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ADVANCED SEISMIC
DATA PROCESSING

27 February — 2 March 2012, Kuala Lumpur, Malaysia

Your Expert Trainer: Piet Gerritsma

Piet joined Shell in 1969 as a research geophysicist in Rijswijk (The Netherlands) and Houston (USA). He
acquired operational experience as processing and special studies geophysicist in Brunei and in Canada.
He was Shell's representative in international research consortia: SEP (Stanford), DELPHI (Delft University
of Technology) and IFP (Institut Francais du Petrole); he also served as associate editor of Geophysical
Prospecting on Migration, Modelling and Inversion. During his Shell career he has always lectured at

both basic as well as advanced level covering a broad range of topics. He left Shell in 1999 after 30 years
of service.
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Course Description

With the presence of new data acquisition techniques, new processing methods have to be developed. Existing and
new data sets will be exploited for optimal information retrieval; in addition to the conventional P-waves also the S-
waves will be investigated together with kinematic properties and dynamic properties for lithology and/or direct
hydrocarbon indication will be investigated. Anisotropy, where present, should be taken into account and can be
exploited for a.o. fracture orientation and density and time-to-depth conversion. The availability of other types of data
like geological data and well data, in a production environment, should be properly integrated in inversion studies to
initialize and constrain the results.

This course deals with advanced processing methods that are often carried out as part of a special study and may
involve the integration of data acquisition, processing and interpretation as well as petrophysics, production geology
and reservoir engineering. The topics that will be discussed cover a wide spectrum and are representative for what has
become feasible nowadays.

Course Objectives

At the end of this course the participants will have a working knowledge of the full range of representative special
processing methods, which he may carry out himself and/or supervise. He or she is fully capable to account for the
geophysical input in multi-disciplinary teams.

The following topics will be discussed:
Stress-strain relationships
The wave equation
Wavefield extrapolation
Anisotropy
Migration, time migration, depth migration and true-amplitude migration: theory and algorithms
DMO (dip moveout) and PSI (pre-stack imaging): theory and algorithms
Velocity model building and updating: theory and algorithms
VSP and hole-to-hole seismic: acquisition and processing
Multi-component seismic, shear seismic and anisotropy: acquisition and processing
. OBC (ocean bottom cable) and OBS (ocean bottom system): acquisition and processing
. Design and assessment of different acquisition geometries
. AVO (amplitude versus offset) and AVA (amplitude versus angle): theory and processing
. Inversion: overview of different methods
4D or time-lapse seismic: feasibility and requirements and processing
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Learning, methods and tools:
This course includes theory and exercises; a handout that covers all course material will be made available.

Your Expert Trainer: Piet Gerritsma

Piet Gerritsma graduated in physics at the University of Groningen. He joined Shell in 1969 as a research
geophysicist in Rijswijk (The Netherlands) and Houston (USA). He was actively involved in the
development of programs for statics, velocity analysis, synthetic seismograms and raytracing,
deconvolution, multi-component seismic, shear waves and anisotropy, AVO and migration. He acquired
operational experience as processing and special studies geophysicist in Brunei and in Canada. He was

. Shell's representative in international research consortia: SEP (Stanford), DELPHI (Delft University of
Technology) and IFP (Institut Francais du Petrole); he also served as associate editor of Geophysical
Prospecting on Migration, Modelling and Inversion. During his Shell career he has always lectured at both basic as well
as advanced level covering a broad range of topics. He left Shell in 1999 after 30 years of service. Since that time he is a
lecturer at CTG (Center for Technical Geoscience) at the Delft University of Technology. He teaches regularly courses for
national and international oil companies and service companies both as an independent teacher as well as on behalf of
geoscience training alliances.
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5 Day Course Outline

1. Stress-strain relationships
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Deformation and the strain tensor

Traction and the stress tensor

Stress-strain relations: Hooke’s law

The equation of motion

Symmetry properties of the stress tensor, strain
tensor and stress-strain tensor

Definitions of elastic constants

Relationships between elastic constants

2. The wave equation
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The acoustic wave equation:
- The acoustic wave equation
- The reciprocity theorem
- Theintegral representation of the
acoustic wavefield
The elastic wave equation:
- The general case
- The inhomogeneous isotropic case
- The homogeneous case
- From elastic to acoustic
- P-waves and S-waves
- Reciprocity theorems
- Green’s function and the
Representation Theorems
The boundary conditions
Plane wave solutions
Lamé’s Theorem
One-way elastic wave equations for P- and S-waves
Raytracing; the eiconal equation and transport
equation
Phase, group and energy velocities

3. Wavefield extrapolation
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Temporal and spatial Fourier transforms

The acoustic wave equation in the different
domains

Wavefield extrapolation in the different domains
Wavefield extrapolation and migration in the
spatial Fourier domain

Wavefield extrapolation in the tau,p-domain
Forward and backward wavefield extrapolation
with the Kirchhoff integral

Design of wavefield extrapolators

4. Anisotropy
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Introduction and definition of anisotropy
The stress tensor, the Voigt form and symmetries
Plane wave solutions and Christoffel equations
Phase velocity and Group velocity
Relationships between Wave surface and Slowness
surface
Measurement of group velocity and phase velocity
Raytracing, eiconal equation and transport
equation
Shear wave splitting
Definitions pertaining to anisotropy
Transverse isotropy (Tl):
- Angle dependence of velocities in VTI
media
- Thomsen’s notation for weakly
anisotropic media
- Elastic constants in finely layered
media
- Angle dependency of reflection and
transmission coefficients
- HTI media and azimuthal anisotropy
Anisotropy from seismic measurements -
processing
Crack and fracture properties

5. Migration: principles and algorithms

®
0.0

®
0’0

Imaging conditions; wavefield extrapolation
The Kirchhoff integral; the Rayleigh integral; one-
way versions of the Rayleigh
integral; Kirchhoff (=summation - = diffraction
stack -) migration
Migration algorithms:
- k,f-migration
- phase-shift migration, phase-shift plus
interpolation, split step Fourier
- phase screen migration
- finite difference migration
- summation migration
- migration in terms of double focusing
- reverse time migration
- Gaussian beam migration

Learn more about our In-house Training Solutions for Oil & Gas

Call +65 67419927 or email info@asiaedge.net
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» Aliasing; migration impulse responses

» Diffraction tomography; the point-spread function
and resolution

* True amplitude migration

Migration and Inversion
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6. DMO (dip moveout) and PSI (pre-stack imaging):

theory and algorithms

+» Definition, effects, objective

+» The DMO impulse response

+» DMO coverage; regularization; DMO and inverse
DMO

% PSI (pre-stack imaging) and EOM (equivalent offset

migration)

Algorithms

Generalized data mapping

Common-reflection-surface (=CRS) stack
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7. Velocity model building and updating: theory and

algorithms

< Minimal datasets and common image gathers

(CIG’s)

Iterative velocity model building with CIG’s

The migration conditions

Migration and traveltime inversion

Migration and demigration

Normal incidence wavefront curvature and
stacking velocity

% Velocity model parameterisation
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% Velocity model building methods:

- coherency inversion or model based
stack

- map migration

- dynamic map migration (DMM) or
curvature inversion

- stereotomography

- traveltime inversion (TTIl) and
traveltime tomography

- traveltime inversion in the migrated
domain (TTIMD)

- depth focusing analysis (DFA)

- common focus panel (CFP) analysis

- differential semblance optimisation
(DSO)

- velocity scanning
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8. VSP and hole-to-hole seismic: acquisition and
processing
< VSP
- Acquisition geometries; multi-
component datasets
- Wavefield separation: P-waves and S-
waves; Upgoing and Downgoing waves
- Deconvolution
- Migration of VSP data
- VSP and seismic-to-well matching
% Hole-to-hole
- Data acquisition
- Cross-well wavefield separation
- The projection slice theorem and
image reconstruction
- Traveltime tomography: ART, SIRT and
Radon transform
- Diffraction tomography, k-space
illumination, resolution and imaging
- Migration

9. Multi-component seismic, shear seismic and
anisotropy: acquisition and processing
The data matrix
Polarization analysis of three component seismic
Polarization filtering
Rotation of sources and receivers
Characteristics of P-, SV- and SH waves
P-SV converted waves: generation and processing
Displacement components of free surface
geophones
The wavefield generated by a vertical vibrator
P/S-wavefield separation:

- VSP data

- Surface seismic data
Elastic wavefield decomposition
Elastic migration and redatuming
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10. OBC (ocean bottom cable) and OBS (ocean
bottom system): acquisition and processing
++» OBS and OBC: 4C features and P-SV characteristics
% Acquisition

- acquisition geometries

- receiver location determination

- calibration of various receivers

Learn more about our In-house Training Solutions for Oil & Gas

Call +65 67419927 or email info@asiaedge.net
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«* Processing
- hydrophone and vertical geophone
- hydrophone and vertical and radial
geophone
- vertical and radial geophone

The gradient or Steepest Descent (SD) method
Singular Value Decomposition (SVD)
Resolution matrix and covariance matrix
Resolution and reliability

Bayesian estimation, use of a priori knowledge
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- hydrophone and three-component - Summary of over determined but
geophone under constrained problems
- source signal estimation from dual ++ The Conjugate Gradient (CG) method

Y/

+» Search methods: Flexible Polyhedron Search

Y/

* Simulated annealing
¢ Entropy methods
12. AVO (Amplitude Versus Offset) and AVA +*¢ Neural Nets
(Amplitude Versus Angle) : theory and processing % Genetic algorithms

«» Factors affecting amplitudes X

conjugate field measurements
%+ Case studies

¢+ Classification and discrimination methods

+* The boundary conditions - The self organizing map (SOM)
% Example of normal incidence reflection and - Cluster analysis

transmission - Principal component analysis
++ Reflection and transmission for isotropic elastic - Gaussian classification

media — the Zoeppritz equations - Discriminant analysis
+» Approximate expressions for reflection coefficients - Factor analysis
** Rock properties; fluid substitution algorithms and

Vp-Vs relationships 14. 4D or time-lapse seismic: feasibility and
«* Processing for AVO and true-amplitude migration requirements and processing
«+ Estimation of AVO parameters and AVO inversion % Objectives and feasibility analysis
<+ AVO attributes, cross plotting of AVO attributes «*» Rock physics

and AVO classification +* Fluid substitution with the Gassmann equation
%+ Reflectivity from logs and AVO modeling % Measurements of traveltime differences and
% Angle stacks and elastic impedance amplitude differences

«* Quantization of repeatability of acquisition and

13. Inversion : overview of different methods processing
++ Linear least-squares estimation %+ Time lapse data acquisition and time lapse data
+* Weighted linear least-squares estimation processing
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% Iterative linearized least-squares estimation;
Gauss-Newton method

» Damped least-squares estimation with the

Marquardt and Levenberg method

Methods to compare different datasets
Methods for cross-equalization of two datasets
4D modeling
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About petroEDGE

APPROVED TRAINING PROVIDER

The core competencies of professionals in the Oil & Gas industry are constantly evolving. To meet this ever growing gap,
PetroEdge provides targeted up-to-date, practical and technically sound training solutions that enable engineers to be
continuously relevant in industry.

To learn more about us, visit www.petroedgeasia.net

Learn more about our In-house Training Solutions for Oil & Gas

Call +65 67419927 or email info@asiaedge.net
www.petroedgeasia.net
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REGISTRATION FORM

Kuala Lumpur, Malaysia Early Bird v | Normal Price | v | TEAM DISCOUNTS
27 February — 2 March 2012 Price
5 day — Advanced Seismic Data SGD 3599 S$ 3799 PetroEdge recognises the value of learning in teams. Group bookings at the
Processing same time from the same company receive the following:
3 or more at 5% off
5 or more at 7% off
8 of more at 10%
PetroEdge In-house Training All other promotions including early bird are exclusive of the group discount.

{ 3} Yes, I would like to organise this training on-site and save over 20% of
total course fees! For further information about in-house training, please call
+65 67419927 or email info@asiaedge.net

DELEGATE DETAILS

Mr [JMrs [1Ms [IDr [1Other O Please note:

Delegate 1: - indicate if you have already registered by Phone OFax CIEmail OWeb O

- if you have not received an acknowledgement before the training course,
_________________________________ please call us to confirm your booking.

- photocopy this form to register multiple delegates.

Telephone: ~————————-————-——————— Payment Methods :

b Title: By Cheque/ Bank Draft: Make Payable to Asia Edge Pte. Ltd.
Job Title: ——=——==——=m—mm - By Direct Transfer: Please quote AE1 with the remittance advise
Account Name: Asia Edge Pte. Ltd.
Department; ————————==mmmmmmmmmmeeee Bank Number: 508 Account Number: 762903-001Swift Code: OCBCSGSG
All bank charges to be borne by payer. Please ensure that Asia Edge Pte Ltd
receive the full invoiced amount.

PAYMENT POLICY: Payment is due in full at the time of registration. Full

payment is mandatory for event attendance. I agree to Asia Edge Pte Ltd.
Mr OMrs [OMs ODr OOther O payment terms

Delegate 2: CANCELLATIONS & SUBSTITUTIONS: You may substitute delegates at any time.

ASIA EDGE PTE LTD does not provide refunds for cancellations. For cancellations
received in writing more than seven (7) days prior to the training course you will
25 e iy it receive a 100% credit to be used at another ASIA EDGE PTE LTD training course
for up to one year from the date of issuance. For cancellations received seven
. (7) days or less prior to an event (including day 7), no credits will be issued. In
TEIEPhone' _______________________ the event that ASIA EDGE PTE LTD cancels an event, delegate payments at the
date of cancellation will be credited to a future ASIA EDGE PTE LTD event. This
Email; ~————————— - credit will be available for up to one year from the date of issuance. In the event
that ASIA EDGE PTE LTD postpones an event, delegate payments at the
postponement date will be credited towards the rescheduled date. If the
Job Title: --——————-———-— delegate is unable to attend the rescheduled event, the delegate will receive a
100% credit representing payments made towards a future ASIA EDGE PTE LTD
. event. This credit will be available for up to one year from the date of issuance.
Department' ______________________ No refunds will be available for cancellations or postponements.

Head of Department: _______________ ASIA EDGE PTE LTD is not responsible for any loss or damage as a result of a
substitution, alteration or cancellation/postponement of an event. ASIA EDGE
PTE LTD shall assume no liability whatsoever in the event this training course is
Company: ———————————————————————— cancelled, rescheduled or postponed due to a fortuitous event, Act of God,
unforeseen occurrence or any other event that renders performance of this
. training course impracticable or impossible. For purposes of this clause, a
Address: ————==——————————————————= fortuitous event shall include, but not be limited to: war, fire, labor strike,
extreme weather or other emergency.
PROGRAM CHANGE POLICY: Please note that speakers and topics were
confirmed at the time of publishing; however, circumstances beyond the control
Country: ————————————————————————— of the organizers may necessitate substitutions, alterations or cancellations of
the speakers and/or topics. As such, ASIA EDGE PTE LTD reserves the right to
P de: alter or modify the advertised speakers and/or topics if necessary. Any
ostcode: ————————————m—m - substitutions or alterations will be updated on our web page as soon as possible.

Attention Invoice to: —~—————————————— ASIAEDGE PTE. LTD.
Company Registration No: No. 200710561C

Copyright@ 2005 ASIA EDGE PTE LTD. All rights reserved. This brochure may
Telephone: ——————————————————————— not be copied, photocopied, reproduced, translated, or converted to any
electronic or machine-readable form in whole or in part without prior written
approval of ASIA EDGE PTE LTD

4 Easy Ways to Register

Online: www.petroedgeasia.net
Email: info@asiaedge.net
Phone: (65) 67419927
Fax: (65) 67478737

Learn more about our Strategic Learning Solutions for Oil & Gas
Call +65 67419927 or email info@asiaedge.net

www.petroedgeasia.net
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