1. Information on the programme

SUBJECT OUTLINE

1.1.Higher education institution

UNIVERSITY OF BUCHAREST

1.2. Faculty GEOLOGY AND GEOPHYSICS
1.3. Department GEOPHYSICS

1.4. Field of study GEOPHYSICS

1.5.Education level MASTER
1.6.Specialization/Study programme APPLIED GEOPHYSICS

1.7. Form of education Full time

2. Information on the discipline

2.1.Name of the discipline

| ADVANCED GEOPHYSICAL DATA PROCESSING

2.2.Course coordinator

Assoc. Prof. Dr. Bogdan Mihai Niculescu

2.3.Seminar/ laboratory/project coordinator

Assoc. Prof. Dr. Bogdan Mihai Niculescu

2.7. 2

2.4. Year of study I | 2.5 Semester| 2 2.6. Type of E Discipline Content AK

evaluation status Compulsoriness* | CD

3. Total estimated time(teaching hours per semester)

3.1. Hours per week — full time 4 |out of which: 5 3.3. seminar/laboratory/ 5
programme 3.2.lecture project
34. "-l“otal number of hours in the 56 Out of which: 28 | 3.6. seminar/laboratory 28
curriculum 3.5.]ecture
Distribution of the time allotted hours
3.4.1.Study based on book, textbook, bibliography and notes 40
3.4.2. Additional documentation in the library, specialized electronic platforms and field 25
3.4.3. Preparing seminars/ laboratories/ projects, subjects, reports, portfolios and essays 12
3.4.4.Tutorials 10
3.4.5.Examinations 5
3.4.6. Other activities 2

3.7. Total hours of individual study 94
3.8. Total hours per semester 150
3.9. Number of credits* 6

4. Prerequisites (if applicable)

4.1. curriculum-related

Geophysics and Engineering Geology/Geology training

4.2. skills-related

Good computer skills, knowledge and practical use of software applications and
mathematical/numerical algorithms for geophysical/geological data visualization, processing
and interpretation. Programming skills (e.g. in MATLAB environment) are very useful.

5. Conditions (if applicable)

5.1. for the lecture

The course is interactive, students can ask questions regarding the content of the
lectures. During the lectures other activities are not allowed, mobile phones will be
turned off.

5.2. for the seminar/laboratory/
project

During the practical/laboratory works, each student will carry out an individual
activity with the geophysical data and the documentation/materials made available.




6. Specific competences acquired

method.

Professional competences

e Knowledge and understanding of the main quantitative interpretation methods for borehole geophysical logs
(deterministic methods and probabilistic methods), their differences and the strong/weak points of each

e Understanding the principles of well logging tools required for the measurement of various physical
parameters, the mathematical/numerical algorithms required for a deterministic or a probabilistic quantitative
interpretation and the modern software applications designed to carry out such interpretations.

e The students will obtain a thorough theoretical and practical training regarding the major directions in
quantitative geophysical logs analysis: the traditional/deterministic method, and the probabilistic one, which
offers an integrated/global approach, while taking into consideration the uncertainties associated with
borehole measurements and any available a priori information about the interpretation model.

Transversal
competences
e o o o

Performing complex professional/research tasks in conditions of autonomys;

Applying ethics and professional deontology in the execution of complex, interdisciplinary tasks;
Teamwork abilities, oral/writing communication skills in English language;

Self-control of the learning process, determination of training needs, reflective analysis of one's own
professional activity.

7. Course objectives (based on the list of competences acquired)

7.1.0verall course objective

Knowledge and understanding of the theoretical and practical aspects of
quantitative well log interpretation /formation evaluation.

7.2.Specific objectives

e Presentation of the main methods and techniques used for the geophysical
investigation of exploration boreholes drilled for hydrocarbons, and the
fundamental methods for the quantitative interpretation of typical
geophysical well logs;

e  Visualization, processing and complex interpretation of geophysical well
logs using modern software applications.

8. Content

8.1.LECTURE
Number of hours — 28

Teaching methods Notes

1. Introduction to Geophysical data processing
1.1 Measurements in the space domain (X, Y, Z) or time

domain (t).
1.2 Analog and digital signals.

1.3 Identifying frequency components in geophysical

data.

Lecture with PowerPoint

support + Explanations I lecture (2 hours)

2. Digital recording of geophysical data

2.1 Signal amplitude sampling.

2.2 Time (space) sampling: sampling theorem; Nyquist
frequency; Dirac delta function; Dirac comb; aliasing.

2.3 Finite length data.

Lecture with PowerPoint

support + Explanations I lecture (2 hours)

3. Spectral analysis of geophysical data

3.1 Fourier analysis: Fourier series; Continuous Fourier
Transform; complex notation.

3.2 Complex symmetry properties.

3.3 Examples of Fourier transform: boxcar function, sinc
function, constant function, Dirac delta function, Dirac
comb, sine function, cosine function; negative
frequencies.

3.4 Discrete Fourier Transform (DFT).

3.5 Calculating the Discrete Fourier Transform (DFT)
with the Fast Fourier Transform (FFT).

3.6 Two-dimensional Fourier transforms: formulation;
Cartesian coordinates; polar coordinates; theorems;
applications.

Lecture with PowerPoint
support + Explanations

2 lectures (4 hours)

4. Filtering of geophysical data

Lecture with PowerPoint

2 lectures (4 hours)




4.1 Introduction to filtering. support + Explanations
4.2 Continuous convolution: convolution integral,
convolution with a Dirac delta function; convolution
with a Dirac comb.

4.3 Discrete convolution.

4.4 Convolution theorem.

4.5 Linear system filtering in time and frequency
domain: linear time-invariant system; input-output
relations in time (space) domain and frequency domain;
important practical filters (low-pass, high-pass, band-
pass and notch filters); differentiation and integration
filters; continuation of potential fields.

4.6 Correlation of analog and discrete signals: cross-
correlation and autocorrelation integrals; discrete
correlation; uses of cross- and autocorrelation; cross
correlation and autocorrelation in the frequency domain.
4.7 Filtering of potential fields data: upward
continuation; downward continuation.

4.8 Filtering of electromagnetic data: electromagnetic
quantities; Maxwell's equations; plane electromagnetic
waves; complex impedance, reflection and transmission
coefficients; homogeneous Earth impedance;
homogeneous Earth boundary conditions; non-
homogeneous Earth impedance.

5. Inversion of geophysical data

5.1 Introduction to geophysical data inversion.

5.2 Model norms, data misfit and non-uniqueness: non-
uniqueness of under-determined problems; using prior
information; feasible geophysical model norms;

observational and theoretical data misfit. Lecture with PowerPoint
L - . . 2 lectures (4 hours)
5.3 Optimization: combining misfit and model norms; support + Explanations
selecting a particular objective function to constrain the
optimization.

5.4 Standard optimization algorithms: Gauss-Newton
and Levenberg-Marquardt.
5.5 Probabilistic (Bayesian) optimization algorithms.

Lecture with PowerPoint

support + Explanations ! lecture (2 hours)

Lecture with PowerPoint

support + Explanations ! lecture (2 hours)

Compulsory bibliography:

Scales, J.A., Smith, M.L., and Treitel, S., 2001. Introductory Geophysical Inverse Theory. Samizdat Press, 193 p.

James, J.F., 2002. A Student's Guide to Fourier Transforms: With Applications in Physics and Engineering. Cambridge
University Press, 141 p., ISBN 0521468299.

Cristi, R, 2003. Modern Digital Signal Processing. Brooks/Cole Publishing Company, 352 p., ISBN 0534400957.

Optional bibliography:

Papoulis, A., 1962. The Fourier Integral and Its Applications. McGraw-Hill Book Company, 320 p., ISBN 0070484473.

Ingle, V.K., Proakis, J.G., 1997. Digital Signal Processing Using MATLAB. PWS Publishing Company, 420 p., ISBN
0534371744.

Smith, S.W., 1997. The Scientist & Engineer's Guide to Digital Signal Processing. California Technical Pub., 626 p.,
ISBN 0966017633.

Howell, K.B., 2001. Principles of Fourier Analysis. Chapman & Hall/CRC, 792 p., ISBN 0849382750.

Vretblad, A., 2003. Fourier Analysis and Its Applications. Springer-Verlag, 269 p., ISBN 0387008365.

Tarantola, A., 2004. Inverse Problem Theory and Methods for Model Parameter Estimation. Society for Industrial and
Applied Mathematics, 352 p., ISBN 0898715725.

8.2. PRACTICAL WORK

Number of hours — 28 Theoretical presentation of

practical works Notes

Synthetic presentation of MATLAB programming

langgage: the programming environment, logi.cal and Laboratory exergises / 1 labwork (2 hours)
relational operators, vectors and matrices, main Data analysis
functions.




Resampling of non-uniform geophysical data sets on a
regular grid and 2D/3D graphical representation of data
using specific MATLAB functions.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Computation and representation of signals composed by
several sinusoidal terms with different amplitudes and
frequencies; Variable step sampling of continuous
signals; Demonstrating the aliasing phenomenon in time
and frequency domains.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Signals approximation using Fourier series;
Computation of the series first terms and representation
of the resulting signal.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Elaboration of programs/routines for computing the
direct and inverse Fourier transforms using DFT and
FFT algorithms; Presentation and use of the MATLAB
dedicated FFT functions.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Computation and representation of amplitude and phase
spectra of signals using FFT; Signals reconstruction
using the inverse Fourier transform; Elaboration of
frequency domain filters for highlighting useful signal
frequencies and suppressing noise.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Discrete signals convolution and correlation.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Presentation of standard optimization programs/routines
and inversion of theoretical and observational
geophysical data sets.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Presentation of probabilistic optimization
programs/routines and inversion of theoretical and
observational geophysical data sets.

Laboratory exercises /
Data analysis

1 labwork (2 hours)

Compulsory bibliography:

Optional bibliography:

Moler, C.B., 2004. Numerical Computing with Matlab. Society for Industrial Mathematics, 348 p., ISBN 0898715601.

9. Corroborating the course content with the expectations of the epistemic community representatives, of

the professional associations and of the relevant stakeholders in the corresponding field

The course content is continuously updated and harmonized with the academic curriculum of national and international
geosciences faculties/departments. Other important goals are to incorporate state of the art knowledge in the field of well
log data analysis and interpretation and to correlate the course syllabus with the job market needs, requirements and
expectations in the geosciences field (companies of geophysical-geological services, research institutes).

10. Assessment

10.3.

Type of activity

10.1. Assessment criteria

10.2. Assessment methods Percentage of

the final grade

10.4. Lecture

Obtaining the basic and advanced
skills related to complex geophysical
well log data processing and
quantitative interpretation

Oral examination 70%

10.5. Seminar/Laboratory

Processing and interpretation of
complex geophysical well log
datasets recorded in hydrocarbon
exploration wells, by using modern
software applications

Practical test at the end of

I o 09
applicative activities 30%

10.6. Minimum performance standards

e  Mark 5 at the oral examination

e Mark 5 at the practical test




Education levels- choose of the three options: Bachelor*Master/Ph.D.
2 Discipline status (content)-for the undergraduate level, choose one of the options:-FD (fundamental discipline), BD
(basic discipline), CS (specific disciplines-clinical sciences), AP (specific disciplines-animal production),FH (specific
disciplines, UO (disciplines based on the university’s options). -for the Master level, choose one of the options: AK-
Advanced Knowledge, CT- Complementary Training, S- Synthesis
3 Discipline status (compulsoriness) - choose one of the options — CD ( compulsory discipline) OD (optional discipline)
ED ( elective discipline).
4 One credit is equivalent to 25 hours of study (teaching activities and individual study).
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