 
 
<Additional Instructional Material

Lectures will be supported with interactive instructional material in the form of CD ROM's. We will have access to the following CD's:  

· Petrophysics Distance Learning Module. First Edition, 1999, prepared by Shell International Exploration and Production B.V., and Schlumberger. 

· Reservoir and Civil Engineering Geophysics. Editions Technip, 2000, prepared by the Université de Lausanne, and the Institute Français du Pétrole. 

Schlumberger has given the instructor their consent to make reproductions of the Petrophysics Distance Learning Module CD strictly for the teaching of PGE385M. Remote and local students taking PGE385M will be given a free copy of this CD. The second educational CD can be checked out from the PGE Reading Room (at least 7 copies are available; reproductions are not allowed at this time).S

<Course/Instructor Evaluation Plan

An official course/instructor evaluation will be performed by the students during the last week of classes. This evaluation is mandatory and will be carried out with official forms provided by UT Austin's Measurement and Evaluation Center (MEC). Remote students will be asked to submit their course evaluation form as well. The instructor will remain extremely appreciative of any constructive feedback the students can give him to improve his future teaching of PGE385M.
 
<Useful Internet Links
Course Web Site for Fundamentals of Well Logging: 
  http://www.pe.utexas.edu/Dept/Academic/Courses/F2001/PGE368/ 
General Well Logging Resources: 
  http://www.spwla.org/ 
Checkout a very useful glossary of well logging terms at: 
  http://www.spwla.org/gloss/spwlafrm.htm/  
WEB Tutorial on the Principles of Nuclear Magnetic Resonance: 
  http://www.cis.rit.edu/htbooks/nmr/ 
Animated encyclopedia of oil exploration, production, and refining 
  http://www.elf.fr/odyssee/us/ 
Matlab Resources: 
  http://www.mathworks.com 
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Rock Solid Images Store 

Well Log Analysis & Rock Physics for Seismic Lithology and Fluid Prediction 

A 2-day Course – June 29-30, 2004 – Houston Marriott Westchase (formerly Adam's Mark Houston)
Dr. Matthew Carr, Rock Solid Images and 
Dr. Jack Dvorkin, Stanford University and Rock Solid Images
  

A solid understanding of well logs and rock physics is essential to the integration of seismic and wellbore data for oil and gas exploration and exploitation. Standard open-hole well log analysis generally is concentrated on specific pay zones. For seismic applications we must consider the entire well bore to create a reliable set of curves for acoustic modeling and ultimately correlation to the seismic data. This process is defined as Geophysical Well Log Analysis. This course will provide a rigorous introduction to rock physics and proper well log analysis for seismic applications. 
The Rock Physics section will cover all major concepts including effective medium models, Vshear prediction, fluid substitution, and other important topics. Industry professionals will learn to quantitatively predict how porosity, lithology, and fluids affect diagnostic post-stack and pre-stack seismic attributes such as amplitude, acoustic impedance, and AVO.

Brief Syllabus
Part A. Geophysical Well Log Analysis for Seismic Applications (1/2 day) 
Instructor: Dr. Matt Carr, Rock Solid Images
· Log Data QC 

· Repairing and Replacing Bad Log Curves 

· Sonic, Density, VShear 

· Logging tool depth of investigation and near wellbore effects 

· Mud Filtrate Invasion 

· Porosity, Mineral Volumes 

· Fluid Saturation 

Part B. Rock Physics and Synthetics (1 ½ day)
Instructor: Dr. Jack Dvorkin, Stanford University and Rock Solid Images
· Bounding methods 

· Mineral modulus averaging 

· Effective medium models (mineral-fluid mixing laws) 

· Velocity-porosity-clay empirical relations 

· Gassmann's Relations (Fluid Substitution) 

· Fluid Properties 

· Shear wave velocity prediction and AVO modeling 

· Applications and examples 

The course will be held at the Houston Marriott Westchase (formerly Adam's Mark Houston) 
from 8:00 A.M. to 4:30 P.M. 
Instructors:
Dr. Jack Dvorkin
Dr. Jack Dvorkin is a leading expert in seismic rock physics and rock mechanics. Dr. Dvorkin holds a Ph.D. in Mechanics and Mathematics (1980) from Moscow University. From 1974 to 1980 he worked in the oil industry in the Soviet Union. He is currently a Senior Research Scientist at Geophysics Department, Stanford University. His main interest is in rock physics reservoir characterization. He is also a founder of PetroSoft, Inc. (first commercial rock physics software). Dr. Dvorkin is author of about 70 journal publications and two books. He is member of SEG and AGU.
Dr. Matthew Carr
Matthew Carr received his M.Sc. and Ph.D. with distinction in Petrophysics from the Department of Geological Sciences, University of South Carolina, USA. In addition, he obtained a B.Sc. in Geology from Old Dominion University. Following graduation from USC he joined the Amoco Production Company. During his career with Amoco and BP he worked almost exclusively with the application and integration of core and well log derived properties with seismic response. Dr. Carr has been with Rock Solid Images since 1999, and has 15 years experience working in the oil industry. He is RSI’s corporate leader for services provided in evaluation of petrophysical data for use in seismic reservoir characterization. Dr. Carr is a member of SEG, AAPG, and SPWLA.
Cost $650 USD
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		PETE 421

Reservoir Characterization             3.0 CR

	
	HOME
MISSION
undergrads ASSESSMENTS
graduates ASSESSMENTS
HISTORY
ADVISORY BOARD
ADVISORY MEMBERS
Faculty & Staff
 COURSE Descriptions
DEGREE Requirements
 PETE Spring 2003 Class Schedule 
Petroleum Development Laboratory
Scholarship
Alumni
PETE Students
PETE Graduates
 

 

 

 

 

 

 

 

 

 

	Instructor:   Tao Zhu    

Recommended Text:
 Petroleum Development Geology, 3rd Edition, by Parke A. Dickey,PenWell Co., 1986.
  Basic Petroleum Geology, 2nd Edition, by Link, P.K., Oil & Gas Conusltants International, Tulsa, OK, 1988.
      An Introduction to Applied Geostatistics, by Isaakss, E.H. andd R. Mohen Srivastava, Oxford University Press, New York, 1989.
 Reservoir Characterization, by Lake, L.W. and Carroll, H.B., Academic Press 1986.
      Deutsch, C.V. and A.G. Journel: GSLIB: Geostatistical Software Library and User?s Guide, 2nd Edition, Oxford University Press, 1998
     Class Handouts 

Course Outline:
1.      Introduction and objectives of reservoir characterization 
2.      Section I:  Review of Elements of Petroleum Geology  Sandstone Reservoirs
a)  Environment of Deposition
b) Reservoir Properties
?        Carbonate reservoirs
a)      Environment of Deposition
b)     Reservoir Properties 
3.      Section II:   Geostatistics for Reservoir Characterization
?        Applications of Geostatistics in reservoir characterization
?        Reservoir heterogeneity
?        Reservoir modeling in the presence of heterogeneities
?        Use of geostatistics in reservoir description
?        Elements of statistics and probability
?        Variograms
?        Spatial analysis
?        Conventional estimation - kriging methods
?        Stochastic simulations 
4.      Section III:  Volumetric Estimates of Reserves

         Reservoir volume calculations from isopach maps and volumetric estimates of reserves
                               Impact of formation geologic structure on oil recovery methods
       Grading:
Class Participation   
   5%
Homework and Quizzes
 25%
Midterm Exam
 35%
Final Examination
 40%
Total
100%
Tentative Grade Distribution:
90-100

A

80-89

B

70-79

C

60-69

D

59-below

F

The instructor reserves the right to deviate from this distribution at his discretion
Attendance Policy:
Attendance will be required. You should be prompt in attendance and regular tardiness will not be tolerated. You should always be prepared for minor quizzes covering class material, answering questions related to assignments and homework.
 Absence:  If you must miss class for any reason, you are responsible for seeing that assignments are turned in on time.  You are also responsible for material covered during the missed class and any assignment made.  Absence will not excuse you from turning in assignments on time.  If you will be absent, you should inform the instructor as soon as possible
Course Policies:
 Homework/Assignments:  All assignments are due at the beginning of the class meeting one week after the assignment is made unless specifically notified otherwise.  If an assignment is made on Monday, it is due the following Monday at the start of class. No late homework will be accepted!
 Absence:  If you must miss class for any reason, you are responsible for seeing that assignments are turned in on time.  You are also responsible for material covered during the missed class and any assignment made.  Absence will not excuse you from turning in assignments on time.  If you will be absent, you should inform the instructor as soon as possible.
 Examinations:  Examinations are not optional. There will be no make-up exams given except in very rare circumstances whose merit will be determined by the instructor.
 Professionalism:  You are expected to conduct yourself in a professional manner during the class and in your work.  Neat, legible, systematic and complete presentation is required in all assignments, quizzes and examinations for complete credit.  The guidelines for homework are as follows:
1.   Use 8-1/2? x 11? engineering or ruled notebook paper.
2.   Do all work in pencil.  Erase completely when erasure is required.  When making comments use complete sentences or use appropriate mathematical symbols to indicate what you mean.  Students will be penalized for sloppy work.
3.   Do not write on the back of paper.
4.   In general, you should start each problem on a new sheet of paper.  Exceptions can be made for short problems.
5.   Each problem should include a clearly identified problem statement, statement of what is required, to be derived, determined of calculated, and your solution.  You should box or underline your final answers.  Units are as important as the numerical answer (sometime they are more important than numerical answer), and you should indicate the units on all calculations.
6.   Number all pages of your work consecutively.
 Academic Integrity:
Anyone caught cheating on an examination or quiz or collaborating on an assignment when collaboration is specifically forbidden will be given a grade of zero for the violation. 
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Rock Physics Reservoir Characterization -- GP260

Jack Dvorkin

TA’s: Ezequiel Gonzalez and Juan Florez

Syllabus/Schedule
Date

Topic

01.10.03

Purpose of rock physics. Practical use of rock physics transforms in

reservoir property mapping and synthetic seismic generation.

01.17.03

Definitions and methods of rock physics. Elasticity. Static and

dynamic moduli.

01.24.03

Importance of rock texture. Sediment in the thin section. Depositional

regimes and their effect on texture and seismic and log signatures.

01.31.03

Effect of pore fluid of rock’s seismic properties. Fluid substitution.

Importance of Vp/Vs and Poisson’s ratio.

02.07.03

Fluid’s elastic properties. Effects of frequency and saturation.

02.14.03

Effect of porosity on rock’s elasticity and Midterm Examinations (in
class).
02.21.03

Porosity-velocity models. Effects of mineralogy and texture.

02.28.03

Rock physics diagnostic and derivation of rock physics transforms from

well log and core data. Upscaling of rock physics transforms.

03.07.03

Porosity-velocity-texture models. Sand-shale mixtures and their elastic

signatures. Porosity-permeability transforms.

03.14.03

Seismic signatures of compaction and overpressure. Review of

material. Preparation for final examinations.

03.18.03

Final examinations. Take-home problems with 48 hour deadline.
PETE 342 Petroleum Reservoir Engineering I

Credit Structure: (3-0)3 

Catalog Description:
Estimation of hydrocarbon pore volume and recovery factor. Classification of oil reservoirs. Reservoir performance predictions using material balance approach. Water influx theory. Water and gas coning in oil producing formations. Characterization of fractured reservoirs. Decline curve analysis. 

Course Objectives:
The aim of this course is to give juniors in petroleum engineering the fundamental reservoir performance calculation methods and introduce some concepts of fractured reservoir engineering. 

Prerequisites:
PETE 341 or constent of department. 

Textbook(s):
B.C. Craft, and M.F. Hawkins, "Applied Petroleum Reservoir Engineering", Prentice Hall Inc., 1959. 

Reference(s):
"Society Adopts Proved ReservesDefinition", JPT, (Nov. 1982), 2113 -2114.
F.A. Garb, "Oil and Gas Reserves Classification, Estimation, and Evaluation", JPT, (March 1984), 373-390.
D. Havlena, and A.S. Odeh, "The Material Balance as an Equation of a Straight Line", JPT, (Aug. 1963), 896-900.
D. Havlena, and A.S. Odeh, "The Material Balance as an Equation of a Straight Line-Part II, Field Cases", JPT, (July 1961), 815-822.
E.H. Tinnerman, "Practical Reservoir Engineering, Part II", Vol.2, Penn Well Books, 1982. 

Syllabus:
1. Introduction (2 classes)
2. Estimation of hydrocarbon pore volume and recovery factor (4 classes)
3. Reservoir performance predictions by material balance equations. (12 classes).
4. Water influx theory. (8 classes)
5. Gas and water coning. (3 classes)
6. Evaluation of fractured reservoirs. (6 classes) 

Homeworks, Quizzes, Projects:
None 

Computer Usage:
1. Water encroachment calculations. Report required.(2 weeks) 
2. Material balance calculations for solution gas and gascap drive reservoirs. Report required (2 weeks) 

Laboratory Work:
None 

Category Content:
Mathematics and Basic Sciences: None
Engineering Design: 1 credits
Engineering Sciences: 2 credits
Humanities & Social Sciences: None
Departmental: None 

Instructors:
F.Gümrah and M. Parlaktuna 
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· Review of the Feasibility of CO2 Capture and Storage in the UK 

· Construction and Validation of an Integrated 3D Reservoir Characterisation Geomodel for Reservoir Management at Seminole San Andres Unit 

· CO2 for EOR in the North Sea (CENS) – Update on Project Status 

· Nuclear Magnetic Resonance as a Tool for Evaluating Reservoir Wettability 

· Evaluation of IOR by CO2 Injection in Gullfaks 

Click Here for Upcoming DTI Seminars. 
	 
	The West Texas Seminole San Andres Unit (SSAU) is a mature CO2 flood and one of the ten largest fields in the Permian Basin, with 624 MMBO cumulative production. Recently a full-field reservoir characterisation 3D geomodel was constructed for geologic input into the current CO2 reservoir simulation efforts, and as a tool for integrated reservoir management decisions. Mike Uland (uland@ireservoir.com) of iReservoir.com based in Littleton, Colorado and Ken Kosco (KKosco@hess.com) of Amerada Hess Corporation in Houston, TX present an overview of the project. The article is based on the presentation given to the 9th Annual CO2 Conference, Midland, Texas, 12 December 2003. See end of article for co-authors.
Introduction
This article summarises the reservoir characterisation steps used in the creation of the full-field geomodel. The 27 square mile SSAU geomodel was validated using quality-control checks in the geomodeling workflow, which included flow-simulation calibration within a mini-model area. The input data set for integration into this full-field model consisted of 12,000 ft of core, 630 well logs, 3D seismic, and 60 years' production history. The major geomodel workflow tasks are presented in order as follows:

Geologic Depositional Model
The depositional model and stratigraphic framework tasks provide a basis for constraining the eventual geomodel framework, as well as both geophysics and petrophysics modelling tasks. The core facies description work was key to developing a depositional model, and helped calibrate well log responses. Depositional facies control the reservoir properties with the exception of pore-plugging by late anhydrite. The principal reservoir facies are fusulinid dolowackstone, fusulinid-peloid dolopackstone, and coated-grain dolograinstone. One interesting finding at SSAU is evidence of minor dissolution in some cored intervals that were collected post-CO2 flood.

Sequence Stratigraphic Framework
Stratigraphic framework construction builds off the facies description and depositional modelling. It has a primary impact on all other aspects of reservoir characterisation because the gridded stratigraphic framework constrains all 3D property distributions. The stratigraphic framework was first built from 1D core descriptions consistent with outcrop-based stratigraphy, then tied to 2D log cross-sections and isopach maps, and finally extended with 3D well-log correlation to define the geomodel's internal geometry (Figure 1). Both transgressive (flooding events) and regressive maxima (some were microkarsted) surfaces were correlated. Major transgressive surfaces were the most significant vertical reservoir baffles.




Figure 1: Integration of Core and Log Facies Data into the Geomodel (Click for larger view) 
Geologic Facies Predictions
Five facies groups were predicted in uncored wells using fuzzy-logic constrained by available log data and vertical core-facies proportion curves. Facies were predicted at the Seminole field away from core control to provide a quality-control check on the depositional model within the 3D geomodel. The 3D facies distribution was then used to constrain permeability data and to create "rock property regions" by grouped facies to improve the local flow variability in future simulations during the flow simulation history-matching.

Petrophysics for 3D Models
Extensive petrophysical work was done to constrain the extremely broad vintage, quality, and type of log data into a core-calibrated, field-wide data set for distribution in the 3D geomodel. Initial log cleanup and normalisation was done with 1D histograms and 2D cross-sections. The merged porosity logs were ranked by log-quality. All log data were loaded into 3D and gross interval-average porosity maps were used as quality-control checks on the merged porosity logs (Figure 2). After several iterations, 463 of the 630 wells were used as hard-data to constrain porosity distribution within the final 3D geomodel. In some cases, the lower-quality logs were used as soft-data or removed completely to prevent unrealistic porosity data-points in the geomodel.




Figure 2: Well Log Data in the 3D Geomodel which Needs Adjustment after 2D Normalisation (Click for larger view)
Geophysics
The Geophysics modelling task included seismic acoustic impedance (AI) calibrated to rock properties, time-to-depth conversion of the amplitude and inverted volumes, and analysis of coherence volumes. Due to seismic data-quality problems at the San Andres level, the seismic AI is only weakly correlated to the log rock-properties and is not of sufficient quality to be used in the final 3D porosity distribution for the San Andres interval. Seismic time horizons were converted to depth using the geostatistical external-drift method, and added significant control to the structural framework around the geomodel periphery relative to just using well log picks. The seismically constrained depth surfaces also were used for the secondary permeability analysis based on curvature attributes.

3D Geologic Model Construction
A 3D geomodel was used to integrate the available geologic, petrophysics, and geophysics data in the previous tasks in a single shared-earth model. The grid X, Y orientation and vertical fine-layering scheme for the geomodel used the seismic depth horizons and all stratigraphic picks to create the 3D framework. Porosity was distributed using sequential Gaussian simulation and honoured the log data at the wells (Figure 3). Facies was distributed in 3D using indicator-based simulation that had core or log facies-data at 173 wells and was constrained by facies probability trends, which combined horizontal and vertical proportion curves. Permeability was then distributed by facies and used stratigraphic zone-dependent Phi-K cloud transforms. The result was a high-resolution 3D volume of integrated properties from all core, log, seismic, and production data that can now be used as a shared-earth model.




Figure 3: 3D Porosity Distribution in the SSAU Full-Field Geomodel (Click for larger view)
Secondary Permeability and Fracture Integration
Using core observations, semblance lineation maps, and calculated maximum curvature; areally varying "deformation metrics" were developed across the SSAU field. The deformation metrics were expressed as polygons of five distinctly different deformation styles across the field. As an example of how the deformation metric may be used to predict production history, curvature versus production was plotted and compared to an ideal case. Results show that curvature is not the single contributing variable, but that semblance, core descriptions, and production history must also be incorporated in 3D with the deformation features to predict production trends within the field.

Mini-Model "Flow Calibration"
A crucial aspect of building an accurate 3D geomodel is to independently test the framework and data distribution with production data. As part of the quality-control workflow for the SSAU geomodel, a flow simulation "mini-model" was up-scaled and history-matched midway through the full-field workflow to test whether the full-field geomodel effectively captured rock properties and flow units (Figure 4). History-matching through water-flood indicated that the geomodel had accurately captured the local flow-unit response. The mini-model simulation also indicated the possibility for additional facies-based rock-region permeability and permeability anisotropy work for improved flow calibration. This intermediate flow-calibration step independently verified the reservoir geomodel workflow prior to full-field geomodel completion.




Figure 4: Flow-Unit Comparison for Coarse v. Fine Geolayers in the Mini-Model Flow Calibration (Click for larger view)
3D Geomodel: Benefits and Future Uses
The 5,760,000 cell full-field geomodel currently enhances reservoir management by facilitating:

· Remaining reserves estimates. 

· Better understanding for CO2 and water conformance. 

· Future CO2 pilot ROZ project evaluations. 

The operations engineers can use the 3D geomodel to investigate individual well problems that might be related to the local injection pattern geology, such as, pattern re-alignment choices to optimise field operation (Figure 5). The 3D geomodel provides the reservoir engineer with a starting point to initialise a reservoir fluid-flow simulator. The design of tertiary recovery pilots, such as the CO2 injection into ROZ zones, requires the detailed 3D reservoir description provided by this geomodel. Currently (early 2004) simulation work on up-scaled geomodels is ongoing.




Figure 5: Fluid Breakthrough Management using Geomodel High-Permeability Connected Layers (Click for larger view)
Co-authors are Thomas P. Wingate, Jim Bush, Michelle Simon, Scott Pluim and Becky Tupman (Amerada Hess Corporation, Houston, TX ), Laura C. Zahm (Bureau of Economic Geology, Houston, TX ), Chris Zahm (ConocoPhillips Corp., Houston, TX ), Don H Caldwell (Marathon Oil Co., Houston, TX ) and Hai-Zui Meng, K. Lyn Canter and Mark D. Sonnenfeld (iReservoir.com, Littleton CO ). 
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Structural approach to geophysical data access 
by Naum Derzhi, Eugene Lichman, and Eric Lanning
presented by Rock Solid Images and located @ www.rocksolidimages.com 
Summary 
Moving data between applications and different stages of processing has been a long standing problem within the geophysical industry, requiring long delays in changing from one file format to another and in resorting information for different processing steps. The problem has grown over the last decade with the increasing number and sophistication of software packages, the increasing number of formats for different types of data, and the expanding size of the data volumes at every stage of the oil and gas business. We discuss how the problem of data access can be structured and solved in a way that would allow a large variety of data file formats to be accessed transparently, and would allow data to be read from a file in any sort order independent of the order of the data within the file. 
The variety of data file organizations is finite and can be broken in three logical groupings. A general solution data access is proposed that allows files to be written or read independent of format and Sort order. A method for describing data file formats and capturing these in "format templates" is presented. Using this information to understand the structure of a data file, any trace, or gather of traces, cam be accessed directly without the need to create intermediate disk files. Modifications to standard formats can be handled by editing the associated format template or by creating a new format template. 
Introduction
Throughout the history of computing one of the most limiting factors to productivity has been the difficulty of getting data into the applications required to do the job. Problems in changing data files from one format to another, reordering existing data for different processes, creating multiple copies of the same information, have in most cases been accepted the status quo when working with computers. The following problems hinder the process of accessing seismic data and moving them between applications. 
1.) The existing data file format does not match the application input file format. 
As the number and sophistication of applications required for operations have increased over the last several years, so have the number of file formats. At the same time, the sizes of the data volumes used by these applications have increased dramatically. These factors have led to larger amounts of time taken up in the reformatting process, increased the complexity and the amount of software required by the process, resulted in storing multiple copies of the same data, and increased amount . of on-line disk space required to support the ongoing work. 
2.) The input data file must be reordered before the application can run. Different applications using the same information may 
require the data to be in a different Sort order. (This issue may be handled at the same time as the reformatting, even if the formats are the same.) This is certainly the case in many seismic processes where the data may be in CSP (Common-Shotpoint) order while the application requires the data in CMP (Common Midpoint) order. The same may also be true for 2-D and 3-D grids input into different analysis and visualization systems, each requiring a different ordering of the data at input. In addition to being time consuming, these processes lead to multiple copies of the same data and add to the problem of exploding data volumes on disk. 
3.) Barrier between prestack and poststack data 
Another problem area in data access is the barrier between prestack data and poststack data. In recent years the oil and gas industry has seen a surge in the popularity of seismic analysis techniques that require access to prestack data, such as AVO and velocity analysis. Yet conventional software lacks the data access architecture necessary to form an interactive link between pre-stack and post-stack data sets. 
In most business operating environments these difficulties related to data access are often the limiting factor in determining what work will and will not be done. Reformatting solutions are considered too complex and time consuming to learn, or may simply be unavailable. Replicating huge data volumes by creating reformatted or reordered data files may be impractical or impossible, and data access methods for creating links between information at different stages of processing have not been available. 
Data file organization & solutions to data access
The variety of data file organizations is finite and can be broken in three logical groupings. A general solution data access is proposed that allows files to be written or read independent of format and Sort order. A method for describing data file formats and capturing these in "format templates" is presented. Using this information to understand the structure of a data file, any trace, or gather of traces, cam be accessed directly without the need to create intermediate disk files. Modifications to standard formats can be handled by editing the associated format template or by creating a new format template. 
Classes of data file organization
There are three basic data organization structures. The descriptions below go from the simplest to the most complex.
Self-Contained: Example -- SEG-Y seismic data 
In a self contained data organization the contents and ordering of information within the file are defined and fixed. This is not to say that different companies might not come up with their own versions of a particular format, as has been the case the SEG-Y data. For each of these variations there exists a definition of what information is to be stored and where it is to be stored within the file. 
Self-Describing: Example--Many companies' proprietary formats 
In a self-describing data organization, certain fields or information within the file imply what data are in the file and how they are ordered. Routines that access this kind of information typically read some of the information to understand what is next within the file before reading another portion of data. 
Database 
In a database organization the data and information about the data are stored in different files instead of being kept together in a single file. Information within each group is often organized in a fashion similar to either self-contained or self descriptive format structures. Databases are most often proprietary and the organizational structure unknown to the outside world data access is typically accomplished through a layer of linking software (a data access utility) that has an intimate knowledge of the database structure.  
Aspects of a general solution to data access
What are the necessary features of any general purpose data access solution? First, the solution should be capable handling existing formats, modifications to existing formats, and new data formats, without requiring any additional software development or software enhancements. The main components to the solution are:
1. A general method of describing data file formats. It is known that information is stored as individual parameters or groups of numbers. For a given type of data, these parameters and groups of numbers are mostly the except for how the are stored. By establishing a method for describing file formats one does not have to create a different piece of software for accessing every type of data file format. 
2. A set of tools for inputting, storing and retrieving data file format information. By setting up such a set of tools it becomes possible to store and then later use the information describing the formats. 
3. A data access system that: 
€ reads the information that describes the data file formats. € uses the description of the format to access the data file. € can read or write in any format for which a description exists. € can access data from anywhere within a file independent of the order it is stored. 
With these developments it is possible to store descriptions of all the data file formats of interest and use these to covert from one format to the other, or to use the data access methods within an application to read data independent of the file format.  
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Format templates and format template building blocks
A format template is a set of rules and specifications describing a particular data structure or organization. Even though the methods of data organization discussed are quite different, each method organizes data into multiple groups of related information. The main difference between these organization structures is the way the groups are stored and accessed. The information within each group is a collection of fields. Each field can contain either (a) values unrelated to other fields (for example, the value "sampling rate"), or (b) information which describes certain properties of other fields (for example, one field contains the value representing the length of another field). The fundamental building blocks for the format templates then are these groups and fields, along with a number of attributes associated with their definition.   
With these developments it is possible to store descriptions of all the data file formats of interest and use these to covert from one format to the other, or to use the data access methods within an application to read data independent of the file format.
  
The following section briefly describes the elements of a format template 
Field 
A Field is a unit of information or a single value. As previously mentioned, it can contain a value unrelated to other fields, or can contain information used to describe certain attributes of another field. It is described by such attributes as name, position, data type, access and field keywords. 
Group 
Group is a structured unit containing a certain number of related Fields. The Group can be used to describe itself or to describe another Group (for example, a trace header group is used to describe a trace). The main difference between formats is the way Groups are related to one another. Among the attributes used to describe a Group is a list of the Fields of which it is composed. 
Field keyword 
The Field Keyword is a description of the interrelations between different Fields. As mentioned above, the values stored within some Fields are used to define the attributes of other Fields. 
Access Keyword 
The Access Keyword is a description of the desired internal representation of the value contained within the Field, and its meaning to the application. It is used as a bridge between external (encoded into a file) and the desired internal representation of the Field value. Using the Access Keyword, the application requests the value (or a set of values) stored within the data structure. The application does not need to know where and how the requested value is stored. The value will always be received in the desired internal format. 
Overlay Box 
An overlay box is a collection of all the possible access keywords for a given type of data along with their values, whether the particular format template has fields associated with every keyword or not. The Overlay Box contains all of the information which is considered to be essential for a proper data description. It is essential for data reformatting purposes. When a target format requires more information than is provided in a source format, the missing elements are supplied through the Overlay Box. Also, using the Overlay Box, needed information can be passed into an application that uses a format template. based data access system.  
Direct data access
The format templates provide the necessary information to understand, access sequentially, and manipulate information within a given file. How do we then directly access information in any order from the file without creating an intermediate or resorted data set? 
Pointer Structure 
Data files are generally composed of related groups of numbers known as records or, in the case of seismic data, traces. In order to access information from a specific record or trace, the exact beginning position or address must be known. A pointer structure containing the addresses of the beginning of each trace within a particular file can be derived from the data file structure (format template). Once these are known any trace within a file can be accessed. 
Access Files 
Records within a file can be grouped together in a number of different orders based on aspects of acquisition or processing geometry. Each of these different grouping and ordering of traces is a single "access" of the data. To process the data in a particular order without resorting the entire file, all the records belonging to a particular grouping must be known. This information can be obtained at the initial access of a file by reading the record (trace) headers and storing the trace numbers associated with each grouping into a separate file known as an "access file". By creating one Access File for each different access of the data file, new accesses can be defined at any time. Once the number of the record in the file is known the beginning address can be obtained from the Pointer Structure.  
Components of a general purpose data access system
Using the format template method for defining individual file structure, Pointer Structures for capturing the position of data within a file, and Access Files for determining the geometry for accessing the data, we can now consider the main components of a general purpose data access system using the format template approach. 
Template Library -- This is the storage warehouse of all the data format descriptions (format templates) of interest. 
Template Editor -- This contains the facilities for development and manipulation of the format templates. The functionality of the Template Editor includes (a) creating new format templates (b) editing existing format templates, (c) saving old templates into a format template library, and (d) loading a pre-existing format template library. 
Data Access System -- This is the portion of the software that collects all the information needed on the data file to be accessed and allows for information to be passed transparently from the initial to the target location without direct knowledge of the initial data file format.  
Using seismic data as an example, all of the different accesses (ways of grouping, or gathers) that will be desired from the data file are specified, along with the appropriate format template. The first time the data file is opened the system uses this information to find the byte addresses of all traces within the file, and the number within the file of each trace in every gather. All of this can be used to fill in the following information structures: 
Access Types -- The name for each type of access such as Common-Midpoint or Common-Shotpoint. 
Pointer Structure -- The physical disk locations of each trace within the file. 
Grouping Structures -- The fields within the trace headers that describe the groupings or gathers. For each type of access, an access file can be written which contains the trace numbers within the data file for every trace in each of the gathers associated with that access.  
All the information needed to access any trace, or grouping of traces, without the need for them being sequential, is now in place. When a particular gather is requested, the numbers of all the traces within the gather are read from the associated access file, the byte addresses within the file of each trace are found in the pointer structure, and then all the traces read from the data file. The gather can be passed to the calling application in the requested data type and format.  
Conclusions
Using the concepts on data access described, reformatting, resorting and manipulating data from files spanning a wide range of data formats can be accomplished within a single body of software. Modifications to existing formats can be handled easily by editing previously developed format templates without disrupting existing processing sequences or work flows. New data formats can be incorporated as easily by developing new format templates and storing them for reuse. These data access methodologies will allow applications to read and write data directly in a wide variety of formats without the need for developing internal or propriety ones of their own. The direct access capabilities of such a system will be essential for processes such as interactive 3-D AVO, in which resorting and duplicating huge data volumes is not an option.  
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Building and Verifying Integrated Geological and Petrophysical Earth Models with Seismic Attributes and Geostatistical Applications

Reservoir characterization is the process of quantitatively assessing and mapping reservoir properties while recognizing spatial variabilities and uncertainties. The basic course or workshop can be either modified for the participants (as below) and/or for the in-house client's specific geological model, play type or field requirement. Also it can be tuned to either exploitation or exploration model development and/or for the clients specific software. Note that this course does NOT include engineering, petrophysical or log analysis techniques. 

The purpose is to develop a "...capability for reducing what might seem intractable practical problems to simpler questions, which could be solved through the use of appropriate models." (Georges Matheron). The central element of all workflows is an earth model-centric, visualization-based paradigm ... with all disciplines, through a series of multiple iterations, building one model. 

[Seismic Attributes/Reservoir Characterization/Geostatistical References] 

Building and Verifying Integrated Geological and Petrophysical Earth Models with Seismic Attributes and Geostatistical Applications 

· - for interpreters, or 

· - for Junior Geophysicists, or 

· - for geologists, or 

· - for reservoir engineers, or 

· - for multidisciplinary teams, or 

· - for an asset management team as an adjunct to consulting work, or 

· - for crossfunctional geophysical (specialists) teams. 
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The first step is the definition of the problems, risks and thus relevant questions. Geological work is required. Then one ties/defines and maps the chronostratigraphic surfaces, which with seismic means correlating the major markers that bound the sequences. Boundaries (including faults), relative spatial movement, variable acomodation space and present day volumes can then be defined. After evaluation the next step, in conjunction with facies models and general seismic attributes, is the definition of major lithostratigraphies and isolith mapping to define the general geometry of the expected facies and thus the probable flow units. Then the petrophysical properties within these units are attacked - seismic attributes, stratigraphic interpretation, inversion and AVO are our tools. Flow units and boundaries are thus defined. The next step is the definition (in time and space) of energy levels that may have enhanced or destroyed porosity and permeability. The dynamic engineering test and production data is the truth that must be matched. The aim is to make models that are statistically significant, have a physical basis, are geologically reasonable, explain existing production, are parsimonious, and are internally consistent. More pleasant predictions will follow. 

None of this is possible without all disciplines building one model - first the structural enveloppe, then the stratigraphic facies, and then the petrophysical properties - the rational is that an integrated model is more highly constrained and thus is both more realistic and better understood. GeoStatistical tools (GeoStat-ISMap/SigmaView/Isitis) and other applications (StratiMagic, GeoProbe, ZMap+, IRAP-RMS) are used as an aid in integrating geological, geophysical, petrophysical and engineering data to create a constrained earth model. 

More confident hydrocarbon reserves, future development locations, possible reservoir upscaling and simulation, and better reservoir management are the next steps in the process. 

Course Outline

  Earth Models: 

· qualities of a good (parsimonious) model, and an overview of their uses and development in the exploration and reservoir management process 

· types: qualitative and quantitative; conceptual/diagramatic, scale, mathematical - deterministic, statistical, geostatistical, stochiastic 

· Work Flow Overview - an iterative set of inverse and forward models designed to clarify and answer the economic questions 

  Geological (Quick Review dependent on the participants, and the participants selected geological model): 

· Depositional Systems and Models - geometries and facies; reservoir - phi, h, phi*h, k; production rates, AOF; acoustic properties; permeabilities, seals 

· Structure: Tectonics - faulting: types, fault geometries and sealing properties; Fluid flow - Fractures and enhanced permeability/hydrothermal pathways; acomodation space from tectonics, erosion or differential compaction 

· Relating Facies, Rock Types and Petrophysical Parameters - well ties and analogs: " the quantification of lateral variation is above all a geological problem. Input parameter must often be chosen, rather then inferred, according to the geological knowledge available about specific depositional environments." (Dubrule and Damsleth, 2001) 

  Geophysics (Quick Review dependent on the participants): 

· Basic Seismic Principles: acoustics, wave fields, acquisition, processing 

· Basic Interpretation Methodologies and Processes; well ties and wavelets; forward (seismic) models 

· Thin beds: h < wavelength/4 - problems, advantages & approaches 

· Inversion and pre-stack/AVO: rational, methodologies, value & pitfalls 

· Seismic Attributes: (i.e. all seismically derived parameters - the quantity that describes a quality or character) 

· types, spatial & temporal scales, windows, and their responses & uses; cluster analysis 

· wave attributes: amplitude, frequency & phase 

· mapped attributes: time structure, isochron, residuals, velocity 

· transformed trace attributes derived from a predefined sample (horizon) or window (interval) 

· complex (Hilbert) trace attributes (instantaneous amplitude/frequency/phase) 

· multi-trace (volume attributes): dip/azimuth surfaces, coherence/continuity/semblence/edge cubes 

· AVO attributes: gradient, intercept, etc.; poststack (far/near offset) analysis 

· attributes on acoustic impedance volumes: value 

· multivariate attributes: stepwise multiple regression, classification algorithms - cluster analysis, neural networks, principal component analysis (we use these methods when we want to classify a mountain of information into manageable meaningful piles) 

· Landmark, Schlumberger, Paradigm, (MagicEarth's) GeoProbe, (Flagship's) StratiMagic, EMERGE, Rock Solid Images 

· pitfalls ("non-reservoir" amplitude, frequency and phase changes) 

· geophysical: acquisition & processing footprints - types & mitigations; see QC cube - Processing QC for interpreters at www.geo-x.com for a very effective and accessible set of QC displays 

· geological: variation in the nearsurface, above the reservoir & near the reservoir 

· geophysical: well ties; multiples, thin beds/composite reflections, windows, & core/log/seismic scales 

  "Integrated" Software (Quick Review dependent on the participants, and the participants software): 

· Database Assembly: building a clean, integrated database 

· industry software: integrated systems and stand alone applications 

· clients relevant software; using an "integrated system", application links, or export/import-reformatting 

· the development of a process: optimizing for relevance/results, speed, integration and risk. Two examples are Landmark/SigmaView and Hampson-Russel/ISMap: 

· Landmark/SigmaView: a data table is required to start and use the Landmark data analysis applications RAVE/DV (for viewing well, well-seismic and seismic-seismic relationships) and SigmaView (for analyzing and geostatistically mapping relationships). Since it is often useful to do preliminary viewing in Rave and later mapping in SigmaView, it is worthwhile to set-up a common well data table in Zmap+ for import to the two other applications. The logical steps in this process are: 

· The AOI, well list and priority interpreters for each geological interval are set. 

· A series of well point set data files are first created in StratWorks, as this application will include the QC step of gridding and mapping. 

· These files are sorted, merged and cleaned in Zmap+ 

· PostStack/PAL can generate various "horizon based" attributes 

· Rave will directly import a file from a Zmap+ MFD, and then use Import/SeisWorks Horizon Merge to bring in horizon attributes at the well positions. 

· Rave will show the specific seismic horizon attributes that are related (show a reasonable correlation) to the geological parameters of interest. 

· The relevant attributes can be refined (windows, parameters) in PostStack/PAL 

· These horizons of interest can be sent to Zmap+, gridded and mapped for quality control, and the grid(s) then exported to a SigmaView project directory. Also the Zmap+ merged point file will be exported to the same directory. 

· A text editor will add the format header to the point file, to create the SigmaView Main Data File (MDF) for that project. SigmaView will start-up by opening that MDF with its referenced seismic grids. 

· After analysis and geostatistical mapping, SigmaView will export a file for import to Zmap+. 

· H-R/ISMap: The geological parameters (h, phi*h, etc.) for the model can be established with an internally consistent (geological-geophysical-engineering) process that involves: 

· 1. import of well parameters and (best 1-2 dozen) seismic attributes 

· 2. a multi-attribute step-wise linear regression and cross validation of each interval and the seismic attributes, to determine an ideal "best set" of seismic attributes (normally 5-9 of the best 1-2 dozen) to use in, 

· 2. a multi-attribute (non-linear) Neural Network, to establish an "attribute" (Emlr_*) to use (via a quick export and import) in, 

· 3. a kriging with external drift (KED) of the interval to establish a mapped interval that ties the wells and reflects "all the best" seismic attributes, and then an 

· 4. ascii export, and mapping package import for further geological evaluation. A repeat of the cycle above with the production, AOF data and then, an evaluation of geolgical outliers/inconsistincies for a possible new cycle with changed geological parameters. 

  Building a Chronostratigraphic Model: 

· Geological (Working) Model: log/paleo correlations; well/seismic ties - synthetics and seismic models for consistent seismic phase/amplitude response 

· What can be seismically mapped (and with what confidence - synthetics and seismic models) 

· The reservoir directly (i.e. a phi*h response) 

· A consistent seismic marker/sequence boundary very near the reservoir 

· A consistent seismic marker/sequence boundary sub-parallel to the reservoir 

· no consistent seismic marker/sequence boundary sub-parallel to the reservoir 

· Initial Seismic Interpretation - Chronostratigraphic boundaries: geometry/time lines to yield a clearer picture/model of temporal and spatial relationships: time structure, isochron and amplitude maps - evaluation 

· Time-Depth Methodologies: initial evaluation of sequence geometry 

· Sequence Isopach Production - ZMap+, etc.- velocity models established at wells, initial velocity mapping, initial velocity model & interpretation evaluation; grid manipulation for depthing; initial sequence model; obvious facies/objects from amplitude, etc. variations 

· Sequence Isopach Production - Geostatistical (GeoStat, SigmaView or Isitis) - correlation and evaluation of isochrons and isopachs at wells; initial variogram modelling & evaluation of spatial variability; cokriging and kriging with external drift to produce sequence isopach model; evaluation 

· Sequence Isopach Production (if needed/desired) - Syntools or SeisX with final pseudo check-shot/stretch-squeeze inputs to standardize log/top on seismic displays and "internal" T-D conversion 

  Statistical (Well Properties-Seismic Attributes) Analysis and Model Building: - at the well & using well data 

· Purpose: the ultimate goal is to find relationships between variables and develop "meaning" - a clear and reliable model from which we can make and evaluate hypotheses and predictions, and thus test empirically with the drillbit 

· Seismic & Geological Summary: - Attributes: types, defining zones, multivariate attributes, PCA; depthing, isopach, isolith mapping, facies, net/gross, h, phi*h, k 

· Exporting Seismic and Well data and importing into GeoStats-ISMap/SigmaView/Isidis - designing a workflow 

· Seismic Modeling and Hypothesis Testing: verifying a priori hypothesis; initial well-seismic attribute correlations; Questions: is the data from a single population and if so, is it Normal/Gaussian 

· Multivariate Exploratory Techniques: Variogram Interpretation and Modeling - identifying initial systematic relations between the behavior in variance regions and well-understood geological features 

· Summary of relevant GeoStatistical principles/Theory of Regionalized Variables. Sampling, methods of (interpolation/extrapolation) mapping. Does the data exhibit stationarity to a degree that satisfies the intrinsic hypothesis, namely that the mean and variance are independent of location - trends and non-singular population; residuals and normalization 

· From sequences to facies to petrophysical properties: deterministic, stochastic and object-based approaches 

· The (Semi)Variogram - a measure of the geological variability versus vector distance; understanding lag, the nugget effect, the sill, the range, spatial variability, discrete populations and anomalous values (outliers) 

· Understanding Variogram Behavior and the link to geological variations (Gringarten & Deutsch, 1999 - SPE 56654) 

· Randomness or lack of spatial correlation - historically called the nugget effect - the behavior of the variogram near the origin characterizes the degree of smoothness of the variable; the rate of change is inversely proportional to the range and thus determines the type of structure (i.e. nugget, exponential, spatial, gaussian) that is used. A non-zero nugget indicates that repeated measurements at the same point yield different values 

· Decreasing spatial correlation with distance - the range of the variogram characterizes the lateral continuity, or wavelength, of the variable - the sill of the variogram (the variance - the variogram value that corresponds to zero correlation) characterizes the variance or amplitude of the variable 

· Geological Trends - regional trends cause a negative correlation at large distances 

· Geological Cyclicity - this cyclicity is historically called the hole effect 

· Anisotropy or variations in character with azimuth - Geometric Anisotropy is a different range in different directions. It is modelled by defining the major direction of continuity (direction of spatial correlation at longest distances). - Zonal Anisotropy is characterized by a different sill in different directions. If there is no regional trend, then nesting and geometric anisotropy with high ellipse/range ratios are used to model an approximate zonal anisotropy 

· Variogram Interpretation and Modeling 

· Do you have a stationary population - trends, clusters, outliers; normalization of the data 

· If you (think you) have a stationary/single population, Do you have an Anisotropic population - a simple Geometric Anisotropy with different ranges in different directions. Determining the direction and range of principal continuity/the major axis of the anisotropy ellipsoid, and the minor axis range. 

· Do you have multiple populations/trends - where the variogram map is not exactly oval/the major and minor axis are not perpendicular to each other 

· Do you have Zonal Anisotropy - If there is no regional trend, then nesting and geometric anisotropy with high ellipse/range ratios are used to model an approximate zonal anisotropy 

· Nested Models 

· Improving Correlations: Approaches and Methodologies 

· Problems: analyzing/removing outliers, analyzing/minimizing regional trends, and analyzing/minimizing spurious geophysical (i.e. the acquisition footprint) and geological (i.e. near surface or shallow or structural) causes of varying seismic attributes, and non-stationary zones 

· factorial kriging (to filter noisy high frequency/low wavelength data) 

· principal component analysis - synthesizing several seismic attributes via dimensionality reduction - the original set of variables is processed to produce a new and smaller set of variables which contain (one hopes) as much information as possible from the original set 

· exploratory multi-attribute & other methodological analysis: Stratimagic, Emerge, Statistica, Rock Solid Images 

· Data Mining Techniques: Large Data Sets and Advanced Techniques - steps: exploration, model building or pattern definition, validation/verification 

· Theory Driven Modeling attempts to substantiate or disprove preconceived ideas: 

· correlations: a measure of the relation between two or more variables 

· t-tests: to evaluate the differences in means between two groups 

· AVONA: analysis of variance, to test for significant differences between means by comparing (i.e., analyzing) variances 

· linear regression: to analyze the relationship between (several) independent or predictor variables and a dependent or criterion variable 

· discrimant function analysis: to determine which variables discriminate (i.e. are the best predictors) between two or more naturally occurring groups 

· Data Driven Modeling automatically create the model based on patterns they find in the data: 

· cluster analysis (the recognition of joint families): how to organize observed data into meaningful structures - a number of different classification algorithms which can be used to develop taxonomies 

· factor analysis: to reduce the number of variables and to detect structure in the relationships between variables, that is, to classify variables 

· neural networks: analytic techniques modeled after the (hypothesized) processes of learning in the cognitive system, and capable of predicting new observations (on specific variables) from other observations (on the same or other variables) after executing a process of so-called learning from existing data. 

· principal component analysis: a linear dimensionality reduction technique, which identifies orthogonal directions of maximum variance in the original data, and projects the data into a lower-dimensionality space formed of a sub-set of the highest-variance components 

  GeoStatistical-Geological Mapping: Seismic Attributes & Reservoir Characterization - away from the well 

· Quick Review of Classical estimation procedures and kriging 

· Classical estimation/surface fitting procedures and parameters - "eyeballing"/manual contouring, inverse distance, splines(uses a piecewise polynomial to provide a series of patches resulting in a surface that has continuous first and second derivatives) , neural networks, etc. 

· kriging - simple (assumes that the surface has a constant mean, no underlying trend and that all variation is statistical) , ordinary, universal (assumes that there is a deterministic trend in the surface that underlies the statistical variation), indicator and lognormal techniques 

· cokriging - obtaining the general surface 

· kriging with external drift - the seismic method of preference for details 

· conditional simulation 

· Investigate/Establish Relationships (of Statistical Model Building - above) with facies model 

· CrossValidate/Verify 

· Propogate Relationships via regression & error mapping 

· Other Approaches: full-trace analysis - Stratimagic to assess the variability of the seismic signal in an interval of interest 

· theory and general workflow: horizons, intervals of interest, facies, refine, limit to one area of interest and redo 

· specific hints and techniques 

· EMERGE to predict reservoir parameter volumes (porosity, lithology) using well logs and seismic data 

  GeoCellular Model 

· Landmark - GeoStrata 

· Dynamic Graphics - EarthVision 

· Roxar - IRAP RMS 

  Upscaling 

  Reservoir Simulation/Production Matching/Incorporating Dynamic Engineering Data 

  johnstos@shaw.ca 

  [Seismic Attributes/Reservoir Characterization References] 

  [Johnston Seismic Consulting Ltd.] 

  [Sam's Page] 



Johnston Seismic Consulting Ltd.: http://www.cuug.ab.ca/~johnstos/course.html Feb. 2002 
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	Online Courses

Introduction to Geological Reservoir Characterization

INSTRUCTOR:
Roger M. Slatt, University of Oklahoma
DATES:
September 15 - December 10, 2004 
TUITION:
$600.00 SIGN UP NOW
Includes textbook
LIMIT:
25 people
CONTENT:
12 CEU What is a CEU?
This course covers the principles and practice of characterizing petroleum reservoirs using geologic and engineering data, including well logs, sample descriptions, routine and special core analyses, and well tests. This online course is done on a definite timetable with other students taking the same course both online and in the classroom. There is some flexibility on assignments and readings, but it is not a self-paced course.

Emphasis is placed on practical analysis of such data sets from a variety of clastic depositional environments. The compartmentalized nature of reservoirs will also be emphasized. Most modules have electronically-based exercises.

Many exercises will be done by hand, without computer-assist (i.e. mapping, correlation, etc.). No sophisticated software will be required. For detailed information on this class, go to: http://www.aapg.org/education/intro_res_char2.html
Course Outline

· Introduction to reservoir characterization; 

· Tools and techniques for characterizing static and dynamic properties of oil and gas reservoirs; 

· Value of outcrops; 

· Structure and structurally compartmentalized reservoirs; 

· Stratigraphy and stratigraphically compartmentalized reservoirs; 

· Basics of sequence stratigraphy; 

· Incised valley fill reservoirs; 

· Shoreface reservoirs; 

· Deepwater clastic (turbidite) reservoirs; 

· Geologic controls on reservoir quality (porosity and permeability); 

· Diagenesis and diagenetically compartmentalized reservoirs; 

· Simple volumetric calculations, and geologic controls on volumetrics; 

· Petrophysical properties of reservoirs; 

· Fractured reservoirs; 

· Introduction to geological modeling. 

Syllabus

There will be an exercise for each of the 14 Units (11 Lessons). Some exercises will just be answering a few questions. Others will involve mapping, cross-section interpretation, and other types of analysis. To be graded, each exercise will have to be submitted to Dr. Slatt electronically, no later than one week after it is given to you. There will be a final exam, which will be a reservoir characterization project, for which you will be given one week to complete.
	

	Introduction to 
Geological Reservoir Characterization 

	COURSE LOGISTICS:
Class Begins 
January 26, 2004
Final Exam
Week of April 26, 2004
Lectures and Slides 
ONLINE
Exercises and Exams administered by instructor
via email
Tuition: 
$600 
(includes textbook)
Content: 
12 CEU
Limit: 
25 students
There will be a fall session.


Last day to cancel is January 26, 2004. You may use your credit for the 2004 fall session instead of getting a refund if you wish. 


Textbook will be provided and mailed to students by AAPG Educational Services. The book is: Reservoir Compartmentalization in Rocky Mountain Basins, by Roger M. Slatt Publication Date 1998, by RMAG. 

Late registration will delay receipt of textbook, so register as early as possible.
Participants may register after the course has begun, but they will have to begin at the unit the rest of the class is currently working on.

Each week the student will receive a work assignment from the instructor, and will email the homework back prior to receiving the next assignment. Instructor encourages questions (via email). The AAPG continuing education format allows you to choose your time to take the class. Participants must complete all exercises and the exam to receive the CEU award.
	

Course Description
This course covers the principles and practice of characterizing petroleum reservoirs using geologic and engineering data, including well logs, sample descriptions, routine and special core analyses, and well tests. 

Emphasis is placed on practical analysis of such data sets from a variety of clastic depositional environments. The compartmentalized nature of reservoirs will also be emphasized. Most modules have electronically-based exercises. 

Many exercises will be done by hand, without computer-assist (i.e. mapping, correlation, etc.). No sophisticated software will be required.

Course Outline
· Introduction to reservoir characterization; 
· Tools and techniques for characterizing static and dynamic properties of oil and gas reservoirs; 
· Value of outcrops; 
· Structure and structurally compartmentalized reservoirs; 
· Stratigraphy and stratigraphically compartmentalized reservoirs; 
· Basics of sequence stratigraphy; 
· Incised valley fill reservoirs; 
· Shoreface reservoirs; 
· Deepwater clastic (turbidite) reservoirs; 
· Geologic controls on reservoir quality (porosity and permeability); 
· Diagenesis and diagenetically compartmentalized reservoirs; 
· Simple volumetric calculations, and geologic controls on volumetrics; 
· Petrophysical properties of reservoirs; 
· Fractured reservoirs; 
· Introduction to geological modeling. 
Who Should Take this Course? 
This course is ideal for the petroleum industry professional who is involved in analysis and/or decision-making.  Geologists, project managers, engineers, and geophysicists will find this course to be both useful and stimulating.  It should be considered an intermediate-level course which will provide individuals with the knowledge necessary to take more advanced courses.

Syllabus
There will be an exercise for each of the 14 Units (11 Lessons) in the course. Some exercises will just be answering a few questions. Others will involve mapping, cross- section interpretation, and other types of analysis. To be graded, each exercise will have to be submitted to Dr. Slatt electronically, no later than one week after it is given to you . 

There will be a final exam, which will be a reservoir characterization project, for which you will be given one week to complete. 



Course Introduction from Dr. Slatt.
Welcome to this course on Reservoir Characterization. I am pleased to say that the discipline of oil and gas reservoir characterization, which was only a concept not to many years ago, is now a reality and a common function among large and small oil and gas companies. It is an exciting discipline which requires a knowledge of structural geology, stratigraphy, geochemistry, geophysics, petrophysics, petroleum engineering, and computing tools. Since most people cannot claim expertise in all of these areas, Reservoir Characterization also requires communication between, and integration of, people. Reservoir characterization teams have amply demonstrated that many new things can be learned about a reservoir when people from different disciplines work together for a common objective. New understanding, in turn, leads to improved oil and gas recovery. For example, if proper characterization improves oil recovery by only 1% in a one billion barrel field, significant economic gain will have been achieved. 

This course is designed to present some of the fundamental applications of geology and related fields toward improved characterization of reservoirs. It is commonly recognized that oil and gas reservoirs are structurally and stratigraphically complex and often compartmentalized. Perception of a simple reservoir is not always the reality, as is often the case in life. Thus most of the case studies presented in the lectures and exercises are oriented toward compartmentalized reservoirs.

Online courses are relatively new in the geosciences. A reason for this is that most geoscience courses require examination of rocks. The content of this course does not require rock examination, but it should always be remembered that the common subsurface data we use relates back to rock or fluid properties of a reservoir. Sometimes this is forgotten when working at a workstation terminal, where the goal might become a visually pleasing image of a reservoir rather than an accurate characterization of the reservoir. It is far too easy to become a "nintendo geologist", and erroneously assume the computer will provide the answers.

This online course has been offered several times during my recent career at two universities. Many students, both from academic institutions and petroleum companies, have successfully completed the course and subsequently utilized the techniques and concepts to improve their skills at reservoir characterization. I work interactively with students via the internet and in online chat rooms. Students have almost unanimously agreed that the online method of teaching is beneficial from the perspective of offering freedom to conduct the work in their own timeframe and at their own pace. I hope that all of you prosper from this course. I look forward to working with each of you from cyberspace.

Roger M. Slatt

 


Reservoir Characterization: From the Laboratory to the Field

0.8 CEUs (Continuing Education Units) awarded for this 1-day course.

Instructors
Larry Lake, University of Texas at Austin

Intended Audience
Engineers with at least a BS degree in petroleum or chemical engineering. All other engineers, mathematicians and physicists with at least a BS degree and some experience in reservoir engineering and/or numerical simulation. Geologists with at least a BS degree with some quantitative experience or interest. 

Description
This course teaches integrated reservoir characterization from the basics of petrophysics through geostatistics. The emphasis is on flow properties of porosity, permeability, capillary pressure, and relative permeability. The course also discusses the statistics of the spatial distribution of these properties and illustrates the benefits of using these properties. 

Topics Covered
· Single-Phase Petrophysical Porosity, Permeability, and Non-Darcy Effects 

· Two-Phase Flow: Capillary Pressure, Relative Permeabilities and Trapped Phase Saturations  

· Heterogeneities and Nonuniformities 

· Effective Properties: (Pseudo) Porosity 

· Absolute Permeability: Capillary Pressure, Relative Permeability, Dispersivity, and Fingering Factors 

Rock Physics for Reservoir Characterization and Recovery Monitoring

1.6 CEUs (Continuing Education Units) awarded for this 2-day course.

Instructors
Gary Mavko, Stanford U.

Intended Audience
Geophysicists, reservoir geologists, seismic interpreters, hydrogeologists, and engineers concerned with interpretation of seismic data, reservoir and characterization, hydrocarbon detection, and monitoring of recovery and remediation processes.


Description
This course covers the fundamentals of rock physics, ranging from basic laboratory and theoretical results to practical “recipes” that can be immediately applied in the field.  Applications will focus on seismically detecting variations in lithology, pore fluid types and saturation (oil, water, steam, gases), stress and pore pressure, fractures, and temperature.  We will present case studies and strategies for seismic interpretation, site characterization, recovery monitoring, upscaling seismic and rock properties from the lab to borehole to reservoir scales, plus suggestions for more effectively employing seismic-to-rock properties transforms in geostatistical methods.


Topics Covered
· Rock and fluid factors affecting seismic

· Fluid signatures

· Effects of saturation and saturation scale

· Interpreting 4D seismic for reservoir monitoring

· Seismic mapping of porosity and lithology

· Seismic signatures of fractures

· Permeability

· Applications

Graduate Credit Courses 

Petroleum Engineering 

· Applied Reservoir Simulation, Dr. John Fanchi (PEGN 541, 3 credit hours) Tuition: $800 

The principles of reservoir simulation within the context of reservoir management will be discussed. Course participants will learn how reservoir simulators may be used to achieve reservoir management objectives by running examples using an integrated flow simulator. The integrated flow simulator is a PC-based, three-dimensional, three-phase reservoir simulator with reservoir geophysical capabilities. The software is included with the required text for the course. 

· Integrated Reservoir Characterization, Dr. Mark Miller (PEGN 542, 3 credit hours) Tuition: $800
The objective of the course is to introduce reservoir characterization from a multidisciplinary perspective. Reservoir characterization helps quantify properties that influence fluid flow. An integrated reservoir description is developed from static reservoir information such as reservoir structure, and dynamic information such as production performance. The resulting reservoir description is used to develop an optimum production method for a field. Software for performing course problems is included with the required text for the course. 

Geology and Geological Engineering
· Geologic Reservoir Characterization, Dr. Roger Slatt (GEOL 613, 3 credit hours) Tuition: $800
· Global energy. 

· Extracting more oil and gas from existing reservoirs. 

· What is reservoir characterization and how is it utilized for improved oil and gas recovery? 

· Basic terminology and important parameters for characterization. 

· The importance of multidisciplinary teamwork in reservoir characterization. 

· Techniques of reservoir characterization, including conventional and unconventional well logs, samples, seismic (2D, 3D and 4D), visualization technologies, inter(ra)net. 

· Application of outcrops to characterization of analog subsurface reservoirs. 

· Conventional methods of outcrop characterization. 

· More recent methods, including outcrop photomosaics, outcrop logs, minipermeameter, sonic velocity probe, ground penetrating radar, behind-outcrop logging/coring. 

· U.S. land grid system. 

· Basic subsurface structure mapping. 

· Structurally complex and compartmentalized reservoirs. 

· Use of pressure data in detecting structural compartments. 

· Basic subsurface stratigraphic mapping. 

· Fundamentals of sequence stratigraphy. 

· Stratigraphically compartmentalized reservoirs. 

· Geologic controls on reservoir quality (porosity and permeability). 

· Diagenetic and unconformity-related compartmentalization 

· Capillary pressure measurement and its application to reservoir characterization. 

· Fractured reservoirs. 

· Pressure compartments. 

· Examples and case studies of Integrated Reservoir Characterization 

· Mathematical Methods for Modeling Groundwater Systems, Dr. Eileen Poeter, (GEGN 583, 3 credit hours) Tuition: $800 

We begin with an overview of the steps in a geohydrologic project which progress from developing a conceptual model of your problem to utilizing analytical models and, when appropriate, to application of numerical models. As we proceed, we consider first steady state, then transient, situations for flow, followed by transport problems. Most of the topics in this course could be the subject of an entire semester of course work, consequently we will only "scratch the surface" of each topic. Some might say you are learning enough to be dangerous! The truth is, you are learning enough to be able to continue to teach yourself in the future. 

As you will soon discover, the most important aspect of modeling is calibrating your model. This is the process of using field data to develop a model that best represents the system of interest. Once a model is rigorously calibrated, you can define confidence intervals on your predictions. Although this course introduces you to calibration concepts, it is a topic that warrants an entire semester of study. You may wish to study this further on your own given the references and materials that I provide in the last unit, or you may choose to take the next level modeling course from Mines OnLine which I plan to offer in the fall semester. 

· Advanced Mathematical Methods for Modeling Groundwater Systems, Dr. Eileen Poeter, (GEGN 683, 3 credit hours) Tuition: $800 

Flow and solute transport modeling including: 1) advanced analytical modeling methods; 2) finite elements, random-walk, and method of characteristics numerical methods; 3) discussion of alternative computer codes for modeling and presentation of the essential features of a number of codes; 4) study of selection of appropriate computer codes for specific modeling problems; 5) application of models to ground water problems; and 6) study of completed modeling projects through literature review, reading and discussion. Prerequisite: GEOL/CHGC509 or GEGN583, and GEGN585 or consent of instructor. 

International Political Economy 

· International Political Risk Assessment, Dr. Eul Soo Pang (LISS 435, 3 credit hours) Tuition: $800
The course offers a research and evaluative methodology on the "health of a country," examined through five categories, or "shells:" political regime instability, economic-financial risks, social-cultural-human development rankings, global linkage indicators, and business environment analysis, specifically geared to an industry or a sector. Political Risk Assessment identifies and evaluates risks of doing business in a country and proposes methods of mitigating them. The student is required to widely read about globalization, global economy, global systems, international political economy of trade and finance, country-specific political economies of development, and business-specific literature to be familiar with the country for which a risk analysis is undertaken. 

Economics and Business 

· Economics of Energy Resources, Dr. Carol Dahl, (EBGN 530, 3 credit hours) Tuition: $800 

If you want the economic skills to make better management or policy decisions relating to energy, this is the course for you. You will acquire a toolbox of models along with institutional, technological and historical information for oil, gas, coal, electricity, and renewable energy resources. The supply and demand models will have relevance to energy pricing, competition between products, taxation, tariffs, price controls, subsidies, environmental laws and production decisions. Linear and nonlinear programming models will help to maximize profits, minimize transportation costs, maximize social welfare and solve a whole host of optimization problems in the face of numerous constraints. Dynamic optimization models help to optimally time energy production, policy and investment decisions. Game theory will help in strategic decision making and bargaining when small numbers of players are involved. Energy futures and options markets are studied for their relevance to financial risk management. Modeling energy regulation/deregulation, privatization, and environmental policy will provide skills to cope with the bewildering changes in energy market structure and the government regulatory environment. 

· Economic Evaluation and Investment Decision Methods, Dr. Frank Stermole and Dr. John Stermole, (EBGN 504, 3 credit hours) Tuition: 
Time value of money concepts of present worth, future worth, annual worth, rate of return, and break-even analysis are applied to after-tax economic analysis of mineral, petroleum, and general investments. Related topics emphasize proper handling on inflation and escalation, leverage, risk adjustment of analyses using expected value concepts, mutually exclusive alternative analysis of a mineral or petroleum investment situation required in a formal report.

Back to Top 

 

	 

	[image: image66.png]



	[image: image67.png]



Network of Excellence in Training 

















	[image: image73.png]



	 

	[image: image74.png]



	[image: image75.png]



	[image: image76.png]



You are currently not logged in. Log In. 
	[image: image77.png]



Top of Form

[image: image78.wmf]

Enter search term



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image79.wmf]

Lecturers,Catalog



 HTMLCONTROL Forms.HTML:Hidden.1 [image: image80.wmf]

any



 HTMLCONTROL Forms.HTML:Submitbutton.1 [image: image81.wmf]Go

 
Advanced Search
Bottom of Form
	 

	
	
	The NExT Web Site requires Javascript.
Your browser either does not support Javascript or Javascript is disabled.
If you browser supports Javascript, please enable Javascript and reload/refresh the page.

[image: image82.png]


[image: image83.png]


Browse Catalog | List Titles
Get the Printer Friendly Version
Reservoir Engineering - Advanced Level Special Topics

Applied Geostatistics for Petroleum Engineers and Geoscientists

Course Description

Application of geostatistical techniques used to build reservoir models through the integration of core, well log and seismic data to produce a consistent reservoir description. Introduces reservoir modeling workflow from construction of the 3D static reservoir model through upscaling for dynamic reservoir simulation. Increases the awareness of geostatistics and the situations where the application of geostatistical techniques could add value. Provides guidance in the assembly and analysis of the required data for geostatistical techniques and the resulting numerical models. 

Audience
· Practicing reservoir and production engineers and geoscientists working as a part of an integrated reservoir management team

Prerequisites
· No formal training in statistics is required other that a knowledge of basic mathematics

Course Schedule
· Review of basic probability theory and inivariate and bivariate statistics; Geological content of data and spatial continuity of rock properties using variogram analysis; Estimation methods including various types of kriging; Simulation methods including sequential gaussian simulation and indicator simulation; Advanced geostatistical techniques including object modeling and simulated annealing; Techniques for upscaling and data integration (3D seismic and production) accounting for the scale and precision of the data. 

· DAY 1 - Introduction: Role of geostatistics in reservoir modeling, building static reservoir model, decision making in face of uncertainty. Basic statistics. Samples, population, univariate statistics. Histogram. Description statistics. Probability distribution function. Distributions, normal, log normal, Boltzman, binomial. Exercises. 

· DAY 2 - Basic statistics. Bivariate statistics. Q-Q plot, P-P plot. Conditional expectation. Correlation, exercises. Analysis of spatial continuity. Variogram definition, physical meaning. Calculating & interpreting the variogram. Detecting zonal anisotropy and trend. Anisotropic variogram. Using vertical variogram to estimate horizontal variogram. modeling variograms. Exercises. 

· DAY 3 - Estimation. Requirements to estimation methods. Point & block estimation. Declustering methods. Linear estimation schemes. Distance weighted estimation. Simple, ordinary, block, indicator. 

· DAY 4 - Estimation cont'd. Using additional attribute as a guide. Principles of krigging with external drift & co-krigging. Exercises on ordinary, block & indicator krigging. Cross validation. Effect of different parameters of variogram on krigging solution. Exercises on cross validation. Simulation, estimation vs. simulation. Sequential Gaussian simulation, indicator simulation. Exercises. 

· DAY 5 - Simulation cont'd. Object modeling. Simulated Annealing. Principles. Upscaling, porosity, permeability. Case studies, course summary & conclusions.



Back

	Classes
Click on a date for on-line registration
· Nov 01 - Nov 05 2004
College Station, TX, United States
USD 2,000*Leading this class is Dr. Akhil Datta-Gupta, R. L. Adams Professor of Petroleum Engineering
Instructor:
Dr. Akhil Datta-Gupta 

Duration: 5 Days
Course Provider:
 Texas A&M University


* **

Computer fees and VAT if applicable on all but US courses

*

Computer fees if applicable on all US courses
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