Colorado School of Mines, Department of Geophysics

GPGN452 Seismic Methods II: Advanced Seismic Methods

Instructors:

Steve Hill – Lecture. Office hours one hour after each lecture. (stevejhill@earthlink.net)

John Stockwell – Lab (john@dix.mines.edu)
Catalog Description: 
Historical survey. Propagation of body and surface waves in elastic media; transmission and reflection at single and multiple interfaces; energy relationships; attenuation factors, data processing (including velocity interpretation, stacking, and migration), interpretation techniques including curved-ray techniques. Acquisition, processing, and interpretation of laboratory model data; seismic processing using an interactive workstation.

Prerequisites:

GPGN3O2 and concurrent enrollment in GPGN4O4, or consent of Department Chair.
Course Applicability:

Seismic Processing Geophysicists – Learn by doing

Seismic Acquisition Specialists – Understand processing requirements of acquired data

Seismic Interpreters – By knowing origin of seismic data, be alert to interpretation pitfalls.

Seismic Research Geophysicists – Know content of application of seismic data; Understand limitations of real seismic data.

Near-surface Seismic Geophysicists – Similar acquisition & processing techniques

Other Geophysicists – Many tools applicable from seismic geophysics. Understand and use application of foundational geophysical understanding.
Textbook and/or other materials: 
Course notes on CD-ROM, Optional - Seismic Data Processing (0. Yilmaz) available through SEG.ORG
Course Objectives:

As a primary goal, the lecture portion of the course provides the conceptual background to allow the participants to process a 2-D marine line using CSM’s Seismic Unix software in the lab portion of the course. The lab portion of the course explains the use of Linux and Seismic Unix in support of this goal. At the conclusion of the course, the participant will be able to knowledgably present his/her rationale for the processing he/she selected for this data.

In general, this course allows participants to improve their understanding of seismic processing and its influence on interpretable seismic data. The course highlights the nature of 3-D seismic processing and reveals 2-D seismic processing within that context, Because interpretation pitfalls arise in the violation of seismic processing assumptions, the course both explains how seismic field data is converted into interpretable data and reveals the assumptions behind the steps in that conversion.

Lecture Topics:

1)
Velocity gradients and turning waves.

2)
Aliasing & frequency-shifting in migration

3)
Reverse-time migration

4)
Frequency-domain migration

5)
Finite-difference migration

6)
Comparison of migration processes

7)
Dip-moveout correction

8)
Time migration

9)
Image rays

10)
Variations of the stacking process

11)
Classification of waves in seismic data

12)
Multiple attenuation techniques (F-K, Tau-p, deconvolution, surface multiple attenuation, inverse-scattering series, radon-transform demultiple)

13)
Statics solutions (Field, refraction, ensemble-based, surface-consistency)

14)
Controlled amplitude processing

15)
Filtering & Coherence enhancement.

16)
Deconvolution

17)
Spatial resolution

Class/lab schedule, number and duration each week: 
Nominal 3 hours lecture, 3 hours lab per week. See following schedule for lecture dates and approximate topics. Lab is Thursdays, 9:00 – 12:00.
	23-Aug
	Wednesday
	9:00 - 10:00
	Acquisition measurement & data display

	25-Aug
	Friday
	9:00 - 10:00
	Acquisition measurement & data display

	28-Aug
	Monday
	9:00 - 10:00
	Acquisition measurement & data display

	30-Aug
	Wednesday
	9:00 - 10:00
	Depth Conversion

	1-Sep
	Friday
	9:00 - 10:00
	Zero-offset Migration

	4-Sep
	Monday
	9:00 - 10:00
	Zero-offset Migration

	6-Sep
	Wednesday
	9:00 - 10:00
	Migration assumption violations

	8-Sep
	Friday
	9:00 - 10:00
	Zero-offset Migration Processes

	11-Sep
	Monday
	9:00 - 10:00
	Zero-offset Migration Processes

	13-Sep
	Wednesday
	9:00 - 10:00
	Zero-offset Migration Processes

	15-Sep
	Friday
	9:00 - 10:00
	Zero-offset Migration Processes

	18-Sep
	Monday
	9:00 - 10:00
	Zero-offset Migration Processes

	20-Sep
	Wednesday
	9:00 - 10:00
	Offset Migration

	22-Sep
	Friday
	9:00 - 10:00
	Offset Migration

	25-Sep
	Monday
	9:00 - 10:00
	Offset Migration

	27-Sep
	Wednesday
	9:00 - 10:00
	Offset Migration

	29-Sep
	Friday
	9:00 - 10:00
	SEG Annual Meeting

	2-Oct
	Monday
	9:00 - 10:00
	SEG Annual Meeting

	4-Oct
	Wednesday
	9:00 - 10:00
	SEG Annual Meeting

	6-Oct
	Friday
	9:00 - 10:00
	SEG Annual Meeting

	9-Oct
	Monday
	9:00 - 10:00
	Time Migration

	11-Oct
	Wednesday
	9:00 - 10:00
	Time Migration

	13-Oct
	Friday
	9:00 - 10:00
	Time Migration

	16-Oct
	Monday
	9:00 - 10:00
	Fall Break

	18-Oct
	Wednesday
	9:00 - 10:00
	CMP Shooting

	20-Oct
	Friday
	9:00 - 10:00
	Multiples

	23-Oct
	Monday
	9:00 - 10:00
	Multiples

	25-Oct
	Wednesday
	9:00 - 10:00
	Multiples

	27-Oct
	Friday
	9:00 - 10:00
	Statics

	30-Oct
	Monday
	9:00 - 10:00
	Statics

	1-Nov
	Wednesday
	9:00 - 10:00
	Statics

	3-Nov
	Friday
	9:00 - 10:00
	Amplitudes

	6-Nov
	Monday
	9:00 - 10:00
	Amplitudes

	8-Nov
	Wednesday
	9:00 - 10:00
	Amplitudes

	10-Nov
	Friday
	9:00 - 10:00
	Filtering & Coherence Enhancement

	13-Nov
	Monday
	9:00 - 10:00
	Filtering & Coherence Enhancement

	15-Nov
	Wednesday
	9:00 - 10:00
	Deconvolution

	17-Nov
	Friday
	9:00 - 10:00
	Deconvolution

	20-Nov
	Monday
	9:00 - 10:00
	Deconvolution

	22-Nov
	Wednesday
	9:00 - 10:00
	Deconvolution

	24-Nov
	Thursday
	9:00 - 10:00
	Thanksgiving

	27-Nov
	Monday
	9:00 - 10:00
	Thanksgiving

	29-Nov
	Wednesday
	9:00 - 10:00
	Deconvolution

	1-Dec
	Friday
	9:00 - 10:00
	Deconvolution

	4-Dec
	Monday
	9:00 - 10:00
	Seismic Acquisition

	6-Dec
	Wednesday
	9:00 - 10:00
	Seismic Acquisition

	
	
	
	


Course Outline:

See CD.
Grade Determination:

Lecture:


20% - Homework 


25% - Final 


5% - Class Participation 

Lab


10% - Project Poster


10% - Project Presentation


10% - Lab Participation

20% - Lab Reports
Course Homework:

Essay questions. 10 – 15 questions for each major topic. Due one week after the completion of the respective major topics. Graded by instructor.
Laboratory Homework:

Weekly written report of “seven things I learned during lab” or assigned topics. As appropriate, report will contain sample seismic displays in support of written text. The report will be up to three pages, including graphics. Graded by instructors
Course Reading Assignments:

The course follows the supplied course text. Read twenty pages in advance of current course location. Optional readings from Yilmaz text noted on course outline.
Final Exam:

Essay questions. Final at CSM’s appointed time unless altered by agreement with all students.
Processing Poster & Presentation:

Oral presentation of processing poster. End of term. Time to be determined by agreement with all students. Poster and presentation will be graded by John Stockwell, Steve Hill and a third faculty member.
Relationship of course to Educational Objectives:

The educational objectives are embodied directly in CSM’s statement of its Mission and Goals, to be found on page 5 of the Undergraduate Bulletin. The contents of this course on geophysical imaging are used for the exploration and exploitation of mineral resources and to support environmental geophysics efforts. Thus, to quote the Mission and Goals statement, this course provides the foundation for “the discovery and recovery of the Earth’s resources” and “to ensure their prudent and provident use in a sustainable global society.”
Contribution to professional component: 

This course contributes two credit hours to the math and basic science component and two credit hours to the engineering component. In the lectures, the students learn the fundamental science of geophysical imaging. Through processing seismic data, the students apply these fundamentals in constructing an geophysical image.
Relationship of course to program objectives:

This course addresses particularly three program goals, contributing to the development of students who:
1) Think for themselves: question conventional problem formulations & solve problems independently. ABET outcome #1.
2) Are creative: able to conceive and validate new hypotheses, problem descriptions & new methods for analyzing data. ABET outcome #2.
3) Can program computers in a high-level language to acquire, process, model and display scientific data. ABET outcome #4.
Relationship of course to ABET Criterion 3 components:
1) By understanding the fundamentals of geophysical imaging, the student will demonstrate “an ability to apply knowledge of mathematics, science and engineering.” (Criterion 3 component a.)

2) By using Seismic Unix to process seismic data the student will demonstrate “an ability to design and conduct experiments, as well as to analyze and interpret data.” (Criterion 3 component b.)

3) Through creating a seismic processing workflow in Seismic Unix, the student will demonstrate “an ability to design … a process to meet desired needs within realistic constraints…” (Criterion 3 component c.)

4) By using the fundamental concepts of seismic imaging, the student will demonstrate “an ability to identify, formulate, and solve engineering problems.” (Criterion 3 component e.)

5) By orally presenting the results of his/her seismic imaging through a poster and an oral presentation, the student will demonstrate “an ability to communicate effectively.” (Criterion 3 component g)
6) Through discovering that this class is only a starting point in understanding the challenges of seismic imaging, the student will (hopefully) recognize “the need for, and ability to engage in life-long learning.” (Criterion 3 component i.)

7) Based on the tools learned in this class, the student will demonstrate “an ability to use the techniques, skills and modern engineering tools necessary for engineering practice.” (Criterion 3 component k.)
Person who prepared this description and date of preparation: Stephen Hill with concurrence of John Stockwell, Fall, 2006

